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. How the Liver Metabolizes

Foreign Substances

Among the most significant of the liver’s chemical transformations

are the inactivation of drugs, the detoxification of environmental

pollutants and the activation of chemicals that can cause cancer

by Attallah Kappas and Aivito P. Alvares

he intersity and duration of the
action of most drugs 1a determined
in largo part by their rate of me-
tabolism, If nothing else happencd to
a drug aftor [t entored the body and
reached its target organ, for example, it
might continue to act indofinitoly. Some-
thing does happon, however: most drugs
wre transformod into inactive mbmnul

tors the liver through the large portal
vein, which ramiBes into fine channcls
through which the blood perfuses slow-
ly among the liver cells. Hore nutrients
and other foreign substances are re-
moved, metabolized, in some cases
stoved and then released into tho gen-
eral circulation. Amino acids, for exam-

ple, sre made into proteins wnd other

end thon excreted. The b
tion can occur in any of several tissues
and orgens. Some drugs are transformed
chemioally in the intestine, some in the
lung, the kidney or the skin. Dy far the
groatest number of these chemical re-
actions are carried out in the liver, which
motwbolizes not only drugs but also most
of the other foreign chemicals to which
the bady (& exposod. Biotransformation
in the liver is therefore a critical factor
not only in drug therapy but also in de-
fonding the body ageinst the toxic effocts
of & wide varfety of environmental chem.
icals such as insocticides, herbicides,
dyes, food preservatives and & number
J?uh\m that ase suspected of in-
ducing cancer. The central step in the
meotabolism of most of these agents In-
volvu an oxidation reaction modisted by
of enzymes that has come un-
dcr intonsive study in recont years In our
Inboratory st the Rockefeller University
Hospitat and in other Iaboratories.

P o liver ix the argost orgen in the

body (it weighs about three pounds In
an adult} and has djverse functions. It
sorves, first of all, as the primary receiv-
Ing depot, chemical-processing plant and
distribution center for almost everything
that entors the body through the walls
of the altmentary canal. All tho blood
that has absorbed digested food and
other substances from the intestines en-
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glucoss i con-
verted into glycogen and stored, to be
converted back into glucose and released
a1 required. And drugs and other toxic
substances are dotuxified, Not overy-
thing is metabolized on the first passage
of blood through the lver, of course;
drugs, for example, are given in doscs
such that a suficient amount of the drug
moves through the liver to its site of ac-
tion and is transformed Iater, on return
visits to the liver (s iusteation on page
95]. The liver also produces bile, which
Is & secretion that aids in the digestion
of fate when it is released into the small
intestine and is also 3 vehlclc for the
excretion of and

branes ate studded with ribosomes, smald
granules that Lruislate the genetic code
into the ssquences of amine acids that
constitute proteins. The smooth mem.
branes have no ribosomes. In the liver &
major function of both kinds of mem-
brane is to assemble the enzymatic com-
plexes that transform foreign subatances
and then 1o serve a3 the site of those
transformations. Unlike some other collu.
lar subsystems, the endoplasmic reticu-
tum cannot be separsted from cefls a8
an intact structure. If liver cells are ho-
mogentzed and then centrifuged, the
tubular reticulum breaks up and bits of
the membranes are scaled off to form
the tiny veslcles, or sscs, celled micro-
somos. The microsomal fraction thus ob.
toined from liver celly is & convenient
netural source of enzymes for laboratary
studtes of liver-cell metalwlism,

and other forcign compuvnds
metabolized In the liver by a
rather small numb‘rol reactions: oxida-

other waste products of metabolism.

The biotranslormation of drugs snd
other foreign compounds in the iiver is
accomplished by seversl remarksble en-
zyme systams that can metabolize s wide
varlety of structuraily unrelated drugs,
toxic sgents and environmentsl pollu-
tants, which enter the body primarily
through ingestion but slso through the
lunge and the skin. The enzyms systems
aro bult {nta the membranes of the en
doplasmic reticulum of the lvor cells, s
network of interconnected channels thet
is present in the cytoplasm of most ani-
mal cefls, There are two kinds of endo-
plasmic roticulum, rough and smooth,
and they differ in both form snd func-
tion. The sur{aces of the rongh mem.

tions, red and con-
jugations. Their essential eflect is to
convert lipophific, or fat-sauble, com.
Eounds iito hydrophilic, or water-solu.
le, oncs. The hydroghilic compounds
are the more readily removed from the
blood by the kidneys and excreted,
Oxidation accounts for most of the
transformations, largely becauso there
are so meny different ways in which o
compound can be oxidized [ses iHlustra.
tion on pages 36 and 29). The aikyl side
chains of barbiturates and some other
dmn for example, are oxidized to form
alcohols, In the case of compounds in-
corporating eromatic rings, Including
pulycyclic hydrocarbons (such ss thoss
in cigaretts ymoke) and many drugs, &
hydroxyl group 1s inserted tnto the ring.
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accomplished as a result of the estab-
lishment of certain new rural practices.

