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Sphingolipids differ from l1ii:il.hi11 1111<1 ccphalin. '!'hey 
orn phosphate miters of l\llhillf{09iuc bound to d1oli1rn m· 
et.hn11ol1\mi110 l\llll primarily nrc found in bruin t:issu1} ((,g, 
~phiugomyclin, i::alo1:t.olipin). Thu ratio of le<dthin /.o 
sphi11go111y1din (L/S) in nmniotic fluid or rc,:;uHcit-atcd uumi· 
<>t.ic fluid from t.hr. oral cavi1;y of Uw newborn is 1111 1w(:urotc 
nMses,;menl. of fot.ol mat.11rity 1)nd the i-oi;pirntory-di11t.re~s 
syndrome. Clmnges in phospholipid bioAynthcsis during 
gest.n(.ion reflect Ulll nginf( of the fctnl 111111{, 11i. I.he LIS rat.io 
nm·mull.v incrcm1t)s. 

'J'ay,S<U:h.~ di~1.mse is a lipi<i-Htol'llgc dil;(!n~o in which the 
central nervous syMtcm dcgencrat.c:i becnuse of tho pro1~re~­
sive intrnnouroMI ucct111111l11tion of execs~ amount.I) of the 
1:1phinr,oli1>id g11nglioiiide GMi, 1'h1J necumult1tion of GMi in 
T11y-Sachs diacnse hos hccu shown lti be c11u~ed by II lnck nf 
the cni,vmc hexosaminid11ae A. 'l'horeforc, t.hc mea1mre• 
mcnt of serum, WBC or amnio(.ic iluid h1!.tosami11idase A i!I 
imporumt in evaluating r.arriers 11nd iu dillg1ll)l!illf/ Tuy• 
Snchs di11em10 in t,he fetui;, 

Both hcxol;aminidilse A (hcol.-labih1) nnd hcxo11nminid11sc 
B (hcnt-i;tablc) 1:1111 cnt.oly?.c tlw conversion of 1-rnethylum• 
lmlliforyl-N-ucetylgolacto~111nine (11 !lynthet.ic subsl.rntc) to 
N-ncctylgal11ctosamino 11nd 4-met.hylumhcllifcrnnc. 'l'hu 
cleovngn pro<lucL, 4-nwthylumbolliforone, fluoresces under 
ultraviolet, rnclint.ion 1111d (.he intensi ty of the lluorc!lccmc<l is 
n meosure of t.hc nct;ivity of U1e em1ymc. In no11c11rrien1, t>O 
to 75% of the tot.11I h<rxosaminidusc 11r.tivit,y is heat-labile 
(hr.xosnminidase A), 1111d in c111-riura 20 to ~5% of the total 
hcx0Rnrni11idl1Se oclivity i!I hc11t.-labil1\. 

The hlood fnt:t:v Acid~ occur in es t.el'ified (El<'A) nnd nones­
t.erified (Nl<WA) forms. 'J'rigf.yceri.dr. dcterminntfons 11re of 
value in differenti11t.in11 the hyperlipidr.mic states, i<i, es~en­
Linl (diet-il\dttced) hypo1·tri1ilycoridemin from fnmiliul hypo­
cholc11torolemin with or without triglycoridomin. Aft.er t.hc 
preliminary i;epnrnt.ion from l)hOSJ>holipids, triglyce1·idi;K 
most often orn dcl.c1·mincd in torm$ of thcfr glycerol moioty. 
Thci glycerol rclons<ld by snponificntion ia oxidized to fornwl ­
dehvdc 1.md the lnUor determined hy lluorimetJ·ic or colori­
mot~ic ,,roccdures. Tri~lyceride:; ulm, can hr. dllt.<lrmined by 
couplinu the 1:lyct\rol lihiirnt:cd from lipaMe/n• r.hymotr.v1>si11 
t.1·ontmcnt of 1111nm, wit.Ii n glyccrnl kiul\se-pyruvat.c ltinase­
LDH iiygtcm nnd i;pcc(,romet.1·ic pstim11tfon ()f NADH. Nor­
mnl triglyceride levoh, llrc ll0 to 140 mri/1.00 mL. An in• 
creoso in t.ri1rlyceridcs will produce a milky nppet\runce ill 
scrum (lipemic). E:FA analy6Cll 11re b,rned ohm on t.he rMC· 
tion of alk11linc hydroxylamine with ester$ of foU.y 11dds to 
form hydroxnmic ncids which produce t\ 1·cd colc>r with fonic 
d1loriclr,. 

0118 chromut-0graphie procedmcs huve been used to q11a11• 
iit.ntc tlw various fatt.Y "cids; le, p11lrnitic, ~tMric, olcic, liu• 
oleic and linolenic acids. Mono-, di- Llll<l triglycoridr.i; 1111,0 
c,111 be l!CJ)llrated into clussos and qonnt.it.nt~d by eohnnn or 
thin .. lnyer chromo.togrnph:,,, t1nd i11fr11recl i;pcct!'omctl'y. 
' l'hc total fnt.ty :idd~ ofplosmn rnnge from 200 t,o 460 mg/100 
mL in the fllst.ing st.ntc; th<ly nre derived from glycoridCll, 
chole9terol el!Wl'$ ui1d phospholipids. 

All t.lw lipi<l11 in plo!lnlll circulnl;<\ in r-0mbin11tion with 
pl'Owin. 'l'he free fatty ucids ure bound to albumiu oncl the 
lipids ngg1·eg11t.c with other prolein11 to form lipopmleins . 
l~l<lctroph(lreRi11 ond t1ltmcentl'if111{at.ion nra t.he principnl 
meLhoda u~ccl to soporat.<! nnd identify lipopro(.(lin fumiliefi . 
Chytomimms (Sr >400), pro•fl-iipl)proteins (Sr 20- 100), ft· 
lipopmteim (Sr 0 ... 20) nnd <•-lipoprntein.~ Me U1e four mnjor 
clnsscs ht order of incrm1sin!( density ond migrution on ccllu• 
lose oc<~t.ot.e electrophoresis. Chylomi<:rons nre represt1n t.1.1-
tive priminil:v of dieLllry or 1ixoircmot1s l,riglycc1·ides, pro-(:/· 
lipoprot.eins of c:mdog<•n<ms glyceridc!s, {1-lipoprot.ein~ c1f cho­
lesterol 1111d i ts cisl.crs nnd <r•lipoprolC!ini; of c:hol<1stcrol and 
phoRJ>holipid~. Ahno1·1MI li1>01,rot.<lin!I thot mny nppOIII' in 
pln~mo include flonLinll f~-lipoproteini;, li1>01)1'(>toi11 X nnd 

Mmplexes of normal lipoprot.cine with lg/\ 11 nd lgG myclomn 
prnt.eim1 (nut.oimmune hypcrliJ)()l>roteinemii,). Ag,i, ~ox 
diot., fnHting, po~t.urr. drnngcs nnd tr1111me1 cnn nit.er u,~ lipi<I 
prnfile. 

'l'ho li))oprotcin ch18scs uaunll~• arc sl!pnrated by pnper, 
,1r,nrollo m· ccllnlos!!. acet:,te electrophoresis. 1'he s{.l'ips ,11,0 
Ht.Dilrnd wit,h fnt-f!Ol\tble dyes (Sudcm Bl11cl1 m· Oil Hud O) 
and qu11ntitl\tecl by clcrn1iomet.ric sc1111nit11r. P1·im11ry liy1)or­
lipo1>rotc incmins arc clnssificd into normnl und l'ivc uli11or­
mnl typ<i~ ha:1cd on cholest<:rol and trigly{:(lt·ido levels and 
lipoprotr:in analysis. Hypcm:hyl<lmkronomia {Typ1i I) , 
hyJlcr-/j-lipoproteincmio ('l'ypc II), broad P-hand ('l'ype Ill ), 
hwcr-prn•/1-lipoprot:fiiMmin ('I'ypc IV) ond hyp<ll'· t>ro-#-li­
po1>rot.ei11cmi11 and chylomicrc>1rnmi11 ('l'ype V) m·c the major 
d11~Mo~. Carbohydrate and fi1t-tolorancN-;1,11dics, posl.-h<1pu­
ri11 lipnMi act.ivity und clinicnl symp\,omotol111:Y also arn inti.,. 
grntod into 1.h(i cliu1:m>,.~is of the vnriou, subdns~cs. The 
prcse1tcC1 or prcdisposit.ion I.Cl coronary artery diacusc und 
othcl' disense stntes i~ nsaodatecl wi th the various t.:,,pus.''1 

Storoid!i nnd Othor Hormonos-- 'l'ht• ~t.oroids 1>os.~c~" a 
common Kt:rud,urn, t.hc Jl<lrhydrncyclopent1111iJphennnthrc11e 
l)ttelc\lla, und inclucle cholusl.t:rol, bile odd$, 1\lldrogons 1111<1 
t:hc ad1·cnocorticnl, ndrcnomcdullor.Y, oHt;o,,:1,nie nnd J>l'Ol{{il:I• 

tntional hortno11e,:;, 
Andrn~tcronc, d11hydrocpinndror;(,erone, ctiocholan-311·• 

ol-17-oirn, J J ,.keto1111dro8t1.mmc, 11-ket,oct:ior.holnnolonc, 
11/:1-hydroxyandro~toronll mid 11 ~-hy<l1·oxyctiocholnl)O)o11c 
are the pl'i11d1>al 11rim1ry 17- lwt.ostemids (17/{8). 'l'hMe 
nnd1·011cnic hormonc6 rue rh1rived from the 11drMnl and, in 
moles, t.us1.iculm· funct.ion. The pri11cip11I minory 11teroicl 
met-0,bolhcs in this r,roup of umlrogcms nrc fou nd hot.h in Utt1 
rree form , 1111d as conjugnl.cfi of glucuronideM, !!ulfo l:(\$ <ir 
acetate~~. 1'lwir clct.crminntion in mine involves the ncid 
hydrolysi~ of ilrn conjugates, oxtn\cUon wil:h ol'gnnic imlvcnt., 
renction with lllknlinc m.-dinit,robonicne (7,immm·rnan 1·cac:• 
tion) 1111d colorimotric csl.imntion of t:he chromor;en. 'l'he 
indiviclunl 171{8 can ho sepnrntccl by 'l'LC prior t.o nnnlysis 
l:o obtain further i11formnti<m on tho individuul !ltcroidi;. 
'fhc ncmnnl ndult urine vuhtCll> arc; mnlc, !) t.o 2-1 mg/d11~; 
fomnle, 5 t.o 17 mg/day. Decl'cu1sed cxcrn t:ion ii; seen in 
hyponc:tive d isenRc of (.be pituit.11ry, 1,ona<fa nnd ad1·e1111h1. 
IncrMfit1d (!>U:rct.ion is SC!Cn in hy1Jerplt1~i11, cancet· m· 1:umor11 
uf t.Jw adrnnak 

Test.osl'cmme i11 the mot.I. pot.t,nt andrnge11 in blood. The, 
mMsurt,m<lnt. of uri111u·y or sc,rum 1.est0Ht()1·onl~ is uset\11 in 
distingui1;hing 1101·mnl t;nd hypogonndul maim; 1rnd in l.rent.­
ing hil'1mtism in the fcmftlci, 'l'h i~ hormone iH detcl'mincd by 
glls chromol.oi;raphy, compeW,ivc pl'Ot1,in-bi11ding, iaot.01>·e 
dilut.ion 1>1' RIA 1>rocedurm1. Normal so1·11m l.estostorone i~ 
0.2 Lo 1.1 µg/100 mL in tl1e mole nnd <0.J µg/'JO0 mL in the 
fcmnlo. 

'l'lm 11111:urnl estr11!(enic hormcmes ore estradiol, est1·011u 
nnd eHtriol, produced in the go11ndR, odronuhi till() pluc:e1\lv.. 
T ho rli!lat.ivo umount.~ of the Lhreo e1.trogcmii rise 11nd foll 
concomitnntly duril1u tho meni:;t.rual cyckt Matel'llal, ur i• 
unry totul-cstrogr.n 11xcrcition, cspuciully est.riot, i~ nn indi• 
rect index of U1c int:c:1rrity und viability of the fol.otJlm:cntnl 
unit:. Analysis involvllH ncid 01· gluc11ronid111,c-11rylsulfotnsc 
hyclrolyi:;i~ of the conjugntc$, l'llmovnl of 11rin11ry ,:h1c:o!IC if 
prcsm1l, cxtrnction und colorim~tric or fl11ol'i11wtric nMlvsin. 
In (.ht! dctcrminnt.ion, after ncid hydrolyHi~ 1111d eU1er extrac­
tion of th<l 11rirm, t.hc:i e,ilrol{ens 11rn mcl,hyl11tt~d with dimethyl 
sulfnl.a 11nd chromnlogrnphi<:ully ~c1)nrnted prior to rnaction 
with phenohmlfuric acid l.o yield a rnd r.hromo1,:tll1 for colori­
moti·ir. nnalyi;is. The normal (!sl.ro1~011 m1t.1>ul is 4 to 60 µg/24 
hr in the female and up t.o 25 11g in thr. male, Estro,~en 
deficiency cnn he 1·elnt.ell to (1vnl'in11 fuihn·e nnd pit.uitnry 
dcficienc:y. 

Pl'OJ?<rst111·c11rn is a pror,estut:ional hol'l)1onc which is ~r.<irnt­
lld by the corpus luuiom of t:hc: ovnry mid 1111'10 hy t.he 1.1<l rcmol 
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r.ort.Hx. S1m1111 J>l'Of/Cktcron(• dot<:nninotfon is of v11l.ll(.: in l,hn 
dcl~J()Lion of ovuk,t.ion and is a nll)l\fitlf<: of the ,wcrntMy. 
nctivit.y of the ploccnt.ll durin1: prtlf{lloncy. Prog<•r.terotHl itt 
ck1lllrmi11ed in sc1·um by RIA, doohlc-isotopc dnrivatiwt:ion. 
,;11s- liquid <:hromat.oi,irnphy or comp1ll,it.ive prot!lin-hi11di11g 
tochniqU(!!;. Norm,11, me.nii!.runl-cyde sonun prol{C~lerotie 
Jowlr. vnry holwe(m O and l .6 ,,g/ 100 mL. 

f're1:1w1wdio/. i~ Urn 1)rind1>al mcl.i1holitc o/' progci;(.(:!ronc. 
' l'h<l urinary dctcrminl\t;ion of ))rer,n111wdiol cxcretfon i1: ;111 
indirect. ind«x of r>i:ogustcront• levels but i11 auhjcct. f'.o variil• 
tion due to indivi<luol difforen<:rn, in lwpnt.ic nrntaboli:nn of 
t,hi~ hMmone 1md iA not, rnp1·crnent.al.ive of to(.til 1md0Kcnous 
prof(('..S l.ot·om, pr<1d11d.ion. 

Adrcmul l:(ll'lt)X ~1.croids includt, gh.1c<1corl,i<:oids, ondro• 
genR, c~t.rn,rcn8, pfOff!!Stm·on<i imd mint!rulo<:orlfooidll, Glu­
toc:orti<:uids c:1111 bti dr.tcrmined os plnsma c:ort.isr,I (pli1sm11 
17 .. 0H (:(Wticosteroid11) , udnnry-fl'cc (umionju1(nrod cmti$(il) 
or total-urinary 17-0H c,,rticn.~tor1Jicls. 'rh<1 lllt.t.l'r ilrc de• 
wrmiocd in uriM ns 17-hetogenic .~t,miic!H (l'll<GS). The 
171{8 in urine Ol'<l reduced with borohvdride t.o alcohols; the 
J '7-0H steroids nre <>xidi:1.cd with i;(1dil1m bismuthat~ or pori­
odnlo 10 l'll<S and quaol.i lat.ed hy the ,illrnline dinit rob(lll · 
wne met.hod. 'l'hc J'l .. ()[! !lt<iroids cnn be ql\llnl.itated di­
rectly by the ph<,nylhy<lrai.ine .. sulfuric acid rNtction after 
hydrolysis of ~lucurouide conjugul:cs and chromnlo1:i·aphic 
p11l'ificatio,J, 'l'h<i 17-0H r.teroid analysis only dct11rmine$ 
compounds with t.ho dihydroxyncot~mc side ch11in, imch ns 
tetmhydrocortiHOI or t.et.rnhydrocorLisonc; tlui l7l<GS nnal­
y;;is indudeR the 17-0l·l •corticosl:eroid$ with the dihydroxy­
oc(it.one side chuin nnd Urn p1·ul:(nune1.riol t.ypc of compouncl. 
Normal 171((}$ duily urinary excret.ion iu 5 to 23 mg in llw 
male and :~ to l5 mg in the fomalo. They nre reduced Aignifi­
cantly in myxedem1111nd odrcnnl or 1111terior pil.uit!lr)' lnsuf­
ficicmcy. l 11asmn corti~ol usufllly i~ measured hy f1 uorime\ .• 
rk or wii.-chromul.ogrnphic procodure!l. 

Atdost.e1·011e is the most. 1wtivc member of the\ min()rn\o. 
corticoid group. The d~t.ormination of uri11a1·y nldo$Ul1·011e 
is of value in differen\.iatini; b1rnign essential hy1,c:irt.1msicm 
from primary l)ldostc:ronii;m (Conn's syndrome), whil;h i$ 
c1111~cd by nn adnmnl nden()mn ond ii; u0c:omf)1\nied by hy• 
pcrtmision, A dm.able•isot,ope derivntiial.ion hichniqur, il, 
usnd. l h-innry 11l<lo~tNOlll! i8 acctylotocl with :<H ,acet.ic nn• 
hydride; aldoi;teron<l•1•1C•diaceuite sl,tndord is added <iarly 
in Urn procedure. T he: :IJ:1 /HC !lpccifiti activl l,y oft.he finnl 
product: ii; moa~llrC?d 11ft.er chrnmtll{>flrOphic purification nnd 
i~ ,1 dil'ect measuromenl of ,11do~t.eronr.. T lw normal uldc)• 
sler()nc levoli; of ahout. 10 µg/doy are eknint.ecl in Conn•~ 
disM~e and \11;1.111lly nro osfloci,,t~d wit.h low imrnm potni;si­
um, ;;odillll\ rntcnUon nnd low-concmll.riltion a lk11 line urine. 

'l'ho 11111:el'ior pi t.uit,nry 8ecretcs thrc~ !lubRtanc!ls (J1011ado­
lropills) whidt regulate gonadnl nctivity: / ollidt>.-sti:mulat.• 
i:n.11 lwrmrme (PSH), lu teinizi'.11,: lrormom! or i11t.er.~tit.i.al eel.I 
hormone (]Cf:H, Ul) and l«t<•otropin (J,'l'Jl). 'l'he go1w !o­
l,ro1>ilrn ur<i 1rl.vco1>rotr.irni. Biooaa11y mnt.hods c1111 be usr.cl lo 
dotcrminc gonodc1t.rophic not.ivit.y. Afl.<;r froct.ionut.ion und 
i~olalic,n t.hc mill<~ extl'ltcl ia t1Rs11vcd in l;ellt.:inimt\h; flfl t~> l,hc 
folliculnr 1;rowt.h of lhc: rwarie~ in hypophySC!Ctomiz.11d 1111i­
mnls or incro11sll in (.C'!1,tic:ul1n, 0\•11ri1111 or ut.1:n-inc woi{lhl, in 
vmi<)u:; animul modols. RIA tcchniquus hove been d1wcl· 
oped for f:he~e 1:onndotrnpios and r<ipt·cscnt. Lhe most. s<m:1i­
t.ive ond precise tnC!tu:uremcmt. m,,1.hocl . 

Analysi$ of scrum or urinnry placcnt.11.l lac:lo1w11 (HP!,) 
and ,~horio11ic //OTl<idc)trnpin (HCO), u J)l11c:f!nb1l-dtarivcd 
p,otoin hormone, iB usoful in tho ditt(lllOi;i$ of th rc.>ot:oned 
ohort.ion, hydttliform mole and choriocm·c:inom!l, HCG, 
pregnnncd iol and progcst.er()llC as woll :rn lotal /llld fr.iction• 
at.od !l~trn1:<ms £tro useful in tmit.in!l for pre,1111111<:y. HCG and 
HPL readily uro mou11urod by RlA find lc,w vohw:i nm seen in 
thront.one.d abort.ion rrnd intl'lluterinc fetal de11U1. 

'J'IHl incrum;e in HCG in Lhr. ~r.rum 01· uri1ll\ of (.ho ))rn1;1111nt 
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fornt1lc i11 the bar,is of n roll I.inn J)l'l!J;111m<:y 1.,,.~f. T~sl. eom!)n• 
ncrnt.s c<msi~t. of 11n anl.i1t1m in Uw form of HCU latex p,nti, 
dci~ and an HCC: 1m(.ii;<>rnm. W hcln rmti:;111·11m h; mi,rnd with 
urine cunr.oinintr II clri t<:<:tuhlc; 11:vd of BCG, it i~ nr.uf.rnliied 
and no n1{1d11Lina1.io11 of l11t.ex-ant.it,1m purt.icJe,., 11c<:11r fom:lu­
l i11(lt.io11 i.nhi/1i/.i<Jn teill) . Th<:\ 1:omm1irdnl applic11tio11 of 
1.h1) HCG nssay f~ives li1horaLorfo~ ll rnpicl , a,~eu1·11w 1mt1;nnn· 
,:y lest by t.okin1111dv,rnt111:(1 of monoclonal nn l:ihody ,ipocifi<: .. 
ity and scnsitJvit.)1• i\ m<H)Oi:l<mnl slid(: fHOtci:dur<:\ on urine,, 
Duodon (Or1:<111<1n lJici/]l!(l/ll.i<·s), U6~S t.wo di!'forn11\. mono­
doncil ant.iboclicm, 11n<, 01~ni11sl, HCG mid one 111tainst the 
HCGn ~ubunil. fol' maximum :;pecificit.y. Agglutt1rnt.ion ill· 
di<:oles Ii po~itiw l,c,st with a scmsitivity lovd of 500 mil! 
HCG/ ml,, <lehictin(t p1·cg1uilli:~ 11 fow duy,:; nf1.1!r conccJpl.ion. 

llumnn t/rncvth lwtm(ilW nnd i.11su/i11 Mc prntciins whkh 
:mi of diagnoatic vnluc in 1:rowth-rnt.11 st.11dic,:1 and di11lwki,. 
T h11~ nm best. <111ant.it.11t.1id hy RI A. 

Bpineph1·ine mid mirr.pine1,hri11e are biolo!fic11l ly 11ctivc 
colc,c:hol11miMs detivcid from the: ndr1mal mcd111!1., uncl ;;ym­
pnt.het.ic norv1i elldillr,s. Catticholamina~ al'c: nwnsurnd in 
t.ho bJood nnd urine afler frit<:lionatfon on :1lumin11 or ion .. 
c:xclrnnge columns, oxida tion al. pH :J.!i 01· 6.0 and ~~1hS1\­
quenL nuori1m,1.ric 111111lyAis. Urine <!at.c,dwli.11nh1cs ar(: in • 
crcosccl t:o > 31}0 ,,i;/2'1 hr in adrmwl med111lory l,i;;sue tunH,rn 
(J)hMc:hr(1mor.yl.oma). The normal pfognrn lnvd i:~ 2.l to (L:.i 
,,r,/L with abo1ll. 80% (HI noreplnoplu·i!H'. 

\!011U(1'imanddit add (VMA) is t.hn 11rinc nwtaboliui of 
the$C two 1:at.cd1ol111nincs. It.~ qunn(.i\.y in urine rclkd .. ~ thl, 
1mdogm1orn; sccrntion Iii' catcc:holaminC\s. VMA rnn lw d t\ · 
wrmincd colorirnctricolly, nfh)r oxt.rnc:tfon of' Lhe urine wit.h 
ethyl acetn\.c nnd diawt.izntion with p• 11il.rn1111iline and ci.h11-
nolami1w i11 Uw 1>ro1'cnce of carbcmute i<>11. \/MA ahi11 can he 
1ne11:iun1d npect.romr.t.rically follcnvin1~ poriodatu oxichct.ion tu 
vunillin und solvent: ext.m<:\.ion. T he nm111:il otit.(rnt i:1 o to 
12 mg/24 hr. 

lfomc,v,milli<: ac:id (H VA) i:i not. i1 mcn.abolil:c, of i,pinc,ph • 
1·inc or norcpinephrine, hut ii, prodm:ed from a common 
prc1!UnJ()r, dopnmilw, Elevaf.ed HVA (!Jwre lfoll is dia1rno!;t.ic 
in c 1ts(!S of neurobl/.18!.oma. 

']'hr. hio~.vnt,hc~h; or ser,)l.011i.n (5 .. hydmxyt. r,\'J)t.i11uin(1) nnd 
urinory e.~(:l'()\.ion of it~ met:1bolitR., li-hy<lrnxyindolf,11cetk 
acid (ii•lfl/\A) , nn, incrc,niicd i11 argcmtaffine !.umorn. 'l'hC8(! 
have a vc,ry large <:J)))(ldt.y (,() mctoboli'l.O t.ryprnph1,1w sl.or(sK 
t.o 8erot.onin. Urina1·y 5-HJA/\ incrc:-,i:es limn I to'/ m1:/21t 
hr to a!\ much :is 1 1(/24 hr in thi~ type of tumor. 

HiUru.bin, ,i \,r.t:rapyrrolr. whi1:h h; dc,rivecl from ,;(!ll c,~c,mt 
rcd•c<ill do1;rnd11Uo11, nornrnlly occurx in low nl!lc<mt1·nt.io11 
in t.he blO()O. l n bile, it is p1·1•i;(;n(. as 1.hu wat<•r-:;olublc 
conju1:,otod 11cyl<ligl11c11l'Ot1ldc,. In hlood, l>il iruhin is (:i::htly 
bound to plai;mo albumin. 'l'hc, reduct.ion ofbilirnhin in {.h<: 
int.cstin<~ yields urohili1)0J~(;I) which is, in I.urn, oxidiicd to a 
brown pig11Hmt- .. -urobilin. 

$omni hi liruhin is dot.c1·mi1H,d hy coupling wiLh diozotizud 
sulfonilic ocid to form awhiliruhin l'or colorimcu·ic analysis. 
'l'he <lil·r.cl. or c:1>11Jug11tMI bilirul>in lest i~ pel'l'ol'llic:d in (IQll-0· 
ous mmlia; U1e indil'i!CI or fri:<, bi/frubin ,rnnlysi!l is per• 
fonn0d in mc,t:lumol or c,nffcine .. godium b<mwate :;olut.ion. 
Nol'mol values in scrum arc: dirnct. O t.<) o.:J m1(/IOO mL: 
tot.ul, () to Ui mg/1()0 rnL. 

Clinic11I jaundice is o ycllowinl{ of tl11! \.is:me~ u~sociatcd 
witJ, hyperbiliruhinc?,mia; in hemolyt,k d11mni;11 1)1' the new· 
horn due t.o Rh and ABO i11cornp11tihilil.iM, i1111irnc:t. i,crnm 
hilirubin is elc,v(1t:cd, whCJrcmi; ucut.o lrnpatiti~ t'C'!Bull,~ in in• 
crooHc!I in 1.hc dirnG~ Lypn. 

l•~lcct:rolyt.1:i1 .... .'\"ht1 nonn11I pl11sma cd()(:t.rnlyl~, l1ivl:I is IM 
ml•:q/l, of cnLionfi nnd 1/i~ mRq/L of (lnion:i. 'l'hn o~mo\,k 
effect>.< of chloride, hicorhonot~,. 8c'>dium and 1)1)(,11s1;ium 111·e 
im})Ol'lim(. in I.he 11i.1iutc111mce of nomrnl m11$d e contract.ion 
ond w<1ter disl'.rib1tl.iou bntwe<;n c:nlb, 1>l11irnu1 n11cl inl.crnt.itfol 
fluid . 
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l~lnmc 11hol,(>tnotry, 1itomic-uhsoq>t,ion spE,ct.romctry, 1H; ll­

tro1Hlcliv11tion 11m1lyr;i$, X-rny fhl()resccmcr., ion-i;pecific 
c;lei:t.rodc.1:11mcl colorimetric todrniQue11 11ro used in UI<! iden· 
tifica tfon 1111d tlct.ermin1)l,ion of cation~ or unioni. in biolo1:i­
t11I n uida. Adv1mcc,; in technology h11vr. dcvdopud mult.i• 
f)h11so Ayfltem~ ca1>ablo of mHn1:1urini,: not 0111,v f!odium and 
1>otassium but uli;o chloride, carbon dioxide ,rnd t:olcium 
simulttmcously. 

Sodiwn um! potas$iWn scrum c-,oncontrutions am rnodily 
moMmcd by Jlnme 1>hot.mnctry or highly 1;c,ni,iti\•c und spe­
cific 111.omic-absorption l!poctromctry. The lntter \.echniqu<, 
is :iimilnr to emi!laion-flamc photometry, oxc<ipl, that, it mea­
sures energy oi; it Is ob!!orbod by atoms ralhcr tfom as il is 
omitted by aloms. 801.h tcdmiquos ore b11st1d on tho ehar• 
uctorh;tic a.bsor1)tion or emiasion wnvclcngt.hs of the c:nt:ions. 
Ion-specific 1(lo1i11 clectrodea nlso arc u~ocl for Na I und K 1 

clotenninotio111:1, climintll:ing t.ho use of II fl111110 or combusti .. 
hie guH und cnn bo performed 011 whole blood, 1•li111m11 or 
SOl'llll\. 

Chloride levels in 801'\llll or ut'ine nrc dotermincd by Lit:ra• 
tion with acid mercuric nit rote solution in the prm;cn1:c of 8-
diphenylcnrboionc indiMf.()r. They also moy btt dct.crmincd 
1>otent:iomotrically with n ~ilvcr-;,iilvcr chlorid(l pH elcct.rndC\ 
O$i!Cmbly. 'l'he normal Hemm voluM ure tali t1) J 55 mE(l 
Nn/1,, 3.9 to 5.G mgq l</L and 95 to 106 ml~1 GI/L; orine 
lovols are L60 l,o 197 mEq Na/duy, 20 u> U-1 mJ•:q l{/d11y and 
180 to 270 mli4 Cl/day. 

Scrum socliwn, pc,f,a.~sium, d,./w·i.<le and bicarbom1te dCl­
tcrminutions aro uAeful indicnw.r" in udrennl coi·t.i<:ol in»uffi• 
ciency, rcnul ond (:nrdinc fnilurc, nnuria, tlehydrotfon, ali· 
mcntary tract di11ooaos associated wit.h cliarrhcn nnd vomit­
ing ond incrcnscd reno) elect-rolyto CX(\rction (diu1·ot,it: 
thernpy). 

'J'ho dctcrminnt.ion of exccsi; chloridi~ (>50 mli,;q/L) in the 
portJpirution of J)ll l,ients wilh pom:roolic (')'&lie fibrosi:J i,; nn 
nccurntc diagnostic t.ool. Pcrspimtion iutim11latocl by plac· 
ing tho pntient'11 hnnd in a plastic hag for 15 to 20 min or, 
profernbly, by an iontophoresis tech11iq110 in which pilocnr­
plne nit.rato ions nrc transported thrnugh i;mnH nrcns of the 
skin to produce locnl perspir11Lion. 'l'hc chloride content 
may be qu1mtit11ted wilh ;;ilvcr niiri)l.o---1>ot.ussi11m dHomt•tli· 
imprognnted papers or wit:Ji ion-sclectivo oh!ctroclcs. 

Bicarbonal-0, phosphauis, sodium, potasiiium mid chlol'idc 
C(ll\Cen1.rat,ions orci relawd to mniutemmce of ndd-base hnl. 
unco in tho hody, The pH of l,hc blood reflects t-he st11io of 
the acid-busc bnlonco and ia reluted muthr.mntirn1lly \.o 
HCO:1 .. concentrntion tmd 1,11rtinl prMsuro of CO2 (pCO?.) in 
blood by the Hendcrson-HM9olb11ch equation. 

IH<X>:i-1 
pH"' 6.1 +log .. - -· ··,-·-··· (2) IHiCO:,I 

Bl<lod pll, M measured eluctrometricolly, ho!i II normnl 
r1111go of?.36 to 7AO for venoua a11mplm: nnd '7.!l8 io 7.-12 for 
artcdul snmfih!ij, 'J'hc pC02 fovel in blood is doi:ormined by 
measuring th<,, t>H of the blood ni thr(!O different 1>C0i coll· 
ccntral.ions,-..mw 1111.tive t.o tho blood nnd t,hli o(.her two ob­
tained by equilihrntion wit:h gatt mixtur(!I\ of known pCO?., 
Blood bkorbonot.c levcla ulso may be de(:ennined by me11s111·­
ing the omo,mi of ncid neutrnlii.ed b.v 1>lnsmo or scrum nnd 
pCO:i cnlculated by Eq 2, The rclnt.ion:ihip betwcon 1>CO2 
t1nd ~rbonic 1rnid conc1111lr11tion is 

mM pllr L torr 

'l'he rt)lo of oxygen rm<l hmnor,lobiu in rc:;pil'lltion hos hr.1111 
di11cussed prcviO\rnly. Mensm·em!!nl.s of bloocl pli nnd CO?. 
c:ontont 11re uRed in d ifforcntint-in~ respiratory 11cido:,iij (low 
1>H, hiKh CO2) from nwtabolk 11ddosis (low pH, low CO2) . 

Rlood ox:ygen (})01,) und p1irt.1mt. oxyl((!n M1l.11rntion 1wc 
mooiiurod by a polorogruphk method; the blood s,unple is 

1,lnct:d in II chamber nnd sepurated from ft combined pl11ti­
num and silvor-silver chlorido elect.rnde by a polypropylen<i 
membrune, By diffl1sion throui:h the mcmbrimc, e<1ui'Hbri­
um i11 CfllJ1bli~luid between Uw p02 of the blood 1111d u film of 
i,olution in t\ontuct wilh t:hc cleclrodc. A cmrenl, which is 
proport,i(1111\I (.<> blood pO2, is gt\llcrntcd uft~r the n1)plicaUon 
of n polarizing voltnue. 

Caldum and plwsplwrus !ll'C\ imporlunt min(m1l1; i11 the,, 
procor;stis of hone calcifical.ion, norve irritability, mu8cle 
contrnct ion and blood congulnt.ion. Cnlchun is pre!lont. in 
1>lasmu u6 un ultrafiltcruhle (ionic und nonionic) form and n 
prolcin .. b0tmd fract.ion. Blood })hosphorui; consisl!i ofinor­
i,:nnic phosphonis, orglmic pho!1ph11t<, eKtor (G6P, ATP) nncl 
pho11pl1olipicl11. 

Sorum and urine calcium levelK nrc determined l'Qt1tincly 
by Utrntion with EOTA 01· li:G'l'A using a nuorcsceni. c11lcein 
or cakichrome indic11tor. Othm· methods ore basccl on the 
colorimot,·ic anolyllifl of colcium-ll\(!t.hylthym(>I blue com­
plex in the prosencc of 8-11uinolinol. to 1>rcvont inwrforo111:e 
by m111incsi11m. Bi1;-(o-hydroxyphenylimino)cth11ne fonrn, 
o colorod complex with 1:8lcium and, in the pre11enco of poly­
vinyl11yrrolidone to inhibit 1>ho~phate jntel'feronce, is n Ben• 
sitiw and Bpocific method for cnlcium. C11lcium is deter• 
mhw<l h1mt by 111;omic-uh11or11tion spcd.rom11t1·y, Aa wit:h all 
cat ions, 1:alci11m C!ll> be dcterminod by emi11~ion- or absorp­
l ion-flnme photometry or ion-Holoct.iv<i clecLrndus. 

Inorganic 1,hoaphon1s levels aro det.ormined by l'Mction 
with acid molyhdatc rengmit to form ph(1SJ>h<1molyhdic ocid 
which, in turn, is rcducod with uminonophtholsulfonic ncid 
or p-dimothylnminophcnol sulfate lo give o bllll• complex 
which is e~timat.cd C<)lorimol.l'icnlly. Normnl i;erum levels 
ar<! 2.6 t-0 ,f,5 mg P/1()0 mJ., and 9 U:. 11 ll'lft Ca/100 ml,, 

Calcium lovoh1 ure decreased tmd phoflphoruR increaa()d in 
hy1>01n1mthyroidiHm; un op!)osil.o effect is sce.n in hypert1c­
t.ivity of this glnod. In rickot..~ nod oaleomolacin, tlici concen-
1.rol-ions of both elements nre docres11ed. In eRl.nblishing 
primury hyr,erpnruthyroidism 1111d other co uses of hyporcol­
comia, tinily measur<imcnts for ioni1.cd culcium (Co2+) lll'<'­
replncing total Cu meos1u·c1,1euls w1ing ISJ~ technology. 

Co1>1>er, magnesium, zinc and iron ore 1.roco clemcnt.s in 
blood. 'J'hey are quunUt.ntecl n.iodily by flume 1>hotomet,ric, 
colMillHitl'ic or atomic-absorption tochniquoa, 

Organ Funtition 1'cim; ... .'J'hc 1moly6es of vurious blood or 
mim! con6t;itueni!I, clcttmninution of metobolic excretion 
rat.en of exogenous com1>ounds or endogmHRta tnet.ubolitos 
l)n<l effect of exogenous Mtimuli on these purnmetcnl ure used 
for o,•nltinUon of in sitii activiLy ond func tion of various 
orgnns. Oiwm fontition $f,udios ure porformcd in diael\Ses 
ni:11oci11tod wit.h the liver, kidney, purnthyroid, thyroid and 
pituitmy glimd, gaa1,rointestiiml tract, prrncrea:i, adrenals 
nnd gonad6, 'l'lrn principles und significnm:c of the nnuly:ifo 
u~ed in such cvah1ationi; have bcon dCllcrihed nlso in other 
sections of Uiis chapter. 

'l'csts for hepatic frmc:tion rne b1111cd lHl bilirnhin mewbo­
li!!m and excretion, curbohy<lrnte metubolisrn (galnct:ose tol­
ornnc:c,, t.ost), plnsma-protein clumgo11 (cophalin flocculntion 
l.1iRt and NG rnUo), nb>iormnl fat. mot11bolism, cleloxificntio1l 
mochuni11ms (hippuriC! ocid synthc:;is) , excrntion of injected 
1.1uh11t.unces IBSP), 1wot:hrombi11 fonnoLion ,1nd proviouiily 
discuHsed enzvme levoli;, 

DisoMO$ or' the liver ure due to cellulur ulturotiorn1 (hcp11-
1.t•cclh1lll.r) or ob11trnctions to l,ho 11ow of bilo (ob11tructivo 
jou11clice). f:fopatC)(:ollular liver di~caae c1m b<1 Chl'Oni<: 
(postnccrofo: cirrho11i!!, cnrcinoma) or ucutc ( viral hc1>at:iti&, 
alcoholism, toxin- and 1:homicol-induccd). 

'J'he cr.plwlin /loc;cufat,ion tflst in ha1,(l(I on Lhe f1occulntion 
of ccphalin-emulsified cholesterol by -y-glol.mlin. In normal 
Herum 1111 ulbumin-likc p1·ot.oin will inhibit t,his renctfon; in 
ho1>11tic disll/lljll$, which produce nbnonunl -r·11lobulin or re­
duced albumin )(!vela, the flocculotion will occm·. 

The (li!t oxi{ic<1/:itm m,wlw11isms of t.hc, liver con be evulu-
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11wd by int!'uvcnous administruLion of :iodium beiw.onte ancl 
estimation of the bonzoic ncid metabolite, hippuric add, in 
the urine:,. In he1)at~>pnrenchymnl diseose, a rccluce<l cuJ>nci· 
ty ofth<, liv«Jr to form hiJ)J)uric ncid by conjugation of 1{lycinc 
and bem.oic ncid ia ohimrvod. 

The obili l,y of U1c livor to excrete on injci:t.ed dye iH doter· 
mined in I.he JJSP test; tho sorum is a na ly~.ed for dye concen­
Lrotion nt n ~uitnble (,imc intorvnl oft.or rv adminis trot.ion of 
2 to 5 mg BSP/kg. Rodioiodinated (1'111) Ro8c Hcngol Sodi· 
um dye ohm hns been used in dye-excretion studiei; with 
isotopic estimut.ion of urin<i dye lev «Jls. 

l(id11e,v fu.nctio11 teSt!l nre bos<lcl on t:hc dctcrminnt.ion of 
blood nonprot.ein nitrogen (urco, uric acid nncl crentininc), 
elc<.:Lrolyt.eH, blood ucid-busc bnlunco, ro\ltine urinnlysis nnd 
the c!Mranco of odminist.cre<l compounds in the tll'inf!. 
I\fost clearance studies 11.rn perfor1n<!d with imbstance,; tliut. 
ure not ro~orbt>cl or Hocroted by t.lw rnnul tubules: i11uli11, 
mnnnit.ol, Modium p-uminohippumto or J?.i;J-iotlmlamute $0· 
dium (aodium 5-ucie tnmido-2,~.6-triiodo .. N•mcthyliao .. 
phthulnmute). 'l'lwso am ndminiswred intravenou~ly on<l 
the rnto of ur ine -Oloomnce und glomel'Ulnr filtration iH cst.i­
mat.c:d by n11oly11i6 of lhe uriM. '!'he oxcrewry capacity of 
the 1·e1111l tubulnr opithellum cun he dct:ormincd by mcusur­
ing t.he r.luoranco rat.e of PSP. 'l'he dy<J ii; injuctc,d IV anrl 
the rol.o of its cle(trmwc in urine ia delel'miu1id . PSP iM 
bound lootiely toaerum albumin and i~ rnmoved rapidly from 
the blood bv the reno! tubuk9. 

Sod ium iodohippurttt.e-(11.1,n, which i8 eli.trncl..ed n.lmost 
c,)mpletoly from lhc blood on n ~inglc, Jlll6SOIIC through t.lic 
kidney, nlso h116 been t1111id in 1·ennl function studfos; 11 rerw­
gra.m or ie<>topic scan of both kidneys ia performed. 1'he 
te~t- providM data on renal 1.11hult1r ~01:rction, renal vuscular 
competence n11d reno I evocuntion ond is primarily uacfnl lls:. 
comp11riMn of individuol l<idnoy function. II. is imporlunt. 
t:o note thot 50% of kidney funct.ion cnn bo cMnprnmised 
without nny significant clnrngo in the rout.inn renol function 
pnrnmewrs. 

Thyroid function lusts 1181u1lly me«sm·c the cil'culnting 
levelK oft.he thyroid hormone~, and not. the enct-,wg11n Mfod .. 
'l'h<i thyroid glnncl convert.s inorganit iodid<, to ihyro.ti1w 
{'l',1) nnd triie>doth)'l'Oll.ine r1:,). ·ra nnd 'I\ lll'C stored in (,he 
colloid part of t.h<i glnnd nR pnrl. ()f tho thyroglobulin m(1lo, 
culr. . Hypothalamic thyrolrnpin-relea.~in,: hormone 
('fHH) modiotes the rclomm or the 1>ituitnry thymLN11)ill 
(thyroi<l-siimuloti1111 lwrmcme., 'l'SH). gxCOHS levol$ of dr­
(011l11tin1~ T .1 depro8s, ond low lov<ili; ol' T.1 incroasc, 'l'SH 
relo11Ko. 'f'SH stimulotcR tho proteolytic dcgrndnt.ion of thy, 
roglobulin to rnleaso 'f-1 and 'l':1, and incrcai;ois orgnnification 
of iodine. T 4 accounts for 90%of socrot11d thyroid hormone~ 
nnd <!Xists in blood bound to thyro.thie-bi11rlin11 globulin 
(TB<l) or l hyroxine-bincii11}! p1·11albwnin ('l'BPA) 01· lo albu­
min. T:; is not protein-bound ond hn11 5 l.o 10 times tho 
hiolof,icnl 1>oto11<:y of 'I\ on o wei1:ht basis. 'l'hernfore, '1'1 
re1>rcr;ents the major part of 1>rotein-bou11d iocl ino (PBI). 
T he lev!!I of /re!<! th,yroxi,w (F'/'4), the oct.ivr. frnction in 
blood, itt regulau;d by 'I'◄ nnd T,1 releos<i and U1c lovols of 
binding proteini, in blood and tiMsues. 

'l'he uptake <>f orally odmini8tcrcd No 1:111 p1·epnrntione by 
the t hyroid gland con be ostimotud by isotopic 11cnnning of 
tho gland 24 hom·e nfto1· 1:111 ndmi11i1Jt1·otio11 nnd j9 nn indei,: 
of glunduliir fu11ctio11 (hyp<lrllctive, >fi0% uptnke; hyJ)O!lC· 
tive, <Hi%), 

PBJ determinul.ions ore b!l8<ld on t.he precipilat.ion of J>ro­
loin-bound thyroxine, removal of inorgonio iodiM by basic .. 
or onio11-ex<:hange chrmn11logri1J)hy, nlkolinu incinel'lllion t.o 
convert lhyrnxinc to ino1·gnnic iodide, ond, finally, (JunnUta• 
tion of iodidu by rcnct.ion wit.h nr11cmm1s t\cid nnd c(,ric am .. 
monium 8ulfo to, PHI is a g<1<ld ost.im11te of t utu.I cfrc11lt1Ung 
hormonol iodino, The norm11l rnnge is '1 to S µg/100 mL 
scrum. 

T.1 c:nn bu c.lcter:minod by column d1romnl.or,nlJlhy in 
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which it is scparoled t1nd iRo lM.<id uy ivn-cxd1a11g11 chromil· 
tography, 11nrl then onnlyv.c<l <:olorimetricolly, Noni8ot(1pe 
thyroid RffBRYH havll been dc11c,Jop(!d 11Hing lhiol'ci,concc po· 
larir.ution methods fo1· 'l\ and frce-thy1·oxin index. h\ thc 
competitive f)Mtein -binding 118SllY fol' 'l',1t sc,nun ' l'.1 c:om· 
peleB with 1201·'1'~ for binding sil,<'.11 on o known unwunt <Jf 
'l'BG. 'l'ho rnUo of hound LO free l?.J,J is determinocl !Jy 
11dsorption of 121;1 -'l'.1 not hound to 'fBG on an 1mio11-r.x• 
change re6il\ ombeddc,d in a polyur(!(,hnne sponge or n 1,orous 
de111.rnn gel, und i$ o clfrcct, index of 'l'.s lcvols. The f)rMencc 
of mcrcurinl11, inorgnnic iodide or iodiuotod rudiogrnphic 
compounds in IIOl'lllll interfere,:; wit:h thi:, '1'1 column and J>BI 
,,roco<l urr.~. 'J'hc cmnpetilivt-bindinfi procedure is affoc;l.od 
by the 1>rc6cnco of hit~hly protein-bound drog:; or <:hnnges in 
TBG leV<ils in scrum. The normal rnni:c of scmun 'r., is 2,9 t.o 
G.4 11g/lOO mL by t:olumn 1111d 3.0 t.o 7.0 µg/100 ml, by bind­
ing lllJ.~oy. T 4 oncl PB! nrCl incronscd in hypcrl,hyroiditm nnd 
the cnrly sl.ngcs of hcpnt.itis. 'I\ und PBI m·c d(ltrenscd in 
hyp{ll.hyl'<lidiflm 011d 11a1>hrosis. 

FT.1 olBo is det:crminocl in n compe1,it.ive p1·ot,oin-binding 
osHuy in which 12'•1'1'4 nnd !lo1·um nrci i11,:11bnwcl, and then 
dialysod to determine t,hc pcm:(,nt di11lyznbl1, JWJ.'I\. FT.1 

anulysi11 is uBcd in suapec,tod ubnorm111if;io9 in 1>rowin-bind· 
ing globulins. '}'4 binding cnpucil.y of 6ertun 'l'BG, 11lb11mi11 
and prenlbumin cnn be determined ofter clect.1·{1phornt.ic 
ijOpnrat.ion of thm;o prowin,i, . 

1':i nnulysis i11 del.ormiiwd by the n,~in-upl11ke te~t. Th,, 
uptakti of m,1 .'I\ by o rosin is dct.ormined in t.he prcsenccr of 
lh~ tcsl serum. In hyperthyl'oi<liim1, t:he primary 'l'BG­
binding :lit.cs ure snturntc1d 1111(1 rn,,vr,i is t oken up by the 
rosin. The resin upu1kct is dccre11scd in hypot.hyrnidi!lll\, 
und most, of 12fiI.'1\ is bound to 'J'BG in sernm. A free 
thyroxine index cnn be obtninml by multiplying '1'3 (rnsin) X 
T 1 (compctit.ive binding) X 0,0l. Thi~ product devi11tcs 
from normal in t.hc snme direcllon ns 'l\1 r111d 'l\ in hypt!r• and 
hypoLhyroidiiim. This prnduct is st.oble durin~ 1•t1U1yroi, 
d it;m in spito of chnnt:06 in bindiug proteins; cg, 11 ~,uthyroid 
pntient on phcmyl.oin therapy will show o d<lCrMsecl '!'BG 
nnd 'I'. nml increased '!\, but ('f• X T ;1l is nol'mal. The 
hulicnt.ion of hyper- or hypothyroidism in t.lw pre6Cmt:c of 
11bnorn1al omotmt.~ of TBG is obsurvcd in Ow ('!\ X '1',i) 
1>roduct. 

The doterminot.ion or '/'SH by RIA Jlt>i>enrn lo bo t.hc mt>st 
ll8cful l.c:it in d i~c:rimhrnting paticntii with t>rimary hyJ>er­
t.hyroidiam from the euthyroidi1,1i1 or hypot.hyrnidism sec• 
ondnry to pituitnry d isenac. Sorum ''l'SH is increH!iOcl in t,he 
primary di9ea~e $1(1to. 

'J'he PUl con11ersio11 ratio is an esl.imnte of 1:ho rat.1\ of 
(:()llVCl'sion of i11orgn11ic iodide t.o PBI. Hudioiodidc-(l:l1J) is 
ndminiKl.erlld lo the aubjellt; al't.e1· 24 hr, a st1mplc of blood ill 
obt.nined t1nd t he 1311 to PJV~IJ is estim«ted by rn<liochrom~­
t.ogrophic prnccdurn~ wiLh ion-ex<:l11111ge rMins (n<lrm11I con­
vel'aion, 1a to 42%). 

Adr<mocnrti<:al fu11ctio11 is ov11lt1t\~Cd by cstimut.ion of so• 
nun or urinary 1 'l•ket.ollw.tOids (17-l{S) ond 1'1-hydroxycor• 
l.icosloroidl! (1'7-OH-CS) (nndro1fcn and corticosteroid me• 
taboliam), scrnm oloctrolytc~ (1\ldost.liro1rn mot-0bolism) and 
blood ndronocort.icot.rophi<: hormone (AC'l'H) levelii in tJlc 
bnsol st.Jlt<,, after 8Lilllulo~ion with IM or JV ACTH, or ofter 
ndrcl\t'll inhibition with dclifllllo t,hnsonc. ln the no1·mttl indi· 
vi<lunl, ACTH will incrtiflSI': plosm11 corl,hml and mine 17-
OH-CS, t\llcl dexnmethmmno will supJ)ross pl111mm r.01-thsol. 
Motnpironc, un inhibitor or 11/J-hydroxylasc, will r.nuse 1'.C· 
lect,ivu Bocretion or com11olmd 8 (ll -deoxycort.isol) by Uw 
adrenals in plocu of cortisol. Compound S will not, inhibi t, 
th<l ndrennl-pituitnl'y feedbnck nwchuuism, t:he pit.ult.Ory 
will 11ccreto moni ACTH and the odronnl will S{1crot.11 morn 
compound S. Tho dct.c1·mi1111tion of urh,nry 17-OH·CS or 
tc t.rnhydro-c:om11ound S ('l'HS) foll(lWing melupironc, 11d­
miniHtrnUon is ti ,:oorl indti.x oft.he functionnl i11tcgl'iW 01'!,he 
pi t.uitary-adrnnul nxi~; pl\t.icmt~ with 11il'ilild11p; od1-e111il hy• 

I 
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Table IV-Reference Value&~ 

P:lectrolyt.08 
C11lcium !l.0-10.6 m,i/dL ?..25·-2.65 mmol/J., 
Chlol'ido 118- JO!l mmol/L 
CO~ colltcnL 23-:'10 mmol/L 
Magnuium l.2- ?.A ml~<1/J, 0.6-1 .2 mnrnl/L 
Phol!J)honis !i.5-5.0 mp;/dL 0.8) ... J.62 mmol/1, 
Pot.11a~i11m :1.'l-li.:1 mnwl/1, 
Sodi11m 136-·MG mmol/L 

MBlobolit.cs 
Tlilirubin 0.1-1.2 m~/di, 1.7-20.f> µmcll/L 
Choleatorol 150 .. 250 mg/di., MI-G.fi mmol/L 
CrcuUnina 0.?- 1.5 mi;/<IL 62-J 2:3 µm(il/L 

(11dult~J 
Glucose, 60-95 mR/dL 3.33--5.28 mmol/L 
lrm1 o0·-1<l5 ,,g/dL 9.0"?.9,5 µmol/L 
'l'riglycoridck 20- 180 mg/dL 0.22-1.98 mmol/L 
Uren nitrug1m (BUN) 3-·26 mg/dL 2.!Hl.3 mmol/1, 
Uric Mid 2.5.,7.0 mg/dL 0.15-0Al mmol/L 

J>rotoio11 nnd 0111.ymcs 
Afoninc 11mlnolroll&· (AL1', SGPT) 5-·10 U/L ot. 37• 

fora~~ 
Albumin 3.5··5.0 r,/dL 35 ... 50 g/L 
Alk11line ph08f)hllt,nfiC :lf>- 120 U/1, ut :ri• 50-100 U/L nt :n• 

(adult.s) (children} 
Amylosc f,O-. J80 Somogyi 110 .. 330 U/L 

llnil,i 
Aapm'tnto amino-

t.rnnAforo110 
(AST.SGOT) 8·-40 U/L llL 37° 

Curcinoomhryonic <2ling/mL <2,51,g/L 
nniigon (CEA) 

Creittinc kinu~e (Cl<) LO· 180 U/L At 37• 
Olut-Omyl ir1111sforoso 

(GGT) 
!i-10 U/L ot 37° 

Lnet-0to dchych·ogo11• f>0-220 U/J. at S7° (lactnto ·· ► 

ONO (l,DU) pyruvate) 
'1'01111 prowin 6.Q ... g,o g/dl. 6() .. 80 g/L 

Hormo11¢1! 
Cort.isol in plusmo 7--20 11g/dL (nt. 3--13 µg/dL (nt 4:00 

8:00 AM) PM) 
(200-·550 mmol/l,) (80--:i60 mmol/1,) 

• S~r111n A)l11duie11A uni~•• olhcrwi•" indi<ntocl.1R 

pel'plnsia cxc1·ct.e cxc:essive 'l'HS doe to n 11'3-hydroxyloae 
d<Jfoct. 

Common, chemistry, rcforen<:c vnhHis nre listed in '1'11ble 
JV,19 

Automntod Analysis-The l\utornnUon of tmalyt:icnl 
techniques used in b)o()d nnd urine ohemi1:1t.ry, homatology, 
blood typing and immunology hns h1c1'M6Cd tho prnductivi­
Ly ond occurnc:y of the clinicul lohcn·ntory. 19 Compttte.riza­
tion of Ute nutomaLed nn11lytic11l ~y11tem 111110 has increased 
t.ho rapidity of reporting t<Jst resulL9, reduced clerical error 
and provided ll unified and updated ro1>orL of l,he laboratory 
teat!\ for each patienL. 

Ju the SMA-12 (or SMA-20) Auoo,malyzar (Technicon), a 
co11tim10usly operntint~, mulUple-chnnncl proportioning 
pumpmovm,.the1mmplcs,dik1entl!nnd reagenLstrearns. Air 
bubbles segment the flowing ~t.1'el\mfl of aample~ am! l'C· 
agontll, which then may flow tlwough dinly1,ors l.o remove 
interfering substances, move Lhcm into chnmhorB preset. u.i 
de:iired tcmperntures nnd, finally, into detect.ion dovke11 
(colorimeters, flllOl'omctera, f'lnnw photomeLers, s1>ectro· 
J)hotomeiers). A somm standard ia 1·un simultirneously with 
the Mmplos. 'rho re11ults can be t()ud direcUy from n record• 
er or can be coupled into a digit-01 compul.or output. Se­
quentitll, mult.iple analys(lf; in the SMA-12 are accomplished 
by <li&tl'ibuUng tho aam))Jo t.o 12 dif'fcrcntonal_yt.ical at:reams. 
so U1at oil 12 unolyi;r.s nro in progress nt the 1:1amo timo. 'I'he 

~-+•=· -~-

Cortia<>l (tree) in 20-90 111;/24 hr fifi .• 248 nmol/2-1 hr 
lll'illll 

l~olliclc-at.imol11t.ing AdulL mulus Adult Pcmalos 
hormono WSH) 

2-15 mIU/mL Pollic11lnr phnso 
!l-•15 mlU/mL 

Ovulalory spike 
L0--50 mlU/mL 

Ll>tettl Phn~o 
3-16 mJIJ/mJ., 

Po.st.111onopnukc 
:I0-200 mTU/ml, 

17-H yd roxyc<wtico- 3-10 lnl'(/24 hr 
steroids in urine 

17-Kct.o8tcroid$ in 5--15 mg/24 hr (l\d11lt. fornolcs) 
urine 

8,,?.0 mg/24 hr (adult. mules) 
0.1- 3.0 mg/24 hr (pro1mberf.11I 

children) 
l,utoiniiing hormon~ Ach1lt.male!t1 Adult fem<,l<:li 

(l,H) 
/i- 2f> mHJ/ml, Polliculnr phnsc 

(l ... ao mllJ/mL 
Ovulnl'-0ry spike 

60-160 mllJ/mL 
Lutoal phos~ 

5- 40 mIU/mL 
J>o~tlllCl10J)n\1$C 

30-200 mlU/n,L 
MetAnc1>hrinc in < 1.3 mg/2~ hr 

lltinll 
l'rolnctin J .. ?,0 ng/mL l•-26 11 ~/mL 

(mnlcs) (femnlos) 
(l-- 20 ,,g/L) (1 --21.i ,,g/1,) 

Thyroxine (Tyl 6,5 , 12.a g/dL 7.8 -16,0 ,,g/dL 
(11dulls) (newborn$) 

(72" l 03 nmol/J ,) (101--208 nmol/L) 
V,millyhnandcllic Mid <6.8 mi:/24 hr 

(VMA) in urine! 

SMA-12 pr<J{i.le usu1dly determines calcium, iti(ll'f/anic phoa­
phcH·us, glucose, HlJN, uric ocid, cholesterol, total prntcin, 
albumin, totnl bilirubin, allrnlinc pho~phntasc, LDH and 
AST. The Murk X (Hyc<II), Elttachmn 400 (Ifod11h), ACA 
(D1ipo11t) ond DSA-560 (Beck.m<1n) also nre used in nuto­
mntcd clinicnl-laborotory techniques. 

'l'ochnicon rnccntly devclo1,cd the "cnpsulo chemiatry" 
nnnlyaia on Lhe Chom 1 nnnlyzor. Mic1·onliquot11 of the snm­
plo (1 µI,) and reagents (14 µL) ore encnpaul11tod wiU1in nn 
inert fluorocorbon liquid. 'l'he resulting "te1:1t capsule" i& 
introduced into 1111inKle, anulyLicul flow 1>ath (composed of a 
solid 11uorocarbon liquid, Tel1on) where t:ho anmple is incu· 
bo.Lcd, mixed, roactml nnd mco11m'ed ns n moving sorieg of 
individual toBl.6. The rooctiona ore monitored nt in-line 
detect.or stutiom, for eolorimelric nnd ncphclomctric mM· 
sm·ementi:i. On each sample aG chemiBtries; Mn be run se• 
quontinlly. 

