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BIOPHARMACEUTICAL ASPECTS
OF INTESTINAL DRUG
ABSORPTION

Prof Reza Fassihi

FACTORS AFFECTING GASTROINTESTINAL
ABSORPTION

As aulg, about 75% of the drug given orally will be absorbed
in ohe 1o thiee hours, but numerous factors can alier this,
somie physiological and some to do with theformulation of the
drug. The miain factors are:

1. gastrointestinal motility

splanchnic blood flow

particle size and drug delivery system
chemical factorsand drug interacticns.

Wl s

pathophysiologic conditions.

After passing through the pyloric sphincter, drug reaches, in
sequence, the duodenurm, jejunum and ileum. These regions
have diffsrent pH, digestive enzymes and absorptive capaci-
ties. The release ‘of food into the ducdenum causes the
release of cholecystokinin-pancréozymin and secretin by
dubdenal mucosa, which causs amiptying of the galibladder,
secretion of pancreatic enzymes, and flow of pancreatic and
biliary fluid. Bile, which has a pH of 7,8-8,8, raises the pH of
the duodenal and post-ducdenal intestinal contents to ap-
proximately 5-7. Bile salis; which aré surface-active, can pro-
mote dissolution of lipophilic drugs and may also increase
membrane permeability of hydrophobic drug molecules
through micelle formation and solubilization. It has been
reported that bile salts form insoluble nonabsorbable
complexes with. drugs such.a neomycin, kanamyein and van-
comycin. Polypeptides such as corticotropin, vasopressin
and insulin are also rapidly degraded by the intestinal en-
Zymés and progestercne, tesicsterohe and aldosterone are
similarly unstable in the intestine (Welling, 1980; Melarider,
1978).

The process of drug absorption from oral formulations
imvolves passage of the drug across the gastrointestinal
rlgosa, into the mesenteric circulation. in the present
discussion, absorption will be taken to mean only the process
of passage across the gastrointestinal mucosa ifto the capil-
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lary blood of the mesenteric eirculation and not to intlude the
appearance of the driig in the systemic circutation. This dis-
tinction is made because between the gut and the systemic
cireulation lies the fiver, the great “poison trap”, proteciing the
$ystamic circulation from numerous potential toxins which
enter the gastrointestinal fract. Evolutionary experience af
environmental toxing have provided the liver with an extraor-
dinary range of detoxicating mechanisms for_natural toxins
which are active In detoxicating mini-drugs. The very pres-
ence of the trap, means that for many drugs, all that is ab-
sorbed does riot enter the: systemic circulaiion intact. This s
Knowh as the “first pass effect”. Drugs that show a substan-
tial first pass effect in man due o hepatic elimination are
listedinTable 1.

Table 1: Drugs showing low oral biovavailability due to exten-
sive first-pass hepatic slimination

Acetylsalicylicacid Mercapiapurine
Alprenolol Methylphenidate
Amitriptyline IMetoprotol
Chicrmethiozole Morphine
Coumarin Neostigmineg
Desigramine Nifedipine
Dextropropoxyphens Noriryptyiine
Dihydroergotamine Oxyphenbuitazone
Diliazem Papaverine
Daopamine Pentazocine
S-Flubrouraci Phentacetin
Glyceryltrinitrate Propranolol
Hydralazine Reserpine
imipramine Salicylamide
{soproterenc! Serotonin
Labetoiol Testosterene
Lignocaine Tryplophan
Verapamil

The motility of the small intestirie tends to optimise diges-
tion and absorption, There are primarily two types otintestinal
miovement: peristalsis and mixing. Peristalsis determines in-
testinal transit rate and therefore the residence time df a drug
in the intestine. This wili be most important for cortrolled re-
lease dosags forms, enteric coated products as well asthose
driigs which dissolve slowly or where absorption is maximal
only it certain regions of the intestine. Mixing or segmertal
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contractions serve {o mix and sgqueeze ihe food 1o promote
spreading and contact with the intestinal villl. n addifion, the
muscularis mucosa produces folds in the surface epithelium
resulting in anincreased surface area and rate of absorption.
The villi contract during this process and result in a “miiking”
action so that lymph flows from the central lacteal into the
fymphatic system.

