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Introduction

- Small volumes (0,5 to 2 ml) of medications

- In the previous article of this series basic =

in-solution form may be administered by -

pharmacokmetw principles governing drug

levels-in: blood were reviewed, and the bio= -

subcutaneous (hypodermic) injection, usuall
he outer surface of the upper arm, a

availability. of parenter

producis was -

though the anterior surface of the thigh; -

described with particular reference to intra-

abdomen, or buttock may also be used. The

- venous and-intramuscular desage forms (1): -

In this article attention is focused on the bio-

needle is-usually inserted ata-45-degree angle -

-~ availability of dosage forms which are ad- -

ministered by other parenteral routes.

-+ The major drugs and drug' groups which -+

ing subcutanmus doses {

may be administered by parenteral routes

rate of absorptmn Ry of a subcutaneous dose

“other than intravenaus’and in‘tram‘uscula'r areg

_of drug from the injection site into the blood

- is proportional to t

CURite 4, as déserib

nt of drug at the.

: tfﬂihﬁﬁai admlms’ﬁratmn of antiCancer com-

R, = p(d,) (Eq. 1)

pounds and antibiotics, the parenteral dosage

route is well established and clinically useful.

The penetration coefficient, p, depends upon

In othér inStances, sicha

adermal vacs o

the diffusion coefficient of the drug in the

¢ines and vaginal adminis

ion-of estrogens

- particular environment, the area of membrane

for systemic activity, the dosage route is less

exposed 10 the solution; the distance of diffy-

-well established but has considerable elinical:- -

-sion, and the concentration gradient ef‘--dmg-_:_

potential for some compounds.

across the absorption membrane. The prim

absorption membrane in subcitaneous ¢

Subcutaneous Administration

nective tissue is the capillary wall (3).

-Many compounds are routinely given by -

-As with intramuscular doses, drug solution

subcutanaous Injection, in particular insulin,

-local-anest

injected subcutaneously are influenced by the

g ”i‘l_CS and ‘VaCCIuc}ar

buffer capacity of UTAREOUS tissies
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TABLEL

‘Compounds Which May be
Administered by Parenteral
Routes ’cher 1 na..

‘Route L (:umpennds

- Subcuta- Bethanechol, epinephrine,
neous fat-soluble vitamins, \ Dermis
heparin, insulin, local N, Subcutaneous
L anesthetics, vaccines Muscle
- Intradermal | Antigens, vaccines
Percutaneons Nitroglycerin ointment,
- safflower-oil
Intraarterial  Anticancer agents which breaks down mucopolysaccharides of
vasopressin the connective tissue matrix, has been used to
Intrathecal  Antibiotics, anticancer promote spreading of solutions and to increase
agents, local anesthetics - drug absorption,ratcs (8)
Intraperito- rAnt;bmms, anmcancer ---- i :

Figure | —Subcutaneous ittjection.

1An€>§thetm gases - ercise. Bczrgcr and assomatﬂs (9) reporte‘d a
antibiotics, atropine, substantial increase in the absorption rate of
corticosteroids, cromolyn 3H-insulin due to leg exercise following sub-
sodium. epinephrine, ciitaneous injection leading 1o markedly ele-

Inhalation -

crgotamine, - vated plasma levels of exogenous insulin. The
isoproterenol, lidocaine, effect of exercise on circulating *H-insulin
metaproterenol, : levels in one patient is shown in Fig. 2. The

_ terbutaline . effect is more pronounced when insulin is in-
Estrogens, progesterone, jected into an exer limb than when it is
prostaglandins injected at another site (10). This is illustrated
in Fig. 3 which shows a far greater inCrease in
hypoglycemic effect due to leg exercise when

ad fluids (4). T he ; ptjxon of sub-

vvvvv Coiigonn EXERCISE

mple, is affected y p :
jection site {5). At a pH of 7. 4 the hdocame
hydrochmrme c@ncemratxcn must be lower

1000+ ! EXERCISE

e

Cﬂf&ﬂﬁﬁil’sl’y:is ‘gen'etal]y slower than after in-
tramuscular administration because of less
efficient regional circulation. Prolonged ab
sorption of metallic mercury from subcuta
feous injections was demonstrated In a recent

case of metallic mercury poisoning: (6)
’\dclecules or ions w&th low molecular Eigure 2—Effect of mild bicycle exeércise on plasma
arily Vfa »thecapil# s x’evels of intact JH tnsulin fallow:ng‘subcumneaus .