Tho first of these is reluted eo house-
hold ics at the p
level, Individual houschold membcn re-
ceivo a sharo (in money and produce) of
tho annual caruings of their tcam; the
sharo s proportional to tho number of
work points each has earncd during the
yoar. For oxamplo, a 70-yoar-old grand-
wother in & suburban Shanghai com-
muno told mo that she and nino of the
other 10 members of the houschold
worked rcguhrly in tho Aclds. Tho only

was a fi Id child.
T ho family received & monthly advance
of the equivalent of $80 against its joint
annual earnings. In 1973 its share of the
tewin's income after operating expenses
and taxes were deducted was $2,100, or
about $200 per person.

Withholding for taxes and expenses
and to provide funds for reinvestment
abrorhs about half of the gross income
of a conumune. For example, the man-
agor of tho suburban Raink Bridge
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LIVESTOCK IN CHINA are compared according lo cetegories; estimates, made by the
U.S. Department of Agriculture, are lor 1949 (gray) and 1972 (color). Shesp and geats are
largely coafined to grasslands and mountains in the west and northwest. That la aho true
of range cattle, Jumped together hers with large drsft animais: horses, mules, donkeys snd
water buffaloes. Pigs are by far the most numerous of sil the domestic mammals in Chine,

the clderly, maintained by a commune
near Peking. Normally, we were told,
each family cared for its own elders,

Commune in Shanghai told us that 30
pereent of tho communc’s gross income
was required to mect the cost of its agri-
cultural endeavors, Another 11 percent
went into a fund for eapital reinvest-
ment, 4 porcent was paid to the govern-
ment as tax and 3 porcent went into &
wellaro fund for the support of new
mothers and the clderly, That left 52
percent of the gross income for distribu-
tion to individuals In proportion to the
work points earned.

Such a work-point system simulta-
neously acoomplishes two ob]oetiva. lt
provides a strong
ovarall output in order to maximize the
amount that is divided among the indi-
viduals in a houschold. At the same time
it encourages householders and produc-
tion toams alike to keop their numbers
from increasing, 10 that the maximum
earnings aro divided into tho fowest pos-
sible sharos. Tho latter constraint, of

A

holess, some individuals inevitably
lost their families or became separated
from them; that was the case with the 75
residents we saw. They were enwuruged

noar future our group was inclined to ac-
cept the government's assextion that sulf-
sufficiency was achieved in 1971, when
some 230 willion metric tons of rice,
wheat and other major foodstufls were
hagvested. Furthermore, given a contin-
uation of the present aggressive snd co-

to cugage in }
thoy were housed, clothed and fed at

d effort it soems that China will
be able to achicve substautial increases

cummune expense, and a clinic hed
to the residence looked after their health
needs. Custodial care of this kind, if it
were widely practicod, would diminish
the validity of another traditional view
that favors multiple births: the view that
one needs to have many children in or-
der to ensure one’s welfare in old age,

A third growth-limiting factor that
mwy even now be undergoing a crucial
test is the continued existence of private
landholdings throughout rural China.
We were told that when the

in agr over the next
decade, thlhar the incrense for any
particular crop will be as little as 20 per-
cent or as much as 50 percent will prob-
ably prove to bo a function of present
yields. For example, rice yields are al-
ready high, 50 that sn increase of 50 per-
cent In the annual harvest will be much
harder to achiove than a 50 percent in-
creaso in the maize or sorghum harvest.

hine nonetheless faces serious long.

system was established in the late
1930's, between ¥ and 7 percent of the
arable land in each commune was set
aside for private use. The land was par-
oeled out at a fixed rate: each adult in a

course, placos the d of pop-
ulation growth squarely before each in-
dividunl. This omnomlo consideration
must g b ! social p

in favor of small familics.

Other growth-limiting factors are at
work. As one example, it is said that im-
proved henlth care has greatly reduced
infant mortality, thus undercutting the
validity of the traditionsl view that many
births are noeded to eusure the survivul
of even one offspring to rity. An-

was gned one 150th of
a hectare. The household children re-
ccived private land too, but only the two
eldest children in each household were
cligible, }f a household had more than
two children at the time of the land

or if more children arrived

term probl If the country's re-
markable agricultural advanco is to con.
tinue, two of these problems must soon
be resolved. The first problem lies in the
current Chinese policy that emphasizes
applied and decentralized agricultural
research for the sake of immediate in-
creases in food production. Although the
short-term benefits of this policy are ob-
viously important, the policy must be
complemented in the near future by stin-
ilar emphasis on more basic scientific in-

htel, those children received no share.
Iu such a fawmily there would simply be
less private land per person. In jts early
duyx the allocation system probably had

ly little effect on rural family

othor example is the current program of
providing care for the aged, one of the
ubjuctivos of the 3 percent welfare with-
holding reported by the Shanghai com-
mune. We visited one such residence for

plenning. Today, nearly a generation
later, the system must act as a powerful
socinl force favoring small families,