The ra))id growt.h ofmonH;ophii,t:icntc<l chemistry nnnly?,­
ers incronse11 I.he cnpncity of nny clini~1l lnborntory nnd is 
associated with 111nnll-spocimen re<}Uirements incor1>on,tin1t 
batch analysis, profiltt11 and s tnt cnpobililills. ln addit.ion t.o 
routiM chemistry te&ting, t:he 11y11t.ems test for en:r.;vm(ls, iln· 
munonssay, thotopout.ic-drng tests, congul11tion (fihrino1;en, 
11ntitlw()mbin Ill, plnRminogen) a nd elcctrolytos. •rocb­
ni(Jlle~ eliminntin~ liquid re<1uiremelll$ of other reagont sys· 
terns Me nvi1ilnble from lfotl<th nnd Ames us ing dry 1·cngents, 
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which ate impreg11ul,<id J11 pad11 on n st.rip OI' slide and mad by 
a refl<:dniH:c phot.ometer, 

At,trmwted lwm.at.ology nnd simul.tllll(l()llS dct.(fflllllH\Uon 
ofRBC, WBC, hmnoglohii\ und hmnnL<>crit., MCV, MCH nnd 
MCHC wn ho pel'fomrnd on the SMA .. 7J\ (T,1d1.nic,m) Ana• 
ly:i;c1-. The automated Technicon lfomnlog i;ystem wi ll 1m1• 
vide di.ti.II of SMA-?J\ and CCV (r.onducfr,,il,y cdl volume), 
proihl'omhin t.inltl, pnrifal thrnmboplnstin 1.imc flll(l plat.olct. 
count. Au.trmwted le11luwy1.e differe11tial was di11cusslld 
1m,viously undor Homatofogy. 

Uri1w 

'fhu formul.ion of urine nnd i1.s (lXCl'el.ion :tr(t critical 1>hys, 
iologicnl ncU11itit!$ of Uw body whieh J)rovide ,1 mec:hanism 
for \:he mnintennnco of o con::;1.11111. intcmul envirnnment. for 
ull cclh;, t.issuei; nnd orgsms. This int.erntd ecolof{Y of the 
body is w1.>ll -rcc<1gni1.ed nnd kn(>Wll as houi~wstnsis. Illas .. 
much as tlw mine rcfle<:k•; what i11 ol:curring within (.he body, 
it: offers a fluid which is 1111 impo1ta11f; sou1·r.o of infornrnt.ion 
that. is mo:;t useful ns 1111 uid in I.Im cir.fin it.ion of I.he 81.atr.i; of 
health and clisc1l8<•l , More ,;pecifically, th1, ki<hwy, by me1rns 
of urine l'm·11111t.io11 

I. H«1;1.1lntl'~ ihe h(•lly waler. 
~. gxci·uws nwt;1boli1! wn;,t.o p1·od11cli<, mnny of whitll :m, of fi 11itrogn• 

11011$ ,1~t111·c. 
~L gx et-et.<tt; l.o><ic uulml.tlth~c~s of both ondogm1ou~ :uut C!XOJtonou~: ort• 

:!ii\. 
1. f11,1wf11tc~ 1h,,1,luc1.rnlyt.o "'luilibrium oft.h11 bocly l,y <:il lH:i· C'X(:r<:l.• 

in11 or retaining c111'h ~pocific ion. 
Ii. Muintni,rn rl11, dclicnie hnlnnc1, of pH within 1.he h11dy by ,,xc;n,1.io11 

of t.:xw:•6 :u:id or ,~.~l'Ht,S hu$~. 
(i. Provid l!!i an i01port.rrnt roult, for tlrn P.limin,\i.i(,n of pht1r11,nc.x~ut iri•I 

nr,,,nti; n11d IJ>11ir hrnakdown prmluc:fs from t.hc hndy. 

Normal urine contnins SOV(H'(ll thousond com1>uunds mos~ of 
which occur in minute q11nntiti<1.<.. Tnbl0 V idcmWfos some 
of the consiil.tttmt.s of norn111l urine whi<:h urn of p111·1:kulnr 
si({lliricance, 

Ul'inn is studied quit.I! widoly 11:; u mcnns of identifying 
abnormalit:iei; asso(:iated with dii,()I\Se. 'fhe irnportunce of 
such study is emphasii.ed by th(, fact. ihni t.he number of te.sb; 
corded 0111. on urine fur <ixccmds tho~o mo.do on nil Mlwr INdy 
!h1ids combined. Urine not only ii; importuni in 1>1·ovidinr,­
inform11tion relnt.in~ to kidney dii.oaS(!, hut it muy provide: 
iuforn11.1tion mlntivc, to many ol,her body «cLivi titi~. l nfor, 
muLlon from m·iirn iitucli(:~ ii; of diat{nos\.ic: vt1hic in l\mctionul 
dise11ses of I.he lc idncy, li\l(tr, pnn<:rcn~. blood, boiw, m118ch1 
nnd t.he urinnry, ir11stroi111.ostinnl ond cordiovn~cular ::1ys­
t.emi.. Urine studies provide vital clillicnl infol'l)111tic.111 on 
o)l)ctrolyte nnd w11te1· balance, add-base equilihrium, int.er• 
mcdiorv mct.nholi8m, inb\m\ enors of metabolism, clmg 
ubuirn, int.oxicnt.ion, prcgnoncy :rnd homwnc bulauce. Most 
of these p11ramotc1·~ have been di11cussed ct1rlii1r lllld \.his 
section will bt\ dcvot.cd to i·outinl\ ul'inolysis. 

Yablo V- Norm81 Constituents ol Urine 

Con~tltuont Olday Cons\lluent -------------
Wntcr 
'1'ot1ll 1\1)) iilH 
Urc,n 
Uric add 
l~iPP\U'(C n<:id 
(,renl.llllll('. 
Indicau 
Cit.ric,~dd 
l,11<:t.ic ncid 
Oxnli<, Mid 
Nicotinii: 11ci,I 
Allu11loi11 

MOO 
(i() 

ao 
OA 
().(I 
1.2 
().()] 

0.8 
0.2 
0,0:1 
0.0002H 
0.04 

A111ini>Add~ 
P11riml ba80ll 
l'hcnoltt 
Protein~ (to{.nl) 
Chloride fos NnC)) 
81.11li11m 
PotM~i111n 
Cu!dum 
Ma1inc~ium 
Sulf'm (l.iilul) 
Pho~vlu11.(, ta~ I') 
Ainmonia 

2.J 
0.0, 
o.oa 
O.o\!a 

12 
f, 
2 
o.?. 
0.11; 
1.(1 
I. l 
O.'/ 

U is importnnt t.o rn<mgniit! thn t. urin<i t.tisi informul.ion, 
like ull oihor l11l.H>l'atc,1·y dutn, h(!l1,i; provide 11 pic:LUru of the 
wholo body, but any 11inglc: rt1>1ult. J'(i(1uirc:; inicfq>retntfon to 
llll lll()St metrnin/(l\1I. IL nh;o i:hould be riu;ogniztid Lhn1. neg·· 
ative rnsuJt.q can bti C8Sllll1,inlly as useful a:1 poRitivo rr.r.ult~ in 
1:1 grnaL muny instnncm;. 'l'hc rnody nvnilability of urine. ii. an 
adv111itR1:c that makes it prncticnl ns a maLcl'illl J'or m<>nit:or­
ing Uw cour1;C! of \.he 1w11tmcnt of discn,;e us wc:11 m, for i(.s 
rncognition nnd definition. 

Molli, urine oxnminniions include obllcrvationi, wit.h r1:gord 
1.0 the mujority of the foll(,win1J-(\(l]()r, odor, turbidity, ·pH, 
prottiin, 1rlu(:0He (or reducing substane(!S), k<•('.(me bodi<is (a(:· 
Ill.one), occult. blood, bilirubin, urohilinogfm, biict.eri11 (c11l­
t1n·o or ehC!mic11I (.est.s}, i;pecific rirnvity nnd mi<:1·oscopi<: ex• 
nminntion of $cdimcnt, including crythrocyUm, leukocyte,;, 
costR, apitlllll ial tl\ll1s, c:ryl!lllli!, bactcri11, para8itcs and exfoli-
11~ive cytology. A "rmtti11e" u.ri11alysis vadeg iu diffornnl. 
insULutfom, lmt ordinarily hwolve8 tho lndu;;ion •>ft.he nut­
jori(.y of t,he above testi;. 

l.h-ine for lnborut.nry ~t:udy should b() collect.nd in clel'm 
con~in(,rf!•• .. pn1fombly int.o n di6posnble unit (polystyrc;me 
tube) with n ca1n1r.it.y of l (i ml, which cnn he wmcl for collect.• 
ing, l.ransport.ini,:, cr.nirifoging and tw1Lint{, H.efrir;<iration is 
dc~irahle for any specimen which i11 not tested wit.bin 1 to 2 
bout's. 

ff lll'ine ia to be trnnsport.ed through the mails or is to be 
lrnld for n alf(nificmit. t.imt-> u\. room temperature, it. i;; <lesfr­
ohlti t.o add n ul'ine J)rei;e.rvttl.ive (formalin, mcthc111nnillc, 
f;hymol, tolueno) which will interfol'0 wi th microbial 1:rowth 
in I.he s1>cdmcn. Sevoral propriel.ill'Y urine prcservat.ive 
tabkits lire 11vailublc, If urine is nllowc!cl to i,tnncl at rM!l1 
tmnpernt.ure, ba<:Lerh1 will grow in t.hc specimen nud couse 
dogrndn1fon of m11ny consiitucmt:s. li'r(!quently, Urn bacteria 
clcic:ompose ureti int;o nnunonium corbo1mte with a rmmlt:in1: 
inc,·cnsn in the nlknlini!.y of UH1 s1>edmcn. ~'ormed de 
ments, porUcularly cni;t.s one! rod hlood eolls, diainwg1•11t11 in 
alkal.ine solution. 

The majority of urine tests arc done 011 rnnclmn Rpcdmtms 
but, in <*rtain ins~unces, it ii. 1wccs~m·y Lo have u 24 -hr 
~por.imcn for cr.rt~1i11 SJ)llCi11li1,c,d irnulyM\li, F'or 11ri1H.-imgM 
te~t.infl' in diabetes detection, it i~ desirnblc to 11s1; 11 poi;t­
prandial urinu specimen (ie, 11ft.er n mcol). )?or prnluin test~, 
ns well a~ chemical or c:ultme tests for h11c\.eriuria, tlw fil'sl 
mCJ1·11i11g 81)()(:irnen jij prefotred, Most laborntoriHs u~e com·· 
moninllv 11v11ilnblc, !!l,nnd11rdi1.od, roa1{cmt.-imJW<,u1111ted 
:itrips ("<lipstripi,"} or tablet,.~ (Am<1s) for i-ouliue ul'in1dysi6. 

lnst1·u111cntution in lhi1111ly11iH•·~AuLon111letl mirrn-test• 
ing syiitems, i.cmiautomut,ud rimr,cnt.·S1,l'ip nu1dt)rs and n s.vs• 
(,om ~vhich p(!rforms t.he com1>lete urinnlysis proce<lure have 
bllell devolo1>ocl. The ~lri1> refldcr is II rnflcctnnce photom· 
(it<,i· whidi mcmsurca ul'inr; pH, proLein, glucose, kelonos, 
hlood, bilimhin, niC.rtl!,c ond t!robi!i1101r,m1. 'l'hc flUS A!M 
(Jnl<1ma/:io11al /if.mot<! Jma/,11111 Syswm11) lllMSlll'OS urmr. 
11pecific: 1travil.y by rnfruct,onwtry, ul'i>11J l!Cdiment by i1t.1i11i11g 
ond clas,:;ifies auulyLcA, controlled fluid dynumic:;, video mi .. 
<iroi,c:opy wil.h till image processor, n dwmi11Ll'y s,v:,t.cm to 
rend II i;to111lo1·d dipst,ick by 1·1.>t1oc1:onc(! plwtomct.ry, and 
colm ond oppc~11n111c<,. '!'hr.so syal.tim~ ai:hicvr. st1.1nd11rd ro­
sult.~ for ro11tinn 111·inalysia und incronsc nccurncy 1111d preci­
sion. 

Volumc- -The normal volume oi' urine e.li(ireted duri111: n 
2il-hr pr~riod is 11Ht1nlly in the rongo of 1000 to 1600 mL. U. is 
pos~ible for 11 heult.hy person t.o modify t.hu volume eiUier by 
seveni nuid rest.rictfon or by inge.~tion of excoAAivo quant,i . 
tfos of flu id. In c<irtain disorders Lhel'e i11 a cltangu in urine 
volunm. lfrinc .. volume inc1·1,usor; urc id1mlified 88 r.,olyurio 
mid !tfCl (\))(!(lUl1\.{ll'(ld in diflbc(.(lfl mellitui:;, d ittb(!\.()$ in1;ipid11s 
and in cl1rt.i1in stnf;C!I <>I.' dmmic renal cliseasn. Ul'inCl volumt• 
is increi.lfiNI d\Ufog diuretic thcr.11>,v 1111d with 1,hH inf,ClSl..ion 
or inject.i(!n or lm·gn volume.~ of fluid, A dt!crea~e in urine 

FRESENIUS EXHIBIT 1013 
Page 131 of 408 



• 

518 CHAPTER 28 

volumci 11Runlly o~,cu1·s in dehydro.tion, wnter roHt.riction t111d 
in ncute or te rminal renal <liaease. Ext.1msivo water loss 
from severe diorrhen <>r vomiLin1J cuu~e~ oli{:urhl or clc• 
crc1rned urine volume. Ac:ute ronnl ruilure precipitlli.ed hy 
Rhock, poi~on~ or trnnfifu~ion renction mny result in n r.om• 
plel:<> absence of urino excretion or ,muria. In the mnjol'ity 
of im1t01iecs mfoe study doea not. rcqt1ire volume mon:mro­
ment.~ , but. 1.hcse urn quite critical in severely ill person11 
where oligurio or mnirill i$ pi•ei;cnt. 

Si,ccific Grnvily-011mol11lity-Thc urine denaity or 
specific grnvity iK relnl,od 1.0 tJ~e nmounl, of :solic.lll excreted in 
o given volumo of urino. In the mn,iorit.y of inswnces in 
hculthy per:ions t,he specific i:rovil:,v vurie$ between 1.010 Md 
1.0:~o nn<l i11 rcilntcd to dietary hnbif.lt of fluid 11ncl food in1;e$­
tion nml, R<lC(}ndurily, to tho loHs of Oui<l by othet rout.es such 
n~ oxtuu~ive swCJat.ing. 'l'ho mcaiiuroment of ul'ine cltmsity or 
specific gravity is a part of ' 'routine urinalysis," nnd as such 
provide8 information with tognrd t.o wotEir nnd solids turn­
ov<l1· in the uocly. Tho spccific-f(riwit.y information nlone is 
not nenl'ly ao importnnt us it mny be in conjunctfon with 
other obsorvntion~. Thus, if dehydration is ~m;JH1ct:o<l, u 
SJ)(JCiric l{rnvit.y in Uw midrunr,e of I .OJ 6 would car;t a doubt. 
nbout dehydrntion unless t.here wos a concurrent renul dys­
function. 

The kidney pos:,esi;ei; a remarkable ability lo either form a 
conceut rntcd ur imi or a very dilute urine rtlngiug from 11 
specific gravit.y of LOOI l-0 1.032. 'fhiK con<:entrot.ing or 
diluting cupodty is diminiahed iu cMos who1-ci there ii, 11 los~ 
of renal function. In foci, one of the sensitive te11t.s for 
mo11s11l'ing rnnol function involves the $0·<:nlled dilution, 
concentrnt.ion tests where fluid iij 11dminist:<!red or withheld, 
nnd Uie specific ~r11vity of Urn urine hi moo~ured. With 11 

serious loss of renal runc:tion, the kidney cnm1ot. cxcrnt.c 11 
urine in exce86 of 1.020 evon wilh mnrk11d fluid restrict.ion. 
In advanced rennl disease the 61)ecific gravity of tho urim! 
moy bacome "fixml" or constant in th!! rnnge of 1.010 to 
l.012 with nll uril\C\ beinK of this specific grnvity rognrdlo,;s vf 
whether thorc ls ov<whydrution m· dehydration. 

Specific gravity is mMsurecl rfladily with n llpccilll hy­
drometer, cnllcd II ur inomcter. Tlwre is 1t cm·relntion be­
twcon t.hc density of mine and its refractive index, tmcl 11 
Bpllciol nifractometor ha~ bcon desil(ned which l{ivcs rMd· 
lngg in specific-grnvit.y unit.~ on n single drop of urine. 

Certnin abnormul constit.uenl:s of urine, such 11s gluc.'Os6 m· 
protein, whon present. in high conccntrnl.ions, will cause sig­
nificnn!. incl'Mscs in specific i~rovity. Ccrlnin X-r£iy con .. 
I.rust mcdiu, when excreted in the urin(►,, olso will cause 
marked increnses in specific gr11vi(.y. 

Urine specific grnvity is only 1m indirect ind(\X of ,mlui.c 
C{►ncentralion, ie, 1 mole of ureu will prodU<m n lower Kf>twific 
gravity t.han I llH)le of glucost•. Osmolnlity i11 o dirct:L mcu .. 
sure ofl:h r. m,)lnl concentrot.imi oholuws in solution rcg11rd­
lesB of their molecular weight., ie, 1 mole of NnCI dissoci11toa 
int.o 1 mole of chloride ion and 1 mole of sodium ion. Osmo­
lnlity is <let.ermined in u dit'ec t, rcnding osmometcr l,y com­
pnring t.he frcei.ing poinl of ul'in6 with t.hRt of a standurd 
!lodium chloride solution. 

'l'hc kidneys ll(1rinnlly excrete 800 to HOO mOam/kg (un 
ol\mol is thnt: woight. of any sulu1t1111cc whcm dissolved in 
wnt<.<r deprc,;sos the frMtin,r 11oint 1.86°) of i,olutos pe1· doy. 
Mnn concentrntoa ul'ine and eliminul.es tho doily ~oh1!.e loud 
at II mmcimum volume of 1200 mOsm/kg water. thine ◊Ii· 
molulity is 1111 invcr~e fun<:tion of urino volume in the 1101·mnl 
c11tabolic 8t11t~. Urine volumo is rel{ulntod by Lh<, (llll,idi­
m·ot.ic hormono (ADH) ond so(li\1111 excretion by the hor­
mone aldo~torone. l ncrcuiied O$mOlnlit.y of hody fluidr. 
~t.imulato~. nnd incron11cd dilution inhibil,11, the rchmsc of 
ADH. 'rile mujor detcrmin11nl of body-11uicl osmol11lity ia 
sodium. Sodium com;orv11tion i11 mcdint.od thr<tugh tho 1·e­
nin-a11gioteni;h1-11ldosteroai(J oxii,. Dctcrminntions of plo!;-

Id • 
ma ,md urina aodium, nnd osmolulit.y nnd 11rinnry volumH 
£1l'c of diilt{no11tic value in AddiRon's tfownsc, VB8omotor ne'. 
J)hrnpot;hy (11cuto tubular necrosis), innppare11t volume dci• 
plot.ion, incomplete urinary Lract oh8trnct.ion a nd hcpato­
rcnnl cl isom,o. 

pH~-Ji'rn!ihly voided urine usually haB I\ sligh t.l y 11cid pH, 
The nonnul rrmge is fi L() 8 nncl, essentially, t.hin is nlao tho 
nbnormnl pH rnnr,e: ' l'he kidneys, by rcm;on (If cxcr.ctin1: 0 
ul'inc of vnriublo pH, pl'Ovide a re1{ulnto1·y mech1\lli~m for the 
body t-0 get. rid of cxces~ ncid or nlk11line wnstc 1,roductij, 
Sinco the normal pH ,·unr,e nnd l,he 11bnor11111I pH rnnge ore 
compm·ahle, tho mellsuremo11t.of pH nlone provides minimal 
informotion, but wh()n uaed in conjunction with othcir infor. 
mntion, it i8 11 very useful urinu1·y p(1r.umetcr. ln concliticms 
of nciuosis, the urine i~ quite ncid, ill <:onditic>119 of alkolo~is, 
lhe lll'ine J)H is above '/. Wh1!11 mctobolic: or re~pirotory 
nciclosii, ia HURpcct.ed, an 11ll<alincHu'ine pH rn~ult almost 
11liminates the po~sibility ofacidosis. Conversely, if l'espira­
t:ory or metnholic nlknlosi:i is s11!ipect.ed, the Gxcretion of 1.111 
ncid urine indic11tcs t.hnt: nlkoJosis is lik(lly not J>reetmt. 

f)jp-nn.<1-re<•d t.ei;t.s n1·e used widely for pH t.c~ting, b11t: 
1,H-mel:er mHnsurements aro u6ed lc11.~ tommonly. In cc, r­
t.uin ~iluutions involving kidney stone A\lijCeptihility, it. ia 
quite import.unt. to mnintain n norl'ow rnngf! of ul'inory pH. 
For example, in cystinuriu an olknlinc pH ii; muintnined to 
keep the cy~t;ine soluhilii.ed nn<l to t1void ll6 much 116 po!lsihlt1 
t.ho cryst.11l liY.nl.ion of cyst.inc iut.o renal c11lc11li. 'l'he maintl!· 
nonce ofurinnry pH is ulRo important. fm· optimum results in 
certain types of drug Uiernpy. 

Colc►r--Urine normolly h11~ n ydlow color, mostly due to 
urochrmno: the color vnries from pnle straw t(J ch,rk nmber. 
D(u·ker spodmC!ll$ 11suully have u high specific gravity. Oc­
cniiionully, eith(!l' normal or nbnormul urine moy $how u color 
difforent. from yellow. Bilirobin mny cnusc fresh urino t.o he 
dark in color. In nddition, urinfl which iR allowed t.(> st.Anti 
dark ells bccnolle of t:lw oxidntion of urobilinogen to urobilin. 
Hcd, reddiNh-brown m· "i,mok,v" urine usually. if! due to t:hc 
1>re6ence of hemoglobin (hemoglobinurfo}, myoglohin 
(myoglobinu1:ia) or rnd blood cclL~ (homnl.urio). Porphyl'in 
is nn uncommon cnuflo of rod r.ol<►rnl.ion. B111tik urine ,~1111 be 
cuused by melanin, which may occur in the urine of pnt;icmt.s 
witJ1 fur-nclvonced mnlign11nt. molanomn, An inborn (!rl'Ol' of 
mot.oboliHm, olkaptonurin, iB chnrncteri;,,cd hy t.he urinnry 
excretion of homogentisie acid, which caui,es the ul'ine to 
turn dnrk brown or blnck on st.nndiug. Mnuy of the tmusuol 
ct)IOl'ij occ11aion11lly found in ur iM are del'ivod from exo1(e" 
nOUI! sour<~il, incluclinir bot.h foods and drugs. Among these 
m·e the red color cuus<1d by beets, p11rl.ict1larly in infant.~. I.lie 
golden-yellow or orange-red c:olor of mel.nbolit.oB of pyri­
dimn-like drugs or 1\1.0 drugirnnd th<! groon or hluc colo1· from 
1neU1ylcne blue. 

Odor•- .. N ormnl, fre8hly voidod urino hM; a fnint u1·on111t.ic 
uncl che1r11et.erist:k oclcw, which is more intense in concontmt,.. 
ed ~1iccimon~. lf t.hc uriM is nllowed to st.i:md, tho odor 
bP-comcs $lron~ly nmmoniac11l 11nd un1>lcusnnt. because of 
bnctel'ial d0Btn1ction of uroa. l~roshly voided urino hliYing o 
fou l odor indicates Hevere info1:Uo11, A sweet., fruit:y odor 
mn,v lie due to ketoncs. 

Apl1Mra11cc-I•'rosihly voided urine is ummlly elem·. On 
3\.1111din,,:, 11 predpi!.atc mny form which 11au11ll,v c:onsisti; of 
amorphou~ urnteg if Lhc urine is ncirl or c11lcium nnd mngnc­
shnn pho~phntoll if t.he urino is tilkalinc. The formntion of n 
prccipit:1,tci i~ more likely to oix~ur if th,i urine is refrigerated. 
Musi. npecimons will become olonr agniu if they arc w11rmed 
g(mtly to room t.empor11ture. Lurgo qu1111titie~ of muc:nR, 
collr;, lculwcyt.os or buctorin moy cu11se cloudinc~s. Protein 
11s111.11ly docs not; cnusc douuineKK, 

Protcin- -·A small amount of protein is prc~nl in t.ho 
ul'ino obLflin c--<I from hcnlthy ,;ubjecta nlt.hough (.he quantity 
i~ not sufficient. to give u positivo 1·cnc:ti<,n with the {.eijta 

FRESENIUS EXHIBIT 1013 
Page 132 of 408 



commonly us(,d fort.he r<iconnition of prot.-Oin in urin(,. Tim 
majority of I.Im 2fi to 50 mg (lfproUiin t,hnt is e;q:rewd dnlly is 
mtcroprot<lin (low-molec:11!ar-weight poly1>eplido), wilh 
propcrtfos qnito dit'fl!J'cnt. t:hnn t.hoRc of albumin nnd globu-­
Jin, which are t.he principnl proteins of t.ho blood 8crum. 
Albumin and Klobulin$ do occur in the llOrmnl urine in min­
ute conccntrul.ions. 

Pla~mn prot.cinH, hemoglobin, almormal Bouco-,Jones pro­
win and proteins (nucl<m· , phospho- nnd glyco-vroteins) 
dorivc,d from hlolrncytes and mucu~ mny he prc~cnt. irl urine 
in 1,ephritis, ncphrrn!is, le1:1ions of t.hc1 urinnry tnict, GI dohy­
drntion and ronnl congci;tfon. Ahn()rmnl 11mou11l~ of protein 
in the urine mny be re;:cognhed by oithe1· proci1>itntion l>J' 
colorimcti·ic t.csl.'\. 'l'ho predpitntio11 dcpml<l$ on the hcilt 
congolution of the prnwin or on l-110 chemical pi•ocipiLaUon of 
t.hc prot.llin. The most. populnr of the hent .. proci1>il.n1.ion 
tests is the henL-and-11c1,tk ncid t;l\flt in whk:h n tuho of urine 
is hMl,ed (.o hoi lin~ oftor the nddit.ion of n dro1> 01· two of 
111:et.ic 11cid. 8ulfosolkylic odd fa emplo~•cd commonly in 
chemicfll prncipit.nt.ion tr.sl.11 urnl , in thi11 wst, equal quunt.i­
t ies of 3% 11ulfoflt1licylie ncid and urine nre mixed in a t.cst 
t\1bo nnd (.he mixt.\11·0 ox11111ined for t.urhidity indicat.ivc of 
precipitated protein. · 

Colorimetric t:c~fa for !)l'Ot.oinR involve rli-p-anct-niad t.ypc 
of iiysl.ems ~md m·e boacd on the protein e.rrnr of indir.ntors. 
Cerlnin indicators have n point of color ch11ngc which i8 
different in th(i pr<is<m,:c of proUdn compnred l-o the sume\ 
system in the nbscmce of prowin. Thus, by hufforin(( the 
indic11tor t:et.robromophenol bluo 011 th in dip-strip ut a ~pe­
cific 1>H, if. ii; f)og~ibfo to bt1vc fl yellow color in the 11b~e11ce of 
protein and tl l!l'Ccn or blue color in I.he presemie of prot<1i11. 
'l'hia f.e11t., AlbuKtix (Ame.~). no~ only indi1.:1\te9 tho presence 
or absonco of prot.cin in the urine} but nlso con be made t.o 
indk11to t.ho approximate 11111mmt of prot.oin. Strongly olkn• 
line or fermented urinea will gi"<l fols(1•positive re1mlt;s. Tll(l 
senHitivity of the colorimetric method i8 6uch that. quant.itieR 
of lO t.o 20 rng of illbwnin per l 00 ml, of urine nre rer.ognizod 
with (!Onf'iclenc:e. 

A positive lm;t. for protein int.ho urint! muy hove 11ny ono of 
sovorol meanings, un<l it i~ only when this informaiion i~ 
relntcd to oth11r observ11tions that it. hns optimum vulmi. 
Prote im1ri11 m,w be benign and af}f)Clll' following st.renuous 
exercii,o or »imply os n ro.-;ult of 11tnndi11g (orthosl.11t.ic 1>ro• 
t.ei nul'i11). Prot:oin l'rcquen\.ly occurs in the urine during 
prn(~nnncy tllld in :1orne insl.nnccR Lhfa i~ bcnig1l, bi1t. in other 
cn~ei; iL indicntcll renal com1>licntions. ' l'mnsieni protein• 
urin muy OCC\lr following i1ovcro iufoctions, high fovor, expo­
sure to cold nnd in tongoi.tive hear t foilme. Protcimirin 
mny be nn early 1111d l!Oni;itive indicator of ren11l di~eili;e 11nd 
m11y indic11tc 1111 nl>normnlity prior to other :iigni; and Rymp· 
toms of. mnnl im1>nirnrnnl. in l,he glorn11rnlu1s or t.ubulcs. In 
tho mnjority of ingtnncei; there jg not II correlation hct.we<m 
I-he nmount of 1>rotHin in t.ho urine and the sevnrily of the 
ronnl dia1mao. 

Patients with severe nophrosis mny lose u1, to 26 g of 
proloin per doy. Such n murked IOijl> of protein cuuses n 
decroaflo in plaamo protoin concont.rut ion wit.h nn ur.compn­
nying odoma. In both chronic 11nd 11cuioglomorulonephril,fa 
there is 1>.-<)teln in the urino. 'l'umors of tho kidney nnrl 
rcnnl infect:ion 11Aually will hnve o.n ll<!Comp1111yin" prot:cin­
urin. Bcncc-,Jone:1 prot.cin is a uniquo protein which oc<:urs 
in the urine of al)(mt(i0%of 1>t\tic111:s wiLh 1m1lt.iplo my<!loma. 
It hn11 the unusunl property of prncipitaling between 50 and 
!iO" and di11:;0Jv ing nt. hil(her t:cmperatmcs. 

Glucoso (ltcducJng SubHtnuceff)-Glur.oi;c normolly oc• 
curs in urine in 8t1ch low r.onccntrntion that it oi;cnpc3 rlewc­
tion by the usuul WBting mcthoda. The urine of untrout.ed 
or poorly controlled diabetic pationtH chornclorist.icnlly con­
tains ern1ily dctectublo omounts of gl\H)oso. A 1>0:iitiv<l t(l~t. 
for gluCO$O in ul'inc ll61111lly 11\tgge&l,8 hypcrglycemi11 nnrl the 
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<lingnosii1 of diohcuis mcllit,1111; Curt.her surdios, sur.h nfl Ui~ 
gluco~e tolomncc 1.e1.1t. to confirm t:he <lingnoi;ia, ore indicat.• 
ed. Gl:','t:<>Huria lllso rnny occur when the rnnnl t11hule6 foil to 
reabsorb Klucostl normally, nnd gh1co9e t\ppenr:i in tho urin e. 
despite n(,nnul blood glucose level~, in cont.rust l.o 1.ruc dia­
beties. 

Gh1coae is the sugnr a lmost alwoys found in urine; ht)WCV­
cr, lnctoso, milnct.c>se, lcv11lo110, s11crose nnd pento!lllH m11y he 
<mcount-Orecl. These other sug11n1 are identified by pnpcr 
chrmnntogrnphy, 11el1:e(.ive ferment.at.ion, r,olarinrntr.v, Rpe· 
cinl chc.mfoal f.('.ll t.s or (;he formaUon ofi.heir oRn~oncs. Other 
reducing f:lubslanoos occur in mine nnd may cnuse falsely 
poKitive rc1d11cin" reor.tion!I for glucose. gxample9 arc nl!cor­
bic acid, glucuroniclc•~<1, muny dru1t3, homogcnt.i8ic acid and 
Uw proscrvatiYCli! formalin and c:hloroform. 

'!'he trndit.ionnl teRL for glut:osc in urinr, (Benodict.'i; test,) 
mlictt on t,hc rnducUon of <lllpric ions in nlk11line solu t.ion to 
1·cddiish-N·ange i1181)l11blo cu1>rou~ oxid(I. 'l'he r.opper iH re­
ducl\d tot.olly hy large amount.<; of r,luco~e irnd rn1tnlt3 in a 
brick-rod Bodiment. wit.I, no remaining blue color. Lessor 
concontrntiona form green- to i·,mt.-colorcd 11ol11Uons with 
11omo red S(•dimont. A moclificntion ol' thiR tellt:, Clinit.eB\, 
(Anws), ill nvnilnblc in t11blet form. "l'hc tnbkt. contni116 
copper sulfate, onhydrous sodium hyd1·oxidc, dirk ncid nnd 
i;odium cnrhonute. When udded to clilutl' urino, the tnblot 
di11s<>lvos nnd genornt.eK m11)11gh hont 1111d efforv<iscencc to 
yield results compnrnbla wit.h the Benedict. t.oflt. 

A spocifir. bul: ext.rem<,ly i;implo euzynw t(i~t for glucoKe i6 
uvnil11hle--'l'cs-Tape ([,i lly), Clinistix (A me~) and Multii.tix 
(Amei;). Rcngent strips nre hn1>1·egnal.cd wit.h glucose oxi­
dase, poroxidaae 1111d orthot.olicline. When dippe.d int.<> 11 
solution of glucof«l, oxiduLion occurt, und hydrogen peroxide 
is formed which oxidize& Ol'thotolidine ton bluo color. ThiH 
t:eet. iR more sensitive tJ1nn Cli11itm1t., but. iB not 11s rolinhltl for 
estimnting 1.hc concenti-ntion of nhwo11c. •r tie e11zym11t.ic 
msl iK spcicific nnd th UK usoful in (fotermining whot:her or not 
11 reducing i;ubsl-llll(.8 is glucose. Dinstix (Ami!s) i1;a spc,r.if'ic 
mine gh1c0Me test using gh1co8c oxid1.1sc, which also indicnoos 
Uic qunntity of ghmiiie present .. 

K<,tono Boclios---'J'hc ketone; bodie$ or.ct.one, ncctoncet;ic 
M:id ond l>c.,tn-hydroxybutyric acid 11rc p1·011r.111. in t.hc 11ri1w 
when fnts orr. motnbolized incompletely. l{elonurin is noon 
most commonly iu poorly cont.rolled diubet.es nnrl indicutcs 
kct.onemin and diobeti(: o<:idO$i$. Other cou6cs fo1• kcton• 
uria urn st,11rvntioo, fever, prot;rncu,d vomitin1i l\lld Von 
Gierkc's disli11s0. Kotonurin nlso occurs following nne~t.hc• 
Sia. Aootoucolic acid nnd acct()IIC produce II disLin<:tiYe put'· 
plc oolor whon t.roat.cd wil.h n mixture of sodium nitrn1>rus­
side, ammonium sulfate and concent.rnl-od 11111monium hy­
droxide. A simihn reagent is available in t11blet form 
(Acetost, Ames). A drop of urine: i~ placed on the l.tlblot; if 
ltetones fll'C prlll!ent, n l11vC1n<ler Lo deep-purple color devel• 
ops ill 30 11ec. The color int.ensit.y indicntcH the conccnh·a• 
tiou of ketmies. The rcngcmt 11trip I<ot.ostix (Ames), u~ed as 
1:1 dip-ond-niAd tc11t on urine or serum, contains t.he Mme 
l'e11gents, which ore ov11ilablC1 on MultisUx (Ame~) un<l other 
multiple rongcnt.s ns well. 'l'hci;e tests will dot.cot 5 t.o IO mg 
of ucet◊11cetic ncid ptir 100 mL of ul'inc. 

Phcnylpyruvic Aeid---,Phonylketonul'io (or Pl<\J) is 11.11 
inborn error of meinbolism in which t.he normnl convcrsiou 
of phcnylul11ni11e t.o tyroRino in tho body clocg nol occur and 
thel'e i1:1 a buildup of phenylnlnninc concentrntion in the 
blood. This mol;nbolic disorder cuuse:i montnl rewrdution. 
A 1>ortion of Lilli J>henylnlanine ii; cxcroted h}• the kidneys 
into the m·ine nnd in the 1>rocesR is converted 1.0 phcnylpyru­
vic 11cid (or phc.mylkotonc). trt.l1i i; genet;ic di60l'dcr i11 disc(1Y­
r.red 1.10011 nfter birth, it: is poasible t:o pl11eo the infant on n 
diet vm·y low in phonylolnninc-contnining prottiini; and th1111 
minirniie I.he phcnylulaninc buildup in tho body, 1wertiug 
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tha seriom; mun tu I rnt:nrdution which <Jrdinnrily is seen in the 
untreated PKU patient. 

llocognition of PK U can be m1tdc hy t.hc 11sl! of a l.Qst for 
phenylpyrnvic nc:id u1>i11g 11 diJH\nd-rcud ruui:ent. compo1;i­
tion c:onkli11i111: feri-ic iouii. 'l'hii; Lo81:, Phcnist,ix (Ame.~). cnn 
he rn,od on urim1 from oil newborn huhic~. A J)ORiLivo reuc­
tion givciR u green color, wherncu, a norm1\l infnnt's urine t~ive$ 
a pule-ivory or yellow color to the :c.t:rip. PKU olso r.on hr. 
1•ecog11i:-.ed by omploying 11 ,:hemical oi· microhiologicnl tc11L 
fo1• olevawd phm1ylalnnine in stm11n, n~ discu~~ed under 
Amino t\r.id11. 

Bilirubin·-•-Bilirubin i~ found in Wie urine of pnt.ient-~ 
with llllpnW.i~ or obNLructive joundic~ but. nol, in pntionts 
with hmnolyt.ir. jnundicn. 'l'est.s for bilirubin nnd urohilino• 
gen combine to give m.:ccllcnt informnti(ln in the diffonmtiol 
diugnoais of j1rnndice. Texts foi• hilirubin ore of t.wo kinds; 
O)(idat.ion t.est!l form n green color ofbilivcrdin from bilirubin 
usunlly using forric chloride 11~ the oxidlltivc rc11gent, nnd 
dinwtfantion tcsl$ form wlorcd compounch1 when biliruhin 
react,'I with din:,.onium snits in n iitrongly 11.cid medium. 
MO!lt. oxidt\lfon te1Jts ndsorb the hilirnbin 1i11Lo barium ~ul· 
fate or Rimilnr mutcriul before the acldit.ion of Fou<:hel'~ 
reagent. 'l'he 1.i1bleL Le!!L Ictotcist (A11111s) ii; the most 6(ill9i-
1.ive diuzo tciHt. ,111d it u~es 1111 ubsorpUon mnt. Lo conr.entro.te 
t;he bilirul>in from 5 drops M urine. A reagent tnhlllt is 
nddecl Lo tJ1e moh1t Kpot; on the mnt. und ?. drops of wnwr l\l'C 

udclnd to dissolve the, <lfforve~r.ent rungenl. and wash ll()mt1 of 
it off tho t.nblet. ont:c> the mot. where the 1·cnct.ion takes plt\C'.(l, 
A blue or J>tll'plc (:olor 011 Lhe mot around Urn tnl>ltll. in 80 aec 
indicule~ the p1·e1;0nco or bilirubin. In 11ddit.ion, o dip-ond­
rend t.est composition olso based on the diozo rencLion hnH 
been incoq)orat.ed into U1e multiple urint\lyl!is reo1icnl 
a trips, Bili-Lah.~Ux and Mullistix (Ames). It is les/i sensitive 
than the tnblot (.est, but. it.<, <'A>nwmience allows it to be used 
in l'()ULinc uri11alysi$ Quite rendily. An incidence <lf' approxi­
mntoly 0.1% positivos on health-Hcrcening population 
grnups, 0.2% on clinic p[1Li<1nts and 0.9% on ho~pitali:1.ed 
patienl:ll lrns been rnportod. 

Urobilinog(ll1-- Biliruhin in tha bile i8 reduced to urobi· 
lh,o,:cn by boctel'iO in the lower intcstinci. A purl.ion of the 
urobilinoge11 is rnnbsol'bed fr<>m the int.o~tine into the blood. 
A 1>ortion of U1i11 urobilinoge11 is excreted into U1c urine hy 
the kidney 11ml the balance ill re-excreted vin the bile int.o the 
inte11tine. Although the quantity of urobilinogcn in Uw 
urine is quite small, it is an importunt. indicator of liver 
function and red-blood-cell cnLnbolism. 

If there is an obstruction to bile flow such as in ob8tructivo 
jaundice, tho amount or urnbil inogen f<>rmcd and ronh• 
1.,orbed into tho blood and excreted in the urine iR decreased. 
Wit.h impairment ofliver function, the excret.ion ofurobilin­
ogen in the bile is dccr<lused, the blood conccntl'lltion in­
creasci; and there is u corres1>011din1i incrcn~ll in urinary 
urobili11ogm1 excreLiou. Ac1A1111ly, tho incrensc in 1.1rin:uy 
urobilinogcn is one of the most i1011sitivo tost-11 for impnired 
liver function and this te~t may indicat.o un nbnormnlitv 
when nll other wstq of livei· function romnin \lllchanged fronl 
11t)rmal. 

Tu lwmolytic dioont1e11 where U1crc is nn increased rate of 
hemoglobin brenkdown, t;bo 11mount of bilirubiu formnt.ion 
is i11craascd with a <:orres1>@ding incrMee in tn·obilillogon 
format.ion 1md excretion in (.he urine. 'I'hc co11contrntio1i of 
urobilinoge11 in urine cnn be esl.nblished by t.he 11110 of u dip­
and-r!lild tost which ui;e!! the inLernction of 11robilinog<1u and 
r>-dhncthylnminolH:mmldehyde (Urobilistix, Anws). 

lfomulu1·in, Hemoglobinurin and Myoglobinurin­
Hemnt;uria refcl'!l to a condition in which intact reel blood 
cells oppenr in the \Jl'inc. 'l'hi11 ('.ondi tion is indicntive of u 
specific dcfoct. in the microscopic f\lnct.ional unit. (the 1111ph­
ron) of the kidney or it may be indicative of l>lccding in the 
kidney, (.he ureter, the bladder or the m·cthm. In t:ho female 

there mny he vnrinble uumbcrR ofrc!d blood colli, in tho urine 
during men8ll'llntion. 

Hcmoglohinuria is 11 condit.ion in which free hemoglohiti iH 
1>rc11ent in Lhe urine without. red blood cell1;. 'I'h iR mny be 
cause1d by int.rnvas<~llla.r hemolysii; 11811 re8ult. of n trmu,fuaion 
react.ion or by t>OiAoning or toxins. •rhe free hemoglobin in 
the plnsmn iK 11xcretcd by U1c kidnoy into Lhe urine,. hi 1;omC! 
siLuntions ac;tunl totnl hcmoly6i8 of the rod CC!lla occurs ofter 
I.hey hnvo entered Lhe urine. This oc~,urs p11rt.ict1lt11·Jy with 
nllrnlinc uril,<lli. 

Myo11lobin is the red reApil'Ot(lry pigmcntofmuacle. This 
pii:ment is quito compnrnblc to hclll01'1obin in its com1>osi­
tion and chcmicul rOBcLions. Myoglobin may h" iih(lrnted 
from muscle ccll11 in certnin t-y1>t111 of injury 011d, in ~uch 
caaes, will ci rc,111\t.c in Lhe plo~mn and be! excreted in Lh<: 
urine. 'l'lnm:, ore nl6o certnin geneLic mu~clo dif!orders in 
which myoglobin is losl- from Lhe musclcia nnd nJ>P<!lll'S in the 
plll$11l tl nnd suhsequuntly in tJw urine. 

Chemical t.ei;ts for red cells, fre11 hcmoglc>bin ond myoglo­
bin arc baood on the pcroxidooe-like oetivit.y oi' hemoglobin 
or lllYO!l'lohin. Wheu a chl'omogcn mixture 11uch 0 8 01·thol.o• 
lidine and pnroxido is <lxposcd to thi!i peroxidase oct,ivit.y, it 
will intt:ract, rn1>idly to generate 1111 intnnse blue color. /\ 
dip-nnd-read solid 11tllt.c $y11LeJn is avnilnble which is cnlled 
Hemnstix (Am.e11) . This SJJ(icific composi tion use~ cumonc 
hydroperoxide us the peroxide. The Hamo cli1>·llllcl•re11d tei;t 
for occult. hlood is incoq>orat:ed 08 a component: part; of 
multii>le, urine dip-and-read test<:, n11, Multistix (Ames). 

Microscopic Jtxaminlltion--Ordinnrily, urine contnin,; n 
number of formed element,~ or solid structuro1; of microi::r.op­
i<: d imensions. 'l'heac nrc studied 1·eadily by C<llll.rifui:ing 10 
Lo 16 mL of urine, pouring off t-hc ~u1>e1·i1ot.1nt ond rcsus­
pending the ~edimenL in t.hc dl'OJ) or so of urino which l'e• 
mnins in the tube. This iiuspcmsion of sediment is placed on 
n microiscope slide nnd viewed wiLh low-power mugnifiCII• 
tion. Specific &truchn·l'.11 cim be studied with higher mogni­
ficat.ion. 'l'ho urinurv scdimonts can be clnssiried into unm·­
gnnized (chemical ~ubstn11coR) uml orgnniir.ed (cells nnd 
Ctl~ls) l!OllHt.itucnt.~. 

In u1111lknli11c urine, amorpho11a or crys;t.nlline 11nunonium­
mngnaaium pho8phatea, caldmn c111·bm1ote or oxalate cryR• 
tals nnd nmmonium 11ratc mny occur no1·molly. Amoq,holl!\ 
or crysl.lllline ti rat.es, uric ncid nnd cnlcium oxnlot-Os normully 
nre !leen in ncid urines. 'l'ho pre.qencc of t.yrosine, lliucine or 
cystino cryst.als is nssoclnted with various discuse~. Ghcmi­
c,ll crystlllt:1 ore identified by solubility in ncid lln<l/or alknli, 
colorimetric rencLio11s 11nd cryat:nlline :{tructure. 

'l'he urine Bcdimcnt orclinnrily contains rllllid11e.~ of epithu­
linl cell!1, <:rystllls and an occnsionul red or whito blood cell. 
lncrenl\ed numbers of erythrocyt,cs ore Been where there ii; 
blcc:clini: into the ut'innry tract. lf the red cells ure formed 
inlo a red-cell clll\L, it is suggestive LhnL bleeding has oc­
curred at the 1tlomerulur level. An increm,ed number of 
lcm kocyl.<111 is suggeKtivo of infection nnd influrnmation of Lhe 
kidney. C1u1t.~ are microscopic concretiona which hove 1.he 
form of n tubulo; Lhoy haven matr ix of prccipitutecl 1notei11 
Md, depending ou their appenr1111ce, moy he idenW'ied ns 
hyuline, gronulor, waxy or red-cclle11sts. HenaJ,.foilurc cnst.11 
nro lnrgor nnd Ill'(! ossocintod wiLh severe nc>.crosis of t.l1e 
kidney. 

Numoro11s crystals, mucus fiho1·s, bnct.crin, yeaat ccll8, 
spcmnatozon oud J>m·asi{A)a ('J'ridwm111u11i oagina/i,q) may be 
indentified in the urine sedimeut, The 111Hjority of these 
cryRtulR do not have nny um1111u1l significunce hut in certain 
diMorders may he indicolivc of cryBlal deposits in kidney 
ti11sue or predi11posit ion to formation ol' calc:uli. 

1'iB1;ue cells can be recognized in urino Kediuwnt. 'l'his 
provides an oxoellen1: ml!lmA of detection ond diognosis of 
ci111ce1· of tho low<lr urinary trnct wlrnn the 1,od iment i~ fixed 
in alcohol and stained by the Pnpnnkc,lnou proc<Jdurn. l!.:x-
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f'oliative cytoloi:y of urine moy be o.pplied M 11 •·<mtilw lo all 
urology r>o.ti~11Ls. In <lllti lorge clini<: the mnnhcir or po$itive 
coses found t\moni: ur.olOL(Y paticnls was 11lmost 6%, which i8 
o much higher rot.urn of positive re1>ult11 thon is ohloined 
with routine i;tniuing of cervical f!meo.r$. 

Uoclcria-- l•'r1iHhly voided spocimons of urine ordinat·ily 
c:ontnin u few mic1·om·r,11nisnrn, which primarily represent 
bactcrin picked up from the external ~enH:oli11. '!'here nre 
fewer cont:nminating orgauh,mA in t'I clean-1;atch specimen, 
which involves extensive washing of the external gonilfllin 
prior to collect.ion of tho specimen. A sJ><icimM collected at 
the midpoint; of urin11tion or a "midstream" ~pccimon ordi­
narily hoR morn organisms than a clcan•clll:ch apccinwn, but. 
fewe;· thun a sc>·cttited rundom specimen. When there is an 
infection of the kidney or uri111ny tr11<:t, the munber of orgm1-
ism11 in the urine ia increased markedly. Orclin11rily, if the 
urine contains 100,000 C>I' more organisms per mL, the result 
6tto»gly $ll{{gei.ts tha prns1mce of an activCl infection. lnfoc­
tion of tho tn·innry tmct with owomplil\ying buctcriul'ia is 
r<1lntively <:ommon in young girls ond women. Quite often 
thu condition is ui1ymptomntic and is rncogniied oiily t\S n 
result of 1.1 study of the urinci. If bacLeriuri11 i8 not treatod, it: 
may le11d to scriou11 re1ml injury. 

If there is a very large number of boct0ri11 in the urino, the 
s1>eeimcn oct1u1lly may be t\1rbid. This cnn be recognized by 
gros1; 11 iR1111l inspection oft.he mine. Bncto1·iul'i11 nlso can bo 
rcc()gniwd hy microscopic examination of the mine i;edi­
ment pnrticulurly if tJ1ere is a h1rgc number of organismr; 
prm1enL. 'I'he mo$l widely employed procedure for l'llcogni:;r,. 
ing bactorin involvos plating n apodmon of dil.uted urino on o 
culture plat.o, incubating it. nnd counting the number of 
coloniea. A more conv<mient 11ppr<>ach Lo U1i11 same me11• 
suroment involves the use of a microscope slide which iff 
coated with nutrient agar. Such a slide, when dipped in ll 
urine ill)l.\cimen ai1d U1en incubnted, will indicate tho pres­
ence or abMnce of bact:eri\1rit\ nnd lllao the npproximate 
count .. 

Methods to determine the presence of aignificunt numbers 
of bocterin in urine samples a1·e available on various a ut.o• 
mated sy8t.ems.20 'l'he Buc-'l'-Sc1·ee.n (Marion) system is 11 
diepeusing and filterint{ syaum1 used wit.h II straining 1>1·ocess 
Lo detect tho pmsonce <)f b11cteria on special filter c11rd8 by 
noting t.ho color ch11nge on t.he curd. Analysis on 1J1e Abbot.I. 
MS-2 performed by pll()iomctri<: monitoring of bt1ctol'inl 
growth changes tJ1e ligM t.rnnsmiLLed in II brot.h cul turn ovor 
a period of time. A decrMS<l in tho light. trllnamir;sion clue to 
turbidity or color idcntifioR II poaitive specimen. 'l'ho Lu• 
mac Biocount.or M2OJO 1111>.Mures b11cterial ocleno~ine tri • 
1>hosphole (ATP) in urine by the hioluminescon~ produced 
in u luciforin-lucifcro..'!tl system. Once these rnpid tech­
nique~ arc pel'formed t.o determine which epecimonfl have 
increasecl bacteria, furt.hor identification 11nd sern1iLivily 
(.(.!sting nre performed. Chemic11l tests for tho metnbolic 
11ctivity of' bncterill have been nsed in studying buctei-iuriu. 
'l'he most populur chemic.d test is tl1at for nitrite. Ordill!Wi• 
ly, oil urine specimem1 coutain nit.ml-I!, h\tL do not c<llltuin 
nit.rite. If E N>li, or certain othar 01·g1misma, nro prcoont in 
sufficient numbers, t.hey will reduce tho nitmt.l\ to nitrite. 

Cnlouli-Knowl<ldgo of the compoaition of rcMI ond 
blodder calculi ("lltonca") i11 <'.$Slmtial in planning tho t;hera­
peutic regimen for 11uch diseu14cs. Mix.od calcium pho8ph11t11 
and oxalate at<mes usually occur ovei· the entire urine r>H 
rnnge. Uric acid, cyat:ine and calcium hydrogen 1>hosphate 
cnlculi gcnemlly arc aasociatcd with acid urinoi;, while mng­
ne11ium ammonium pho-<iphnt<i calculi usually occur in 11 lk11-
line urine. Hy1>cin1x11retion of' one of the calc111i compo­
nents, pH, 1·onltl block&ge a11d the p1·esence of foroign objectll 
in tho urinnry tract are the most probable couanl fll~~t-01·R in 
the formntion of ronal calculi. Cnlcimn ox11lntc stones ore 
the most common type. 'J'be chemicul content of t.hc !!ti.mes 
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is <l8~11blished by routine qunli1.nt.ivtl t111t1ly:1i1J for c11lciulll, 
mognoi.ium, &mmonium, phos1,hnt.e, cnrbo1111k, oxnlnt:e, tn·i<: 
acid nnd eystinc. SubsoquonL conffrrnul.ion hy opticul crys­
L11llography, X-rny diffraction and infrm·ed 6pectroscopy i~ 
also uaC!d in the charucteriY,ttlion of the physical 1>ropcrties of 
the calculi, 

Normal Cece-~ conRiRts of undigei.tcd food remnants, t>rod­
ucta ()( digei;tion, bacteria and 8ecretions of the gnstrointcsti• 
11111 lrnct. Mcicro1wopic, chemical 1tnd mforosciopic determi• 
nations ore performed routinely. The nominl quant ity of 
feces is 11b1'>ul 200 g/dny. The lwown colcn· is due to the 
reduction of hilirubin f.o urobilinogon nnd than to uribilin 
(storcobilin); bilirobin is not normnlly. prnsent in fece!I, hut 
porphyl'ins and hilivcrdin (a compcmcmt <,I' meconium) are 
excreted during the first days of lifo. Bilirnbin con be de­
toctod by tests previoutily deserib<1d for bile pigment.~. 

Color changes in the 11tool can bo the result of dir.tnry 
intake or dingnostic for bilinry obstruction and go:itrointes­
t.irllll blecding.?.1 Patient.~ with steotorrhe11 and nrnlnlisori>­
Uon mny show II yollow bulky :1tool contuinin1: fot and gaS. 
'l'he focos iH clay colored when hile ill prevented from enter• 
ing the gut. A l'ed or bluck st.ool ciin (it\CUt wh0n excrissi11e 
do!!es of anticoagulants, phenylbutnzone or 1mlicyl11tcs nrc 
taken, producing bleeding in tho gastrointestinal trac:t. 
8ubflt11nccfi which intmfore wit.h the colol'lltfon of the i;tool 
it1clude antacids (whitish or speckling), bismuth salts 
(bl!lck), irnn :ialts (blnck), pyridium (ormwe), ~enna (.vellow 
to hmwn) and tcLr11cyclines (red). 

Fecal arobili,wgen can be determined colol'imotl'iclllly by 
!'educUon of urobilin to urobilinogcn with nlk11lhic ferrous 
sulfato, and t.hen re11ction with 11Ciclil'iod p .. dimethylttmino· 
beniuldehydn (ghrlich's rcngcnl.). ft is incrciased from I\ 

norm11l roilge of 40 to 280 mg II day to 400 t.o 1100 mg in 
hemolytic jaundice (d11rk brown st.oo)), ,md is dacrcmscd in 
obstructive ji\tmdic<l (clay-colored st.c,ol). 

Porphy1·i11s (//1(/ porphyrinoue11.~ do not arise from hemo­
globin c11toholiem, such us hiliruhin, but are by-product~ of 
the 11ynthcsis of heme. foci·eaoos in fecal and urin11ry elimi­
nation of coproporphydn, 11roporphyrin ond pl'otopMphyrin 
ore vnli1able dinr,Mstic nids in distinnuishing the various 
hopatic and crythropoiotk porphyrios. FeClll copropor• 
phyrine (CP) and copror>or1,hyrinogens (CPl') nrti dctol'• 
min6d ofter cxtl'actioo, converaion of CPP t.o CP by iodh10 
and triple-point. wcdrophotometric esl.imal,ion t\l. :.180, '101 
and 430 nm to curred for int:orferiuri i,ubstnncos (also see 
Urinalysis). 

Fecal occnlt blood i~ detected rnadily hy the o-tolidinc, 
bmw.iclinci, gunioc or diphcnylaminCJ tests; this is v,di<l only if 
the pat.ient h11s been on n meut-free diet for :1 daya. Gunia(? 
and diphenylnmine are preforrod du<! l.o 1.hc carcinogenic 
potential of the other two chemicnls. 

'l'ho Hemoccnlt test kit (Smith/( U11e /Jiagn,Mtics) usoa an 
imprnguatod guninc p11per slido for detecting occult blood, 
which iH o uooful screening t.cst for colon c:11nccr. 'I'wo slidl\s 
m·o preplired Ollch day fot· 3 clays from different p111:t11 of th~ 
same stool while the putiont is on a meat-fre(? high-bulk diot. 
Int.erforing substoucee include llll!)iri11, i11dometh11cin und 
corticosleroid11, boctnu,e Lhey r:an proch1c<1 blMding, and Vi­
tumin C, which interferes with the oKidntion react.ion of the 
t.eHt. If blccdin11 occurs high in the GI tmct, the blood i11 
digost.Qd 1111d convcrtod to acid homatin; !50 mL of blood in 
tho foccs will en use melenu (block stool). Bleeding from \.he 
lower GI t.rnct is npparent from r<!d streaking of stooli;. Tho 
u11e of MCr-t11gged t,ryl,hrocyt.cs h11a bocn used l<> qun11t.it11te 
and loc11tc the flOlll'CO of goat1·ointostfoal ble(iding. The 1111b­
jecl:'s red cells are mixed with an isotonic r;1Cr solution uncl 
t.Jum rninjected intravenously. If blocding t>CC~trs, th<:\ r.icr-
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isotope conwnt. of the fcce~ will he increased. Locntion 01 
tho hemorrhngic nrea nlso cnn be llpp1·oxim11Led by an iso­
l~1pic acuu of the abdomiMl 11rea. 

'l'he ))tM(ll)(:e of exCC$$iVe (Jlllllll,iiiei; of mu.<:u.~ ill ll$lllllly 
indicntive of dy3euiel'y, colitis or ot.her inflammntory l)ro­
c(l.tl::;es i11 the intestinal mucosa. St:1·011{~ly alkaline 0 1· acidic 
rcoct.ion in thn focci; is indicat.ive of excessive qniu)tities of 
prntdn or cnrbohyclrnl.(\ in ihe diet,, rc~pcctively. 

Quantil:nt.ive determination of fecal nitrogen is usaflll in 
nnoly11is of pnncreniic i'uncticm. In poncreuiic disenso, in­
cremies in focnl nit1·ogcn will occul' nan rosult. of decrenRccl 
eecrel.ion of puncreniic prowolytic cn:>.ymos. 'l'ha nol'mal 
individual will cxcrntn ,t Lo 1:3% of ingeRtlld nitrogen in the 
focos; in chl'onic p11ncro11til:i~. ll t.o 30%. Fecal nit:rogr.n c~n 
be dctormined by ~he Kjeld11hl digest.ion 1>roccdurc. 

Ft,cal fat is prnsent in the form of t.riglycerides of fnt.ty 
acids (neutrol fni;), free futiy ncids (PFA) «nd i;oup~. l~nl. 
determinations nro hosed on the !loluhilit.y of neutrnl fat and 
l~l?A in ether; the soapi; m·e insolublo in 1ithcr nnd hove w be 
11cid-hy<lrolyzed io their rospcct.iw F)i'A prior to r.xt.ract.ion. 
Neutrnl fot will liboraie li'l•'A only on alkulinc hydrolyAia. 
'the l~PA, iaolated from tho ubovo fr11ctio11niio11s, 01·1\ then 
determined by titrhnet.ric, colorimetric or g11iJ•chrnm11to .. 
f;rnphic procedures. 

Dr.l.crminnt.ions of blo<>cl, urine!. mid fccnl 121•f af(.(\r oral 
udminiatrnl.ion of an iodinnt.od gly<!t!ryl iriohmLc or Jif•J-oloic 
ncid preparnt.ion is uu index of pnm:r e"£fo, 1,ilfory and intes­
ti11nl<1bHorptiue /wwt.ion and con·elot.oa with f<wal fat excl'e• 
tion. 'l'lm bile mui;t. emulsify tlui 1~1<•J-t.rigly<ieridr. prim· to 
enzymatic hyclrolysiii by p1mcr«:mtic lipaso to yiold FJi'A-12fil, 
which !lUhse(1uenUy is 11hsorbed and met.oboli1.od. An in­
cre1111ecl 11mount of nr,1 in tlui foc<'l1, i~ ns~cJcintcd wit:h pnncre-
11Uc di1mnseH (cyatic: fibroiii:i with nchyli11), obstruct:ive jmm­
dice, malubl!orption disense (spnrn, c;ulinc disonso) 1111d ste­
ntorrhen. 'l'ht> luctcl' ontity can be diffm·1mtii\U~d as to n 
poncrootic lipake or intost:inal ubsorptivo dol'cct. In the 
"abMoq>\:ive" disease, inc1•Cfl~ed excrotion of 12"1 iR 11een nfter 
udministrutior1 of l?.!if.triolein or ol«:lic acid. ln tho p11ncret1(:­
ic defect, 11dequ11to ab::iorption of 1201 olek licid occurs bu\. 
fccol 121•1 is incrensod nrt:cr t.he triolcin menl. 

