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Physiological factors with impact on the drug behaviour

in the gastrointestinal tract

Fyziologické faktory ovliviiujici osud lé¢iva v gastrointestindlnim traktu
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Summary

Orally administered drugs are passed through the
gastrointestinal tract (GIT), which influences their next
metabolism in the body. In the case of systemic
administration, the drug is released from the dosage form,
is dissolved and eventually absorbed. The residual amount
is excreted in the faeces. The main factors influencing
administered drugs are particularly pH, passage time,
solubilizers or the oxido-reductive potential in different
parts of the GIT. These factors are directly related to the
release, absorption and stability of drugs. They can be
used for simulation of the GIT environment in vitro and
for the overall design of the dosage form in vivo. Because
some literature data are not given in context and
sometimes they are contradictory, this paper summarizes
elementary values of the above-mentioned physiological
parameters in the form of a review.
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Souhrn

Lék pti perordlnim podani prochazi gastrointestindlnim
traktem (GIT), ktery ovliviluje jeho dalSi osud
v organismu. Jde-li o systémové podani, 1éCivo se zde
uvoliiuje z 1ékové formy, rozpousti se a nakonec
vstiebdva, piipadné se jeho zbytky vylucuji stolici.
Hlavnimi faktory, které ovliviiuji podany 1€k, jsou
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zejména hodnota pH, doba pasdZe, solubilizacni
schopnost nebo oxido-reduk¢ni potencidl v jednotlivych
¢astech GIT. Tyto faktory souviseji pfimo s uvoliiovanim,
vstfebavanim eventudlné stabilitou 1éCiva a 1ze je vyuzit
v prostfedi in vitro k simulaci prostfedi GIT
a k celkovému designu 1ékové formy in vivo. JelikoZ
nékteré literarni ddaje nebyvaji uvedeny v souvislostech
a navic se casto li8i, tato prace shromazduje zakladni
hodnoty vySe zmitlovanych fyziologickych parametri ve
formé ptehledového ¢lanku.

Klicova slova: 1ék ¢ traveni ¢ vstfebavani e pHe GIT ¢
motilita * travici enzymy

Introduction

The gastro-intestinal tract has significant impact on the
general fate of the drug in the human organism on its oral
administration. The most significant physical-chemical
parameters are pH, viscosity, ionic strength, and
hydrophilic-lipophilic balance of digestive juices within
particular parts of the GIT, i.e. the mouth, oesophagus,
stomach, small intestine, colon and rectum. Further
important parameters include the volume of these juices,
passage time in particular GIT segments and the intensity
of stomach and bowel peristaltics. Other biological and
biochemical factors are also involved, depending on the
amount and ratio of digestive enzymes, possible
resorption area of particular organs, and species and
amount of micro-organisms that inhabit the GIT and take
part in the digestive process. All these factors contribute
to the complex process which is influenced to a varying
extent by many other variables, e.g. age, anamnesis,
gender, quality and quantity of food, geography, race, etc.
The most important factors and values concerning the GIT
are summarized in Table 1. All these factors have to be
taken into account by all professionals, medicinal
chemists and technologists developing the active
substance and dosage form, as well as medical
practitioners  prescribing the medicine, nurses
administering the drug or pharmacists instructing the
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Table 1. Transit times of particular immediate release dosage
forms in selected segments of the GIT

Dosage form Transit time (h)

stomach intestine total
Tablets 27+15 3.1+04 5.8
Pellets 12+1.3 34+1.0 4.6
Capsules 0.8+1.2 32+0.8 4.0

patient. Specific physiological and anatomical properties
of particular GIT organs are not the subject of this paper.