20 150 180 210
minutes

ifmmﬁ 'Dfabeve‘s tSupps!.? Ty M 5EsT

. l mph vessels (7). .Hyah;romdase an enzyme
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EXERCISE

pel i-ct--d-oes'not-disintegrate' bui slowly ‘d;issdlv o

S the 1mplantat:on wermd. Thﬁ absarpuon rate

- of drug can be determined by weighing t

pellet upon removal (1

(12). For a spherical
pellet, e

AR INJECTION

W= 1P (DO—Jay . (Eq.2)

j e !

and fora flat disc.

P

A PLASMA GLUCOSE

ABDOMINAL

vk 4

DY s the initial diameter of the sphere '5 :

TIME (hr)

or 'da'sc Ais the initial height of the disc, and

hsarptlon rate: constam

injection site on plasma. gliicos

ing leg exercise. Shadeq

very “of Certain steroid hormanes ¢.g., te

plasma glucose Tevels {mean +

SE) ff}flawmg insulin injection during leg exercise

fosterone (Qreton) and the delwcry....of ava- .

~compared 10 that obtained noexercise. The drea

~abone thecurve for leg dnfect

i stgnificantly greater.

dgésierohe; z“md "su{fadiazi

thar those for both arm (p Yand abdominal {p

subcutaneoas implants has been teste

=< 0005 )"fﬂjﬂ?ﬁdﬁﬂ& R?p?’@‘d Hee é}) permission ;‘Tr om

"N Engl J. Med., 298, 79-83 (1978).

-or-experimental - animals (12,°13); Silastic

‘rubber implants have been examined for re-

insulin is injected subcutaneously into the leg

‘compared to the arm, 2 the effect was

negligible after abdominal injection, Stimu

lat;an of abscrpuan could be due ta changes.

jected limb

-Drug action may be prolonged if injection

is made deep into the subcutaneous tissue, e.g..

aqueous solutions of heparin and long-acting

insulins; Coeadministration o

local anesthetics extends their duration of local

action by producing vasoconstriction in.the. .

zone of absorption (11). Cooling also causes

loeal vaseconsmctmn and results in prolonged

Figure 4—Cumulative. percentage of nicotine base

released: fmm dimez}‘zyip@z‘siigxane (<@ and di-o

Taminated pol-

Buffer ar 372
harm. Sei., 63

ermduce”d by p_ermzss’ _

18491853 (1974).
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(= Figure 6--Invitra release of - peniagastrin from-iwe -
el liquid Tormulations, 1( and TH=E2), and fromi =
g\ wo crrstalline suspensions, (=A=Yand- TV {-G-)
‘é into pH 7.3 isotonic phosphate buffer ar 37°. Reépro-
™ duced by permissionfronc . Pharm. Pharmacol., 22,5
9232929 (1970}
_‘x & :, 6 7 vvvvvvvv SR . .

= |
2
TIME

{(Weeks)

_3cmagastrm fromtwo sotutlcns (Fermulations

”gure 5w’~‘Serum‘ 25:hyd itamin- B fevels (£ .

L ofm‘témm B and S contral subjects who rece 6 (2). Pmloragéd rel’é%sz: of pentagastrin from
G ®). Reprodured by permissionfrom =~ “the subcutaneously injected crystailine for: - -
ol Metab.. 48, 906911 (1979 “mulations is suggested in Fig. 7, in which bil-

prolonged from Formulations {iland IV than
-from Formulations ;..ami il

- lease of progestogens (14), and Gaginellaand = °

. associates have demonstrated marked varia-
tionin the rate of drug releade from different

- silicone polymers (15). This is illustrated in -

- Fig. 4, in which the in vitro release of nicotine

... base into:pH 7.4 buffer from.a dimethylpol-

- ysiloxane polymer reaches 75% in 4 hr and = = -

95% in:16:hr but the froma fluorosil -

cone-laminated po, educed to 40% in

4 hr and 65% in 16 hr. The use of polymer

materials with different release characteristics .