In malahsorption states, or i patients with intestinal resee-
fions absorption of some drugs may be impaired {eg, digoxin,
thyroxine). In patients with gastrointestinal hurry the absorp-
tion of drugs from slow release preparelions may be im-
paired. in such cases an alternative (sg, effervescent potas-
sium salts rather than a slow release preparation) should be
used. Gastrolntestinal toxicity of drugs can be divided into two
groups, according to severity. The first includes less serious
sffects such as nauses, vomiting and diarrhoea and second,
serious efiecls such as gastroimtesting! erosion, bleeding and
ulceration. Nausea and vomiting dre commanly assoclated
with drugs such as potassium chioride, aminophylline and
ferrous sulphate, Potassium ghioride also causes the more
serious effects of erosion and ulceration, as dees aspirin.
Seme orally administered drugs are more extensively metab-
olised in the intesiing than in the liver. Thus, intestinal metab-
olism may contribute 1o the overall first pass effect. First pass
effect may so greatly limit the bloabaiability of orally adminis-
tered drugs that altemnative routes of administration must be
employed to achieve therapeutically effective blood levels.
Examples of mucosal metabolism of some drugs are shown
inTakble 2 {Ritschel 1388},

Table 2: Examples of some drugs for which gastrointestinal
melabolism apply

Saiufiensg Pellets < 2mm iNen—disintegmﬁn@

a- tablets > 8mm
th B £u. HB F KB HE
i e %
z B e
35 = "‘:‘“ " . _:1 =y :_
S Bl B L)
0 # 3% i » -
c S Gl
E 4L o | e e | e
. G e
g0 LU e ) )
£ L e L L
= ol | R T T e
L | e ] L
L Lo
Ok L } i i

4 4 5 4 =1 g 3
Mumber Of subjects

Figure 1: Bange of individual data points observed in
subjects studied for intestinal transit time of pharmacesutical
dosage forms according 1o feeding conditions using gamima
seintigraphy

Key: F—fasted; L B— light breakfast (1500 kJ}; HB — heavy
breakiast g@aa oo

{Bata moditted from Davis et a/, 1886b).

Table 3: Drugs whose absorption can be delayed (Group Hor
decreased (Graup 1) by food ornuttients

Acetylsalicylic acid Methadone
Aldosterone a-Methyldepa
P-Aminobenzoicacid Peniazocing
P-Aminchippuric acid Progesterone
Chlorpromazine Stitbestrol
Clonazepam Sulonamides
Cortisone Terbutaline
Hydrocortisone

Meperidine

Mote: The drug melabolising enzymes normally associated
with hepatic lissue have all been found in the intestinal
mucosa of animals and man (Hartiala, 1873). Thus the syn-
thetic reactions {oxidation, reductions and hydrolysis) as well
as the conjugation reactions normally associated with detoxi-
cation are afl catalysed by gut enzymes (eg, Cytochrome
P-480, alcohol dehydrogénase, MAQ, Daopa decarboxylase,
raduclases, esterases, amidases, acetylase, sulphokinases,
glucurony! transferases and amino acid conjugates). The
fowsr gut alse harbours intestinal microorganisms that are
capable of many biotransformation reactions.

The mean transit time of unabsorbed food residues or in-
soluble granules, pellets, targe unit dosage forms and sol-
utions through the human small intestine is remarkably con-
stant and is estimated-to-be about 4 br, Figure 1 (Davis el al,
1988b}. The resulls of several investigations have revealed
ihat this intestinal transit tme in healthy subjects is not in-

Hluenced by the presence of food, exercise and densgity of the.
materials. it appears that physiological discrimination of meal

solids and liquids takes place in the stomach rather than the
smalt bowel. However, intestinal transit rate is decreased
where there is a reduction in digestive juics secration and thy-
rexing secretion, and is increased with diarrhosal conditions
and during insulin hypoglycaemia. Drugs whose absorption
can be delayed, decreased or enhanced when taken with
mealsare listed in Table 3 and 4, respectively.
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Group i* Group I
Acstaminophen Amipicillin
Ampiciliin Penicillins (3, VK
Amoxicillin Tetracyclines
Aspirin Antipyrine
Alclofenac |soniazid
Cephalosporins Chiprpromazide
Cimetidine Captoprif
Digoxin Levodopa
Furosemide Ritampicin
ladoprofen Lincomycin
Potassium Propantheline
Metronidazole

