
Metabolic Interactions Among 
Environmental Chemicals and Drugs 

Environmental chemicals that alter microsomal 

activity may influence the safety and efficacy of drugs. 
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Twenty years ago, Richardson and 
his associates tried to increase the in- 
cidence of cancers in rats by feeding 
two carcinogens simultaneously. They 
were surprised to find that the hepato- 
carcinogenic action of 3'-methyl-4- 
dimethylaminoazobenzene was abolished 
when this aminoazo dye was fed with 
3-methylcholanthrene, a carcinogenic 
polycyclic hydrocarbon (1). An ex- 
planation for this observation came from 
the finding that 3-methylcholanthrene 
induced the synthesis of liver micro- 
somal enzymes that metabolize amino- 
azo dyes by N-demethylation and azo 

ganophosphorus insecticides (19, 20), 
pesticide synergists of the methylene- 
dioxyphenyl type (21), carbon tetra- 
chloride (22-24), ozone (25), and car- 
bon monoxide (26). In this article we 
describe some of the effects of drugs 
and environmental chemicals on the 
activity of microsomal enzymes in ani- 
mals and man and indicate the pharma- 
cological and toxicological significance 
of these effects. 

Drug Metabolism 

link reduction to noncarcinogenic Patients are often given several drugs 
products (Fig. 1) (2, 3). Subsequent at the same time, and sometimes the 
studies revealed that many drugs and combination results in an undesirable 
environmental chemicals stimulate or effect because one drug inhibits or stimu- 
inhibit microsomal enzyme function in lates the metabolism of the other. For 
animals, and this is reflected in vivo example, phenylbutazone, sulfaphena- 
by an altered metabolism and action zole, phenyramidol, bishydroxycou- 
of drugs, carcinogens, and various nor- marin, and chloramphenicol inhibit the 
mal body constituents, such as steroid metabolic inactivation of tolbutamide 
hormones, thyroxin, and bilirubin (4, in man, and this effect can result in 
5). Chemicals found in man's environ- serious hypoglycemia. Numerous drugs 
ment that alter the action of drugs by inhibit the metabolism of other drugs 
stimulating microsomal enzyme activity in animals and man, and this problem is 
in animals include halogenated hydro- discussed in more detail elsewhere (27, 
carbon insecticides (6, 7), urea herbi- 28). Phenobarbital, on the other hand, 
cides (8), volatile oils (9), polycyclic decreases the action of other drugs by 
aromatic hydrocarbons (3, 10-12), increasing the rate of which they are 
dyes used as coloring agents (13), nico- metabolized to pharmacologically inac- 
tine and other alkaloids (14), food pre- tive substances. The enhancement of 
servatives (15), and substances such as drug metabolism by phenobarbital is 
safrole (16), /-ionone '(16), xanthines but one example of a phenomenon that 
(17), flavones (18), and organic perox- has important implications to human 
ides (2) that occur in food. Environ- health. Several hundred drugs, insecti- 
mental chemicals that inhibit micro- cides, carcinogens, steroid hormones, 
somal function in animals include or- and other endogenous or foreign chemi- 

cals are now known to stimulate drug 
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drugs and normal body constituents in 
man '(Table 1). 

The magnitude of the change in drug 
action that may occur after enzyme in- 
duction in animals is illustrated by data 
obtained from rats given the muscle- 
relaxant drug zoxazolamine, which is 
metabolized by liver microsomal en- 
zymes to the inactive compound, 6-hy- 
droxyzoxazolamine (Fig. 2). A high 
dose of zoxazolamine paralyzes rats for 
more than 11 hours, but if Ithey are 
treated with phenobarbital for 4 days 
before being given zoxazolamine, they 
are paralyzed for only 102 minutes; if 
they are treated with benzo[a]pyrene 
24 hours before the tesit, they are 
paralyzed for only 17 minutes with the 
same dose of zoxazolamine (30). The 
biological half-life of zoxazolamine in 
vivo is 9 hours in control rats, 48 
minutes in rats treated with phenobar- 
bital, and 10 minutes in rats treated 
with benzo[a]pyrene. 

Treatment of rats with phenobarbital 
for several days increases the activity of 
liver microsomal enzymes that metab- 
olize the anticoagulant drugs bishy- 
droxycoumarin and warfarin (31, 32). 
In accordance with these observations, 
the administration of phenobarbital to 
man decreases the concentration of bis- 
hydroxycoumarin and warfarin in the 
plasma and reduces their pharmacologi- 
cal action (31, 33). The hazards of this 
interaction were investigated (34), and 
the results of a representative study in 
the dog are shown in Fig. 3. A dog 
was given 1 milligram of bishydroxy- 
coumarin per kilogram of body weight 
every 48 hours for several weeks until 
a constant concentration of drug in the 
plasma and a constant anticoagulant ef- 
fect (prothrombin time) were achieved. 
When phenobarbital was administered 
to the dog without Ithe bishydroxycou- 
marin regimen being changed, the con- 
centration of bishydroxycoumarin in the 
plasma decreased and the anticoagulant 
effect of the drug was abolished. Even 
when there was a fivefold increase in 
the dose of bishydroxycoumarin, ade- 
quate anticoagulant therapy and an 
adequate concentration of bishydroxy- 
coumarin in the plasma were not 
achieved while phenobarbital treatment 
was continued. When phenobarbital ad- 
ministration was discontinued, the con- 
centration in the plasma and the 
anticoagulant effect of bishydroxycou- 
marin increased during the next few 
days to such an extent that the dog 
bled severely and required vitamin K 
to save its life. These results indicate 
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that combined therapy with a coumarin 

anticoagulant and a stimulator of drug 
metabolism can be hazardous if the en- 
zyme stimulator is withdrawn and 
therapy with the anticoagulant is con- 
tinued without an appropriate decrease 
in the dose. 

Ethanol, when consumed habitually, 
stimulates its own metabolism and the 
metabolism of various drugs in man 
(Table 1). Alcoholics metabolize tol- 
butamide more rapidly than nonalcoho- 
lics, and this should be considered when 
alcoholics are given tolbutamide for the 
treatment of diabetes. Alcoholics also 
have an increased concentration of the 
hepatic enzyme that metabolizes pento- 
barbital; they metabolize pentobarbital, 
meprobamate, diphenylhydantoin, war- 
farin, and antipyrine more rapidly than 
nonalcoholics, and this helps explain 
the increased tolerance of alcoholics to 
barbiturates and other seda'tives when 
sober. A single large dose of ethanol, 
however, inhibits drug metabolism, and 
this effect-in addition to the central- 
depressant action of ethanol-helps ex- 
plain Ithe enhanced sensitivity of inebri- 
ated individuals to barbiturates and 
other sedatives (35). 

Not only does the long-term adminis- 
tration of drugs stimulate the metabo- 
lism of other compounds, but often the 
drug stimulates its own metabolism. Ex- 
amples of drugs thalt stimulate their 
own metabolism in dogs include phen- 
ylbutazone, tolbutamide, probenecid, 
chlorcyclizine, and hexobarbital. The 
development of tolerance to glutethimide 
in man results from the ability of glute- 
thimide to stimulate its own metabolism, 
and this may also be true for ethanol 
and meprobamate ,(Table 1). Tolerance 
to narcotics such as morphine and 
meperidine, on the other hand, does 
not result from their metabolism being 
enhanced. 

The stimulatory effect of halogenated 
hydrocarbon insecticides on drug me- 
tabolism was discovered accidentally by 
Hart et al. after their animal quarters 
were treated with chlordane (36). 
Studies on the metabolism and action 
of drugs were disrupted, and the effects 
of chlordane persisted for several weeks, 
even though insecticide treatment had 
stopped. Examples of insecticides that 
stimulate drug metabolism in rats in- 
clude chlordane, DDT, methoxychlor, 
aldrin, endrin, dieldrin, heptachlor, and 
benzene hexachloride (7, 37). Two days 
after the intraperitoneal administration 
of either 1 or 2 mg of DDT per kilo- 
gram of body weight, the duration of 
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sleep produced by a dose of pentobarbi-- 
tal was decreased 'by 25 percent and 50 
percent, respectively, and the corre- 
sponding concentrations of DDT in the 
fat were 9.4 and 15.5 u/g/g 1(38). Since 
many human beings possess these con- 
centrations of DDT and other halo- 
genated hydrocarbon insecticides in fat 
(39), it is important to evaluate care- 
fully the effects of DDT on drug and 
steroid metabolism in man. People ex- 
posed to large amounts of DDT and 
lindane in a pesticide factory metabolize 
antipyrine about twice as rapidly as a 
control population (Fig. 4) (40). More 
recently, the effect of intensive occupa- 
tional exposure to only DDT on drug 
and steroid metabolism was studied. In 
a population of DDT-factory workers 
with a serum and fat concentration of 
DDT-related substances 20- to 30-fold 
higher than a control population, the 
half-life of phenylbutazone in the serum 
was 19 percent lower, and the urinary 
excretion of 6/,-hydroxycortisol was 57 
percent higher than in the control popu- 
lation (41). Although it is not known 
whether DDT storage in the general 
population is sufficient to stimulate the 
metabolism of drugs or the metabolism 
of steroid hormones, the magnitude of 

the changes obtained in the DDT- 
factory workers suggests that the ex- 
tent of possible changes in these 
parameters in the general population 
would be small. 

Piperonyl butoxide, a pesticide syner- 
gist that inhibits the microsomal oxida- 
tion of pesticides in insects, also in- 
hibits the activity of microsomal 
enzymes in mammalian liver (21, 42). 
This effect explains the ability of piper- 
onyl butoxide to '(i) prolong the action 
of barbiturates and zoxazolamine (43), 
(ii) slow the metabolism of benzo[a]- 
pyrene in vivo (44), and (iii) enhance 
the acute toxicity of benzo[a]pyrene 
and griseofulvin (45). In addition, com- 
bined administration of piperonyl bu- 
toxide and Freons to newborn mice 
produces synergistic acute toxicity and 
hepatocarcinogenicity (46). In the rat, 
however, a very high dose of piperonyl 
butoxide is needed for inhibition of 
antipyrine and benzo[a]pyrene metabo- 
lism and for the potentiation of pento- 
barbital and zoxazolamine action (47, 
48). The rat requires more than a 
100-fold higher dose of piperonyl 
butoxide than the mouse for inhibition 
of antipyrine metabolism, and studies in 
man reveal that the oral administration 
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Fig. 1. Activity of hepatic aminoazo dye N-demethylase and reductase at various times 
after a single intraperitoneal injection of 1 mg of 3-methylcholanthrene (3-MC) into 
50-g male rats (3). N-demethylase activity was determined by measuring the con- 
version of 3-methyl-4-monomethylaminoazobenzene to 3-methyl-4-aminoazobenzene 
(3-methyl-AB). Reductase activity was determined by measuring the reduction of 
the azo linkage of 4-dimethylaminoazobenzene (DAB). Demethylase activity is ex- 
pressed as micrograms of 3-methyl-AB formed per 50 mg of liver per 30 minutes. 
Reductase activity is expressed as micrograms of DAB reduced per 30 mg of liver 
per 30 minutes. 
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of 0.7 mg/kg of piperonyl butoxide does 
not influence antipyrine metabolism (47, 
48). Since this dose of piperonyl bu- 
toxide is more than 50-fold greater than 
the daily exposure received by individ- 
uals using sprays containing !this com- 
pound, it is unlikely that environmental 
exposure of people to piperonyl butox- 
ide inhibits the function of their micro- 
somal enzymes. 