Significant factors

pH value

The first liquid the drug comes in contact with is saliva.
It has neutral pH, about 7, usually given as 6.5-8. Slightly
lower values were found in patients with diabetes?. The
following passage through the stomach and bowels is
characterized by pH values being dependent on the
composition and amount of the ingested food, health
status of the patient and the distance between the drug and
the mucosa. Therefore, the individual parameters found
in the literature can reach a whole range of values.
General agreement claims that pH in the stomach ranges
from 1.2 to 5.0, with higher values for the state
immediately after eating. Significantly higher values were
found in people of Japanese origin?. The pH value in the
small intestine (duodenum, ileum, and jejunum) is 4.5-7.5
and in the large intestine, 5.5-8.0%. The decrease in pH in
the direction of the colon is caused by acids produced by
colonic bacteria. A significantly lower pH in the colon was
found in patients with non-specific bowel inflammatory
disease. Because pH value is influenced by many factors
within particular parts of the GIT, there is relatively large
variability in the population®. Low pH value in the
stomach is caused by the production of hydrochloric acid;
on the other hand, high pH in the intestine is caused by
hydrogen carbonate anions that protect the intestinal
mucosa against the aggressive acidic chyme flowing from
the stomach. Hydrogen carbonate ions create pH that is
suitable for the activity of intestinal and pancreatic
enzymes. In the colon, alkaline secret is formed,
containing water, ions and mucus®.

With the exception of specific absorption mechanisms,
each active substance has to dissolve prior to the
absorption. The pH value is therefore very important in
active substances that are administered as salts whose
solubility depends on the pH value of the environment.
The salts of weak acids and strong bases (e.g. NSAIDs)
are more soluble in acidic environment because of
dissociation. On the contrary, the salts of weak bases and
strong acids (e.g. various alkaloids or amines) are more
soluble in alkaline environment. Generally, the active
substance is better absorbed from the environment in
which it is better soluble®. However, it should be noted
that drugs which are salts of strong bases can react with
hydrochloric acid and get neutralized, resulting in such
a form of substance which is less soluble, e.g. tablets
containing warfarin sodium have significantly lower
dissolution in acidic environment”.

Dissolution methods used both in formulation and

quality control of drugs reflect actual pH values within
the GIT. FDA guideline that regulates the production
transfer or production changes of immediate release
dosage forms lists pH range of 1.2-6.8, recommending
not to exceed 8%. Four individual pH values representing
particular parts of the GIT are suggested: 1.2,4.5, 6.8, and
7.5%.

The solubility is not the only criterion. Active
substances which are not stable in acidic environment
(e.g. proton pump inhibitors) or should act locally in distal
parts of the GIT have to be protected by an enterosolvent
coat which usually consists of esters of polymeric organic
acids insoluble in acidic environment!?. If the dosage
form which releases the drug with a constant liberation
rate is required, neutral polymers are used as excipients.
Thus the liberation of the active substance is slowed down
independently of pH value. Ethylcellulose or polyacrylic
polymers are frequently used'?. If the active substance is
poorly soluble in a particular GIT segment, the solubility
can be improved by adding a pH modifier directly to the
dosage form (e.g. tablet or pellet)'?.

Digestive enzymes

All GIT fluids contain enzymes; however, their
concentration and importance differ. The saliva contains
a-amylase that splits polysaccharides, mainly starch®.
Furthermore, there are lipases that are essential for lipid
digestion in babies and some phosphatases and amidases
of little importance. Lysozymes have antibacterial function
because they are able to split glycosidic bonds in bacterial
wall peptidoglycane!®. In the stomach, the proteins are
split by gastric proteases; the most important of which is
pepsin. Chymosin coagulates milk proteins and urease is
used to hydrolyse urea. Pepsin decomposes proteins to
peptides or individual amino acids. Lipase, amylase and
gelatinase are also present'¥. Pancreatic juice brings
a whole range of enzymes to the small intestine. Trypsin,
chymotrypsin, and carboxypeptidase split proteins to
shorter chains, respectively end amino acids, elastase
specialises in elastin. Lipase splits lipids, cholesterol-
esterase hydrolyses cholesterol esters and phospholipase
decomposes phospholipids. Last but not least, amylase
splits surviving polysaccharides and ribonuclease and
deoxyribonuclease break apart nucleic acids®. The small
intestine produces enzymes by itself, too: lactase,
saccharase, maltase and o-dextrinase decompose
particular disaccharides'.