. is of considerable potential in the design of - -t
elease drug 'smplants A lgma‘t‘e

E BILE: (%)

- while -ox.]:y;.d.epot subcutaneous .mwcuon Te-.
sulted in prolonged releaseof vitamin D.(17)
“Comparative seruni fevels of the metabolite

25-hydroxyvitamin D during a 7-week period
- following oral, depetintramuscular; and depot--
suboutaneous doses.of vitamin b, and alsoin
- control animals who received no vitamm D,
show in Fig. 5 _
‘Marked differences in the in vitro releaseof = 2
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~opment, liposomes appear promising as po-

Percutaneous Adminisiration

“tential vehicles for delivering drugs from the -

: 'l"he'rxutermﬂst layers of 'human sxm-cans i

ssite of subcutaneous injection to specifictar- -

med when phos

: med !argely

‘in-aqueous media. |

coefficients, wats

“study (18) unilamellar vesicles consisting

=oyirtually exeluded: The.

~distearoyl -phosphatidylcholine; cholesterol,

- consists of loosely arrangad connective tis

“and some sugdar and amino-sugar derivatives

- andis more freely permeable.:Various phar-

-ofcholesterol-were shown to be potentially -

- macokinetic:models have been examined to

~useful in developing liposome systems capable -

deseribe the percutaneous absorption ofa dmg ;

~of providing controlied release of therapeutic

- from topically appheﬂ vehicles (2

agents.

aneous route 15 used primarily in st

‘uations where drug action-is 1o be upon an

Antradermal Administration:

- popen wound or upon the superficial s:0f -

“Intradermal injections are used predomi- -

- the stratum corneum. If the pathologic con-

- na-ntiy fm" local affects' -'butthc p@tential "Qf t‘nis :

- dition isin the deeper layers of the eptdermxa -

= orin the dermis; topical drug therapy may be:

S YACCInes, .has been xllustrate.d inseveral -

- ineffective. For example, antibacterial -

ore-effectivein

“Intradermal injection is'made into the upper

- skin infectious when

“layers of skin; just beneath the epidermis. A

tion than when applied to the skin.

~usgual site for intradermal injection is'the an- =

- Fwo examples of the use of percutaneo

-tertor-surface-of -the forearm. Fhe volume of -

abserptiﬂn for systemic effects are the topical

= solution that: may:b

ministered i this

application of safflower: oil in:some: patien

S manneris only abou

with essential fatty acid deficiency who cannot

- Intradermal injectio

frequently used for -

be dosed parenterally, and topical nitroglyc-

- administering antigens

ests for allergic -

erin ointment for the prevention or treatme

- reactions (19). Alcoholis given by intradermal ~

of angina. Accurate titration of the dose of -

: injection fer the treatmen

f pruritus vulvae -

nitroglycerin is achieved by adjusting tha

ibsorption from an in-

of pintment to the patient’s needs. T

: tradermal m)eciion sue is ﬂsua]ly slow; this =

usual dose is [-2 in;, as squeezed from the

indelivering agents for immu- -

tube, every 3 1o 4 hr (28). -

i ot an Asxan influenza vaccine produ

Inhalation

Srise in: antxboﬂy titer ctrmparable m "t at :

The r,e’spiiramry' tract has been used as g

=riority of the immuno

icity-of the intra- -

~dermal route for A/ Vi

yria/ 78 vaccing; but

“fatted 1o show dny diff

e in intradermal

“sey/ 76 (Swine Flu)v

surface area for rapmi abmrptmn

- concluded that in times of vaccine shortage the

which becurs mthe alveolar ducts and alveci

intradermal route, which invelves smaller

sacs. Fora more complete description of the

anatomy and physiology of the respxrate
system, the rea is :

Gorman and Hall(29). -
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