Carcinogen Metabolism 

People are exposed to polycyclic hy- 
drocarbons, nitrosamines, aflatoxins, 
and many other chemical carcinogens in 
their environment (49), and factors that 
inhibit or stimulate the metabolism of 
these substances may have importance 
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Fig. 2. Metabolism of zoxazolamine to 
6-hydroxyzoxazolamine. 

in the formation of human cancers. 
Enzymes that N-demethylate aminoazo 
dyes, hydroxylate benzo[a]pyrene and 
N-demethylate dimethylnitrosamine are 
present in human liver (50, 51), and an 
enzyme that hydroxylates benzo[a]- 
pyrene is present in human skin (52) 
and placenta (11, 53). The cofactor 
requirements and the microsomal distri- 
bution of benzo[a]pyrene hydroxylase 
in human liver are similar to those 
previously reported for rat liver 
(50, 54). 

Table 1. Enzyme induction in man. Decreased concentrations in the plasma were used as 
criteria for enhanced metabolism of bilirubin and most drugs. Increased urinary excretion of 
6/,-hydroxycortisol or polar metabolites of testosterone was used as an index of steroid hy- 
droxylation. Enhanced enzymatic oxidation of pentobarbital by human liver and enhanced 
metabolism of benzo[a]pyrene and aminoazo dye by enzymes in human placenta were used as 
the criteria for accelerated metabolism of these compounds. 

Stimulator 

Phenobarbital and other barbiturates 

Anticonvulsant mixture 

Glutethimide 

Phenylbutazone 

Antipyrine 

Meprobamate 
Ethanol 

Diethylnicotinamide (Coramine) 
Diphenylhydantoin 

o,p'-DDD 
Eucalyptol 
Cigarette smoke 

Marihuana smoke 
DDT, lindane 

Enhanced metabolism 

Coumarin anticoagulants (31, 33, 165) 
Diphenylhydantoin (31, 166) 
Digitoxin (167) 
Quinine (168) 
Dipyrone (169) 
Desmethylimipramine (170) 
Chlorpromazine (171) 
Phenylbutazone (172) 
Cortisol (114) 
Testosterone (118) 
Bilirubin (155, 156) 
DDT (88) 
Lidocaine (173) 
DDT (88, 90) 
Glutethimide (174) 
Warfarin (33) 
Dipyrone (169) 
Aminopyrine (175) 
Digitoxin (176) 
Cortisol (115, 117) 
Warfarin (177) 
Cortisol (177) 
Meprobamate (178) 
Ethanol (35, 179) 
Pentobarbital (35) 
Meprobamate (35) 
Warfarin (180) 
Diphenylhydantoin (180) 
Tolbutamide (180, 181) 
Antipyrine (182) 
Bilirubin (183) 
Bilirubin (184) 
Digitoxin (176) 
Dexamethasone (185) 
DDT (88, 186) 
Dieldrin (186) 
Cortisol (112) 
Thyroxin (187) 
Cortisol (113) 
Aminopyrine (9) 
Benzo[a]pyrene (11, 73) 
3-Methyl-4-monomethylaminoazobenzene (11) 
Nicotine (76) 
Phenacetin (77) 
A9-Tetrahydrocannabinol (78) 
Antipyrine (40) 
Phenylbutazone (41) 
Cortisol (41) 
Bilirubin (158) 
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The administration of benzo[a]pyrene 
or other environmental polycyclic hy- 
drocarbons to rats induces the synthesis 
of an enzyme system in liver micro- 
somes that hydroxylates benzo[a]pyrene 
(54). The induction of benzo[a]pyrene 
hydroxylase occurs not only in the liver, 
but also in several other organs of the 
rat, such as the gastrointestinal tract, 
lung, kidney, skin, and placenta (11, 12, 
55). The stimulatory effect of several 
polycyclic hydrocarbons on benzo[a]- 
pyrene hydroxylase activity in rats is 
reflected in vivo by enhanced metabo- 
lism of benzo[a]pyrene, a decreased 
blood and tissue concentration of this 
carcinogen, and enhanced biliary excre- 
tion of its metabolites (56-58). The 
stimulatory effect of benzo[a]pyrene on 
its own metabolism is illustrated by a 
decreased tissue concentration of this 
compound when it is administered over 
a long period of time. At 24 hours after 
a single oral dose of 1 mg of 3H-labeled 
benzo[a]pyrene to adult rats, the con- 
centration of this hydrocarbon in fat 
was 249 nanograms per gram, whereas 
at 24 hours after seven daily doses, 
the concentration in fat was only 24 
ng/g (56). Inhibitors of microsomal 
enzyme activity, such as carbon tetra- 
chloride, f3-diethylaminoethyl diphenyl- 
propylacetate (SKF 525-A), and piper- 
onyl butoxide, inhibit the metabolism 
of benzo[a]pyrene in vivo and poten- 
tiate the acute toxicity of this polycyclic 
hydrocarbon in rodents (45, 46, 58, 
59). 

The induction of microsomal hy- 
droxylases in rodents provides protec- 
tion from the carcinogenic effects of 
benzo[a]pyrene (60), 7,12-dimenthyl- 
benz[a]anthracene (61), N-2-fluorenyl- 
acetamide (62), 4-dimethylaminostil- 
bene (63), urethane (64), aflatoxin 
(65), diethylnitrosamine (66), and 
aminoazo dyes (1, 62, 67). Al- 
though these studies indicate that the 
induction of hydroxylating enzymes in- 
hibits the formation of cancer by sev- 
eral unrelated carcinogens, further work 
is required to evaluate the effects of 
enzyme induction on chemical carcino- 
genesis under varying conditions. These 
studies are important because of obser- 
vations suggesting that metabolism of 
polycyclic hydrocarbons and other car- 
cinogens may be required for their 
carcinogenicity (68, 69). Reactive 
intermediates-perhaps epoxides-ca- 
pable of interacting with DNA or other 
macromolecules are formed during the 
aromatic hydroxylation of polycyclic 
hydrocarbons (70), and hydroxylated 
metabolites of benzo[a]pyrene are more 
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cytotoxic than benzo[a]pyrene in tis- 
sue culture. In agreement with these ob- 
servations, benzo[a]pyrene is more toxic 
to cells that possess high hydroxylase 
activity than to cells with low enzyme 
activity (68, 71). 

Since benzo[a]pyrene and other poly- 
cyclic hydrocarbons are present in ciga- 
rette smoke, studies were initiated to de- 
termine the effects of cigarette smoke on 
the concentration of benzo[a]pyrene 
hydroxylase in several tissues. The re- 
sults of studies in the rat indicated that 
cigarette smoke stimulates the hydroxyl- 
ase activity in the lung, placenta, intes- 
tine, and maternal liver (Table 2) (72). 
Increased activity was also found in 
fetal liver, indicating that enzyme in- 
ducers in cigarette smoke pass through 
the placenta and reach the fetus. 

A stimulatory effect of cigarette 
smoking on benzo[a]pyrene hydroxylase 
and aminoazo dye N-demethylase activi- 
ty was observed in the human placenta 
(11, 48, 73, 74). Little or no benzo[a]- 
pyrene hydroxylase or aminoazo dye 
N-demethylase activity was detected in 
human placentas obtained at term after 
childbirth from nonsmokers, but these 
enzymes were found in placentas ob- 
tained from women who smoked 10 to 
40 cigarettes a day. Among the subjects 
who smoked 15 to 20 cigarettes per day, 
placental benzo[a]pyrene hydroxylase 
activity varied over a 70-fold range 
(Table 3). 

It would be of considerable in- 
terest to know what causes the marked 
variability in the induction of benzo[a]- 
pyrene hydroxylase activity in cigarette 
smokers and to determine whether this 
variability can explain why some people 
develop cancer when exposed to ciga- 
rette smoke and others do not. Vari- 
bility in the basal activity and in the 
induction of benzo[a]pyrene hydroxylase 
activity in placenta, skin, or other 
human tissues in culture may provide a 
way of detecting genetic differences in 
the concentrations of carcinogen-metab- 
olizing enzymes in different people. Ini- 
tial studies to determine the feasibility 
of this approach have been encouraging 
and have revealed that benz[a]anthra- 
cene, a polycyclic hydrocarbon in 
cigarette smoke, induces benzo[a]pyrene 
hydroxylase activity in human foreskin 
tissue culture (52, 75). 

The smoking of cigarettes enhances 
the metabolism of nicotine in man (76), 
which may explain the tolerance to nico- 
tine that occurs in smokers. These 
results, along with earlier observations 
indicating a stimulatory effect of poly- 
cyclic hydrocarbons on drug metabolism 
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Fig. 3. Effect of phenobarbital on the plasma concentration and anticoagulant action 
(prothrombin time) of bishydroxycoumarin in the dog (34). 

in animals, suggest that cigarette smok- 
ing may alter the metabolism and action 
of some commonly used drugs in man. 
Indeed, cigarette smokers administered 
phenacetin have markedly lower con- 
centrations of this drug in the plasma 
than nonsmokers (77), and long-term 
marijuana smokers metabolize A9-tetra- 
hydrocannabinol more rapidly than non- 
smokers (78). 

Insecticide Metabolism in Mammals 

Treatment of rodents with phenobar- 
bital or slteroids that induce microsomal 
enzymes decreased the toxicity of sev- 
eral cholinergic organophosphorous 
pesticides commonly used in agriculture 
(79). In rats treated with an enzyme 
inducer, the toxicity of parathion, 0- 
p-nitrophenyl phenylphosphonothioate 
(EPN), systox, di-syston, delnav, phos- 
drin, ethion, trithion, and malathion was 
decreased. In contrast to these sltudies, 
enzyme induction increased the toxicity 
of Schradan (80), an organic thiophos- 
phate that is relatively nontoxic until 
it is metabolized by liver microsomes 
to a potent cholinesterase inhibitor. 

Since many halogenated hydrocarbon 
insecticides are metabolized by enzymes 
in liver microsomes, the possibility of 
inducers of liver microsomal enzymes 
decreasing the storage of these pesticides 
in body fat was considered. Street and 
his coworkers (81-83) found that in 
rats given dieldrin or heptachlor ep- 
oxide, storage of these substances in the 
adipose tissue was markedly depressed 
when DDT was administered simul.tane- 
ously. Fifty parts per million of DDT 
in the feed caused a 15-fold reduction 
in the amount of dieldrin stored in the 
adipose tissue of rats fed '1 ppm of 
dieldrin. Although DDT decreased the 
storage of dieldrin in rats, swine, and 
fish, it had no effect in chickens (83). 
Other stimulators of liver microsomal 
enzymes, such as phenobarbital, tolbuta- 
mide, heptabarbital, phenylbutazone, 
and methoxychlor, also decreased the 
storage of dieldrin in the body fat of 
rats (82, 84), and phenobarbital treat- 
ment accelerated the elimination of 
metabolites of hexachlorocyclohexane 
(85). 

Enzyme inducers have been used for 
lowering insecticide residues in cattle, 
and recent studies indicate that enzyme 

Table 2. Effect of cigarette smoke on benzo[a]pyrene hydroxylase activity in various organs 
from pregnant rats. Rats pregnant for 17 days and weighing 225 to 250 g were placed in a 
chamber and exposed to cigarette smoke for 5 hours each day for 3 days, with a 1-hour rest 
period between each hourly exposure. Various organs were examined for benzo[a]pyrene 
hydroxylase activity (mean - standard error) (72). 