Digestive enzymes can play a significant role in
decomposition of excipients that constitute the dosage
form. Oils that have been more and more used to form
“lipidic formulations” of poorly soluble drugs differ in
their inclination to be digested by particular lipases,
resulting in different drug liberation!®. For this reason, the
use of mineral oils is limited — mostly they can not be
decomposed by enzymes. The impact of enzymes is
significant in quality control as well. Dissolution medium
for drugs formulated in gelatinous capsules should contain
pepsin because gelatinous capsules do not dissolve easily
in purely inorganic medium, on storage their solubility
decreases even more. During dissolution, pellicules of
gelatinous matter are formed and entrap the drug. This is
easily prevented by the addition of pepsin!”. During the
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development of the dosage form attention has to be paid
to the fact that some excipients, e.g. saccharides, are
digested whereas some, e.g. polymers or inorganic salts,
remain unchanged. This can be convenient when
formulating polymer matrix tablets where an addition of
lactose ensures that the matrix eventually disintegrates to
smaller parts because of combined forces of dissolution
and digestion. Repeated administration does not cause any
mechanic obstruction of narrow parts of the GIT, e.g. the
ileum'. Whether macromolecules can be absorbed
without their decomposition and reach systemic efficient
blood levels without being deactivated by serum enzymes
remains unclear and the question of oral administration
of proteases is questionable!?.

Solubilizers

The gastrointestinal tract contains substances that
possess solubilizing properties, the most important being
bile acids and their salts. Primary non-conjugated bile
acids include cholic acid and chenodeoxycholic acid,
conjugated bile acids include taurocholic acid and
glycocholic acid. These acids help to solubilize lipids
either by themselves or together with cholesterol and
lecithin form bile micelles, in which lipophilic substances
dissolve easily?”. There are also secondary bile acids
produced by colonic bacteria from primary bile acids, e.g.
deoxycholic acid and lithocholic acid. Their ratio is
significant in the diagnosis of colorectal carcinoma?".
Pharmaceutical technology lists bile acids among true o/w
anionic emulsifiers. They are able to emulsify lipids
containing long chain fatty acids that are otherwise poorly
absorbable??. A solubilizer by itself and a precursor of bile
acids, hormones, and vitamin D synthesis, cholesterol is
produced by the liver and excreted in the bile; however,
exogenous cholesterol from food is important, too.
Cholesterol is a true non-ionic o/w tenside?®. Detailed
description of cholesterol and its derivatives is not
necessary for the purpose of this paper and can be found
elsewhere. Lecithin is also an emulsifier, helping to form
micelles containing emulsified lipids. Similarly to
cholesterol, lecithin is found both in bile and food. A true
amphoteric tenside able to form both o/w and w/o
emulsions, lecithin was found to increase the
bioavailability of some drugs®?.

The importance of these substances for drug solubility
and absorption was used by pharmaceutical technology,
where they are used to formulate oral dosage forms. The
impact of bile acids on drug liberation is convenient as
well as the possibility to use lecithin to build liposome
walls. The use of liposomes in oral dosage forms has
increased lately®. Specific dissolution media, called bio-
relevant, have appeared, helping to simulate the impact
of digestive process on the liberation of poorly soluble
substances?®.

Bacterial microflora

Various parts of the gastrointestinal tract are colonised
by numerous species of bacteria. This factor has to be
taken into account. Bacteria in the oral cavity do not
contribute to the digestive process. Similarly, bacteria in
the stomach are not important from this point of view. As
the pH value increases, the environment becomes more