In summary, with respect to agricul-
tural production in China now and in the

The second problem has to do with
the government’s remarkably compre.
honsive efforts to retard the growth of
China’s population. Only if this policy
meets with success will the Chinesc peo-
ple continue to receive the benefits of in.
creased agricultural production and the
accompanying advances in living stan-
dards that so many of Chim’s people
now seem to expect.
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ENDOPLASMIC RETICULUM of o rat liver coll iy enlarged
18,000 dinmeters in this eloctron micrograph made by Edward 8,
Reynolds of the Harvard Medical Scheol, Most of the biosransfor-
of forelgn substances take place in this system of mem.
wbules. The “rough” endoplssmic reticwlum Is covered

SMOOTH ENDOPLASMIC RETICULUM proliferates when the
synthesls of the ensyme systems it contains ts stimulated by druge.
This micrograph, slso made by Reynolds end reproduced st the

op of the page, la of & ¢ell from the
d with phenobarbital. The drug stimu.
Intes the synthesls of cytochrome P-450, an enzymeo located in the

with tibasor the straciures in which preteins sre synthesined; it
spposrs hes airly 1 double membranes studded with bleck
dots, The “imooth” endoplasml lum lacks rib -d
forms o mors hranching, tabular netwocks there ars patehes of t
between the mitochondris, the fine-gralned gray ebjects, st right,

doplasmi: feul b The ) of the cell hoe

expanded becsuse of a striking Incresse fn the smooth endoples.

mic reticulum membranes, which now fill mest of the space be
iroch

tween the more &1 d dris. Enayme induciion by one
drug can signifi ly affect the bol and thas the se
tivity, of other druge that are metabolised by the uame entymes.

2
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In other cases alkyl groups are removed
from eithor nitrogen or oxygen atoms,
amino groups are te! or sulfoxides
are formod. Reduction and hydrolysis
aro also catalyzed by liver enzymes, but
theso reactions are loss common than
oxidntion,
j of a chemical iz combit

tion with some natural constituent of the
body such as the glucose derivative glu-
curonio acid, the amino acid glycine or
tho tripeptide glutathione, In the pres-
enco of the appropriate enzyme these

PORTAL VEIN

GALL BLAODER
COMMON BILE DUCT

natural agents can combine readily with Clearly the enzyme systems that cate-
compounds thet have carboxy] (COOH),  lyze thess reactions were not invented
sulfhydryl (SH), amino (NHg) or hy- by the mammalian organism in order to
droxyl (OH) groups. Some drugs have cope specifically with drugs or novel
these groups when they are in their ac-  poll Their basio physiological
tive form and are handled in the liver by  has presumably besn 1o motabolize en-
confugation; for most drugs, b ,  dog b L nor-
jugation is & second step that comes mally present in tho body. For cxam-
after bolism by oxidati d ple, liver L enzy oxidize
or hydrolysis. Almost without P steroid h hol 1 and fatty

the conjugsted compound is devoid of
pharmacological (or any biological) ac-
tivity.

acids, The products of these oxidations
may then be conjugated (with glucuron-
ic acid, for instance) and excreted. Bill-

HEPATIC ARTERY

BTOMACH

LARQGE INTESTING

SMALL INTESTINE

LIVER s a primary site of metaboliam of substances entering the
hody through the alimentary iract, All the fine blood vessels that
sbaorb nutrient

and other aubstances through the wall of ths
e liver through the portal
's supply of oxygenated blood from the heart enters

veln, The liver

24

through the hepatie artery, After passing through the sinuaclds of
the liver (ses illustration on page 26} the bleod s rellected by the
hepstie veins, which feed inlo the vena cava, The liver secretes bile,
which fs collected by the bile duet, stored in the gal] bladder snd
emptied Into the duedenum, the first segment of the small Inteslne.
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rubin, & product of the oxidation of
home, tho rod pigment of hemoglobin, is
1t 4

TARGRT

GENERAL CIRCULATION

ORGAN

an ple. It is prep for
fon by gl de conjugati
Tho rate of formation of glucuronides is
genorally low in nowborn infants, how-
ovor, bocause of a deficiency of tho en-
zymo glucuronyl transferase. As a result
blllrubln may not bo coniugntcd and
tod at an adeq rate.
amounts of it can then late and

HEPATIC ’

Y

oauso grave damnge to the brain, a con-
dition called kernictorus,

1t has boon apparent for some time
that the human fetus and the newborn
{nfant are far moro sensitive than adults
to many drugs. A number of drugs can
pass acvoss the placents, so that obste-
triclans nood to exert care in administer-
ing then to an expectant mother. Bar-
biturates or morphine given to 4 woman

during childbirth can bo stored in the

|
I

infant’s tissues and cause respiratory de-
pression and ocoasionally death. The ex-
planation for the sensitivity of infants to
druge has emorgod from a number of ro-
poris in recent years on the maturation
of tho capacity to metabolize and con-
Jugnte drugs. Theso studices make it clear
that the capacity to oxidize and confu-
gote fa negligible in the mammalian fetus