A mi1;1·oscopfr e~:mni11atior1 of emulsified foces includes 
11m1lysiij for I.he presence of Nystal8, food res idue~. b1)dy 
(:<1ll8, 011cl.<1rin trnd pnrn~ites. Cry1;t:l\ls of i1•iplo phoi;phnie, 
colchun oxnlnte, fnt nnd cholm1t,<11·0I, st:arch granules, vogeta­
hlc fibern uncl noutl'al fat globules ore l\01·mully 1>1'CMllt, 
Octnhodrnl noedle-shnped crystnlM (Chn1·cot.-Leyd1m cry:;. 
tal11) aro present. in pnrMdt.ic il\f.esh1tion nnd mucmu; colitis. 
Rxce~~ive <111an tit.ies of fnt. or sl.cnch are seen in molnbsol'j)· 
tion diacuse. 

Adult, lar•val or ova r>huse:i of pn1·nsitet1 m«y be enc:oun­
iered in tho focea. The most common l)l1rMitic iufestntionl­
ure caused hy c11st:odes (t:npewonns), t1·m1wtod11s (flulrna), 
nem<1todes (roundworm11) nnd pro/.ozou (nmooba) (see Mi­
c:robiofogy). 

'l'oxi<:Olol(y 

'l'he detcrminntion of rlru1~ or 1:.homknl conccutr11tions in 
biologicnl fluids iH 1m hnporl{\nL t1i1pect in clingnosing 01111 

I.renting the tm.:it: syndrome induced hy v11rioua agents in 
llCUte or chronic dn1g-11busc situntious or in chemi<:Al poiilOll· 
ing. 

Bnrbiturotes, glut.ethimide, mn1.h11quulo11e, chlor ­
diozepoxidc, diM-epnm, diphenhydramino, eihdilorvynol, 
mm·phino, phcmothioiinoo and !talicylntc611re cnc<nmtercd in 
drug-nbtifiP. sit.untions. Prcliminnry sr.l'cening of serum or 
urine 11nmplus for clrnt~ suhst.oncr.s is accom1>li1Jbed by TLC 
pr<>COdure11. Tho nlllllysi~ of ~~mm 01• urine level!; of intact, 
dl'llg 01• iL6 mett1boliie11 usunlly is performed by exLrnction of 
the Htunple wit:h on Ol·gnnic 11olvent, :icpnrntion hy Klls-liquid 

(GLC), or high•performonce liquid (HPLC) chrnmoLO({r:l· 
phy, and qunntitution by 9poctrophohi1netric, 11uoromotric 
or clectrochcmicnl techniques. Tho inte1vretut.ion <>f tho 
~erum-conconLrntion do.LIi in rclution to clinical significancH 
and toxicology nrnst not be limited to uumhera. 

fo ncutc, drug ovcrdosnga the t.ime of drug ingestion, Ume 
of blood or urine i;nmplinP, oncl !loV&l'it,y of clinic11l symptoms 
or time ()f dcnth must bCl interpreted in t·oference t.o dn\.!.l on 
the t1b6orption, UMrno dist.ribution, meinbolism nnd eliminu, 
1:ion of the drug 1md it.<; metnboliLes. Tho Hpecificit.y of l,he 
chemicnl M!!ll,Y or; t:o intm-forence from other drngs 01· motnb­
olitc~ of lhe pa1·ent drng must be considered. '!'he combined 
tcchniqueR of GLC or HPLC nnd llll\$$ spe(:trometry con• 
firm:; the identity of specific drug11 in hiological mntrices. 
'l'he extent of absorpt.ion of many drng subiit.m1cca fo n<>t 
rolnt;ed dil'(1ct.Jy to the do!le when large umount.'I of a drug Arc 
ingested, in comparison to tll(l thornpeutk do.~e. 

'l'he iitmue-dill ir ibutiou and metnbolic rnicH con he affoc(:. 
ed by Iorgo drug overdoae& in which ronnl or hepuUc failure is 
e11countcred. 'l'ho plosma-eliminoLion rnt(I nlso c1111 hll 11.f­
fectod, l\nd it i:i irnport;irnl. t,o rec,c,gni1,e th,.i clHm1ro in dimi­
lltiiion ki111itic~ and to be t1ware of the n11t11r11 of plo1;mn 
elirninatfon us defined by n mono-, bi- or polyexponcntial 
olimiunUon curve. Tho drug overdose tisunlly involv1is ~ev­
ernl drug sul.lstanccs 1111d Ul<! <:hcmicnl, mot.11bolic aud phar­
mncolol{ic11I aiipt\dfl of dl'llg iut:ernction lll\181, be considered. 

Tho uwthodology for the analysis of drugs in biologi(:111 
fluid!, oi· tissues con be found in thti bookii listed in the 
Bil>liography. Analysis for s<irum bcirbit1trnte levcli; will be 
dc~scrihed in this 1mctio11 11s n spMific exampl<~ of Orn analyt.i­
cnl meihodol<)gy. 

Scrum is extruded llt pH 6.5 with chloroform; Lim chloro• 
form oxtrnct. ii; wnshQd with pH 7.0 phosphnte buffM 1rnd 
exLracted with 0.4f>N NaOH. The UV s1>ecirum of' tho olko­
line uqueous layer is determined nt. pH ra llllll 10,/i, 'l'ho lJV 
apectro !lrC ehnructerisLic and distinguish bnl'biturntes, N , 
mcthylhorbit.uric ocidii and thiobarbit.urnt:es. Tho bnrbit:u .. 
rotes ol~o cnn bo det<icl.t,d by uddif'ying the nlkillil,e layer, 
extn1cting wit.h chlorofomi and spou.ini:- this c>rgunic extl':ld 
011 a silico.-gd 'l'LC J)lato. SeqttP.ntinl sprayln1{ of the plnte 
with KMnO~. HgS04 and diphc.myloarba?..Onc will 11how Hr 
values nnd color re11cl.ions iypic:nl of tho vai'iou~ harhitu .. 
r11toi;. Blood bnrbit.urates cnn he u(ltermined more, accu­
rAtoly by a GLC proc<idure ill which the retentfon t:ime$ llr'll 
used io identify th(l apo(liflc bt11:biturntes. 'l'hc degro(l of 
i;cvoriiy of dinic11l sympt<una has been correluted with blood 
b11rbitur11tc levels. Comntoll(l, nroNt!xic signs are obncrvcd 
ui 5.0 mg% mnobnrhit:itl, 2.0 mg% pent.oborbiilll, 8.0 mg% 
phenobarhiLnl nnd 1.6 m11% t!ecobarbitnl. 

O1>iat.es, amphctnmines, bnrbiturateii nnd math11clone can 
1111 dotoct.od rapidly l)y "hmnvgenom;" enzyme assay.r.1. In 
this t)rocodure, the 11dclition of drun antibodies to a conju­
gate of <lrng and lyso1.ymc rnimlt.s in the inhibition of lyso• 
zyme nctivity. 'l'he uddition of fl'oo drug t.o Uli$ reaction 
mixture incrnnaer, the enzyme uctivity in proportion l.o t.he 
amount of fr<!e cln1g added. 'l'he $eni;it:ivity of tJ1i~ t:ype of 
nssny ii.- 0.l 11g/mL of omph(.)t.umine uud bm:biturn(.os. 0.5 
µr,/111L of methndonc, 0.3 µg/mJ., of opiates and 1.0 Jig/ml, of 
benioylecgoninc, a cocninc m(1\.o.boli1.c. This assay is appli­
cnbfo to large drng-scrceninr.: progrnms. 

Elec1:1·01i-.~pin-frtb1•ling Lechnique$ nlso cnn be lll'nployed 
011 lurl{c-scalo drug-N.creening programs. In this proccdure 
known amount.~ of dl'Ul( nntibodies 111'0 mixcd wit.h ch·ug 
lubelecl wlLh a atnble nitroxide radical (spin-lt1bel) und with 
I.he specimen t.o bo analy1,cd. Due to i lw competition for 
ontibody between spin-labeled drng nnd drug in t.ha speci­
men, the apin- lnbela<l drug bocomos deiuchod from tl1e anti­
body und can he detected by clcctrnn-spin resonance spec· 
troscopy. 'l'hi~ procedure is lO00 times more sensitiv!'.: than 
'!'LC. 
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B/00<1-alco/1.ol lovc ls muy h,i determinocl by /\01·11tion, dis­
tillntion, gns chrom1\t.ogrophy or specific cm.ymotic nnnlysis 
with alcohol dehydror,e11nse. Jn the chemical techniques 
tht> blood ~1unpl i-. its cithc1· oxidiiod or dis t,illed into n dkhro­
mntc-!lull\1ric ,wicl mixture; tht cxces~ did1romnt.11 i,; t~rnn 
determined by Utrntion wit.Ii poU1ssit11n lodid() or met.by! 
or11n1:<1-(cHTC1UK sulful.e solutions or by colorimetric l\lll\lyi:.i~. 
T he gM-chromntogrnphic nnd 0111,ymc proced ul'Cll ore spc• 
cific for et:haMI, wlwrcns the chemicul techniques nre innu­
enccd by ot,h(ll' volnt.ilc or oxidiiublc suhstnnces in the blood. 
'J'he <.miymnt.ic method is based 0 11 tho renction ()f <ithonol 
and NA D in UHi presence of nlcohol dchydroi:enusc to form 
ncctnldehyde und NADH; tho nce.t.nldehyde is 1'trnovcd with 
scmicurbaz.idc and t.h~ NADH formed in tho reaction is 
csiimat.ed spectrophotomctricnlly l\t. 340 lll)l. g th11nol lcv­
elll or > 0.10% nro indicotivCJ ol' intoxicntinn und 11ppnrcnt, 
psychomot.or disturbnuce, Levels of0.40 to 0.50% ore nsso­
cititcd with modullnry and diti11cc1>halic rlisturbnnco~ ~uch m1 
trcm<>rn, <:mnn, re11piratory deJH'ession, pt1ri1>hm·nl tiollapse 
nnd deoth, 

Specific ana)yais of heavy motalt< is lxist performed by 
atornic-obsorpt.ion spect.roscopy. Annlyscs for nrscnie, bo• 
ryllium, bismuth, copper, irnn, lead, lithi11m, n1erc11ry, llick­
el, th{lllium ond zinc ore encountered frequently in the t.nxi• 
cology lnborutmy. J3h>od lead ia det.et'mincd by forminl{ 11 

leod ,dit.hic>earbun11.He chelal,11 in the preis<mce of ammonium 
pyrrolictinecli!:hiucnrb11ma t.o {lnd cxtrru:tini~ the chelnt,c into 
methyl ioobutyl lceto110 for !lubs(lq11e11t. ut~nnic-libsorpt:ion 
minlyaiA, A lend concc11tr111.ion ol' >GO 1111/mL in childrnn 
u~unlly rcflccl~ :lignific1rnt ubwr1>(:ion nnd 11ccumulution or 
loAd nncl ia interpreted ill! an indicntor of Ion<! toxicity (plum­
hism). 

lncrnased lend oxposorc. will rciiuli in a docrnnse in dcltn­
om.i11oleuulinic acid (Al,A) conv<irnion to porphobilinogen 
by ALA-d<ihy<lrnRe in hcmo 11yn thcsis. ALA blood levcli. 
will increuse to the point thnt. ALA is excreted in tho urine. 
Doterminnt.ion of orinary Al,A is performed hy removing 
urine porphobilinogcn und uro{l by ion-exchange chromatog­
raphy, l'(ll!Ct.ing ALA with p-dimcthyluminobenznldchycle 
.rnd dct:ermininr,: t he c:hrornul(cn colorimet.rically. Urinory 
ALA lcvols >2.!I mg/100 mL tlrC uuncceptnhln in <:hilclren 
nncl i11dm1tr iol loud worker~. lh'itlllry ALA l<:vels IHO not as 
scni.itivu nn indic11Wr of lend t:oxicity o,; blood lend, b11L l,hey 
can be used Lo monitor prophylact ic trcatmen( procedurns. 

Choli11eNl1?-1Y11,11 clet,erminoLionR arc of value in tho cli{lgno­
Bii; of Au~poCLRd 0011cll of orgnnophospha\.e or cnrbnmnte pes• 
ticide poii;oning. 'l'wo Lypcs of choline~t:orO!lc MC found in 
ti.~RIICH, 'l'rue cholinOllternso is found in RBC nnd nerve 
t issue nnd ellhibit,!! 1\ 1,pecifit.i ty for ncotylcholine sub9trnte. 
Pseudoch(llincsLur1u,o is found in plasmu 1md ha11 a grc,nter 
affiuit.y for hych'oly~.ing hutyrylcholiu<'I l\nd 01,Jwr esters. 
Tho orgnnophosphnte and carbamat.e in1;ecticides inhibit: 
both 0111.ymes. 'J'he acUvity of the plnsmo oniyme is inhibiL­
ed more rapidly thnn the RBC cholinosterns<~, and recovers 
more rnpidly due t.o ,;ynthm1i11 of new cm;ymc by Lhc liver. 
'fhe re<.:overy of the erythrocyte enzyme ia 11low and is gov­
ernCld by rod-cell turnover rak. Choline11tC!raso nc:t.ivity 
usuolly is determined by mMsuring chongo,; in pH oft.er the 
inculll:l~iou of pln:mrn or RBC lysatcR wit,h aceiylcholine. 
'f'he normtil ran({G of thia cniymc is 4.5 \:o 10.9 (plaamu), 3.il 
to 6.7 (whole blood) ond R to 10.6 {HBC) \lnits/mL, 

Oastric Analy.~fa 

'l'hc chief conRtJtuents of 1,tustric jt1ice nre hydro'111loric 
ncid, gnstric prot.euses (pepsin 11nd gnatriClloill), homntopoict­
ic fncLor (inLrini,ic rnclor and vitnmin 8 12 binders), Kaatric 
hom1onc11 and muc(111ubsl.tl1wo.~ (nminopolysucchnridu~. mu­
copolyuronideA, mucoids and mucopro\:ein~). 'l'es(;ij fo•• g(ls­
tric fu11ctio112~ usu11lly are J)<irformad on f(nat1·ic juiCl? 1'11\m-
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pl118 collcctcJd by direct. int11b1l(.ion int.o 1.h0. stomoch. ' l'hc 
fMLillg contcmt (normol, <lOO mL) of !.h(! ~tomfH:h is r~• 
moved and gastric 11ccretion is collocted in l,ho hosal stat.e, or 
aft.er st.imulotion by the om! administrntion of cuff'eine-ban• 
?,oa te or ak1\hol, or pnl'Rntcml ndministmtion of hiRlnmino, 
insulin or \.ho hormon<i pcnt(lgust.l'in. Snmples urn collcr:t.cd 
by continuous aHpirotion and 11.nalyzccl for nc:idity and ((liS• 

tric prnt.eu.-ie activity ui various time intervnlx. The (!xl.<lnt 
of recovery or l.otal juicu con bo estimated by ornl, nonoh­
:iorbablc indi()Utori, (p(►lyethylcno glycol•1•1C, phenol red nnd 
nr,r-HSA) inatillod int.<) t.h<, st.omach prior to the n~pirntion. 
1'he rocovcry nnd Rpccific conceuLr11t.ion of thcae indicutorR 
in gastric juice is an index of gastric secretory volume, com­
pleteness of collection ond gns tri c: <lmptying rnte. 

Gi,sl.ric juice if! n heterogcmeous mixturc of clear juice tind 
floccu lcnt., clonr mucus. T ho color of t.hc juice i;hould be 
noted as to the opponrnnco of blood, bile and oxccssive qu11n­
t.1Ues; of mucuK, The c11.:1:cli/.y can he dot.erminod by n simple 
pH mcoHm·ement and conversion t.o mEq 1-1 ◄ · or by tit.rntion 
<>f cenb·ifor,t:d gastric juice, to pH 3,5, 4.5 ond 7.4, tbe re81>11c­
tivc cnd-point.s for froo ncid (HCJ), protcnMo HCtivit.y nnd 
physiological ne~1trnlity. ' l'he ha.~o/ acid output is abo\l t. I 
mgq/hr in normnl subjcct:JI nnd 2 to 4 ml~q/hr in duodcnnl 
ulcer 1>nticnts. The: pcia.h add 011tpu.t (PAO) after hiRtll• 
mine stimulation i:. 10 to 20 mEq/h1· in norm{ll~ nnd ~Oto 50 
mEq/ hr in duodenal ulcer; PAO following pentogostric stim­
ulntion i~ similar to hist,emine. Gastric ocid secretion is 
dec:rcnscd in atrophic gnl:llriti~. gnst.ric cnrcinoma nnd <:E1r ­
tnin typea of an::;trio ulcor, Hypcrfi<tt:rction is :seen in duoclo­
lllll ulcer, Zollingcr-lm i1,on (ZE) Ryndrnme 11nd hypo1'p£11'11-
thyroidism. 

in situ mcnsurement.s of pH may be mode with a lfoidl!I· 
br.rn cnp.mle apparatus. ln thi~ technique the s11hjcct swol• 
lows 11 sm111l pH-sensitive COl)~\tlo (trnnsmittc1·); racliowavcs 
11re transmitted from the capsule to 11 sensing devicCl (recoiv­
or), and the signols n1·e recorded ::i~ 11 function of pH. T he 
normnl pH of the stom11ch i!! 1.2 Lo 1.8. 

'l'ubcl<!ss gast.ric acidit.y <malysi.~ i,; porformed hy om! 
ndminisLrnLion of Diagnox Blue (8qui/Jb), n curbacrylic ion­
exchnnge resin tencted with n1.ure hlue dye. 'l'he hydrogen 
ion& in t.llC gostric juice exchnngc with the clyo on Lhe roi.in; 
t.h11 dye is nhiiorbod nnd than ellCl'tll,od in t.lw 11rin<:. Tho dye 
conco11trotio11 in the urine is o function of gostric acidity. 
'l'hc normal value is > 0.6 mg of dye in the urine 2 hours ofter 
udminisl.raLion. 

'!'he principal gn1:1t.rio protensoll ure f.)cipsi'.n one! l{Mtrfo.~in; 
pcp~inogcn is n premu'iior which is 1Xlllverl.ed to 11ctive pepsin 
hy free HCI and by I'll\ 11utocnL11lyl.ic pn,~OSB, Total ga.~t.,·ic 
protease act.iuity is determined on hemoglobin or radioio­
dinatcd human scrum t1lbumin (IU8A) Ruhstratus nt. pH 1.8 
to :I. I (RISA. 126I); prol.CO$(l nctiviiyon hemoglobin will liher­
nto tyrosine which cun bo Miimuwd 8pectl'ophotome\.ricnlly 
nt 280 nm; wi th RISA, liberated tyrosine-12f>J, ns ostimnted 
hy ifiOt.opic procedures, i:s un indox of protoolyl.ic n<:tivily, 

{>Qpsin oc(.ivity cun IJo dist.inguishod from thu tol.al prote­
m,e nctivity liy estimation of the 3,o-diiodotyro8inc libel'nt.ed 
fl'om N-ucetyl-1,-phenyl11lonyl-:3,f>-diit>dotyrosine Allhstrnto 
at pH 2.1, Pepsin will rooct on t.hi81:1ubstmt.c; gust.ricsin will 
not. Norm11l gm,tricjuicc protcose flctivit.y rnngm, from 200 
to 1200 µg I.Of.al pro\.el\liO octivit:y/ml. nnd 50 to 300 J<!( 1>01>· 
sin/mL. 'l'hc prescmce of bile, blood, 1111 livn or e>Lcess muc:u~ 
in Lhe st1mplo will decrellse botl1 acidily 11nd gc,.sirk p1·otca110 
octiviiy. 

Ciastri.11, cholecystohinin, S<l<! i'Ctfa <ind pan.cr,mzymin nre 
((UStroinuii,tfotd hornHinos.?-•I ThC! 1·olo of gn~trin 111111 it.'! 
inL<ll'nction with otJler gnstrointll!lt.inol hormonea in the eU­
ology and proliferation or ulcer diRl!lllli! is of rcccut inl.er()flt 
Aocurate H.lA techniques h£we been ()(!velopcd for gni;lrin 
nnd eec1·ctin-(i -tyro>1ine d11e t.o the nvnilobility of 11 pure syn­
thetic polypeptide. Biot,,r,icnl n:111uy~ bili;lld 011 tlw til'fcct. or 

: i 
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these sub~t,1111ccs on gastric, pancreatic rmd biliary ijecretion 
also hovo boen tiscd. 

GCl.~tl'in is found in v1u·ious species in t.wo forms, G .. ( and 
G-11. The only diffe rence iK in sulfnLion of the.\ 12-t.yrofiyi 
residue it1 G-lf of the heptndocnpoptidc 11mi1fos. (hu,trin is 
found prinmrily in the g11strill•))l'Odudng cells (G-cellK) of 
the 1111trul mucos1.1. 'l'he G-t.erminal tel.1·a popLidc represents 
the biolor,ic11lly act.ivtl pnrt of t.he m{l(eculc. Gnstdn infu­
sion will stimulutc aecretion of gMtri1: acid, pepsin and in• 
trinKic fnclor. It hns n 1Jli1thl se11rcUn-like effect and n pow­
erful 1>11ocrcot.ymin-lil<e offed 011 p1mcrentic aecrotion. 
Go.atrin also stimulates bile flow. 'l'he instillo.t.ion of HCJ 
inl-0 the stoma<:h will inhibit gnstrin re leni;e; prot.1iin mid 
moal Htimulution wlll h1cnmsc Kennn giis trin. 

'l'he HIA of' 11crum BOstrin iH of di11gnostic value in (.he zg 
synd.-omo, pernidous nnmnit\ and duodenal ulcer. Btts(tl 
scrum g11strin levels in tho normal inclividuttl are 20 to ao 
11g/ml., nil({ increnRe itbout 2-fold aft.er II protnin mcnl stimu• 
lu!I. Bnsnl scrum gni.trin lovcls in duodounl ul<:or !WC normal 
or slighl.ly elevated, but incrcas!l 4- to 5-fold Bftor n 1>rotoin• 
meal i;tinrnht6. llnsal ~cntm ga,strin levels m·c elevnwd in ZU: 
to f>OO f.-0 ,HlOO pg/mL due 1.0 the presence of n g111;t.rin­
prod11dng tumor. The ¼E pnticmt itt uniquely sen~itJvc Lo 
IV cnlcium stimulation which will incren~<, both gHatric or.id 
secretion and serum golltrin in this syndrome. 8usul scrum 
gostrin levels also ore clcvRt:cd in gast ric hyposecretion 11s 
seen in tlernid <>\IS anemia and Type A gastritis, and in 
chronic renal fnilurn due to tho decn,as()d mctuboli r. U1rn­
ovcr of w•ijt.rin in the kidney. 

The RIA of Kcrum gnstrin i<J bused on the competition of 
giu,trin in test Kamph! wil.h m1.g11~trin for gnfftrin ontihody 
binding ~iws. 'l'he antibodies uiicd in th is prnccduro are 
usui11ly cospccific for G.J and G-ll. However, they detect all 
forms of circulat.ing gastrin, ie, Big.Big G11strin (G-a9), Big 
Gm,trin (mol wt. 7000; (i.~3), g11st.rin heptndoc:a1>tipt:ide (G­
I 7, mol wt 2200), G-1:1 And G-8 (mini•ttastrin). 'l'he Big 
comp<mcntl! c1111 be r.onvcrt.cd to gnstrin by trypsin hydroly .. 
:,is. The i;ignilfoance of changes in the ratio of t ho drculat• 
ing t:Mtdllll is tiOI. known, but it. has boen Sul{r,ested thnt. G­
ag and G-a:l p1·edOl)l inate in the b111i11l stat.e ond cleave f.-0 (;. 
17, which itt the muJor ~erum form after o 1mit.oin meal. 

Other Body Fluid.~ 

Physical, chemical and mic1·oscopi<! examiuotfon of cerc­
brnspinul fluid, l!ynovinl flu id, humnn milk, tron~udnhis mid 
cxudnte:i 11lso twc performttd by t.he dinic11l laboratory. T he, 
principles of the various dct.crminntions nre similnr to i,hosr. 
described for blood ond urine. 

Microbiology 

Clinicul medical microbiology is o i;t:iencc which is con­
cernod with th11 isoli1tion 1rnd idcutificn(.ion of di~eu~c-pro­
ducinl( microorganisms, it\ bucterin, fungi (including ycnst), 
viruses, rid<ett&ia IIJ)d purnsit.(!S. 'l'he tMhniqucs employed 
in the isolation i,nd idontificntiou 1)f the suspo<:t orgonism(s) 
involve the pr<>1>ng0Uon 011 lluitoblc primary <:ulture me.din, 
aelc<:tivci isolation on 8p<icinl culturo medin, use of suitllblc 
living hoat matorial (moui;P., 1imhl'yonuted 1igg, Lissuc cul­
ture, otc), determinuLinn ol' morphological 11ml, where appli­
cublc, stuioin~ cllllract.cl'iRtics of the org1mhm1 nnd conl'irma• 
Lion by biochemic11l and/oi- i111m11110chomicul 11nnlysil!, 
Suitablo animnl inoculaUon, where nppl icablo, mny he om­
ployocl to detcm1i11e 1>nthogenidty. Site, timing, technique 
(aseptic), instrnmontat fon, and tnmsportution 1>f dinic11l 
specirnm1s (blood, urino, fecc~, c<:rebrospin1.1l fluid, et.c) urc 
)>rim<• vurinblcs involved in t.hti finnl differcnti11Lio11 nnd 
confirmnUon procei;s. 

Hupid munmd 0111.ymulic nud immunol<>f(icnl tei;t. kits 
hnvc been int.roduccd lo identify puthogcm$ for cernbro~pi-

n_a\ Ooid_anulysis. The 1111.ex-~gglutinnticm LMt conts a »pe. 
c1f1c antibody onto ln),ex 1>11ruc.l~s 111!d whcm nn antigen i8 
p_rm,ent, the lntox p~rtacl~R IU'C ".1i11ble.V.1• In the cos1gglutinn­
t1<m teHt., the ,;1><ic1f1c 1111t;ibody 11:1 bound to prowin A on the 
Hu1focc of ll !;tnphyloco1:c11I cell amt the. proscn1,c of nntii:un 
produces ugglutinution.111 

Staphyluc<1ccus ourcus (Microcuccus /JYOf/111ir.s var <wr­
eus) iA a Gram•positivc coccus frti(tucntly found 011 normnl 
hmnnn skin 11nd mucm1s membruneij and frequently ussoci­
nted with nbt;<:easos, septicemia, endocnrditiK und osteomy,. 
elitis. Somo stl'oins illuboro.te an exotoxin <:o.pable of caus­
ing food pohmning. 'l'he prhn(ll'Y isolation is 011 blt>Od nt:iir 
and in thi()glycollut.c broth. With feces and otl1<ir heavily 
(:onl.11mi1111ted specimons, phenylethyl t\lcohol 11g11r and/o'r 
mannitol-Mlt agar should bo i11ocul11tod to suppros~ l{l'Owth 
of other bacteria. 'l'he ident:ificut.ion of 1>at,hogc11ic stuphv­
lococci iM bosod on colonial (pigmentation) and microsco1>ic 
morphology (grnpe-like dusters), posit.ivc ci11.al11Ke produc­
tion, po$itivc congulase producti<m (Mat)hylocoogulnse-plufi• 
ma clotti nK factor) nnd t>Osit.ive mmrnitol fermm1t11Lion. 

St.r11ptoco1~i:11s pyogmw., is another Gram-positive coccus 
frequenLly llSSO<!tated with tonsill itis 01· pharyngitis, erysipe­
lm;, pyodcrmn nnd endocnrdH.is. Neopcptone ni:u1· contuin, 
ing 5% defibrin11t.P.d sheep blood is prcforrnd for 1>rimary 
isolot.ion 1111d to dcmonat.rnt.1, chnrncwriijtic hemolysin pro­
d ucLion by observing 11 zono of cleor (bottl) hemolysis around 
the colonies on blond ng11r. Strept.or.oc<:t\l gn)ups 111·<~ identi­
fied by prcciJ>itin tcMLs with group-i;pecific an~i8cru for A, B, 
C, D, P 11ncl G. St.rcptex (Wei/come Dillg111Mics) U80s a 
la!-cx ngglutinoiion syiJt.em f'()r identifying th<i l.anccl'ielcl 
l{roup of sl,reptococd. Other 11roups ustu1lly arc not ussoci­
at.ed with human clinical m1\t.el'ials. 

I,egi.011dla pneumophili<1 idcntifir.nt.ion includefl ;;pcci• 
men culturlls on lung ti8s11e or st.erilc body fluids (eg, plournl 
Ouid or poric:ordi<d tluid). Direct f111orcsccn1. 1mtibody 
method ia a Lest for J., p1w1un11philh1. Organisms 11re he~\. 
seen in the ncuLc iitagr. of the d iscaHo. Silll:t, Uic nntisernm i11 
species-s1>ocifk, poly vu lent 11nU1mrn nro necm;~nry for idcnt.i• 
ficotion. 

Neis~·eria 901101The1111 is a Grnm-negut.ivc diplococcus os-
1mciated with th<! voMronl disonsc i:ononhca. 'l'he idenl.ifi­
cution if.i buijed on the primary i11oltttion of tht\ gonot:occus 
from urothrtil exudntes on chocolut<• agar or 'l'hny,1r•Ml\rl.in 
(1'M) medium. The micrnscopic obgo1·votion of Gram-neg­
ative intmccllulnr diplococci resembling t.111., gonococcus 
con9ti~utcs a pro~umptively JlO~iUve di11gnosis of go11m·rhe11. 
Confirmation of Lhc oxidnHe enzyme activity of th<t gono• 
cocci is 1>erformed by a rr.a<:t.ion with p-dimcihylruninoani• 
line which turn~ oxidnfle-posit,ivo <iolonic$ black. /\ positive 
oxidns<> tc~t- by Gr1m1-negntivo diplococci isolated 011 'l'M 
medium COtlMLitutcs II presumptively positive tcist for N grm• 
CJrrlwae. Final iclentificoLion rcst.'l 011 Lypicnl ~ugar fcrmon ­
tntion or specific (flum·osccnt untibody) st11ining. 

Neisscria nrnningitidis is the 1>rimnry cause of bucterinl 
menini:it iK and gcptic11mitt, The prim111·y iijolntion ii; bu~cd 
on culturing of a i;pecimon (blot>d, i1pin11I fluid or 1111sophn­
ryngcnl s1;c1·e(,ions) 011 n Mucll(Jr-Hinton m(luium or choco­
l11tc agnr conLniuing o vuncomycin-colistimethoLe-nyst.nt.1n 
nntibioLic mixture. T he confirmntfon of the iscllilte by hio­
ehellli(!tll roocLions (poiiitive oxidtts<i. posi tive c11t11lnsc, otc) 
ar1d $Crologicul n1{gl11tinntion wiLh grn11p•$1)C(:ific (A, B and 
C) auU1;e1·,1111 is u1,cd in the clifforenti11t.ion. Young culturcH 
of groupi, /\ and C may show C(tp~ulnr 11wclling (Quellung 
rnuction) in tho p1•csonce of n BJ)ecific nnLiserum. 

'I'ho entllric bacilli (I?11ierob<1cttwirtce<1e) aro Grom-nega­
tive, no11111>orulating rnds ns~o<:intcd 1Vi1,h dyscnLery (Shi11el• 
la sp), t.y1>hoid fever (.So/m1111el/a /yphi), urinury trnct nnd 
1.issur. infections (Bsi:lieric/1ia coli, Proteus sp 1md Ps,1udo­
mcin«M sp). 1l1ld pulmonary infection~ (/(/iibsiella sp) . The 
primnry isolation of 1mLcrk bacilli is on scler.tivo nnd diffc1·• 
r.11thil i11fu11io11 111~ur ~uch as MllcConkcy ullll tiosin-met,hyl-
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ene blue (EMB), and enrichment modin l!uch as Rohmitc 
broth 1111d tetrnthioun~ brntb. The primnry isolntion of 
SalmoMlla sp. is on Loifson'R dcoxycholnte citrnt,e ognr 
(I.DC) or Snlm.ot1ell<1•shi1111lla ugor (SS); if Salnwnallo ty­
phi is au11pc<1tod, hrilli1mt gl'ocn ugnr (BG) nnd bismuth 
sulfite ngnr (BS) ,ni1y be usod nnd would conl!t,ituto n prti· 
11umptivcly 1>011itiYe dingnrn,is of S typhi. 

'rhe confirmation ond idontificntion of onteric bn<:illi mny 
be performud by serologicnl t.eal,'I 1md hiochemicnl reactions: 
H2S production (triple-11ugar iron 11gnr), indole producUon, 
ucetylmetbylcurbinol production, citrate utili:.:otion, urcnse, 
ly1iine nnd arginine decurboxylo1,e and phonylnlnninc dcomi­
nasc activity. Enterotube (/foche Dia#n{1stics) employs 
conventional mcidi11 to parform 11 standard biochemical 
tests which cnn be inoculated simultunoously in one r.om­
pnl'hnentcd t,,be, wit,h n Hinf{lo bnctcriul colony, 'fhe sol'Olo .. 
gical identification of Salmonella ond Shigc1/fo sp is bused 
on t.ho 11gglut.inotio11 of antigens thul. fall inlo throe coteg<)· 
rioa: "JC" cnpiiulo.r (K/eb.~iella sJ> and 8hinella ilJJ), "0" 
(Salrno,rnlla sp, Arizo11a RP, E coli, Shi14el/.a .~p. etc} ond ''H" 
flngellar (Salmo11ella sp). 

Othor Orum-negative rods of mcdic11l importunce ltrO U1e 
hernophilic bacilli (13cmleiella pcrl11s1,i~. whooping cough 
and Hcmiophilus inlltumzae, bacterial mcningil,ia), the hem• 
orrhagk bacilli (Pasleurella pe11t.fa, bubonic plnguo, and P 
tu/anmsis, tulnremia) and pyrogenic bacillus (IJruce/1<, me­
lite11si.11, undulfllt L fover} . 

Sporo-formin11 Grum-positive l'Ods of medical in1()ortancc 
belong to the genus Clostricliwn, which nro 1Hlllt1ci11tod with 
(.cuinus (Cl tetani), gos gnngrene (Cl perfriniterUi 01· tMlchii) 
and botuli&m (Cl bot.u./i.1111.m). Tho isolat ion of these or1eon­
iams requires anaerobic comlition1,. Once the struin to be 
identified is obt11i11Cd in pure culture by llinglc-colony selec­
tion, its morphologicnl charnctcristic.~ are noted; the atrnin 
then is grown in " variety of definitive modin to detennine 
cnt.Rla11e ac(,ivity, hydrogon 1>croxide dccompo~ilfon ond fe r­
mentuUon oi· hydrolyaia of cat'hohydrntes 1111d organic ncich:1. 
'J'he 11naly11is of fermentation products (gas chromatogrll• 
phy) olso i~ ul!cd fo1· the identilicntion of pat.hogenic unnoro• 
bic Clostri<tia, 'I'hc mujor do~tl'idial (!XOtoxin Lype cnn be 
cl<it.ormined by tyr>ini: wit.h epecific nnt,it.oxin l!er(1. A Gram• 
positive, aorohic, spore-fcmnor of modic11I import11nce is l3a­
cit/u11 (lll.thracis, reaponHible for nnthrox, n diRease of nni­
mals transmissible to mttn. 

The mvcobact0ri1111rc 11c:id•folit bacilli nssoci11ted with tu­
borculo!ifij in mnn (Mycol)(/cterium wberculosis), in cittLl<i 
(Mycobacterium bo11i.s) nnd lepro~y (Mycobacterium le­
prae). •ruborcle b11cilli in man 11rti iRolntocl from sputum 
cultured on ti tubed or bot.tied egg medium (Lowernitein• 
Jensen) following enzymut.ic digestion 1111d concent-r11tion of 
the s1>ecimens. A proYisionnl cliugnosiQ of tuberculosii; u,m­
ally is made by demonstruting ncid-fost, bacilli mic1·0Hcopi• 
cully, X-ray dio.gno11is nnd a posil.ive tuberculin $kin tout. 

Other wonkly and pnrtially acid-fnst bacilli of mcdicnl 
importance arc members of l,h<i Acti,wmyceta/es, Nocardia 
cu1le.roides nncl Nocardic1 bra$Wen.~is, which ore r6t!ponaiblo 
forsc.voro 1>ulmo1101·y infe<iti()ns 1111d cuu111oouR ond subct1t11-
noouR nb,wesrJos. 

Bact.eriophar,e.~ (phugeB) nre a 11peciul gro11J) of virusos 
that ore ho8tcd by bacteria. Any given 1>hn~e is highly host-­
specific und when iu contact, lysis of the host ()CCurs (phuge­
typing). 'l'hey ore t111cd primarily Ull epidemiological toolH in 
sul>typintr l!t.ntins of 8 coli, s;tophylococr.i or SalmoneUa .~p 
thnt 11re proi,uincd to bo roluted c1>idcmiologic11lly. PhugeR 
nlso furnish idoal motcrinl for sti1dying host-porositc relo-
1:iomihips ,md "iru~ multiplicat.ion, 

The mcdicnlly import1mt f\lng11l diseaKes include UHl su• 
perficiul mycoses, le, fungnl invosion i~ restricted to lhc 
out.ermost lnycl's of the skin 01· tu the ht1ir shaft.~ (Mic,~,­
.~pomm <1udmiini, ringworm of the, scolp, 1'riclwphyton ti/>, 
othlet.c's foot ond Bpidcnnopl,yton fto,,c1161m1, 1'incm pe<lis) 
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and the sygtemic pathogenic t\mgi W/11,~tomyces <lernwtiti• 
dis, CO<!ciciioid11s lmmitis, Uistoplasma capsu/atwn, Candi• 
da albicanB). The cliognosis of the ,musntivo agent i11 bused 
on the isolation of <•tKO.nisms on S11bounmd'11 dextrosll 111:or 
or t,rypU(!080 soy ugor with or wit.hoot cyclohoximidc nnd 
chloramph<lnicol to s111>press Lhc growth of sop1•ophytic fun• 
gi 11ud bncwria, 1nucrosco1>ic ex11minutio11 of morphological 
charocwrisLica and microscopic cxt1111in11tio11 using !{OH or 
lactophenol cot.ton-blue stnitl. Biochemielll reoctionu usu­
ally nre limited to Ca11dida sp. Jmmw1ological rellCLiouR 
include skin Wilts, whore 11pplicnhle, ngglutinntion t.eAlB, 
such as lntex pnrticle u~gluLinntiou for hi11toplt1smosis ond 
tubC/ prccipitin and co1111>lemo11t-fixation tests. 

An antimicrolii.al susceptiliilit:i• test is u detorminaUon of 
the lel\l!l nmount of nn 11nt.imicrobinl chcmotherapoutic 
agent lhot will inhibit the growth of II microorl!allism in 
uit.ro, using n tube-dilution met.l1C.1d, ngor cup or diak-diffu• 
sion method. The test may function ns on oid in the !!Clec· 
Lion of a chemothora1)1mLlc ogcnl by the physician. Alao, 
the concenLration of antimicrobial agonta in body fluids may 
be determin(ld by biologicnl ossay with nn orwmism of 
known suac<mUhiliLy for the specific ogent. 

'l'he laboratory diagnosis of uiral infectio11.~ is based upon 
(1) examination of the infor.tcd ti:1:1,1<:M for p11thognomm1ic 
changes or for t.lie pre11enco of vil'al material; (2) iHolntion 
and identification of tho viral ugent; (3) deuw11strntio11 of a 
~ignificant Increase in onUbody titer ton given virus during 
t.he course of the illness; ( 4) de Leet.ion of virnl nntii:enl! in 
le11iona-11Aing fluorc~ccin-labeled 11ntibodie11 nnd (S) elec­
tron micro,icopic examination of vesicular nuids or ti&sue 
extrt1cts. Blood is Ul!ed for acrological tesl-.q but seldom for 
virus i~ol11Uon. Acute and convulescent-phnee blood speci· 
mcnM mu01: be cKuminod in porallel (:o determine whether or 
not 1111tibodies hnvc nppcnred or increased in ti tor during the 
courso of tho diseueo. Some exnmples of humnn virnl infec­
tion9 arc reiipirntory iufectionH (Adenoviros group); disensos 
of the ncrvoui; sy$lcm, io, polio and cox1mckie vi ruses of the 
picornaYirus group; amallpox (poxviruH group); meaalta 
(pornmyxoviros group); chicken pox (herp<l!IVirus group) 
n11d influem.o (myxovirus group). 

Mombcni of M.vcoplasrna/.acen 1>leuro1meumo11iu-liko or• 
gonisms (PPLO) are of a range of size similnr to the larger 
vin,se11. 'l'hey nrc hi11hly plP,omor1>hic because they lnck a 
rigid cell woll, Lhey con ro1)roduc1: in cell-froe media nnd they 
do not rcverl to or from b11cterial parcnt.ul form6 oe lhe L­
forms. Specimens (sputum, bronchial secretions, ltrinary 
sediment, et.c) for the primary isolotion of mycoplusmaa (M 
pneumor1iae, M lwminis, etc) 6hould be cultured on ngor 
media contai11i11g pcpto11e, Berum, ll&citic fluid, whole blo1>d 
or c1m yolk. The species identificnLion muy bo by growlh 
inhibit.ion on ngur medium conlnining type-specific rnbbiL 
a11tiRer11. Antigenic vorinnt,<; or s11hspecies mny he detecwd 
by immuuodiffusion. Various PPLO a1-o 1>11thoganic, poro• 
sitic or soprophytic. Mycoplo.smos huvc n predilection for 
mucoua mombrnncs und aro nssociotect with primory ntypi• 
cnl pneumonia 1111d bronchitis. 

Clinical parasitology i11 n 8cienco which is eonccrned with 
the parasil.ic proto:.:on (amoeba), the helminths (ce!ltodes, 
tnpeworm$; trcmot.odcH, J1ul10s; nematodes, 1·otmdwonuR) 
1md th<! nrt.hropods. 'l'he ido11tific11tion of protozonn ovn is 
based on clet11ilcd microscopic morphology (nuclsi, etc) us• 
ing wet mount'I (1mline or iodine) or stttined prcpnrnt.ion!I 
(iron hom11toxylin, ~tc) obtained from focul 9J)ecimcns (fresh 
or 1>reserved with polyvinyl 111<:ohol), which 111·e conccntrnwd 
by sedimcnt.otion, ccnt.rifogntion or notnti<>n t.ochni<1\ll!S, 
Trophoi.oit.e and/or cyst.ic atugt:3 moy bo dewctcd in fecal 
specimens 1111110ciatod with i11testint1I protozoa llH in umoebic 
cl;yBcn1.er.v cam1c,d by EntamMba /1fatolyt.ica. 

'!'he commonly encountered hclminth911rl1 N11c11t()r 1w1er­
ica1111s (hookworm), 'l'rich11ri.~ trichium (whipwm·m) and 
Jfo/,<1l'obiw; 1J(!r111iettl<1ri~ (pinworm); Lhey arc identified by 
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ch,woctol'ifltk ov11. Chn1·11ctcrh1at.io11 of tnpcworni aegmcnt.q 
(proglottids) or head (Rcolcx) in a fecal Hpccime11 will differ­
entiate 'l'aenia s<1g,:n<1ta {bc1~f ropcworm) from Taenia so­
lium (pm·k topeworm). Er,gs of 7' solium and '/' 11ogina.t.a 
c11nnot: bn differcntio.t.ed on n morphologicol bnfii~. 

Adult, flukes ovil)osit II charact~ristic 11gg which nllly re11ch 
the uri11e, sput.um m· feces. 8chistu.~omo japQ11ic11m eggs 
hnvo n smnll, indintinct, spine; 8 m1insoni, n distinct, lui·ge, 
luterul spine; ond 8 lwematol>iwn, a distinct t:ol'minnl 9pine. 

Arthropoda c:cmstituto Lhr, lorgcst. of the onimnl phylo 
which ore c:haracteri1.ed hy u sc(!mcnt.ed body with the seg­
ments usunlly gl'ouped in (.wu ur throe di11l.inct body regions, 
by II chitino111:1 mwskelcton, 1:1evcml pnfrs of jointed nppen• 
d11gcs nnd chnrnct.eristic internal orr,e.tl8. Moat art,hropods 
Cttll be preserved in 70%nl<:ohol. They arc ofmedicnl impor­
tance since they c:1111 infos(, mnn and cnuse mechnnical trn11-
ma or J>roduce hyper!lensiUvity frmn repented exposure (Ci• 
max /cictuforius, the bedbug) m· by toxin injection (J.,atrn­
d&ctu,q mflclan~. the blnck widow spitlor), by skin invnsion 
(8arcoptes .~cahiei, the itch mite) and by t.ronsmitting dis­
e!llcl(i (Anopheles mosquitoe~. nrnlari11), 1rnd Yersinia pe..~/:i.~ 
in !lens (plur,ue). 

1'he .~e.rodiagnosia of pnrnRILic rti8<\nsos inclucl!!s tho fol­
lowit\f( immunodiagnostic tesC11: complcmcnt-fixntion 
(t rir.hinosi~), prccipitin t.cst (schist.oaominsiH), blml:onite 
f1occ11lntion (Mcadnsis), hcmugg!utinaUmi (echinococc<~i<;), 
latex ugglutination (trichino11ii;), cholest.orol flocculntion 
(schiijt.osominr;i$), fluorescent 11n!.ihody (mnlnrin) ond meth­
ylene bhw dye tcRt (t.oxoplni11noi.is). 

lmmunochemistry 

Clinic11I imn11mopnthology?.a inc:ludes general imm1111olo­
l!.Y (Jmmunonmire~ccnce, immunodiffu11ion, immunoelectro• 
phorcsis and 11gglutiMtion tcsti;), rndioinunu.,wassa.y (RIA· 
hormones, vit1unins, clrur,s, immtmo1tlobolins), tissue /.ypi11g 
(hislocom1>ntihiliiy teat.~ in or1{nn Lransplnnt.s), cdlular im­
mww/ogy, cflnCl!I' immu11ology ond immunnhmnatology. 
Exnmples of ench of thusc clisciplinmi 11re disclls!led in thin 
section and other p11rw of thi11 ch11pL<ir, 

'l'he ELISA, cniym<'-linhect immw1os1Jrlienl CiS$<iy, de• 
t.ects unt.ibodie!i by an indirect tedmique using cmiymc­
linked antibodies t.o lohcl nntigcnic suh8tnnccs in tisrn0 Ol' 
body fluid. The nnUgen is attached to n solid m11Lrix nnd 
reacts with n spP-cimc,n thn t may contnin n comJ>lim1mLnry 
antibody. 'l'hc nntihuman globulin, which is conjuguted 
with t.ho c:,niyme, is udded 11nd the Mtitten react!! with the 
ho1md nntibody of t.he patient, By adding th<! suhi;t.rnt.e 
mole<:ule the enr.,ymo is detect.cd, 'J'his system hn$ bMn 
usod Lo idcnt:ify ontibodie:-i t.o virusei:1, pnl'll!liiP.s, h11ct.eri11I 
1mlducts nnd qunntitntion of some drngs. 

Anti/)()dy r11sp1ms11 is a complex ptoces~ involving l,he lym­
ph<.>id cell l!ysl:em roe;ponse t.o forllign stimuluf.l 01· ont,ig1m, 
Hcm11topoictic cell$ in t:he l'euil yolk sac, livm- or m111Tow 
dcvll101> int.o lymphoid swm cells which, in turn, clifform1ti• 
nto into 'l'-lymphncytos of thymic ()rigin und B .. lymphocyte~ 
of bone-marrow origin, 'l'lrn '1'-ccll1: l'urthor differenUnte 
into lymphoblusts which nre reiJpon!!ible for ce/1-mediat.ed 
cellular immuni/.y (grnl'f: vs hoijt re11ctio11, Usi.ue tr1.1na1>lnnt 
•·ejection, tuberculin 9kin tusting, <Jel<ryed-type hypersen.ii­
lillity). B-cells difforontinte into 1>l11Rmn colh1 which 111·«1 
rnspon11ible for lrnmorul immunit:y which is mcdint!ld by 
ch·culnt.ing IJOl'\.lll\ immun11globulins (im.11wdiate-lypci hy­
perne11,~itioit,y}. 

MncrnpbngeH cw, coop(H·nte in 1>r~sentotion of nnt.igon t,o 
the'}' .. or B-lymphoblt'tsts. CoopC!t'illfon betwoon 1'- nnd B· 
ct:lla, imnn111ological memory, dl1Wlo1>m«m1. of immune 1~,1-
ernn<:c to i,ntigen~ and g1motic coutrnl ol' the immune re• 
~pomm tll'C int:egrnl 1>ropci·tic~ or Urn immune syHtom 11nd uni 

related t.o dcvelupmcnl of immune deficfolllW and autoim­
mune cliBease. 

The identifimltion ond deturmi1111tion of im.1m.t11uglob11 .• 
lins (lgG, lgM, Ir:A) by rndinl immullOdiffusion one! immu. 
nc,clcctrophorci~ill h11vc been discus11od under Pro(.e.:ns. lgM 
(-yM) i8 the oorliest antibody found in the prim11ry immune 
1·esponse and falls rapidly aft.er the ollset of IgG 1111tibody 
synthesi8. IaG {'yO} is the m11jor clas!I of 11ntibody in both 
the primary and /iecondnry immune response. lgG <:an cross 
the plnccnta to provide tho 0111'1y fol'rns of nntihody protP.c• 
tion for the nowb()rn. lgG and lgM cnn pnrticipntc in the 
complemont; fixntion reaction, ll!A h·A) is found 1>rcdmni• 
n11ntly in :1111ivn and secretions of the r,Mtroint.eBtinal ond 
rc&pirotory trnct;.q, Jn contrast to lgM nucl IgG, only I\ smnll 
poi-tion of totnl IgA is found in blood. lgA function!l in 
protection agliinst: pothog011s thnt enter the host through t.he 
rm1pirnt.m·y or gnstt·ointeMtinnl tmct. IgV (,yD) iR found iu 
trace q1111ntit:iea in sorn and itl! function is unknown. lgE 
(-yE) is prnhnbly the most important antibody in ocute hy­
petl$ensitivity or allergic 1·eact:io11s. Reaction of mast cell- 01· 
basophil-bound Jgg with anl.igen initiates the relMse of his­
t.1uniuc, r;low-rcacl.ing s,1Jbi;tnnce (SRS), serotonin 11nd brn­
dykinin and the aubsc1r11cnt nllergic 1"011p01rne, lgll: is bc11t 
quantit11tod by RIA. Menn serum levels (mg%) in healthy 
ndults 11re IgG 1200 ± [)()0, lgA 210 ± 140, I1rM 140 ± 70, ]ff!) 
8 1111d lgE <O.l. 

Het,erophifo anti/Joclies are ftfmlotinins which ,we co.poblo 
of rcnctlng with nntigen1> t.lint. 11re cntiroly unrnl11ted to tho$o 
which llt.hnulllt.o thoir )lroduction. 'l'he~ 11ntiboclies, which 
<>ccur in the acrum of patient.., with infoct.ione mononudcosis 
or Sl! rum sickness, will agglutinate furmuliicd hors!! erythro• 
cytefJ. fo order to di&tinf~uish t:he ep<icifi(: heLe1·ophil,1 ag­
g/u.t.i1ii11s of i11fectiou.~ mono11ucl<1osis, t.hl! so1·\11t1 111.1m1>le is 
mixed with gninen-pig kidney tissue or be(lf 01·yth1·ocyto 
11t.rcm1111:i1; the infectious mononucleosis antibody will he nb­
sorhed ond innctivuted by the beef cell!I ht1t not by the 
lddney t:issuo, and subsequent agglot:inution of horse eryth­
i-ocytcs will ~)CCUr only in the lcidncy-t.isst1e sysLcm. 'l'his 
1.cst i$ U$ed t.o detect infectious mononucleosis even prior t.o 
cliniml symptom11. The hctel'Ophilr. titer hns no 1·0!111.ion to 
the c,<m~11 or aeverity of the disc11ae, 

Two protein cunst.itucnl..~ of human pl111,m11, l'lrnum.a.tuicl 
factor {RF) ond C-reactive pl'ot.efo (CRP) ore of value in the 
differential dingno11ia or rheumatoid dir;oases. CRP is n 1>rO• 
tC?in present in tho sorum of paLient.<1 in the! ncute 1,togos of 
hoctc!'ial und vim! infoctioni., colloi:en disenHcs and other 
inflnmm11tory pru<:e!!ses. The preKcnce of lhh1 antigen in 
serum is dct.e<,te<l by llf:glutinntion of polysty,·ene lawx 1>11r• 
t:icles scnsiti:..c,d with epcdfic CHP ant:ibody globulin. In the 
mnnngcmcnt of rh<imnutic fovor, dccl'(iases in CHP blood 
lovcls ar1i u~ed to m<iuaure tho nffcc,tiven(!R8 of therapy. 

Rheumatoid 11rthriti11 is chnructerii:ed hy the prc~cnce of 11 

renctive g1·oup of irrncroglobuliu.11 ku<)wu 11~ H.l•' in hl<>od nnd 
synC>vinl fluid. HF is a proiein of the lgM globulin fl'nct,ion 
11nd is regarded flll, an autoant:ibody o.gninst nnt.ig1mic det:ci'­
minunt.<i of lgG. Analysi$ of RF is bn$cd on ngglutino.tion 
pro1,'<Jdures employing polyRtyl'one latex pnrticloa contcd 
with o loyer of ndaorbed humnn gamma globulin, Tho HI?. 
111itibody react.ion cnuilcs n visible l\l{gluUnnUon of the inei'(. 
latex pllrticles. CRP iA no1.clcwated in rhcumntoid orthritis. 

P•Hcmolytic ,;t:reptococci, (.he causntive ngent in i·heumnt• 
io fever, p1·o<luctl strl)ptolysin O nnd S, !ltrept:oldnase, hynl­
uroniduse, deRoxyribonuclc1111c and NADnse in tlrn hody, 
The growth of 11trcptococci in Usaue witJ1 elaboration of 
these prot(,i11,:; aerves M the antigenic stimultta to evoke t.hc 
production of apecific ontihodics (og, (lnti#l'eptolysin-O, 
AS'O) , The qu11ntitotion of the nntihody titer to thoso on­
iymea ill nn index of' the atrength of the antigenic stimulus 
ftlld the extent of the atreptocoocol infection. These anti­
bodie11 r.an be det.octtid by Jnu,x ngglutinnt.1011 (ASO) m· tC?stR 
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depcnd<mt on I.he inhibition of en1r.y1mi oc1:inn hy the anU­
body (onti-hyuluronidnsc inhibition of hy11lurnnic acid de 
polymerizntion by hyoluronidosc). 

Tlw laborntory di11g11osie ofsyphi/ii; (l.n)ponmnnl cli11(:11Bc) 
nnd the <ivoluntion of o ch.omothcrapcuUc ll()!)ro11c:h i11 hosed 
on scrologicul t<:isl~. ncmonstrol.ion of 1111 nnt.ihody-liko 
substance, reagi11, or of true untitropone1nnl ontibi,dy in the 
scrum or infecl.ed individuals is B<:com1,fo1lwd by com1>le• 
ment fixntion or l1occul111.io11 tests for rca11in, or imnrnnoflu­
orcscent techniquca for t.ro1>onc1nol antibody. 

In t,he complement /ixntion l~HtS (Kolmer Cf), rMgin 
rooct.11 with a complex phosphtttidic 11<:id nntigl;11 (cardioli­
p in) and comt>lcmcnt; the corn1>lcm1cnt iR bound nnd will not 
lyse hcmoly1,h1-11P.11~itir.ed red coils which were nddod in the 
second t>hnso of the (,esL. 1n 11orm11l !lorum t.he ren,:in-cor­
diolipin complex. is not fol'lncd and the complement is free to 
rcoct with hcmolysin nnd ly,m I.he cr.vthrocyl,c:.. 

Flocculat.fon test:11 for determining of syphilis u6o II cordio­
lipin,.lecithin-cholest.(irol nnt.i11c11 which oh1mps in tho J)l' Clll· 

once of scrum rr.ngin (}(;t:urring in nontrepo1rnm11I dii;c1.1ses 
1111d syphilis ( V,m.ere(ll Disea.~<1 U1t!le<irch l,aboratory•-··· 
VDRL Te.rl; rnpicl plasm(! reagin,.,,.JlPU lest.). 

Treponemal antlbo<i.Y cun be detected 11lso by the nm<:ti()n 
of ~he putient's scrum with trepon<imul 1111ti1{un and iit1h1,e­
q11ent confirmution with fluorcscein-lubeled ant.ihuman 
globuli11 1is 1m indicator of primnry ontigen-ant.iborly rcac­
tion (/luoreseent trepu1iemalant.i/J0<ly-PTA /.e,91). Thu pu• 
tient•~ 001·um can be L1·Mted with an extrnct of t;mponemllii 
prior t.o the li"fA te11i to 1·omove inletforing ontibodi(as nnd 
eliminnt.o biolo1{ic:nl folHf!·POliitivas (F'J'A,Abi. Test.). 1~,l!se­
positives occur in rdntcd 1.reponom11tosis such as yows, pint.a 
nnd bejel. focrons(ld rnl\itin titor~ also o,:c111· in malnria, 
lcpro~y, infectious mononuel<1osiu, chroni,i rhmunuf.oid ar• 
t.hri tis or ~y11temk lupwi eryt.hc11111tos\la and in pntfonts on 
hydroln:r.inc therapy. 

Fel,rile (tn.tibo,Ue~ nrc preaent. in t.he sernm of p11tientH 
with ccrh1in bncteri11l or rir.ketl.i;illl infections ($1)01.t:ed, ty, 
phus or Q fover). ln l,y1>h111- t:ho poticnfs serum <l()ntnin$ n 
fobl'ile 11ntihody whic:h will agglut.innte n suspension of Prti• 
teus OX -1.9 b11ctori8 (Weil-I?oJix H<'-llct.ion). Sa/mci11ella O­
H, l'a.~leurdl<1 /,u/anmsis ond /Jru.c1lflll a/mrf.u~ ttnl,igcms urn 
used in febrile 11nt-ibody wsl,'> for diagnrn,i,; of t.yphoid or 
p11roLyphoid fever, tul(lrcmih 01,d hrucclk>sis, respectivt~ly. 

'l'oxuplasmosi.~ i6 a mnjor cause of birth ch:fect~. An ex­
pect:ani mothor may become infecwd with oocyst.s in 1.111-

cool<cd meat, or from eol fur, and infoet tlrn foL11$ t.rt1n~pl11-
cent11lly. 'l'oxoplosmoRis uii1Li111{ ia bused on cfot.ect.inti se­
rnm untihody by n hcma1cglutinnt.ion pt·ocetlurl.\. lled cell6 
sensitized by oxposm·o \.o \.oxoplmunO!lis imtigen tll'C 11gl{luti-
11nttid by \;he specific antibody. 

Radioim.11m1wassay (JUA)'1•27 hus been mentioned in vn1·i-
0\16 accticms of Lhii; chapter us 11n 1urnlyticol t<rnl int.he me11-
surcmi;nt of hormoM:1, immuno1rlobuliM, drufliJ (and ste•· 
roic1!1, 'J'he bo11ic principle of RIA iR 

Ag~ + Ag + Ab 1:., At(" Ab + AgAb + Ag* + Ag (4) 

RIA ifl not to he confused wiih 1.he .~ped/ic rMct.m· ai;say 
usin,i lnbelod ont.ir,eu and nonuntibody protoin rect,pt.ors 
which is usctl fol' vit.amin B1i, '('4, Ta and c:01·t.i11ol ammys. 

All 1u·ocedures nro baaed on tho observntion thai rndioln­
bclcd antigens (A g•) <:ompcte wit.h non labeled antigen (Ag) 
for binding ~itoR on llpccific nntibody (Ab} in the, formation 
of anLigen-nntihody complmrns (Ag"' Ah, A!!Ab), When in• 
creusing amounts ol' Ag or(l nd,lcd l.o I.he nsa,~y. ihc bindin" 
:,it.es of Ab t\re ttat\lrntod pl'ogres~ivoly antl t he 11niilH)dy <:nn 
bind lei!A Ag*. 'l'hcrGforc, the rat.io ol' bound to frC!e Ag"' 
(B/F) or% Ag• hound is n dirc;ct index of the con<:cntroti<>n 
of Ag in the as~ay, 

'l'he i·equirenwntlj for RIA ure (l) r>repornlion 111111 chttn\C· 
teriwt.ion of Ag (2) rndiolnbelin1f of Ag, (:l) 1)rnp1u·1.11.ion of 
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gp(!cifk Ah 1111d (4) dtivtdopment of t,he 11:1soy Ky11tem nnd 
methocl11 to sop1wot<i rr11c! (Ag, Ag"') from antibody bound 
(Ar.Ab, Ag .. Ab) 11nLi1ren. 