bacteria-friendly, towards the end of the small intestine
Lactobacillus, Enterococcus, Bacteroides, Escherichia
coli, and Candida can be found. In the distal ileum, there
are more G-negative bacteria than G-positive bacteria.
The large intestine is populated to a high degree, the
microorganisms amounting up to 8% of faeces weight.
More than 400 species were identified, 99% of them are
anaerobic. Colonic bacteria metabolise saccharides that
were not metabolised in the small intestine and produce
short chain fatty acids. The most frequently bacteria
belong to Escherichia coli, Bifidobacterium, Lacto-
bacillus, Clostridium, Bacteroides, and Streptococcus
species. Candides, such as Candida albicans, Candida
parapsilosis, and Candida glabrata, inhabit the colon,
too. Bacteria produce also many hydrolytic and reductive
enzymes?”: azoreductase, B-glucuronidase, B-xylosidase,
dextranase, esterase, nitroreductase, o-arabinosidase,
B-galactosidase, and deaminase®®.

These enzymes are beginning to be used for colon-
targeted drugs. Peptides, antiphlogistics or cytostatics to
treat colon- and rectum-located diseases could profit from
these locally available enzymes®). These drugs are
formulated using specific polymers that are resistant to
proximal GIT enzymes but decompose through bacterial
enzyme hydrolysis and reduction. Consisting mainly of
polysaccharides and/or azo-polymers, these excipients
can be used to constitute both the matrix system and
functional coating of the dosage forms*®. When testing
the drugs, some progressive dissolution methods
evaluating colon-targeted administration in vitro use
specific colonic bacteria®?.

Passage time

Although passage time of food, respectively of the
drug, is individual, and depends on age, health status,
physiognomy, and food, there are some general
prerequisites. It can be said that the passage through the
stomach takes 1-5 hours on average; food containing
mainly saccharides stays for 2-3 hours, food containing
mainly fat can stay for as long as 7 hours. The passage
through the complete small intestine covers 3-8 hours®?
and the passage through the large intestine lasts
approximately 11-72 hours*». By summing up all these
data, we can see that the total passage time ranges from 15
to 84 hours. Out of these values, the passage time through
the small intestine is the most stable and relatively
unlikely to be influenced by external factors. The most
frequent small intestine passage time is 3—4 hours®. Three
hours correspond with the passage time of multiple
dosage forms (e.g. pellets), 4 hours correspond with single
dosage forms (e.g. tablets, capsules)*®. However, other
sources claim that there is no difference between these
sorts of dosage forms*> (Table 2).

These passage times together with differing pH values
throughout the GIT are important for any pharmaceutical
technologist who is going to develop controlled release
dosage form. He or she has to choose such technology and
excipients that correspond to these factors. The position,
environment pH value and enzymes are ever-changing
variables. The knowledge of them is necessary for
successful in vitro drug evaluation, e.g. the limit of the
dissolution method for acid-resistant dosage forms, using



62, 243-248

Ces. slov. Farm. 2013;

246

$1220203da.)§ SDA[SUDA] UuoNeBIIJIP Uuo
‘Suvo1qp ‘vivaqv)8 ‘sisopisdp.avd ‘SD421S2 ‘2SVPIUD (SIWAZUD [RUT)SIIUL (s9098J) 0L1-S8 0°8-S'L spuadoq +0°0-20°0 710 wnody
ISapIpUn)) WNIP1AISO]) ‘SNJj1ODGOIIDT ‘aspununap ‘asvprsoppIns-g LOFOL
‘1702 DIYI1IGYIST ‘D1I2]ODGOI2IUT DSUPISOUIGDAD-10 ‘DSDIONPILOLIIU ‘DSDADISD 1D “4BN SS9[ resiq
§M2200042]UF ‘DIPLIISO])) ‘DLIIODGNT ‘aspup.LxXap ‘asvpisolix-g ‘asvpromon)s-g BN 4 BD »NMOU 90F 9