KIDNEY
BILE
ouct [ VEIN
INTESTINE

PATHWAY of o drug that is transformed in the liver s shown schemastically. The deag
(colored arrows) enters the liver through the large portal vein, pesses into the seneral
circulation, has its affect on the target organ and eventually returns te the liver. On ssch
passage through the liver 4 fraction of the drug is converted, woually inte inactive metabe-
litea {dlack errows). The metabelites may be carried by the bile inte the intestines for

and nowborn animal and § after
birth at & rate that varios with the spe-
clol. the (ypo of mellm and the drug,
g the
lmemlly and duration of drug action.
For examplo, nowborn mico treated with
o doso of the hypnotic drug hoxobarbital
equivalent to 10 milligrams por kilogram
of body woight sicop moro than six hours,
whereas adult mico given 10 times as
Inrge a dose sleep loss than an hour.

| ho adverse effect of drugs on now-
born infants as a rcsull of imefficient
sl d by the

striking “gray-baby syndrome” in infants
that may cowe & few dnyl alter treat-

ferent in different species, and the effcc-
tive dosage vnrlu lcoordlngly The nntl

meubollud dowly in man; its half- Iifo
in the plasma averages about three days.
In the horse, the dog, the rabbit, the rat
and the guinea pig, however, the drug Is
metabolized much more quickly and the
half-lifs ranges from thres to six hours.
(Knowledge of the rapid rate of metabo-
lism of phenylbutazone in the horse is of
practical importance because the drug is
administered to treat arthritic conditions
in h ) A dose of hexobarbital

ment with the P
1 d

coli abdomi
difficulty, cyanosis (blue skin color as I
result of insufclont oxygenation of the
blood) and shock. The condition is ap-
routly the rosult of deficient metabo-
of the antiblotic and deficient con-
fugetion with glucuronic acid. In adults
about 90 porcent of the antibiotic is ex-
cretod in tho urine in the form of con-
jugeted motabolites within 24 hours
aftor it has beon orally administered;
only a small amount is excreted un-
changed. In comparison & 10-day-old
infant in one study oxcroted less than 50
porcent of the drug in 24 hours.
Rates of drug metabolism are very dif-

(adjusted for the body weight of the ant-
mal) that makes mice sloop for an aver-
age of 12 minutes puts rabbits to slecp
for 49 minutes, rats for 80 minutes and
dogs for 315 minutes. Whon the enzy-
matic oxidation of hexobarbital by mi-
crosomcs from the liver of these animals
was measured, the fastest oxidation was
carried out, es expected, by microsomes
from the mouse; the rates of oxidation by
microsomes from the rabbit, the rat and
the dog were proportionately lower. Dif-
ferences in the rates and patterns of drug
metabolism in the various animals scem
to explain most of the species differences
tn effect, but thera may also be differ-

or may pase through the circulation 10 the kidneys, te be excrete

ences in the distribution of the drug, the
response of the target tissues and excre-
tion,

Even among human patients there are
marked individual variations in the
mctalnlmn of drugs that are handled

b)

vnmbll(ly causes some plUmu to me-
tabolize a drug so yuickly that thera-
peutically effective blood and tissue lev-
els are difficult to achiove and others to
metabolize the drug so slowly that they
suffer toxic effects. It can therefore be
difficult for the physician to predict just
what dosage of some drugs will provide
a safe and therapoutic effect in an in-
dividual patient, Very large individual
differences have been notsd in the me-

boll d ‘h' an-
ticoagulant drug Dicumarol; the half-
lifo can vary from seven to 74 hours.
That makes it hard to predict huw much
of the drug will provide the desired an-
ticoagulant effect in a patient. Marked
varlations have also boen nbocrved in

the bolism in man of phenylt
zone and of dlphenylhydnntoin, l drug
that is ad d to control epil

sciztres,
Genetic factors may play an impor-

25
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‘nt role in the metabolism of drugs,
ax Illiot 8. Vescll of the Pennsylvania
State University Collego of Medicine has
shown, The largo individual differcnces
in Dicumaro) half-life persist to some ex-
tent when fraternal twins aro compared
but almost disappear in identical twids,
and similar results have been reposted
for other drugs studied in twins, The
antituberenlosis drag tsondazld bas been
the sul»]mlof a number of mvcﬂ(gulmm
1

tho slow inactivators are more suscep-
tible to a loaic cffect of isonlazid: a dis-
order of the penpl\enl nerves enuud by

complex of protein and heme, the iron-
containing ring structure that is the oxy-
gon-binding component of hemoglobin.