Piroxicam

Suifonamides

Walproicacid

Quinidine

*The effecis of these drugs will be enhanced when faken on an emply
stomach

Mote: Thers are conflicting reports conceming absorption of
drugs in the presence and apsence of food and it is difficultto
generglize from the information given above. However
delayed absorption in this conlext means that drug bioavail-
ability is not affected but the onset of action is delayed. De-
creased absorption means that drug bloavailability is af-
fected.

Tabie4: Drugs to be taken withmeals

Acetyl-leucine Metformin
Acetylsalicylic acid Mathysergide
Alclofenac Metiazinic acid
Allopurino} Matoprotol
Amiodarone Metronidazole
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Azapropazone Minocyleine
Baclofen Nalidixicacid
Bernxbromaronse Naproxen
Benziodarone Nigotinic dcid + derivatives
Bromoctipting Niftumic agid
Carhamazepine Nifurieinal
Chiorathydrate Nifrofuranioin
Cinparizine Oxyphenbutazone
Co-timoxazole Pandreatin
Diazepam Pheynlbutazone
Diclofenacsodium Phenytoin
Dicoumardl Pivaifipiciiin
Diftalong Potassiumsalts
Disopyramide Propranolot
Ethambuiol Feserping
Flavaxate Riboflavine
Giibencamide Spironislactone
Glibornuride Sulindac
Glicazide Sulphirpyrazone
Glipizide Theophyllineg + derivatives
Griseofuivin Tinidazole
Hydralazine Tolazamide
Hydrochlorethiazide Tolbutamide
ibuprofen Telmetin sodium
intlomethacin Triamierene
frorisalts Valproate sodium
Isaxsurpine 8-Methoxsalen
Labetolot 5-Fiurouracil
Levodopa

Lidefiazine

Lithiumcitrate

Note! the effects of these drugs will be enhanced when taken
withmeals.

TRANSIT AND DRUG ABSORPTION iN THE COLON

The distal portion of the gastrgintestinal tract, the colon, has
as its primary function water and electrolyte absorption {(prox-
imal halfy and the storage of faecal matter prior 10 s being
expefied {dis'tal half} Drug ab&emﬁm from the colon is fikely
caise of the small stirface grea avaifabie forabsorption.
Patients who take non-steroidal anfi-inflammatory drugs
have an increased incidence of gastric biseding and peptic
ulceration. Thus cases have been regorted in which indome-
thacin delivered in an osmotic pump was associated with in-
testinal perforation. Single unit dosage forms can be held for
long periods {4-12 h) at the ileocaeeal valve before moving
into the colon. Colon contents are propelled down the tract by
a “mass movement”, which is similar to the segmeh’ﬁing oon-
tractions seen in the sma’fr intesting, and Gccurs only several
firmes a-day. The greaiest proportmn of tima in the Gl tract is
speit by the residues of a meal micving through the colon. In
diarrhoea the rate of movement through the colon isfast and
fluid absorption Is incomplete. The ideal delivery system o
the proximal colon should retain the drug within the system
for approximately 5-6 hours after administration o e

patient, 16 allow time for gastric emptying and fransit thfough'

the small intestine and should then disperse and travel
through the ascending colon. Oral preparations which are re-
leased in the colon would be of particular value in the man-
agement of patients with inflammatory bowel dissase where
the topical action of a drug may be of additional valus. Sul-
phasalazine (sataxopyrin} is the mosteffective agent to main-
lainrermission in ulcerative colitis, lis use is imited by adverse
reactions including allergy, Intolerence and male infertility.
Sulphasalazine consists of two compounds, sulphapyridine
and S-amino salicylic acid (5-ASA) jeined by an azo bond
which is split by azo-reductases from celonic bacieria, releas-
ing the constifuents (seé Figure 2).