AWNLI1oDqopiig sap104219vg ‘,01—,01 ‘2sD1ONPa.02y :SAWAZUD [BLId)dRq :U0J09 [BISI(] [ewrxold yzi-S1 ST0 Se'l uojo)
00ST 8¢S ueL1n €0 ST aunsayur aB.re |

o170y20Yy11] 01]0Y2£x02p “21]0Y20(]8

D1]0Y204ND} 21]0YILX02POUIYD “D1]0YD

suv2IqID :SP19D 219 “UIYI103] ]0121S2]0YD I[1q

ppIpuv)) DIPLIISO]) WNLLIODGOSH ] 28D2]INUOGLI(KX0IP) ‘ISDA21SI-]0421S2]0YI

WNLI2]ODGOPIfIg ‘SaP104210DG ‘1]0D ‘asvpndad{xoq.vd ‘aspisv]a
DIYILIDYIST ‘S1DIID) SNI2020421U7] <,()] ‘asvdnjoydsoyd ‘asndi] ‘asv) -0 +ZBIN “+¢BD SS[ SOFSL yz 09 S¢ wnay|

sun21qIv vpipuv)) ‘vrYYdIq ansd{owyd ‘ursdCay :pmyy onearoued “SSGBN 20d 1D ‘. 00H
‘SNJIIPQOIONT ‘S1IDIIVJ SNII020421UT ‘()] 2SDULIIXIP-0 £00S 1-009 :pmbiy onearoued S0F99 yr 09 ST wnunfof
D]]2UO0]]12A SN]]19DqOIODT faspdijoydsoyd ‘asvdi) ‘asp1ov] SVIDLWO21 ‘0001—00€ :9[1q
“120000]&ydpig ‘sn220201da.a1§ <,01=01 aspiput “aspapyovs ‘aspprdad :$9K5019ud £0081—0001 :$14£501)u [ uru )9—6 1°0 €0-20 wnuapon
000+—000T SL-SY Uy 0ct L9 unsayul et
10 8D M BN
000F "XeW ‘00ST-00S T uaw
aspuv]28 28D WD ‘00ST—00S uswoMm :[ng
111190quIVT 122020 ydnig 1220201da.41S (O] ‘asodi) ‘asvain ‘uisowdyd ‘uisdad 007-0s :Kdwg 0S-71 UG- 1°0-80°0 70 [orwolS
WNLI21ODGOSN ] au20s] ‘sasvpruuv | 10 "Od SN 48D ) SEN
‘s204w0U11Y ‘$1220201d2.418 0] ‘sasvipydsoyd ‘asvdi) ‘as) -0 ‘0002—00S1 0'8-S9 S¢= 100 K)1A®D [RIO
samads juanbaay jsowr pue suo1 pug (jux) spmbiy anpeA owm (zu) ()

(TuyN 1)) SWSIUESI00IdIW JO JUNOUWY SIJZI[IqN]OS pPUE SQWIAZUT Jo Junuod Afreq Hd agesseq JdeLINg Psudg JuWISIg

LID Jo spuaw§as unynongand Jo suapownind pagoajas o Aunwwng g 2]9n],




Ces. slov. Farm. 2013; 62, 243-248

247

simulated intestinal fluid, is usually not more than 10%
of the active substance released in 120 minutes, then the
dissolution medium is changed, pH value increased,
usually to 6.8, other conditions can be changed as well®.
There are several other methods that combine time, pH
value and enzymes to simulate the specific conditions of
the GIT. One of them suggests that colon-targeted drug
should release not more than 5% of the active substance
at pH of 1.2 in 2 hours, then not more than 60% of the
active substance at pH of 6.8 in 6 hours and finally not
less than 85% of the active substance at pH of 7.2 in 12
hours??.

Amount of fluid

In the oral cavity, the daily production of saliva
amounts to 1.5-2 1; nevertheless, any actual amount is
insignificant. The volume of gastric fluid of the empty
stomach is only about 200 ml; that is the reason why any
orally taken medication should be swallowed with 200 ml
of water to improve the disintegration. Daily production
of gastric fluid amounts to 0.5-2.5 1. The amount of fluid
in the small intestine is not constant and the daily total is
about 2—4 1. The large intestine receives daily about 1.5 of
fluid from the small intestine and concentrates it with the
help of bacteria to 85—170 ml of daily faeces. The rate of
this concentration may depend on drugs, e.g. laxatives®.

