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Clinical and Pharmacological Significance of
Extrahepatic Drug Metabolism in Man

Dr David Kyegombe*

Human population is exposed to an ever increas-
ing number of substances in its environment. These
foreign compounds (xenobiotics) and drugs gain
access to the human body through skin, gastrointes-
tinal tract, respiratory system and in case of the
foetus, via the placenta. These extrahepatic organs
and tissues, to a limited extent, act as mechanical
barriers against substances potentially harmful to the
human body. This partial protection is greatly
enhanced and supplemented by metabolism of the
chemical substances by drug metabolising enzymes.
The liver is by far the principal organ for biotrans-
formation of drugs and xenobiotics. However signifi-
‘cant activities of drug metabolising enzymes have
been demonstrated in mammalian extrahepatic
tissues'%. There is extensive clinical and pharmaco-
kinetic evidence that various types of hepatic dys-
function result in reduced drug elimination and
increased drug action, ranging from modest to
major>. The presence of drug-metabolising enzymes
in extrahepatic tissues in animals has underlined
their beneficial function as the first line detoxification
defence against body exposure to toxic substances
while at the same time it also highlights some harmful
effects. However similar studies in humans remain
extremely limited and this review sets out to discuss
some of the available human data.

EXTRAHEPATIC DRUG METABOLISM IN MAN

It has been reported that aryl hydrocarbon
hydroxylase (AHH), an enzyme found in human
skin, metabolises a number of aromatic hydrocar-
bons from the environment and may serve as a
protective system against the carcinogenic effects of
these xenobiotics*™ The activity of this enzyme
system can be greatly enhanced by the hydrocarbons
thus stimulating their own metabolism. This has
been demonstrated by the increased enzymatic
breakdown of the carcinogen, 3-4 benzpyrine, found
in tobacco smoke, in the placenta of women who
smoke during pregnancy®’. Indeed placental AHH
activity has been suggested as a practical biochemic-
al index to measure the exposure of foetus to
maternal cigarette smoke. Furthermore, induction
of AHH activity in peripheral lymphocytes, mono-
cytes and macrophages shows good correlation with
cigarette consumption®. With greater refinement
these indices may be useful in evaluating the cancer
risk among smokers and those exposed to carci-
nogenic hydrocarbons. It is interesting to note that
organic hydrocarbons have been shown to induce
mixed function oxidase (MFO) enzymes much more
in the intestines and lungs than in the liver’.
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Other studies have revealed that the human
placenta had significant activities of oxidative, re-
ductive and hydrolytic enzymes as well as UDP-
glucuronyl transferase enzyme system'". The possi-
ble function of these drug-metabolising enzymes in
extrahepatic tissues may be even more important in
the placenta where the organ plays a supplementary
metabolic role to the foetal liver, the enzyms of
which are under-developed and at a stage of foetal
development when the foetus is more sensitive to
chemical substances than the adult species'!. Studies
of this nature may be a vital starting point in
investigating drug-induced foetal abnormalities.

Franklin and Kyegombe'’ measured the activi-
ties of drug-metabolising enzymes in subcellar frac-
tions of human liver, renal cortex, lung, gastric
mucosa, colonic mucosa, spleen and prostate freshly
obtained at surgery. It was shown that generally the
enzymes representing the major classes of enzyme
systems of oxidation, reduction, hydrolysis and
conjugation could be detected in most of the
extrahepatic tissues, but at levels markedly less than
those of liver. However, the activity of L-leucyl-B-
naphthylamide-splitting enzyme, which is consi-
dered to be involved in the metabolism of exogenous
insulin, was many times higher in the renal cortex
than in the liver. The clinical significance of this
interesting observation is not clear. The investiga-
tors further demonstrated that these extrahepatic
drug-metabolising enzymes could not be induced by
phenobarbitone, while the hepatic ones could. The
variations in the influence of enzyme inducers on
different tissue enzymes suggests an interesting
prospect of studying the specific sequence of events
of enzyme induction in man. The variations in
normal activity and in the inducibility of certain
enzymes in extrahepatic tissues may partly explain
the occurrence of certain cancers, drug idiosyncrasy,
organ-specific drug toxicity, allergic reactions and
other generalised adverse drug effects, consequent
to the formation of toxic or reactive metabolites
within the cells of extra hepatic tissues. For example,
the nitroso and hydroxylamine metabolites resulting
from the reduction of nitro-groups have been shown
to cause methaemoglobinaemia while the products
of certain azo-dyes (butter yellow) have been known
to cause cancers in animals'?.