Antigens cnn be prcpnrr.d from natitrnl tissue sources or 
prefor11bl.i,: synt.~lesiimd. :tH, 14,(~ m· 11:•l- l1:1bclod nntitiens i'U'C 
uMd routmely III t.he nsHoy, I he b1ologicnl 11nd immuno• 
chemical uct.ivit.y of t;he aniigon muf!\, not. b(! ultm·cd in the 
tugl(ing procudurci. 11nd the specific 11ctivity of Ag .. mus!. be 
ext.remcly hi1:h ~o l.lu\t t.rnce1· quantitic.;s Cl\tl be uRcd in the 
al!sny. Trit.ium hab<iling 11nd iodinul.ion (1~lil) t>roduco ~ht1 
highe~I. Bpecific ac:tivity, hut nlso inc:rnm,c s11sce1>t.ibilitv of 
Ag• to internnl dcgradntion nnd sclf-r11dioly11is, in contr11at. 
to HC, In m11ny hl$tanccs, the originul anti1:en cannot be 
iodinatml, hut cnu be oltored chemically in sudi II w11y ns ic) 
retain full nntigeni<: crosR-reoctiviLy in RlA; eg, cyclic AMP 
hM no tyrrn1yl or hist.i<lyl residue for iodinntion; 12~1-succin .. 
ylcyclic, AMP-t.,vrosinc me\.11yl es;tel' rotnim1 full croas-rc11c• 
t.ivity with 1111tibodics to cyclic AMP and h, ul!(<d in the nssny. 

Hor11101ws, 11\.clt'oida ond drug sub:itt\llCCS nr1o ha.ptenc. 
They do not prodll(..'tl the nnt.ibmly res1>on~e when injected 
by thcm1mlvea, bot. will produce untibodio11 11pedfic for t:hc 
lrnptcn when inj(,(:l.od os 11 h11ptc11-protcin cnrriol' ,ionjugatc. 
Goijt.rin (htipt.cn) ik co11plc.d fa> albumin (prolein-canior) hy 
f.rontment with c1ll'ho<liimidnK (CCI)), which coupln func­
tiom\l co.rbt>xyl, amino, nlcohol, phollph1tLe c,r thiol groups. 
Morphine must he convol'tcd to the 3-0-cn1·hoxymt1thyl cle­
rivnt.iv(i prior to CCJ) coupling with ulbumin to provide 11 

functional couplin1{ group in l,ho hopum. 'l'hc hnpwn-con .. 
juriote US\t11lly is (111111l11ifiod in a 111iMr11l oil preparation of 
killed My('.obacteriwn (Comt)lote l~rcmnds Adjuvoni) and 
injected int;r1.1derm1illy in rnbbit:i, or l{Uincn pigs on Aovtmll 
occasiorn;, The sornm antibody must ht111c both high speci­
ficit.y und 11ffinity for the nnti~cns. 

The 11.~s"y syMem contain11 Ag•, snmph1•t!Ont.oinin1: en• 
dogenous Ag or n strmd11rd Ag and 11nLihc>dy, al, ijpccificd pH 
(G.5 to 8.li). Aft;ei• incubotion nl. r, Lo 37° for i\nywhe1•c from 1 
hour Lo 111wcl'/ll days, free and 11nLihody-b0tmd 11ntigen 1muit 
be 1wp11rntod. This is occomplishcd by doul,fo-a.ntibudy 
/.echnique, solid-phasr. RJA, resin u1ch11iq11es or !ill.It 01· ~o/­
t>ent pn1c:ipiu1t,ion. In tho doublo-ontihody technique, nnti­
l(iobulin (Al)') sornm i11 uddc<l l.o thc nssuy syst.om nfter 
incuhnt.ion. Ab-Ag• und Ab-Ag complexes lll'C untihotly-
1~lobulin 11nti1{c11 complexes. The 11111.igl,)bulin will react. f.o 
form inso)ubhi Ab'-Ab-Ag'" and Ah'-Ab-Ag com1>loxe11, 
which c,1111 be 1·<1movcd by centrifugation. Tho frM Ag*, Ag 
i11 in \.he ~uporn11ltl. · 

'J'lw solid pha~e RIA i11 perfonnocl by cot\tint: t11hc11 with 
Ab; Ag 11nd Ag• muct., compote 1111d bind wit.h Ab on the wt1II 
of tube. llnret1cttid A t~ 1111d A1:• ill Aeparnted by dt,cant.ing 
oml ri11~in1; t.he tubr.. Ab nlso c11n be b(lttnd covule11Uy with 
i11ot.hio<iyt\lln\.r. to dcxll·nn gol p11rtidu:1. Ag and Ag• will 
compete ond bind with Ab on pn1ticlc11, Bmmd nntigcn then 
cu11 be scpnrat.cd from free 1mtigo11 by cenirifugotion, 

RIA hus bcon npplied to minlysia of ho1·mones (ACTH, 
angiol.tmsin I um.I Il, gaat1·in, HCG, PSH, GH, glucu1{011, 
J-11,H, HPL, ini;ulin, t.hyroxinti). steroid hol'monc~ (nldos(.c,­
rnnc, 1mdrosllrn11cllone, glucocort.ic:oidi,, ic11Lostorono, r.K .. 
t.rnncs, progo1;tcrono), drug suhatoncM (digoxiu, digitoxin, 
11mphou.11nh1cH, b11rhit11raU$, mol'phint1, LSD, c>unhoin), en• 
dogenou:; !lllblltonccs (cyclit: AMP, cyclic GMP, tlros\.11(llllll­
dins, immunoglobulin9, hc1>otiti~ 1111tiKen. carcinocml.Jryonic 
1mtigen---CF.A). Rxnmplos of tbo s1wcific nH11aya aro dis­
cussed in othol' 9(1('(,ions, 

C8A ,me/ Al•'P (u·-l -fet-1)protcin) 1uc prot.eins found in 
fott1I t h1sue. c gA nnolysis wM first pro1>o&ccl llll a s1,ecific 
test, for the eurly detection of bowel cancor, Ah.hough t.hc 
to11t docs not have nbeoh1t.e Rpocifidty fo1· thi11 diH1111se, ii mny 
1>rove of vulue ns II di11gno"tic oid nnd ther11py monitor. 
CEA cun he dct.ectcd by RIA, Scrum lovlll~ >2.li n~ 
cgA/mL nm found in 60 to 70% ofpnl,icnts with adt!noc:m·ci-
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IH)nttl of tho colon; 1>o~iUvt1 lov(ils also om found in low<.<r 
p<: rcont..11:e~ in carcinomas of f,ll<! puncrcos, ~l:omnch, livci·, 
l.irenst, lllldomet. rimn, ovm·y, l<idney trnd bl'onchu~, as well as 
in othC!r c:ondil,i1mij 131.ich ai; g11sLrni11U1atinal pol:,'J)s, colitis, 
diverticuli1:iil and <:irrho;;i~. CltA appenrs to b<~ nssociat.cd 
primul'ily with tumori; of Clntod1~rnwlly dc1·ivcd epith£>.lial 
t,is!l1w. 'l'he similnrity h<~twc:on cgA and cell-surface glyco­
prntei11s 1111d si1di(! acids h,rn stimulo.t,i<I ,,onsidemhle re­
search int.crest in a 1ww 1\1>pro,1ch Lo cancer chcmotlrnr11py. 

Thl' sh1dy of tissut!•tm11spla111,1./.ion untigen.~ i81u1 impor­
t1rn(. factor in 8f;ndirni 011 Us$UC ond orr,1111 transplant.'l. A BO 
blood gr()UJ> 11nt.ig1ms 1.11·0 involved in :mrvivnl of !!kin nnd 
renal gl'nft.~. Bec11usc uf the prcs(ln<:c of nat.unll occuning · 
anti• A and 8, uv()idancc of ABO incomp111.ihiliiy is impor­
tnnt. in clinical ~rnilin[:, ' l'h P. IIL-A <t.nl.igen.~ nre found on 
t issue uncl on the whit11 cells. 'l'hero is one major histoc<>m­
puiibiliiy locus, comprising n numbei· of ullclc~ m· linkod 
genc11, on II single chromoaomc 11cgnrnnf.. E11ch ullelc r.<m­
i.rols foul' t.o five: groups of major Lr1111splont11tion antigom,. 
'l'hcse HL-A iso1mt.i({o1w l\ffoc:L the survival of allof;cnic tis• 
~ue grofl,s 11nd orgnn tr1mapl1rnt~. Hl,-A antigens can be 
typed by n leukoagglutinnt:ion met.hod in whi<!h tlw p11.t.ie11f!e 
or donor'1; white coll8 arn rnnctcd with 8pecific Hl,-A nnt.i­
sern. BL-A tyJ)ing also cun be performed by II cylofmdc.i t:y 
t.tist in whit:11 lymphoc:yte8 ure mixod with mtlisern and com­
plenHmL. The ontihody clln d(lst;roy U1e lymphocyl.e:i if 11 
con·c:$pundi111~ untigm1 is J)J'<1S(Hll on Um C(lll surfnce. 
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CHAPTER 35 

Drug Absorption, Action and Disposition 

$t♦WOrt C Horv•y, PhD 
Ptotc-s~or of Pho1mocology 
Schoof o! Medlclno. Un Ive r,lly of Uroh 
)olt toke Clly. Ul 64132 

Although d rugs differ widely in theil' 1>hnrmacodynamic 
effects and clinical applicaUon, in penetrance, absorption 
and usuo.l route of odminist.rnt.ion, in distribution nmong the 
body tissues and in disposition and mode of tel'mination of 
action, there ore certain general principles that help explain 
tbese differences. 'l'hese principles have both pharmaceutic 
and therapeutic implications. They facilitat.e an under­
standing of both ihe features that are common to a class of 
drugs a nd the differentia among the members of that. class. 

In order for a drug to act it. must he absorbed, t ransported 
to t;he appropriate tissue or organ, penetrate to the re:,pond­
ing subccllulnr structure and (llicit o rosponse or alt.er ongo­
ing processes. The drug may be distributed simult aneously 
or sequentially to a number of Lissues, bound or stored, 
metabolized to inactive or active products or excreted. T he 
history of a drug in the body is summarir,ed in Pig 35-l. 
Ench of the 1>roccsses or events depicted relates impnrtant.ly 
to therapeutic and toxic effects of n drug and to the mode of 
administration, and drug d esign must take each into ac­
count. Since the effect: elicited hy a drug is its 1·aison d'etl'e, 
dl'ug action and effect will be discussed first in the text thnL 
follows, even though they are preceded by other events. 

TISSUE 
DEPOT 

URINE 

Fig 35-1. The absorption. dislribullon, action and elimination of a 
drug (arrows represent drug movement). Intravenous administratio,1 
is the only procoss whereby a drug may enter a compartment without 
passing through a biological membrant>. Note that drugs e><Creted In 
blle and saliva may be resorbed. 

Drug Action and Effect 
'l'he word drug imposes an action-effect C'.ontext within 

whic:h the prnperties of a substance are described. The 
description of necessity must: include the pertinent. proper-
1,ies of the recipient of the drug. T hus, when a drug is 
defined as an analgesic, it is implied that the reci1>ienl. reacts 
in a certain way, called pain,• Lo a noxious stimulus. Both 
because the pertinent pro1>erties are locked into the complex 
and somewhat imprecise biological context and because the 
types of possible response are many, descriptions of the 
properties of drugs tend to emphasize t he qualitative fea­
tures of the effects they elicit. Thus, a d 1·ug may be de­
scribed ns hoving analgesic, vasodcp1·e~sor, convulsant, anti­
bacterial, et.c, properties. The specific effect (or use) cate­
gories into which the many drugs may be placed are the 
subject of Chapters 38 throu~h 65 and will not be elaborated 
upon in this chapter. However, the description of a drug 
does not end wi th 1,he enumeraUon of the responses it may 
elicit. There are certain intrinsic properties of the drug-re• 
cipient system thnt can be described in quan1.itative terms 
and which are essentiol to the full description of the drng 
and to the volidation of the drug for specific uses. Under 
Defini.t:io11s and Concepts, below, cert.ain general terms are 

• Sophisticowd st.u<liea i11dic11t~ 1.hn1. 1>nin is 11utsim11ly t.hc 1><<rrn11l.im1 
or II ccrtnin ~ind of stim11h1s bu\., rat.her, 11 rw,·tion to U,c J)crccption of n 
,•orioty of kinds of •timuli or ~timnlns 1111Ucrns. 

defined in qualitative language; under Dose-E/f<?ct Re/a. 
tionships the foundation is laid for all appreciation of some 
of the quantitaLive aspects of pharmncodynnmics. 

Definitions and Concepts 

In the field of phormacology, thci vocabulary that is unique 
to the discipline is relatively small, and the general vocubu­
lory is that of the biological sciences and chcimistry. Never­
theless, there arc a few definitions that are important to the 
proper understanding of pharmacolngy. It is necesi;nry Lt) 

differentiate among action, effect, selectivity, dose, potency 
·and cffkncy. 

Action ~s Effect-'fhe effect of a drug is an alt<m1tion of 
function of the structure or process upon which the drug 
acts. It is common to use the term action us a synonym for 
effect . However, action precedes effect. Acti'.on is the al­
teration of co11dition thut brings about the effect 

The final effect of n drug may be for removed from it's i;it.a 
of action. fc'or example, the diuresis s11bReque11t lo the in­
gestion of ethanol does not result from un nction on U1e 
kidney but instead from a depression of nctiviLy in the su­
praopticohypophyseol region of the hypotholmnua, which 
regulates the release of a nUdiuretic hormone from the poste-
1'ior pituitary gland. The nll.erat ion of supraopUcohypo-
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physeal fllncUon ill, of course, also an effect or the dr111:, as is selectivity by tlrn crit:ical bal1mc0 of the nifected function is 
cnch subseqU<mt change in 1.hc c;hain of event.~ lut.1ding to t hat: of t.l1e morcuriul diuretic clrU(fS, An inhibition of only 
diuresis. The act:ion of ethanol was exerted only nt the 1% in the tubular reuorption of glomernlar filt.rnt.(1 usuAlly 
i11 iti11l !lLep, ench :mhstl(jll(llll. llffoct. being th<m tho action Lo II will double urinCl flow, since 99% of the glomerulur filtrate is 
following step. normally 1·csorbed. Alli de from the Qum;tion of the possible 

Multiple Effoets----No know1\ drug i:; capable of exerting concontrotion of diuretics in the urine, n drug-induced 1·0-
a single effect, although u number arn known thuL uppc11r to duction of 1% in Aulfhydryl cm:yme activity in Ussues other 
huvCl a single mechnnism of 1H:tion. M11Wple effectH may t han the kidney i1sunlly is not nccompnnied by nn observable 
darive from a single mechm1fom <>f 11ction. For example, the change in functioll . Selectivity 11IMO cun be determined by 
inhibition of acet.ykholinesterase by physost.igmine will elic- the pattern of dh;tribution of destrudivH or activa ting en­
it an effor.t aL every sitc where acetykholi11e is produced, is zymcs urnong tJrn tissues and by other fac1;ors. 
potentially active, and is hydroly1.ed by cholinm,terase. Dosc•--Rven the uninitiated person knows that, Lhe done 
Thus, physos tigmine elicits II const:cllntion of effect.~. of n drug is t.hc amonnt: administcr!!d, However, the appro-

A d rug ulHo cnn cause multipl<i effects <1t soveral d ifferent pl'iat~~ dose of u drutf is not some uHvarying q111111Lii.y, a fnct. 
sites by 11 8ingle act.ion ut only one site, providing tl111L t:hc ~omct.imes overlooked by phunnucislI;, official commit tees 
function initinlly alt.el'cd at the site of 11<:tion rnmifi<ls to 1111d physicians. 'I'he practice of pham1acy is ent.rappod inn 

· C<mtrol other functionH at distant site11. Thus, u dn1g t:Jrn(. system of fixed-dose formulations, so U111t fine adjustments 
supr>rctises steroid synthesis in t.lie liv<n' may not. only lower in dosi1v.c 111·c often difficult t.o aehiev(t Fortunul.cly, there is 
sernm cholesternl, impui 1· nerve myelination an<l function usually a rat,lrnr wide latitude allowablll in rlos11ges. It is 
1md ul tei: the condition of the skin (as a com,equenco of obvious that tho siY.<l of the recipient individual shonld have 
cholesterol deficiency) but also may nffoc:t digc;stive func- a bearing upon IJ1c dose, and the physician muy elect to 
tions (because of a deficiency in bile acids) and ali~r ndreno-- uclminisLer t.he dru1: on a body--wcight. or surfoce-orcn basis 
cortical and sexual hormonal balance, rather t han as a fixed d<>sc. Usually, however, a fi,rnd dose is 

Althou1:h 1.1 single action cnn t.iivo rise to mul tiple effocts, given to all adults, unluss the ndult is cxct1ption11lly forge 01· 

mosL druirs exert multiJ)le actions. T ht- various act:ions muy small. 'J'he do:ie for infani9 and children oft~m is deter­
be relo.icd, us, for example, t:hc sympat.homimetic eff<ict.,:; of mined hy one of !lcveral formulas which take into account, 
metaraminol that. accrue to iLs :.iructurnl simillll'ity to nor- a1,e or weight,, depending 011 the age group of Lhe child and 
epinephrine nnrl its ability partially to suppress symput.heiic t:he type of action exerted by the drug. I nfauts, relatively, 
rcspom;es because it: occupies the catecholnmi1rn storngc ore more sensitive to many drugs, often bec1wsa enzyme 
pools in lieu of norepinephrinc; or the act.ions may be unrn- syntemn whid 1 desl.rny the drugs muy not. bo developed fully 
IE1ted, ai; wit.h tlw nct:ions of mmphit1c 1.-0 inl.cl'ferc wil.h the in the infant., 
relea8e ()f ocotylcholi11e from certain autonomic nerves, 'l'he nutritional condition of the paLicnt, Ute menial out.­
block some actions of 5-hydroxytrypl:amine (serntonin) and look, the J>resence of pain or discomfol't, the severity of the 
release hi11tnmine. Mnny drngi; brin1I about: immunologic condition being treatr,d , tlw prc~cncc>.ofsecondary diseasa or 
(allergic or hypersem,itivity) rosponscs that. benr no relation pathology, 1rcneth: and many other factors affecL t:he dose of 
to t:he other phurmucodynnmic actions of the drng. n drug necessary to achievll u give11 t.bel'UJJCmtic rm;ponse or 

Selectivity- Dc~pite t:he p ol;ential most drugs have for to c:au!le an unt.ownrd effect (Chapter 6'1). g ven twtl nppllr­
eliciting multiple effects, one (1ffect is generally more readily e111:ly w£1ll-match1id normal pe1·s1ms may niquire widely dif­
elicitnble than another. '!'his di ffol'enthll responsiveness is fcrcnt dosiis for the same intensity of effocl.. Furthermore, a 
called selectivity. It usually is considered to be a [>l'opcrty drug is not always employed for the same effect. and, hence, 
of the drug, but it iii also II property of I.he constitution and not: in t.hc! ~mne dose. Por cxnmplo, the dos11 of a pmgest.in 
biodynamics of the recipien t. subject 01· pi1tfont. necessary for on oral contrnceptive effect. is considerably 

Selectivity muy come about in arwer nl ways. 'fhci subcel- different, from thut: necessary t.o prevcmt spontaneous abor­
lulor structure (receptor) wit.h which a drug combines · to ~ion, and a dose of nn estrogen for the treatment of the 
init.iotc ona response muy huve t1 higher affinity for the drug menopause is much too small for the treatment of prostatic 
thnn that for some other action. Atropine, for example, has carcinoma. 
a much higher affinity for muHcuriuic re~ieplors (page 889) Prom Uic above iL is evident (.hut the wise physici11n knows 
thnc subserve the function of sweating than it does fo1· the thut the cfo:;e of" clrut/ i11 "enongh" (iH, no rigid quanLit.y but 
nicotiuic receptors (poge 889) that subi;erve volunt!ll'Y nou- rather that which is ncces:ia1·y and can be tolerat·.ed) and 
romusculur trunsmission, so that suppression of sweating individm1li;,;es thci regimen ac:cordingly. 'l'he wise phurma• 
can be achieved with only a tiny fraotion of the dose necr,s cist. nlao will 11ppt:eciatc t his dictum and rncognir.e tha t offi­
snry to cause paroly11is of the skeletal muscltlS. A drng may' 'cial or mui.mfacl.111·er's recommended doses Eire sometimes 
lie dii:itributecl unevenly, so thut it i·eaches a higher concen- qui t.o narrowly definnd 1111d may be very wide of' the murk. 
t rution aL one site thun t hroughout U, Cl tissues genel'ally; '['hey Rhould servo only as a useful guide rather thun as an 
chlMoquine is much more effective against: heJ)atic than imperative. 
intestinal (colonic) nmebiasis bocau:;c it 1·eaches a much Poumcy and l!Xficncy--'l'hc potency of n dmg is the 
higher c:oucentrn(Jon in the liver thnn in the wall of the reciprncnl of dose. Thus, it will have t.he units of pe1·­
colon. An affected function ma,v be ml1ch more critical to or sons/unit: weight of drug or body weight./un it. wci1thi of dmg, 
hnv0 less reserve in one organ than in ano1Jie1·, so that. n drng etc. Potency gene1·ally has litt.Ie utility ot her than to pro­
will be predis1>osed l:o elicit an effect at the more c1·itical site. vide a menns of compnring the relntivc ,wtivit.ics of drugs inn 
Some inhibitors of dopa dec:,irhoxylase (which ii; also 5- sel'ic,m, in which cnse relatioe potency, !'elnt.ive to some proto­
hydroxytryptophnn decarboxyluse) deprciss the synthesis of type member of the 8eries, is o. parameter commonly used 
hisuunine more than thut of oither noreph1ephrine or {i• among plu1rmacologists nucl in the pharmaceutical industry. 
hydroxytl'yptamino (serotonin), twan t.hm1r:h histidine de- Whether a given drug hi more pot,::,nt than another hus 
cnrboxylose is less sensitive to the drug, simply because little beadng on its clinical usefulness, J>l'Ovidcd thut the 
histidine dccarboxylesc is the only step 11nd, hence, is rnte- 1>otency is not, so low t.hat: the si·r,e of t ha dose is physicolly 
limiting in tho biosynthesis of hist.uminc. Dopn decarboxyl- uumunageable or t.l1e cost oH1·eatment is higher th11n wit.h an 
ase is not roto-limiting in t:he synthesis of eithe1· nornpineph- equivalent drng. If II drng is less JlOtcni b11t more seledive, 
rine or 5-hydroxyiryJ)tnmine until thc1 eniyme h; ll Clnrly com- it is t.lie one to h!l preferred. Promotional nrgument.s in 
J)letely inhibited. Another exnmplc of the detenuin11t ion or favor of 11 more pot.ant ch:ug thus are irrnl(ivant Lo t:lm impor-
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u:int considerations th11t should govern the choice of a drng. 
However, it sometimes occms that drugs of the same class 
differ in ,he maximum intensity of effect; Urnt is, some drugs 
of the class may be less el'ficacio11s than others, irrespective 
of how large o do~c is used. 

Efficacy connotes the p1·opel'ty of a drug to achieve the 
de:;ired response, one! maximwn. efficacy denotes the maxi­
mum achievable effect. gven huge doses of codeine often 
cannot achieve I.he rnlief from severe pain that relatively 
small doses of morphine r.an; thus, codeine is said to have a 
lowe1· maximum efficocy thnn morphine. Efficacy is one of 
the primary determinants of ihe choice of a drug. 

Dose-Effect Relationships 

The import,mce of knowing how changes in the imensity 
of response to a drug vary with the dose is virtually seJf. 
(Widenl. Both the physician, who prcscrihes or administers 
a drug, and the mnnufacturer, who must package the drug in 
appropriate dose ~izes, must tronslate such knowledge into 
evel'yday prncUce. Theoretical or molecular pharmacolo­
gist.c; also study such relationships in inquiries into mecha­
nism of action and receptor theory (see page 702). lt is 
necessary to define two types of l'elationships: (1) dose-ill· 
tensity relationship-ie, the manner in which the intensity 
of effect in the individual recipient relates to dose---and (2) 
dose- frequency relationship-ie, t he manner in which the 
number of rnsponders among a population of recipients re­
lates to dose. 

Dose-Intensity of Effect Rcletionships-WhcUwr the 
intensity of effect is detei·mined in vivo (eg, the blood-pres­
sure response ~o epinephrine in the human patient) or in 
llilro (cg, tho response of the isolated guinea pig ileum to 
histamine). the dose--intcnsil.y of effect (often called dose­
effect.) curve usuolly has o characteristic shape, namely o 
curve that. closely resembles one quadrant of a reel.angular 
hyperbola. 

In the close- intansity crn-ve depicted in Pig 35-2, the curve 
appears t.o intcl'cept the x axis at. 0 only because the lower 
doses are quite small on U1e scale of Lhe abscisso, t.he smallest 
dose being 1.5 x to·~ µg. Acuially, the x intercept has a 
po!litive value, since a finite dose of drug is required to bring 
about 11 rei;ponse, this lowest effec1.ivc close being known as 
the threshold dost!, Stat.islics and chemical kinetics predict 

140 
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Fig 35-2. The relationship of the Intensity of the \>load-pressure 
response of the cat to the intravenous dose of noropinephrlne. 

that the curve should appronch they axis asymptotically. 
However, if the intensity of the measured variable does not: 
start from zero, the curve possibly may have a positive y 
intercept (or negative .t intercept), especially if the ongoing 
basnl activity before the drng is given is closely related to 
that induced by the drug. 

In practice, instead of an asymptote tel the .Y axis, dose--in· 
tensity curves nearly always show on upward concave foot at 
the origin of the curve, RO that the r.urvc has a lopsided 
sigmoid shape. At high closes, the curve a1>proaches au 
asymptote which is parallel t:o the x axis, and the value of the 
asymptote establishes the maximum possible response to 
the drug, 01· maximum effic'1cy. However, experimental 
duta in the regions of the asymptot:es gencmd ly are too err al• 
ir. to 1>ermiL un exact definition of the curve at t:ho vel'y low 
ond very high doses. 'l'he example shown represents un 
unusually good set of data. 
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Fig 35-3. The relationship or tha intensity of the blood-pressure response or the cat to the log of the intravenous dose of nOf'eplnephrlne. 
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Because the dnse mnge may be 100- or 1000-fold from th(i 
lowest to \;lie highei:;t do11e, ii. has become the 1nncti<:11 to plot 
clos0-inte11sity cm:vcs on a logarithmic scale or abi;dsaa; ie, to 
plot the log of dose versus the int.ensit.y of effect. J.i'ig-m·e af>. 
3 is sur.h u semilogal'ithmic plot: of the snnrn data a1; in li'ig ~5-
2. In the fifftn'C thCJ intensity of effect is plotted both in 
absolute unit.~ (ot the left) <Win 1·elntive units, afi perrent (at. 
the right). 

Although no 1rnw informati()n is created by a ~em ilog1uit,h­
mic representatiou, the curve ii; stretd1ed in such a w:1y a11 t.o 
focilit.ate the inspecl',ion of the d11!.n; t.hc comparison of re­
sults from multiple observations and the (:C$Li11g of differrmt 
drngs also ii; rendered easier. In the example shown, t.hc 
curve is essentially wh1lt. is cnllcd a ~igmoid cw·u<? and is 
nenrly symmeidc:al nhouL Um poinL which represents an 
intensit.y equal to 50% of' the maximal effoct, ic, about the 
midpoint. '!'he symmd.ry follows from l.lw rr.c:t.an{(ula1· hy­
rwrbolic ch11rnct.e1· of the pl'evious Cartesian plot (Fi1r :m-2). 
Tho semilognrithmk plot rnveals better the doRC••effect: rein• 
tionships in t.he Jow-•dose range, which are Jost in the steep 
slope of the C111·t.e:;iun plot. PurU1eJ'lnorc, Uw clnt.:i about 
t,he midpoint are almost a st1·uight line; t.he nearly linear 
port.ion covers apprmdmatoly 50% of the CU!'v(;, The i:1lope of 
U1e linear portion of'tlrn curve or, more conectly, the Blt)pe at 
the point of inflection, hno theoretical significance (see Drug 
Receptors and Receptor 'l'lwory, page 702). 

'l'he upper portion of the curve approaches an ll8ymptote, 
which is the some as t.hnt in the Cartesian 1,lot. If the 
response system is completely Cit t'est before thti drug is 
administen:d, the lower portion of the cnrve should he as­
ymptotic tot.lie x axis. Both asymptotes and the symmetry 
derive from the law of m11ss action (sr.e pnge '/03). 

Dc>Be-inLensity 1:urves often deviate from the ideal <:onfi11-
11ration illustrated and discussed above. Usually, the dr.wi­
ate curve l'cmains sigmoid l>ut not extended symmct.rically 
about the midpoint of t.he hnear segment. Occasionally, 
othel' shapes oc:cul', sometime.~ quite biv.arre ones. Devi­
atious m11y derive from multiple actions Urnt. converi;c upon 
the same final effector system, from varying degrees of mein­
holic nlteration oft.he drug at different doi;es, from modul11-
tion of tho respr.mse by foedbock systems, from nonlinearity 
iu th<'! rnlationship hct.we<!ll action and effect. or from ot.her 
causes. 

It is frequently necessary to identify the dose which elicits 
a given intensity of offoct. The intonsity of effect. t.hut is 
generally designnt.ed is t.he 50% of mnximum int.Msity. Tho 
corresponding dosci is called the 60% effecti:11'1 doxe, or i11<ii-
1Jidu.al RD50 (see I?ig :-15-:i). The use (1f thll adjective, i11di­
uidual, di11tinguishcs t he JW50 based upon t.he intr.nsity <>f 
effect from the median effective dos(i, also nbb1·eviftted 
Ji:D50, datCJrmined from frequency of rnsponse dl\l:a in a 
populat.ioi\ (sw Do.~<!·-Fr<>qtten.cy Relationships, this pa1{e). 

Dn1gs thal. elicit. the same quality of effoct may be com­
pared graphically. In Fig a5-4, five hypothetical drugs are 
compared. Drugs A, B, C 1md B all can ad1ieve the same 

LOG DOSE 

Fig 35-4. Log doso-•lntansily ol offect curvos ol flvo different hypo-
1hatlcal oruos (see toxt tor cxplanotion). 

maximum effect, which s11m:ust,-; that. the same ,iff<i<!tor sys•• 
tem m1,y he comrnon to all. /J possibly may be working 
throur~h the same «iffector system, but thc1-c are no o priori 
reai.ons to t.hinl< t.his is so. Only A and /J have pai·allel 
curves and comm<Jn slopes. Common slopes are com,istent 
with, but. in no way prove, t.he idea that A 11nd B not only act: 
through the same effoc:tor system hut nlso by the snme mech­
anism. Altho111:h drug--•rncaptor theory (see Dntp. J?,u;ept.ors 
and Receptor Theory, page '/02) rllquires that the curves of 
identical mechanism huve equnl slopas, examples ol' excep­
tions are known. Purthermore, mass-law statistics require 
that all simple drug-racopLor interact.ions generot:c the samCJ 
c;lope; only whon slopes dcpnrt. from tltis universnl slo1>c in 
ar.cordouce with distinctive clrnructeristlcs of t:he response 
system dot.hey provide evidence of 11pecifk mechanisms. 

The relat:ive pot.ency of any drug may Im obtained by 
dividing the ED50 of Urn i;tnndard, or prototype, drug by 
that of tlw drng in question. Any level of effect ot:her than 
50% moy be used, but it. should l>e l'ecognized that, when Lhe 
slopes arr. not pnrnllel the relative potency dap1mdii upcm the 
int.ensity of effoc1. chosen. 'l'hllS, Uie po1.enr.:y ()f A relative (.o 
C (in Pig 35-4) calculattid from tl)e ED50 will be smaller than 
thnt calculated from the ED25. 

Thti low maximum intensity inducible by D poses even 
more complications in the determination of relative pot.ency 
than do the unequal slopes of the 0U1ei·dn1gs. If it:sdose-in­
t.ensity curve is plotted in !.el'Jns of percent. of its own maxi­
mum effect, it11 relative inefficacy is obscured and the limit.n­
tions of relotiv(i potency at tlw ED50 level will ll()t l>e evi•• 
dent. This dill•mma simply underscores t.he fact th11t drugs 
can be compared better from t;heil' entire do:;e--iniensity 
(:urves th1rn fr.om a single derived 1111mbe1· like l•:D50 or 
relat,ive potency. 

Drugs l:hnt elicit multiple effects will gei1ernLc a dose .. fo .. 
tensity curve for ench effect. Even thouch the various ef­
fects mny be qualiintively different, the several c:tn·ves may 
be plott.ed together on a common scale of abscissa, nnd the 
intensity may be expressed in tel'ms of percent. of maximum 
effect; thus, all c:urves can sho1·e a common ~cale of Ol'dinntes 
in addition to common abscissa. Separate sca)()s of ordi­
nates could be employed, but this would make it hnrder to 
compare datn. 

The selectivity of 1.1 drug con be determined by noting 
what percent: of maximum of one effect can be achieved 
before a 3e.cond effect occm·n. As witJ1 relative potency, 
selectivity may be eXJ)l'<?SRed in terms of t,h(l 1·11tio botween 
the ED50 for one effect 1.0 (;hl'lt foi· anot:he1· nffcct, or II ratio at 
some other intensity of 0ffoci,. Similarly to rel:11.ive potency, 
difficulties follow from nonparallelism. ln such instances, 
selecti11ity expressed in dose ratios varies from one intensity 
levlll to another. 

When Lhc do~c--intensity curves for a number of suhjcct.s 
are compared, it is found that they val'y considembl)• from 
individual to individunl in many respects; eg, threshold dose, 
midpoint., maximum intensity and somet:imes even slope. 
By averar,ing the intensities of the effect at each close, an 
average dose-intensity curve cnn be const1·ucted. 

Average dolle-•intensiiy emves enjoy a limited applicat.ion 
in compmfol{ drngs. A Ringle line expressing nn averl.¼ge 
responHe hM Hi.tie value in predicting individual re:;ponscs 
unless it is accompanied by some exprns11ion of the range of 
the effect at the various doses. This may be done by indicat­
ing the standard error of the rcmpons,1 at e11d1 dose. Occn­
i;ionally, a simple scattm· di111:ram is plotted in lieu of an 
averoge cmvu nnd st,nt.isticnl parameters (see Pig 1 (}-2] ). 
An avernge doM•-intc.maiiy curve also mny be constrtwted 
from n populat.ion in which different individuals re(;eive 
different doses; if sufficiently lt1rge populnl:icms IU'e em­
ployed, t:he HV<mJ.Ke crn:ves determined by Urn two m(ithods 
will approximate ench other. 

FRESENIUS EXHIBIT 1013 
Page 146 of 408 



JI, is obvious thoi the dete1·minntion of :mch overage cui-ves 
from a population sufficiently large to he statistically mean­
ingful requires a great denl of work. Retrnspective clinical 
data occasioually are treated in this way, but 1>rospective 
studies infrequently are designed in advance to yield uverng(i 
cmves. The usual practice in comparin11 drugs is to employ 
11 qunnlol (all-or-none) end-point. nnd plot the frequency or 
cumulative frequency of response over the dose range, as 
di$cussed below. 

Dose-}'requency of Utispomm Uela tionshi11s-- Whe11 
an end-point is t.ruly nil-or-none, such as deat.h, it is an easy 
matter to plot t;he number of responding individuals (eg, 
dead suhjectll) at each dos<l of drug or inl:oxicant. Many 
oUi<ir responses that vary in int.ensity can he t:rented as 1111-
or-none if simply the prese,1ir.e Ol' absence of o response (eg, 
cough or no cough, convulsion or no convulsion) is recorded, 
witl,out regard lo the intensity of the reKponse when it oc­
curs. 

When the response changes from the b11s11l or control state 
in 11 le~s abrupt manner (eg, tnchycurdin, miosis, rate of 
gastric secretion) it. may be ncccssnry to desig1111te arbitrarily 
some particulnr intensity of effect as the end-point. If the 
end-point is taken as an increa1,e in heart l'at.e of 20 bents/ 
min, all individuals whose tac:hycordio is less than 20/min 
wotild be recorded as nonrespcmders, while all those with 20 
or nbovc~ would be rncorded ai; responders. When t he per­
cent of responders ill the population is plotted agninst the 
d0$e, a r.haractel'istir. dose-1·espouse curve, more prnpedy 
called a dose---cwn.ulativc freq1.wnc.Y or dose--pcrccnl curve, 
is genernted. Such o curve is, in fact, 11 cumulative fraquen­
cy- distributiou curve, the percent of responders at a given 
dose being Ute frequency ()f rcspmtHc. 

Dnse-cunrnlative fl'eqmmcy curves are generally of the 
same geometric shape os dose---intensity C\lrves (namely, sig­
moid) when frequency is 1>lotted ugninsf. Jog dose (see J<'ig ::J5-
6), The tendency of the cumulated frequency of response (ie, 
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Fig 35-5. The relationship of tho number of raspo11ders tn a popula­
tion of mice lo the dose of P<~nly lenetE1trazol (cour1osy, Drs OG 
McOuarry and EG Flngl , University of Utah). 

DRUG ABSORPTION, ACTION, ANO DISPOSITION 701 

pllrcent.) Lo be linearly propol'tfonol Lo the log of t.lw dose in 
the middle of the dose r1.mge is <:al!cd the Weber--Ped1ner 
Imo, although it is not invariable, as II true 11nt.nral l1tw should 
be. In many instances, the cumulative fniquency is simply 
propc>rtional to dose mt.her Utan log dose. 'l'he Weher--­
l~echner lnw applies lo either dose--inl.e11sity 01' clot,<l··CUmu­
lativc frequency data, 'rhe simih1rity between dose ---frc­
quency ond dose- intensi ty curves may be more than fol't:u• 
it orn;, s ince the intensit.y of 1·csponse will usually hav<: an 
approximately linem· 1·elat.ionship t.o tlw percent. of respond 
in1I u.nits (smooth muscle cells, nel've fiber$, etc) and, henc<~, 
is also a type of cumulative frequency of re8ponse. 'l'hesc 
urn t he same kind of statistics Utat govern the law of mass 
action. 

If only the increage in the number of responders wi th each 
new dose is plotted, i1111tead of the cumulative percent o!' 
rei;ponders, a bell-shaped curve is obtained. This curve i8 
t:he first derivative of the <lose- cumulative frequency c:urve 
and is a fl'cqu.ency-distrib1tlion curve (see Chapte1· 10). 
'J'he distribution will be symmetrical,- ie, nol'mal or G1mss­
ian (see Fig 10-5)-- only if the close-cumulative frequency 
curve is symmetrically hyperbolic, Because most dm;e--cu­
mulative frequency curves nre mot·e n eal'ly symmetrical 
when plotted semilognrithmically (ie, as log dose), dose-cu­
mulative frequency curves are usually log-rwrmal. 

8ince th,~ dose- intensity and dose--c:umulative frequency 
curve~ are basically similnr in shape, it follows t:hat the 
curvea have similar defining charnderistic-.~, such as gJ)flO, 
mnximum effect (mnximum efficacy) nnd l!lope. Jn dos<i-­
cumulative frequency dntn, the ED50 (median <if/ ectivc? 
dose) is the dose to which 60% of the population re8p0nds 
(see Fig 35-o). lf the frequency dilltribution is nnJ'lnal, the 
ED50 is both the arithm<lt.ic mean and median dose and is 
represented by Lhe mi<lpoint on t.hc curve; if the distribution 
is log-nol'mo.l, the l~D50 is lhe median dose bui not l.l1ci 
arithmetic mean dose. The efficacy is thci cumulative frc• 
quency summed over all doses; it; is usually, but not; always, 
100%. The slope is characteristic of both the drug and test 
populat.ion. Even t.wo drngs of identical mechanism may 
give risll t.o different slopes in dosC···I>ercent c:mves, 1vhereas 
in dose-intensity curves the sloprg nr11 the some. 

Statistical paramct.ars (such as standard deviation), in 
addition io EDGO, maximum cumulo.tive frequency (efficn­
cy) and slope, charncterize dose-cumulative frequency rnla­
tionships (sl:!e Chapter 10). 

There are iwvernl formulations for dose-cumulative fre ­
quency c~1rves, some of which ore employed only lo define 
the line11r ser,ment,of n curve and to detel'Jl1inc the s totj11tical 
parameters of t his segment, ll'or the i,;tatistical treatment of 
dose- frequency data, see Chapter 10. One simple mathe­
matical expression of the entire log-·s.vmmetricnl sigmoid 
curve is 

log dose = l( +/log ( % response ) (1) 
1.00% - · respOll$E! 

where percent response may be either f;he percent of maxi­
mum intensity 0 1' the percent of n po1rnlation rcHponding. 
'fhe equation is thus basically the same for both log normal 
dose---intensity and 101: normal dose---perccnl: relatimrnhiJ)s, 
/( is a constant thut is charactcl'istic of t,bc midpoint of the 
curve, 01· ED50, and 1// is charact.eristicnlly related t.o the 
slope of the linear segment, which, in turn is closely related 
to the stundard deviation of the derivative log-norm11l frc­
tJUcncy•distribution curve. 

'l'he comparison of dosc-perccmt rellltionshipa among 
drugs is subject to the pitfall!\ indicated for dose--intensit.y 
comparisons (see page 699), namely, that when the slopes of 
the curves ure not the sume (ic, the doiie- perccmt curves are 
not pol'nllel), it is neceseary to state at which level of re­
sponse a potency rntio is colculnted. As wi th dose- intensity 
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duta, pot.encies generally iu-c~ cnlculat<id from the gl)50, but 
potency ratios may be cnkulnt.ed for any arbitrary percent 
N:!Sp<m8e. 'J'iw 1·)>:prn~~ion of selectivi \.y is, lilcewi~c, subject. 
to similar qual ifications, inasmuch ns Lhc dose•·•J)m·cent, 
tut·ves for the 8everal effect.~ 1l l'll usually noupnrallel. 

The t.cmn llrernpeuf.i1: index is usNI to dm;ignnte a qunnt.i • 
tative sl.a(.em!lll(. <►f th11 s<iledivil.y of' n dnig when n ihorapeu­
t.ic imd 1111 untoward effccl. are beinf( com pured. If the unto­
ward effocl. i$ dr.gignut:ed ns 'J' (for toxic:) and !.11111,hernpeuti<: 
effect: as E, t.he thernpcut.ic index may be defined ns 
TD50/[m(i0 c,r a ~imilHr ratio at. some other arbitrary levels 
of1·e!:lponse. The 'I'D and t.ho gJ) are n<>t rnquirnd to express 
t.he same percent of response; some clinicians use t.ho i:atio 
'l'Dl /lWOB or TD5/lsD91i, based on the rntionale that if the 
llll l-owai-cl effect is serious, i(. is importanL t.o use a most• 
severe (.hernpcutic index i11 passing judgment upon the cl rug. 
Uuforlunnf.Cily, Lhempe111,ic indices arc, known in mirn for 
only a few drn1:s. 

'f'herc will be a different l.11erapeutic index for cuch unt<>­
wnrd l;!ffcc\. that. a dn11; nrny elidL, 1111d, if f.hcrn is more Limn 
one thcrapcut.ic effect, a family of thern1)Clttk indic.-<!S for 
each Lhernpeutic effect. However, in clinical practic:e, it is 
customary to distinguish among the variou,; toxidtills by 
indicatfot! the pel'cenL inciden<',e of 11 givc:n side effect. 

Variations in H.cSJ>oui;c and Ues11011sivcucss-•-•Prom 
the above dii;cus!lion of dose--.froquency ml11tionshipfi and 
Chapter 10, it is obvious that in a normal 1>opulatio11 of 
persons t.hr.rn may he quit.e a large difforence in the dose 
required to elicit a given response in tlw least.•rr.sponsive. 
member of the popul1.11'i<m and t.hat. t.o eliciL t.lie response in 
t.he most.-rnsponsivr. member. 'l'he differcmce ordinarily 
will be a function of the slope of the dose-percr.nt curve, or, 
in statistical terms, of the st andal'<l deviation. If the stan• 
dtu-d deviat.ion is large, !.he ext.n;111t1,s of responsiveness of 
responders are likewise large. 

J n a nol'mal popu lat.i<>n 95.4G% of the population responds 
to cJoi;es within t.wo st11nd11rd deviations from the EDf>O and 
99.73% wit:hin three standard deviations. In log-no1·1nii.l 
populu!.ions the sanrn dis(:ribution applies when 5tandard 
deviation is exprnssed as 101: dose 

In t:he populotiou represented in Fig :35.5, 2.25% <>f t.he 
populatio,1 (t.wo st.andard cfoviations from the median} 
would requit-c a dose mol'e than JA \.inws Lhe RD50; un 
equally small pei:ccnt would respond to O. 7 the ED50. Tbe 
physician who i!; unfamiliur with stntist:ic~ is apt to consider 
the 2.25% at either extreme ai; almm·mal reac!.01·s. T he st.nt­
istician will argue that these '1.[1% are within t.h<> nomial 
populntion and only those who respond well ou tside of Lhe 
normal population, ai least. thrne standard deviationl'. from 
the median, deserve to be called almnrnrnl. 

Irrespective of whet.hc:r the criteria of abnormality that 
the physidan or the stal.ist.iciun obt11in, I.lie t~rm hyporeac-
1:ive 11pplies to those individuals who rnquire abnormnlly 
high doses und hyperreactioe to thnsH who require abnor­
mally l<>w closes. The terms liyporespr>nsive and hyperre­
sponsi.ve nlf>o m~1y b11 11scd. It is incOl'l'ect to use the l,<,rms 

hyposensitive and hyp(!rsensit.ive in t.his context; hypersc,11-
sitivity dcnoL<is 1111 allergic response (.o a drui, and should nol 
he us<icl t.o 1·efnr to hyperrnuct.ivit.y. The: term .~11pe1·se11sili.u• 
ity corre<:tly applies 1.0 hypei-react.iviiy t.lrnt. l'esults from. 
denervat ion of the offector 01·gan; it is often mc>re dcdfoit.ivt<­
ly cnllr,d denervation supt)rsen$it.ivit.y. SomeUmcH hypor•· 
eactivity ii; the reslllt of llll immunochemical dr.activa t.ion of 
the <lru.g, or immunity. Hyporeactivit,y $hould be dist.ill­
guished from an increased do~e mquirc,mmt Uini l'e!;Ults 

from a severe pathological condition. Severe pain rnquire$ 
la1•ge doses of ,inalgesics, but the patient is not a hyp<>rC!ac­
tor; whai hag changed is the huseline from which the end­
point quunt.um is mMsured. The responsiveness of a pa• 
tient. to certain drugs somctinw.s may he determined hy tbH 
history of previous exposure to appropriate drugs. 

1'0/era11c:e is a diminution in responsivemiss as ui;c of th<i 
d rug continues. T he eonstiqHence of t.olm·nnce ii; an incrciose 
in the dose requirement. It mn:v he due t.o an incJ'e11se in I.he 
rate of elimi.n11tion of drug (as discussed elsewhere in l:his 
r.hapl.ui·), to reflex or or.heir m)mpensa!.ory homeosta t.it: ad• 
justments, to 11 decrease in tJic numb1lr of rece1>tors or in Uw 
number of cmzyme molecules or other coupling proteins in 
the effector 8equence, to exhaustion or Lhe effector system or 
depletion of mediators, to the development of inununiiy oi· 
Lo other mechanisms. Tolernnce muy be g!'lldual, requiring 
many <loses 1111d dnyr, to months to d(welop, or acute, rnquil'• 
ing only the first or a fow doses and 011ly minutes to hours to 
develop. Acute tolemnce is called tathyphylaxis. 

Dru~ resist:am:e is the decrense in res1)onsivenesti of mi· 
croorganisms, neoplasms en· pest.5 to dll'lmotherapeutfo 
agents. anl'.ineoplastics or pesticides, 1·espectively. Ii. is not. 
tolerance in the sense thnt the i,ensit.ivit.y of the individltal 
micrnorganism or cancer cell decreases; rather, it is the sur· 
viva! of normally um·csponsivc cells which then pass Uw 
genetic foct-Ors of r<>sist.ancc on to their progeny. 

Patients who fail t<1 respond to a drug are tailed ref mc­
/:ory. Refmctoriness may rcslilt. from t.olcmnre or l'Csis· 
tance, but it also may l'esult from the pl'<>grcs$iot1 of patho­
logical st:atcis \;hat negate the rnspon11e or n➔ndcr the 1·csponse 
incapable of smmount.ing 1111 ovl!rwlwlrni ng put.hology. 
Rarely, it may result from a poorly dcvr.lc)p<id receptor or 
response syswm. 

Sometimes a drug evoltes an uinisual response that. is 
qualitatiuely different from the expeclt!d response. Such 
an \lll(lXpecwd re..,pomm is cullml a 111cita-r,111cti.on. A not 
uncommon meta-reaction is a cent.ral nervous stimulant. 
rather than depressant effect of phenobarhi t.al, <>specially in 
women. Pain and certain pat.hological statC!~ somet:inrns 
fovor meta-reactivity. Responsei; thnl are different in in• 
Cants or the l\l!Od than in young and middle-aged pe.ople are 
not met.o-renctiom; if the response is usual in the 111rr: group. 
T he term idiosyncrasy also denotes meta-reactivity, but. the 
word bns been so ahlised tlrnt. it is recommended Lhnt iL be 
dropped. Alt.hough hypers<msitivity may c,111se. unusual ef­
fects, it is not included in met.a-reactivity. 

Drug Receptors and Receptor Theory 
Most drugs act by combining with some lrny s ubstance in 

the biological milieu that has on important. regulntory flln(!­
ticm in t.he 1.arget organ m· tissue. This hiolo1:ical partne1· of 
(,he drllg goes by the! name of receplil>e sub~tall(;e or druc 
receptor. The receptive substnnce is considerc;d mostly to 
l>e a cellular constituent, although in a few in!;t.anc:es it. mny 
be extracellular, as the c:holincsterases arc, in port.. '.l'hc 
recept.ive substimce is thowrht of as having n spcc:inl ch(!mi­
cal nffinil.y and stn1ctural reqllirements for tJrn drng. Drngs 
~uch as (1Jllollicnt:s, which hav1: R physical mt.her than chemi-

cul basis for their act:ion, obvio\1sly do not net. upon recep­
\.(lrs. Drugs suc:h a~ clemukents and nstringen(.s, which nd 
in a uonsHlective Ot' nonspecific dlllmicul way, also are not. 
considered t.o act upon receptors, since ihe candidate l'ecep­
\.ors have !\either i;hnrp chemical not· biulogical defini(.ion. 
Even nnt.adds, which rend with the extremely well-defined 
hydronium ion, cannot be said to have n receptor, since the 
reuctivci prof.on has no ptmnaoenL hiologirnl rusidcnc:c. 

Becouse of early preocc111mtion wiih physical thcori11s of 
action oml the classicul and illogical dic:hol.omy of chemical 
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and physical molecular interaction, there is a reluctance tu 
admit receptors for drugs such os locol anesthetics, genernl 
anesthetics, certain elcctrolyt.c~, etc, which generally nre not 
accepted to combine selectively with distinct cellular oi· 01·­
gnnelle membrane constituents. T he word recep to r oft.en is 
11sed inconsistently nnd intui tively. Howevc1·, the term is 11 

legitimate symbol for that biologiclll structure with which a 
drug interacts to ini tiate a rnsponse. Ignorance of the iden­
tities of many receptors d ocs not detract from, hut rnther 
increases, the importance of tbe term 1111d general concept. 

Once a receptor is identified, it frequently is no longer 
t hought of os a receptor, although such identification may 
afford the basis of profound advances in receptor theo1·y. 
Since the effects of onticholinesterases ore derived only indi­
l'ecLly from inhibition of cholinesterase and no drugs ore 
known that, stimulate the em.yme, it may be argued thal. it is 
not a rece1>tor. Neverthele:;;s, a number of drugs ulthnat ely 
oct indirecUy U1rough the inhibi tion of such modulator en­
zymes and ii is import.ant. for the theoret.ician to develop 
modllls based upon such indirect interrelations. 

J.i:nr.ymes, of course, readily suggest. themselves as candi• 
dotes for receptors. However, there is more l.o cellular func­
tion thnn enzymes. Rece1>tors may be membrane or intrn­
cellulor constituents thnt govern: the spatia l orientation of 
enzymes, gene ex1>ression, compartmentalization of the cy­
toplasm, conLractile or com1>liant p1·01>erUei; of subcellular 
structures or permeohility and electrical 1>roperLies of mem• 
bro.ues. For nearly every cellular constituent there can he 
imagined a possible way for a drug Lo affect its function; 
therefore, few cellular constituenL,; con be dismissed o priori 
as possible recepto1·s. All the receptors for neurotransmii • 
ters and autonomic o.gonists are membrane proteins with 
agonist·bil,ding groups projecting into the extracllllular 
space. The transducing 11ppnratus, whereby an occupied 
receptor elicits a response, is called a couplin.,: .~ystem.. n:x­
citntory neurotransmitters in the centrul ne1·vous sysLem, 
and nicotinic receptors elsewhere, are coupled to ion chan­
nels which, when opened, 1>ermit, i h!l rapid ingress, especial­
ly of sod ium ions. GABA (-y-omino-butyric acid) and gly• 
cine ore coupled to inhibitory chloride channels. Hc1w.odi11-
7.epinc recep tors are coupled f,o the GABA-receptor. Beta­
ad renergic recept.ors and a number of r eceptors fol' 
polypeptide hormones inl,ernct with a stimulawry GDP/ 
G'l'P-binding protein (G-protein) which can activate the 
enzyme adenylate cyclase. T he cyclase then produces a',5'­
cyclic AMP (cAMP) which, in turn, activa tes protein ld­
nases. OU1er receptors internet with inhibil-Ory G-proteius. 
Some receptors couple to guanylate cyclase. 

Alpho-adrenergic, some muscarinic and various ot.her re• 
ceptors couple to the membrane enzyme, phospholipase-C, 
which cle6ves inositol phosphates from phosphoinositides. 
T he cleavage product, 1,4,5-inositol triphosphate (IP~). t.hen 
causes an increase in intracellular calcium, whereas the 
product, diacylglycerol (DAG), activates kinase•C. There 
ore a number of other l t>.<;S ubiqui tous cou1>ling syst.cms. 
Substances such as cAMP, cGMP, IP3 and DAG ore called 
seco,id messencern. 

IL has been found that there mny ba several different 
receptors for o given ogonist. Differences may he shown not 
only in the types of coupling systems and effects hut olso by 
d iffercntio.l binding of agonists ond antagonists, desensitiza­
tion kinetics, physical and ch~mical properties, genes and 
nrnino acid sequences. 'l'hc differentiation among receptor 
suhtypes is called receptor classification. Receptor sub­
types a re designated by Greek or Arnbic alphabetical prefix­
es and/or numerical subscripts. There are aL lcasL two each 
of bel.o.•aclrenergic, histaminergic, scrotoninergic, GABAer­
gic and benwdiozepine receptors, probably t hree of musea­
r inic and nlpha-adrenergic and five of opioid receptor suh­
types. 
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Occupation and Other Theories 

Drug-receptor internctions are governed hy Urn law of 
mass action, n conc<\pt initiated by Langley in 1878. Howcv• 
er, most. chemical 11pplications of mass law arl! concerned 
with the rale nt which reagents disappear or products arc 
formed , whereas receptor theory usuully concerns itself with 
the fraction of the re.ceptms combined with a dl'ug, similnr to 
theories of adsorption. T he usu11l concept: is that only when 
tbe receptor octually is occupied by the drug is it.-, func:tion 
transformed in such a way as to elicit n response. This 
concept has becoma knowll os the occupat.ion theory. The 
earliest clear statement of il$i asst1mptions and formulations 
is often credited w Clark in 1926, but h<>th Langley and Hill 
made important conti:ihutions t.o the th c~ory in the first t.wo 
decades of this century. 

In all receptor theories, the terms ai:onist, partial 11.gonist 
and ontllgonist are amployccl. An ngonisl is n drug l hat 
combines with n receptor to initiate a response. 

In U1e clossical occupntion theory, two uU.l'ihllt.cs of Uw 
drug are required: ( 1) of /i'.nity, a me11su1·e of the oquilibrium 
constant of the drug-receptor interaction, nnd (2) int.rirrnit. 
nc:tivi.iy, <>t· ,:nlrim:ic efficacy (not to b(i confused with efiica• 
cy t1i- intensity of ciffo<:L), a men~urci of the ahilit.y of !,he drug 
L<> induce a positive change in I.he function of the receptor. 

A partial ngonist. is a drug that can elicit. some but 110!. n 
maximal effect and which antagonizes an agonist.. In t he 
occupation theory it would be a drug with a favorable affini­
ty but a low intl'insic nct;ivlt:y. 

A compeLitiue antagonist is a drug that occupies a signifi­
cant proportion of the receptors and thereby preempts iham 
from reacting maximnlly with on ngonist:. Int.he occu1>at.io11 
theory the prerequisit.e property is nffinity without. intrinsic 
activity. 

A ncmcompetitive antagonist may react with the receptor 
in such a way as not to 1)rnvent. ngonist--1·ece1>1:<11· combina­
tion but to prevent the combination from initiating a re­
sponse, or it may act to inhibit some i;uhsequent event in Lho 
chain of action- effect--action••effect that leads to t he finnl 
overt response. 

T he mathematical formulation of I.he receptor theorills 
derives directly from the law of mass nction and chemic:al 
kinetics. Certoin nssumpl.ions ure requil'cd to :.implify cal­
culntions. The key assumption is that. the inteni.ity of effect. 
is a d irect linear function of the proportion of recept ors 
occupic-.d. The correctness of this assumpt.iou is most im• 
probable on t:he basis of theoretical ('.onside1·at.ions, but em­
pirically it appears to be n close ei)ough approximation t.o he 
useful. A second assumption upon which formulationfi are 
based is that the drug-receptor interaclion is at. eqnilibrimn. 
Another common assumption is that the number of mole­
cules of receptor is negligibly small compared to Urnt. of t:he 
drug. T his assumption is und oubtedly true in most in­
stances, and departures from this situation greatly compli­
cate the mathematical expre1rnio11 of drug-receptor interac­
tions. 

'!'he first clearly stnted mothemoticnl formulation of 
drug--receptor kinetics was that. of Clark. 1 In his equation, 

Kx" "' __ ]: ___ _ 
100 - y 

(2) 

where K is the affinity constant, x is the conccmtrat.iou of 
drug, n is the molecularity of t:he reaction, ond ,Y is the 
percent of maximum responi-e. Clark assumed that. y was a 
lin ear fouction of the 1>erceni. of receptors occupied by the 
drng, so that y could also symbolize t.he percent. of receptors 
occu))ied. When the eq1.1ntio11 ii, rM1Tangcid to solve for y, 

100/(x" 
y - ·-------

1 + l(x" 
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A Cartesian plot of t his ciquation is idcnt.ica l in form to that 
shown in J,'ig :-15-2. When .Y is ploU.ed agnin~l. log x ins\.(!ad of 
x, t;h!\ usual sigmoid curve is obt11ined. Thus, ii. mny be seen 
that. the dosc-- intensity curve derives from mnss action equi­
libt·ium kinel:ics, which in t.urn derive from tJ1e statistical 
nat.nrn of molecular intC!raction. 1'he focL t.hnt dose--inten­
si ty and dose-1>e1·cent curvC!s bnve the some shape shows 
that they involve similar gLaiistk~. 