SA Pharmaceutical Journal<— July 1990

R
K

-

i Calanic

e
- Annersbic
CObH CODH Ractera

NS

Baminpsalicyclic acid
nzodisel
Figure 2: Site-specific drug delivery through selective pro-
drug bioactivation at the target by azo-reductases of anagr-
obic golonicbacteria
Recent studies have shown that 5-ASA is the active com-
ponent which both heals and reay reduce the number of ra-
iapses in colitis. Sulphapyridine appears to act as the carrier
miclecule for 5-ASA andis likely to be responsible for most of
the side effects and allergic reactions. 5-ASA cannot be sim-
ply given-orally in the tréatment of colitis because itis unsia-
Ble in acid andis also absorbert by the stnial intestine and will
not reach its target (the colonyin effective concentration. Oral

prepdrations intended to deliver comipounds to the human

colar have baen developed as coated aapsutes containing 5~
ASA and a prodrug form of 5-ASA involving two molecules m
5-ASA inked together with an @26 bond which would be split
by bacteria i a similar way 1o sulphasalazine. A specific en-
tefic coated tablet containing 5-ASA in pellets embedded in a
dispetsible matrix system seems & possibiility for the man-
agement of ulcerative colitis. Other drugs thatare most fikaly
to be presemted te the colon for topieal release ard abserp-
tion are salicylazobenzole acid and steroids such as predni-
solone phosphate.

BIOPHARMACEUTICAL IMPLICATIONS INRELATIONTO
PATHOPHYSIOLOGICAL CHANGESIN
GASTROINTESTINAL DISEASE

The phammaceutical formulation of the drug substances can
affect the bioavallability of the drug. We know how the phar-
magcokinetic and pharmacodynamic processes determine the
concernitrations of the drug over a period of time at the aclive
site and how pharmacological effect occurs, Now we mustex-
amine how these processes interact with the processes
underlying the pethelogy of the disease allowing Uuseful
retionalisation and interpretationefdrug action.

Steatorrhoea is a condition in which there is an intiedses in
faecaltat excretion as noted in pancreatic disease and occurs
in gastrintestinal disorders such as coeliac and Crohn's dis-
ease, small bowel diverticutosis, vagotomy, intestinal resec-
tion and after ingestion of neomycin and cholestyramine.
Bubtotal or total villous atrophy may follow chronic treatment
with p-aminosalieylic acld, cylotoxic drugs, colchicine, par-
amomycin, metformin and slow release potassium chiorde.
Villous atrophy oceurs in coeliac disease and dermatitis her-
petiformis. Coslic diseases is thought to be caused by sensitiv-
ity to ceresls and food cantaining gluten and ofien presents
as a malabsorption syndrome. Ancther facior influencing
drug absorption in coeliac disease might be an increass inthe
pH of the: gut lumen or acid microclimate: This might contrib-
wute to more rapid absorption of basic drugs, such: as propras
nalol. On thé-other hand the absorption of practolol is delayed
iy coéliac disease. The abdcrpiicn of folic acid is pH de-
pendent and might, therefore, be influenced by changes in
acid microclimate in patients with cosliac dissase. It is poss-
ible that the permeability of the intestinal mucoesa to drugs
might be altered by disease; but little information is available
on this point.

in Crohn's disease there may be extensive thickening of
the gut wall, narrowing of the fumien and secondéry changés
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in motility. The effects on drug absorption are variable and
unexplained. The absorption of rifampicin is unaltered, that of
clindamycin and sulphamethoxazole is apparently increased,
while the absorption of erythromyesin stearate is reduced.

in smak bowel diverticulosis, which is one of the most Im-
portant pathophysiological conditions in which there is a shift
in gt fiora to a predominarnitly anserobic population which
may be resposible for stealorrhosa and malaborption, Al
theugh in sueh circumstances increased metabolism of drugs
by inlestinal bacteria might be expecied, absorptioh doés fot
seemiobe decreased.