The biotransformation of xenobiotics in the
intestinal mucosa may explain the carcinogenesis in
the gut. This raises some interesting medical possibi-
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lities concerning the peculiar epidemiology of cancer
of the mouth (India), oesophagus (China), stomach
(Japan) and colon (USA). It is generally suspected
that exogeneous factors play a role in the pathogene-
sis of gastro-intestinal cancer. These factors may be
the highly reactive intermediate metabolites of
xenobiotics such as superoxides and hydrogen
peroxides'?. It has been shown that gastro-intestinal
mucosal tissue can metabolise chemical carcinogens
such as, benzpyrene'®,'”, nitrosamines'*, dimethyl-
hydrazine'® and aflatoxin'®. Paradoxically cancer of
the jejunum and ileum are rare in humans although
the activities of drugs-metabolising enzymes in these
tissues are markedly higher than those in the colon
and stomach.

The presystemic metabolism of xenobiotics
during the intestinal first pass have a significant
detoxification function. For example it has been
shown in normal humans that doses of oral tyramine
below 500 mg have no effect on systemic blood
pressure. However, 5 mg of oral tyramine in patients
on monoamine oxidase inhibitors may be sufficient
to produce a hypertensive crisis due to reduced
intestinal first pass deamination'”,'®, Another con-
sequence of intestinal drug metabolism is to reduce
the bioavailability of such drugs as morphine'”,
isoprenaline®” and oestrogens?!.

It should be noted that some drug metabolism is
carried out by the microflora normally found in the
human gut®. The metabolism of orally administered
substances by the microflora may lower the drug
bioavailability while the active metabolites produced
could be absorbed, thus giving rise to unpredictable
pharmacological effects. Furthermore, drugs such as
chloramphenicol, stilboestrol and long acting sul-
phonamides when eliminated as conjugates are
hydrolysed by bacterial enzymes in the lumen, and
the parent compounds so released may be re-
absorbed thus setting up an entero-luminal circula-
tion with prolongation of plasma half-lives.

Certain surgical or therapeutic procedures do
alter extrahepatic drug metabolism in man. It is well
known that prolonged antibiotic therapy or intestin-
al resection affect the metabolism of certain drugs by
altering the distribution and/or species of the intes-
tinal microflora®. Finally some intestinal diseases
can affect intestinal biotransformation. For example
gluten-sensitive enteropathy will reduce the intestin-
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al metabolic capacity by reducing the total entero-
cyte mass.

Recent studies in rabbits suggest that paraceta-
mol is metabolised to highly reactive metabolite(s)
in the kidney. These metabolites undergo covalent
binding to renal cellular proteins, especially in the
inner medulla making this region particularly sus-
ceptible to papillary necrosis seen in analgesic
nephropathy®®. During normal therapeutic dosage,
the kidney is protected from tissue damage by
glutathione which conjugates the toxic metabolites.
The mechanism in this respect is probably similar in
man according to clinical observations®*.

Organ disease or removal may affect the meta-
bolism and pharmacological effects of drugs which
are specifically concentrated in certain target organs.
Liver disease (necrosis, cirrhosis, infection etc) may
compromise the organ’s role as a major metabolic
site” thus shifting the dependance for drug detox-
ification more to the extrahepatic sites. Normal
plasma half-lives of drugs have been registered in
patients with cirrhosis and known to have received
no enzyme inducer®® and this could be explained
partly on the basis of compensatory extrahepatic
metabolism. Some clinical conditions such as renal
disease, malabsorption, cardiovascular disease and
pregnancy may alter body tissue metabolism of
chemical agents as a result of changes in the
dynamics and volume of distribution of drugs in the
various body fluid compartments®’.

Another pharmacologically interesting sugges-
tion is that some drug metabolites are formed
in-situ, and by virtue of being chemically similar to
the parent drug tend to compete with it for receptor
sites, thus resulting in altered pharmacological
effects of the parent drug®.

CONCLUSION

The liver is the major organ for the extensive
biotransformation of substances foreign to the human
body. However extrahepatic metabolism supplement
the liver to various degrees depending on the chemic-
al nature of the substrate, its route of entry into the
body and inducibility of the metabolising enzymes.
The impact of extrahepatic drug metabolism on
biochemical pharmacology and environmental medi-
cine is now beginning to have important implications
for clinical medicine. More human studies will be
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needed before we can make a more definite evalua-
tion of the significance of the subject.
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