w specific vitamin By d
from an interaction of the drug lnd tl\e
vituwmin,

']‘he first indication that microsomal

cnzymes were special kinds of com-
pleacs was developed some 20 years ago
by Gerald C. Mucller and James A. Mil-

covering different pog

is metubolized i man primarily by an
acetyltion reaction catalyzed by the
enzyme N-acetyl transferase. Soon after
the drag was introduced it became
apparent that individuals vary m th( ir

lor at tho University of Wi They
discovered that compounds known as
aminonzo dyes could be oxidized (spe-
cifically, N-demethylated) by liver mi-
crosomes and that the oxidation required
moleculnr oxygen (O?) and 'ho  coenzyine
NADPII (red

ability to acotylate it. The d

of the neetylation rates for a group of
subjects tends to bo bimodal, that s,
plotting the rate aguinst the sumber of
putients oxhibiting oach rato yiclds o

dinucleotide phosphate). Soon nf(crwmd
Bernard B. Brodia’s group at the Na-
tional IHeart and Lung Institute showed
that there was a shmlar requirement for
the oxidati ism of a number of

curve with two peaks, Apy ly there
are two closses of Individuals: those who
acelylate lmmnlkl rupldly mld r\ﬂele

drugs. In 1957 Howard S. Mason of tho
University of Oregon Medlcnl School
id

tho drug 7y ly
ancl thoso who nmtylnlu and excrete the
drug more slowly and excroto more of it
in an unchanged form. The frequency of
rapld inactivators is about 90 porcent in

posed that such are cata-
lyzcd by a class of “mixed-function oxi-
dasos”: enzyme complexes that roquire
oxygen and NADPII, are nompcclﬂc
(they catalyze the oxidation of d

Like h globin, tho various cyto-
chromes serve @ bind oxygen, which
they deliver to their substrates ln such
as cell respiration, Cy

I’ 450 gets its dcllgnal(on from the fact
that in the reduced form it binds carbon
monoside and then absorbs light most
intenscly at a wavelength of 450 nano-
meters. The amplitude of the absorbanca
peak is the basis of quantitative studics
of the enzyme. In tho mixed-function
oxidases cytochrome P-450 serves as the
terminnl oxidase: it accepts clectrons
passed along by several intermediates,
binds oxygen and then delivers the oxy-
gen to oxidize its substrate and (usually)
produce water {sce illustration on page
30]. In addition to NADPII the system
includes the enzymne cytochrome P-450
reductase. Another heme protein, cyto-
chrome by, is present in liver microsomes
and may participate in drug oxidations,
but its precise function is not clear.

Nor is it known just how the varivas
components of the mixed-function osi-
dase complex are arrayed in the tubular

a population of Eskimos or of J
whereas among both whites and blncks
in North America there are about as
many slow inaclivators as there arc rapid
onen.

A clear eelation has now been estab-
lished between this variation in acety-
Intion rato and the Incidence of isoniazid
toxicily, Several studics have shown that

BRANCH OF PORTAL VEIN

BILE DUCTULE

LIVER LOBULE, the functional unit of liver tissuc, is dofined by
hranches of the portel vein, the hepatic artery, the bile duct and
Iymphatle veseels, which run together ihrongh the tinsue, outlining
not shown hore.) The venous
ingested substances, and the
onygensted arierial blood enter the fine sinusoids and perfuse the

the lobulas, (The lymphatics
blood, with ite nutrlents end

2

BRANCH OF HEPATIC ARTERY

kinds of pounds) and catalyze the
consumption of a molecule of oxygen for
ench molecule of the drug or other sub-
strate, with one atom o( oxygen appear-

t of the endoplasmic reticu-
lum. Tt appears that the reductaso and
cytochrome by are on the outsido of the
membranes, with cytochrome P-4%50 in
the decper layers. The enzyme glucuron-

ing in the boli b andtho yl f which the most

other stom usually bining with two i 1 reaction, is also

hydrogen atoms to form water. prcscn( within the membrancs. The drug

The key enzyme of theso oxidases is  or other m-colublo compound to bo

ytoch: P-450. A cytoct is a dis bound and
SINUSOIDS CENTRAL VEN

BILE CANALICULUS

liver celle, which carry out the metabolic functions disrumed in
the text. The blood drains into & central vein in sach lobule and
thence to sublobular and hepatle veins. The liver cells also secrete
bile, which Is collected by bile canalicull that feed into bile docr-
ules and eventually Into the main bile duet. This two-dimension.
al view of part of s lobule is highly simplified and disgrammamie.
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Bolizod by the mixed-function oxi-
dase system that containg cytochrome
P-450 and then is ofton converted into
a highly water-soluble” compound by
conjugation with glucuronic acid; tho
transformed product passes into the lu-
mon, or central channel, of the tubular
membrancs and Is excreted from the
coll into the bilo or the bloodstream.