Hydroxybenzo[a]pyrene formed Increase 
Organ (ng g-l hour') in enzyme 

-Organ------------------- ~activity 
Control Experimental (%) 

Lung 584 ? 116 7644 ? 1108 1200 
Placenta 136 ? 28 676 - 60 400 
Intestine 9396 ? 2024 20368 ? 5956 120 
Maternal liver 40988 ? 632 91276 + 5852 120 
Fetal liver 484 - 72 1112? 104 130 
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inducers can decrease the body burden 
of halogenated hydrocarbon insecticides 
in man. Treatment with phenobarbital 
stimulates hepatic drug-metabolizing 
enzymes in the cow, sheep, goat, calf, 
and pig (86), and repeated administra- 
tion of low doses of phenobarbital to 
dairy cows given DDT for 2 months re- 
sulted in a significant decrease in the 
content of DDT-related substances in 
the milk (87). Administration of pheno- 
barbital also increased the urinary ex- 
cretion of DDA in bulls and rats ad- 
ministered DDT (87) and stimulated the 
in vitro metabolism of DDT to DDD 
in rat liver (87). Human beings ingesting 
phenobarbital, diphenylhydantoin, or a 
mixture of anticonvulsants had a mark- 
edly lower concentration of DDE in the 
blood than a control population (88, 
89); anticonvulsants also reduced the 
concentration of DDE in the blood of 
people occupationally exposed to large 
amounts of DDT (90). 

Insecticide Metabolism in Insects 

Like mammalian organisms, house- 
flies and other insects can detoxify 
pesticides by microsomal hydroxylation 
(91). Certain strains of houseflies resist- 
ant to DDT show high DDT and naph- 
thalene hydroxylase activity (92, 93), 
and it appears that the concentrations 
of microsomal enzymes and DDT-dehy- 
drochlorinase are important in explain- 
ing differences in the resistance of 
various strains of insects to DDT and 
unrelated insecticides (92). Piperonyl 
butoxide and other methylenedioxy- 
phenyl derivatives inhibit the activity of 
microsomal enzymes in insects that de- 
toxify pyrethrins, carbamates, and 
naphthalene (94). This effect explains 
the usefulness of methylenedioxyphenyl 
derivatives for the potentiation of py- 
rethrins and other insecticides. 

Microsomal enzymes are inducible in 
some, but not all, insects. DDT induces 
the microsomal metabolism of DDT in 
several strains of houseflies '(92), and 
phenobarbital induces the metabolism of 
DDT in Triatoma infestans (95). Pheno- 
barbital, butylated hydroxytoluene, and 
triphenylphosphate increase the con- 
centration of cytochrome P-450 and 
induce microsomal oxidase activity in 
several varieties of houseflies (96). 
Treatment of wax moth larvae with 
phenobarbital or chlorcyclizine de- 
creases the toxicity of parathion and 
increases by several times the rate of 
EPN detoxification, p-nitroanisole O-de- 
methylation, and the activity of reduced 
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Fig. 4. The half-life of antipyrine in 
the plasma of human subjects exposed 
to insecticides and in the plasma of con- 
trol subjects (40). 

nicotinamide adenine dinucleotide 
(NADPH)-neotetrazolium (NT)-reduc- 
tase in gut homogenate from wax moth 
larvae (97). However, microsomal oxi- 
dase activity was not induced in several 
other insects treated with drugs and in- 
secticides (98). Exposure of the house- 
fly, Musca domestica L., to DDT or 
dieldrin enhanced the metabolism of 
DDT, aldrin, allethrin, propoxur, and 
diazinon (99). The microsomal oxida- 
tion of heptachlor and naphthalene 
was increased severalfold in dieldrin- 
resistant houseflies exposed to sublethal 
doses of dieldrin (100), and the 
susceptibility of these insects to 
carbaryl was decreased. The ability of 
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Fig. 5. Stimulatory effect of phenobar- 
bital on steroid hydroxylation by rat liver 
microsomes (102-104). Immature rats 
were injected intraperitoneally with 37 mg 
of sodium phenobarbital per kilogram of 
body weight twice daily for 4 days. The 
animals were killed the following day, 
and microsomes from 330 mg of male 
rat liver were incubated with 700 nmole of 
[4-4C]testosterone, A4[4-4C]androstene-3,- 
17-dione, [4-0C]progesterone, or [4-4C]- 
deoxycorticosterone for 5 minutes at 37?C 
in the presence of an NADPH-generating 
system. Microsomes from 330 mg of fe- 
male rat liver were incubated with 700 
nmole of [4-'C]estradiol or [4-"4Clestrone 
for 15 minutes in the presence of an 
NADPH-generating system. Formation of 
polar metabolites with the chromato- 
graphic mobility of hydroxylated sub- 
strate was measured. 

halogenated hydrocarbon pesticides to 
stimulate their own metabolism and 
the metabolism of other pesticides by 
microsomal enzymes suggests that the 
resistance and cross-resistance that oc- 
curs in insects after they have been 
sprayed with various chemicals may, in 
part, result from the induction of 
enzymes that detoxify pesticides in 
insect microsomes. 

Environmental Chemicals and 

Steroid Metabolism 

The hydroxylation of steroids by liver 
microsomes is influenced by the same 
factors that affect drug oxidations, sug- 
gesting that drugs and steroids are sub- 
strates for the same hydroxylating en- 
zymes (4, 5, 101). Treatment of rats 
with phenobarbital for several days in- 
creases the activity of enzymes in liver 
microsomes that hydroxylate androgens, 
estrogens, progestational steroids, and 
adrenocortical steroids {(Fig. 5). The ad- 
ministration of as little as 1 mg/kg of 
sodium phenobarbital to rats twice 
daily for 4 days increases the activity of 
liver microsomal enzymes that hydroxyl- 
ate 17/3-estradiol and estrone (102). 
Several structurally unrelated chemicals 
that stimulate the activity of drug- 
metabolizing enzymes also stimulate 
steroid hydroxylase activity. Examples 
of such compounds include phenobarbi- 
tal, diphenylhydantoin, chlorcyclizine, 
norchlorcyclizine, orphenadrine, phenyl- 
butazone, and several halogenated hy- 
drocarbon insecticides '(101, 102-105). 

The accelerated hydroxylation of 
steroid hormones by liver microsomal 
enzymes of rats treated with drugs and 
insecticides is reflected in vivo by an 
accelerated metabolism and altered 
physiologic action of steroids. The in- 
creased progesterone hydroxylase ac- 
tivity induced by phenobarbital, chlor- 
dane, and DDT is associated with a 
decrease in the anesthetic action of 
large doses of progesterone and a low- 
ered concentration of progesterone and 
its metabolites in the brain and total 
body of the rat (104). Long-term treat- 
ment with phenobarbital reduces the 
anesthetic action of deoxycorticosterone, 
androsterone, and A4-androstene-3,17- 
dione and accelerates their metabolism 
by liver microsomes. Treatment of im- 
mature male rats with phenobarbital or 
chlordane for several days prior to an 
injection of 'testosterone or testosterone 
propionate inhibits the growth-promot- 
ing effect of these androgens on the 
seminal vesicles (106). 
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Halogenated hydrocarbon insecticides 
are potent stimulators of 17/-estradiol 
and estrone metabolism, and these in- 
ducers decrease the action of estrogens 
on the uterus (19, 101, 102, 105, 107). 
When immature female rats are treated 
with chlordane, dieldrin, heptachlor, 
lindane, p,p'-DDD, p,p'-DDE, or toxa- 

phene for several days before they are 

given estrone, the increase in uterine 
wet weight caused by this estrogen is 
inhibited. The inhibitory effect of chlor- 
dane and phenobarbital on the utero- 

tropic action of [3H]estrone is associated 
with a decreased concentration of 
tritiated estrogen in the uterus (Table 
4). Long-term treatment of rats with 

phenobarbital and other microsomal 
enzyme inducers also inhibits the utero- 
tropic action of ethynyl estradiol-3- 
methylether (mestranol), norethindrone, 
and norethynodrel (108)-compounds 
used extensively as oral contraceptives 
-but the significance of these drug in- 
teractions for humans is not known. 

Compounds that inhibit drug-metabo- 
lizing enzymes in liver microsomes also 
inhibit steroid metabolism and augment 
the action of steroids in animals. SKF 
525-A potentiates the action of many 
drugs by inhibiting their microsomal 
metabolism (109), and this compound 
potentiates the action of estrone on 
the rat uterus (Table 5) and the induc- 
tion by cortisol of hepatic tyrosine 
transaminase in the rat (110). Treat- 
ment of rats with carbon tetrachloride 

impairs the oxidation of several drugs 
in vitro and in vivo, and this effect 
is associated with a decreased concen- 
tration of cytochrome P-450 in liver 
microsomes (22, 23, 111). The activity 
of drug-metabolizing enzymes declined 
to about 10 percent of normal within 
8 hours after the administration of car- 
bon tetrachloride, and enzyme activity 
remained low for about 24 hours before 

gradually returning to the control value 

during the next 7 days. In rats treated 
with 0.06 to 0.67 milliliter of carbon 
tetrachloride per kilogram 24 hours 
before being killed there was marked 
inhibition of the microsomal metabo- 
lism of estrone and 17/?-estradiol (24). 
The inhibitory effect of carbon tetra- 
chloride on the metabolism of estrogens 
in vitro was reflected in vivo by an 
enhanced uterotropic action of 17,8- 
estradiol and estrone in animals treated 
with carbon tetrachloride. The effeot 
of carbon tetrachloride on the action 
of estrone is shown in Table 5. 

Compounds that stimulate the hy- 
droxylation of steroids by liver micro- 
somes in animals also alter pathways 
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Table 3. Variability in the induction of benzo- 
[a]pyrene hydroxylase activity in human pla- 
centa. All subjects smoked 15 to 20 cigarettes 
daily during pregnancy. Variability in benzo- 
[a]pyrene hydroxylase activity was not related 
to medication taken during or prior to de- 
livery (11, 48). 

Hydroxybenzo[a]pyrene 
Subject formed by placenta 

(ng g-1 hour-') 

L.B. 240 
G.A. 260 
P.C. 547 
C.G. 643 
A.T. 1,269 
J.K. 1,317 
L.C. 1,860 
C.J. 4,289 
E.R. 4,390 
D.B. 5,267 
D.A. 15,181 
H.J. 16,524 
M.N. 17,100 

of steroid metabolism in man. Treat- 
ment of human subjects with pheno- 
barbital, N-phenylbarbital, diphenyl- 
hydantoin, phenylbutazone, antipyrine, 
o,p'-DDD, or the environmental expo- 
sure of people to DDT in a DDT 

factory, markedly stimulates the me- 
tabolism of cortisol to 6/,-hydroxycor- 
tisol, a minor metabolite of cortisol 
(41, 112-117), and treatment with 

N-phenylbarbiltal alters the relative 
amounts of testosterone metabolites 
excreted in the urine (118). Since stimu- 
lators of liver microsomal hydroxylases 
increase the urinary excretion of 6/3- 
hydroxycortisol in man, the measure- 
ment of Ithis substance in urine deserves 
additional study as a possible index 
of man's ability to hydroxylate drugs 
and steroids. Although numerous drugs 
and environmental chemicals enhance 
the hydroxylation of steroids and alter 
the relative proportion of steroid me- 

tabolites in man, more work is needed 
to determine the physiological impor- 
tance of these changes in steroid 
hydroxylation. 

Estrogenic Action of DDT and 

Other Environmental Chemicals 

During investigations on the inhibi- 

tory effect 'of halogenated hydrocarbon 
insecticides on the action of estrogens, 
we unexpectedly found that technical 
grade DDT, methoxychlor, and o,p'- 
DDT, a major component of technical 
grade DDT, possessed estrogenic ac- 
tivity in the rat (119, 120). A similar 
estrogenic action of o,p'-DDT and 
some related compounds was also ob- 
served by Bitman and his associates 
in studies with rats, chickens, and quail 
(121-123), and by Duby et al. in 
studies with mink (124). The utero- 

tropic action of technical grade DDT 
in the immature female rat is shown in 
Fig. 6. A smaller response was observed 
after administration of purified p,p'- 
DDT, and little or no estrogenic ac- 
tivity was observed with o,p'-DDD, 
m,p'-DDD, p,p-DDD or p,p'-DDE. 
The intraperitoneal injection of as 
little as 5 mg of technical grade DDT 
or 1 mg of o,p'-DDT, per kilogram 
of body weight, caused a significant 
increase in uterine wet weight in the 
immature female rat. Technical grade 
DDT or o,p'-DDT also increased uter- 
ine wet weight in ovariectomized adult 
rats, indicating that the effect of the 
DDT analogs was not mediated through 
the ovaries. Technical grade DDT or 
purified o,p'-DDT administered 2 hours 
before an injection of 1 7P-[6,7-3H]- 
estradiol inhibited the uptake of this 
steroid by the uterus in vivo, probably 

Table 4. Effect of stimulators of estrogen hydroxylation on the uterine response to estrone. 