If Eq?. is put. in to log form 

log J( + 11 log x "' lor, --1.'._ __ _ 
100- .Y 

(4) 

n plot. of log ,v/100 - y against log x then will yield a st.rnight 
line wit.h n slope of n; n is theoret ically the 1rnmbel' of mole­
cules of drug which reoct with ench molecule of 1·aceptor. At 
present, there nra 110 known exnmples in which mol'e ~ban 
one~ molecuhi of agonist: combines with n single raceptor, 
liance, n should he equal to 1, universally. Neva1thclcss, n 
oft.en deviate~ from J.; deviations occur because of coopcl'a­
tive interactions among receptors (coupera.tiuil:y), spa.r,i re• 
cepl:ors (sec lielow), amplificntions in the response system 
(cascades), niceptor coupling to mol'e than one sequeac:e {eg, 
to both adenylatc cyclase and calcium channels) and othel' 
reasons. In t.hcse departures from n "' 1, the slope become~ 
a characteristic of the mechanism of act.ion and 1-espo115e 
system. 

'l'he probobility that a molecule of drug will react with a 
rcccpt.ol' is n function of Lhc concent;rution of both drug and 
recaptor. The concentrntion of 1·eceptor molecules c.nnnot 
be manipulated like the concent.rntion of n dl'Ug. But, as 
1111ch molecule of dl'ug combiMs with a receptor, the populu­
t ion of free receptors ill diminiijhed uccordingly. If the drug 
is a competitive antagonist, it: will diminish the probability 
of an agonist-rnceptor combination in rlirec:I. pl'oportion to 
the percent of receptor molecules preempted by the ant.ago­
nisL Consequently, the intensit;y of effect will be dimin­
ished. However, the probability of agonist.-receptoi· inter­
action cau be increased by increasing Llie concentrntion of 
ngonist, nnd the intcusit.y of effact can be restored by a1>p1·0-
priately larger doses of ugoni:it.. Addition of more untago• 
nist will again diminish t he response, which cn11, again, be 
overcome or surmounted by more ag-onisl .. 

Clark showed em1>il'icnlly, and by theory, that os 1011g as 
tlie ratio of antagonist oo agonist was comitant, the concen­
tration Clf the competitive drugs could be varied over an 
enormous range without changing the magnitude of the re­
sponse (see Fig 85-6). Since the presence of compC!titive 
antagonist only diminishes the probability of agonist-recep• 
tor combination at a given concentrntion of agonist and does 
not niter the molecularity of the reaction, it also follows that. 
the effect of the competitive antagonist ia to shift the do­
se-intensity curve to the right in proportion to the amount of 
ant!lgonist 1>resent; neither shape nor slope of the curve is 

.. 1 
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j 
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Fig 35-6. Direct proportionality of tho doso of 119onlst (acelylcho­
lino) to tho close of antagonlsl (atroplno) nocassary lo cause II con­
stant degreo of Inhibition (50 % l of the response of tho fro9 !loart 
(courtesy, adaptation. Clark 1) . 
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Fig 35-7. (:fleet or an antagonist to shift the log dose-intensity curve 
to the right without artorlng the slope. The ofloclor Is the Isolated 
heart. I: no atropioo; JI: atrophm, 10- 0M; Ill: 10- 7M; IV: 10··6M; 
V: 10-5M; VJ; 10-4M; VII; 10'"3M. Y: % of ,na)(lmum intensity 
of rosponse; the function tog y/(100·}1 converts the tog dose ... 
intensity relationship to a straight llne (courtesy, adaptation, Clark '). 

changed (see Pig 36-7). Both F'igs 35-6 and 35.7 are from 
Clork's original paper on competitive £Ht1.ogonism.1 

Many refinements of I.he Clnrk formula ho.ve been made, 
but thay will uot bo treated her<i; de tai ls ancl ciiat.ions of 
relcvrmt literature can be found runong various worl1s on 
receptors cit.ad in the Bibliogrnphy. Severn) refinement~ 
are int1·oduced to facilitate studies of eompet.itivc inhibition. 
T he int,rnduction of the conc<'lpb, of intrinsic activi ti! and 
efficacy:{ required appropriot.e changes in mathematical 
treatment. 

AnoU1er important wncept has been added to the occupa­
tion theory, namely the concept of spare receptors. Clark 
Ol!8umed the maximal response to orcui· only when the recep­
tor!! were completely occ111>icd, which <loci; not account for 
the possibility t:hat t.he moximum rasponse might be limited 
by 1;ome step in the ac.Uon--effoct sequeuce subsequent to 
receptol' occupation. Work with isoiopically l11beled ago­
nists nnd antagonists and with dose- effect: kinetics has 
shown t bnt the maximal effect sometimes is achieved wbon 
only a small fraction of the receptors m'e yet occupied. Tho 
mnthcmuLicnl treatment of this 1>hcnomc11on has enabled 
theorists to explain several puzzling observations t.hal. previ­
ously appenred to contradict (lccupaUon t:heory. 

The dassieal occupation thaol'y fails to explain several 
phenomena satisfact.orily, and it is unable to generate a 
ronlistic model of intrill8ic uct.iviLy nnd purtial ago11ism. A 
rate theory, in which the intensity of response is prnportion­
al to the l'Ot.e of d1·ug-reccptor interaction instead of occupa­
tion, was proposed t:o explain some of the phenomena thot 
occupation theory could not, but the rate theory w11s unable 
to provide a raalistic machanistic model of rnsponsc genera­
tion, and it hod other serious limitations as well. 

'l'he phe1101nena thnt neither the clossicnl occupation nor 
rate theory could explain can be explained by varioul'! theo­
ries in which the rnce1>tor can P.xist. in at l<>.ast two confo,•ma­
t:ional stoles, one of which is the active one; the drug can 
reuct with one or more confol'mer:;. In u two-11tate model4 

where R is the inactive and R" is t:hc active conformer. The 
agonist combiucs mainly with l-l.", the partial agollist can 
combine witJ1 both Rand H • and \.he antagonist c,an combine 
with R, the equilibl'ium being shifted according to t:he extent 
of occupation of R 1111d H.*. Other variations of ot,cupation 
t.heory trent. ihe recep(.<H' ns an ogr,regatt! of subunits which 
interact cooperat.ively.5 
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The Nature of Receptor Groups 
and Models of Receptors 

A rec:eplor group is that port.ion of the receptor molecule 
with which 1111 agonist acts and which is vital to t:he funct.ion 
of the recept.or. Studies of receptor group composition and 
configurat.ion arc too complex for the pu1·poses of t:hi~ text; 
consequently, only a brief sketch will be madci here Lo orient 
the reader to the nature of lbe apprnach. 

From t.he chemical configurntion and 1·euctiviLy of ago­
nists and antagonists, certain deductions can bll made about. 
tbe structure of a receptor grot1p. Fo1· example, all highly 
active agonists of muscarinic recepto1·8 are cat;ions at physio­
logical pH. This suggests U1at the receptor group contains 
an anionic group and that the force of at.traction is electro­
statfr, ai IMsi in po.rt, which agrees with Lhermodynmnic 
dota. That van der Waals forces (especially Hcitlel'-London 
fluctuation forces) may also make 1111 important contribution 
to binding is suggested by the requirement for N-met.hyl 
!(l'OUps and by the low but. definite 11ct.ivity of the nonioniz­
oble quat!lrnar:v carbon 1111alog of acctylcholine, 3,3-dimeth­
ylbutyl acetate. This establishes a l'l~quirement for an auxil­
iary structure close to the anionic site. SLud ies of the coniti­
bution to ac:th>ity of P.!\ter nnd carbonyl oxygen among ana­
logs of acetylcholinc, intramolecular distances and the 
stere«>Gpecificity of various isomers and conformer1; have 
indicated a part.ial cationic (proton donor} site between 2.5 
ond 4 A and a region of high electronic de11sity (electron 
donor) bet:ween 5 and 7 A from the anionic site. Tbis is 
similar to the woy in which the active site of acetylcholincs­
terase was mapped (see pai:e 127, and Figs 25-44, 45 and 46). 

The structure-activity relationships among competitive 
iuhibiton also musL be collsistcnt with any model of a recep­
tor. However, binding sites additional to t he receptor group 
c:an be involved, and result:; are frequently more difficult Lo 
interpret than those with agouists. Ncverthdess, studies 
with antagon ist..~ have made a substantial contribut.ion L<> 
receptor g1·oup analysis. '!'here is considerable interest in 
antagonists that combine irrevel'Sibly with the receptor, 
since such chugs offer a way of marking (affinity i11 heling) 
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ih!:! recepto r for isolation and for ident.ific:ation (Jf the rccep• 
I.or grot1p. 

Since recer>tors for autonomic ngonisls are cimbcdded in 
the cllll membrane, tbe.y have been difficult to isolate with­
out inactivaticm. Scvel'ul laboratol'ics have succeeded in 
isolating prol,eins, the chemical llroperties of which are con­
sistent with those expected or various receptors. HecepUll·s 
for steroid hormones have bee.n easier t.o isolate, 1111d some 
have been characterized relatively well. Flll'ther details of 
drug-receptor interactions and the nat.ure of receptors can 
be found in the works on receptors and molecular pharma­
cology. 

Up- and Dow11-Regulation•-ln many receptor-effector 
~ystems, if there is a paucity of agonist, the system will 
respond by increasing the responsiveness, number of recep­
tors on the effector membrane or number or coupling pro­
teins or enzymes in the effect.or system, This is known as 
up-regulation. In odren ergic systems, sympaU1etic d!lner­
vat.ion bas been 11hown to increase the number of post-synap­
tic /3-adrenoreceptors ot some junctions und the ovnilnbility 
of nucle0Lide-hi11ding protein units and/or adenylate. cyclllSe 
molecules at o thers. Hype1·thyroid activity also increases 
the number of fj-adrenoreceptors in heart muscle, which 
explains the excessive henrt rate. Dene!'vaiion of skeletal 
muscle causes 11 great multiplicat.ion of what ii; normally a 
minor ty1>e of nicotinic receptor, and the new receptors 
spread across the antira myocyie membranll. Prolonged 
blockade of 1·eceptors by nntagonists also may causl\ up­
rcgulllt.ion. The abrupt discontinuation of treatment, such 
t:h11i drug levels fall faster t.hon l'e.•l'egulaiion, mny be fol· 
lowed by excessive activity, eg, in pernicious tochycordio and 
angina pcct.oris from abrupt withdrawal of J>ropranolol. 

Excessive agonism will lead to a decrease in the numhc!r of 
receptors or in stimulus-response coupling. This is one 
c;:iuse of rochypbylaxis or tolerance, such ns occurs to the 
bron chodilator effects of /S-adrenorecep\.or ogonist.s. 
Abrupt. withdrawal may result in poor residual function or ill 
rebound effects, depending upon the type of effect c11used by 
t.he agonii;t. Excessive agollism also may cause desensitiza­
tion by agonist-induced changes in receptor con format.ion to 
inactive, s lowly reconformable sta t;es. 

Mechanism of Drug Action 
Any metabolic or physiological function 1mwides a poien­

iinl mechanism of octiou of n drug. T he term mechcmism of 
action has been employed in a number of ways. In the past 
it. was orten ihe habit. to confuse the site, 01· locus of action, 
with the mechanism of act:ion. For example, the mechnnism 
of the hypot.ensive action or tet.r11ethylammonium ion origi­
nally was described 11s that of ganglionic blockade, which did 
nothing more than identify the nnntomical structure upon 
which the drug acted. In a general sense, t.his was a partial 
elucidution of t he tnClchani8m of action, if mechanism is used 
in the mechanical sem;e of I.he entire linkage betwecm the 
input nnd output of n machine. However, there has been a 
grodual narrowing of the definition of mechanism of !lction 
to he restricted to only the first event in the action-effect 
sequence, thni is, only to the altaration of rnceptor function 
by the drug, In this sense, the mechanism of action of 
tetrallthylammonimn is defined more appl'opriately as that 
of competition with acetylcholine foi· nicotine cholinergic 
receptors on the postsynapt.ic ganglion r.ell membrane, even 
thou~h the alterntion in l'ecept(Jr func\.ion is not defined. 
The ultimate mechanism of act.ion is lc11<lwn fo1· onlv a few 
drugs. • 

It ii; customary to spenk of n drug as a stimulant or a 
depressant, or the aclion as being excit11tory or inhihitory, 

etc:. Such tel'ms describe only the effect. and not the action, 
and they have no bearing u1>011 whet11er ihl' drug augments 
receptor function or diminishes it. In biological systems, 
positive and negative modulation and feedback occur at. 
every level, the organ as well as the suhcellular. T hus, an 
agonist to a negative modulot.<>r may be able Lo bring about 
the same effect as an antagonist to a posiLive modulator. Ii 
ii; possible for an antagonist or iuhibilor to elicit an exciiot.o­
ry cffecL. An example is t.he convulsant action of stl'ych­
nine, which results from its antagonism of glydne, an impor­
tan t mediator of postsynnpiic inhibition in Uie central ner• 
vous system. Conversely, ii. is possible for an ngonist to 
elicit an inhibi tory affect.. An example is the reflex brady­
cardia that 1·esults from the stimulant action of verntrum 
i1lkoloids on chemorcceptors in lhe left ventricle. 

Because of tJ1e central role enzymes play in cellu lar func­
tion, it is not surprising that thoughts about the mechanism 
of action of drngs has focused largely upon enzymes. Ago­
nist drugs conceivably could serve as su bstratcs, cofactor~ or 
activatof8. At the J>t·csent t ime, no drug is known definitely 
to ei.ert. its action ns a substrate or as a cofactor, exclusive of 
vitamins und known nut,rients. However, at least. ibree 
clMscs of drugs are known and several are suspected t.o work 
through the activ11Lio11 of enzymes. 

:I 
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Tht1 most. notable example. of c1w,yme acLiva1.ion is t.hut. of 
epiimphrinu and simil1u fl-nd1·cno1'C!c1•pl.or ai:onist~, whkh 
activate adenyl cyc:lase to irn:ruuse t.he product-ion of :r ,!>'­
cydic a<lcnylic nc:id (cyclic AMP; cAMJ)). 'I'he metabolic 
ancl cardiac effects of catecholamines m·t, nttributnble, io 
part, w i,h<: incrcmenL in cAMP. 011e modulat.01· of adenyl 
cyclase is the /3-adrcnertiic receptor . Thc. iJ-adrenornt:t,pf.or 
is coupled to ,Hknylatc cyduse t:hrough a rc1{ulatory prot.C!in 
that binds GDP nnd G'PP (G -protein). When GDP is 
present, I.lie ai:-onir;t.-recepto1· complox is associated with the 
regulatory prnt.ein. GTP causes Lrnnsfcr of the regulatory 
pl'ol.<,in to adc11ylatc cyclase and dissociat.ion of the {J.udl'<,­
nm·oc:ept.or. Glucugcm a lr;o owes it,c; hypcrglyc11mic actim1 Lo 
activation of hepfltic adenylnt.e c_ydase. A number of other 
agonists also a<:tivatc adenylal e cyclase. '!'here is, t.hus, the 
intcl'C$Ling 1>hcnonwnon of one 0111.yme, adHnyl cydmm, be­
ing activatc<l by numerous chemically unrelated drngs. 
Since i-1-adrcMrgic-blocking ngent.s do not 1111tugoniie :~luca­
gon, it. is obvious thatglncagon work~ upon n different recep· 
t.or than dol'tS epinephrine. 

Thus, cAMP activates protein kinuses !,hat. increase the 
acf;ivity of phosphorylnse, acLomyosin, the ;;cquestral.ion of 
cnldum hy the sat·coplasmic reticulum and calcium chnn• 
nels. 'J'hercfore, a brief nct:ivat.ion of the P-adrenorecept.01· 
sel.~ in motion a cascade of events that l(rMt.ly amplify the 
signal. Kinases also part.ici1Jat.<1 in down-ret,ul11lion t111d dc­
sen11it.ization. 

Other import.ant enz~mes coupl<id to rcce1>L<>rs are gua­
nylnte cyclnse and phospholipascs A 1111d C, which are in­
volved wit h membrane fluidity and calcium channels, re­
spectively. 

M11ny drugs am inhibitors of enzymes, When thcdl'llg is a 
competitfoc inhibitor of a natural endoiienous substrntc of 
the onzyme, it is called an 011 timetabolite (see also p11ge 431). 
Examples of nutimctabolites are sulfonamides, which com­
pete with pnra-nminobenzoic acid and, thus, interfere with 
its incorporut.ion into dihydrofolic acid and mcthot.rexa.tc, 
which competes with folic acid for dihydrofolate rnduct.ase 
and, tlrns, interferes with the formatiilJJ of folinic acid. It 
might seem that anticholine11t.erascs Ill'<: also antimetaho­
litcs, although they arc never ploced into thai classification. 
•rtie rc11son is t.hoi the prnducl.~ of r.holines!:arnse•••llceLylcho­
line interacUon do not. sub~erve importml!. motabolic: f\mc­
t.ions, us do folic and folinic acids, so that. the organism is not 
deprived of 1111 impol't(lnt metabolite by I.he action of the 
cholinest.era8c iuhibitors. 

Some drugs are competitive inhibit~H·s of em1yme sysf:oms 
whose natural funct.ion appears noi io produce useful me· 
i11bolites but to r id the body of foreign substa11ces. Inhibi­
tors of the hepatic micrnsomes nnd prohenec:id foll int.o t.hi:; 
category; the hepatic microsomes do perform a few biot.rnns­
formntions on en dogenous i;ubstrates, but the renal Lobular 
anion tranaport system docs not nppeur to be required to 
eliminate any impm·iant endogm1ous substances, 

Since ncitJier t:he hepatic miero:;omes nor the tubulur an­
ion transport. system seems t;o ho involved in re!!pons<l sys­
te1m;, inhibitors of t hese enzyme systems are antagonists 
without corresponding ngonists. Indeed, ev1Jn natural en­
dogcmous substrat1Js of eniymes are rnrely considered to be 
agouists. 

Noncompetitive enzyme inhibitors among drngs also Ill'(\ 

known. Examples are cy1tnidci, fluoride, disulfiram and c11r­
di11c glycosideg. When enzyme inhibition b1'ings about a 
positive rcsponse- eg, the cholill<!rgic effec:(s o!' the anti­
cholinestcrases or ihe effects of diazoxide conseqmmt to 
inhibition of 1>hoophodiester11sc--•-the drug appears Lo be an 
agonist. Yet , there can he nocompetilive a11t.a1~onist \.0 such 
an inhibit.or, since (.he competitor t.o the drn1~ is mo1·e sub· 
Ht.rate, to which the effect. of tJ1e drng is actually aitributublc. 

Acetylcholinc inc1'M8es the permeability of Urn subsynap• 

ik mr.mbmne t.o cationi; and t.h~! llli11rt muscle membr111w to 
potassium. The mcchuni!ml is Lhought. gmwrally t.o involve 
a chanl{e in conformation of 1J protein coHst.ituent. nf Lhe 
pot.assitllJJ channel, so I.hat ))<>re size m· permuahilit.y con· 
~I.ant is affected. The muscOl'ini<; receptor is coupled to the 
pot.nssium chnmH:11.hrnugh o. G-prot11in. Othcff autonomic 
agonist-s also arn known l.<J alter t.he pci1·menbility io ions. in 
part. throu1~h uc(.ivat.ion of udenyl cyclase, gmmyl 1,yclase, 
phospholipase-c or other enzymes. Many ch·ug-s and toxins 
act through a/1.erations in the slrudura/ and physical prop­
erli<1s of membMnes. 'l'o the extent that. some of such suh­
slunees may disperse themselves generally throughout the 
lipid phase of the nrnmbrnne i·uther t.han to comhine with 
spllcial chemical ent.ities, no definite receptors for f;Uch 
drn1:s can he said to exii;t. 

The mechanism of act.ion of certain drng8, esped11lly uulo· 
nomic drugs, often is stated to be mimirry of a natural 
neurohumor or hormone, 'l'hus, meLhnclwline mimics ace­
t.ylcholine 11!> an agonist. This docs not. define t.he mech11-
nism of adion, unless the mechnnism of act.ion oft:he nat.ural 
substance is known. 

Mimicry usually occurs because of a struct.u1·al similarity 
bet.ween tJ1e naturul substance and the. mimetic drug. Mim­
icry in agonist. functions is easy t:o demonstrate, but. t.lie sit.P. 
of act.ion may not. always be mimicry of the natural agonist at 
its 1·ecepio1· hut rather 11t an allostel'i<: site on a recept.01· or at 
its storage site io rel1u1se t.he nat.urnl agonist. 

Ii:xampkis of mimetic.-. t.hat net by release of thci na tural 
mediator are indirnc tly acting sympathomimet.ics such as d­
nmphelamine, mcphentermine, ephedrine (in pnrt), tyra­
minCl and others, which nre now known io act. by clisplucing 
norepine1>hrine from st.or11ge sites within the 11drnnergic 
nem·on. Mauy of such indirectly ttcting sympnthomimdics 
lack a direct. l:lciiou on t.he adrenergic receptor , alt.hough 
somCl, like eph<idri rw, act. both upc>ll the receptor and t.hc 
stor.ige complex. Another mimetic: by a release mechanism 
is c11rb11d1ol, whit;h promotes I.he prl.\synaptic disd111rge of' 
ac:et.ylch11linu. 

h1 tllllse exmnples, there is a close :;t.i·uctural similarity 
bllt,we1rn the mimetic and the n,lnmmd mediato1·. 111 the cuse 
of many releasers of his tamine (such as tuboc:urnrinc, poly­
myxin or morphine), no close chemic:al reilltionship llxists 
between tho releas(lt and the rnleased. In such instances, 
rnlr.n:m hns ho1~11 eltplnined b;v acf.ivation of rect,pt.ori; on I.lie 
mast-cell membrane which prnmot.e exocytosis of th!' hista• 
mimi-cont:aiuing granules, by .~n in/1ux of' calcium and acti­
vation of microtubules, all of which may be involved in 
moving the granule~ oul. of the mast cell. 

St.rucLural simih.uit.y ulso may 11id mimicry by promoliog 
chemical combination with an c11;1,yme of tlestrnction or 
some other means of disposition. l<'m· nxamt)le, met.m·a• 
minol, amphetamine, etc inhibit nwmbrane /:l'ansporL into 
the neurnn and, hence, inhihi t t.he neuronal recapture of 
rele1iscd nornpincphrine. ConsequenUy, I.he extrnncurnnul 
c:oncanb·at:ion of norepinephrine in the nearby region of the 
recept ors does not. drop us rnpidly as in t,,he absence of !.he 
mimetic, and the action of the mmliaior ia sustained. 

Some inhibitors of the enzymefi of the dei:.truction of medi • 
atm·s arc strncLurnlly similar enough to \.he mediator t~• have 
some agonist action. T his is true of neostigmine, which has 
11 dircctst.imulant ,1clio11 on nicoLinic receptors in addition l:o 
its anticholinest.erase action, In cont.ms!:, the auticholines­
terase, physosLigmine, has some antagonist actions on cho­
li1wi-gic receptors and also an effect !.o inlerfere wil,h 11cetyl­
choline synthesis. 

The above mulii1>la actions come about. because all the 
l!t.1·uc.iures 1J1at iuterm:~ with a smnll molecule medinLor (Lhc 
rcceplor, i;ynthefiiiing enzyme, destructive m1zymc, storage 
molecul('., membrane trum;port. <:arrier) mu8t have some 
common st.rnctmal fcatm·es and affinities. A drug ihat. re-
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acts wit.h onl\ of these molecules hns n distinct proba bility {Jf 

interacting with anot.he1·. 
Th<i recognition of the Cl'itical role of ion.~ in the function 

of membrunes, the excitabil ity of cells and t.he activity of 
many enzymlls has generated a renewed int.crest in ions in 
ihe mechanism of 11<-1.ion of ccrti.,in drnl{s. The inorganic 
ions, some of which arc used as drugs, lend themselves auto• 
matic:ally to a discu$ion of ionic: mechanisms. 'l'he 1·epair of 
electrolyte deficiencies by replacement therapy warrants no 
further comment here. Some nonphysiologicol ions act as 
imperfect. impersonnt.ors of physiok>gical ions; li t.hium part· 
ly substitutes for sodium, bromide for chloride and t hiocya­
nate for iodide, and each may owe it.s pharmncol<>gical ac­
tion, in pnrt, t.o a sh1ggish mnbility t hrough membrnne chtm­
nels, through which U1cir sist.cr ions normally pass readily 
when traffic is not impeded by "slowly moving vahicles." 
Iodide has an effect. lo incl'ense the penetrance of d rugs inio 
caseous and necrotic areas, \.o aid in t.hc resolution of gum­
mnt.cms lesions, to reduce t he visc()sity of m1tC()US secretions 
and other odd t!ffects; it. is 1.houisht. t.o do $0 by increasing t.h11 
hydration of collagen a nd mucoprot.cins by a poorly under­
stood mechanism. 'l'he transi tion elements and heavy met­
als have in common the abili ty to form complexe~ wit.h 11 

variety of physiologically active subsumces, particularly the 
active centers of many enzymes, Che.I.at ion und other types 
of complexation arn the mechanisms of action of several 
drug~ used to treat heovy-mctol intoxication, disea.ses th11t 
involve abnormal bo<ly burdens or plasma levels of heovy 
metals and hypercalcemill. Chelntes and chclfltion are dis­
('.us~ed in more detail in Chnpter 14. 

There is much interest in tJie effects of drugs on ion move­
ments. Cardine glycoside~ arc known to inhibit an ATPase 
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involved in the membrane t.ransporl. of S()dium and several 
other substances, which indirectly causes nu increase in in­
tracellular culcium cont.cnL. In part, the mechanisms of 
action of local anestJ1ctics, quinidine and VMious other drugs 
also nl'e speculnted to involve calcium movement..~. In the 
pasL decade I.here has appeared a whole new class ()f drugs, 
the calcium channel blocker~. 

ConcomitJrnl. wi th t.he development of molecular biology 
w11s the appl'cciation that dl'ugs act throu1~h nuclear and 
extran.uclear genetic mechanismH. Nitrogen mustards 
have long been known to interfc1·c with ihe replication of 
DNA. Streptomycin, kanamycin, neomycin and gent.amicin 
cause misreading by the r ibosomes of the code incOl'porated 
into messenger RNA; uit racyclincs, erythromydn and chlor­
amphenicol inhibit the synthesis of protein nt tJ1e ribosomes; 
und chloroquine, novobiocin and colchicinc inhibit DNA 
polymerase. Other drugs induce Lhe productioll of enzymes; 
aldosterone appears t.o net by ind ucing the synthesis of the 
enzyme, mmnbrnne A1'Puse, necessary to sodium transport .. 
In gcnernl, steroid hormones comhine with a cytosolic rncep• 
tor, the complex of which is processed and iranslocated t.o 
the chl'omatin, where gene expression is altered. Many 
drngs induce one or mo1·c of the hepatic and axtrahepat.ic 
cytochrome P-<1 50 enzyme.~. 

A numhel' of drugs have simple mechunisms thol. do not. 
involve an action at the cellular level. Examples are bulk 
and :mlinc cathartics, osmotic diuretics and chole~tyramine. 
AIUiough such drugs usually do not: generate much excite­
ment. 11mong p harmacologists, they clo i;ei·ve as a reminder of 
the many avenues t hrough which II mech11nism of action may 
be expressed. T hroughout. the various chapters of Part H, 
specific mechanisms of action may be mentioned. 

Absorption, Distribution and Excretion 
No mutt.er by which route a drug is administered it must 

pass t hrough several to many biological membranes during 
the processes of absorption, distribution, biotransfonnation 
and eliminntion. Since membranes are traversed in nil of 
the$e events, t.he Sltbjecl of t.hir; sec:tion will begin with a brief 
description of biological membrnnes and memhrnnc process­
e~ and t he rolnt.ionship oft:hc physiochemicnl 1m1perties of a 
drug molecule to penetrunce and t:rnn~por t .. 

Structure and Properties of Membranes 

'l'hc concept that a membrane surrnunds each cell aro~e 
short.ly afte1· the cellulal' nnt:ure of tissue was discovered. 
The biologicnl and physioch,:nnicol p ropert ies of celli; 
seemed in accord with Lhi~ view. In the past, froin time to 
time, the act\lal exist.ence of the membrane has been ques• 
tioued hy brilliant men , and ingenious explnnations have 
been advanced to explllin cellular integrity nnd the osmoti<: 
and clectrophysiologicnl properties of cells. Microchemicol, 
X-l'ay d iffraction, clect.ron microscopic, nucleal' magnetic 
resonance, electron spin r esonance nnd other investigations 
hove proved both the existence and natrn·e of tllC! 1>lnsmn, 
mitoc:hondri.11, nuclear and other cell memhrnnes. T he de­
scription of the plasma mem branc tha l. follows is much over­
simplified, but it will suffice to provide a background for an 
understanding of penetrance into and through memhl'anes. 

Stnic ture and Composition- The cell membrane hus 
l~en de1;<:ribed 11s a "mayonnnii;c sandwich," in which 11 
bimolecular layer of lipid material is entl'uiued between t.wo 
parallel monomolecular layel's of protein. However, the 
proiein does not make continuous layers, like the bread in 11 

sa ndwich, bl1t l'ather is i;poradically scuttercd over W1e sm• 

faces, like icebergs; ie, much of t he prowin is below the 
surface. In Vig 35-8 the lipid layers are reprcscnte<l 111; a 
somewhat orderly, closely pucked lamellar army of phospho, 
lipid molecules associattid tail- io-1.ail, each " t.ail" being 1111 
alkyl chain or steroid group and the "heads" being 1>olnr 
groups, indllding the glycernte moieties, wi th t heir polar 
eLh<!I' oncl carbonyl oxygens and phosph11t.e with at tached 
polar groups. In r0ality, the lamcllar portion is probably not 

(}f' /:XTRIICf:i.W!.Afl 

,:li e · 

Fig 35-0. Slmpllfiod cross section of a cell membrane (components 
are not to scale). The lipid Interior of tile lamellar portion of lhc 
membrane consists of various phosphollpids, tatty acids, choleslorol 
and other steroids. Ions are indlcatEld In order lo illustratodlllerences 
ln size rolative to 1he channel. Pr: protein; Su: sugar, 
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so orderly, since it.s composition is quite <:omplex. Chains of 
faU.y acids of diffonmt der,rces of sat.urution nnd diolci;t.erol 
cannot orrny themselves in simple purnllel arrangements. 
l~urU1ermore, the polar heads will nssume a number of orien­
tations depending upon the substances imd groups involved. 
Moreover, t.he lam(illor portion is JlflllCtrnted hy lurr,e globu­
lnr prot.eins, the int.erior of which, like the lipid layers, has a 
high hydrophobicity, and some fib1·ous proteins. 

The plllsma mcmbrauo appcors to be rn,ymmetrical. The 
li1>id composition vurics from cell type t.o cell type and per­
hapR from site to siLe on the same membrane. '['here are, for 
example, d ifferences between the membrairn of the en do­
plasmic reticulum and Lhe plasma membrane, even U1ough 
the memhranes are coextensive. Where membranes are 
double, Lhe inncl' and outer layers may differ considerably; 
Lhfl inner and outer membranes of mitochondria have been 
shown to have strikingly different. compositions and proper­
ties. Some authorities hnve expreKsed doubt ns to the exis­
te11ce of the protein layers in biological membranes, al­
though the evidence is prcpondei·nnt~v in favor of at lMst 1111 

outer glyco1>rotein <:oat. Sugar moieties also nre ntto.ched t.o 
the out,er prot.ei11s; these sugar moieties are important to 
cellular and immunological recognition and adhesion 1111d 

have other functions as well. 
The c0ll memhratHl appearB to be perforated by wnt0r­

fillcd pores of various s izes, varying from about 4 to 10 A, the 
majority of which are nbout 7 A. Probably oil major ion 
channels are through the large globular proteins t hat tra­
verse the membrane. 'l'hrough these pores poss inorganic 
ions and :;mall organic molecules. Since sodium ions arc 
more hydrated than potasllium und chlorid<> ions, t.hey are 
larger and do no1. puss as freely through the po1w; us potassi­
um and <:hloride. The vaf!cular endol,hclium appears to 
have pores 11L least as larwi ai; 40 A, hut these $\eem Lo be 
interstitial passages rather tha11 transmembrane pores. 
L i1>id molecules small enough to pass through the pores may 
do so, but. they hove 11 higher probability of cnlering into the 
lipid loycr, from where they will equilibrate chemically with 
the interior of the cell. l~rom work on monol11yers, some 
researchers cont.end that it is not. necessary to postulnte 
pores to explain the permeability to water and small wat:er• 
soluhle nl{)lecules. 

Stratum Col'nc11m- Although the st.n1tum corneum is 
not o membrane in the some sem;e os a cell membrane, it 
offers a harrier to diffusion, which is of significance in the 
topical application of drugs. The stratum cornemn consists 
of several layers of dead kerat.inizcd cutaneous epithelial 
cells emne$hed in a matrix of kerotin fibers and bound to­
gether wit,h <:emnnt.ing desmosomes and penet1·oting tonofi­
brils of keratin. Varying amount!\ of lipids and fatty acids 
from dying cells, sebum and sweat are contained among the 
dead squamous ce.lls. Immediately beneath the layer of 
dead cells and above the viable epidel'mnl epithelial cells is a 
layer of keratohyaline granules and vmious water-soluble 
substances, such as alphtH\mino acids, purines, monosac­
chnrides and ureft, 

Both the upper and lower layers of the stratum corneum 
nrc involved in the cutaneous harrier to penetration. 'l'hc 
barrier to penet.ratfon from the sttrfac,-c is in the upper layers 
for water-soluble substances and Lhe lower layers for lipid ­
soluble sl1bst.a11c0~, and th0 banier tt> the outward move­
ment of water is in the lowest layer. 

Membrane Potcntials--Across th0 cell membrane there 
exists an electrical potential, alWll)'S negative <m the inside 
and positive on the outside. If u 1:ell did not hnvc $pecial­
mcmbrane electrolyte-trantiport processes, its membrane 
potent ial would he mninly the result oft.he Donnan equilib• 
rium (see Chapter 11) consequent t.o the semi permeability of 
the membrane. Such potentials gcnen11ly lie lrntween 2 and 
5mv. 

·················-··----- -- -··---···----------------

A cell with a membrane acrnss which diffusible elect.rolyte 
dir;tribution is purely pas~ivc would be cxpectocl to have a 
high internal concent:ration of sodium, such as is t.ruc f'or the 
erythrocytes of some species. Howevar, the interior of most 
cells i:; high in pol:assium and low in sodium, as depicted in 
[?ig 3f,-8. Thi8 uncqunl dist:ribut.ion of cal:ions ntfosl.f: to 
special electJ·olyte-transport prncesses and Lo differential 
pcrmeubilitiea ol' diffusible ions, ~o that t.hc mcmbi:anc po­
tential is higlrnr than that which would re.~ult from o purely 
passive Donnan distribution. In nerve tissue or skeletal and 
cardiac muscle, the membrane potential ranges upwards to 
about U0 mv. 'l'he electrical gradient is on Lhe ordel' of 
50,000 v/cm, because of the extreme thinn<>.ss of the mcm• 
Imme. Obviously, such an int.enac potential grndien(; will 
influence strongly t.he transmembrane pas.~ngcs of ch,wged 
drug molecules. 

Diffusion and Transport 

Transport is the movement of a drug from one place to 
nnothcr wi thin the body. The drug may diffuse freely in 
uncombiiicd form with a kinetic energy appropriate to its 
t.hermol environment, or it may move in combination with 
extracellular or cellular oon11tiLucmLs, sometimm; in nmnec­
t.ion with energy.yielding processes that allow t.he molecule 
m· complex to overcome barrier~ to simple diffusion. 

Simple Nonionic Diffusion and Passive Trans11ort­
Molecules in solution move in a purely random fashion, 
provided they are not charged and moving in un electrical 
gl'udient. Such 1·andom movement is called diffusion; if the 
molecule is unchnrged, iL is called 11or1ionic diffusion. 

In a populati()ll of drug molecules, the probability t.hat 
during unit time any drug molecule will move across a 
boundary ill directly propo1·tional to t;he number of mole­
cules adjoining that boundflry nnd, the1'efore, to the drug 
concent.ration. ExccJ)t at dilutions $0 extreme that only a 
few molecules are prnsent, t.he actual mt.e of movement 
(molecules/unit time) is dil'ecUy prnportiolllll io t,he proha­
bili t.y and, therefore, to the concentrotion. Once molecule5 
hnve pussed through the boundary to the opposite side, their 
random motion may cause some to return and others to 
continue Lo move further awt1y from the boundary. The rate 
ofreturn is likewise proportionnl to the concenl.rntion on the 
opposite side of the boundary. It follows th1tt, alt.hough 
molecules arc moving in both directions, there will he a net 
movement from the t'egion of hir,her to t.hat of Jowc1· concen• 
trntion, nnd the net transfer will be proportional l.o the 
conce11trotion differential. If the boundnry is a mernb1·ane, 
which has both substan<Xi and dimension, the rate of move­
ment is also directly propo1·tional to the permeability and 
inversely proportional tot.he thickness. 'l'hese factors com­
bine into Fick's Lnw of Diffusion, 

.~.'l. = DA(C1 - C2) 

dt X 
(5) 

where Q ii; the net qu11nt;ity of drug tmnsfcrred across the 
membrane, t ia time, Ci is the concentration on one side and 
C2 on the othar, x is the thickness of the mcmbrnnc, A is the 
uren and Dis the diffusion coefficient, related to permeabili­
ty. 1'he equotion is more nearly conect if chemical activi­
ties are used instead of concenLrutions. Since a biological 
mmnbrnue is patchy, with pores of different sizes nnd proba­
bly with varying thicklless and composition, both D nnd x 
probahly vary from spot to spot. Nevertheless, some mean 
values can be assumed. 

It is customary to combine the membrane factors into a 
single constant:, culled ft J>ermeubilit,y const,ant or coefficient, 
P, RO that P = Dix, A in Eq 6 having unit value. 'f'he rat.c of 
net t.ronsport (diffusion) across the membrane then becomeR 
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As diffusion continues, C1 approaches C2, und t,he net ra te, 
dQ/dt, approaches :1.01·0 in tixr>oncmLial fashion charaderistic 
of 11 first-order procass. Equilibrium is defined as t.hnt. st.ale 
in which C, = C2• The equilihrimn is, of course, dynamic, 
with cqunl numhel's of molecules being trnnsportecl in each 
direction during unit time. If watar is also moving t.hroul(h 
the membrnne, it mny cit.her fo<:ilirote t,he m<>vemcnt of drug 
or impede il, according to \.he relative directions of move­
ment of water and drug; this effect of wot.er movement. is 
culled solvent drC1g. 

Jonie or Electrochemical Diffusiou--Ir a drug is inn­
i?:ed, the trnn$port properties are modified. The probability 
of penetrat ing t.he memhrane is still o fun ct.ion of conccmLra• 
t.ion, but. it is also a funciiou of the potential difforenco 01· 

electrical gradient ncrnss the membrane. A cationic drug 
molecule will be repelled from the positive chnrgc on the 
out.~ide of the membrane, and only those molecules with a 
high kinetic energy will pass through t.he ion bal'l'ier. If Lhe 
caLion is p(Jlyvalent., it. may not penetrate at all. 

Once inside the? membrane, a cation simultaneously will 
be at.traded t.o the negative charge on the int.racellular su1·­
foc:e of t.hc membrane 1111d repelled hy the outer surface; it. is 
said to be moving along t.he 1ili!ctriiutl gradi:ent. If iL also is 
moving frnm II higher t()warcls u lowe.- c:oncentrut,ion, it is 
said to be moving along its eleclrochemical gradient., which 
i8 1.he sum of the influences of the electrical field nnd t.hc 
conccmtrat.ion differential across t.hc membrane. 

Once inside the cell, cations will tend tCI be kept inside by 
t.he uttructive 1\cgutive c:harge on th1:1 interior of the cell, and 
the introc.ellulnr concentrnt.ion of drug will increase unt.il, by 
sheer numhClrs of acctmrnlnt.ed drug particles, t he out.ward 
diffusion or nrnss esc11pe mt:(» equ11ls the inward transport 
rnt.e, and electrochemi<;ul equilibriiun is said to hnve oc· 
curred. Ai electrochemical equilibrium at body tem1>era­
ture (37°C), ionized drug molecules will be dislributed ac• 
cording io the Nernst equation, 

Co Zl~ 
±log-··=-

C; 61 
(7) 

whore C,1 is the molnr BXl,rn.<,ellular and C; Uw intracellular 
concentrnt:ion, Z is the number of churges per molecul(l and 
E is the membrane potential in millivolts. Log C./C; is 
positive when the molecule is negatively charged and nega­
tive when the molecule is po:;itively charged. 

Facilitated Diffusion-Sometimes a substance m,iv<!S 
mc>re rapidly thrnugh a biological membrane than can be 
accounted for by the process of simple diffusion. This accel­
erated 1Mvement is tcl'med facilitated di// usion. It is 
thought ~o be due to the presence of a special molecule 
within the membrane, called a carrier, with which the tran~• 
ported subgtance combines. There is conside1·ed to be 11 

greater permeabili ty to the carrier-drug complex than to the 
drug alone, so that the transport rat.e is enhanced. After the 
complex trnvcrses the membrane, i~ dissociates. The cnrriel' 
musl either return to the ol'iginal side of the membrane to be 
reused or constantly be produced on one side and eliminated 
on the ot.he.- in 01·der for the carrier process to be continu()11S. 
Many characteristics of fncilituted diffusion, formerly a.t.• 
t.rilmted t<> ion cnrriers, can be explained by ion exchange. 
Although facilit.ated diff11sion resembles nctive transp1nt, 
below, in it.s dependence upon a continuous source of encl'gy, 
it. differs in thnt fucilitnl.ed diffusion will only transport a 
molecule along its elcci.rochemical grndient. 

Active 'l'ransport•••-i\ct.ivc t.runsport. ma.v be defined as 
energy-cfope11dent movement of a subst~mc:c t.hrough n bio­
loii<:111 membrane 111:11i11sL irn elcct.rochemical gradient. J't is 
<:liaracterizccl by t.hc following: 
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I. Th" suhst.ancc, is t.ranspor1<,cl rrorn ,1 rrgion of lower to on\! <>f 
higher vlcctu,chcmknl nr.t.ivity. 

2. Mcnnllotir. poisons i11terforr with trnnspnrt. 
:1. The: l.rnnsporl rn(e npprnnchos 1111 ,is,i•mptou, (ie. s11t.urnws) 11s 

<:oncmltl'ntion inc rea,;.~:-.. 
~- The: t.rnn~porl. sy~tcm usually $htlw~ 11 rcquircnumf for ,pcr.iric 

chcmi1:nl strucl 11res. 
5. Clo~cly related <:hcmi<:nls nre compct.it ivtl for th1• transpm·t s:,-s · 

tom. 

Many drngs are sccr<ited from the renul t.uhules into Ul'ine, 
from liver cells intc> bile or from the cerebrospinnl fluid into 
blood by active transport., hut the role or active t ranspol't of 
drugs in the distribution into most body com part.men ts and 
Lissues is less well known. Active transport is requirnd for 
the penel,l'ance of a number of sympathomimetics into neu­
roJ tissue and for the movement of severnl ant.icancer clrngs 
ac1·oss cell membranes. 

Pinocytosir; and Exocytosis--Many, perhaps 11II, cell~ 
are capable of a Lype of phagocytosis called pinocyto.~is. 
'fhe cell membrane hos been observed Lo invaginatc into a 
sacculor structure c:on\;nining cxtrncollular materials nnd 
then pinch off the saccule at the membrane, so that the 
saccule remains as a vesicle or vacuole within the interior of 
the cell. Since metabolic: ad.ivity is required and since an 
extracallular substance may be t.rnnsported againsi an elec­
trochemical gradient, pinocyt.osis i;hows some of the 6ame 
characterii1tics flli active transport. H<iwever, pinocyto~is is 
relatively slow and inefficient c:ompared to most active 
t.rallsport, except in gustrointest.inal absorption, in which 
pinocyt.osis is of consiclerabie importance. 

It is not. known to what extent pinocytosis contributes t.o 
tlie trunsport of most drugs, but many macromolecules and 
even larger particles cnn be absorbed by the gut. Pinocyt.o­
sis probably explains the oral effic11cy of t.he Sabin pol io 
voccine. Some drug~ themselves affect pinocywsis; eg, ad­
renal glucocorticoids markedly inhibit the process in macro­
phages and other cells involved in inflammation. 

Exocytosis is more or less the reverse of pinocyt.osis. 
Granules, vacuoles or other organelles within the cell move 
to the cell membrane, fuse with it and extrude their contents 
into the intersti~ial space. 

Physicochemlcal Factors in Penetrance 

Drn({s nnd other suhst.o.nce:- may trnve1·se the membrnne 
primarily either through the pores or hy disi;ociat.ion into the 
membrane lipids and subsequent diffusion from the mem­
brane into the cyt.osol or other fluid on the far side of th<> 
membrnne. T he physicochcmicnl ()!'ercquii;it.c~ arc differ­
ent according t.o which route is tuken. 'l'o pass through the 
pores, the "diomet.e1·" of the molecule must be smaller than 
the pore, hut the molecule can be longet· thon the pore 
diameter. The probabili ty that a Ion!(, thin molecule will be 
oriented properly is low, unless there is also bulk flow and 
the transmembrune passage of large molecules is slow. 

Water-soluble molecules with low lipid solubility usually 
are thought to puss thrm1gh the membrane mainly via the 
pores and, t.o a small extent, by pinocytosis, but rncent work 
with lipid monolayers suggests that small water-soluble mol­
ecules also may he able to pas:; readily through the lipid, and 
the necessity of postuloting U1e existence of pores ha~ been 
questioned. Nevertheless, experimental data on pene­
trance ov(irwhelmingly favor the concept of passage of wa­
ter-soluble lipid-insoluble substances t hrough 1>ores. If 
there is a memb,·one carrier or active transport system, n low 
solubility of the drug in memornne lipids is no impediment 
to penetrotion, since the drug-carrier complex is assumed to 
hnv<i nn appropriate solubility and energy from an active 
\.ransport system enables the dnig to ponetrate the energy 
bllrrier "imposed by the lipids." Adunlly, the lipi<lsnre not 
rm important encirgy harri<ffi rnther, t he barrier is the force 

7 . 
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Fig 35-9. The relationship o f absorption of the un-lonized forms of 
drugs from tho colon of the rat to the chlorotorm:water partitio,1 
coelficiont (cou,1esy. Schanke.-e). 

of attract.ion of t.he solvent. wnt.er for its dipolar to 1>olor 
solute, so ihai ii is difficult for tha solute io lenve t he water 
and enter Urn lipid. 

Drugs with 11 high solubility in l:he membrane lipids, of 
courne, poss easily through the membrane. Evcm when their 
dimensions are smnll enough W permit pas~uge through 
pores, lipid-soluble drugs primarily pass through t.he mem­
brane lipids, not. only bAcause chemical t>tll'tit.ion fnvors t.he 
lipid phase I.mt. a lso because the surface nren occupied by 
pores is only a small frncLion oft.he total membrane areo. 

Lipid Solubility und Pa rtition Coeffici<mts-- Aa Mrly 
as 1902, Overton investigated the importance of lipid solu• 

bility to the JHmet.ran<:e and absorption <>f dru1!,l,\- Ji;venLuul­
ly, i t was recognized th11L more important t.lmn lipid solubil i­
ty was I.he lipid- water distribution c:ocfficient; ie, 11 hi~h 
lipid solubility clotis no(. favor r>cmetrnnce unlosi; the wat:cr 
~olubilit-.y is low enough so that. t.he drnl{ iH not entrained in 
the aqueous phase. 

In Fig- 35-\1 is illust.rntmi I.he relationship between t.hc 
chlorofoi-m--,water partition coefficient and the colonic ab­
sorption or harbif.urntes. Chloroform prnbahly is not. the 
optimal liJ>id aolvcni for such a study, und nat.ural lipids 
from nerve: Ol' other ti6SU<\l; have been shown i-.o he supcl'ior in 
the few inslances in which t.lrny have bMn employed. Nev-­
crthcless, the correlation shown in the figure is a convincin1s 
one. 

When thu wntcr solubiliw of a substum:e. is so low t.hat. n 
significant conr.entrntion in· water or extracellular fluid 1:an-­
not be adiieved, absorption may he negligible in spiLc of n 
favorable partition coefficicml. Hence, minurnl oil, p<!-1.rola-­
t:um, etc are virtually unnh:iorbcd. 'l'he 01>t-imal parti tion 
<.'Oefficient for permeation of the skin apJ>lmrs to b(: lower 
ihnn that for the permentfon of the cell membrane, pP.rhaps 
baing as low as one . 

Dipoltu·ity, Polarity a nd N onionic Diffusion---··•'l'he 
puriition col'fficient: of a druJ{ depends upon iha polarity and 
tlrn sizo of Lhe molecule . Drugs wi th a high dipole moment, 
even I.hough un-ionized, have 11 low lipid ~olubility imd, 
hence, poor penet ronce. An example of a highly d ipolar 
substance wit.h a low parl.ition wefficicmt, which does not 
pimetrntc inl.o c<;,lls, is sulfisoxawle. Sulfodim:ine is some­
what less dipolm·, has a chloroform- water 1>art.i t.i<>n coeffi­
cient: Len t.imcs thai of sulfiHoxazole and readily pen<!l-ra(.c!H 
celL5. Ionization not only diminishes lipid solubility greatly 
but also may impede pllSijag-c through charged tn<imbranas 
(sec Ionic Diffusion, page ?O!l) . 

It is often stated thot: ioniied molecules do not penetrate 
membranes, llxcept for ions of small diameter. '!'his is not 
necessarily t.rnc, because of the presence of membrane carri­
ers for som<! ions, which effectively may shield or nelit rali,.e 
the charge ( ion-pair formntion). T he nmal tubular trans­
po1'l t-ysf..om~, which trnnsport: such obligntc ions ns tc~rocihyl­
nmmonium, prolrnbly form ion-pnb:s. Jturt,hennore, if an 
ioni7Ald molecule has n large nonpolar moiut.y such that. an 
appreciable lip id solubility is impnr~ed to the molecule in 
spite of the charge, t.he drug may penet rate, alt.hough usually 
at. a slow i-at.e. For P.Xtunplc , various morphinnn derivatives 
u1·e a bsorbed passively from I.he stomach even thouirh they 

Table I- Rates of Entry of Drugs In CSF and the Degrees of lonti atlon of Drugs at pH 7.47 

Drug 

5-Sulfosnlicvlic acid 
N-Methvlnfcotinnmide 
5-Nit.ro;alicylic acid 
Snl icy lie ncid 
Mecnmylnminc 
Quinine, 

Borbitol 
'l'hiopcntal 
Pcnt.obar.bit.nl 
Arnill<)J)yriM 
Aniline 
Sulflli:unni<lino 
Antipyrinc 
N-Ae.(ltyl-~-ominoontipyrinc 

% l>lllding 
to plesma 

protein pt<,,• 

Drngs nwi11ly ioniied at: pl-l 7.4 
22 (strong) 

-< IO (8!.rollg) 
~2 2.a 
40 3.0 
20 11.2 
76 8.4 
Dr-ugs nrni.nly w, ... ifmized (It p/-l 7.1 
<2 7.f> 
75 '1.6 
40 8.1 
20 ll.O 
15 4.0 
6 > l0.01' 

8 IA 
<3 0.5 

% un-ionixoo Ponrniol>iltly constant 
Ill pl-I 7.4 ((•m1n···1)±S.r:. 

0 <0.0001. 
0 o.oooa :1: 0.000<>6 
0.001 0.001 ± 0.0001 
0.004 O.OO(l ± 0.0004 
0.01(3 0.021 ± 0.0016 
9.09 0.()78 :I: 0.0061 

!)5.7 0.026 ± 0.00:!2 
61.:, 0.60 ±0.0lil 
83.4 O.l'I ±0.014 
99.6 0.25 ~: 0.020 
99.6 0.'10 ± (l.ll12 

>99.8 0.00:l ~, 0.0002 
>99.9 0.12 ± o.orn 
>99.9 0.012 ± 0.0010 

0 The, <.lissociiltfon <:om;lnlll of hoCh -add5 ,md bo~•:!i ii~ 1.!xpr(~li~ed .JS H pl{.i,- -n ncf!il~ive 1ot:arithm of (.Ju.~ m.:idic diss,wkllin11 constant. 
'' Sulfo~onnidioo hat\ o V<!f)' Wonkl~• nci<licJ?l'O\lJ> (J>l(41, > JO► und two very w(mh.ly hm;.i<: {tt'tHtf)t- (µJ<" 2.'/~; mtd 0.5). C••11sc~111tmf.ly, f.ht ('~impound isolnul.1l,,;om• 

111e1dy 11ndiS!l<Winh,I a l. p M 7.4. 
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nre ionized completely at the pH of gastrk fluid. Neverthe­
less, wheu a drug is a weak acid or base, the un°ioni:z.ed form, 
wiLh a favorable partition coefficient, passes thr<mgh a bio­
logical membrane so much more rnadily than t.he ionilr,ed 
form that., fm· all practical pm·poses, only the tm-ionizcd 
form is snid to pnss through I.he membrnne. This has be­
come known as the principle of nonionic diffu.~ion. 

1'his principle is the reason that only the concentrations of 
the un-ioniied form of the barbiturates are ploitcd in Vig 
35-9. 

For the flUrpose of further illustrating the principle, 'l'able 
I is provided. In the table, the permeabil ity t:onstants for 
penetrance into the cerebral spinal fluid of rats are higher 

DRUG Al3SORPTION, ACTION, AND DISPOSITION 711 

for \m-ionized drugs 1.hun fm ionized OMS. The apparent 
exceptions- barbital, sulfaguanidine ond acetylomiManti­
pyrine-may be explnined by t.lrn dipolaril.y of the un-ion­
i'l,ed molecules. WiU, barhit.al, the (.wo lipophilic ethyl 
grnups arc t.oo :;mall to compensate for Uw <:onsidernble 
dipolarity of the uu-ionir.ecl bnrhit.ul'iC acid ring; also it may 
be seen that b11rbital is appl'Cciably ioniied, which contrib­
utes to the relatively small permeabili ty constant. Sulfo­
guanidiue aud acetyla1niuoant.i1>yrine are hoth very polar 
mnlecules. Mecamylamine ulso might be considered nn ex• 
ception, sin<:e it shows a modest penMability even though 
strongly ionized; there is no dipolarity in mecamylamine 
except in the amino group. 

Absorption of Drugs 

Absorption is the process of movement of a drug fr<>m the 
site of application into the extrncellulur compartment of the 
body. Inasmuch a~ t.her<l ii. u great similnrity nmong the 
various membranes t.hnt u drug muy pnss through in ()rder to 
gain access to the extracellular fluid, it might be expected 
that. the particular site of applicot:ion (or route) would make 
little difference to the sticcessful absorption of the drnr,. In 
actuul fuct, ii: makes o great deal of diffe1·ence; many factors, 
other than the structure und composit.ion oft.he membrane, 
determine the ease with which a drug is absorbed. Thesll 
factors are discusi,ed in the following sections, nlong with an 
account of the ways that drug formulations m11y be manipu­
lau,d to alt.er the nhility of o drug to be absorbed rendily. 

Routes of Administration 

Drugs may be 11dministered by many different routes. 
'l'he various routes include oral, rectal, sublingual or buccal, 
parenteral, inhalation and topicnl. 'l'he choice of a routll 
depends upon hoth convenience nnd necessity. 

Oral Route---This is obviously the most convenient route 
fol' access t:o the systemic circulation, providing that various 
factors do not milhat.e against this route. Ornl administra­
tion does not always give rh,e to sufficiently high plasma 
concentrations to he effective; some drugs are ahsorbed un­
predictably or <mntically; paUents occasionally huve t111 ab­
sorption malfunction. Drugs may not be given by mot1th t.o 
pat:ients wit:h gastrointestinal intolerance, or who are in 
preparation for anesthesia or who have had gustrointestinal 
surgery. Oral achninist1·ation also is precluded in coma. 

Rectal Route--Drugs that Mclinorily ai·e administ<.m:id 
by the oral route ustrnlly can be administered hy injection or 
by t.he alternative lowe,· cmteral route, through the anal 
portRI into the rectum 01· lower intestine. With regm·d to the 
latLer, rectal suppositories or retentian <memos rormerly 
were used quite frequently, but their popularity bns nbntecl 
somewhat, owing to improvements in parenteral prepara­
tions. Nevertheless, they continue to he valid ancl, some­
times, vc1·y important ways of ndministedng a drttl{, espe­
ci11lly in pediatrics and geriatrics. Ju Fig a5-10 the uvuilnbil­
ity of n drug by retention enema may he compared with thnt 
by the intravenous and oral route and' rectal suppository 
administration. Ii is apparent that the ret entio11 enema 
may be a very sntisfoct.ory means of administration but thnt. 
rectal suppositor'ic!s mny he inndequate where ·rapid ubsorp• 
tion and high plasma levels are required. 'l'he illustmtion is 
not intended to lead the reader to the concluslon that a 
retention enema always will giYe more prompt nnd higher 
blood levels than the oml 1·oute, for converse findings for the 
same drug have been reported,21 but, rather, to show f.h11t the 
retention enema may offer a tiseful substitute for Lhe oral 
rnutc. 

Sublingual or Buecal UouLc- -Even t hough an adequate 
plasma concentration eventually may he achievable by the 
oral route, it may rise much Loo slowlv for use in some 
situations where a rapid response is desii~ed. In such situa­
tions parenteral thernpy usually i~ indicated. However, the 
patients with angina pectoris may get quite prompt relief 
from an acute att11ck by the s11blingual or buccal ndministrn­
tion of ni troglycerin, so t.Jrni, r>orentm:ul udmini8Lratio11 may 
he avoided. When only small 111nmmts of' dl'llgs are required 
t:o gain access to t:he hlood, the buccal route mny be very 
sutisfoct:ol'y, providing the physicocliemical prerequisites 
for absoq>tion by this rout.e arc prnsr.nt in the dntt( and 
dosage form. Only II few drngs may he given successfully by 
this route. 

Parenterul ltoutes-These routes, by definition, indude 
any route other than the orai- gastrointe~tinnl (enteral) 
I.met:, but. in common medical usage tht> term exclud0s topi­
cal administrnLion und include~ only val'ious hypodenni<: 
1~iutes. Parent.era! u<lministro.tion includes thl:' intrave­
nous, int:ramuscular and suhcutaneous rnutes. Pal'ent,ernl 
routes may be employc,cl whenever enl:eral rout.es aH• con­
trnind icated (sec uhove) or inadeq11atc. 

The inl,rauenous route muy be prcfen'ed on or.cnsion, even 
when ri drug may be well-t1hsorbed by the oral route. '!'here 
is no delay imposed hy abisorption before the administ.ered 
drng reaches the circul11tion, and hloorl levels l'ise vil·im11ly 
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Fig 35-10. Blood concentration in mg/100 ml of thoophylllne (or­
dinates) lollowlng edminlstratlon to humans ot aminophylline in the 
amounts and by the routes indicated. Doses: per 70 kg. Thoo1>hyl­
lino-ethylenediamine by various routes: -- /11fraveno11s, 0.5 g; 
•- • - • -· re/011/ion enema, 0.5 g; - •· · -···· •·· "" oral tablets-Pl., 0.5 g; 
• - • ore/ ta/J/01s-PI., 0.3 g; .... recrFII suppository, 0.5 g (courtesy, 
Truitt, et at, 20 ooapwd), 
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11s rapid ly as the time miccl!Snl'Y io mnpty t.he syringe or 
infusion bott.l(i. Consequently, t:he int.rnvenous route is the 
preferred r o11Ul when nn emergency cnll$ fol' Ill! immedia tR. 
response. 

In addition to the rapid rise in plasma concentrntioll of 
drug, another advantll((G of int.mvcm)us administrot:ion is 
Uic gteut.er prndictabilit.y of the 1>cak plusma <:oncentration, 
which, wit.h some drugs, can be calculuwd with a fair degree 
of precision. Smallc1· closes gonerally are t·equired b.v the 
intravenous t han by ot.hcr routes, but t:his usually n.ffords 110 

advanLagc, inai;much ns the sterile injectable dosage form 
costs more than cnterit: preparut.ions tmd the requirements 
for medical or paramedical supervision of ndmini!lt.rntion 
also may add lo the cost und inconvenience. 

Because of the rapid ity with which drug enters the circula• 
tion, dan1terous side effects to Uie drug may occur which are 
oft.en not <ixtant by other rout.cs. 'rhc principal untoward 
effect is a deJ)ression of cardiov11scular function, which is 
oflm1 <:all<id cl1w: slwc:h. Cousoquently, some; drugs must. ho 
given quite. 11lowly to avoid vasr.ulotoxic concentrations of 
drug in the p lasma. Acute, serious, 11lle1·gic responses also 
are more likely to occur by the intrnvenous route thnn by 
otlrnr rou l:cs. 