With respect to the volume of administered dosage
form, the volume of particular GIT organs is relatively
high; therefore the position of the drug in the GIT is very
important. Due to different density or adhesiveness, the
drug can stick to the mucosa or float on the fluid surface.
Such properties are sometimes suitable, as in
mucoadhesive oral tablets®” or “floating” capsules*” with
prolonged gastric passage time, but usually undesirable
and avoided. The literature shows that if the same dose of
the drug is divided in more parts, e.g. pellets, their
distribution within GIT organs is more even and the
absorption less varied*). The volume of particular GIT
organs is reflected also in quality control. In vitro
dissolution testing methods usually involve one of three
most frequent volumes — 500, 900, or 1000 m1¥. 200 ml
is sometimes used for buccal tablets*?.

Motility

Gastric and intestinal motility is the last of the most
important factors. Motility has similar impact as the
mixing intensity on the character of mixed dispersions.
Particular organs use their movement to mix the food and
this has impact on the liberation of the active substance,
indeed. The most intensive mixing and mechanic
destruction occurs already in the oral cavity. However,
most drugs are swallowed intact, so this is insignificant.
The transport through the oesophagus is too short, but in
the stomach very intensive mixing follows. If the stomach
is empty, its walls adhere partially, but when full, the inner
space increases. Due to anatomical features of gastric
muscles, the mixing is caused by four intensive
concomitant contractions. Ring peristaltic wave is formed,

going from the cardia to the pylorus. 2—4 of these
contractions occur per minute and their strength grows
with the load. The chyme is ejected in small amounts
through the pylorus to the duodenum. Thin fluids only
flow through the stomach. Bowel peristaltics is not so
strong, it consists of movements that move and mix the
chyme, which moves with the velocity of about 1 cm per
second. The movement is caused by 3-5 cm long
peristaltic waves moving with the speed of 0.5-2 cm per
second. The movements are more intensive after meals
because the stomach and duodenum are distended
(gastrointestinal reflux). Spontaneous movements occur
as well, they are frequent in the duodenum, peaking at
11-13 movements per minute, the frequency decreases
towards the ileum®. The movements of the colon are even
sparser. The contractions occur after several minutes in
adjacent areas and last about 1 minute, moving slowly the
chyme onwards. After meals, propulsive, i.e. more intense
movement occurs with 2-3 minutes lasting repeating ring
movements. The motility within the colon is different. In
colon ascendens, mixing movements prevail and the
chyme moves at the velocity of 5 cm per hour,
respectively accelerates to 10 cm per hour after meals*.

Gastrointestinal movements are important in the
evaluation of active substance liberation. The simplest and
non-selective method is the disintegration method of solid
dosage forms, supposing that the dissolution of the active
substance in the test fluid is directly proportional to the
disintegration time that is measured. This method is
harmonized in major pharmacopoeias and it is based on
mechanised repeated vertical movement of the dosage
form in a liquid, mostly in water or simulated gastric fluid.
The vertical movement imitates gastric peristaltics.
Dosage form has to disintegrate from 15 to 60 minutes,
depending on type*). Dissolution methods actually
replace the previous method. US regulations demands
paddles at 50 rpm for tablets and baskets at 100 rpm for
capsules®. Oral suspensions are tested by paddles at
25 rpm only*?. Suitable simulated dissolution methods
have been sought to account for specific motility of
particular parts of the GIT following the path of the drug
as far as the colon®".

Conclusion

Gastrointestinal tract organs are the first that the orally
administered active substance encounters. The knowledge
of their physiology from the point of view of interaction
with particular drugs including the ability to predict their
behaviour because of their physical and chemical
characteristics is essential for any pharmacist. Such
knowledge is crucial for the research and development,
clinical evaluation, quality control, and dispensation. The
paper briefly summarizes some elementary factors, their
relation to selected pharmaceutical aspects, and suggests
detailed references.

Conflicts of interest: none.
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