Examples of clinically important changss in drug absorp-
tion in patients with gasiroiniestinal disease are as follows:
deiayed gastric emplying has been shown to be responsible
for therapeutic failure of levodopa in patients with Parkinsan's
disease. Achic;rhyﬂria {absence of hydrochioric ackd) ocours
in peimicious anseimia and is commeon in the elderly. The re-
suiting changes in pH will influence drug dissolution and
possibly gastric emptying rate and go alter the absorption of
many drugs. Variable etfects of drug absorption have been
reported after gastric surgery. Hypothyroldism failing to re-
spond tororal thyroxineg or tilodothyronine is an impoertant but
rarg complication of cosliac disease. The risk of cofrimoxa-
zols induced aplastic anasmia i graatly increased in patients
with coeflac disease and folate depletion and csteomalaciais
an imporiant risk with ‘prolonged anti-convulsant therapy in
coelac disease. The detayed absorption of many drugs in this
conditionis unftkely to be of therapeutic significance.

Diarrhoea, with acoelerated small intestinal transit may
have imporiant effects on drug absorption, particularly with
the slowly dissolving or slow release preparations. Indeed,
diarthoes hag been held responsible for failure of oral coritra-
ception.

MALABSORPTIONDUE TOSTRUCTURAL AND
FUNCTIONAL CHANGES

Many difierent diseases or their consequences can cause
malabsorplion either by means of impaired digestion (Table
5}, arimpaired absorption, (Table6).

Signs and symptoms associated with malabsorption

1. Manifestations directly atiributable to malabsorption:
weightloss, glossitls, carpopedal, spasm, absenttendon
reflexes, cutaneous bruising, abdominal distension, flat
ulence, abdominal bloating and discomiort due o in-
creased bulk of intestinal contents and gas production.
Dermatitis herpetiformis is often associated with a mildé
degree of coeliac-tke enteropathy, Diarrhoga is not ak
ways present. Sometimes stegtorrhoea ocours — pale,
soft, bulky, malodorous stoodls, that stick to the side of the
toilst bowt, or float and are difficult 1o fhish away. This
kind of stool is most likely to oceur in coeliac diseass or
tropical sprue. The stocls in chronic pancreatic disease
may appear greasy with free floating globules of undi-
gested digtary fat (riglycerides) because of pancreatic
lipase deficiency (Merck Manual 1887). Stealorrhoea
can be present without florid abnormalities of the stool.
Explosive diarthoea with abdominal bleating and gas al-
ter milk'ingestion pointsto-lactase deficiency (alactasia).
These effects are sesn more inthe sidstly and pharma-
cistmonitoring of drug therapy can play an important role
inoptimising drug use inthe elderly.

2. Manifestations due to deficiencies secondary to malab-
sorption: the range and severity of nutritional deficiency
relates 1o the severity of the primary disease and the
area of the Gl tract involved, Many patients with matab-
sorption are anaemic, usually due 1o deficiencies of iron
{microcylic anaemia) and folic-acid (megaloblastic anea-
mia). Vitamin By, deficiency is uncommon, partly be-
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cause body slores are considerable, and parnly because
few disorders catise By, absorption to fall below the daily
requirernents. Protein malabsorption may lead to hypo-
proteinemic oedema, usually of the Tower limbs. Dehy-
dration, potassium loss and muscle weakness can follow
profuse diarrhoea. Calcium deficiency is common and is
due partly to Vitamin D deficiency with Impaired absorp-
tion and partly fo calcium binding with unabsorbed fatty
acids. This may cause bong pain and fetany. Iffantile
rickets wherg osteomalacia may oécur in severs adujt
coeliac disease. Thiamine delficiency {Vitamin B} may
cause paresthesiz and malabsorption of the mainly fat
soluble, Vitamin Kcan lead to hypoprothrombinemia with
bruising and bleeding tendency {Merck Manual 1987}
Severe ripoflavin (Vitamin B} deficiency may cause a
sore fongue-and angular stomatitis, but Vitamin A, Cand
niacin deficienciesseldom cause clinical problems.