Uterine wet Inhibition Estrone in Dec 
Treatment Estrone ight g) of response the uterus 

(%) (pg-eq) 

Experiment I* 
Control - 19.5 ? 0.6 

4- 30.8 ? 1.8 42.8 ? 1.4 
Phenobarbital - 18.7 ? 0.2 

+ 19.7 ? 0.5 91 13.0 ? 0.4 70 

Experiment 2t 
Control - 27.3 ? 0.9 

+ 40.2 ? 1.7 21.4 ?0.8 
Chlordane - 27.4 - 1.1 

+ 28.3 ? 1. 93 10.9 ? 0.9 49 
* In experiment 1, immature female rats were injected with 37 mg of sodium phenobarbital per 
kilogram twice daily for 4 days. On the fifth day, 0.3 ,/g of tritiated estrone was injected intraperi- 
toneally. The rats were killed 4 hours later, the uteri weighed, and radioactivity in the uteri determined. 
Each value represents the average 4 standard error from 6 to 8 rats (102). t In experiment 2, 
immature female rats were injected intraperitoneally with 25 mg of chlordane per kilogram once daily 
for 7 days. Twenty-four hours after the last injection, 0.2 ,/g of tritiated estrone was injected intra- 
peritoneally, and the rats were killed 4 hours later (105). 
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by competing for sites that bind 17,3- 
estradiol (119, 120). 

In rats treated with carbon tetra- 
chloride, a potent inhibitor of drug 
metabolism, the uterotropic action of 
o,p'-DDT and technical grade DDT is 
inhibited, suggesting that the action of 
o,p'-DDT on the uterus may depend 
on conversion of this substance to 
estrogenic metabolites (120). The ad- 
ministration of o,p'-DDT, like 17B8- 
estradiol, increases glycogen (122, 125) 
and RNA synthesis (120) and augments 
the activities of several glycolytic and 
hexose monophosphate shunt enzymes 
in the uterus of the ovariectomized rat, 
and these effects are blocked by actino- 
mycin and cycloheximide (125). The 
estrogenic activity of o,p'-DDT in the 
female rat is about 1/10,000 that of 
17/3-estradiol (121). Because o,p'-DDT 
probably owes its action to a hydroxyl- 
ated metabolite, and because marked 
species differences in the hydroxylation 
of foreign compounds are well known, 
it would be of interest to determine 
the relative estrogenic activity of o,p'- 
DDT in various mammalian and avian 
species. 

Bitman and Cecil studied 52 com- 
pounds related to DDT, using the 18- 
hour glycogen response of the immature 
rat uterus as an index of estrogen 
action (122). Diphenylmethane, diphen- 
ylethane, and triphenylmethane com- 

pounds were active when a p- or p'- 
position was unoccupied or occupied 
by a hydroxy or methoxy group. Poly- 
chlorinated biphenyls and polychlorin- 
ated triphenyls (compounds which are 
environmental pollutants of industrial 

origin) and phenolthalol and pheno- 
phthalein (compounds which are used 
as laxatives in man) were estrogenically 
active. 

Effects of Environmental 

Contaminants on Reproduction 

The role of DDT and other pesticides 
in saving lives by controlling disease- 

carrying pests is well known (126), but 
the significance to public health and 
wildlife of the pollution of our environ- 
ment with microsomal enzyme inducers 
or inhibitors and weakly estrogenic 
analogs of DDT, polychlorinated bi- 
phenyls, polychlorinated triphenyls, and 
other halogenated hydrocarbon insec- 
ticides is not known. The decline of 
certain species of birds that is attributed 
to the use of DDT, polychlorinated 
biphenyls, and various chlorinated 
hydrocarbon insecticides (127, 128) may 
be caused, in part, by thin eggshells 
resulting from enhanced metabolism of 
estrogens and other steroid hormones. 
An adverse effect of DDT on eggshell 
thickness and calcium deposition was 
reported in the Japanese quail (129) 
and Alaskan peregrine falcon (130). 
The deposition of medullary bone, the 
chief source of calcium during egg and 
eggshell formation, is largely controlled 
by 17,/-estradiol (131), and enhanced 
estrogen metabolism, or the occupation 
of estrogen-binding sites by weakly 
estrogenic DDT metabolites, might 
result in impaired eggshell formation. 
Administration of DDT to pigeons 
enhances the hepatic metabolism of 

17/p-estradiol, progesterone, and testos- 
terone '(132), and polychlorinated bi- 

phenyls ,(Arochlor 1254 and Arochlor 
1262) stimulate hepatic 17/3-estradiol 
metabolism in Ithe pigeon and Ameri- 
can kestrel (128, 133). Additional 
studies in birds suggest that halogenated 
hydrocarbon insecticides may enhance 
the metabolism of endogenous estrogens 
in vivo. In ring doves fed 10 ppm 

Table 5. Effect of inhibitors of estrogen hydroxylation on the uterine response to estrone. 

Response Estrone in 
Uterine wet Response Estrone in 

Increase 
Treatment Estrone weit ( ) increase the uterus ( 

(%) (pg-eq) 

Experiment I* 
Control - 18.4 ? 0.3 

+ 20.3 ? 0.9 7.9 ? 0.6 
SKF 525-A - 19.5 ? 0.3 

+ 25.0 ? 0.7 189 15.3 ? 1.9 94 

Experiment 2t 
Control -19.9 

+ 

0.5 
+ 23.1 ? 0.7 9.7 ? 1.2 

CC14 20.0 ? 0.7 
+ 28.0 ? 1.1 148 65.8 ? 15.7 580 

* In experiment 1, immature female rats were injected intraperitoneally with 25 mg of SKF 525-A 
(0-diethylaminoethyl diphenylpropylacetate) per kilogram, and 0.1 Ajg of tritiated estrone was injected 
intraperitoneally 30 minutes later. The rats were killed 4 hours after the dose of estrone, the uteri 
weighed, and radioactivity in the uteri determined. t In experiment 2, immature female rats were 
given oral doses of 0.67 ml of carbon tetrachloride per kilogram, and 0.1 Aig of tritiated estrone was 
injected intraperitoneally 24 hours later. All rats were killed 4 hours after the administration of 
estrone. Each value represents the average ? standard error from 6 to 8 rats (24). 
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of DDT, hepatic estrogen metabolism 
was increased, and the concentration 
of 17/?-estradiol in the blood was 
decreased, which can explain the de- 
creased deposition of medullary bone 
calcium and the delay in egg laying 
observed in the DDT-fed birds (134). 

In beagle dogs, the daily administra- 
tion of 6 to 12 mg/kg of p,p'-DDT 
or 0.15 to 0.3 mg/kg of aldrin, for 
5 days a week for 14 months, caused 
adverse effects on reproduction 2 weeks 
to 16 mon'ths after discontinuation of 
the insecticides (135). The primary 
deleterious effects were delayed estrus, 
reduction in the libido of males, still- 
births, lack of mammary development, 
reduced milk production, and a high 
mortality rate in Ithe offspring. 

The chlorinated insecticide Kepone 
(chlordecone) interferes with reproduc- 
tion in birds and mammals [cited in 
(136)], causes constant estrus in mice 
(137) and has a marked estrogenic 
effect in quail (136). Studies of repro- 
duction in rodents revealed that chlor- 
dane decreases fertility in female rats 
(138) and mice (105), and that aldrin 
disturbs the estrus cycle of rats (139). 
Bernard and Gaertner (140) reported 
a decrease in the reproductive success 
of C57 black mice when they were 
fed 200 to 300 ppm of technical grade 
DDT, but no adverse effect on fertility 
was observed in rats fed 20 to 200 ppm 
(141) or in mice fed 7 ppm of this 
insecticide (142). No detrimental effect 
on reproduction occurred when rats 
were fed 1 to 15 ppm of p,p'-DDT 
or o,p'-DDT (124, 143), and Ithe injec- 
tion of 900 ,ug of p,p'-DDT or o,p'- 
DDT on days 1, 2, and 3 of pregnancy 
did not influence the number of em- 
bryos surviving to day 10 of pregnancy 
in the rat (124). 

Exposure of newborn female rats to 
exogenous estrogens or androgens in- 
duces permanent sterility with poly- 
cystic ovaries, anovulation, persistent 
vaginal estrus, and absence of female 
mating behavior (144). Clomiphene, a 
chemical with weak estrogenic prop- 
erties, also produces permanent sterility 
(145), and a recent study conducted 
by Heinrichs et al. indicated that the 
injection of 1 mg of o,p'-DDT into rats 
on the second, third, and fourth day of 
life significantly advanced puberty, in- 
duced persistent vaginal estrus after a 

period of normal estrus cycles, and 
caused Ithe development of follicular 

cysts in the ovaries and a reduction in 
the number of corpora lutea (146). 
Heinrichs et al. suggested that the syn- 
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Table 6. Effect of phenobarbital received by 
women during pregnancy on the concentration 
of total bilirubin in the serum of their new- 
born babies. Twelve pregnant women were 
treated with sodium phenobarbital (average 
dose, 60 mg/day) for 2 weeks or longer prior 
to delivery. The concentration of total serum 
bilirubin in the serum of their offspring and 
in 16 control babies was compared during the 
first 4 days of life. Rh- and ABO-sensitized 
and premature babies were excluded. All 
babies in this study received vitamin K short- 
ly after birth (160). 

Serum bilirubin 
(milligrams per 100 ml) 

Day 
Control Phenobarbital 

1 3.8 ? 0.4 2.1 ? 0.4 
2 5.0 ? 0.6 2.5 ? 0.4 
3 5.7 ? 0.7 2.2 ? 0.4 
4 5.2 - 0.8 1.8 ? 0.4 

drome observed in rats treated with 
o,p'-DDT resembled the polycystic 
ovary syndrome and sterility found in 
some women (147), and that the pres- 
ence of DDT in the environment of 
the fetus and newborn might play a 
role in the development of the human 
syndrome. However, the dose of o,p/- 
DDT used in newborn rats was large, 
and it would be important to determine 
the amount of o,p'-DDT that is required 
in the newborn for abnormal develop- 
ment of the reproductive system to 
occur. 

Environmental Chemicals, 

Lipid-Soluble Vitamins, and Bilirubin 

The induction of microsomal en- 
zymes may alter the metabolism and 
action of lipid-soluble vitamins. Long- 
term anticonvulsant therapy has been 
associated with osteomalacia and with 
reduced concentrations of calcium and 
elevated concentrations of alkaline 
phosphatase in the serum. It has been 
suggested that drug-mediated enzyme 
induction may be responsible for the 
osteomalacia by causing an increased 
metabolic inactivation of vitamin D 
(148). Administration of vitamin D 
to patients receiving anticonvulsants 
resulted in a return toward normal 
concentrations of calcium and alkaline 
phosphatase in the serum. Further 
evidence that enzyme induction can 
decrease the action of vitamin D came 
from the finding that rats treated with 
phenobarbital are protected from loss 
of weight, hypercalcemia, and renal 
calcinosis produced ,by the administra- 
tion of a single large dose of calciferol 
(149). 
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Spironolactone, a stimulator of he- 
patic microsomal enzyme activity, de- 
creases the bone absorption caused by 
overdoses of vitamin A in rats and 
decreases the concentration of vitamin 
A in the serum (150). It has also been 
found that DDT lowers the concen- 
tration of vitamin A in rat serum (151). 