Many drugs are too irritnnt to be given by the oral, iutrn­
muscular or s11hcutan(l0\Js rout.c and must, of necessity, be 
glven intravenously. However, such drugs also may cause 
damage to the vC?im; (phlebitis) or, if extravasated, cause 
necrosis (slough) arnun<l 1.he injection isite. CcmsequenUy, 
such irritant drugs may bci diluted in isotonic solutions of 
snlinc:, dextrose or other media and givel\ by slow infusion, 
providing Lh11I: the slower rate of dclivel'y does not. negate the 
pnrpoi.e of the u<lminisirntion in emergenc-y situations. 

Absorption by the intmmuscular route is relatively fnst 
and this 1>arenteral route may be used where an immediate 
effect is not requil'ed but. u prompt effect is desirable. lntra­
musculor deposition also may be made of cer tain repository 
preparations, ra1>id absorption not being deRired. Absorp­
tion from an in~ramuscular depot: is more predictable and 
uniform than from a subcutaneous site. 

Jrritulfon around the injection site is a frequent accom))I!,• 
niment of intramuscular injeciion, depending upon the drug 
and at.her ingredients. Because of the dangers of occidental 
inti-avenous inject.ion, mcdiet1l supervision generally is re­
quired. Sterilizntion is neces~ary. 

In subcu.l<11ie<1us administration the drug is injected into 
t.lw ulveolnr connective tiSijUe just: below lhc skin. Absorp• 
tion is slower thun by the int.rnmuscular route but , neverthe­
less, may be prompt with many drugs. Often, howe"er, 
absorption by this route may be no foster tJum by the ornl 
rnutc. 'l'herefol'e, when o. fafrly prompt response is desired 
wil.h some drugs, t.hc subcutaneous route may not offer much 
ad"antage over the oral route, unless for some reason the 
dl'Ug cannot. be given orally. · 

'f'he slower rote of absorption by the subcutaneous rnut.e is 
usually the reason why the route is chosen, and the drugs 
given by this route are usually those iu which it is desirnd to 
SJ>rend the action out over a number of hours, in order to 
avoid either too intense A response, too short a rei;ponse oi· 
frequent injections. 1!:xamples of drugs given by this route 
are insulin nncl sodium heparin, neither of which is absorbed 
orally and both of which should be absorbed slowly over 
many hours. Int.he t l'ea.tment of asthma, epinephrine usu• 
nlly is given subcutaneously to avoid the dnng<irs of rapid 
absorption and consequent dnngeroll6 cnrdiovm;cular ef­
fects. Mnny repository preparations, including tablet.~ nr 
1>ellol.s, ore given subcuk111eously. As with other parenter al 
routes, irritation may occur. Sterile preparations also nre 
required. However, medical sur,ervision is nol req\iired al­
ways and self-administ:l'!ltion by t.his route is c11si.omary with 
certain drugs, such as insulin. 

Jn.t,.aderm.<tl inject.ion, in which the drug is injecuid into, 
rather than below the <lEirmis, is ral'ely employed, except in 
certain diagnostic and test procedures, such as screening for 
nllergic or local irritant rnsponses. 

Occasionally, even by the in l.1:oveno11s l'OUte, it. is not. possi­
ble, practical or safe to achieve plasma concentrations high 
enough so t hat. a n Adequate amount. of drug J>enetratei. into 
special comportments, such as the ccrebrospinal fluid, or 
vadouR cavit ies, such as the pleural cavity. 'J'he brain is 
especially difficult to penetrate with water-soluble drugs. 
•rhe nume blo(l(J-brain barrier is applied to the impediment 
to penetrntion. When drug:, <lo penetrate, ihe chon,id plox­
us often secretes them hack into ihe blood very rapidly, ~o 
that aclequol-0 levels of drugs in the cerebrO!;pinal fluid may 
be difficult to achieve. Consequently, intrathccol" or intra­
ventri<:ulnr administration may be indicated. 

Body cavities 11uch os the pleural cavit.y normally ore wet­
ted by a small amount of effosatc which is in diffusion 
equilibrium with the blood and, hence, is uccesllible t.o drugs. 
However, infections and inflammations may cause t he cavity 
Co fill with serofibrinous exudate which is too large t.o he in 
rapid diffusio1i equilibrium with the blood. Intracavit-ary 
administration, thus, may be required. I!- is extremely im­
portant. that st.erila und nonirritating preparations be used 
for in t:rathecal or int rncavitary administration. 

lnhnlntiou Route-Inhalation may he employed foi• de­
livering gaseous or volatile substances into t.he systemic cir­
culation, as wit.h most. genernl anestJ1etics. Absorption is 
virtually a:i, ra1>id as t he drug can be deli'1cred into the alveoli 
o f the lungs, since the alveolar and vascular epithelial mem­
brnnl\s are quite permeabl!I, hloo<l flow ii; ahundanL and 
there is 1:1 "cry lnrge surface for absorpt.ion. 

Aerosols of nonvolatile substances also may be adminis­
tered by inhalation, but the route is used infrequently for 
delivery into the sy!!tcmit, circulation because of various 
factors which contribute to erratic or difficult-to-achieve 
blood levelfi. Whether or not. an 11erosol reaches and is 
retained in pulmonary alveoli depends critically upon parti­
cle si;,,e. Particles greater than 1 µm in diameter t end to 
set.tie in the hronchioles and bronchi, wherens particles less 
than 0.5 µm fail to settle and mainly are ex holed. Aerosol~ 
are employed mostly when the purpose of administ.nition is 
nn action of the dmg upon the respirnLory tract itself. An 
example of a drug commonly given as an aerosol is isoprnter• 
cnol, which is employed t:o r elax the bronchioles during an 
asthma attack. 

To11ical Routc-'l'opical administration iis employed l:o 
deliver ii drug at, or immediately beneath, t:he point of appli• 
cation . Although occasionally enough clrng is absorbed into 
the systemic circulation t o cause systemic effects, absorp­
tion is too enotic for the topical route to be used routinely 
for systemic therapy. Howe\ler, "arious transdermal 1~repn­
rations of nitroglycerin and clonidine are employed qui tci 
succ~.~sfully for systemic use. Some work with aprotic sol• 
vent vehicles such as dimethyl sulfoxide (DMSO) also has 
generated interest in topical administ ration for systemic 
effects. A large number of topical medico.men ts ore applied 
to the skin, although 1,c,pical drugs m·e also applied t o the 
eye, nose a nd throat, cal', vagina, etc. 

hl man, percutaneous nbaorpt.ion probably occurs mainly 
from the surface. Absorption through the hair follicles oc­
Clll'S, but the follicles in man occupy too small a portion of 
t he Lota) in tegument to be of primary importance. Absorp­
tion through sweat and sel>aceous glands generally appears 
to be minor. When the meclicmnent is ntl>bed on "igorouely, 

• hit.rut.J1erol odm inistrntion denotes nclminisl.rnLion into tllc 1,crebro­
~p inal nuitl at<1ny level of thocorobro~))inal Axis, induclini; injocUon into 
the cercbrnl ventricles, which is t.hc nwst common mc,do of intrnthocal 
nchninistrnt.ion. 
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1 
the amount of the preparation t hat. is forced into t,he hair 
follicles and glands is increased. Rubbing nlso forces some 
material t,hrough the stratum corneum without moleculor 
dispersion nnd diffusion through the barl'ier. Rather lnrge 
particles of subatnnees 1,uch as sulfur have bcrnn demonstrat • 
ed to poss intact through the stratum comeum. When I.he 
i;kin is diBeosed or obrnded, the cutaneous borriel" mny be 
disrupted or defective, so that percutaneous absorption may 
be increased. Since much of a drug that. is absorbed through 
the epidermis diffuses into the circulation without reaching 
a high concentration in some portions of the del'mis, system• 
ic administration may be preferred in lieu of, or in addition 
to, topical administration. 

Factors That Affect Absorption 

In addition to the physicochemic11l properties of drng mol• 
ecules and biological membranes, various factors affect t.he 
rnte of absorption and determine, in pnrt, the.! choice of route 
of administration. 

Concentration-It is self-evident. that the concentration, 
or, more exactly, the t,hermodynamic activity, of a drug in a 
drug preparation will have an important bearing upon t.he 
rate of absorption, since 1:he rate of difflt~ion of a drug away 
from the site of administration is directly proportional to the 
concentration. Thus, a 2% solut.ion of Iidocaine will induce 
IO<!al anesthesia mol'e l'apidly than a 0.2% solution. Howev­
er, drugs administered in solid form 11re not ahsorhed neces­
sarily nt t.he maximal rate (see Physical State of Formula­
tion and Dissolution Rate, below). 

After oral administration the concentration of drugs in the 
gut is n funcLion of the dose, hut the relo.tionship is n<>t 
necesst1rily lineo.r. Drugs with a low aqueous soluhility (cg, 
d igitoxin) quickly saturate the gastrointes tinal fluids, so 
that t.he rate of ahsorptiou tends to reach a limit. as the dose 
is increased. The peptizing and soluhili1,ing effects of hile 
nnd other constituent.'! of the gastrointClstint1! conuints assist. 
in incrensing the rule ol' absorption but 11re in l;hemselves 
somewhat erratic. l?urthennore, tnnuy dn1gs affect the 
r ates of gastric, biliary and small in testinal secretion, which 
cnuses further deviations from n linear relat.ionship between 
concentration and dose. 

Drugs that are administ.ered subcutaneously or intrnmus­
cularly o.lso may not. show always a direct linear relationship 
between the rate of absorption and the concentration of drng 
in the applied solution, bt1c11usc osmotic effects may cause 
dilution or con<-'6nlraf,ion of I.he drug, if the movement of 
w11t.er or electrolyles is different. from I.hat of the drug. 
Whenever possible, drugs for hypodermic injection are pre­
pared ns isotonic solutions. Some drugs affect the local 
blood flow ond capillary J>ermenbilit.y, so thnt nt th!.l site of 
injection there may be a complex relationship of concentra­
tion achieved to the concentration t1dministered. 

Physical State of' J<'ormulation and Dissolution 
Hate-The rote of absorption of a drug may he affected 
grea1Jy by t he rate at which the drug is made available to the 
biological fluid at the site of udministl'!ltion. The intrinsic 
physicochemical properties, such as solubility and the ther­
modynamics of dissolution, are only is<ime of the factors 
which affect the rate of dissolution of a drug from a solid 
form. Other factors include not only the unavoidable inter­
net.ions among the v11rious ingredients in a give11 formulnt.ion 
but also deliberate interventions to faciliL!it.e dispersion (eg, 
comminution, Chapter 75 and dissolutiM, Chapter :n) or 
retard it (eg, coatings, Chapwr 90 t1nd slow-releai:;e fol'muln­
tions, ChapLcr 91). There are t1lso fnctors that, affed. the 
rate of delivery from liquid forms. For exnmple, n drug in ll 
highly viscous vehicle is absorbed more slowly from the vehi­
cle than a drug in a vehicle of low viscosity; in oil-in-water 
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emulsions, the raLc depends ~1pon the partition coefficient 
These manipulations ore the subject of biophannnceutics 
(see Chapter 91). 

Arc11 of Absorbi11g Surfncc--The nren of nbsorbing sur­
face is 1111 import.ant determinant of the l'nt(l of absol'1>Lion. 
To the extent thnt the therapist. must work with the absorb­
ing surfaces available in the hody, the absorbing surface is 
not subject to manipulat.ion. Howeve1·, the extent to which 
I.he existing sul'fAces may be used is subject to varintiou. In 
those rare instances in which percutaneous ab11orptfon is 
intended for systemic administration, the entire skin surface 
is available. 

Subsequent to subcut~neous or intramusculur injections, 
the site of application may be mosMg<ld in order to spread 
the injected fluid froin a compact mass to o. well-disparsf!d 
deposit. Alternatively, the dose may be divided into multi­
ple small injections, although this recourse is generolly un­
desirable. 

'l'he different areas for nhRorption o.ffonled by the various 
rout.es nccounf., in po.rt, for dif'fenmccs in the rat.es of abS<>rp· 
tion by those rouLes. T he Jorge alveolar surface of the lungs 
allows for extremely ro.picl absorption of gases, vapors and 
properly aerosoli?.ed soluti.ons; with some dn1gB the rote of 
absorption may be neinly as fast as intrnvenous inject.ion. 
In the gut the small intestine is the site of the fast.est, and 
hence most, absorption because of the small lumen and high­
ly developed villi and microvilli; t.he stomach has a relatively 
small surface area, so thot even most wenl1 adds aro ab­
sorbed predominately in the smell intestine d<ispite a pH 
partition factor that should fnvor absorption from the stom­
ach (see The pH Partition Principle, page 716). 

Vascularity and Blood Flow- Although t he thermal ve­
locity of u freely diffusible nverage drug molecnle is on the 
order of meters per second, in solution I.he rllle ul-which it. 
will diffuse away fl'om o reference point will be much slower. 
Collisions with wat.er and/or other molecules, which cause a 
l'andom motion, and the forces of aU;rnction between t.he 
drug ond water or other molecules slow the net menn ve loci­
ty. 

The time taken t.o traverSCl a given dist.flnce is a function of 
the square of the distance; on the Hverai;e it would take 
about. 0.01 sec for o net outward nH>Vement of l 11m, I sec for 
10 µm, 100 sec for 100 iun, etc. In a highly vasculm· tissue, 
such ns slrnlctal muscle, in which then, muy be more than 
1000 capillaries/sq mm of cross section, a drug molecule 
would not have to travel more than a few microns, hence, less 
thou a second on the average, w reach n ca})illary from a 
point of extravasculnr injection. 

Once t.he drug reaches the blov<l, diffusion is not impor­
umt to transport and the rate of blood flow determines the 
movement. The velocity of blood flow in a co.pillnry is about 
l mmhec, which is 100 times foster Limn the meun net 
velocity of drug molecules l mm away from their injection 
site. The velocity of blood flow is even faste1· in the larger 
vessels. Less than a mimit.e is requil'ed to distribute drug 
molecules from the capillaries at the injection site to the rest 
of the body. 

li'rom the above discu8llion it. follows that abso1·ption is 
most rapid in the vnscular tissues. DrngB are 11bsorbed more. 
rapidly from intramusculal' sites than from less vascular 
subcutaneous sites, etc. Despite the small absol'bing Sttl'· 

face for buccal or sublinguol t1bsorption, the high vnscularit.y 
of the huccal, gingival and sublingual surfaces fovors nn 
m1expectedly high ral:e of absorption. Because of hyper• 
emia, o.bsorption will be faster from inflamed t.h11n from 
normal areas, unless the prei.ence of edemn lengU1e11s the 
meon distance between capillaries ond, thus, negates the 
effects of hypermiu on absorption. 

Vusoconstriction may have a pl'ofound effect upon the 
rate of o.bsorption. When a local effect. of a drng is desired, 
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as in local mwst.hesia, absorpli<m away l'rom the i11fil tm·cd 
sile nrny b(, impeded greaUy l.,y vasoc:onst.ric:t.or.~ incl11dcd in 
the prcp11rnt.inn. Unwanted vnsoc:01mt.rii:t.ion s<m1ctinws 
may cims<! serious rm,hlcms. fol' C)(ample, in World W11r II 
many wound11d soldiers wer<! 11ivcn subcutaneous morphine 
1\lil:hotll. evident. effect. As a rnsul!., inject.ion~ wern somc;­
t.imes repented more than once. When th() [iUtfont. was rn­
move<l t.o t.hc field hospib1l, toxic nffocLs WNtld occul' ~ud .. 
clenly. ''J'he l.lxplan11l.ion is th/I t. cotd .. indnced v11soG1ms1.ric­
tion oc:currecl in the l'i<!ld; when t he patient wafi warmed in 
the hospital, vnsodi lat:ion would rcsuU nnd the victim would 
be flooded wit.h drny,. S hock also conl.ribut1,s to the effoct:, 
since during shod< Lhc blood fl ow is diminiBlrnd ond Lhere 
also may he a s11p1?.rimposed vnsocom,t.riction; repair of I.he 
i;hock condiiion t hen faci liL11ws 11hsorp!.io11. 

l;;xl.rnvascularly injected molecules 1~)0 lnrgc to pass 
through t.hf! <:npillary 1mdot.heliuu1 will, of nt,(:CSRity, cnLer 
\.lie systemic drculat.ion through (:he lymph. Thus, tlw 
lymph !low mny b11 imporLflnt. Lo t.lw abr;orption of a f<,w 
dr111:i-;. 

Movmnent··-·A numbel' of fadors cmnhilw so that movci­
ment at. the sit.e <>f injection increases the rate of absorpLion. 
l n the intest.ilw, segmcmt11l m O\llJlll\!lll.S and pcl'istnlsis aid in 
dividing and dispersing the tlrng mass. The continual mix­
ing of t.hc chyme helps ke<!p t.he <:oncen~rat.ion maximal at 
tJic~ mucosa! surfoce. T he pressurP.s developed during :;eg­
nwnt.ation und peristalsis also may favor a small amount. or 
filLrnt.ion. Movement at t.he site of hypodtirmk injectio11 
ali;<) favors absorption, sin1:e it ttmds to force t.hc inject.eel 
m11t.e1·iul through tl111 I-issue, increasing I.he surface u,·eu of 
dntg m:1s!; and clecrtlm;inv. 1.he mean digtanc:e to the capil .. 
lttrics. Movement. also incremms the !low of' blood and 
lym1>h. 'l'he sdection of a site for intramust:ular injection 
may be (kt·.(irmined hy t:he 11mo1mt of <;xpnd.<HI movement, 
ac(:or<lin11 t.o whether Lhe prcp11rnl.ion is inl.imded as a fa:;t, .. 

nct.iug or a repositnry pl'eparat.ion. 
G.1stric Motility and U:m))l.yiug .. -.. 'J'he Jn()tiliiy {)f tht• 

s1.omach i:; more im1>ortant, 1~) t.he rn t.e at. whi<:11 1111 orally 
11clminist.m·ed dl'\lg is passed on to the small in testint• t.han it. 
is t.o t.he i·at.e of absori>tion l'rnm the si<>mach itself, 8int:e for 
vurious reasons noled above, absorption from the st.omnch i,; 
usually of minor imp1H·toncc. 

'l'hu avcrnl(c empt.ying time of t.he 1mloacll1d st-<imac:h is 
nbmtl. 40 min and the half-~imc iii arnund 10 min, I.hough it. 
va1·ies according to its contents, reflex 11ncl 1>sychological 
factor:;, 3s wt!II as t.h<➔ action of <:erl.ain autonomic drugs or 
disease. 'l'h1i effect of food to delay absorption is dtm, in 
part., to its act.ion l.o prolong emptying time. T he empl'.ying 
time cau81,s i. delay in the absorpl.ion of drug, which may he 
unfavoro.ble m· favornble according to what is desired. ln 
U1e case of thernpy with antacids, gastric empt.ying is a 
nuisuucc, since it removes the unl~cid from Lhe :;t.omach 
where it. ii; needed. 

Solubility and Binding--'l'hc disso!lltion of drugs of low 
soluhili ty is genernlly n slow proccs1,. Indeed, low solubility 
is t.he result of a l<>w rnt.c of departure of d rug 111olen1lus from 
the undispcrsed pho~e. Purt.hcrmorc, since the concentra­
t ion around the dru1~ mass is low, the conccntrntion r~radient. 
from tlw site of doposit.ion Lo the plasma iH smull and the mtc 
of diffusion is low, accordint,tly. 

When it. is desired that a dru1: have a prolonged ndion hut. 
not. n high plasma co1icentr11tion, a derivative of low soluhil i­
t.y is oft.<\11 sought. The " insoluhle" ostolnt.cs and ot.her 
est.er:, of 8cvernl stcl'Oids hnva cl urn lions of act.ion of weeks 
beca111>c of Lhe slow rntes of absorption from t.he sit.cs of 
iujec\.icm. lm;oiublc suits or complmws of acidic or basic 
drngs also arc employed a~ repoi-itory prepnralions; for ex­
ample, the prncaine salt of penicillin G has a low solubility 
ttnd is used in a lllow rnleusc f'orm of t.hc mit.ibiol.ic. 

T he solubilit.y of c<!l'IHin mat:romol<:(,ul(,s is d1,p\?nd\!J1(. 

criticully on Lhe ionizution of $t.1 bsLituon!. [(l'OUJ)S. When 
t.hc~y are umphiprotic, they arc least: sl)luble al their isoC!lcc .. 
t ri<: 1>H. Insulin if; normally soluble :ii. t,he pH of the extm­
ccllulai· fluid, L,ut by <:ombining insulin wi th the i·ight pro• 
pm·tion of 11 hosic prot.ein, ~uch as prot.mnine, t.he isoehicl:ric 
pH cun be made to be opproximot<lly 'IA fllld tha c:omplex 
cau be used 11s 11 low-solubili ty p1·olo11g<1d-11ct.ion drug. For 
more details, sc<, ChapLer 91. 

Some dl'ugs may hind with natural :;ubst.anccs at. or nenr 
t.he sil:c of application. The strongly ioniied mucopolysac .. 
charidcs in <:onncctivc tissue, ground substmwe and mucous 
scct'e\,ions of !.lw gut lll'C rctnl'dnut~ !-0 the 11bsorpt.ion of a 
number of dr11r,s, ospedally huge cat.ionic or polycationic 
molecules. In t.he gut., thll binding is the lens!. at low pH, 
which should fovor absorption of la1·1:e cut.ions from Lilli 
shnnnch; how1,ver, almorpt.ion from the stomach is slow (sue 
11bove), so t.Jrnt the absorpt.ion ()f larg~1 r.11tions occms mainiy 
in the uppi,r duodenum where the pH is st.ill l'elfltivcly low. 
Phnrmacologicully inactive qual,t.m111ry ummonium com­
poundi; somHtimeg are included in an oral prepnrntion of a 
quaternnry ammonium dn1g for Lhe purpose of nnt11rnt.in1: 
the binding sites of mucin and other mucopolysaccharidcs 
uml, therohy, enhancing the nbsorpt.ion of drng. 

In addiLion t<> mucopoly;;acchnl'icles in mucous secretions, 
food in the gastroinuistinnl track binds many drngs ancl 
slows nbso1·p1:ion. Ant,11cidi1, es1>ecially aluminum hydrnxidr, 
plus otlwr busic alumim11n t\Olllpmmds and magnesium t-ri ­
silicat.e, bind amine and ammonium drugs nncl in terfore wiLh 
absorption. 

Ilonunu Effoct--•·-'I'he prnsonce of a charged macromole­
cule on one side of n i;emipermeable membrane, (impermc.• 
able to the macromolecule) will alter the concent.r11tion of 
permennt ioniied pm't.icle~ according to t.hc Donn11n e.quilib­
rium (poge 716). t\c:cordingly, drng molecules of t.he snme 
charge ns the ma<:romolecule will hP. constmined to t.he oppo-
8il~ side of the membrane. The presence of appro1>riat cily 
charged macr<>m<>leculcs not only will infl11e1l(;e t he clistrihu­
t.ion of cfrug ions in uccordnnco wii,h the Donnnn cqunt.ion 
but also increase t.Jw rat~i of 1:ran~fer of ihe dl'Ug across tlrn 
membrane, because of mut.unl ionic repulsion. 'fhis cffocL is 
somot.inrns 118ed to fncilitutc the abs(lq >tion of ioni:t.ahle 
drugs from t.be ga~Ll'oin teslinal tract. 'l'he Donnan effect 
also operates to ret.ard the abHor1>iion of drug ions <>f 0 1>PO· 
sil.11 c:hurge; however, the nuttttul elcct.rostatic attraction of a 
m11cromoleculc 11nd drug ion gcnel'ally results in ucl.ual bind­
ing, which is mill'C impm·tani than ihc Donnnn <!ffect.. 

Vehkles a nd Abso1·ptio11 Adjuvanlfl· .... Drugs thnt. urn t11 
be applied t.opienlly to Lhe skin 1111d mucot1H me.ml.Jrones 
oft.en art' dii;:;o)vcd in vehicles t.l1at are thou1~ht to enhmwe 
pe11etrn1i<;e. !•'or a long time it was thought that olt,11ginous 
v<?hicle~ prnmoted U1e ohsorption of lipid-:;oluhle drngs. 
However, t.he role and effecL of the vehicle ha11 proven t.o be 
t.Juit.e c1implcx. In the sldn at least five factors are involvt'\d: 

I. 'l'lrn offr.ct.nrtlw vchitk, l1>;1lter Urn hvdrnllon of lh<' ke.rnl in iu Ilic 
hal'dcr l11yer. • 

2. T h<! dfod nf l h« "d iicle to promote or prevent (.he <'uilcclion of 
sw1!11I nl I.he ~urf,11:e of tlw skin. 

:1. 'l'lm p,irnLi<>u c.ocl'i'icient or the dru1: in ,l vehicle-waler ~)'SH,m. 
•I. The ))f.l'lll<:ill>ilit.y of J.lm s)tl11 to llu, un,li,;,solv«d clrur,. 
5. Thi• penm,ahilil.y or Uu, skin I<> the vehicle. 

'J'he <?ffoct of the vehicle to aid in the occess of the dru1, t.o 
thci hair f'olliclcs aud sc!bt1c1iot1s glands ali;o may be involved, 
uh.hough in mun Ll1l' follicles and glands are probably cmli­
n11rily of minor import.unce to absol'pt.ion. 

A laye1· of nlenginous mat.el'inl ovtn· 1.he. skio prevents 1.he 
1w11poration of wat.cr, so Lhat. the :;trnitlll) corneum ma_y bu .. 
come mat.:crat.c,d and more permeable t.o di'ugs. ln dermu­
t;ology it i~ somet:imes the prnctice h1wr11p Lhe.i;iLe of up1>lica­
tion with plnst.k wmp or some ot.hm· wat.crp1·oof material for 
the p\trpo8c of increasing t.hc mi1ceral.ion of Llrn st.rnt.um 
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corneum. However, the layer of per11piration that fom1~ 
under an occlusive vehicle may become a barrier l.o lhe 
movement oflipid-soluble drugs from ihe vehicle to the skin, 
but it may facilitate t he move,nent of water-soluble drugs. 
Conversely, polyethylcme glycol vebides remove the perspi­
ration and dehydrate the barrier, which dec:reases the per­
meability lo drugs; sud.> vehicles remove the aqueous medi­
um through which waler-soluble drugs may pass down into 
the ~tratum corneum but at the s11me time facilitate the 
trnusfe1· of lipid-solubfo drugs from the vehicle tot.he skin. 

Even in the abi;encc of a vehicle, it is not clear what 
physicochemical prope1ties of 11 drug fovor cutaneous 1>ene­
tration, high lipid-solubilily being a prerequisil,e, accol'cling 
Lo some authorities, 1uid an ether--watcr partit ion coefficient 
of approximately one, according to others. Yet, the pene­
trntion of ethonol and dibromomethane aro nearly equal, 
and nther such enigmas exist. It is not surprising, them, that. 
the effect:; of vehicles are not altogeth!!J' precliclable. 

A ~C\nP.ral slut.ement might be made that if a drug is quiU! 
soluble in a poorly absorbed vehiclC\, the vehicle will relord 
the movcmellt of the drug into the sldn. For example, sali­
cylic acid is 100 times as permeant when absorbed from 
water than from polyethylene glycol and pentanol is 5 times 
us permeunt from water as from olive oil. Yet, ethanol 
pcnet:ratP.S !i times faster from olive oil than from ei!,her 
water 01· ethanol, 1111 of which denies the trustworthiness of 
generali1.at.ions 11bout; vehicles. 

Sinct! t,he 1960s, there has been much int.crest, in certain 
highly dielectric a1>rotic solvent-,;, especially dimethyl sulfox­
ide (DMSO). Such substances generally prove to be excel­
lent solvents fol' both water- and lipid-soluble compounds 
and for some compounds not soluble in eithe1· water or lipid 
solvents. The ext1·nordinnry solvent propei·ties probably 
are clue to a high polmi1,ability and vun <for Waals bonding 
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capacity, a high degree of pola1•ization ( dipole moment.) and 
u lack of nssoci11tion through hydrngen bonding. As u vehi­
cle, DMSO greatly fncilil.utes the permeation of the skin and 
other biological membrones by numerous drugs, including 
such large molecules as insulin. The mechanism is under­
stood poorly. Such vehicles have a potm1t:iul for many im­
portant uses, but ihey are at present: only oxperimental, 
pending further inve~tigations on toxicil.y. 

From time to time, a cloim is made that a new ingredient 
of a t.nblet 01· elixir enhances 1:he absorption of a drug, and a 
comparison of plusma levels of the old and new prep111·aLions 
seems to support the claim. Upon furthc1· investigatio1,, 
however, it may he revealed tlrni the new so-called absoq>• 
tion adjuvant is replacing an ingredient that prnviously 
bound the drug or delayed its absorption; thus, the new 
"adjuvant" is not an adjuvant but rather it is only a nonde­
tenent. 

Othe t· Factors- -A number <>f other less-well-defined fac­
t.ors a ffect the absorption of drugs, some of which may oper­
ate, in part, through facto rs already cited obove. Dii;easc or 
injury has a considerable effect upon absorption. Por exam­
ple, clebridement of the sli·atum corneum incre11ses tbe per­
meability t.o wpical ugent.5, meningitis incrooses the perme­
ability of the blood--brain barrier, biliary insufficiency de­
creases the absorption of lipid-soluble substances from 1,he 
intestine and acid- base disturbances can affect the absorp­
Lion of weak acids or b11ses. Ceruiin dl'Ugs, such as ou11bai111 

that affect active transport processes may interfere wilh the 
absorption of certain other drugs. The condition of the 
ground .~ubstanee, or "intrace.llulor cement ," probably beal'JS 
on the absorpiion of certain types of molecules. Hyaluroni­
dase, which depolymerizes the mucopolysaccharide ground 
suhst11111:e, <:an be clemonst rut.ed to facilitata the absorption 
of some, but not all , drugs from subcutnneous sites. 

Drug Disposillon 

The term drug dispnsiti<ln is used here lo include all 
processes which tend to lower the plasma. concentrnt.ion ol' 
drug, 11s opposed to drug absorption, which elevates t.lJC 
plasma level. Conscquent,ly, ihe dist.ributfon of drngs to the 
various tcissues will be consiclel'ed under Dispo:,ition. Some 
authors use the term dii;posit ion synonymously wH.h elimi­
nat.ion, that is, to include only those processes which de­
crease the amount of drug in the body, In the prescmL 
context, disposition compr ises three cut.egories of prncesses: 
distribution, biotransformaiion and excret.ion . 

Distribution, Blotransformation and Excretion 

The tenn distribu./.ion is self-explanaLory. It. demotes the 
partit ioning of II drug among the numerous locations where n 
drug ma_v be contained within t.Jie body. Biotran,f omw­
t.ions nre the alterations in the chemical stnt<:ture or a drug 
that are imposed upon it by the life processes. Excretion is, 
in o. sense, t.he converse of absorption, namely, t,he transpor­
tation of the drug, or its products, ou~ofthe body. The t.crm 
applies whether or not special organ8 of excretion ure in­
volved. 

Distribution 

The body muy be corn;idcred to compri~c n number of 
compartment:s: enteric (gastrointestinal), plasma, intersti • 
tinl, cerebrospinal nuid, b ile, gl11ndular secretions, urine, 
storage vesicles. cytoplasm or int.l'acellular i.pace, et.c:. Some 
of these "compm·tment.s,'' such t18 urine and secretions, m·e 
opC:ln•ended, but since theil' contenls relate t-0 those in the 
cl<isecl compmtments, they also must be included. 

At first: thought, it may seem that if a drug were dist.l'ibut.­
ed passively (ie, by simple diffnsion) and the plasma concen• 
tration could he maintained nt a steady level, the concentra­
tion of a clrng in the waler in all compart,ments ought. to 
become equal. It is uue thnt some substances, such as 
ethanol and antipyrine, are distributed near ly equally 
th roughout, the body water, but they are more the exception 
than the rule. Such substances arCJ nrninly small, ~m­
d1arged, nondissociable, highly water-soluble 1nolecules. 

1'he condition of small size and high water solubility al­
lows for J>assage through the pores without the nece.'l!lity of 
carrier or active transport:. Small siie also places a limit 011 
van der Waals binding energy and configurut-ional com1>le­
mentariness, so that binding to proteins in plasmu, or cells, is 
slight. The presence of a charge on ll drug molecule makes 
for unequal distribution across charged membrane~, in ac­
cordance with the Donnan dist.ribution (see below). Disso• 
ci11bility cattaes unequal distribution when thel'e is II pH 
differential between compurtment.s, 11s discussed under The 
pl-I. Partiti1Jn Principle (see below). ' l'hus, even if a drng is 
distr ibuted J)£1$Sively, itfl diBtributiou may be uneven 
throughout. the body. When active tranl!port into, 01· a rapid 
metabolic destruction occurs within, some compartments, 
uneven distrib ution is also inevitable. 

'f hc pH Partition Pa·i11ci11le - · An important, conse­
quence of nonionic diffusion is that II difference in pH be­
tween two compartments will have an important influence 
upon the partitioning of 11 weakly acidic or basic drug be­
tween those compartment.~. The p11l't.iU011 is such thaL the 
un-ionized form of the drug has the same conce11~raUon in 
both compal'lment.s, since it is the form ~hat is freely cl ilfo!l­
ible; the ionize.cl form in each compal'tmc:mt will hiwe the 
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concentraLion thnt is determined by the pH in th!)(. compart­
ment, the t>K and Lhe concentrntion of the un .. ionizcd form. 
The governing effecl. of pH und pl{ on the part.it.ion is known 
as the pli partition pritir.iplc. 

1'o illustrate the principle, con,:;idor t:he portition of ~nli­
cyhc ncid between the gi\s\;ric juic<~ and the intel'ior of a 
g11stric m\tcosal cell. Assume the pH <>f the gn~Lric juice to 
be 1.0, which it occn:;iom1lly become,;. 'rhe pl<11 of salicylic 
acid is 3.0 (Mortin10 provi<les one source of pl{ values of 
drugs). With the Henderson--1-fosselbnch equl\tion (see 
page 24-2) it may be calculated that the drug is only I % 
ionized nt pH 1.0." Tiu; intrucellular pH of most cells is 
about 7.0. Assuming the pH of the mucosa) cell t<> be the 
same, it may be calculated t:hat sulicylic acid will be 99.99% 
ioni1.od within the cells. Since the concentration of the un­
ioni¼cd form is theol'etkally the snme in both gastric juice 
and mucosa) cdls, it follows that t:IJC tou1I concent.ration of 
the drug (ionized + un-ionizcd) within the mu<:osal cell will 
be 10,000 times greater than in gnst.ric juice. This is illus­
trated in J?ig 35-11. Such a relatively high int.rucellulur 
concentration cun have importnnt, osmotic and !.oxicologic 
cons<!quencas. 

Hud the drug been a weak lmse instead of an acid, the high 
concentrntion would have been in the gastric juice. In the 
small intestine, where the pH may i·auge from 7.5 to 8.1, 1;he 
partition of a. weak acid 01· bllse will be the reverse of Ll)lli in 
the stom11cl1, but. the com;entration difforcniial will be less, 
because the pH differnnt.ial from lumen t.,) mucosa) cells, et<:, 
will be less. The reversal of partition as the drug moves 
from the st<>mach Lo the imiall int.est.inc accounts for the 
phenomenon that some drngs may be 11bsorbe<l from one 
gastroinwstinal segment. and l'eturncd t.o another. The 
w@k busc, atropine, is absorbed from the i;mall intestine, 
buf., because of pH partition, it. is "secret.t,d" into the gastric 
juice. 

'i'he pH partition of drngs has never been domorn;l-l'ated Lo 
be as marked I\S that: il11.1st.rnied in l•'ig 31i-ll und in the text. 
No~ only do many drug ions probably pass Lhl'ough Urn pores 
of tho membrane tl> a significant cx1.eni, but also some m11y 

• The relationship of ionizaiion mid pnrtili<>n l<> pli nm! pl( hns been 
fonnulotcd in ~cvcrnl different. wnys, bul. the suulcnl may <•nlcuintc \.he 
cc>ncent.rat,ions fro1,1 ~i,nJ>le mHss lnw t~qt1alio1•~i. 1\'il)rl! :;ophi:;t,icnlm.l 
~,11culal.iuns and re.viow,; of thi~ subject ao·t, nvnilableY•' ' ""' 

.,, ............... ._ .... ~ .. ,.,..__ .......... 

MUCOSAL CELL GASTRIC JUICE 
CYTOPLASM 

pH 7.0 () pH 1.0 
f11 

' r 
l"'{Ull·iOAi>.od) ~~--:;: g ( Un-ionizodJ ~ 1 ', 

~t 

5': 
rn 

~~ :s:: 
U) 
:::0 
J> 
z 

9S ,99 , l1oni2 cd J Ill C !onizcdJ O 0.01 

-· .. _ . ......... 

Fig 35-11. Hypothetical partition of salicylic acid betwoen gastric 
juice and the cytoplasm of a onstric mucosnl c0IL It Is assumed that 
tho Ionized form cannot pass through lhe cell membrane. The 
1ntmgas1rlc concontratlon ol salicylic acid is arranged arllllmrlly to 
provide unit concantratlon ol lhe un--lool7.ed form. Bmokelod valuos: 
concontratlon: 11n·ows: rolallvo slw depicts tho direction In which 
dissociation-11ssoclRtlon is favored nt oquillbrlum. 

pass through the lipid phase, as ox1>laincd abov<1 for the 
mo1·phin1mH nnd mecamyll1mi11e. Fm1.h,:mnore, ion-pair 
form111.ion in currier transport also byp11:ises nonionic diffu­
sion. All prncei;scis thni tend toward an eq11al dis1:ribut.ion of 
drugs across membranes, and umon,J compart.m,mt.s, will 
cause furl.her deviut:ions from U1eorel.ical prc~diction8 nf pH 
purtition. 

Elcctt·ochcmicul and Do11n11n DiHti-ibution- --A drng 
ion may be dist.ribut;ed passively acro!JS a m0mbrn11c in nc­
cor<lance with t:he membrall(l pot.enti11l, t:!11i d111rge on I.he 
drug ion nnd Lite Donnan effocL. 'I'hc relationship of the 
membmne poientiol to t.he passive di:;t.ribut.iou of ions is 
expressed quantil:utively by the Nernst equation (Bq '7, page 
709) and already has been discusst!d. Baning active trans­
port, pH 1>artition and binding, the drug will be said to be 
distributed nccording l() th1,1 e)(!c:trical grndi1mt 01· 1:0 its 
"equilibrimn" potential. If t.he memhnrne potential is 90 
mv, the c:oncenf;rnLion of n univ11lm1t cat.ion will bf! 30 times 
a1:1 high within the cell »s withou~; if Lhe drug cation is 
divnleni, the ratio will he 890. Th<l dii;tribuLion of anions 
would he just t:hc! rcve1·so. If the membrane potential is bu 1. 
9 mv, the ratio for n univalent cation will be only 1.1 and for 11 
divolentcation only 2.0. It, thus, can be seen how impol'tallt 
membraue potential mny ha lo the distribution of ionized 
drugs. 

It was J>ointed out under Membrrme Potentiafa, page 707, 
tha t large poUmtinls derive fl'(nn a<:tive tram,port. of ions but 
tha t smull potentials may result from ))011n1111 distribution. 
Donnan membrune theory is dil!Cufiscd in Chnpt.e1· 14. Ac­
cording t.o I.he theory, tlrn rntio oft.he int.rncellulnr/ext:raccl­
lular co11ce11tratio11 of n pt1nnc;1111i univalent, anion is equal t.o 
the ratio of <?xtraccllulur/i11trucellul11r c:oncentrntiou of a 
pcrmean\. univn)ent. cation. A more genernl mnthe.mntical 
expression that includes ions of any vnlencc is 

(8) 

where A; is the int1·acellular and A~ the exti-acellulm· concen­
tratfon of anion, Zc is the valence <lf cation, Z,, is the vnlence 
of anion, C; is !.lie int.riicellulnr nml Cr Uw extrncellular c:on­
ce11t1·ation of cation and I' is thC'! Donnnn fact.or. The value of 
,. depencla upon lhe averagll molcculm· weight. and val1mc:1J of 
the macromolecules (most.ly prot.ein) within the c1lll and t.he 
int.racellulnr and cxtrncellular volumes. Since thi:> macro­
molecules within the cell m·e charHed 1wgnt:ively, the cation 
concentration will bo hi1;her within the cell, tJrni is, C; > G,. 
Sillce u Donmm distribution reimlts in a memhrnne pol.en• 
t.inl, the dist.rih11tion of dru1i ion also will be in keeping with 
the membrane potentinl. 

The Donnan distl'ibution also npplies Lo the dii;tribution 
of a charged d ntg bt!tween the plasma and intel'stitial com­
purtment, because of the presence of 11nionic proteins in 1:he 
plasma. li:q 8 applies by changing the sub:icript i to p, for 
plasma, and c to i , for interstitial. Tim Donnan fac:Lol', r, for 
plasma--int.erstitinl space partition is about. 1.0/i:l. 

Bin<lint: and Storngc--Drugs frcquent.ly ore hnund to 
plasma pr0Lei1111 (especiolly albumin), intcm1titi11l sub­
stances, intracellnla.- constiLuonts and bone imd cCtrtilugc. 
If binding i$ extensive and firm, it will hove II cnnsiderable 
impact. upon the distl'ihutfon, excretion and sojourn of the 
dl'Ug in the body. Ohviously, a clrng that is bound to a 
pr{)t.ein or any other macrmn<>lecule will not pass through 
the membrane in the hound form; onl.v t.he unbound form 
cnn negotint:e 11m011g the various compartmcmt.~. 

'l'he pnrt.iLion umong compm-tm~mts is determined by !J1e 
binding Cllllncity and bindini: constant in each compni-t • 
ment.. As long as the binding capncity Cli.<:ceds t.he quantity 
of drug in the compart.ment., the following equation gcne.ral­
ly npplies: 
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log Db = log J( + a log Dr (9) 

where D1, is the· concenli-otion of bound drug, Di is the con­
centration of free drug and a and Kare constants charocter­
islic of the drug nnd binding macromolecule. The equoLion 
is that of a Freundlich isotherm. As the binding car,aciLy is 
nppt·oached, the relationship no longer bolds. For a nondis­
sociahle d rug at equilibrium, Di will be t.lu~ same m all com­
municnLing compartment.~, so tha t it would be possible to 
calculate Lhe partit.ion if/( and a ore known Cur each com­
partment. Except for plasmn, the values of ]( nnd a are 
generolly unknown, hut the percent bound is often known. 
J?rom the percent bound, the porLiLion also can be calculttt• 
ed, as in Fig 35-12. However, the logarithmic relationships 
shown in Eq 9 serve os o reminde1· that the percent hound 
changes with Lhe concentration, so that the partition will 
vary with the dose. If the drug is a weak acid or b11se, the un­
ionized free form negotiates among Lhe compartments, but 
the ionized form is often the more firmly bound, and calcula­
tions must take inUl account the dissociation constant and 
the differentWs and a's of the ionized and un-ionized forms. 

It is misbelieved cmntnonly that binding in the plasma 
interferes with the activity of a drug and the intracellular 
binding in a respon5ive cell increases activity m· toxicity. 
Both binding in plasma and in the tiss\les decreases the 
concentration of free drug, but this is easily remedied by 
adjusting Lhe dose to give a $Ufficient concentration for 
pharmacolol{ical activity. The distribution and activity of 
the free form is not affccLed by binding, The prinoipol 
effect of binding is to increase t:he. initial dose requirement 
for the drug ond create a reservoir of drng from which the 
drug may bci withdrawn as the free form iR excreted m· me• 
taholized. However, if the binding is extl'emely firm and 
release is slow, the rate of release may not be enough to 
sustain t he free form at a sufficient level for pharmacological 
activity; in such instances the bound drug cannot be consid• 
ered a re8erve. 

The effect of binding upon the sojourn of o drug may be 
considerable. For el(ainple, quinacrine, which may he con• 
centrated in the liver to ns much as several thousand times 
Lhe concentrntion in plasma, may remain in the body for 
mont.hs. Some iodiue .. containing radio1>aque die.gnostic 
agenl.ll arc bound strongly to plasma prntein and may remain 
in the plasma for as long as 2 yr. In pathological conditions, 
such as nephrosis, diabetes or cirrhosis, in which plasma 
protein levels may be decreased, the plasma protein binding, 
loading dose nnd duration of action oil moy be decreosed. 

If a drug is hound to a functional macromolecule, binding 
may relate t<> pharmac<)logb1I ad.iv it.y and toxicity, provid• 
ing that the binding is aL a critical center of the macromole• 
cute. The binding by nncluic acids of certain ouLimaloriuls, 
such 11s quil1acrine, undoubtedly contributes to the parasiti• 
cidal actions as well os to toxicity. 

50¾ BINDING 90% BINDING 

FREE (I) FREE (I) 

l l i1 
OOUNO (I) 130UN0(9) 

TOTAL>(2) TOTAL • (IOJ 

Fig 35- 12. Distribution of a drug between two compartments In 
which the degroes of binding to protein dllfer. The pCJrcent of binding 
Is indicated. Only the unbound drug can pass thro11gh tho membrane. 
Bracketed valves: concentration (courtesy, Schonker12). 

DRUG ABSORPTION, ACTION, AND DISPOSITION 717 

Most d rugs 01·e bound to proteins by relatively weak 
forces, Sltch as van der Wnnls (London, Keesom or Debye) 
forces, or hydrogen or ionic bonds. Consequently, hindi!1g 
consLants genernlly are small and binding is usually remhly 
reversible. The larger the molecule, the greoter the va1_i der 
Waals bonding, so that large drug molecules are more hkely 
to be bound strongly than are small ones. 

Justus shape oncl the nature of functional groups is impor· 
Lant to drug- l'eceptor combinntion, so they also are t.o bind• 
ing. Drugs of similar shape and/or chemical affinities may 
bind aL the same sites on a binding protein and hence com• 
pcte with one anot.her. For example, phenylbutazone dis­
places warfarin from human plosma albumin, which m!Y 
cause on increase in the anticoagulant effect of worform. 
Some drngs also may displace prol-ein•h()und endogenous 
constituents. For example, sulfisoxazole displaces bihrubin 
from plasma proteins; in infants with kernicterus Lhe freed 
bili rubin floods the central nervous system and caul!es some­
times fatal toxicity. 

Depending cm the lipid- wotar coefficient, a drog may be 
taken up into fatty tissue. The ratio of concentratfon in fat., 
to that in thc:J plasma, will not be the sum11 as dictated by t he 
partition coefficient because of the content of wate1· and 
nonlipids in odipose tissue, ond because clectrolyt:E'.~ a.n? 
other solutes a lter the dielectric constanL nnd hence solub1h­
ties from those of pure water. Lipoproteins, and even non­
polar substituent.~ on plasma p~oU:ins, also t.alrn II)) lipid· 
soluble molecules, so Lhar.solubiht.y m plm;ma c1111 be co11s1d­
erahly higher than that. in water. The relatively high 
solubility of ether in plasma makes plasma n pool for et.heir, 
the filling of which delays the onset of anesthesia. However, 
ether ond other volatile (l.llesLhetics are taken up gradually 
into the adipose t.issue, which acts as a store of the anest.het­
ic. The longer the nnest.hctic is udminist.erl'.d, the greater 
the store and the longer it tokes for anesthesia to termitlate 
when inhalation has been discontinued. 

Another notable substance that is taken up readily into fat. 
is thiopentnl. Even though there is o high s?lubili!Y ~fthis 
barbiturate in fat, the low rate of blood flow m fat lnmts the 
rnte of uptnke. Because the blood flow in the brain is very 
high, thiopental rapidly enters brain tissue. However, it 
soon equilibrates wit,h the other tis~ues, and the brain con­
centration falls as that. in the other tissues (eg, muscle or 
liver) increases. Gradually, however, the fnt accumulates 
t.he drug at t.he expense of other compartments. The gradu­
al entry (>f t.hiopental into fnt at t he expense of plasma, 
musc:lo or liver is illustrated in I?ig 3lH3. 

Noncquilibrium and Hedistribution•• ·•T hus far, the 
di6tribution of drugs has been discusscid mainly as though 
equilibrium or steady state condil.ioos exisL ufLer a drug is 
absorbed and distributed. However, smce most drugs are 
administered tit intervals ond Lhe body content of drug rises 
and falls with absorption and destruction-excretion, neither 
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Fig 35-13. Predispo&ition of thlopental for fat. 25 mg/kg was given 
to a dog. Allor a brief sojourn in tho moro vascular tissues, thiopontal 
gradually transfers to fat. where the llpld•soluble drug dissolves in fat 
drople!s (courtesy, Brodie and Hogben 13). 
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ii t.1·11e equilibrium n111cm1~ the body comparimcn1.s nor 11 
steady state e)(ist.~. 

The, term equilibrium i~ used misleadingly to cleH<:ribc the 
condilions lhui exist when I.he pla;;mu conccn(.l't1Uc>n und t.hti 
<:oncontrntion in n tissue are equal, 1m exemplified o i ~he 
pc>int of iniersecLion of' the cu!'ves for plasma ond muscle or 
plasma and fat in Pit( :~5-18. Bui. such "equilibr ium" wiih 
fot occurs much lawr thun "equilibrium" with muscle, so 
thut no t.ruc uquilibl'ium really exist,,~ among all the compart­
menLs. Furthermore, the crm;sover point for plai;ma and 
any one t isimc is not nc<:cssarily an equilibrium point, be­
cause thc rare:; of inwe$s and egress from the tissue ai-c not. 
necessarily equal when the intemal and external concentru­
tions a.re equal, 11ince Lhc1·e are munc1·oui; factors thnt mako 
for uneqltal dii;t.ribut.ion (pH partition, Donnan effect, clcc• 
tmchemic:al dislrih11tion, active transport, binding, et c). 

A study of l<'ig ;3{) -13 shows t,hnt the distribution of thio­
pcmtal continually changed during the 3.f> hr of observation. 
At t.l1e end of iha period, the content in fot. wns still incrcus­
ing while that. in each of Uie other compm·Lmcnts wns de• 
crMsing. This l.ime-depenclcnt shift. in port.it.ion is call11cl 
redistri.lmLitm. Evcnf.tmlly, the content in fnf. would have 
reached n peak, which would represent as neal'ly a \.rue 
equilihrh11n point nfi could he achieved in the dynamic situa­
tion where metabolic clast,ruction and a sligh t. amount of 
excretion of the drug was taking 1>lace. Onco Urn concentra­
tion in the fat. hud rcndied its peak, it$ <:ont<mt would have 
cleclined in 1>arallel with that in I.he ol:her Lissues nncl I.lie 
1>urt.ition among tho comp111tmcnts would have rnmaincd 
essentially consillnt.. Hcdist.ribution, then, takes pince only 
until the concentration in \.he slowest filling compartment. 
reaches its pealt, so long ns the kinetk-s of elimination am 
consta11t. 

An index of distribution known us the volume of distribu.-
1,ion (amount of drng in the body divided hy plasmn concen­
w:ntion) is of consider11bl<1 usefuhHlSB in pharmncokinetics 
but is of limited value in defining Lhe way in which 11 dru11 is 
p11rtitione<l in the body. Volume of clfatribution is discussed 
on page 727. 

'rhe word space is often used synonymously wit;h volunrn 
of distribution. It is employed r.<;pecially when the distrib­
uted substance hos a volume of distribution Lhat is ct;,;l,ntfol­
ly identical to a physical renl s1>ace or body comp11rtme11t. 
N-/lcetyl-4--aminoantipyrine is distributed evm1ly through• 
out the total body water uml is not, bound t.o proteins or othot· 
tissue constituents. Thus, the ac1it.ylaminonntipyrine spnco, 
or volume of dis tribut.iou, coincicles with t.hat. ol' t;ott1l body 
water. Inulin, sucro:ie, sulfate and 11 numbe1· of othm· sub­
stnnccs cm,cntinlly ore confined to ext1·ac:ellulnr water, so 
that an inulin space, for exam pie, mea.<i\t res the c,. trncellulnr 
fluid volume. Evans blue is confined to the plasma, so that 
the Evaus blue space is the plosma. volume. Such i,pace 
measuremenLS with stundard spnce indicators ore a neces­
sary part of studies on the dist.ribu Lion or drnits, since it i~ 
desirable to compm·e the volume of distribution to II drng to 
the p hysiological spaces. 

lJi-0transform.ati.ons 

Most d rugs urll ac~cd upon by enzymes in Uie body and 
convcrt~i<l to metabolic derivutivcs coiled metabolites. The 
process of converAion is culled biotra.nsf omwtimi. Meto.bo­
lites nre u3unlly more polar 11nd le:;s lipid-soluble than t:hc 
parent drug becnuse of the intJ·ocluction of oxygcm into the 
molect:le, hydrolysis to yhtld more l1ighly polar groups or 
conjugation with n highly polar substance. As a confie­
quence, m1Jtubolites oft.en show less penetrnuCP- int<, tissues 
and less renal t.ubular 1·esol'ptio11 than the porent drug, in 
uccordonce with t.he principle ofihe low pcnet.1·1mcc ofpolur 
and high penetrance of lipid-soluble subst.nn<:es. Por simi• 

lur reasons, nrnt:o.bolit(l& are usually less act.iw than t.lrn i>nr­
ent dn% often inactive; even if they are apprnciably act ive, 
t.hey generally arn excreted more rapidly. Therefore, the 
usual net.effect.of biolJ·irnsformttLion muy be suid to be one of 
inactioalion or deloxication. 

There al'e, howcver, nume1•011B examples in which bio• 
tronsformntion doen not resnl.t in inactivation. 'l'nble III 
(page 742) lists a numbe1· of drngs that genen1te active me­
tubolites; in a few instances octivit.y derives entirely from the 
metabolite. 

There are also examples in which the parnnt. drug hai. no 
activity of i\.!, own hut is converted to un rict.ive motnbolit:e: 
Jla1·athio11, malathion and certain othe1· an~icholincsterases 
require metabolic activut.ion; inactive chloroguanicle is con­
verted t:o un active triazine derivutiv,i; plrnnylbutuzone is 
hydroi.ylatccl to the antirheumnlfo hydroxyphenyllmt.awne; 
i1lnctiv1? pent.avnlenl. urscnicnh1 uni rcduc<id to their active 
t rivalent metnbolitas and there 1i1·e other examples of an 
uctivntin1{ biotrnnsformatiolJ, 

When a delayed or p1·olonged response l,<1 o drug is des ired 
or nn unpleasant last.(! or locnl react.ion is to be avoided, it is n 
commou phm·macuulfoul prnctice to prepare 1rn inuct.ivti or 
nonoffendiug precursor, i;11ch that the 11ctive form may be 
geuerntecl in 1.hc body. This practice has been termed dru.J.! 
lat.entiation. Chlornmphcnic<>l pulmitnw, dichlornlpheM .. 
zone nnd the esLolnte.~ of vudo11s stc1·oid hormones nre exam­
ples of deliberately lntenti11tcd drugs. Because inactive me­
tabolit.es do not always result from biot.ransformat:ion, (:he 
term dt:l.oxicution should not be \lscd 11s a s.Ynonym for bio• 
transformat.ion. See Chapter 25. 

Bioirnnsfonnatiom; tJike 1>lace prind1>ally in tlw liver, al • 
though U1c kidney, skeletnl muscle, intestine or even plusma 
mny be important ~il.cll of Lhc eiw.ymnUc at.tack of some 
drugs. SincP. plasma lucks I.he enzymes uml i;t.rncturns W · 

quired for e lectron t.rnnsport, b iotransformnt.iom; in plasma 
nm mostly hyrlrolyt.i<:. 

Eudo1)losmic Uct.iculum and Microi;omnl System---• 
Biot.runsformat.iom, in the liver mainly occur in .~moot:h c11 .. 
do}Jlwunic ret.iculum. T he endoplas;nic i:eiicuhun ill It tu• 
bulnr system which courses through the interior of the <:ell 
but also appenrs to c:ommunicato wit.h tlrn in tm·stiti11I spnc:e, 
and it.~ membmnc is continuot1$ with t.he cell membrano. 
Some of the ret.iculum is lined with ribonucleopr<>Ll!in pmti­
cles, called ribosomes, which flre enga1~ed in protein syllt.he .. 
i;ir;; this is tlrn rough endoplasmic reticulum. Although ihc 
smooLh endoplasmic reticulum lacks such a granular appear .. 
ance, it is inwstc<l heavily with numerous enzyme;; which 
hiotransfor:m many drugs and some endogenous substanC<ls. 

When a broken-cell homogcnat.c of tlw liv(u- is pn!p111'(!d, 
1.he reticulum b<1cc,mes fragmented and lhe frugmcntll form 
vesicular strnct,urc8 called mitr<Momt?.~. Although \'.he mi­
crosomei- are arl.ifacLs, it is the practice to refer to the micro• 
somal dm1t metabolizing system rnther t.hnn to the smoot:h 
endo1>lasmic: reticulum. 

'l'he microsomal system is peculiar in t.hat both oxidations 
and reductions U8ually 1·cquire tJw reducing cofactor, re .. 
ducecl nicotinamide adenine dinucleot.ide phosphate 
(NADPH). This ii; bocause microsomnl oxiclot.ions p1'oce11d 
by way of the introduction of oxygen rnther than by dehy­
drogenation an<l NADPH is essential to reduce one of the 
atoms of oxygtm. T he drug firsL binds to 11n oxidized cyLo• 
chrome P-450. The drug-cytor.hl'ome complex then is re .. 
duccd by NADPH-cytochrome 1·cd11cL1isa; the rcductid com .. 
plcx Ll1cn combines with oxygen, nfler which the meiaboliic 
is released and oxidi:r.ed cytochrnme P-~50 is regencrnted. 
Cyt.ochrome P --450 is n generic t erm that includes ut leust, 30 
an<l perhaps 1.1s many as 100 separate @¼ymes. 1•1 

Some of t.he enzymes <>f the microsomal system are quile 
easily induced; thnt is, a substrate of the em,yme mny in .. 
crease conGiderably tho activity of thut eniyme by increasing 
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the biosynthesis of that. enzyme. An increase in the amount 
of smooth tmdoplosmic reticulum sometimes nlso occurs 
concomitantly with en:,.yme induction. 

Treal,ment of an exporimont:nl S\tbjact with phe1\()barbiial 
greatly will incl'ense the rate of metabolism of plwnoharhi­
tal, which necessitotes lnrgcr and more freq ucnt doses of the 
drug in order to muinLain a constant sedative effect. More­
over, phenobnrbit.al may induce nn inerensed metabolism of 
some oLher, but not all, barbiturates as well 11s some unrelat­
ed drugs, such as strychnine and warfol'in. Oddly, wnrfnrin 
does not induce its own biotransformation readily. AL the 
pl'Csent time, both self-induction and cross-induction aJ)• 

peur capricious and unprndictable. 
Induction moy crente therapeutic problems. For exam­

ple, the use of phenobarbital during tl'eatment with warl'arin 
increases the dose requirement for worfnrin, If the 1>hysi­
cian is \maware of this internet.ion and fails LO increase t:he 
dose, the patient may sttffer a thrombotic episode. If the 
dose ofwnrfnrin has been increased and the phenobarbital is 
then discontinued, the rate of metabolism of warfarin may 
drop to its previous level, so t.hat 1,he patient is overdosed, 
with hemorrhagic co11sequen<:cs. Some drugs inhibit rat:her 
than induce the microsomal system, which reduces U1e dose 
requirement and may lead to toxicity, Cimetidine is 11n 
example of a drug that inhibits the hepatic metabolism (If 0 

numher of other drugs. 
'J'he activity of the microsomal system is affected by many 

factors other than the presence of drugs. Age, sex, nut1·i­
tion11l states, po.thologicul wuclitions, body temperature and 
genetic factors are among \.he influences that have been 
identified. Age, particularly, has received consideroble at­
tenLion, Infants have a p(Jorly developed micrnsomal sys­
tem, which ncctnmu; for the low dose ro<Juirement for mor­
phine and also explains t.l1c high tmdcity of chloramphenicol 
in infants. 

The activiiy nnd selectivity of the microsomal system va r­
ies greatly from species to species, so t.hat cure must, be 
exercised in extrapolo.ting experimental findings in labora­
tory onimals t.o man. 