3. Manifesiations of malabsormption dus 1o an underlying

diseass: some disegses that cause ralabsorption, have
distinctly different clinical presentation, eg, thejaundice
of biliary cirhosis apd pancreatic carcinoma, the abdo-
minal-angina of mesenteric ischaemia, the bering central
abdominal pain of chronic pancreatitis, and the severs,
persistert ulcer dyspepsia of the Zallinger-Eflison syn-
drome (syndrome caused by a gastrin-secreting tumour
'of the paricreas, producing a high concentration of hy-
drochioric acid in the stomach; ulcers are formed in the
ocesophagusand upperintestinaliract).

4. Symptoms associated with the ageing process {elderlyl:

Structural and functional changss in the gastrointestinal
tract have particular significance on the effectivensss of
crally administered medicines. Gastric acid output and
peristaltic activity decrease with age. The resultis a rela-
tively high incidence of anaemia necessitating suppla-
mentary inarganic iron therapy, which can form non-ab-
sorbable iron complexes with tetracyclines and synthelic
peniciling if administeréd concurrently. Slowsd gastric
muscular activity, decreased empiying tHme and the
rising of the pH of gastric juices may increase the irmtal-
ing effect of some drugs such as aspirinor phenytoin, be-
cause of theirextended time inthe stomach.

Table 5: Malabsorption due o disease stales resulting from
impaired digestion

Impaired digestion Conditions
resulting from
inade@uate mixing Gastroenterostomy

Bilroth i gastroectomy

Gastrocolic fistula
insufficient digestive
agents

Chronic pancreatitis
Cysticfibrosis

Chronic liver fallure

Biliary obstruciion

Alaciasia

Sucrase-isomaltase deficiency

Improper mitieu Zollinger-Ellison syridrome {low
duodenal pH)
Bacterial overgrowth-blind loops
~ {deconjugation of bite salts)
Diverticula
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Table 6: Malabsorstion associated with impalired physiologi-
cal conditions :

impaired absorption  Conditions
resulting from

Acute intestinal iffecticons
Neomyein
Alcohel

Coeliac disease
Tropical sprug
Whipple'sdisedse
Armyloid
Ischaeria
Crohi's disease

Actte abnormat
epithelium

Chronic abriormal
epithelium

Shortbowel intestinal resection for Crohn's
disease

Volvulus

Intussusception

Infarction

impairediransport Blocked lacteals — lymphoia
Lymphangiectasia

Addison’s disease —7? transport
enzyme

? Abstalipoproteinemia

Modified from The Merck Manual 18thed {1887}

Changes. in the colon during ageing cause constipation,
one of the more troublesome funcional problems of the
elderly. The resull may be overuse of laxatives, which can
lead 1o dehydration, hypokaiaemia and reduced absorption of
fat-solizble vitamiing. Constipating drugs, such as cerlain an-
tacids, antihypéftensives, anticholifigrgics, antidepfessants
and the pherothiazines, must, therefore, be used with care in
the aldarly.

I general, it appears that drugs which zre absorbed by
specific transpert processes are more fikely fo be affected
than thosa that are absorbed by passive diffusion. The ab-
sorption by adtive fransport of galactose, calcium, thiamine
and iron ig reduced in the slderly, whereas studies of para-
cetamol, aspirin, phenylbutazone and sulphamethizole
demaonsirated nommal absorption of these passively absarbied
drugsinthe eiderly.

CONCLUSION

With wider appreciation of pharmacokinstic and pharmacody-
riarmic principles and the infroduction of therapeutic drug
monitoring, a varisty of coritrolled reléase oral dasage forms
has been irtroduced over the last decade. Controlled con-
stant drug input might provide greater selectivity of drug ac-
fion and reduced toxicity by avolding the succession of peaks
and troughs of drug concentration assoclated with con-
ventional therapy. Drug absorption from many of these do-
sage forms depends on thé location of the delivery systen in
the gastiroifitestingl fract. Individual differences in the extent
of absorption have pharimacokingtic consequences, sifilar to
those.arising fromchanges in dosage formiormulation.