Hemorrhagic episodes occur in some 
infants born to mothers taking anti- 
convulsants for epilepsy (152). The 
coagulation defect is similar to that 
found in vitamin K deficiency and is 
prevented by the administration of vi- 
tamin K. These results suggest that 
inducers of hepatic enzymes may in- 
fluence the metabolism of vitamin K. 

Many normal body constituents 
possessing high lipid solubility are sub- 
strates for inducible drug-metabolizing 
enzymes (5), and this discovery has 
opened up new possibilities for the 
use of suitable enzyme inducers for the 
treatment of human diseases. The ad- 
ministration of barbiturates to animals 
enhances the enzymatic glucuronidation 
of bilirubin by liver microsomes, stimu- 
lates bile flow, and accelerates the 
metabolism of bilirubin in vivo (153). 
Studies in man indicate that long-term 
administration of phenobarbital lowers 
the concentration of bilirubin in the 
serum of patients with chronic intrahe- 
patic choles,tasis (154) and in the 
serum of jaundiced infants (155-157). 
The decrease in plasma concentration 
of bilirubin in subjects treated with 
phenobarbital was associated with a 
decreased half-life of bilirubin (156). 
The effectiveness of phenobarbital in 
lowering the concentration of serum 
bilirubin in infants with congenital non- 
hemolytic jaundice suggested that these 
infants did not have a complete genetic 
block in their ability to synthesize the 
enzymes involved in bilirubin metabo- 
lism. This observation is of considerable 
importance, for it suggests that some 
"genetic diseases" might be treated with 
a suitable enzyme inducer. Thompson 
et al. (158) showed that the administra- 
tion of DDT to a subject with non- 
hemolytic jaundice also decreased the 
concentration of bilirubin in the serum; 
after this treatment was stopped, the 
concentration of bilirubin remained low 
for several months, possibly because of 
the prolonged storage of DDT and its 
metabolites in fat. The mechanism of 
this effect appears similar to that postu- 
lated for barbiturates, since, in rats, 
DDT increased hepatic glucuronyl 
transferase activity. In some patients 
with hyperbilirubinemia, phenobarbital 
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Fig. 6. Effect of technical-grade DDT 
on uterine wet weight (120). Immature 
female rats were injected intraperitoneally 
with 50 mg/kg of technical-grade DDT. 

treatment did not lower the concentra- 
tion of bilirubin (157), and such results 
are similar to those obtained with the 
homozygous Gunn rat (159). 

Treatment of pregnant animals with 
phenobarbital increases the concentra- 
tions of enzymes that metabolize drugs 
and bilirubin in the newborn, and it 
appears that this effect also occurs in 
human beings (160, 161). Administra- 
tion of 60 mg of phenobarbital to 
pregnant women daily for 2 weeks or 
longer before delivery markedly in- 
hibited the transient hyperbilirubinemia 
that normally occurs in the newborn 
during the first few days of life ,(Table 
6)-presumably by stimulating hepatic 
enzymes in the newborn that metabo- 
lize bilirubin. Studies by Boggs et al. 
(162) indicate a positive relationship be- 
tween increasing concentrations of bili- 
rubin in the serum of newborn babies 
and the incidence of low motor and 
low mental scores attained at 8 months 
of age. These relationships do not begin 
abruptly at high concentrations of bili- 
rubin, but the incidence of adverse 
effects rises gradually and becomes sub- 
stantial at a concentration of 16 to 
19 mg of bilirubin per 100 ml of 
serum. The results suggest that rela- 
tively low levels of bilirubin may ad- 
versely affect the central nervous sys- 
tem,' and that it may be desirable to 
prevent or decrease the neonatal jaun- 
dice that occurs normally in human 
beings during the first few days of life. 
It would be important to know if pre- 
vention of the transient hyperbilirubi- 
nemia that occurs in the newborn would 
decrease the incidence of minimal neu- 
rological deficits, or perhaps even en- 
hance human intelligence. Studies on 
the use of phenobarbital or other micro- 
somal enzyme inducers to lower serum 
bilirubin should proceed cautiously, 
however, since these compounds may 
stimulate the activity of liver microsomal 
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enzymes that metabolize steroid hor- 
mones, lipid-soluble vitamins and other 
endogenous substances. Indeed, a coag- 
ulation defect that occurs in some 
newborn babies from women treated 
with anticonvulsants during pregnancy 
(152, 163) may be caused by the induc- 
tion of microsomal enzymes that 
metabolize vitamin K, since the coagu- 
lation defect is prevented by administra- 
tion of this vitamin. 

Conclusions 

It is evident that metabolic interac- 
tions can occur among drugs, insec- 
ticides, food additives, carcinogenic 
hydrocarbons, and a variety of environ- 
mental chemicals. A common denomi- 
nator governing these effects is the 
versatile nature of 'the liver microsomal 
enzymes that metabolize chemicals 
with diverse structures and biological 
activities, and the fact that these 
enzymes can be stimulated or inhibited 
by other chemicals administered simul- 
taneously. The discovery of these 
particular enzymes in the 1950's laid 
the groundwork for the current research 
on metabolic interactions. Such re- 
search provides information that is 
helpful in the evaluation of the safety 
and efficacy of drugs and environmental 
chemicals, and suggests new directions 
for further research. Some examples 
are as follows. 

1) The ability of a drug to stimulate 
or inhibit the metabolism of another 
drug can explain some of the side 
effects that occur in clinical practice. 
Although these interactions have been 
well documented during therapy with 
coumarin anticoagulants and several 
other therapeutic agents, more re- 
search is needed in view of the large 
number of drugs a patient may receive 
simultaneously. 

2) Tolerance to certain drugs after 
prolonged exposure ito them may be 
explained by enzyme induction, but 
the true significance of induction must 
be further explored. Enzyme induction 
must obviously be considered in the 
design of safety studies for new drugs 
(164). 

3) The ability of environmental 
chemicals to modify drug action pro- 
vides another area for further investi- 
gation. That such interactions are 
important in animals is emphasized 
by the fact that the first observation 
of this phenomenon was made by 
chance when an animal colony was 
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sprayed with chlordane. Because pheno- 
barbital administration to dairy cows 
lowers the concentration of DDT-re- 
lated substances in milk, the potential 
use of enzyme inducers to reduce insec- 
ticide contamination in food-producing 
animals should be further explored. 
There is evidence that some insecticides 
stimulate whereas others inhibit drug 
metabolism, but the significance of 
these effects remains to be established. 
Ethanol, which may 'be considered an 
environmental chemical, has been 
shown to influence the metabolism 
of some drugs and thus modify their 
action. The smoking of cigarettes 
appears to stimulate the metabolism 
of nicotine, lower the concentration 
of phenacetin in the plasma, and 
induce enzymes in the placenta that 
hydroxylate benzo[a]pyrene. 

4) Minor metabolites may be respon- 
sible for adverse reactions to drugs, 
and these pathways may be stimulated 
or inhibited 'by the simultaneous ad- 
ministration of another drug or expo- 
sure to an environmental chemical. 
The role of epoxides as active me- 
tabolites of carcinogens should be 
further investigated. 

5) The effect of drugs on the me- 
tabolism of steroids, lipid-soluble vita- 
mins, and other normal body constitu- 
ents has opened new areas of investiga- 
tion. Symptoms of vitamins D and K 
deficiencies have been observed follow- 
ing therapy with anticonvulsant drugs. 
Enzyme induction has been explored 
for the treatment of certain metabolic 
diseases, such as hyperbilirubinemia. 
The effect of insecticides on fertility 
in animals may be explained, at least 
in part, by the induction of enzymes 
that metabolize progesterone and other 
steroids. 

A considerable amount of informa- 
tion has already been obtained on the 
metabolic interactions between environ- 
mental chemicals and drugs. Much 
more research must be done, however, 
and it must include basic studies of 
tissue enzymes 'that may explain the 
effects of many of the observed interac- 
tions, as well as clinical studies in man 
that may help to establish the relevance 
to public health of the results obtained 
in vitro and in vivo with animals. In 
recent years, the National Academy 
of Sciences, the World Health Organi- 
zation, the Food and Drug Administra- 
tion, and 'the National Institutes of 
Health, among other groups, have 
recognized the importance of such 
investigations and have emphasized the 

need for a concerted effort by scientists 
in many disciplines to determine the 
importance to public health of the 
interactions that occur among the 
multitude of environmental chemicals 
to which we are all exposed. 

References and Notes 

1. H. L. Richardson, A. R. Stier, E. Borsos- 
Nachtnebel, Cancer Res. 12, 356 (1952). 

2. E. C. Miller, J. A. Miller, A. H. Conney, 
Proc. Amer. Ass. Cancer Res. 1, 32 (1954); 
R. R. Brown, J. A. Miller, E. C. Miller, 
J. Biol. Chem. 209, 211 (1954). 

3. A. H. Conney, E. C. Miller, J. A. Miller, 
Cancer Res. 16, 450 (1956). 

4. A. H. Conney, Pharmacol. Rev. 19, 317 
(1967). 

5. and R. Kuntzman, in Handbook of 
Experimental Pharmacology, B. B. Brodie 
and J. R. Gillette, Eds. (Springer-Verlag, 
New York, 1971), vol. 28, part 2, chap. 46. 

6. L. G. Hart and J. R. Fouts, Naunyn- 
Schmiedebergs Arch. Pharmakol. Exp. Pathol. 
249, 486 (1965). 

7. A. H. Conney, R. M. Welch, R. Kuntzman, 
J. J. Burns, Clin. Pharmacol. Ther. 8, 2 
(1967). 

8. F. K. Kinoshita and K. P. DuBois, Toxicol. 
Appl. Pharmacol. 17, 406 (1970). 

9. A. Jori, A. Bianchetti, P. E. Prestini, S. 
Garattini, Eur. J. Pharmacol. 9, 362 (1970). 

10. J. C. Arcos, A. H. Conney, N. P. Buu-Hoi, 
J. Biol. Chem. 236, 1291 (1961). 

11. R. M. Welch, Y. E. Harrison, B. W. Gommi, 
P. J. Poppers, M. Finster, A. H. Conney, 
Clin. Pharmacol. Ther. 10, 100 (1969). 

12. D. W. Nebert and H. V. Gelboin, Arch. Bio- 
chem. Biophys. 134, 76 (1969). 

13. J. L. Radomski, J. Pharmacol. Exp. Ther. 
134, 100 (1961); W. Levin and A. H. Conney, 
Cancer Res. 27, 1931 (1967). 

14. D. G. Wenzel and L. L. Broadie, Toxicol. 
Appl. Pharmacol. 8, 455 (1966). 

15. D. Gilbert and L. Golberg, Food Cosmet. 
Toxicol. 3, 417 (1965); P. J. Creaven, W. 
H. Davies, R. T. Williams, J. Pharm. Pharm- 
acol. 18, 485 (1966); C. M. Botham, D. M. 
Conning, J. Hayes, M. H. Litchfield, T. F. 
McElligott, Food Cosmet. Toxicol. 8, 1 
(1970). 