Types of Bi0Lrnnsformations--Biotransfol'ln11tions 
may be degrndatiue, wherein t.he drug molecule is dimin• 
ished to a smaller structure, or .~yn.thetic, wherein one or 
more atoms 01· groups may be added t.o the molecule. Very 
fow drugs are degraded complet.cly. However, it. is morn 
~•seful to categorize biotransfoi·mo.tions with respect to 
"metabolic" (nonconjugative) hiot1·a11Rformations and con­
joguLivc bioLnuisfonualions. The former is called phase I 
and the latte!' phose IL In phnse 1, pha1·macodynmnic octiv­
ily may be lost; however, active und chemically reactive 
intel'mediates nlso may he g1mernt.cd. The polarity of the 
molecult: may or moy not be incre/lsed sufficiently Lo in­
crease excretion markedly. In phose II, metabolites from 
phase I may be conjuguted and i.ometimes the original drug 
may be conjugated, thus bypas.<1ing phase I. Phase II gener­
ates mctaholites of high polarity which are excreted readily. 

Biotr1msformot.ions may he placed into five cat.egories: 
(I) oxidation, (2) 1·eduction, (3} hydrolysi:;, (4) conjugation 
1md (5) miscell1meous. Oxidation, reduction and hydl'Olysis 
comprise phase L Conjugation comprises phase II. Most.of 
the miscellaneous biotrnn,;formations belong in phnse L 

Oxidnl.io11-0xidnt.ion is morn common thou 1111y other type of hio­
tnmsrormuticm. Oxtdnt-ions t.hut occur primarily in the H,•ct microsom .. 
al system i11cl11de sid<1-chai11 hydroxylllt.ion, arnm11!ic hyclrnxylation, dc­
amination (which is oxiclutivc ancl re:;ults in t.hc intcnnedinte formati<,n 
of HCHO), N-, 0-, nnd S-d<'ttlkylat,on !which prohAbly involves hydrox• 
ylatiun of tJw 11lkyl ~rou11 Collow(,d hy llXidalion to lh~ aldclw<h,) 11ml 
,mlfoxiclc fonn,1t.io11. N,Dcmcthvlntion invulvc6n difTnrentsyslcm from 
N-dcolky!Mion of hi11hcr r,ulic:nls. . 

Oxid1t<io11s thul. occur elsewhere, other 1.han UlP. mkrnsomcs, arc r,cn• 
erally dehydro1:01rntions followt,d by the oddition or ,.,xv11c11 or w11lt'I'. 
l~xum))lcs nr~ Uic oxidn!ion <►f alcohols by ~kohol dchydrol(ellll$<:, the 
oxid111ion (lf111duhydc hy ulclchydc duhydrugennl\O mid I.lie do;imi1llltio11 
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of mononmincs by 11101M11ll inc o• i<ln~c nnd dinmincs l,y din mino oxidnse. 
' l'hc oxidation of purines, like c.offoine oncl thcophvlline, i~ ol~o r. xlnuni -
cros()ntal. · 

Rcductio11-llcduclions urc ,·clnlivcly ,mcommoi1. They muinly O<'• 
cur in Hvcr micmsome><, hul (.hey <M:cnsionnily !nkc pince in other I.issues. 
Exmnplos nm tho reduction of nitro nnd nitroso ~roaps (ns in chlornm­
phcnicol, nilrogly1:crin nnd llrgnnic nil.riles), of the 11m group (Rs in 
prtmtosil) 11nd of ccrlnin nldchydcs to the corrci;ponding 'ul(.,lwls (a.~ 
with the deaminntcd sorot.o11i11 n1ctuboli10, 5-hydroxytryptophnl, to 5-
hyclroxyt.rypl.ophol). · 

Hydrolysis--•·•Hydrolysis is n <:ommon biol.rnnsform11tion Am(mg ru;. 
ter~ 1111d nmides. Eslerascs nrc loc11l<ld in many strucl.\1rci; bcsid~s the 
microsonrna. For c~nrnplc , cholinesternscs nrc found in plasma, crvtlm,­
c:,,tes, liver, nerve tcrmiMh, j1mctfonlll inlerstice3 n11d i•<•stjunetionAI 
strnr.t.llre1<, nnd ))r<>tnhrn cstcrt1Ms arc found in plMma. Variou~ pho,,­
photoscsnnd 611lfatns<es also me distribut.cd widely in iissucs and J>lnsmn, 
ult.hough few drugs nrc apprlll)riat.e subsLrn\es. T he hydrolytic dmuni• 
dnt.lon of mcpcridine occurs 1>rim11rily io the hepatic n,icro~oul<!s. 

Conjugo1io11•-··A lnr~r. uuonbcr of dru,s, or their metuholitc,. ore 
cmrjui;o.ted. Coojugotion is the biosynthclic prnucss of combi ning ,, 
chemicnl r.ompmmd with n highly point and wolcr-sc,luhle nolurnl sul) .. 
stance lo yield II wnt.cr-sol\1btc , u~11nlly inactive, product. Conjug~lions 
generally involve cithN C3lcrifk·ation, ntnidntion, mixed n11hydridc for• 
motion, homincllt.nl fotmo.l.ioo or c!horiwtion. 

(ill1tww1fo adll is Uin rnosl frequcot. ))nrl ner to Lhe dl'ug i11 conj11ga­
lion. Act.unlly, l,he drnr, rcncts with Ut'idinc diphosphoghrcuronic acid 
rat.her thall wit.h simple glucurtmic &cid. The dn,g or drug molnbolilc 
wn1hitw., at I.hr. numbr.r J carbon (aldehyde end) 1t1ul not.utthc mrbuxyl 
end of i:lucuronic ncid. The hydmxyl grou1> of an nkohol or • vhcnol 
111.wcks th~ numl:l(lr I cnrlx,i, oftlrn pyt1111 l'ing to roplace uridi11c diphos-
1>hntc. 'l'hc prod11c1 is n hemincctnl-like dcrivntivc. Since the product 
i; nol 011 cstor, t he t.(lrtn 11tucurcmide is appropriate. Rarely, Lhiols nnd 
nmi1w-s ma~1 J(,rin an~logous 1:iuturo11idc5. 

Cnrboxyl compounds form esters, nppro))riutely c,,lled gluwru,w1<1.,, 
in replucint the uridine diphosphatc. Sulfuric ltdd is nl~o n frcq11c11! 
r.onj11gnlll., l\specially wiU1 phenols nlld to n lcs.~cr extent with simple 
nl,rohols. The sulfumted product is coiled an eth,,real sulfat,,. Octn• 
~ionally sulfurfo add conjur,ntcs with nromnlic amines lo rorm sul/11• 
nrnlcs. Ph""phoric ncitl 11\so c,mju~11t.c~ with phenols nnd 111·om111.ie 
1tmi11e, . 1'hc conjug~lion of henwic, ncid with glycine to yield hi ppuri1: 
acid is n dnssicnl example of au amid a lion co11j11g11\ivc pn>ce~s. Cysl<•· 
inc moy tnkc the pince of glycine, through lhcinlcrmcdintiun ofglulnt.hi ­
one, lo yield mer<'a1>luric ncids wit.Ii certain aronll\tir. acids. 

Amid11t.io11s with umino ocids ore less frequent tJinn ately!atiM, pari • 
ly because few drugs ore cnrboxylic oompounds. Aromatic amines and 
oc(:a$io1111lly 111iphatic nmiuck or hctt>roc)•clic niirog<:n frc<1wntJy ,nl! 
accl.ylat.eil. Accl,yl ,CoA i~ lhc biologicnl re11gc11t n1Uwr thmi ,w,,tic al'.id 
ilSP.lf. Unlike lll0$l other <:onj111:nt~s, 1.he neelylnte (nmide) is \1sually 
less wntcr•9oluhlc th,m the parent compo1111cl. 'J'he ncctylat-ion of the 
pnrn-nmino grollp of the sulfonamides is e prime cxomple oft.his lyp~ of 
COlljug~tioll, 

Although mmd. cc.mjuuflt,io11* occur in Um Hvcr, th<~ mkrosomul sys1l! IH 
i~ no1 invo!vt."<.I. Some couju,tations occur in tlw kitl1wy or in olht~r 
tis~ues. 

Mlscclln110011i;-Many 11mi11cs, espcciull.v d<)rivnth·cs of fl· phcnylet.h• 
ylnmine nnd lwl.erocyclic compounds, nrc n1cl.hyl11ted in thtl body. The 
pr(lducls ore usunlly hiolo~it'.ally nr.t.ivc, somotimci more S(> thm1 the 
1mr~nt compound. N-Met.1,ylc,ti,m mny occur in Llrn <:ell sn,> <lf I.he liver 
and els1,whcrc, e~))1,cia!ly in <:hromal'l'i11 lissuc i,1 th~ eaoo of phcnyl<,ih­
ylnmincs. 

Phun11lic ,~1)mpo1111d~ nlay lll! 0 -nrnthylntoo. 0 -Mcthy/oli<m is th(\ 
p611ci1ml rout<> of hi0Lri111Mormntion of cnt.ccltoln111ir1cs such ns cpiMph• 
rinc 1111d noropinc1,hritto, the mclhyl group hcillt; in(.rnduced on the 
met.a-hydroxy tubstit11e111.. Bot.h N- 11nd O-mc1J,ylntio11 require S­
meth.vlndenosyl cystcinc. 

/)cs11//umt.i,m, in which oxy~en mny rn11lncc sulfur, t.ukc• place in the 
liver. Thio11enlnl is eonvcrwd in pnrt. to pcntolrnrbitnl by dc~ulfur>1tion, 
1111d pornthion is 1.rnnsformcd to 1>n1'1\uxo11. 

J),1/wl,wem1lio11 of' cerluin in8cctkidcs nlld various hn!ogc>inl.cd hy­
dr«·nrbons moy tukc ))iaee, principally in the liver but. not. in the micro­
som~s. 

Excretion 

Some drugs arc not. biotrnnsfotmed in the body. Others 
may be biotrnnsformed, but I.heir products still remain to be 
eliminated, It follows that 0xcrction is involved in the elim­
ination of nil drugs and/or their metabolites. Although the 
kidney is t.hc most im))ortant orgon of excretion, some sub• 
stances are cxci·ete<l in bile, sweat, saliva, gastric j11ice or 
from the lungs. 

lttmnl Excretion-The excretory unit. of t:he kidney is 
called the nephron (Fig 35-14}. There am i;everal million 
nephrons in the human kidn!ly. The net>hrnn is essentia lly 
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Fig 35-14. Diagram or a mammaliun nephron. Note how the lower 
loops o f tho postglomorular cnplllorios course downward and double 
back along with the h1bulo. This allows countorcurrent distribution to 
maint11in hyperosmotar urine within the thin sogmcnt. 

n filte1· funnel, called Bowman's cap.mle, with a long stem, 
cnllecl n reno/ 1-ubule. H also is recognizc,d now lhut t he 
collecting duct is functiona lly 11 part of t ho nephron. The 
blood ue.~sels t,hal invest the cnpsule and I.he tubule lire also 
an cssontiol purt or the ncplmm. 

Bowm1111's capsulo is pocked with 11 t.ufl oC brunching in­
terconnected capillaries (g/omerular t.u.ft.), which provide o 
lal'ge surface arcl\ of capillary endothelium {''filt<1r papei·") 
through which fluid nnd small molecules may filter int,o the 
cnpsu lo and begin tmssoge down the l.\1bulc. ;l'ht. glomcntlnr 
tuft, t.<,geLhe!' with Bowman'x cnpsule, con~t.itut.e Lhe .fi /o· 
meru./us. The r: tomerniar capillary erido1-helium and !.he 
supporWng layer of Bowman's r apsule have channels m11g­
i11g upward to '10 A. Con~ClJUcntly, nil unbo,md crystalloid 
sol\ltM in plasma, and even I\ liu.le 111ln11ni11, pass imo the 
glomernlar filtrat.e. 

The posl{tlomernltir vesseli,, which lie clos« t.o the LubL1les, 
are crilically important to renal function in that 1mlist.imcei; 
i-esorbed from the filtnHe by Llw tubule m·e returned 1-(1 UlC 
blood nlcmg I.hose vessels. T ho t.ubulu is not st.i-aight hut 
i·ot-.her first malces o number of co11volutio11$ (called a pr11xi­
mol c:c111uolutecl tubule), then courses clown and back np a 
long loop (ca lled the loop of Himlej, makes more c;onvolu­
t.ions (the di.~lal conuo/u/:ad /.11/)(1./e) and finally joinij th P. 
collec(,ing duct . 'l'bc loop of Jfonle is divided into a pm.ti• 
11111/ (cliisC'C:nding) tubule, u U1in segment nnd o. di,;tal (as­
Cf'11di11g) t.ubuk 

As I.he glomerulnr filtrate pm1ses through the proximal 
tubule, some solut.n mny he roRorbecl (t11bul<rr resorption) 
throul(h t he 1.ub11J1n c1>i thelium and rat.urned to the blood. 
Resorption occurs in part by J)Hssive diffusion and in pnrt. by 
active tro.nsporl, 81\J.)1,rially with sodium And tilucosc. Chlo­
ride follows sodium obligalorily. 

Jn the proximol region, the tubule is quit.r. pormc,ablc t.ci 
water, so that l'esorbcd solutes !ll'C accompanied by enough 
water to kCClp Lhc resorbal.o isotonic. Consequently, ni ­
t.hough lhe filtrate bec:omes diminished in volume by up­
prnximntely 80% in the prnxim1.1l whulc, it fa 11ol conccnt.rot­
lld. 

Some acidifi.c<1t.i.rm oc:curs in Lim proximal u1b11le 1is the 
result. of carbonic anhydrnse acl.ivi ty in t he t ubule c,ells 1111d 

the diffusion of hydr~mium ions i;1to the lumen. In (J1e 
lumen the hydronium ion reacts wit.h hic:arhonate ion, which 
is convertctl to resorbublc nonionic CO2. 

'J'hern is nlso ndive 1.rnnspo1•t. of uq{unic cnt.ions and an­
ions into t he lumen (tubu.lar secretion), each by u sepnrnte 
i;yslem. T hese octive lrnnsporl systems are extremely im­
porwnt in Lhe excre tion of 11 number vf dn11~1,; fo r tixamplc, 
ponicillin G is SC:JcNlcd rnpidly by the nnion trtrnRport: 1:ys-
1:em nnd t.et.ructhyl11m111onium ion by the ca tion transport 
system. Prnhcnecid is an inhihit:or of anion scc:retion and, 
hence, decreases the rat.c of loss of penici llin from the hody. 

As the filtrnLe travels t.hruugh Lhe thin segment it. becomes 
concentrnted, espocially nl the bottom, as a result of active 
rcsorpt.ion and a countorc:urrent d is!,ribut.i,H1 effor.t. enabled 
by t.iw recurnmt 1111d purnllel arrangcmeni of the ascending 
segment, the paralle l oricntntfon of \,he collecting ducL nnd 
t:he s imilar recurren t geonrntry of t.lrn associawd capillaries. 

In the thicll segment of the ascending loop of 1-lr-nle, l>l>th 
~od ium and chloride ,ue ti:unsported nctivcly. 

In the disLnl L11lmle, sodium resorption occurs pA1·tly in 
exchC111ge. for potassium (pot.a.~.~i.um 8e.c:retion) and for hy­
dronium ions. Adrenal minel'alocortic:oicls promote dil:lt11l 
tubular sodium rCl>orpLion und pot.nssium nnd hydrnnium 
secret.ion. Ammu1uc1 s1'.crelicm also occurs, so LilO(. the- urine 
cit.her may be acidified or a lkalin ized, 11.ccording w acid---basc 
and e lectrolyte requirements. 

Woter is rcsorbed select.ively from ('.he d ista l mid o f I.Im 
distal convoluled wbulo and the collecting ducts; wal:er re­
sorpt.ion is under the control of the onLidi11retic honnone. 

Drugs also may be rcsorhed in t he distal tubule; thC:J pH of 
l-he urine th<!rc is extremely import.nnt in dctormining U1~ 
rate of resorption, in nccordunce with the pl'inciple or non­
ionic diffusion and pH partition. '!'he pH of the t ubnlnr 
fluid olso affects t he tubular secretion of dro1rs. 

As on exmnplc of t.hc importance of urine pH, in humnns 
t.hu secondary amine, m ccnmylnminc,, is exci·ei.cd more than 
four Limes fast.er when the urine pli is less t.han 5.5 I.hon 
when it is 11hove 7.5; Fir, 3/i-15 iilust,rntcs the effect of urine 
pH on the excretion oft.hi$ amine. TheefTect,of urine pH on 
the excretion of u weak ncid, sulfaethidole (for the strncture, 
see page 1109, RPS-15), is $hown in fig 35-16. 

The urine pH and, hence, drug excretfon may fiuct.ua(:e 
widely according 1,0 t.lm cliot, exercise, clr\lgs, t.imc t)f day and 
othe r fiwt<Jrs. Obvio11~ly, Lite excretion or weuk aci<l8 and 
basefi c1111 he contrnlled portly with acidifying ot alkalini:1.in1J 
salts, such 1111 ammonium chloride 01· sodium bicarbona te, 
rospeciively. Com para Live si udies on pot.enc-y and ~ffica<:y 
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l'ig 35-15. The eltect of urinary pH on tho mean cum,aative exc:re­
ilon In man or mocamylaniine d1irl11g the first day nftor oral adminislra­
tlon ol 10 mg. Vertical brolcori lines: standard deviation (co11rtesy, 
Mllrm, 01 a/18). 
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Fig 35-16. The effect of urinary pH on tho excretion of sulfaethidole 
in a humnn subject afler oral administration of 2 g. Bars (lower half): 
urinary pH: olrcles (open and c losed, top): log of the amount of druo 
romaining in the body; negative slopes (Of lines defined lly tile cir­
cles): a function of the rato constanl of excretion. Note the abrupt 
Increase in rate when the urinary pH Is changed from acidic to 11eutral 
or slightly alkaline (courlesy, Kostenbauder, et al 19). 

in man have <lemoustrnted the im1>ortauce of controlling 
urinary pH. Urine pH is imporlnllt only when the drug in 
question is a weak acid or base of which a significant fraction 
is excreted. The plasma levals will change inversely to the 
excretory rate. For example, it ha~ been shown clinically 
with quinidine that alkalinization of the urine not only de­
creases the urine concentration but nli;o increases the plas­
ma conccntrniion ond. wxicity. 

'l'he collecting due(, also resorbs sodium and water, se­
cretes potassiu m, acidifies and concentrat es t.he urine. 
Antidiurntic hormone (ADH) controls the permeability Lo 
wnter of both the collecting duct o.nd the distal tubule. 

Renal clearance and the kinetics of renal elimination are 
discu~sed in Chapter 36 (1>age 730). 

DAUQ ABSORPTION, ACTION. AND DISPOSITION 721 

B iliary Excretion nn d Fccnl Eliminalion .. ""Mnny 
drngs are scc1·eted into the bile imd, thenc!l, pass into the 
intestine. A drug that is passed int.o the intestine via the 
bile may he l'!labsorbed and not lost from the body. This 
<:ydo of bilin1·y secret.ion nml inl.estinnl resorption is <:oiled 
enterohep<ttic circulat.ion. Examples of drugs cntel'Ohe­
paUcally circuliited ore morphine and the penicillins. The 
biliary secretory systems grenUy resemble those of the kid­
ney tubules. 'l'he en(,!lrohepntic system may pro,•idc a con­
sidernble reservoir for a drug. 

lf 11 drug is not. absorbed com1>l!lt.ely from the inte8tine, the 
unabsorbed fraction will be eliminated in the fecus. An 
unabsorbable drug thui i11 secreted into the bile will likewise 
he eliminated in the feces. Such fecal eliminat.ion is culla<l 
fecal excretion. Only rarely are drugs secreted into the 
intestine through the succus en(.ericus {intestinal secre­
ticms), al tlwugh n munber of umiues arc secret.eel into gastric 
juice. 

Alveolar Excretion .. ~The large alveolar area and high 
blood flow make the lung8 ideal for the excretion of appro­
priate substances. Only volatile liquids or gnses nre elimi­
nat1Jd from the lungs. Gasaous and volatile anesthetics es­
sentially are eliminated compl<;tely by t.hii; mule. Only a 
small amount of ethanol is eliminated hy t:he lungs, but the 
concentration in the nlvcolar air is related fiO constantly t-0 
the blood ak:ohol concentration that the analysis of expired 
air is acceptable for legal purposes. The high llqucous solu­
bility and relatively low vapor pressm·e of et hanol at body 
Ltimperntme account for the retention of most. of the sub­
stance in the blood. Carbon dioxid!l from those clrngs 1:hat 
are parHy degraded also ii; excreted in tlw lungs. 

Pharmacokinelics 

Phannacokinetics is the science thnt treats of t he mte of 
absorption, extent of absorpt ion, rows of distribu tion among 
body compar tments, raw of elimination and related phe­
nomena. Because of its importance, t,wo chapters, Basic 
Phannacohinetics (page 725) nnd Clinica./. Pharmacoldnet.­
ics (puge 746), hnve been devoted to th() sttbjeci. 

Drug Interaction and Combination 
Frequ1mtly A p111font. mey receive more than one ch·ug 

concurrently. Case records show that. surgical pnt.icnis <'om­
monly receive more than ten, and sometimes as many as 30, 
drugs and the patient. is oft,cn under the influence of several 
drugs at once, sometimes l11mecessarily. Multiple-drng ocl­
ministraLion also i8 common for paLienQi hospitalized for 
infections and other disorders. Furthermore, o patient moy 
he suffering from more Lhan one unrel11ted disorde r which 
d!!mands simultaneous u·eotment with two 01· more drngs. 
In such instances, in teractions are unsolicited and often 
unexpect()d. 

In addition to the administt·ation of drugs concurrently 
for their independent and unrelated effects, drugs nl'c some-
1.imes adminiHtered concurrently deliberntdy io make use of 
expected interactions. 

Types of Interaction and Reasons for Combination 
Therapy 

A drug may affect the response to an<>ther drug in a q uan•· 
t itotive way. On the one hand, U1e intensity of either t:he 
tlwmpel1t.ic cffoct, cw side effect, m11y be m11:1ncmted 01· sup-
11rC!S.~<1d. On thl! other hnnd, n qualit,utivdy different cffec:t 

may be brought out . 1'h!l mechanisms of such interactions 
are many and not always are understood. A drug may nol 
neccs!larily af'foct. either I.ho quality or initial i11Lcm~ily or 
effect, of another drug, but mny c:a1me significant. (,o profound 
changes in the durotfon of action. 'l'he nat.ure of this ty1>c of 
interaction generally is understood fnfrly well, althou1:h it, 
mo.y not yet. have been ascerta ined for any particular drng 
combination. The deliberate use of combined interacting 
drugs is most valid when the mechanism of the interaction is 
undcrst.ood and the combined effects arn both qunntifiable 
and predictnblll. 'l'he 1·ational<!s of drug combination and 
the principles involved are discussed below. 

Combinations to l nc1·e11se Into111;it.y of Response or 
Efficocy- Sometimes the basis ro.- the action of one dn,g to 
increase the intcllsi ty of response t.o unot:her is well under­
stood, but often the re1.1son for a posit;ive internet.ion is ob­
scure. A tenninology has arisen that frequent.ly is not only 
enlightening as to mech11nh11ns nnd principles hut also which 
i11 somewhat confusing. 

Drugs that elicit the same quality of effect and arc mutual­
ly interactive nre c11lled Jwmr.rgic, regardless of whether 
there iH nnythini: in common between t.he scr,arate response 
systems. Thus, the looseness of I.he term admit,~ a 1>re~501· 
response com;equenl. lo nn increase in cardiac output t.o be 
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h<>mergi<: wilh cme resulting from arteriolar constriction, 
even though I.here is nol. one; common responsive demcmt, 
t!w blood lll'C~sure it.self being hut a p11si;ive indical~>r. 
However, honrnrgic drugs usually have, in common at least. 
pnri of II response system. 'l'hu~, both norepi1rnphrine und 
pitressin sl.imulat.e sc►me of the same vnswlar smooth mus­
d<l, ewn though they do not. excit<l the same t'<lcept.orn. 

Two homel'gic drngs cnn h<l o.gonists of the same l'er.ept;or, 
so that the entire re~ponsc system is common to both. Such 
drur,rs are coiled homodynamic. As discus;;ed under Drug 
Receptors and Receptor Theory (puge 702), homodynumic 
drugs will genernte dose-in tensity of eifoct. curves with par­
allel slopes, but not necessurily with identicnl maximo or 
efficflcies, if (me of the di:ugs is a partinl agonist. 

11rom mass-law kinctic11 and dose- -effect data of the sl'!pa­
rate <lrnr:s, iL is possible to predict the combined effects of 
two agonist.s t:o t:ha same rncept.m·. If hoth drugs are full 
agonisls, theory pt·edicti; that an EDx of Drug A added to an 
/i/Jy of Drug l:J should clki1. t.he snme e ffect as that.<>f nn F:Dy 
of Drug A ad<fod t.o an m>x of Drug ll. An example is shown 
in Fig 35-17. Dose••·J)Crcenc. dat.a with homodynamic drngs 
can be t.rnawd in t:he same way ill 

Drugs whose combined effects fit the above conditions om 
colled additive. lfthe response to t.lw combinnUon exceeds 
t.he cxpcct.<.>d volue for additivity, the d1·u1ts arc considered t.o 
h('. .~upra-additiue. Purely homodynamic drugs do n:itshow 
supra-addit.ivit.v; however, if one drnt: in the pair has an 
additional action t:o affect I.he co11centrnt.io11 or pcnet rnnce 
of the other or t.o pdme t:he response syslem in some way, 
two agonists to ilie same l'eceptor may exhibitsupro .. addit.iv­
it.y. Two homergic drugs ure infrn-odditive if thtiir c<>m• 
hined effect. is less than exp11ct.cicl from nddiUviiy. As with 
suprn,ac!ditivit.y, infra-additivity mui:t involve an uction 
elsewhere than 011 a common receptor. 

'l\vo drngs are :;uid to be swn.m<tt.ivc if a dose of dn,g thnt. 
elicits respornm x. 11dd<id Loo dose of unother drug tht1t elitits 
re!"ipom;e y gives the combined re~po11se ~: -i· _y. Vel'y little 
s ignificance 111mally can he at.tnch<ld to sununntion. Unless 
the dose" intensity cul've of each drug is linenr, rather than 
log-linear, summation cannoL be predicted from the two 
curves. When summation does ocr.m with the usuul clinical 
doses of two drngs, it. almo,it miwr occurs over the entire 
dose rungc; indeed, if t.Jie dose nf each of ihe t.wo drugs is 
g"l'Cnt.er Lhan an £;;1)50, s11mm11tion is Lheor(ltically impossible 
unless it iB pm1siblc lo increase the maximnl response. At. 

o -•··- o r r ,\ 
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Fig 35-17. A<lditlve inhibitory effects of tolraelhylommonlum (TEA) 
and hexamethonium (C6) on the superior cervical ganglion of the cat. 
The lheorotlcal lino for additivity was calculatt'.ld on the ba8is that an 
incroment of TEA ad(le(I to an EDx of C6 should have the same enact 
as If it were added to an EOx of TEA. When TEA and C6 wore 
administered togother, an equal amount of eac11 was given. Tile dose 
is the sum of the doses of the two components {courtesy. 1-tarveyw). 

bHsL, summutjon is an infrequent: clinical finding limited t.o 
one or t.wo closes. 

Two dl'ugi; ore sE1id to be h«tl!rergic if the drugs do not. 
cause r(i:;pmi:ies of 1,he same qunlity. When heternrgy is 
poi;iti\te, ie, t.he t·csponsc 1Jl one dt11g is enhanced hy the 
other, synergiM11 is s11icl to occur. The wol'd oft-en has boen 
used to dc~scribe any positi\te interaction, but. it should be 
m1<;d 011 ly to desct·ihe a positive inl:eraction het:ween hetere1·-
1~ic drngs. 'l'he term pole11tiat.io11 has been used synony­
mously with i;ynel'gistn, but misui;e of the term has led to Lhe 
recommendation that the uirm be dropped. Synergism is 
ofc.en the rei;ult of an effect to inrorfore with the eliminutio11 
of n d rug and, L)ms, Lo hlcrense the concentration; synergi,im 
also may result. from an effect on 1>cnc,trnnce 01· on t.he re­
sponsivity oft.he effector sy1:1tem. Examples of n synel·gistic 
effect, in which responsivity is enhunced, urn the action of 
adrenalr.ort.icoids to enhance the vasoconstrictm· re~ponse t.o 
c,pinephl'ine and the increase of epinephl'ine-indttf e<l hyper­
glycemia consequent. to im1>nil'll1ent. by Lhcophyllinc of 1.he 
enzymatic destn1dio11 of I.he cAMP which mediute~ the re­
sponse. 

In clinic.al 1m1ctice t.wo homodynamic drugs rarely nre 
coadministercid for the purpose ol' increasing- the respons<l, 
since a sufficient. dose of either d rng should lie able to 
achieve the 11ame ciffe<:t ns a combination of the two. Most 
c:lini<:nl combillclt.ions with 1>osit.ively inl.erac: ting drugs are 
with heterergic drngs. 

Combinations to Decrease lndi\tichml Doses nud Toxi• 
city-When homodynamic drngs are coadministered, it. is 
usually for the purpose of decreasing U>xicity, If the toxici ­
ties ()f t.wo homodynumic drug ure infra-additive, the toxic­
ity of combined pnrtial dose., of the two drugi; oft.en will be 
less t.)10n wit.h full closes of either clt'llg. '!'his principle is 
\talid for trisulfnpyrimictines mixture (see page 1181). 

Combinations to Attaelt a Diaoaso Com1>lex nt Differ­
ent Points-- With mnny di1;eases, more than one organ or 
!:issue mny be affected or events nt more than one locus may 
bear upon the ultimate perturhution. For example, in duo­
denal ulcer, psychic factors appear l:o increase activity in the 
vagus nerve, which modulates gastric secretion, so that it. is 
rntional to <lxplore t he effects of sedatives, ganglionic block­
inl{ dl'ugs, ontiimm~arinic drugs und untacids, singly and in 
comhin11tion. In heart fitihtre the decrement in renal plas­
ma flow and changes in aldoswrone levels promote the rc­
kmtion of salC: and water, so t.hat diuretics and digitalis 
usually am employed concomitantly. Pain, anxiety and agi­
tation <ll' depression are frequent: accompaniments of various 
pathologic prncesses, so tho.I. it. is to be expected that analge­
sics, trnnquili¼ei-s, ~edative8 tlr ant.idepressives frcquent.ly 
will he given at the !lame t.ime, a long with other drugs intend­
ed to correct. the specific pnt.hology. 

Combinations to Antagonize Untoward Actions- The 
side effoct.s of H number of drugs can be prevented, or sup­
pressed, by ot her drugs. An anlngonis t m11y compet('. with 
the drug at. the rccept.or that initiates the side effect, depress 
t.Jie side-effector system at 11 point ocher than t.he receptor, or 
stimularo an opposing system. 

Antagonism ut the receptor is competitive antagonism if 
the antagonist attaches at the 5ame receptor group as the 
agonist (see page 703). Antagonism at n different 1·ecept-Or 
group, or inhibition elsewhere in the response system, is 
11oncomp11titfoe antagonism. Rot.h competitive and ll<>ll· 

compel.iti\tc antagonism are classified as pharmacologicC1l 
antagonism. The stimulution of nn opposing syst.em is 
phy.~ioiogical antagonism. 

Examples of ph11rmncological ontagoni~m are the use of 
11trophw to $Uppress the muscarinic effects of excess ncet.yl­
choline t:onseqmmt. to the use of neostip,mine uncl (,he u~e of 
ant.ihistmninic:s to prevent the effects of histamine liberated 
by tuhocur11ri11e. l!~xamples of physiologieul antagonism nre 
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Lhe use of amphetamine to correcL partially the sedation 
coused by onticonvulsont doses of phenoborbitol ond the 
!ldministrntion of ephedrine lo correct hypoteusion result­
ing from spinal nnesthesia. 

Combinations That Affect Elimination-Only a few 
drugs presently ore used purposefully to elevate 01· prolong 
plasma levels by interfering with elimination, although con­
timmd interest in such drugs probably will increase the mun­
ber, 

Probenecid, which already has been mentioned to antago­
nize the reuol secretion of penicillin, was introduced origi­
nally for t.his puri>osc. However, because penicillin G is 
inexpensive nnd available in repos itory forms, as well as oral 
fol'ms (obviating the need for injection), it is less imperative 
to retard the excretion of penicillin. The low nonallergenic: 
toxicity of penicillin permits very lorge doses to be given 
without concern for the high 1>lasma concenLl'Dt ions that 
result, which olso me1rns that there is little necessity for 
increasing the biological half-life of the drug. Consequent­
ly, prnbenccid is not used routinely today in combination 
with penicillin, 

1'he use of vasoconstrict ors Lo increaHe the sojourn of local 
anes thetics a t the site of infiltration continues, but few other 
clinical examples of the deliberate use of one drug to inter­
fere wi th either the distribut.ion or elimi.notion of another 
cnu be cited. NevertheleHs, tbc subject of the effect of one 
drug on the elimination of anotlier has become immensely 
active. Innumerable drugs affect the fate of other11 and the 
thernpist must be 11ware of such interactions. 

Dnigs tha t induce cytochrome P-450s enhance the elimi­
nation of drugs that ore metaboliied by the liver micro­
smnes. There would be very little point ordinarily Lo solicit 
wmbinntions tho!. would shorten the durnt.ion of action or 
lower plasmo levels, unless it were to reduce o.n overdosage. 
However, since such combinations are used unwittingly or 
unavoidably, th is type of in teraction is of great clinic1:1l im­
portance. 

Combinations to Alter Absorption- In the section on 
Vehicles and Absorption Adjuuants (page 714) it was men­
tioned thnt certain substa1\ces facili tate the absorption of 
others. The use of such absorption adjuvant.~ generally is 
includ<~d under Lhe subject of formulotion rather thnn under 
drug combination. AltJ1ough drugs which increasA blood 
flow, motility, etc hove an effect to increase the ro.te of 
nbsorptio11, the u11e of such drugs so far has not prov~d to be 
very 1>rnctical. When _it is desired to slow the absol'ption of 
drugs, vnrious physical or physicochemical means prove to 
bti more effective and less troublesome than drng combina­
tions. 

Fixed Combinati()ns of Drugs 

Concomitant. treatment with two or more drugs frequently 
is unnecessary, and it, generully, immeosurably complicates 
therapy and t.he evaluation of response ancl toxicity. Never­
theless, iL is often warranted, even essential and cannot be 
condemned categorically. However, with fixed-dose or 
fixed-rutio combinations, in which the drugs ore together in 
the same preparation, t.here are certain disadvantages, ex­
<:ep~ for a few rnre instances like i ri!,ulfapyrimidines. 

'l'he disadvantages are as follows: patients differ in their 
responsivity or sensitivity to d rugs und adjustments in dos­
age or dose-interval may be necessary. If adjustment of only 
one component of the mixture is required, it jg undesirable 
t.hat t:he schedt1le of the second component be adjusted 
obligatorily, as it is in a fixed combinoUon. According to 
which way the dose is adjusted, either toxicity 01· loss of the 
therapeut.ic effect may result. Furthermoi·e, when adverse 
effects to either component occur, both drngs must. be dis­
continued. The fixed <.-ombination denies the physiciun 
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flexible control of therapy. Especially when one component 
in o mixture is supel'11uous yet. potentially toxic, O!! i~ often 
the case, the promot.ion of fixed com hi nations is re))l'ehcmsi­
ble. However, the separote administrution of drugs used in 
combination often complicates treuttnent for the pntient, 
who, in nu out.potient situation nnd sometimes in the hospi• 
tal, may not take all of his medication or who may take it. at 
inappropriate intervals. The resulting consequences may 
be worse than those of fixed combinations in certain in­
stances. Consequently, a ~ummary diiunissnl of fixed com­
binations is unwarranted. Rather, the fundamentnls of 
pharmocol<ine tics and clinical experience must be brought 
together wit h biopharmaceutics to analyr.e present com bi na­
tions and to predict possible new nllowoble combinations. 

Dangers In Multiple-Drug Therapy 

Some objections to fixed-dose combinations were stated 
above. Also the unanticipated effects of drug combinations 
have been touched upon, particularly with respect to effects 
upon elimination. But it should be made clcnr thnt more is 
at stake thon simply the biologicnl ha lf-li fe of a drug. On 
page 717 on example was given of the grave clinical conse­
quences of the effect of phenobarbital to enhance the bio­
transformation of warfarin. OUier examples of dange1·ous 
interactions, such as the effect of several antide1ll'cssn11ts 
greatly to synergize catecholamines, llll\Y be cited. Even 
some antibiotics nntagoni7.e each other and increase mortal ­
i~y. 

In addition to the obvious pilfalli; posed by the interac­
tions themselves, the use of multiple-drug thera.py fosters 
corelM,; diagnosis a nd o false sense of security in the number 
of drugs employed. Multiple-drug therapy sho\lld never be 
employed witholtt a convincing indicatimi that. each drug is 
beneficial heyond the possible detriments or withoul (>l'oof 
lhat a therapeulically equivocal combination is definitely 
harmless. Finally, the expense to the patient, wnrrnnt.s con• 
siderotion. 
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CHAPTER 36 

Dasie Phormocoklnetlcs 
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and C Dean Withrow, Phi> 
A'5o<kllo P1oft'U0I cl Pho1mocolooy 
Sehool of ModlclM, UnlYNSIIY of Uloh 
5011 l.okc Clly, UT 041~2 

Plrnrmacolcine t,icri is lhe di~cipHnc which iB concerned 
wi th lhe rntes of movcnrnnt of n drug or its mctnbolit<ls into 
the body, 11mo11g its m11ny comportmtmt:s, out of the hot!.v 
nnd nlso which attempt~ to cvnluntc the rates of biotn111gfor­
mntions of the drug nn<l its mctobolitcs. As in chcmi:it.ry, it. 
involvc8 primurily following the rnttl or change in conccntrn­
tion in the 1.1ppr·opriatc <)<.11npartmont(i;), most. often in the 
ext1·a:wcll\llar fluid (ploRmu) ond/m urine. Howevm·, phor-

TS- so zrrw-r t 

mucokinctics is by no means limit ed to ol.>11er11otioM of con­
cenlratlon; n1tos of movement of u drng can be followed by 
isotope!! or other meuu11. 'I'hc npplien(;il)ll of phm·1Mc:olc i­
netics to drug formulation and trootmcnt. regimens also is 
within the scope of U1i11 t itJc. Tho o.pplicntions to treul.ment 
regimens und other clinicnl usu11 of phnrmuc..'()kinetics are 
trented in Cho.pt.e1· :l7, Prin.cipl"-'s of Clinical Phm-n1<1cohi­
nctic11, 

Orders of Processes 
The order of any proccrss is rlcitcrmined by the probnhmt.y 

thnt the approprial.c unit. cv<mt~ will occur in o. given popula­
tion within II given timo. ProctHSe!I may be zero-order, first • 
or<le1·, Becond-cmler, etc, dttHmdin~ upon the number of 
vnrinblcs thnt determine the probnhility. In pharrnacoki­
net iui, only 1.ero-or<ler and fil-sl-orcJcr procc:ise~ a re impor­
tant, the latter being of overwhclminu significl\llce; conse• 
quent.ly, only l.lrn kinetics of thctltl two pr(ICCASCH will bo 
trCllt.ed in this r.hnpl.cr. 

First-Order Processes 

When octivity is rnndom within a population of II single 
species, the probability thoi n given ovcnL will ocClll' is di­
nictly proportionll.l to the s i7.c of tho J>o1>ulat.ion. J~,,r cxnm­
ple, the probnbility t.hnt some atom inn populat.ion of radio­
m1clidea will cli3intcgrnte in uuy inat,1.1nt iR dirocl,ly 1>ropoi·­
tion11J to tho numl.Hir of radionuclide atoms in tho 
population. Similarly, the numbor of molecules of drug Lhoi 
diffuse ocroK!I u given boundMy (cg, the vusculnr 1mdotheli­
um) per unit time will be pl'oportionnl direct,ly Lo the mun .. 
her of molecules nem· the houudo.ry, which, in turn, iR pro• 
portional to the conccmtrtttion. 'I'hiB is the basis of Fick's 
Lnw of Diffusion (page 208). Any proces!I in which Lhc rote 
of change in o populnt.ion i11 directly pr◊1>ortfo1111I to the 
populotion i11 known 1111 o first-ordl.!r pro\X:as. In such n 
process, the time-d<'lpcmdent change in concentration is de­
fined by the eqtmt.ion 

[units of wt• vo1- 1 or molnr, etc} (1) 

whe1•0 C is I.he concontrution at timo t , Go is the initial 
<.-'lmC:cntmLion (time zero), t ia time, e is the notlirnl (Naper­
ian) log hMo and Ii is a proporf.iomil iLy constant. known ns 
the rate COl18tunt. (For a dArivatiou of Eq 1, E<eo pogo 247 .) 
In n diffusion procc&s, t;ho magnitude of h is dotormincd by 
the temporal,urc, mobilit.y, permenbility and other foctorl!. 
1'he numericol vo.luc of k nlso will depend upon the timo 
unit& (min vR hr, etc) choocn. 

l!:q l. prcdicl.~ thnt 1111 t upproMhca infinity, C app1•oache:1 
zoro, which would be Lrue i'or- irrevornihle proCCBl!CB like ru• 

725 

dioactive decay, diffusion inLo infiniw spo.ce, some cxon­
Lropic SN, chemical decompoaitions ond certain enzymatic 
reactions. However, in II confining spoco, diffu11ion and 
many chemical reocLiona 1·eoch !Ill equilibrium state in which 
C nppro1tches o finite asymptote as t a1mroo.chea infinity. 
Pigure 36-1 illustrntos n simple situation iJ1 which the asymp­
tote is neceAAorily fin ite. 'l'o satisfy t,he condition6 of this 

20 

0 2 

Comportmen1 2 

Voh.1ma = 4V 

Tin)(? 

Fig 36-1. ldealizacl diffusion klna\lcs of a hypolhelicnl drug lhnl 
equiNbrates belweon two comportments. Traootor It! from compart­
mont 1 Into compe.rtmenl 2. ThO oqulllbrtum concontra\ion Is l!; of 
that lnltlally In compartment 1, becauso tho llnul volumo of (llslr lbu• 
tlon le 6 limo& 1hnt o( comportma111 1. 
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clrni(,d syslr.m, (C/'J - C .. ) must be $Ubstit111.c.d fol' Cc, in gq l., 
C, being the equilibrium concentmtion. 

In gq J, t.hc 11lgcbruic sign of Ii is u~ll1)1ly negntive, which 
indicutos n 1limini11hing concont.ration with time. Howevel', 
in Fig 3fi- I the t;()l)CClltrot.ioll in C(}lllf>/ll'Wntml 2 risei, logn .. 
ri thmically wit.h lime; ueverthelcss, h is negut.ivc, 11incc the 
l'l\(.c diminiRhes expon(m(;iully with Cimo, The equation for 
t.ho Jogari thmic1dly riiting coMcntrntion in compm·tmcnt 2 
will t11kc the form of Eq 5 (p111;e 727), in which C,, would ))(I 
uscct in lieu of c;. 

Eq 1 cnn be Wl'ltUm in th" log form, 

(2) 

The coefficient 0.4:H results from the conversion of tJ1c 1rnt.• 
nrnl log blll1c, e, t.o 101; bnae 10 (O.,rn4 "' 1/2.303). 'l'lrn equa­
tion det.ormine-~ thnt. n plot. of log C ugninst t will he rectilin­
ear (bottom of li'ig :31>- l) with u slope of -()AMII and l)I\ 

orclinaw•inl.erccpt (1 f C0• !•'or ph11rmncokinot ic11, Lhis i& n 
Ulloful iypo of plot, hocouse, in the i,t,rllight-line limn, bnck 
extrnpolftUon to 011tim1.1te Co i& tlosicr 1111rt more accurntc t.Jurn 
from a curvo, and It Ct'ln 1\lso bo dcLcrmin<:d graphically. 

R11t.o Com1tants and Holf-Lifc-•-Since first-order pro­
cr.118eS nrc churoc1.01·i1.od hy ex1>one111:ittl or logarithmic kinet­
ic~, it follow:'! thllt a consutnL fraction of t.llll pru~ent. or 
instantancou~ populution (eg, concontrntion) cl11\ll1'<,-S por 
unit Lime, (,hat. rrncLiuu being oqual to 0.4:l1k.; h h!ls the units 
of ,-1. Anothcl' w1,y of exprllfiBing the rnLe of chcll\l.:CI iR thnt 
of hnJf .. t imo (or eMpoci(IJly half-life, if 1J1<1 populnt.ion is de­
crcm1ing), with Lhc nota t ion litl· The h11lf-time is the Umc 

that it. tnkcs Uio population t.o decrettije (or increat;c) by 50% 
of Uic total pORsihlc change. By !ICUing C cqunl to 1J.iCo in 
eit.l1er l.!:t1s 1 or 2 1111d Bolving for I (which iM t.,n under these· 
constroinl.l\), 

t _ 0.G93 
1/'l - -

1
-
1

-

Zero-Order Processes 

I unit.s of timeJ (:.J) 

Whtm an (,111.yme or 1.runi;1>or t Mystem is AOlt1rt1 tcrl, the 
nctlYit.y cannot be incrnllijCd further by incrcru;ei; in the cun­
contrntion of !lll bstrat.c. Consequently, tho rnte rern~inij 
constnnt i,o long us the conconLrnt.io11 or sub!lLrol.e ii; in exc<1ss 
of the euturnwllff concentration. ln thiit i:lit.ual,ion, the 1·oto i~ 
independent of the concentn1t:ion. The kinetics arn de• 
scr ihud us being of teru-onler, and it i~ cuaLomnry to spook of 
the procesi; m, being n i-.cro-ordor process. The cHJ\WLion 
dcl!cribing 1.c.ro-orclor kinct.ic.~ ii; 

(-1 ) 

where // ha.,; the uni ts of nmo,u1t/unit time. A plot. of C 
ngnh1At ton Cartesian coordinntcR will yield ii ij t.raight line: ll 
plot ofloK C against t will yield u c:urve<l lin(). As tho pror.css 
conl.inues, the concontrnt.ion eventu11lly will fall to subsat.u­
rut.i◊J\ lovcls, 1md the kilrnt i<::; will ch(l)1gc, 11 R11ully to flr~( .. 
order kin()t.ics, ao that it ii; more, oppr()priate to speak of th<i 
initial kineli<:s 11nd not I.ho process n11 bcinr, ie1·0-ordcr. 

Pharmacokinetic Models 
'fhc pl11am11, ccrcbrospinnl ·lfo id, inLol'stitiBI :,pl'ICC, glon­

dular m· renal tubular lumlno, 1rnll hlncldcr, et.c nnd eoch cell 
aro nil compurt.rnen l.S which o drug may or may not enter or 
lonve with diffo1·ent roto c<mi;(.11 nL5. In oddit,ion, binding Lo 
prot.cin or 1)thel' sr.<iu11stral.io11 1~!~0 i.s rrovornocl by character­
ist.ic 1•ntc ))rocesRc11. Conscc1ucntly, ii. mi{{hl ht! oxpecLr.d 
Lhol. the kinetics of ub~orption, di11trihution and elimination 
would be vury wmplc:x and pel'hapt1 beyond analysis rmd 
mathcmatkal <kiscription. Ji'or1.u11a1.ely, Uw ratcs of dist.ri• 
bution mnOlll( Wic vnriou:; ti11st1C$ and myriad ccllR generfllly 
!\ro n1)i dispersed great ly, and mos(, i;uch prowsscs l\re first.­
order. Thu!!, the kinetics behove ns though Lhe drng wr.1·0 
boing distributed among one, two or, at tho m<>Ht, t1 fow 
comportment.I, and they MC nmeuahlc to mathematicnl 
modeling. Like the volumo of distribution (page 727), n 
t)ht1rm1"11;okh1ct.ic compnrt.mcut it1 fictiv<l m· vir tnnl nnd may 
he difficulL to dt1!'ino in pr11ciao nnntomicnl LormA. Thero­
fore, n c:ompnrl.ment. is clefinod mainly l,y ils 1>hurmaookinet­
k parmnctlll'S, 

Open One-Compartment Model 

In (,his modul, t.he body is ossumed LO behove na !:hough il 
were a sin1tle c(,mpo1•(.ment, tbut is, tl!i though thc1'<l wero nu 
borriors to movement. or n drug wit.hill the tow! body space 
And n11 ihou11h the finul equilibrium dil1trihution hi uLLained 
i1111t.nntanoot1ijly. In p r!ldicc, t.he model udcqui, tely dc­
SCl'ibos t.he pharmllct,kinetic behavior of II dntg if the finn l 
equilibrium clistributi<in is ntl.a ined rn1>idly in c:0111pnri11011 to 
the raioi; of absorption m1<I elimination. 'I'he torm upen 
indl~tc,q thnl inpu(. and out.put (from nny and 1111 route~ of 
odministr11tion and elimination, respectively) nre unidit'CC· 
tionnl and tJin(, the one compnrtmeut (ie, body} iR not within 
11 <!onfiMd 11pncc unct hence doc~ noi 1iu1irn inu, chcmicnl 
oq,1ilihrium wit.h i t:i external (lllvironmcmt. In 1;im1,lo din-

grom, such 1111 open one-com1>art.mont. modol is depic(.c,d in 
Fig :16-2. Ill the diagram, th,, comportment represen1A t,lrn 
ent ire body (exduding the lumino uf tho m1~t.1·oint.cstinal 
tract, urinary tr~c:t., pulmonary ulveoli, otc, whi r.h communi­
cnte with the oJ)<lll ,.mvironmont), The term, V <I i11 (.ho 1111l­

ume of di11tri/Ju.tion (soc pagtl 727). However, V<1 is not 
necessarily thnL of the body or even (.otol hody w11ter; llll 
noted on po.go 728, the volume of di11 Lribution1 V,1, is II fictive 
one conRidered to be equol t.o /DIC,, (where/ itt the frnction 
absorbed, D ii. the dose nnd Cµ is tho plasmu concentration) 
in which i t hypot.hetic11lly is assumed th11L the conc.-out.ratlon 
is Lhe anmo through()uf. lho volumr. 11nd is cqm,J t.o t.he plu8• 
mo cmu:entmUon. I.n n~olity, concenl.rot ion ii! ll<>i h()ll1(>/~0-

ncous throughout, bot: thi11 cannot ba dct.ennined from C,; 
010110 (which simply averogos nil inpul.$ And out t)UtK); os lonK 
us diaL1:ibution cquilibl'ium is nchievod rapidly, the kinatics 
w; porcoived through blood or urine conc:ent1·at.ions ni:e ~htl 
some whutJ1cr diKtrihuLion is homogc1wous nr hoterogene­
ou:l. 

ko 
D - l'°"N""Pll;.-,T:----f f --+- O(J 

lobsorptio,, ) C / 
p 

OUTPU T 
f~liminotionl 

Flg 36-2, Tho open one-compartment pharmacold11ellc model. An 
amou,11 OI drug, Do, Is QbsorbeO from tho !ldmlnlsiered dose, D. with o 
rato constant of k• Into a compartment wllh volume Vdend 16 dlstrlbul­
od Instantaneously to roe.ch a plasmi- concentrnlion c,,. v. Is olJ· 
talned by dividing Ou by Gp, D11 "' (Jose O tlnlOS (. !he fr11ct1on 
absorbed. Drug ls ollmloatod flom mo companment with n rota 
constant k, 1• D,. Is tho omount oxcrotod Into urine, fecos, oxplrod air. 
swont, mllk, etc: Om is Iha omounl of drug mel!1bollzod. 
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In 01·(for I.() (i(ll'iV(l formulne t.o de~nibi; t.imc-relutlill 
changes in C,,. it i$ r.onvcmirmt. to coni::ider nbi;orpl.ion 11ncl 
llliminuLioJ1 S(!JJHl'Hlcly, us I.hough Mch Wltrn occul'l'ing in tho 
ubi:s<mcci of the ot.Jwr, tlwn l<> ndd t.hom algohraicnlly to d<~t.er .. 
mi1m tlw hit.al inkgml kinnt.it:~. 

Ab:;u1·1►t:ion ..... Jf a drn1: is adminiskirerl i11l,n1vo11oll$I~• in fl 
si111~le, rnpid injnetion, 111)r;orpt.ion il< bypai;sod. 'J'he Linw for 
i:JlH:h injnc t.ioni; i11 u~unlly i;o short. compunid t.<1 othe1· plrnr­
mMoldnel.ic procrn:110~ 1.1ml. it is cust.omm·y L•) (:On$ider th0 
penk pla~ma concenlral.ion and equilihi·ium dist.rihution to 
CJ(:cur insttmt.mioously in Oll(!·(!Olil])arl.menL 11ynH1ms. '!'his h1 
dopided in pilllel A of J?ig 3G-3. In Lhe nwdel for tho f'igu1·c, 
I.here is no <ilimin11ticm ond C1, re111ui11$ con:;tunl. 011cc injec•· 
Lion ik uc;complished. Wi01 const.onl. inl.rnvenous infusion 
(poirnl B), C,, rit1el! rnctili1w11rly $0 lunl{ a~ infllsi()n (:ont.inue~ 
ut II ccmstimt rate. With ot.hm· ,·out:rni of odminist.i·aoion, 
ab8orpl.iou usually mnnifc;;t.s firnl.••onler Jdnctks, i.inc:c mo~l 
drugs 1ire absol'lied by 1;im1ll<1 diffusion. T hus, t.lw drng 
dis111>p(,,m; cxponcml.inlly from (.lw si l.c: of administ.rnt.ion (as 
from ,::omp11rt.me11t. l in Viit ;~(H). The !lqual.ion f'or t-1111 
con(:(lntrntion of a d ru1~ in tht;, ph1~ma nllel' u sint{l(i cix~1·nv11i;­
r.ul1ll' doi;(, of a drng, 11ssuming no ,~Jirnill!l ti(>l1 1,tl«::; 1)l1wc1, i$ 

c,, = c;; - c;;·e .,,., I uni(.:;: wL -vo1·· I' ct.cl (!i) 

where C,, is the concent.raLion tll. t.imc /., c; is t.he final 
conccnt.rat.ion at. "infini l.u" time nnd h., i~ c.ho 11!is<i1·pt.i<m rntc 
(:1>nst.0111. (unit:!l: 1.ime·· 1 ) . Abi;orpl.ion is ch11n11:ltiriY.ed l,y a 
hi1lf-t.inll, (l(Jtuil l:O 0.(>9:Vh.,. Bimoleculnr t1hiiorpLio11 p1·0-
t(>8$C!S, ~uch 11~ fodlit111:c,d diffw:ion or activ(! trnnsport, also 
oftcm show ffrat ... orclm· kinetic~, <i~J)u(,ially 11t. drug conccn1,r11-
t.io11s well below !.hose al. whicd1 t.hc <:ai·ricr sysU!m will hc­
come suLurnU\d. A(. s11t.11r11t.ion, Uw kin<,1.ic:s hccomo lmrn­
order. Even I.he r/11.(, c.if dissolution of II drug app1·oximales I\ 
fir~t,-order process, provided 1.h11t t.he drng is soluhlli rnadily 
ond difl'usei; mpidly. If the solubility and diffw:;ibilic.y 1n1i 
low, it will 11ppro,dma(.e a 1.ero-onl1?.r pr,1wi;s so long M 1:ho1·<i 
is saturat.ion around t.he solid phmw. $t)me sust.ninml-rc­
leasc do:;11ge forma llr(! desi1~nr.d t.o r1!l<Hl$C drngs at: n con­
,;t.11111. rate (i.<,ro-ordcir) ,wm· long 1><iriocls of ~ime. 

Ah~orpticm by the ornl roul.<i rnrnly conform,; t.o sinmle. 
fimt.-ord1ir l<inel,ic;,. A drug is ab!;orbe<I 111 diffonmt. nll.Cf! 
l'rom th(! i;tomad1 and I.he thrnr. :;c({mcnt.s; <>f thr. in(.<,stin<,, 
partly simuh.a1H:1<1~u;ly and 1)11rt.ly i.eq11c11tially. Absorption 
from U1(1 stomneh 11sunlly is quit.<: slow comp11rud 1.1.1 that 
l'rom t.h(! i;moll inl.c:it.inc, and it is !:-Onwl.imcs $1) !!l1Jw 1.hot. a 
significant. amo1mt of droJ! apJ)<.mrs in t.lw blood only after 
(.Jll) ::;tomnch <:onLlml.~ Mc .:,rnpt.icd. Thus, t.h<mi mny be 11 /01: 
between the Ume of drug Mhninist.1·111.il)n and t.\10 ,IJJJNat·1mce 
of drni.: in Llw blood. '!'hot. is, t.hr. Clll'Yn dm1cril>in1: th<;1 ti.nw­
depend<rnL rise in C,, does nc,t. pas.~ through f.lw ori1!iil. An 
w.:nmplo of lug in the: 11bsmvtion of pcnh1harbit11I is ::;hown in 
l?il{ :}({.,t. Rnt<:ri<:,coatecl or other ddayed-re)c;'t:';(l dosage 
fomu; nlso cause lug. The mathenrnt.knl formuh\t.ion of laf{ 

Ropid inl rovenoui Conslont lnlrq.. E.Ktrovottou1, (('=-- ~ ""r~- l~[odmin i:_!!,_~,:~~--

E : ~ L ... >-· , __ , .... , ..... , i .~.:~~:•o:•., , ... J - ,, . . , .. , . , 
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Mou rt ltouro Hours 

l'ig 3Ci-3. Tlmo-concontr::illon curves for injoctlon (A), Infusion (13) 
:md OKtravenous (C) odministt'fttio1, ol drug In tho ono-comt)artment 
1no(leil. 'l'he volume ot the compartment is 100 I. (V,1 "" 100 L); tile 
<1mount of drug !1(1mlnlstoro(l in oach instance i~ 1000 mg. Oruo 
oliminati(ln has hcmn sot to zoro. so that tM llmo .. concontmllon curvc-1 
for ,i11c1, mt)ltol ot t1Clmtnlstrntion can be o,mmln11<1 without tho con1pll­
catlon of :ilmulltmoous ollmlnallon (courtesy. Bigger. 1 adaptod). 
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Flu 36-4. Tho tlmo courso of pentobarbllal In the blood of a lasting 
humon sut>joct following 11\e or:\I :\(lminlstrnlion of 50 n19. The figure 
shows a log-Hmo or about 20 min, opproximutoly tho (lmptytng tlrne of 
!ho lusting stomach (courtesy, Dlttertt). 

will he deferred to r.hc noxLf!c.ict:ion in r.on,wct.ion with Eq 28. 
l•'acl.t>rs uffe(,ting 11bsorpt.ion lll'll om11um·11t.tid on page 71:·l. 
Some dinngw1 ill gast:rointestin11I r.omlit.iomi during Uw 
cou1·se of' almorption am part of diurnal rhythm1; i•r nre 
cmrned by the drn!l il$e)f, whidi 11111ke it. impossible\<> estab­
lish a st.Hady basal st!ll.C• for <kseript.ion; 01.h<JI'!; mny re:;ult 
from emoti<>nul iiy, inge$t.ion of fooclRt.uffi;, wnter, other 
clruw;, <:Lr., nnd cnn be r.ontl'Olled ad<1<111alcly for Bcientil'ic 
porposcr. hut. mny vm·.,, i.:1·e11tly in praclkal circumst11llces. 
Ahsorptfon by othm· rnulm1 ii; alf;o subject. t.o vurinbility. 
Some drug~ thnt nrc com1>let.c:ly absnrbed in norm1tl 1>!\f.ients 
may not. b<i nbsorhed in person,; with 1ihnormnl gnsl.rointiist.i­
nul l\mcl.ion, 1\8 I.he result of 1:cnc,t:ir., pr1t.holc,(!ka! or surgical 
!'itct-01·1;. Mnny drnfJS Ill'<: not. nhsorhccl completely even 
when 1instroint.o~tinnl function is optimal. Absorpl.ion C:in 
be limited by the phyi.ic:111 st.ate of tlw drntr nnd by c1Uwr 
m1hstunccs in the dos11gtl fon11. The l\lll(>llllL (lf d1·u1{ nb­
norhed into 1.lw body (Dn) is rcllll,ed 1,0 t.lw dose ns l'ollows: 

D11 .. {D (6) 

where /Ju is ilul amount aln;orbc<I (drn11 in 1.hc body),/ i,; the 
Cruet.ion nl.J~orbed and D is t.he dos(! ndmini~Lercd. The 
proper ty of a drug to be obsorlwd from it~ dosogH form is 
known n~ /,ioavai/i,bility, and/ ir; t he: bio11vailability fa,,tor. 
The biouvnilnhility l'nctc,r often is determined by c()Jnpuri­
son of (.hr. n,·e11 un(kl' t,hc, oonr.()ntrnt.ion curve (AlJC) of n 
given doiie of drllf( tdvcm orally with tht\i of' the !>l\lll(! dmm 
given int.ruvt!noui;ly (seCJ pa11e 7:IG). 