The cytochrome P-450 mixed-fune-
tion oxidaso systom has come to be rec-
ognized s having a contral role in tho
Dody's defense against chemical agents,
whcthor they aro normal body constitu-
onts or aro introducod from tho environ-
ment. It is now clear that the system
in responsible for the dotoxifi of
many of tho potentially harmful environ-
menta) pollutants. Tho system is highly
inducible, that is, its activity can be
groatly Increased by exposure to a wide
variety of onvironmental agents and
drugs that act as substrates for tho sys-
tem, Such chemicals stimulnte the syn-
thesis of cytochrome P-450 and other
components of tho complex. More than
200 storoid hormonos, drugs, insecti-
cides, carcinogens and other foreign
chomicals are now known to stimulate
drug motabolism in experimental ani-
mals, and many of them have been
shown to do the samo thing in man. On
tho other hand, somo substances (such
a3 load snd other hoavy metals) tnhibit
tho mixed-function oxidaso system, al-
llumdgh thoy are fower in number and
Tess divorso than tho inducers. The P-450
systom s also the site of much competi-
tivo interaction among drugs and other
chemieals that aro undergoing transfor-
mation.

“he 1 of this inducibility,
Inhibition and competition have im-
portant implications fn drug therapy. Pa-
tionts aco often given several drugs at
tho sanio time. Certain combinations can
lavo unpredictable and often undesir-
ablo effects if one drug inhibits or stim-
ulates the metabolism of another or
compotes with it. For example, phenyl-

I , the i icoagy .
and chloramphenicol compete with the
boli ivation of toll ide, &

drug given to roduce the blood-suger
lovol in dinbotics; tho competition can
lend to excessivo tolbutamide activity
and thus to sorious hypoglycomia, or
low blood suger.

Phenobarbital s a primo ple of
a drug that has a different effect: enzyme
induction. Whon rats are treated with

henobarbital, there can be a threc- to
rourl'old increase in the microsomal con-
tont of cytochromo P-450 and a two-

LIVER TISSUE HOMOGENIZED

HOMOGENATE CENTRIFUGED
10 MINUTES AT 600 o

NUCLEI, UNBROKEN
CELLS AND DEBRIS

SUPERNATANT |

SUPEANATANT | CENTRIFUGED
20 MINUTES AY 9,000 9

CELL MEMBRANES

AND MITOCHONDAIA

SUPERNATANT Il |

SUPERNATANT )i CENTRIFUGED
80 MINUTES AT 100,000 ¢

\
|

CYTOSOL

LIVER MICROSOMES, the membrane structures thet contain most of the liver ensymes
engaged In detoxification, are isolated by spinning b d liver tissue at ively
higher speeds,” which produce successively higher gravity (g) furces, In a centrifuge.
Homogenised liver tissue Is centrifuged for 10 minutes at 600 §; » pellet of deass material,
primarily whole celle, coll dobris and cell nuclei, collocis st the bottom of the tube. The
supernatant, or liquid porti ore sirongly, lvoleting ense structares
such as mitochondris end pi: . When supernatant 1T is spun at very high g
forces In on ul I the are d irom the cytosol, or cell fluid.
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fold noroase In the reductase, and drugs
such as mothadono and ethylmorphine
aro motabolized three or four times as
fast, In accordanco with theso experi-

-byt tani

fabic s Qodog

g their L

itive to dossge. A patient who s sat-

doses of the drug reduce the
tion in the blood plasma of phenylbuta-
zone, tho amlgeuo antipyrine and the
1 it also de-

montal obsorvations clronic admini
tration of phenobarbital to pationts
docrvasos tho cffects of many drugs

ADMINISTERED DRUGS
OXIDATION
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creases their phnrm-oolog\enl actions.

‘Anticoagulant therapy is particularly
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d on & given couma-
rln-drug dosage while he is being given
phenobarbital as a sedative may hemor.
rthage when the phenobarbital is with-
drawn because the P-450 systom is no
longer being induced and the anticoagu-

ADMINISTERED DRUGS
REDUCTION
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then, ! which are
siven here. The melocular sites of euch roaction are indiested in
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color. In a few casos transformatlon converts on fmactive form of ¢
drag (such as Prontosil) lnto an -alu lor- {solfenilamide), but
most of the tons lead 10 & with & nate
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Tnnt is therel d more

being
slowly.
Aloohol is d into

14,

ytoch P-450. The habitual con-
of aleohol theref

constitute another class of environmen-

P
't

Liyde largely in the lver, pechaps to
somo extent by the mixed-function oxi-
dase systom: heavy drinkers aro found
to have an increased corfcentration of
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the of & wide varioty of
drugs. This helps to ex shm why heavy
drinkors are less affected than other peo-

tal poll that have been shawn
to induce microsomal enzymes. The
PCB's are lubricants, heat- -exchange
fluids, Insulators, plasticizers for paints

ple by barbi and other sedati

when they are sober. A single very large
dose of alcohol taken together with an-
other drug, on the other hand, inhibits
the drug's metabolism, presumably by
compoting with the drug for the ap-
propriate enzymes. This effect, in nddi-
tion ta the dopressant effect of alcohol
on the central nervous system, helps to
explain the enhanced sensitivity to bar-
biturates and other sedatives of a person
who bus been drinking heavily, The syn-
crgistic actions of alcohol and sedatives
in the bruin cun causo death.