16. D. V. Parke and H. Rahman, Biochem. J. 
119, 53p (1970). 

17. C. Mitoma, L. Lombrozzo, S. E. LeValley, 
F. Dehn, Arch. Biochem. Biophys. 134, 434 
(1969). 

18. L. W. Wattenberg, M. A. Page, J. L. 
Leong, Cancer Res. 28, 934 (1968). 

19. R. M. Welch, W. Levin, A. H. Conney, J. 
Pharmacol. Exp. Ther. 155, 167 (1967). 

20. R. M. Welch, P. Rosenberg, J. M. Coon, 
Pharmacologist 1, 64 (1959). 

21. H. Jaffe, K. Fujii, M. Sengupta, H. Guerin, 
S. S. Epstein, Life Sci. 7, 1051 (1968); M. 
W. Anders, Biochem. Pharmacol. 17, 2367 
(1968); H. Jaffee, K. Fujii, H. Guerin, M. 
Sengupta, S. S. Epstein, ibid. 18, 1045 (1969). 

22. D. Neubert and D. Maibauer, Naunyn- 
Schmiedebergs Arch. Pharinakol. Exp. Pathol. 
235, 291 (1959). 

23. J. V. Dingell and M. Heimberg, Biochem. 
Pharmacol. 17, 1269 (1968). 

24. W. Levin, R. M. Welch, A. H. Conney, J. 
Pharmacol. Exp. Ther. 173, 247 (1970). 

25. M. S. Palmer, D. H. Swanson, D. L. Coffin, 
Cancer Res. 31, 730 (1971). 

26. D. Y. Cooper, S. Levin, S. Narasimhulu, 0. 
Rosenthal, R. W. Estabrook, Science 147, 
400 (1965); A. H. Conney, W. Levin, M. 
Ikeda, R. Kuntzman, D. Y. Cooper, 0. 
Rosenthal, J. Biol. Chem. 243, 3912 (1968). 

27. A. H. Conney, N. Engl. J. Med. 280, 653 
(1969); G. J. Mannering, in Handbook of 
Experimental Pharmacology, B. B. Brodie 
and J. R. Gillette, Eds. (Springer-Verlag, New 
York, 1971), vol. 28, part 2, chap. 49; A. 
H. Conney and H. V. Gelboin, in Drug- 
Induced Diseases, L. Meyler and H. M. 
Peck, Eds. (Excerpta Medica, Amsterdam, 
vol. 4, in press). 

28. G. J. Mannering, in Selected Pharmacological 
Testing Methods, A. Burger, Ed. (Dekker, 
New York, 1968), p. 51. 

29. H. V. Gelboin, Adv. Cancer Res. 10, 1 
(1967); S. P. Sher, Toxicol. Appl. Pharma- 

SCIENCE, VOL. 178 



col. 18, 780 (1971); H. Selye, Hormones 
and Resistance (Springer-Verlag, New York, 
1971), vols. 1 and 2. 

30. A. H. Conney, C. Davison, R. Gastel, J. J. 
Burns, J. Pharmacol. Exp. Ther. 130, 1 
(1960). 

31. S. A. Cucinell, A. H. Conney, M. Sansur, J. 
J. Burns, Clin. Pharmacol. Ther. 6, 420 
(1965). 

32. M. Ikeda, A. H. Conney, J. J. Bums, J. 
Pharmacol. Exp. Ther. 162, 338 (1968). 

33. M. G. MacDonald, D. S. Robinson, D. 
Sylwester, J. J. Jaffe, Clin. Pharmacol. Ther. 
10, 80 (1969). 

34. R. M. Welch, Y. E. Harrison, A. H, Con- 
ney, J. J. Burns, ibid., p. 817. 

35. E. Rubin and C. S. Lieber, Science 172, 
1097 (1971). 

36. L. G. Hart, R. W. Shultice, J. R. Fouts, 
Toxicol. Appl. Pharmacol. 5, 371 (1963). 

37. The following abbreviations are used for 
DDT and DDT derivatives: DDT or p,p'- 
DDT, 1,1,1-trichloro-2-2-bis(p-chlorophenyl)- 
ethane; o,p'-DDT, 1,1,1-trichloro-2-(o-chloro- 
phenyl)-2-(p-chlorophenyl)ethane; DDE or 
p,p'-DDE, 1,1-dichloro-2,2-bis(p-chlorophenyl)- 
ethylene; o,p'-DDD, 1,1-dichloro-2-(o-chloro- 
phenyl)-2-(p-chlorophenyl)ethane; m,p'-DDD, 
1, -dichloro-2-(m -chlorophenyl)-2-(p-chloro- 
phenyl)ethane; p,p'-DDD, 1,1-dichloro-2,2- 
bis(p-chlorophenyl)ethane; DDA, bis(p-chloro- 
phenyl)-acetic acid. 

38. G. Gerboth and U. Schwabe, Naunyn- 
Schmiedebergs Arch. Pharmakol. Exp. Pathol. 
246, 469 (1964). 

39. W. F. Durham, Arch. Environ. Health 10, 
842 (1965); G. E. Quinby, W. J. Hayes, Jr., 
J. F. Armstrong, W. F. Durham, J. Amer. 
Med. Ass. 191, 175 (1965). 

40. B. Kolmodin, D. L. Azarnoff, F. Sjoqvist, 
Clin. Pharmacol. Ther. 10, 638 (1969). 

41. A. Poland, D. Smith, R. Kuntzman, M. Ja- 
cobson, A. H. Conney, ibid. 11, 724 (1970). 

42. H. B. Matthews, M. Skrinjaric-Spoljar, J. 
E. Casida, Life Sci. 9, part 1, 1039 (1970). 

43. B. C. Fine and J. O. Malloy, Nature 204, 
789 (1964); K. Fujii, H. Jaffe, S. Epstein, 
Toxicol. Appl. Pharmacol. 13, 431 (1968); 
K. Fujii, H. Jaffe, Y. Bishop, E. Arnold, 
D. Mackintosh, S. S. Epstein, ibid. 16, 482 
(1970). 

44. H. L. Falk, S. J. Thompson, P. Kotin, Arch. 
Environ. Health 10, 847 (1965); H. L. Falk 
and P. Kotin, Ann. N.Y. Acad. Sci. 160, 
299 (1969). 

45. S. S. Epstein, J. Andrea, P. Clapp, D. 
Mackintosh, Toxicol. Appl. Pharmacol. 11, 
442 (1967). 

46. S. S. Epstein, S. Joshi, J. Andrea, P. Clapp, 
H. Falk, N. Mantel, Nature 214, 526 (1967). 

47. A. H. Conney, R. Chang, W. Levin, A. Gar- 
but, A. D. Munro-Faure, A. W. Peck, A. 
Bye, Arch. Environ. Health 24, 97 (1972). 

48. A. H. Conney, R. Welch, R. Kuntzman, R. 
Chang, M. Jacobson, A. D. Munro-Faure, 
A. W. Peck, A. Bye, A. Poland, P. J. Pop- 
pers, M. Finster J. A. Wolff, Ann. N.Y. 
Acad. Sci. 179, 155 (1971). 

49. H. L. Falk and P. Kotin, Clin. Pharmacol. 
Ther. 4, 88 (1963); E. L. Wynder and D. 
Hoffman, Tobacco and Tobacco Smoke 
(Academic Press, New York, 1967), pp. 
336-339; G. N. Wogan, Fed. Proc. 27, 932 
(1968); N. D. McGlashan, C. L. Walters, 
A. E. M. McLean, Lancet 1968-U1, 1017 
(1968); F. Homburger and E. Boger, Cancer 
Res. 28, 2372 (1968); L. S. DuPlessis, J. R. 
Nunn, W. A. Roach, Nature 222, 1198 (1969); 
H. R. Burmeister and L. Leistner, Fleisch- 
wirtschaft 50, 685 (1970); W. Lijinsky and 
S. S. Epstein, Nature 225, 21 (1970); P. 
N. Magee, Food Cosmet. Toxicol. 9, 207 
(1971). 

50. R. Kuntzman, L. C. Mark, M. Jacobson, W. 
Levin, A. H. Conney, J. Pharmacol. Exp. 
Ther. 152, 151 (1966). 

51. R. Montesano and P. N. Magee, Nature 228, 
173 (1970). 

52. W. Levin, A. H. Conney, A. P. Alvares, I. 
Merkatz, A. Kappas, Science 176, 419 (1972). 

53. R. M. Welch, Y. E. Harrison, A. H. Conney, 
P. J. Poppers, M. Finster, ibid. 160, 541 
(1968); D. W. Nebert, J. Winker, H. V. 
Gelboin, Cancer Res. 29, 1763 (1969). 

54. A. H. Conney, E. C. Miller, J. A. Miller, J. 
Biol. Chem. 228, 753 (1957). 

55. L. W. Wattenberg and J. L. Leong, J. 
Histochem. Cytochem. 10, 412 (1962); L. W. 
Wattenberg, J. L. Leong, P. J. Strand. 
Cancer Res. 22, 1120 (1962). 

10 NOVEMBER. 1972 

56. E. Schlede, R. Kuntzman, S. Haber, A. H. 
Conney, Cancer Res. 30, 2893 (1970). 

57. E. Schlede, R. Kuntzman, A. H. Conney, 
ibid., p. 2893. 

58. W. G. Levine, J. Pharmacol. Exp. Ther. 175, 
301 (1970). 

59. P. Kotin, H. L. Falk, A. Miller, J. Nat. 
Cancer Inst. 28, 725 (1962). 

60. L. W. Wattenberg and J. L. Leong, Cancer 
Res. 30, 1922 (1970). 

61. C. Huggins, L. Grand, R. Fukunishi, Proc. 
Nat. Acad. Sci. U.S.A. 51, 737 (1964); C. 
Huggins and J. Pataki, ibid. 53, 791 (1965); 
D. N. Wheatley, Brit. J. Cancer 22, 787 
(1968); L. W. Wattenberg and J. L. Leong, 
Proc. Soc. Exp. Biol. Med. 128, 940 (1968); 
K. Kovacs and A. Somogyi, Eur. J. Cancer 
6, 195 (1970). 

62. E. C. Miller, J. A. Miller, R. R. Brown, J. 
C. MacDonald, Cancer Res. 18, 469 (1958). 

63. H. N. Tawfic, Acta Pathol. Jap. 15, 255 (1965). 
64. R. S. Yamamoto, J. H. Weisburger, E. K. 

Weisburger, Cancer Res. 31, 483 (1971). 
65. A. E. M. McLean and A. Marshall, Brit. J. 

Exp. Pathol. 52, 322 (1971). 
66. W. Kunz, G. Schaude, C. Thomas, Z. Krebs- 

forsch. 72, 291 (1969). 
67. R. J. Meechan, D. E. McCafferty, R. S. 

Jones, Cancer Res. 13, 802 (1953). 
68. J. V. Gelboin and F. J. Wiebel, Ann. N.Y. 

Acad. Sci. 179, 529 (1971). 
69. P. L. Grover, P. Sims, E. Huberman, H. 

Marquardt, T. Kuroko, C. Heidelberger, 
Proc. Nat. Acad. Sci. U.S.A. 68, 1098 (1971); 
J. A. Miller and E. C. Miller, J. Nat. Cancer 
Inst. 47, V-XIV (1971). 

70. H. V. Gelboin, Cancer Res. 29, 1272 (1969); 
J. K. Selkirk, E. Huberman, C. Heidelberger, 
Biochem. Biophys. Res. Commun. 43, 1010 
(1971); S. Udenfriend, Ann. N.Y. Acad. Sci. 
179, 295 (1971). 

71. H. V. Gelboin, E. Huberman, L. Sachs, 
Proc. Nat. Acad. Sci. U.S.A. 64, 1188 (1969); 
L. Diamond and H. V. Gelboin, Science 
166, 1023 (1969); G. A. Belitskii, Iu. M. 
Vasil'ev, O. Iu. Ivanova, N. A. Lavrova, 
E. L. Progozhina, N. L. Samoilina, A. A. 
Stavrovskaya, A. Ya. Khesina, L. M. Shabad, 
Vop. Onkol. 16, 53 (1970); L. Diamond and 
H. F. Clark, J. Nat. Cancer Inst. 45, 1005 
(1970). 