Dist.•·ibution, .. • .. ln lhe open ont.M:01~1p11rl.m@l. modlal, l,ht: 
bod,v is irnlll.C\d M ihou,r,h it. w,ii·c t1 ,;lngle compiu·t.ment in 
which 1.hci ahRorh(l(! dr111.{ iH mixml insbmLllnoously 011<1 ho­
mogeneously. Clearly, Uw a~sumpt.ion of inst,nntnnoous 
cquilibl'ium c:;tablhihes only an idl!Ul muthem11t.icnl bc;und­
ury c<>mlilfon to far.ilitalll phm·macokilrntic c11lc11lations, Ai 
best, M dn1g could be cquilibra~d in less than one ci1·culu .. 
t.ion 1.imc, ond no drn({ h11s been :ihown to di!;[.ribtil,(i ~o 
ru1>iclly. Howovm·, for 1n·actical 1Hn·poscs, n di6t,ribut.ion 
Umu of 1.1 fow minul.e1; is neglic;iblc compared to ob:.orpiion 
ai1d climinnt.ion timc:i. Only wnl.CH'·60iubll:l chugs of small 
molecular size which ai·e c'.cmfincd compfotc1ly t.o the extrn· 
l:<1lhtlar SJ)ilt:c cquilibrnt.o rapidly enough to mc(•l the re· 
quircnu;nt:s of the idl'al onc-compart.mcnt model, hut., for 
dini<:111 pur1>oam1, the 0110-cc>mpart.ment. model is i1dequl\t:e 
t.,l cfoscrihe the phurnrncol1int!t,ics or:, lai·tte mmibtir or drugi,. 

Volume of Distribut.ion iu1d. Di11tl'ilmt.io11 Cocffi­
oionL .... -'1'h11 hypoLhet.iC?al volume wit,hin which a drui: is dis• 
t.rib~1tod iu known a~ t.ho Miu.me of clisl.rilmt.icm, V,,. l t may 
he t~n lculnt.ed by dividing the ,-1mount of dn11t in I.he body, 
/)ll, by t.he plasma camcenL1·at.io11, Cp, where Cl' is_t.hc c:mH:l'ln• 
t.rnt.ii>n in phisnH\, It. i;; import.ant. t:o nou, I.hot. c,, is 11su;1lly 
(.)lCl tot.iii content.1·aU<i11 of unbound plus bound drng. Un<lcr 
rr.al co1H.litfons, l.)11 nnd C1, vmy wit.h t.ime, and t:(mlJ)11tnLiv11 
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must bci mu<lc in such ll wny AS to eliminate tho timo vnrinble. 
Ono sur.h wi,y iK to 11xt1•ii,pulat:o C,, to Z\iro time (og, sec l•'igH 
36·6 and 36-8), in which CA8t, 

V<, '"'/ DIC~ (7} 

whero D i~ tho doi;n 11dmini11tcrc<l, / is !,ho hionvuilobilitv 
foe tor (fr1:1ction t.hat rMchca Uw sy1,1,emic circulntion) Md c'll 
is the pluama concentrution !11, ·,WI'() timo, determinC!d b~ 
.{;trnpolation. When the: drug is [{ivon iut.rnvenooely, JJ11 .;,. 

Of com·~o, Vt1 will vnry with body w<,ight, i;o that it ncodi, to 
be. normnhr.ed inn w11y thut. 11llowH compnrison11 nmnng indi­
vidunla of cliffet·cni body weight.'!. Such a norm111iv..-,d Vd i~ 
the distl'ibutiun coe{f,:cient. • t!.1

, t)lllt.11luwd by the equation 

t!.' = v,,mw <s> 
where BW is body weight. Unit11 uro 11a11nlly mL/g or L/kg, 
ond t~u·c must ho taken to employ tho npprot)riato unit~ of 
weight, conc<mtrllLion and volume in Eqs 7 and 8. The 
11ot11Lion 6.' is n more 3erviccnble pnromeLcr thun VJ nnd ji; 
the, form of V,1 111mnlly found in tublc11 of phormacokinctic 
data, usually under the bcuding, "Volume of Dist.ribution," 
ruther Uwn l:i.'. 

All:hough V<, nud /j.' 111·0 derived as though the e<Hlc<mtro­
tion was nquol t.o C,., thronghoul, the volume, concentration 
is, in fuct, uhno$t never homogr.neoua, and consequently Vd 
11nd /j.' ore only imoginnry (fictive, virtual) volumos. l~nckir$ 
thot moke for nonhomo((eneoui. distrihut.ion urn: binding to 
prot<:ins, dis$olution into body lipids, pH p11rLitiun, nctiw 
l,rnnsport, olectrochcmicol 11nd Donnan distributioni; otc. 
gven if Cp (free) rnther than C,, (t.(>tal) is u~ed to c11lc~l11to 
VJ, V,, would not rcpre11e11L n rMI sJ)aco, becnu:;c of UteBc 
manifold fact.ors that cause uncvon distribution. Conse­
qmmtly, t.111~ principal utili ty uf v., or A' is not iio much in 
permit.ting on cst.imntion of where tho drug is distributed 
but rat.her 11a u mMaure of the reservoir from which !I drug is 
being delivered ond/or cleared (aee page 729 nnd 'l'nble II 
pogo 731). However, with upproprit1te conaiderntions V" o; 
A' also mny indicate tho goncrul 11bility of o cl rug u> pon~tl'atc 
membrru10R, dissolve in fot 01· bind exuinsively to oxtravaa­
cul11r macromolocule8. 

Highly polar, poorly 1>enetrn111. drugs tend to be <:<mfincd 
mostly t.o the ext.roccllulor ll))Occ; if (;hese dl'Ugs are litUe 
bom1d to I)losma proteins, (.hey will hove t!.'s of obout 0.3 
ml,/g, less if there is signifknnt binding t.o plasma p1·otcins. 
'l'l~e lower limit. tot.' i11 uhout0.04 mL/g, whir.h l\l)Proximnl:e­
ly m oquol to tho plmuna volume. Dn1ga that nro di11tl·ibuw1I 
throughout body wnter tlltd nte not bound or concentrnted 
hi.iv? t!.'s of npproxim11tcly 0.7 mL/g, the t!.' <lf body wnter. 
L1p1d-aolul~lc drugs th111.are botmd negligibly to plusmn pro­
tern hn~e As that, ronr,e uHunlly from £\bout 0.7 to 3-4 mI./g, 
depending upon w11ter-lipid distribution coefficients. Some 
drugs thnt bind strongly to chromatin have t!.',; that. ap­
r>ro&ch ~0~0 mL/g, However, many drugs combine pene• 
t~anco, hp1d solubility ·ond protein binding in such pro1>or­
ti'.rn11 to nlll.ke it _difficult. to interpret t;he me11ning of /j.' 
mthout 11nc11lary mformntion. 

Sin~e, by clofinit!<m, V<1 vnriea reciprocally wil.h Cp, it fo 
~asent11.1l t<i ,reco~mze thnt hindiug t.o plasmn proteina, by 
lll?re~sm~ Gp, will decrenso V,1, Dosr>it.e this, plasma pro­
t~m b1~~mg has no real offoct.on cxtravascular distribution. 
Sme<• .•t rn on!y the free form thot movQS omong the 81)1\CM 
o~ul !:1a911os, ti follows thot. all.crllt.ions in plasma protein 
bmdmg alone will not t1lLer the extl'ovnticulnr (indeed extro­
plnam11) di6t.ribuUon. Only the cokulot:ed fictive qtiontity 
t!.' , h111ffocted. Por example, uufcillin baij ~ 6' of0.29 mLi;, 
ond ia 90% bound to 1>laama 1m:,toi11s. If there wall 110 pro: 

• ~• is not to 11,, t,onfuMld wi t.h w,uor-lipid <liurihulion <:ooftfoit.ttts. 

tein binding, t!.1 would equal 2.~ mL/g, a volume !lllfficiently 
larger than that of wntcr, to suggc111: com1idurnbl(\ extravas• 
culnr biudiug. However, it ill not tho masking of the degree 
of extrnv11sculnr cliGtribution tlrnt ia the source of difficulty 
when there is 3ig11ificont binding to pl11smo protcinll, but 
rather bocouse t he extent. of pr-0tein binding is uoi always 
constunt. Both ihe quantity oncl binding pro1,ertiea (offini• 
ty and ~apncity) of hum1:1n pl118mn proLeins con vnry in 
health, diflonao and the 1>rC$ence <>f other drugs (sol! pagoa 
ID5 and 716). If tho dcgreo of bin cling of ne.fcillin to plasm11 
proteina was to chungc to 50% 118 the result of hypoulbumin­
urin, t!.' would become nc11rly OAS mL/g. Tho t.' of ampicil­
lin, which is bound only to the extent of 18%, would not be 
affected so grc11tly. A further complication of binding to 
plasma proteins ia occ1111ioned when the dogroe of binding, 
um! hence tho m11gnitude of t!.1

, is do~o-dependcnt. 'l'hcl'O 
urea number of known ex.omp)()s in which /j.' v11riei1 with the 
dose. 

Eliinh11ttio11 •-Once o drug is nbsorbccl, it i~ t-r11nsported 
by the blood lo the Lifisue1.1, among which it is distributed, 
mctnholi:t.ed and/or excrct()d; 1111 01 t:hoso procc11sos lower the 
1>lasma concentrntion of I.he drug. gnt.h sopim1te pror.ess 
01·din11rily hue finit-ordor kin11ticij, und the overall chuni:e in 
plnflmn concentrution is dcAcribcd by the li11011r combination 
(or 11lgehroic addition) of the separate cqu11tions. In the 
one-compartment model, tho ltinetic'.11 of dii1tributio11 11n: 
ignored, since distribution occurs so rapidly thnt <liet.ribu­
tion OCCUl'ij btforc 11ny practical blood,s11mpling or rcpotitivc 
do~ing occur11. 'l'hus, nft(l r i11trnv11i1culnr 11dministmt.io11 t:hc 
plui1mo concentrution, C1,. will foll cxpmmnt.inlly according 
t.o l!':q 1. Such on exponentinl climinution of tlwophylline, 
given intr11ve11011sly, ill shown in Fig 36-6. Accordint~ t,o Eq 
2, if the dntll of Fig 36-6 nre plot.ted iiemilognrithmicully nti 
it1 Pig 36-6, a straight line should reimlt. Sevorol deri~ed 
dntn cmi be obtoincd from 11uch n plot. J~xtrnpol111.ion lo 
zero time (ie, Uie y intercept) gives c:;, iho U,coreticol plas­
mu concentralion at time zoro. It is o thnoreticlll concent1·0-
~ion, hecauAe neither injoction nor distribut.ion nct.ually ia 
1!1stantnneous. N~vcrtheles8, CJ, is a very prncticol fi guro. 
11 or oxomple, from 1t muy bo derived tho volume of distribu­
tion, Va,. simply by dividing tho dose, D, by CZ (1:1ee page 727). 
In the figure, l~ = 0.0116 mg/mL, so thnt Vd i~ 43.5 L, or 
about 89% of the volume of total body w11t.or in a 70-kg adult. 
'fhe plasm11 hnlf- timo, t 112, can be determined dfrcctly from 
tho graph or from the oliminotion ratll constont. h.1 bv 

fE ' ' . , J 
moorn,? • q ~- (Conversely, her could be derived from t 112, 
dctcrtmned v18uolly from a grnph.) Whan determining h"1 
from the Rlo1>c, it must be kept in mind ihllt the log of the 
concent.rntion must he used tather than tho Mitilog that ia 

r f.25 

t 1.0 I 0 .75 

§ 0.50 

I o . .w 

o .._L-'---'......,'--'• ...... -4-1.-a......J 

0 I 2 3 4 5 6 7 8 9 10 
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Fig 36-6. Ellminatlon curve of average blood levolu of lheophylllno 
In 11 human subjects aftor Intravenous admlnlslratlon of 0.$ g arnl-
11ophylllne per 70 kg to each {courtesy, data. Truitt, ot al 3). 
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Flg 36·6. Semllog plot of the olirninntron wrv0 In Fig 36•5. Noto 
the log ~Colo Of tho ordlMte. 

ploU.cd on t.hc lnr~ •scnle<l 01·din1Jtc in thl! fi1r11rn. In nat.urnl 
lor:nrit.hms, I.he slope (In C"1 - , 111 C,>'?.}l(ti - t 1) is equal to h,1; 
in decilomwithms, the slopci (log C,,1 •• log C,,i)/(1.t - 1.1) is 
nqu:il to OA~Mh,.1• }i'rom t.Jw l'igur6, h,,1 is foun <l (.o b-., 0.22 
lir-· 1. HowtN<ir, this i,:; nn i11.,1011ta;wo11~ 1•n1.e and is ll(>l t,IH~ 
i;11111Ht1D Uw fr1wtion tJrntdii;nppci1ri; ovm· 11 finil.<i int.r,rval,cg, 
J In·. Ntwcr(.lrnless, it is gomcitim()6 WllWniont. t.o usci h,.1 for 
calc11li1tion of Lhe mnount ol' clrng IO$t, per unit l:imc, e1;, for 
tlrn cnkulaLion of m11inte11t1nc:<1 dmw~" durill{( chronic <lrur, 
U1c!ra1>y. If' Urn \.inw int<Jrv~I under con:;iclcrution iii very 
short. (at. Jca8t 1h) as (:om pared to I.lie ha)f.Jifo ofthe drnu. h;.1 
may be <:onsidcrcd to i)() an indic11Lio11 of the p(in:c.n1.11gcl (If 
the cfrug Im,(, duri111-: the t im11 inl,c:rval. Por ux111n1,lc 1 if 1.h11 
hn]f.Jifo of ii drur, i::i 6.9:1 hr, '1,.1 would <iqu11l O.J hr- 1, and 
approximately I 0% of the drug would l)(l l<ist in l hr. Thus, 
if 100 lll{I of drug woi·o present at t he beginning of th1i hour, 
JO mg would ht! lost by tho end of t.he hour. ('l'hr. cxflci 
1unou11t of <lrnl{ loHI: i:- det(,rmined by use of gq 2 nnd is found 
to he !J./.i l ml{ in I. hr, a diffti1·e111:r. <>f ahout. {$% from ~he 
approximnt1id value.) ff such an app1·oximotion wul\ used in 
the cxomplt\ giw,n in F iH :16-(> (1 hr is a JitU(l lo~fi thun 11.1 of 
the holf-lifc} oncl the runount of <lrur, present. is l 00 mg, t.hc 
fi"ures com1>ornhlc to tho ilh1Ht,r11\.int1 nhove would be 22 
versus Hl.7 mg, respectively, tilmost n J 2% d ifforeuce. 

Within \.he poop uf L J suhjecLo; in th<! nhovc stndy, t.h\lre 
wore c:011sicfori1hlci diffonm(:m; in h~1 01· I 1n among thC! m(llll • 

bers. Ono c:nnnot ovc1·omphnsiiet (.h~\ <;uvent not. to ,~1kc too 
li tcrully thn nveragc lmJf.life datn found in various tnhlc;; 01· 

otlwr literut.ure hut rut.her to 11$$\llllC a p1·ob1ibility 1.l111t thu 
h11Jf.tifo in n t~ivcn p11Lient may clepnrt. <:01H;id<m1b)y from 
that nvcraf.(e v1,h1e. 'l'he half- liveH of som<! dr111:;; vnry ovCJr a 
wido rnnge cv1m in normul individu11Jr,, 'l'lw hn)f. Jifo of 
nniil,riptylinc, n drng wit.I, o c:omplC!x metaboli<: and ox~rc• 
t:ory elimination, vm·iCls neurly icmfold; even tho hulf,lifo of 
pcnieilli11, 11 drug wit.h a simple excrcit<>ry oliminal,ion, varioi; 
twofold. 111 p1ir.sons with heJ)ut.ic or rcnnl fo ilurc, 1.lw pub· 
lithed menn holf•lifo d 11ta may not t)Wll he inn rnngc nppll• 
cnble to s1wh JlOn;ons. 

The half,lifo 11!1,o moy Vl\l',V widely from species Lo 11pec:ics; 
for exnmple, in m1111, tlm h11tf .. lff(i of sulf'net,hidole ii, a bout 8 
hr, whero,1>1 in ,:attlc1 it is lc;ss th1111 2 hr. Bolf.Jives al110 varv 
consid <lrably (wen nmong congenel'ic drnl(~, 11$ muy be seei1 
wi th tlw sulfon1unides $lh)w11 in 'l'11bl.1: J. 

T lw biologicnl hnlf•life mui;t not I,() coul\t~cd wit.h Lhc t,imc 
for the 1·aspo11se to d<!cl inci by 50%, 11i11ce dose, 1,h11 roquire• 
mcmt for II thl'ci;hold conccmt.,·otion, Ja1.c11c:y of re~pom,c, 1111d 
ol.hc1· fnc t.01·s muy cause 11 non11,11·nllolism I.wt.ween blood 
t:\ll1Ct\l\1,1·:1t.ion ilnd intensi ty C>f rcsponMl, In fad, becaUMl 
I.he relationship between effc,,t and plai,ma concont.mt.ion is 
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Tilble I-The Approximate Oiolo9ic H11 lf·lile In Man of 
SCl'veral Sulfonamlcl&s~ 

~,11lrmnr1hyhhimlin1-ok, :! 
Solfa«thitlo)c, il 
Sulfi~uxnv.olc IJ 
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u11twlly lol{l\fil.J1mic, effect tm11lii t.o doclino in ti limmr, 1101. 
loglinear, flishion . 

In l~ig 3G·!~. the ril!.e i'.Ollt\1.0nl, for t\liminnLi<>n i~ dusignat.(~d 
h,.1, without. rl!fCH'CI\CC I.ti I.he mode or roul.1! of dinti11(1\.i,m. 
However, h,.1 mny bo n compmmd con,;tnnt c<:1tu1l t.u tho s11m 
of the ral.11 c<mHtnnt.s thnt d~ifino t.he vo1·im.18 ilimuh.111wcm1: 
(ie, 1mrollc1I) c:onl.rilmU>ry JH·ocm;ses, :'\Heh as biotrnnsfornw­
\.ion, renal excrot.ion, biliary socr<1lfon, c,U:. Tlnm, Uw ,,om· 
pound or ovc,1·1111 (!OHS\.unt is l< "' 11 1 + ht + h:1, • • ii,,, whcm h 1, 

hz . , . /?11 111·e t,h<i i·itte coni<t.Hllti; (if t h<; $ep11rntt~ conl.rilmt.ory 
p1·occssoi,. Consider the c11se in whidi 11 dr111, simufl1u1cm1s­
ly is hiot.r:insformcd and Ol(c;rctod 1m<:lwn1:tlcl in the:, 1.1ri1w. 
The ini tial c1mccntmtion, C;'., t.hn1·c:forc will he diminishod 
by b(>t.h C;,e···J,,.,, 1111d c:'.cr··1, ,,, , wheru m cle~i1:n11tei; nw1.11holism 
und 11 i·0ni1I excrotic>n. On ~ome 1H1t.11.ion~, h., is dosi.:nal\ld 
11n /~ 11l, k:1 or he-) Therdvre. E<i 2 t1d:1pted for t.h(! two 
procemwi; h<:<:omcis 

log(;" = log c;; ··· OA3~k,,,l - OA:1-ih,,t. 

= l011 c:: ·-0.4.:M(h,,, + h,,)I [ no units! (9) 

Thus, I.,,, + /1., comli int\ lo nrnlrn n si11gk con~tnnt, which ifi 
t.he overull eliminnl.i(m rat.e contt;mt. 111 order i.o i<knti fv it 
us H (:ompound, or overall, tvm,Lan!, it ii; somel:imes <111~ii:i ­
n111.ecl aa I< , i·nt,lwr 1.han /1,,1, 

Clt!f/J'/1111:11 and Uoutes of l~limillfllion--, T lw hu)f.Jifo of u 
drug is a 1moful phnrmncokincth~ J)ill'I\I\H~t.m·. Siocc hnlf-life 
is expressed in units of timc, it i~ on c,nsily underflt(>(•d, 
condso indic:11tion of (.ho rat.l• of dis11pp11ara11ce m· acc:um11l11-
lio11 of n dn ig, l•'urther, ii. ii: u,;c,d to estim:it<.! I.he. t.ime 
ncccsMry t.o nu,uin a new swudy st,11.0 whencwr u :;t.tmdy 
state is a ltornd hy 11 changr. in t.lw fnctors dc?l.er111inin1s d()!iC 
rc:1;inw11, uamely, drug dose, hiMvnilnbilit.y, tho dm,l\ inter• 
vol , rate or eliminat.ion and volume of dii;t.rillot.ion (s1<c1 pav,t 
'7-10). Howcivoi·, t.l1e elimin11tion holf.•lifo of II drug is 11 <:Om• 
plex function of dr111~ dii;tributic>u, biotl'111rnform1.1t.ion und 
ulimination. A more dirucL oxpr()s8ion of t ho rate of drng 
climintilfon i~ drng clc11 ron,:(). 

C ltitll'!Hl()(l i$ I.he rate of rcmow,1 of I\ drug ())' 01.hor suh. 
sto.ncc from the body, cxprcf:»cd as th(! in 11i1m vol11111c equiv• 
11lcnt of the $\lb~tnnce being i·emovc-.. d pe1· uni\. t:inw. In 
orcler to illu!!trot.c the conce1>t, t\$,:;ume thnt drutr D fa being 
eliminat.ell from t.Jrn body 1\1. a rl\l.lJ of 0.1 % ))CJr minutr.. 'rhCJ 
ab9olute 11mo11nt of dn1g (:hat. WAi; lllimiualo<l would thern­
fore bo equnl to0.l%Du pr.r minuto. Since /l11 in dist.rihutcd 
OB t.hOU/lh it. were in II volume V,1 (voluml• of di;;t.rib11tion, 
page '/'10}, one can calculnt1i the fictive volumo cquivnlunt: of 
the omount of drug Jogt pm· minute, which in thi~ irnitancc 
would he 0. 1 % V,i/min. Since t.hc rell.1t.ive rnto of los:;, 
O.l 'l'o/min or 0.001/min i~. in f11<:t., h,.1. it. m«y be llClm thaL 

Cl,"" /1,:1 x Vri lvol/uni L t.inu~] (lO) 

where Cl1 i8 total body dciar·anc:ll. IL IYlliy IHi expre~sod in 
unit:i; of mL/min, L/hr or ml.,/kg/min; t.lrn l'Nldt:r must he 
Alert to the uni ts in which l{ivcn c:lcmoncti data are ex• 
pressed. IL must lw umphal;i:,,cd t.hnt dcar:uwti i$ a hypo• 
tlrnLicnl or fictive q~1f.l11t.it.y, since tha body rarr.ly de1,rs 1\ 

ctrni.: com1>lctuly from 11 ~,)odfic volume of body fluid. Only 
whr.n climin.11.ion i~ floW•·limit.ecl is the blood (.hat. p:n;i;es 
t hrour,h t.he eliminnt.inf,( oi-1;1111~(~) tnt.11ll,v clM1·cd, i;o t.hat. (.h ti 
0ffh1()111. hlood is essmit.ially dt!voi<I of drug; in sur.h nn in• 
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l(t.·rnce the denrance apprnxin111te8 the rat.c of blood O<>w, If 
t.hc cc,nc::tmtrntion in I.he effluent blMd w(,i'f. to l>e only ().(i of 
t.he of11\1ent. blo(>d, tho cleurnnce would be snid to be 0./i t.hut. 
of the blood flow. 

AlthouJlh deumnce is I.he dV/dt <?quivalent of dlJ/l/clt., or 
the volume equivalent of the clrng lost. per unit time, the 
hy1>ol,heticol volume cannot be regarded ns alijo hnving been 
climinot.cd. ,Just as the duplot.ed afflucmt. blood from t.he 
eliminnting orgon is rot.urned to the i..v~tomic circulation t.o 
mix with a ll the blood and ns drug is redi~trihuted nncl re• 
equilibmt.ed omong dl<! vm1culur nnd extrnvuscular compo­
nents of V,1, the fictive volumu I.hut i~ "dcml'od" remains II 
pn1'1. of V,1, i10 that the only change f.hot is of'fect.ed iB one in 
conccntrntion, of which c,, ii; th(I index, Sinr.c V,1 and h,1 n1·c 
both ccmstant, it. follows thnt Cl, is nlso <:on~t.nnt. 

'l'hc concept of clonronce c1111 he a1>pliod to the whole body 
or Lo specific orgnn~. The former npplicntion is ft convenient. 
way to indicate <>verall drug elimination; the lut.ter npplicu­
tion ii:; used to indionte the cont.l'ibution of ti specifi<: orwrn to 
dru1i di811ppem·11n(i-0. 

Tot.al Sy.~teinic (Whole Bod,y) Cle111•11n<:(!·•-'I'otnl body 
dcamnce is the aum of nil the separate clnm·mu:es thnt r.on­
trihule to drug eliminut.ion, ie, Cl,.,, = Clm,•rnb + Cl,.,,,,,,,, otc. 
It. is cssential that he1 be expresill!d in Uw same time unit..~ as 
Me used in d<enrnnce (111,ually min). Iu gq I 0, dividing by 60 
converts 11.,i in Jw-• to min"1, so thot dctmrncc can be (~X• 

p1·ossecl in mL/min. Whole-body c!Mt·nnc<l in a onci-com­
pnrtmenL system is al110 nquul to drnw divided by I.Im nren 
under Lhc curve; 

(11) 

where AUC0 is the ureu under tho cm·vo (A UC), di8CIISl'led on 
pngc 736. The determination of C/1,,1 in the two-comport­
ment ~yiitQm is dil:ICllSS(!d on page 739. 

I?c,wl /i:.rc1·etion and Cfow·ance--Thc principlcr. of rntllll 
cx.cretio11 and clermmce have beon usod for approximntcly 50 
ye,ws 1\$ t.ools for studying re1rnl physicilo,:y and pathology 
and hence were ndl\pted early to phannacoki,ietit!S, Conse• 
quont:ly, rcmnl c:lnarnncc of drngs is t1 clas~ic iHulit-nitfon of 
the general 6llbject of clenroncc. As <lisc;u$Md in Chn1>t.er 
:~5, all drul(S 11re filtered in the g)omer11lrn1 and Home nlso m·c 
secreted into the urine hy rcn11I tubular ccll8; t.herr. i~ olso 
re1;orption of drn"i; from the tulmlar luminul fluid back into 
the blood 06 t:lw flttid pnsse1; alOllf( th«! tubule. Glomerular 
filtrntion iH the possage through tho glomci·ullw v11Bcul ol' 
endothelium of the plnamn fluid nnd nil solut.eii t.hei·cin small 
enough to poss through tho pores; thnt is, it ir. the filtrat.ion 
of wntcr ,md Kil micrnmolecul11r 8olutcs. T hus, it il'i inde-
1>ende11t. of the presence of drug and is n functi<>n of the 
filt ration pressure (which rolat.es 1.0 blood preis8ure) and the 
mcnn trn1rnii time oci·oS6 the glomerular capillaries. 'l'he 
rnt.e ol' fil t ration is known us t.hc glomemlar fi/tN1tio11 mte, 
GFR, and it h.£1~ the unit.q of vol/min (usually ml.,/min), In 
turn, the t.rnnsit time is determined by the rntc of' flow of 
blond through the glomcruli; this rnte of blood flow ilS known 
llij the renlll plasma ffow, JlPF. Since only t1 frnct.ion of the 
plasmn is filterc.;d during f>l:IS!la!{e through the glomernlus, it 
is us«ful to designate this fl-act.ion ll!! the filtrntion froction, 
!•'/?, whl'lre PF = Gmt;nl'!<'. 'l'hc overa1fe renal plasma (not 
blood) flow in the ndult human m1\lc ii:; opproximatcly 
600,-700 mL/mi11, and t:hc GF'Jl is npproxim11t:oly 100-125 
mL/min (of which 99% of the wuter is re1mrhed nnd returned 
to the blood); thus, the filtrution fraction is npproximntely 
0.2. 

Undl'!r bMul c,onditio111;, tho GFU is l'Ollghly rnnstunt in 
timn. Therefore, tho only m11jor vurinhlc that dct.ermines 
Uie rntc of filt ration of frnc tlrug is th(, concentmt:ion of drug 
in the plm;ma. T hus, 

F .. C,,t • (;J.'R !units: mL , m in''·1] (12) 

whore P i8 tlw filtration ruu., of the drug, usually in units of 
1ng/mi11, and C,,t is tlrn amount of/r<?f! drug iii the plasma. If 
the drug i~ 11nbouncl, c,,r "" Cw lf t.lrn di-ug is bound to 
plasma prot.cin, tho1i 

J,' = IC,,(l - p)] • Gf.'R 

whero pis the fraction bound to pl11sma prot.ciin. 
The OFR may be determined lly the stMdy .. st.nte rate of 

excretion of any mmbound chmnical subst.11nce t.hut is not. 
st1c1·eted sul>scqtiently nnd/or resodllHI hy the 1·e11al t:ulmlr.s, 
i;o that t.he nmountof 1mh11tunce which nppciars in th CJ urine is 
oil oft.hot.. which w11~ filt,ored uncl no more. Two such sub-
11t11nce8 m·e crP.atinine nnd inulin. Witb crentiuinc, t.he cm­
dogenouR ploslllll leveb lite nearly constl\ll l, and thus t!refit.i­
nine lend~ ilself rondily to thc determination of GFR. l~i­
ther in ulin or r.rcntininc rnoy be given by c:oJl~t rrn t 
intrnvolloui; infoRion; usunlly, c1•out,ininc is used. Howc:ver, 
it is not cui;t.om11ry to exJH'<l8~ the OFU of Cl'(mtininc or of 
drugs ns P, in t.crms of mg/min, but rnther in terms of dear­
mw;!, A~ diRcm111cd above, t:learonco i~ a hypoi:hcUcul v()l­
ume of pln:mrn which, if c:ompletcily <:le1ued of its cont.c:nt of 
drug in unit. t.ime, would be equivnlcnt. tot.he omount of !lrng 
that disnppenrs in un it. time. In the inst;ancc of filtr11tion, ii 
ii; car;y t.o vi$11n liz<l cfoamm:o as t.hal volume fi lter<Jd/min, 
11incc 1,hc filtered volume nctually ii; se1,11rnted physicolly 
from tho hlond. Tlnrn, the C!reot.inim, dearance, or OPR, i8 
equal t.o the t.ot.nl 11mount of creat.ininc found in the urine 
(t!qual to urine N t1con\.rllt.io11 t.inws urine volume) divided 
hy t.he plasma r.on<;entrnt.ion. 

The f{enernl concept of clcnrnnc:r. cnn he, applin<l to the 
kidney nccording t;o Lhe cquotion 

c,, V I J ,, ( ) 
Cir,,,. ""''ei;;t m • • min - 14 

where Cl,.,,,. i~ renal clenrnncc, C,, is <:oncent;r11tion in mg/mL 
of drug in u1-iuc collcctnd durin~ tim<: t, Vis lll'inc volumo in 
mL generated in Unw t (min) nnd C1, is the nw11n concenLrn­
tion (during Lhe collection interval, t) of dru,: in the plasnul 
in mg/mL; t.he units are thus mL/mi11. Urine is collected 
fr(lm the l>ladder by cathetel' or hy voiding. At tho begin­
ning of the collect.ion inter~nl (time fr<>m Inst voidin!{) both 
C,, und 'C., nre highor thun nt the end. Consequently, C,, 
must be calcul:ttcd; (;,. i~ 11utom0Licnlly \.he me1c1n of the 
insl.llnti,neous collecLing duct. conccntrat.ion~. Equal.ion H 
is vnlid whether the drug i$ "cle11l'ed" by fi lir11t.ion 01· by 
tubuhw $C(iretion and whethci· or not. t.ubult11· rosorpf.ion oc­
curs. If the drug ill prot.cin .. hO\md, the fonnuln becomes 

, (:,,v 
Cl ,,.,,(,•m·,> "' ·c,;to-=·j;) [mL/minl (W) 

where Cl,..11c,·,,,.,1 hi the corrected rcmnl clearnncc. 
'l'IHl ratio I.Jot.ween Cl,"" 1111d Cl~,·""" Cl,.,11/CJ,.,.,,M ((ir C/,.,j 

Cl;,,11u11), is known 11~ the cle<ll'lt11Ce /'atio. lf the drni;: is 
prntoin-bound nnd the corr,u:ted clearance is 11110d, the ratio 
Cl,,,.t,,.,,·,-i/Clm•oi ia known nis the e.1:cr<?till11 ratio. 

If nn \1111.iound drug fa filtered only nnd not. rc1;orbcd, the 
cixcretion rt\tiO will be l nnd t:ho cleorancc ctbout 125 
mL/min; if the dru1r subsequently is rcsorbed, the <lxcrct.ion 
r1.1tio will be less t.l1nn 1 and the dearnnce will lie br.t.wcen I 2/i 
!>ind l mL/min, t.he vahws depending upon the do!{rne of 
reso1·pLio11. A clco.ra.nce of l ml./min $\l(;gests d istribution 
llllcl elimination liko tholll! of wntcr. If I-here is tubular 
accretion (plus ohligntory filt.rntion) , tho r.xoretion rotio may 
exceed l, and the clearance could he ns high os 600-700 
mL/min, dc1>end i11g upon tho extent of tubular secretion 
and reimrption. Prm,-ominohippul'ic or.id (PAHA) is not 
bound to plusmn protein, it! not tub\llo.1·ly rosorbcd nnd is 
i1ccrr.l.(Jd so fo~t l>y the renal tubule~ thllt the 1> lai;mu pnssinr, 
t.hrough ihc kidney is 90% cleared of PAHA. Tlnu; C/1•,111,1 is 
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1iQ\llll t.o 0.90 /lPF. This iS< en lied the <if/ect.ioe renal plctsma 
flow, ERPF. The excrat.ion raLio or PAHA is uhouL 5 lo 6. 

Rq I If can b-0 re!lrrnnged 110 Lhnt 

'C,, ~ C1,Cl,f,, 
(Hl) 

1'h1Js, it may he ijeen thni the conccntrution of drug in 1rnwly 
formed m ine is dit·r.cl.ly proportional f.o the 1>lnAmn concon­
tra\.ion. Since \.he plru,mn concent.rat.ion fall$ oxponcntinlly 
during Lhe collection inl;crvul, L, ii followti ihet the inH\.:111L11• 
neous urine conccntrotion in l,he collecUng d,1cis1 likewise, 
must. foll cxponeniially 1111d hence lhe rnte of fo ll can be 
expt'C8sed hy u first.-ordcr t·nt.e cons;Lunt, 1'11• 'l'his ro111:1tnnt. 
relates Lo rcm11I clearnncc 11~ follows: 

Cl,,.,, 
h.,"' -- .. ·-

V" 
(17) 

The excretory rate const,ant may be ijimplc, ns with a clrui: 
like crentinine, or compound, AS wil.h II drug thaL i~ secreted 
tubularly and/or te~orbed. 

'!'he over11II renal elimination r..<mRtnnt, h,, i$ defined by 

(18) 

where /1.11 i11 the constant. for 1.domcirular filtration, 111, for 
t;ub\llnr ~ecretion uud /1,,. for t.ubullll· rmmrpti<,n. Alth<>ugh 
h, might be LhoughL I,() be tho ~ame 11~ It,, on pogc 729, in 
practice it i11 not, bocnu11c clC1Jrancc daui arc obtllinod from 
Lirn(l•llV(irnged c<>ncentratic,ns 1md c11unoL provide inst1111 Ln­
l\<lOUS 1·otc:i. However, crnnLini ne-dc'rived h, i6 clo~c to the 
in11t.an\.uneous 1111 111. t,he midpoint of t'.lie rollection period. 

By C(lmhining Eqs 3 and 17 and assuming that there is llO 
<>Lhcr route of elimination, 

(l 9) 

The ttnits or Limu mua\. he the same for both t,ri and Cl,,n, 
The ()(jtuHion cnnblr.s the culcull\UOn of somo Lhou~hH>l'<)· 
voking infol'mot.ion about. thu biologicnl half-live.is of non­
metobolfaed drul(~ of diffo1•(,nt. oxcret:ion profiles 1,nd vol­
umoK of distribution. Approxim11lC hypol,l1e1.icnl hnlf-livcs 
of drugs of different volumes of distribution 1111d rnnnl clenr· 
nnce tue 11hown in Tnblo JI. The dnlS$ arc as~tnne<l t.o bo 
llliminated only by renal excretion. A volume <if distl'ibu­
t.ion of ;')0 L ia that of totnl body wntcr, 15 L i~ t.h11t of 
extro<:ell11l11r water and 60,000 L is thol of a drug strongly 
bound in the ti11i1ueB. Bocnuse of hiotransformnUoni,, few 
drng~ hove half-lives longer thun l yt. However, a fow 
rudinopnque iodine .. cont.1ining dil\f( llOSlio agentR are 80 

(.ighl.ly bound thut U1eir bnlf-lives Clxc-0ccl 1 yr. At the othor 
cxttomc, u hnlf-li f'o of 15 min by renal eli1nin11tion i:1 uncom­
mon, bccnuRo f'ow clrur,11 t.hnt ore totally cleRrcd hove vol­
tnnes of' distribuwon os sm11ll UM that of ext.raccllolm· w11t.er. 
However, Uie holf-life of penicillin G is ubot1t. :30 min. 

Al though dot-'\ from collected urino cannot provide i11s\.an­
L11neous rntos, il doe8 ullow t he colculot.ion of the plosmll 
hall'-lifo. The i11st1111ianuou1; excretion rat.e, dl).,l<Ji (Wh(ll'O 
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D" is the amount of d rug in uri111:1), is directly propnl'tionul Lo 
t.he body burdtin, D/J, such U)I)!. 

(20) 

But., Dn i~ foiling cxp0111mtfolly with o 1·t1io const11111. h, so 
that Du= DY,e-h•; therefore, dA/dt = h,,oi,"-1". It follow:; 
that the slope of a J)lot of t he log of the excreti(m rn te vorsu:; 
time will have a elope of ·- OAM//, mrnlogou~ to F,q 2 (Mlnp\.ed 
l.o total content rot:her Limn conconl,rntion). They int<,rc<iJ)t. 
of such II plot is log k,,, .. D9i, whel'e DJ, is tlrn 111nount of drnr.; 
in lhe body Ill zero Lime. Howcvor, data Oil oxcret.ion rut.es 
requi re reno! cathetor izut ion nncl ore subject lo consiclernble 
error. An olternaLivc, usunlly more 11ccu1•1H:c, methocl <lf 
estimnting h from urine concenl,rntion is to employ t.he cu­
mulative omo\mt, o>: creted. In this 11)(>.l,hod, 

D11h,, 1, 
D., "' ·-,·-· (J - Cl-

1
) 

/, 
[wt) (2J.) 

Since lz,,/h expresses Uw proJ)ortio11 of Dn bc;ing tl'1msfo1•recl 
Lo the urine, D'ti.Jll reprcsenLq the to(al omount. of drug 
excretecl, or v;, where«> dcaignntcs infinite time. rnq 21 i11 
log form, with the nbove suh~Litution nnd tt·imsposi t.ion, 
hccorne$ 

~ no k" lo!( (Du - D,,) = log u11 k - 0.'134/it 

= 101_? D; - O.tl:Mht lno units! (22) 

The slopo of the plot. againRt timo is nlso -0.1:Mh and (l)• -
Di,l ii; the nmount of dr\1g t.hut rnmnin~ in t.11e bocly. 'l'he 
cqun\.ion llpplies if \.ho drng is adminia(ert'!d intrnvn11cuh1rly. 
T hiM ii; lrnown na t.he ~igma minus met.hod (~igmu for t.he 
inlewnl n; nncl minu~ for t.he - nu), Urine ueeds to be 
cullect.ed for only 3 or ,i hnlf-livos in order for t.lie 6emilog 
plot 1.0 yiold 11 1·cliablo slopo nncl tw, The method ii. useful 
1)$pecinlly when pl11sm11 conccntrnt.iomi <Ire low. 

1-/epn.lic: Cleal'lrnce--'fhe concept. of hepntic clcuranc!c i11 
like IJ1uL o( renal c!Mrnnce, and hep11U<: clenrnncc is likewise 
a hypo\.heUcnl volume o f blood per min imal(ined to he 
towlly clon rC\d of drng durin11 p,w1nge through Lim livor, 
Unlike Mnal clear11nce, the inpul is hoth portul venous nncl 
hopnt.ic nrterial blood on<I tho ou4>ul. i~ both hepal.i<: v<mous 
blood and bile, rnt.h<'t thnn nruiriol blood nnd urino, respec• 
tively. Portal vonoull. blood nnd bile c:nnnot. be sampk1d 
ten<lily, 110 thnl tlrn concepts involvod in hopntic de1m\11ce 
sel've better l,o provi<lCJ a modol for undorsl.unding the role of 
the liver in ph11rmneoki 11etics 1:hun u clinicnl methodology 
for its direct. menauromcnt. 

Althoul(h the m0Lhemo1,icnl trMtmonl. of h(1p11Lic deal'­
ance has been developed for st.oocly-stntc conditions, rnt.bot' 
than for oxpont1n\.ial!y foiling <h·ug conccnlrnl.ions iu the 
input/I nnd outputs t.o the liver, 1:hc Hubjcct is np1>ro1>rintc at. 
\.hiij pince, in conjuncllon with other d enrn11cc~. 

The hopatic c/1111rc1nce, C/.11, can ho dofin<icl by the c,qun­
tion 

Table II-Hypothetical Hall-Lives of Drugs of Differing Volumes of Distribution and Cloarancee 

Orug Vc1, Clo3rpnce, 
No. DlatrlbuUon L Ronni Disposition <lll./mln l·Ullf-LIIO 

,_ .,M _ __ ,,_, ... _.,,~-----
I Totnl body wnlur r,o Filtered und re&orbccl with w11 Lcr 2,t d1W• 
2 Total body wnlet GO Filtered, no rc11ur1>lio11 125 4.67 hr :, Tn111I hocly wnlc1· r,o 'J\1bulnr sc<:rclion, lotJ!I r.lo11r11nl~C 7i)() :;o min 
4 Extrncl'lh1l111· w:•t~,r I ii ' l\1 h11lnr gecrct.ion. totnl clcnrnncc 700 lo min 
/j 1-itr,ln1:ly hound in USij\t<•K [,O,(ll)O Piltcrcd 1111d 1•c;1111d11,d wit.h w11(cr l (i(i ~'I' 
6 Hlroni:ly hou t1d in tiS9llM 50,0()1) 'l'uhulor sccrotiou, t.c.,tlll clu11rnnce 'I{){} ~lti dttyij 
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where /fBP is Lhe total hepatic blood flow, C.,, t.he hypo· 
thctklll monn of mixed hepatic arl.eri«l nnd porLal venous 
conccmtral.ion$ 11nd C., is: t:lrn hopnt,ic venoU$ concentrnWm. 
The rnt.io, (C,,,, = C.,)/C"'" is t.11(\ ext.1·cu:tio11 mli.11, K Unlike 
glomcrular filt,·ation, there is an upper limit Lo the 11h90Jute 
<J unnLity of drug thnt cnn be cleared ond hence to the extrac­
t.ion rntio, Extraction is flow-limited only so long Uti 1.hc 
hiotumsforming enzyme ayst:cm i$ nol, IIPl>•·oaching s11turn­
tion. 'l'hc mnxim11I clc11rnnce in the prcsonco of normnl 
blood flow has been called the /.otcil intrinsic clearance, 
Cl,-,,,,. 'I'he ox(.rnct.ion rntio exprca/ied in L<•nns of C/;111,. is 

Cf.;,.,,. 
E = ---- [llO uuit\;1 (24) 

H/JP + Cl;.,1,• 

which may be iiuhstituted into Eq 23, to yield 

1'he intrin.sic cfoa1·1rnce becomes 

., HHl•'·R 
U;,.,,"" ···T·::..-jf' 

lmL· min- 11 
(21.i) 

(26) 

C/,1111 is Lhus somewhnt: nnnlogou~ to V,,.,,JJ(.., in cm:ymc 
kinatics. 

gqs 2H through 26 emphasize l,hllt hepaLic doaran<;e and 
extraction are functions bo1J1 of h<ipntic blood flow and the 
Ci1pacity of hepatic cmiymcs to biotransform (or sC!crol.o inl.o 
bile) the chu(l thnt is doliverCld. h) ord<H' t.o apprecint.c the 
rclut.ivc depondoncicii 011 Cl;,.,, nnd H8F, vnriotrn 11ss11med 
vnlues may be substitul.ed into the oquntions, What will be 
found is I.hut the larger the Cl;,,11,, the more C/11 Lend11 to be 
fl<Jw-limit:ed (ie, dt1pendenL UJ)<Hl t.he ratt> ol' ddh•ery of 
blood), whorena when Cl;,.1, is small, C/11 18 mel.l\boli,.m­
limil.(ld. At constant blood flow with o drug in which elimi-
110.tion is prnclominntcly hepatic, when intrinsic clnnrnncn 
and henco exLrnction l'litios arc small, o signific11nt: <: hnnge in 
intrinsic clearnncll will lw 1ic<:omp11nied by a l:!il{nif'icunt. 
ch11nge io ti,2: when int-rin~ic clenrnnce i& high, ti significnnt. 
change mny bo 11ccom1>nnied by 6 smnll, often i1lflif(nifknnt, 
chnnge in t 112 but. 11 1,ignificont clccrnnsr. in bionv11ilobilit.y. 
]n Lhe lotter instuncc:, t112 is determined moKtly by t ho frnc• 
t.ion ()f the ct1rdi11c output t.hnt pns:rns through the liver. 
J?ittures illu8t.rnting t.hei.e features, ,rn ~•xl,ellcnt cliscus:iion of 
hepatic clcarnnce tmd voriow, mi:,del~ of her>otic elimination 
nre availnhlo,0 OR well ns o t.rentmont of t;h(.l offoct. c)f binding 
of drug t.o plasmo protein. Bindinf:{ to 1>lmm10 ))rotein limits 
clearoncc whlln intrinsic clearance iH low hut not whon it is 
high. 

Alt-hough the determination of C/.i111, . is too involved for 
routine inve!!tigntivo purposes, it. may be estimated accord­
ing t.o t.lw equation 

lmL · min" 11 (27) 

where D1.,, is the toLal quant.it.y (Jf drug excreted tmchonged,/ 
i8 the fraction absorbed, I) ia t.he doae adminieter~d and 
AUC0 is the total oreo. under th{) blood concentration-Lime 
ct1rve aft.or inl.ravenous 11.dministrotion. The meaning of 
AVC will bo dim1sllod lntcr (page 737), 

Some drugs may be used to illusu·11to some of the point8 
emphasized by Lhe modol. Fol' cxnm1>le, at blood concontt·ll• 
tions of othnnol 11bove 0.02 .. 0,04%, the hepatic alcohol dchy­
drogennsc system i8 soturnte<l, and hence hcpa\.k: blood flow 
will have litt.lll effect. on Cl11 of ethanol !\llove the conc<mtl'R· 
tlon inclicat.cd. Thi!! implics (.hat livor disease or injury will 
not much affect the rate thnt ethanol is cle11r<1d from t.he 
blood, u fact of !lomo fm·onsic impmtnncc, The he1>at.i(\ 

hiotrnnsfominticms ofpont.obnrbil11l 11ncl phcnyt.oin nre rela­
tively slow, ie, Cl;M,. .1re low; c:onscqucm(.)y, l'.hfl indl.l(:(.ion of 
heptllic cytochrnme P450 will increase C/11, 11lmost in p1•0, 

p<>rtion to the degree of induclfon, und the I 1n will be ~hort­
cnod O\'.(\ordingly. The hepatic hiol.rnnsfonnation of lido­
cuine is ('X(.re.mc,ly rnpid, ill, the C/;,,1r ii. v1iry high, so thnt C/11 
io limited by hopntic blood flow. Thi!! mcnns t.hat by I.he or11J 

nmtc, in which all of Uw absorbed cltug obligatorily pa:;ses 
through the liver, only very small Miounts will sm·vive the 
pni.~ th1•(iugh the liver into tha systemic ci1·cul11tio11. 'rhi~ 
ucnrly t:ot1.1I clenrnncc a~ I.he drug JltiSSe$ l,hrough !,he liver 
int<> the. rn$t of the body is l<nown 11s the fil'st-pn.~s ef/1:c:t .. 
The d inicol significance of tJ1c ffrst-pnr;.-: effect. is cli,,cusned 
in Chapter :37. •rhe flow-limitntion in the hepatic metabo­
lism of liclocnine also menns thnl, in congestive heart fnilurc; 
or shock, in which lumnt.ic blood flow ia diminished, 1.he r111,e 
of hiotrnnsformotion will do<:1•cni,o ond t 112 will inercnse. 

Biliary secretion cont.rihutes to hepatic clenrnnc!l and 
henc11 i~ indudc<l in the above phnrmncokinctic considor­
at.ion~. How11ver, drugs (:hat. iu·e excreted intllct or in u form 
from which t.he drug call be seQtl<i~tered in the i11te.~ti116!l and 
!lubsequently reso1·bP.d (<mt.crohepalic ret:it'C\1h1tionl may 
hove complex ph11.rmncolcinetics if Urn ra te of bilial'y seem• 
t.ion is an approci11blc frn,~tion of tho hepot.k cl<inrnnce and if 
1.hc cmtC!rohcp11t.ic rescl'voir i:; l11rge. 

Other Jloule,~ <W.cl C/.earnnces--'l'hc kidney and liver arc 
usually the muj(>r org,u1s in the elimination oi' drugs, and all 
other routes combined often conl.ribuie negligibly. Howev­
er, with t.h<i vohnilo 11ne~1.he1.ics, pulmonnry clmmmce is I.he 
major 1·out.o, nnci pulmonory clcnr11ncc bccomr.8 dominnnt.; 
pulmonary clearance of go:iell is flow•li mitod. With some 
drugs, mammary secretion is llf)prccinblc, nnd tJ1c presence 
of drug in mill1 mtty preHcnt h.1znrds l.o nursing children; 
however, pharmncokinel.i«;s in the mot.her usually is 1101. af­
f~ttid by lncl-0t.i()n, 811.livory i:c<er.re tfon is t.oo $tnl\ll to E1ffod, 
systemic phnrnrncokinotici1, hut. the conr.entmtion of dl'llg in 
saliva UHUally 1>nrallels thnt in plosmu, so thnt, with somr, 
drugs, it ia possible to follow sy:;t.emic phrtrmucoldnet.i(~~ by 
;;om1>ling suliva. 

Abi;or1JLion Plus Eliminntion•- .. T lw ldnct.ics of obson>­
tion and disposition must now he pl1t. t.ogot.lw1· to dcfinC! Uw 
t.inm-relared curve which dcNcrihcs th,i plosmn concont:rt1 -
l.ion ol' 11 dru~ adminiswred extravaiicularly. 'I'he curve is 
dct-0rmincd by I.he nlgebrnic siun of i1 II processe~ involved in 
nb~oq>tion, dist.ri\)u(.ion ond CJliminoUcm. Since dis1>osition 
(distribution plus eliminntion) begins ns soon tis the. d!'llg 
enters the blood strnam, th~ plnsmn 0011centmtion rcd'lcct.s 
all these proccss<."R from the outset. 

'l'he time coi1rse of th!! pl11~m1.1 concrmtrntion of a clnig inn 
0110-compai-Lmenl, body can be obtnined by combining 1.1lge• 
hrnic111ly J~qrs l and 5, with appropriaw ra t.c.> const.ants, and 
subatit.uting /D/V11 for c;. When the equat;io111; for nbson>­
tion and climinntion nl'e th\1$ c:omhined 

( • fl)ho ( -h ,it -II ') ,.,, = e · --- e ,. 
V,1(11,. + h,,) 

whe1·e / i11 thci fr11ctio11 ah11orbed, Dis the do;;l,, ,,1,c. 
This eqiwt.ion simplifies t.o 

0,,"' c::e-h,,! _ cie-l:,,r !wt• voJ- 1] (2H) 

where C¼ 11nd the c; of Eq 5 are th~ same, since they bot.h 
represent. all of dose, D, distributed in v,,. JC there is II l11g, 
the t•fncto1· int.lie exponents of Cl should bet - t1, where t 1 is 
the Joi: time. J?ii:ui'O 36-7 ahowH a ploiofthe pla1m1a conccn• 
trntiott for euch of nbsori>ticm nnd climitintion scparat.ely 
and when IJie two nrc combined. 

ln l?ig :l<i-7 the pammcte1·s of nbHor))tion and climiMLion 
wore 111:1sumcd 1 in order io C<)n:;truct the figure. lu prnctice, 
drug conce.11Lrntfon-(.ime dat.11 nre obl.t1ined empirically, l'llld 
Lhc pm·mliet.~rs 111·(, obtainNl fl·om o ~emilog plot. of I.he dll1.~1. 
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Flo 36-7. Time C0\lr80 ol thO pins ma (\c)flCOlllratlon ot u hypolholii)ul 
orno with slmplo flrnt-ordor absorption and ollmination kl1H1llcs. TM 
rule con~lenla nro sliow11 1r, tho fl911ro. Tho hnll-tlmo tor oHmlnation 
Is 3.117 hr. 

ns in J?ig :l6-8. Th(! riflillff phnll<'- ()f t;ho ploL is no(. log-linr.lll·, 
~inco that which ii; ndded hy 11hsorption is diminish<'.cl hy 
oliminll~.ion. Only after ah:iorptiou is complotc docs Urn ploL 
become log-linear, since now there ir; lH> opposinP. procos& nt. 
worl, ngniirnL U1c mono-exponcntinl clccliirn in conce11 tr11-
t.io11. T he time nt which nl>sorptirm C!!scnt.fally iA complete 
ill cnllccl tht1 <1l1M1rption tim(/ nnd is detected as thnt: tima nl. 
which the plot: boconrna lo~-lineur, However, prior to the 
ul>aorption timn, the ooncentrat io1\ a t the sit:c of' deposition 
becomes equal to that in pla~ma. Thi~ is callccl the cq11ili.b­
rium t:inrn. It is 11h10 the p11ali- ti'.me ror plusmn concent.ra­
t.ion. Bocnusc of t.hc intorplo.y of phyt1icochtmil'.l\l and nc­
tive t.ran11port fact.ors that nffccl tht1 distl'ibulfon of n drn1:, 
true dwmk11l oquilihrium is nut rcad1(1d 1wC(lf;~arily nt the 
pharmncnkinet.ic 1iquilibrium point. ' l'hc log-lineur line de­
scribed hy the eliminul-icill ))h l\(;C, when hucl1 ,uxh·t1polul.cd t,<J 
tho y-oxis, yiel<lH a thcorn~ir.ol (,~. just ns with int,rav1lsc11lnr 
inject ion, und V01 , . ..,,,,,1 r.1m he cnlculnl.cd ncc1,1rdinl:(ly. Fur­
thcrmom, t.ha slope of (.he log-liocmr nliminntion Sl:ll(llltml of 
the semi lot{ plot is r.qunl l.o -()A:Hh,.,, ns wit.h intn1vHsu1lar 
injer.Uon. T he nln,o,vt ion rdtc con~l:ml, k,,, a lHo ct\n be 
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r-10 30-0. Kinetics ot ol>sorptlon Md disposition of thoophylll11e In 
tha human subjact aftor Ori.II udmlnlstmtion ol 0.5 g or amlnophyllln11 
por 70 ko. Blood co11controt1011 In J)lottod on n log sct1lo (counosy, 
dota, Trull!, Ol (1/ l), 
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o!Jtained from the plot., if thr. c1mpirical cun•t• is sub1.racted 
from Lil<! bncl1-nxtro1mlntcd elimi1111u,m lin11. Thifi i~ done 
by s11birac:ting the l'e11t v11lueS for C,, (C1, C-1., 11tr:) at variow, 
1:imcR dmint: !JIil nb11oq)lion phni;n fl'on, t.lw exl;rnpolutnd 
valucN for C1., designot.ed C', on t he: liuck,cxtJ·11polut.ed rili ,nj .. 
nation line. h must ho rnmmnhorcd U111t. t,h!l antilog nnd not. 
t.hc IO(( of C m1mt be used if lo;: C is ploUcd in Cmt:o!:li 11n 
coo1·dinnte~. 'l'hii; method of <lh1aecti11g n e<impound 1'1.111<~­
Uon int~, it-:i scpnrnt.cc£,mponenlA iA lrno\vn Uij I.he m-<'lhocl of 
resid,wls, or bor,h-f<wthm·ing. 'l'ho bnck-font.hered <1(1.~urp ­
tilln Ii uc ia tho closho<l lino; its ~lo1>e is rn.ignt.ivc, m, thou1~h it 
were bcinc: f;C<m l'rom tho Bite of administ.rnt.ion. 

rl'he peah cww,mlraliun , tim.e of peah co11ce11t-r<1tio11 and 
<lurfltion of a.ction are 111fect.crl by vnrim1R factors, 8Ullltl of 
which are disc1rnso<l below. 

Paah C1mc:<mll'ation--1'hnt the !)(11\k concent,rut.ion 
should vnry with the d0$0 is Helf-evident; O()(;Orrling to F:q 28, 
it. i~ directly proportionnl lo the doae (oa,mming tho t. nbsorp­
t.ion and elimination nro J'irst-ordor pro<:011111111), l?igmo :36·9 
shows how J)Cllk conccmtrnUon vnrim1 diroctly wit,h dose. 
Not.e tht\t tho t.imc of penk conconb·at.iuo i11 I.he same for nll 
doses; t.his indopendenco of penk time from dose is upproxi­
mutoly trne in nil rnulticomp11rtmm1t syr;\:om11. Depurl-~1rcs 
from the genarnli:r.atiol) <>ccur espednlly when the nM of 
nhsor1,tion or oliminntion is different.. nt high from those at 
low concent.rn tion; ie, when it is clo~c-dependt>nt (sco pngu 
744). 

'f'ime of Peall Concentratinn~ .'J'llll t.ime c)f t)eilk concon­
irat ion must. nnl be confused with Lile timo of ponk effect. 
}Ufcc.:L oft.Im logs behind plmmrn 1:011eent:r0Uon, somot.imm, 
boc11uao \.he t is~11e cmw.mt.rat.ion nt. the point. c,f nction has 
iiol. yet rond1ecl ils peuk 1rnd somot.imm; hrlC'nusc a reMponsc 
moy hnvc n c1111sicleral>lo lot.ency. '!'he J;it.ency of (lffecl of 
l'(lsr.rpine or phcnytoin (in it.s 1mticon11ulsanl cf'fo<:I.) is nief.1 .. 
sured in hour~ I.CJ dl\vs. Occoi;ion111ly, the t ime of pcnk cffocl. 
muy pn::oo<l<i t.hc t ime of peak conccnl.r£1tion becmu1c of a 
reflex or othnr compcnmd.ory proc:cs.<; which limitJ! effeci 
beforo t:ho concenLrulion beeomc~ 1m1ximnl. 'l'his is ofwn 
true with ornl udminist.rtc t,i()n of ethanol or op\wdri11c. Roth 
the p0ttk. conccnt.rotion 1111d time of pcnlt conccnLrol.ion nre 
con:iiclurably affecuxl by 1,he rnle co11i;t1111 t 11 for absol'ption 
1111d Glimin11t.io11. In I-'iu ;{(l-1.0, U1c effect or diffornnccs in 
nhsorpUon rnto is shown indictlUng Uiot. tho hif:(lrnr the 1ib· 
sorption rnle, the highel' the ponk conocnirution and I.he 
ei1rlier the tiinu or pnnlc concentm tion. Pigul'e 36-ll ahows 
t.lm effect of diffonincefi in rnte of climin11Lio11 dcpict.inrc that 
the hiHhCr t.he elirninnt.ion 1·ato, the lower (.he 1>cmk <:oncen­
l,r(llion bul. the curlier t,hc t,ime of l)cak t:onccrntrntion. Tho 
two effects of obl!orption rutc und (~limin«tivn rnt<i c:11 11 be 
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A,, •0.35hr-1 

•a• l.39hl-l 
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Fig 30-0. Tho ofloct ol tho slzo ol tho dose of a drug 0,1 1h11 pOllk 
conconlrotlon, time or ponk <ll>1)co111mt1on anrJ rJumtlon of M lion. 
The dola nro cnlculatecl from Q one-comparlmont mocJol. 
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