Asthe mouth to anus fransit time is typically 1 to 2 days,
these data on gastric and small intestingl transt times indi-
cale that; forthe majority of this time, ingested solids are in
siftier the large bowel or the fectUm. With the physiclogic
information given;, the gussible role of gastric emplying and
_intestinal transit in the absorplion of drugs given: in solid
dosage: forms can be understood. Considering thal many
conventional tablets and capsules, in which the drug dis-
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solves so rapidly that most is in solution before much has en-
tefed the intesting, gastric emptying clearly influences the
rate’ of drug absorption. Hastening gastric emptying, for ex-
ample, quickens drug absorption from solution: Somie drugs
do not dissolve il the stomach, whereas, inthe intestine both
rapidly dissolve and pass across the infestinal wall. Gastric
emplying then dramatically affects the fime and perhaps the
rats of drug absorption. An enteric coated product is an ex-
tremie example of this situation. On the other hand, some
drugs stich as grisecfulvin, that is sparingly soluble in both
gastric and intestinal fiuids, there may alrsady be insufficient
time for dissolution and absorption whan this drug is adminis-
tered as a s6lid. With a fixed short time within the smallintes-
ting, the slow release of suth a drug froim the stomach in-
creases the total time itis in the intesting and decreases the
concentration at any one site; Both conditions favour ins
creased bicavailability. As mentioned, food, fat in particular,
delays gastric emptying, and thisdelay may be one ¢f the ex-
planations: for the cbserved incréase in the bioavailability of
griseafulvin when taken with a fatty meal. it appears that
physiological discrimination of meal solids and liguids takes
placa in the stomach rather than the smaltbowel. Bmall intes:
tine transit fime is remarkably constant irrespective of size of
the dosage form; density or presence of food. Single unit do-
sage forms may be held for leng periods at the ileccascal
vatve before entering the colon. Transit time of dosage forms
is shorter when fibre-containing food is consumed, as dietary
fibres affect the digestion process. Subsequenily, as the in-
testinal fluid and contents move nio the large iniestine and
water is reabsorbed, the resulting compaction of the solid
contentis may severely limit further digsolution and hence ab-
soerpton i drug.

Chemical factors affecting drug absotption do 5o by infiu-
siicing the siate of the drug in the intestine. Thus telracycline
antibiotics bind sfrorigly to calcium ion and calcium rich food,
{especially milkk) prevents their absorption. Similarly, the uss
of liguid paraffinas a laxative will retard the absorption of lipo-
phificsubstances, such as Vitamin K.

Drug absorption in patients with gastrointestinal disease is
variable and unpredictable. This variation is often poorty cor-
related with the site and severity of disease; chermical strug-
tura and-chemical properties of the drug studied. Overall, the
clinical significance of abnofmal drig abserption 1§ unknown,
but there have been otcasionial fepors of therapeutic failure
ahiributed to this cause (Table 7).

Table'7: Changes in blood levels of some drugs attributed to
Caoelic or Crohn's Disease.

Diseass  Drugs showing

£ Drugs showing
condition Increased decreased
blood levels bloodievels
Coslie Aspirin Apstarinophen
disease  Cephalexin Digoxin
Ervihromycin stearate  Pivampicillin
Fusidic acid Practolot
Propraficlol
Suifamethoxazole
Crohn's  Clindamycin Acetaminaphien
dissase Sodivmifusidate Cephalexin
Suffamethoxazole Erythromycinstearate
Lincotiyein
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To summarise, a large number of faciors can influence
drug absorption and response. These include: drug delivery
systems, drug form, exciplents, drug amount, admini stration
schedule, route of administration, physiological factors, such
as age, sex, body weight, genetic, nuiridonal state, disease,
pregnancy, qut flora, gastrointestinal motility, renal funciion,
physical activity and dietary factors are also imporant and
they may increase drug absorption or affect drug metabolism,
drug excretion, drug receplor site interactions and finally,
pharmacoclogical factors can affect drug abserption. Effect of
other drugs and food constituents on enzyme induction, en-
zyme inhibition, protein binding, stomach emptying time, bil-
iary flow, local bloed flow, urinary pH, tolerance and environ-
mental faclors are all important detefminants of drug
absorption and response.
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