72. R. M. Welch, A. Loh, A. H. Conney, Life 
Sci. 10, 215 (1971). 

73. R. M. Welch, Y. E. Harrison, A. H. Con- 
ney, P. J. Poppers, M. Finster, Science 160, 
541 (1968); D. W. Nebert, J. Winker, H. V. 
Gelboin, Cancer Res. 29, 1763 (1969). 

74. M. R. Juchau, Toxicol. Appl. Pharnacol. 18, 
665 (1971). 

75. A. H. Conney, A. P. Alvares, W. Levin, A. 
Kappas, Pharmacologist 13, 244 (1971). 

76. A. H. Beckett and E. J. Triggs, Nature 216, 
587 (1967). 

77. E. Pantuck, R. Kuntzman, A. H. Conney, 
Science 175, 1248 (1972). 

78. L. Lemberger, N. R. Tamarkin, J. Axelrod, 
1. J. Kopin, ibid. 173, 72 (1971). 

79. K. P. DuBois and F. K. Kinoshita, Proc. 
Soc. Exp. Biol. Med. 129, 699 (1968); D. C. 
Villeneuve, W. E. J. Phillips, J. Syrotiuk, 
Bull. Environ. Contam. Toxicol. 5, 125 (1970); 
R. E. Menzer and N. H. Best, Toxicol. 
Appl. Pharmacol. 13, 37 (1968); H. Selye, 
Arch. Environ. Health 21, 706 (1970). 

80. R. Kato, Arzneimittel-Forschung 11, 797 
(1961). 

81. J. C. Street, Science 146, 1580 (1964). 
82. -- and A. D. Blau, Toxicol. Appl. 

Pharmtacol. 8, 497 (1966). 
83. J. C. Street, R. W. Chadwick, M. Wang, R. 

L. Phillips, J. Agr. Food Cheml. 14, 545 
(1966). 

84. C. Cueto, Jr., and W. J. Hayes, Jr., Toxicol. 
Appl. Pharmacol. 7, 481 (1965); J. C. Street, 
M. Wang, A. D. Blau, Bull. Environ. Con- 
tam. Toxicol. 1, 6 (1966). 

85. W. Koransky, J. Protig, H. W. Vohland, 
I. Klempau, Arch. Exp. Pathol. Parmacol. 
247, 49 (1964). 

86. R. M. Cook and K. A. Wilson, J. Agr. 
Food Chem. 18, 441 (1970). 

87. J. G. Alary, P. Guay, J. Brodeur, Toxicol. 
Appl. Pharmacol. 18, 457 (1971). 

88. J. E. Davies, W. F. Edmundson, C. H. 
Carter, A. Barquet, Lancet 1969-II, 7 (1969). 

89. W. F. Edmundson, J. E. Davies, A. Maceo, 
C. Morgade, S. Med. J. 63, 1441 (1970). 

90. W. P. Schoor, Lancet 1970-I, 520 (1970); 
D. S. Kwalick, J. Amer. Med. Ass. 215, 120 
(1971). 

91. R. O. Arias and L. C. Terriere, J. Econ. 
Entomol. 55, 925 (1962); M. Agosin, Bull. 
World Health Organ. 29, Suppl. 69 (1963); 
F. W. Plapp, Jr., and J. E. Casida, J. Econ. 
Entomol. 62, 1174 (1969). 

92. L. Gil, B. C. Fine, M. L. Dinamarca, I. 
Balazs, J. R. Busvine, M. Agosin, Entontol. 
Exp. Appl. 11, 15 (1968). 

93. R. D. Schonbrod, W. W. Philleo, L. C. 
Terriere, J. Econ. Entomol. 58, 74 (1965). 

94. H. H. Moorefield, Contrib. Boyce Thompson 
Inst. Plant Res. 19, 501 (1958); Y.-P. Sun 
and E. R. Johnson, J. Agr. Food Chem. 8, 
261 (1960); E. Hodgson and J. E. Casida, 
Biochem. Pharmacol. 8, 179 (1961); T. R. 
Fukuto, R. L. Metcalf, M. Y. Winton, P. A. 
Roberts, J. Econ. Entomol. 55, 341 (1962); 
S. C. Chang and C. W. Kearns, ibid. 57, 
397 (1964); W. W. Philleo, R. D. Schonbrod, 
L. C. Terriere, J. Agr. Food Chem. 13, 113 
(1965); M. Tsukamoto, S. P. Shrivastava, 
J. E. Casida, J. Econ. Entomol. 61, 50 
(1968); J. E. Casida, in Microsomes and 
Drug Oxidations, J. R. Gillette, A. H. 
Conney, G. J. Cosmides, R. W. Estabrook, 
J. R. Fouts, G. J. Mannering, Eds. (Aca- 
demic Press, New York, 1969), chap. 4. 

95. M. Agosin, N. Scaramelli, L. Gil, M. E. 
Letelier, Comp. Biochem. Physiol. 29, 785 
(1969). 

96. A. S. Perry, W. E. Dale, A. J. Buckner, 
Pesticide Biochem. Physiol. 1, 131 (1971). 

97. N. Ahmad and W. A. Brindley, Toxicol. 
Appl. Pharmacol. 18, 124 (1971). 

98. F. J. Oppenoorth and N. W. H. IHoux, 
Entoniol. Exp. Appl. 11, 81 (1968). 

99. F. W. Plapp, Jr., and J. Casida, J. Econ. 
Entonol. 63, 1091 (1970). 

100. C. R. Walker and L. C. Terriere, Entomol. 
Exp. Appl. 13, 260 (1970); L. C. Terriere, 
S. J. Yu, R. F. Hoyer, Science 171, 581 
(1971). 

101. R. Kuntzman, M. Jacobson, K. Schneidman, 
A. H. Conney, J. Pharmacol. Exp. Ther. 146, 
280 (1964). 

102. W. Levin, R. M. Welch, A. H. Conney, 
ibid. 159, 362 (1968). 

103. A. H. Conney and A. Klutch, J. Biol. Chem. 
238, 1611 (1963). 

104. A. H. Conney, M. Jacobson, W. Levin, K. 
Schneidman, R. Kuntzman, J. Pharmacol. 
Exp. Ther. 154, 310 (1966). 

105. R. M. Welch, W. Levin, R. Kuntzman, M. 
Jacobson, A. H. Conney, Toxicol. Appl. 
Pharmnacol. 19, 234 (1971). 

106. W. Levin, R. M. Welch, A. H. Conney, 
Steroids 13, 155 (1969). 

107. R. M. Welch, W. Levin, A. H. Conney, J. 
Pharmacol. Exp. Ther. 160, 171 (1968). 

108. W. Levin, R. M. Welch, A. H. Conney, 
Endrocinology 83, 149 (1968); F. J. Calhoun, 
W. W. Tolson, J. J. Schrogie, Proc. Soc. 
Exp. Biol. Med. 136, 47 (1971). 

109. J. Axelrod, J. Reichenthal, B. B. Brodie, J. 
Pharmacol. Exp. Ther. 112, 49 (1954); J. R. 
Cooper, J. Axelrod, B. B. Brodie, ibid. 122, 
55 (1954). 

110. D. Kupfer and L. Peets, Nature 215, 637 
(1967). 

111. H. A. Sasame, J. A. Castro, J. R. Gillette, 
Biochemn. Pharmacol. 17, 1759 (1968). 

112. E. E. Werk, Jr., J. MacGee, L. J. Sholiton, 
J. Clin. Invest. 43, 1824 (1964). 

113. T. Bledsoe, D. P. Island, R. L. Ney, G. W. 
Liddle, J. Clin. Endocrinol. 24, 1303 (1964). 

114. S. Burstein and E. L. Klaiber, ibid. 25, 293 
(1965). 

115. R. Kuntzman, M. Jacobson, A. H. Conney, 
Pharmacologist 8, 195 (1966). 

116. R. Kuntzman, M. Jacobson, W. Levin, A. H. 
Conney, Biochem. Pharmacol. 17, 565 (1968). 

117. A. H. Conney, in Fundamentals of Drug 
Metabolism and Drug Disposition, B. N. 
LaDu, H. G. Mandel, E. L. Way, Eds. 
(Williams & Wilkins, Baltimore, 1971), chap. 
13. 

118. A. L. Southern, G. G. Gordon, S. Tochimoto, 
E. Krikun, D. Krieger, M. Jacobson, R. 
Kuntzman, J. Clin. Endocrinol. 29, 251 
(1969). 

119. W. Levin, R. M. Welch, A. H. Conney, 
Fed. Proc. 27, 649 (1968). 

120. R. M. Welch, W. Levin, A. H. Conney, 
Toxicol. Appl. Pharmacol. 14, 358 (1969). 

121. H. C. Cecil, J. Bitman, S. J. Harris, J. 
Agr. Food Chem. 19, 61 (1971). 

122. J. Bitman and H. C. Cecil, ibid. 18, 1108 
(1970). 

123. - , S. J. Harris, G. F. Fries, Science 
162, 371 (1968). 

585 



124. R. T. Duby, H. F. Travis, C. E. Terrill, 
Toxicol. Appl. Pharmacol. 18, 348 (1971). 

125. R. L. Singhal, J. R. E. Valadares, W. S. 
Schwark, Biochem. Pharmacol. 19, 2145 
(1970). 

126. Editorial, Brit. Med. 1. 4, 446 (1969); P. H. 
Abelson, Science 164, 633 (1969); R. White- 
Stevens, ibid. 170, 928 (1970). 

127. D. A. Ratcliffe, Bird Study 10, 56 (1963); 
J. J. Hickey, Ed., Peregrine Falcon Popula- 
tions: Their Biology and Decline (Univ. of 
Wisconsin Press, Madison, 1969); G. M. 
Woodwell, C. F. Wurster, P. A. Isaacson, 
Science 156, 821 (1967); W. M. Miller and 
0. G. Berg, Chemical Fallout (Thomas, 
Springfield, Ill., 1969). 

128. R. W. Risebrough, P. Rieche, D. B. Peakall, 
S. G. Herman, M. N. Kirven, Nature 220, 
1098 (1968). 

129. J. Bitman, H. C. Cecil, S. J. Harris, G. F. 
Fries, ibid. 224, 44 (1969). 

130. T. J. Cade, J. L. Lincer, C. M. White, D. 
G. Roseneau, L. G. Swartz, Science 172, 955 
(1971). 

131. K. Simkiss, Calcium in Reproductive Phys- 
iology: A Comparative Study of Vertebrates 
(Reinhold, New York, 1967), chap. 12, p. 
155. 

132. D. B. Peakall, Nature 216, 505 (1967). 
133. J. L. Lincer and D. B. Peakall, ibid. 228, 

783 (1970). 
134. D. B. Peakall, Science 168, 592 (1970). 
135. W. B. Deichmann, W. E. MacDonald, A. G. 

Beasley, D. Cubit, Indian Med. Surg. 40, 10 
(1971). 

136. L. Z. McFarland and P. B. Lacy, Toxicol. 
Appl. Pharmacol. 15, 441 (1969). 

137. J. J. Huber, ibid. 7, 516 (1965). 
138. A. M. Ambrose, H. E. Christensen, D. J. 

Robbins, L. J. Rather, AMA Arch. Ind. 
Hyg. 7, 197 (1953). 