The inducibility of microsomal en-
zywmes by drugy suggests a form of they-
apy for cortain conditions In which
normal body constituents ordinarily me-
tabolized by such enzymes are present
in excessive amounts. Long-term admin-
istration of phenobarbital, for example,
can lower the concentration of bilirubin,
the pigment that produces jaundice, In
the biood of patients with chronic ob-
struction of bile flow in the liver. The
excessive bilirubin levels that are nor-
mally observed in infants sfter birth can
also be markedly reduced if the mother
is given a nml{dou of phenobarbital
for a number of days belore delivery.
Presumably the dmg crosses the pl-non‘

and plastic ds and & major com-
ponent of the lens-immersion oil used in
microscopy. Whercas some of the con-
sumer-product applications have recent-
ly been curtailed, the immersion oils are
still handicd daily by many laboratory
workers. PCB's have been found in the
tissues of numerous bird and fish species
and in humaan fat aud milk, although the
route of entry into the human body has
not been accurately determiined. In ro-
cent experiments we have becn able to
show that the application of pure PCB's
or of microscope immersion oil to the
skin of experimental animals in very
swmall amounts (one microliter) causes a
marked increase in mixed-function oxi-
dase activity and reduces the pharma-
cological effect of zoxazolamine, & mus-
cle relaxant, and of hexobarbital in the
live animal. These findings suggest that
trivial skin exposure to chomicals can
have significant and perhaps harmiul
biological effecty in man.

A number of chemicals to which hu-
man beings are regularly exposed have
been identified as chemical carcinogens,
that is, they cause cancers when thoy
are applied to the skin of experimentsl
animals or otherwise administered to
them. Clurly [ hctor that inhibits or

ta and stimul
zyuu:ymdmllnvdlmrydow to
develop in the fetus and the newborn
infant.

d hvds Y ")

of such com-
pounds mny lﬂ'ae\ the development of
human cancers. Bong , benzan-
thracene and similar polycyclic aromat-

ic hydrocarbons are among the most

h such as DDT are potent stimulators
of drug and steroid sex-hormone me-
bol in ls and in birds; the

OC4Hy0y
— q o
cooM 00C,1y0p

———

WHCOCH,

ST

"o

ural substence
{ollows b
oxcretion. Not all the by-products are shewa,

breakdown of sex hormones explains in
part tho dovastating effects of DD’l‘ on

they are present
in tobscco lmoke in polluted city air
and in charcoal-broiled and smoked
foods. The polycyclic hydrocarbons are
metabolized by & mixed-function oxidase
cnzymo that m this case is called aryl

reproduction in some bird p
The minimum exporure to DDT that
will stimulate the metabolism of ponto-
barbital and decrease its hypnotic action
in experimental animals is one that re-
sults in concentrations of from 10 to 15
micrograms of DDT per gram of fat;
that is a level commonly found in human

y hydroxylase becauss of the

1 id It )

Like
other microsomal oxidations, this one
requires NADPH and molecular oxygen,
but the terminal oxidase of the system
induced by the polycyclic hydrocarbons
is somewhat different from the oxidase
induced by dmgx The cltﬂy(h prwp-r
e

fat tissues, Among the other d
that lnduee microsomal enzymes in ex-
i 1 animals are chlordane, aldrin
and dieldrin, It s interesting that pipero-
nyl butoxide, a synergist that was added
to insecticides to Inhibit the enzymatic
defenses {nsects had developed against
DDT and its chemical relatives, also in-
hibits the activity of the microsomal en-
zymes in the mammalian liver.
Thg polychlorinated biphenyls (PCB's)

ties of the cy

are its spoctral properties: the nhaorb-
ance maximum of the complex of carbon
monoxide with the reduced cytochrome
is at 448 nanometers rather than at 450,
and so the enzyme is designsted cytn-
clirome P-448, Apart from the polycyclic
hydrocarbons, only one other class of
compounds has so far been noted to in-
duce the formation of cytochrome P.448:
we have found that the PCH'’s induce

29
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fiod b

hyd

some of the newly id
along with eytochrome P- ISO This sug-
gosts the possibility, for which there is
doveloping ovidenoe in animals, that the
PCB's too mry have carcinogenic prop-
ertics.

Tho aryl hydrocarbon I!ydlbxyllsa

diatos of polycycl bon metab-
olism such as opoxldu are more active
in the malignant transformation of tis-
sus-cultured cells than the parent prod-
ucts nre, Moreover, tl\a  enzyme lynem
for is

at mnny sites ln thu body that are ex-

system has boon tho subject of i !

investigation as & possible link in the
causation of somo cancers. Tho reason is
that rathor than detoxifying its polycy-
clic-hydrocarbon substrates it seoms to
mako somoe of them more toxic: interme-

HEME

A

ORUG

posed to poly bons and is
induced not only in the liver but also in
the gastrointestinal tract, the kidneys,
the skin and the lungs, Clgnmle lmok-
ing markedly induces aryl hy

placenta, as Allan H. Conney, Richard
M. Walch and their colisagues showed
at the Wellcome Research Laborato-
rios. Little or no such enxzyme activity
was found in placentas from nonsmokers.

Wo have Investigated the cytochrome
P-448 system in human skin and have
found that there is marked varinbility in
the hydroxylase activity of different skin
samples and that incubation of skin in
tissue culture vmh the polycyclic hydro-
carbon L induces more

hydroxylase activity even in ‘the human

=]

OXIDATION OF A DRUG by the ensyme cytechrome P-450 is vieualized hers as 2 sequen.
plox

o (1) s

tisl peocans. The

protein and the oxygen-binding compound

home, which contains an fron stem that is iniitaily in the ferric (Fet ++) form (open
circlo). The cytochrome binds the deug (2). Then (3) the enzyme cytochrome P-450 reduc.
nse, utilising the coensyme NADPH, reduces the iron of the heme to tho ferrous (Fe* +)
form (binck dot), in which it can bind » moleculs of oxygen (¢). It supplies one atom of
oxygen lo oxidise the drug and one generally to form water, in tho process reverting to its
oxidised form (5). The drug, oxidised and in most cases inactive, is thereupon relessed {(6).

30

onzyme activity, A skin biopsy is easy to
do, 30 thet assaying skin aryl hydrox.
ylaso in the presence or absemce of
polyeyclic hydrocarbons mey provide
a convenient test of individual differ-
ences in the capacity to metabolize cer-
tain environmental carcinogens. The
possibility that induction of aryl hydro-
c-rbwn hydroxylase is of considerable
in ch

is mggaxted by the results of some ro-
cent experiments performed by Cott-
fried Kellermann and his associates at
the University of Texas. They found
that the inducibility of such hydroxylase
actlvity in lymphocytes is significantly
greater in cigarette smokors who have
lung cancer than it is in healthy non-
smokers.

t is clear that the livor's mixed-func-
tion oxidase system Is implicated in a
number of processes affecting human
health. The ability of a drug or other
foreign substance to stimulate the me-
tabolism of another drug by the system
may explain some of the adverse drug
reactions observed in clinieal practice.
Drug interactions have been well docu-
mented In anticoagulant therapy; more
research is required to explore other
drug interactions, since most patients
are given several drugs at the same time.
The ability of environmental pollutants
to modify drug action is now under ac-
tive investigation. It is clear that insecti-
cides, for examplo, stimulate drug-me-
tabolizing enzymes and that heavy-
metal substances such as lead and
methyl mercury Inhibit the enzymes; the
clinical significance of these effects may
bo appreciable in populations that are
exposed occupationally to such agents.
Finally, recently acquired evidence
seems to {ndicate that the induction of
aryl hydrocarbon hydroxylase in human
tissues by polycyclic hydrocarbons may
plny [ llgnlﬂc-nt mle in chemical car-
h on this biol
action of carcinogens may provide im-
portant leads toward cting the sus-
ceptibility of individuals to certain kinds
of chemically induced cancer.
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WAVELENGTH (NANOMETERS) CONTROL INDUCED TIME (HOURS)
PHENOBARBITAL induces h P450 and thus ! then that ef microsomes from an untrested mt (block curve).

|bo metsbolism of drugs oxidised by that ensyme. The curves (lsft)

e lghiabovrbance spectrnm, with & poak at 43¢ asaomo
m tatie of reduced P4so lexed with
udu- monexids, the neual means of ldeniif,

and

More of the test drug ethyl s thoref, bell (come
1er) by liver tlusue {rom a pbenobarbitalicented rat (colored dar)
llun by the  same ameunt of tiwae frem an sntrested rat (gray).

barbital speeds up metabolisms of the drug antipy-

the ensyme. In & rat trosted with phenobarbital the cytochrome P- rlno In men (r(ﬂu)x antipyrine Jevel in plasmsa falls fnster sfior
458 conlent of micresomes (colored curve) is sub higher (colored curve) tham erdineeily (black),
1 ] 20
s ggu |— Egmr—»-——{ 2
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WAVELENGTH (NANOMETERS) CONTROL INDUCED CONTROL INOUCED
CARCINOGENS induce a different spocies of h cyto: ylcholanik enhences bellera of snether inog:
chrome P448, The curves (lefs) compare the absorb of micro- bensp: {center): the ml of irented rate produce more

somos frem the liver of a rat ireated whh the carclnogen methyl-
cholanthrens (cefor) with the abserbance of contrel microsomes
(black}; the induced eytochreme has » penk ot 448 nanometers.

metabellte (cofor) than conirol microsomes (gruy) do. Similarly,

tresting human skin in tisswe eulture with the carcinegen bensan.

thracene stimul skin-cell bol of b (righe).
-
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