139. W. L. Ball, K. Kay, J. W. Sinclair, ibid., 
p. 292. 

140. R. F. Bernard and R. A. Gaertner, J. Mam- 
mal. 45, 272 (1964). 

141. A. Ottoboni, Toxicol. Appl. Pharmacol. 14, 
74 (1969). 

142. G. W. Ware and E. E. Good, ibid. 10, 54 
(1967). 

143. T. R. Wrenn, J. R. Wood, G. F. Fries, J. 
Bitman, Bull. Environ. Contam. Toxicol. 5, 
61 (1970). 

144. G. W. Harris, Endocrinology 75, 627 (1964). 
145. W. W. Leavitt and D. M. Meismer, Nature 

218, 181 (1968); R. J. Gellert, J. L. Bakke, 
N. L. Lawrence, Fert. Steril. 22, 244 (1971). 

124. R. T. Duby, H. F. Travis, C. E. Terrill, 
Toxicol. Appl. Pharmacol. 18, 348 (1971). 

125. R. L. Singhal, J. R. E. Valadares, W. S. 
Schwark, Biochem. Pharmacol. 19, 2145 
(1970). 

126. Editorial, Brit. Med. 1. 4, 446 (1969); P. H. 
Abelson, Science 164, 633 (1969); R. White- 
Stevens, ibid. 170, 928 (1970). 

127. D. A. Ratcliffe, Bird Study 10, 56 (1963); 
J. J. Hickey, Ed., Peregrine Falcon Popula- 
tions: Their Biology and Decline (Univ. of 
Wisconsin Press, Madison, 1969); G. M. 
Woodwell, C. F. Wurster, P. A. Isaacson, 
Science 156, 821 (1967); W. M. Miller and 
0. G. Berg, Chemical Fallout (Thomas, 
Springfield, Ill., 1969). 

128. R. W. Risebrough, P. Rieche, D. B. Peakall, 
S. G. Herman, M. N. Kirven, Nature 220, 
1098 (1968). 

129. J. Bitman, H. C. Cecil, S. J. Harris, G. F. 
Fries, ibid. 224, 44 (1969). 

130. T. J. Cade, J. L. Lincer, C. M. White, D. 
G. Roseneau, L. G. Swartz, Science 172, 955 
(1971). 

131. K. Simkiss, Calcium in Reproductive Phys- 
iology: A Comparative Study of Vertebrates 
(Reinhold, New York, 1967), chap. 12, p. 
155. 

132. D. B. Peakall, Nature 216, 505 (1967). 
133. J. L. Lincer and D. B. Peakall, ibid. 228, 

783 (1970). 
134. D. B. Peakall, Science 168, 592 (1970). 
135. W. B. Deichmann, W. E. MacDonald, A. G. 

Beasley, D. Cubit, Indian Med. Surg. 40, 10 
(1971). 

136. L. Z. McFarland and P. B. Lacy, Toxicol. 
Appl. Pharmacol. 15, 441 (1969). 

137. J. J. Huber, ibid. 7, 516 (1965). 
138. A. M. Ambrose, H. E. Christensen, D. J. 

Robbins, L. J. Rather, AMA Arch. Ind. 
Hyg. 7, 197 (1953). 

139. W. L. Ball, K. Kay, J. W. Sinclair, ibid., 
p. 292. 

140. R. F. Bernard and R. A. Gaertner, J. Mam- 
mal. 45, 272 (1964). 

141. A. Ottoboni, Toxicol. Appl. Pharmacol. 14, 
74 (1969). 

142. G. W. Ware and E. E. Good, ibid. 10, 54 
(1967). 

143. T. R. Wrenn, J. R. Wood, G. F. Fries, J. 
Bitman, Bull. Environ. Contam. Toxicol. 5, 
61 (1970). 

144. G. W. Harris, Endocrinology 75, 627 (1964). 
145. W. W. Leavitt and D. M. Meismer, Nature 

218, 181 (1968); R. J. Gellert, J. L. Bakke, 
N. L. Lawrence, Fert. Steril. 22, 244 (1971). 

146. W. L. Heinrichs, R. J. Gellert, J. L. Bakke, 
N. L. Lawrence, Science 173, 642 (1971). 

147. K. B. Singh, Obstet. Gynecol. Surv. 24, 2 
(1969). 

148. C. E. Dent, A. Richens, D. J. F. Rowe, T. 
C. B. Stamp, Brit. Med. J. 4, 69 (1970); A. 
Richens and D. J. F. Rowe, ibid. 4, 73 
(1970); J. Hunter, J. D. Maxwell, D. A. 
Stewart, V. Parsons, R. Williams, ibid. 4, 
202 (1971); A. D. Borgstedt, M. F. Bryson, 
L. W. Young, G. B. Forbes, Pediatrics 81, 
9 (1972); T. J. Hahn, J. G. Haddad, B. A. 
Hendin. Clin. Res. 2, 238 (1972); T. J. Hahn, 
J. G. Haddad, S. J. Birge, L. V. Avioli, J. 
Clin. Invest. 49, 39a (1970). 

149. A. Richens and D. J. F. Rowe, Brit. J. 
Pharmacol. 40, 539P (1970). 

150. B. Tuchweber, B. D. Garg, S. Hatakeyama, 
Int. J. Vitamin Res. 40, 575 (1970). 

151. C. R. Seward, M. Young, E. L. Hove, Fed. 
Proc. 29, 1777 (1970). 

152. K. R. Mountain, J. Hirsh, A. S. Gallus, 
Lancet 1970-1, 265 (1970). 

153. C. Catz and S. J. Yaffe, Amer. J. Dis. Child. 
104, 516 (1962); R. J. Roberts and G. L. 
Plaa, Biochem. Pharmacol. 16, 827 (1967). 

154. R. P. H. Thompson and R. Williams, Lan- 
cet 1967-II, 646 (1967). 

155. J. F. Crigler, Jr., and N. I. Gold, J. Clin. 
Invest. 45, 998 (1966); S. J. Yaffe, G. Levy, 
T. Matsuzawa, T. Baliah, N. Enzl. J. Med. 
275, 1461 (1966); L. Stem, N. N. Khanna, 
G. Levy, S. J. Yaffe, Amer. J. Dis. Child. 
120, 26 (1970). 

156. J. F. Crigler, Jr., and N. I. Gold, J. Clin. 
Invest. 48, 42 (1969). 

157. I. M. Arias, L. M. Gartner, M. Cohen, J. 
Ben Ezzer, A. J. Levi, Amer. J. Med. 47, 
395 (1969). 

158. R. P. H. Thompson, C. W. T. Pilcher, J. 
Robinson, G. M. Stathers, A. E. M. Mc- 
Lean, R. Williams, Lancet 1969-II, 4 (1969). 

159. A. DeLeon, L. M. Gartner, I. M. Arias, J. 
Lab. Clin. Med. 70, 273 (1967). 

160. H. M. Maurer, J. A. Wolff, M. Finster, P. 
J. Poppers, E. Pantuck, R. Kuntzman, A. H. 
Conney, Lancet 1968-11, 122 (1968). 

161. D. Trolle, ibid., p. 705. 
162. T. R. Boggs, Jr., J. B. Hardy, T. M. Frazier, 

J. Pediat. 71, 553 (1967). 
163. S. Doxiadis, Hosp. Pract. 5, 115 (1970). 
164. J. J. Burns, S. A. Cucinell, R. Koster, A. 

H. Conney, Ann. N.Y. Acad. Sci. 123, 273 
(1965). 

165. P. G. Dayton, Y. Tarcan, T. Chenkin, M. 
Weiner, J. Clin. Invest. 40, 1797 (1961). 

146. W. L. Heinrichs, R. J. Gellert, J. L. Bakke, 
N. L. Lawrence, Science 173, 642 (1971). 

147. K. B. Singh, Obstet. Gynecol. Surv. 24, 2 
(1969). 

148. C. E. Dent, A. Richens, D. J. F. Rowe, T. 
C. B. Stamp, Brit. Med. J. 4, 69 (1970); A. 
Richens and D. J. F. Rowe, ibid. 4, 73 
(1970); J. Hunter, J. D. Maxwell, D. A. 
Stewart, V. Parsons, R. Williams, ibid. 4, 
202 (1971); A. D. Borgstedt, M. F. Bryson, 
L. W. Young, G. B. Forbes, Pediatrics 81, 
9 (1972); T. J. Hahn, J. G. Haddad, B. A. 
Hendin. Clin. Res. 2, 238 (1972); T. J. Hahn, 
J. G. Haddad, S. J. Birge, L. V. Avioli, J. 
Clin. Invest. 49, 39a (1970). 

149. A. Richens and D. J. F. Rowe, Brit. J. 
Pharmacol. 40, 539P (1970). 

150. B. Tuchweber, B. D. Garg, S. Hatakeyama, 
Int. J. Vitamin Res. 40, 575 (1970). 

151. C. R. Seward, M. Young, E. L. Hove, Fed. 
Proc. 29, 1777 (1970). 

152. K. R. Mountain, J. Hirsh, A. S. Gallus, 
Lancet 1970-1, 265 (1970). 

153. C. Catz and S. J. Yaffe, Amer. J. Dis. Child. 
104, 516 (1962); R. J. Roberts and G. L. 
Plaa, Biochem. Pharmacol. 16, 827 (1967). 

154. R. P. H. Thompson and R. Williams, Lan- 
cet 1967-II, 646 (1967). 

155. J. F. Crigler, Jr., and N. I. Gold, J. Clin. 
Invest. 45, 998 (1966); S. J. Yaffe, G. Levy, 
T. Matsuzawa, T. Baliah, N. Enzl. J. Med. 
275, 1461 (1966); L. Stem, N. N. Khanna, 
G. Levy, S. J. Yaffe, Amer. J. Dis. Child. 
120, 26 (1970). 

156. J. F. Crigler, Jr., and N. I. Gold, J. Clin. 
Invest. 48, 42 (1969). 

157. I. M. Arias, L. M. Gartner, M. Cohen, J. 
Ben Ezzer, A. J. Levi, Amer. J. Med. 47, 
395 (1969). 

158. R. P. H. Thompson, C. W. T. Pilcher, J. 
Robinson, G. M. Stathers, A. E. M. Mc- 
Lean, R. Williams, Lancet 1969-II, 4 (1969). 

159. A. DeLeon, L. M. Gartner, I. M. Arias, J. 
Lab. Clin. Med. 70, 273 (1967). 

160. H. M. Maurer, J. A. Wolff, M. Finster, P. 
J. Poppers, E. Pantuck, R. Kuntzman, A. H. 
Conney, Lancet 1968-11, 122 (1968). 

161. D. Trolle, ibid., p. 705. 
162. T. R. Boggs, Jr., J. B. Hardy, T. M. Frazier, 

J. Pediat. 71, 553 (1967). 
163. S. Doxiadis, Hosp. Pract. 5, 115 (1970). 
164. J. J. Burns, S. A. Cucinell, R. Koster, A. 

H. Conney, Ann. N.Y. Acad. Sci. 123, 273 
(1965). 

165. P. G. Dayton, Y. Tarcan, T. Chenkin, M. 
Weiner, J. Clin. Invest. 40, 1797 (1961). 

166. R. A. Buchanan, J. C. Heffelfinger, C. F. 
Weiss, Pediatrics 43, 114 (1969); P. L. Mar. 
selli, M. Rizzo, S. Garattini, Ann. N.Y. 
Acad. Sci. 179, 88 (1971). 

167. R. W. Jelliffe and D. H. Blankenhorn, Clint 
Res. 14, 160 (1966). 

168. V. H. Saggers, N. Hariratnajothi, A. E. M. 
McLean, Biochem. Parmacol. 19, 499 (1970). 

169. H. Remmer, Proc. Internat. Pharmacol. Meet. 
6, 235 (1961). 

170. W. Hammer, C. M. Idestrom, F. Sjdqvist, 
Proceedings of the First International Sym- 
posium on Antidepressant Drugs, Milan, 1966 
(Excerpta Medica, Amsterdam, 1967), p. 301. 

171. F. M. Forrest, I. S. Forrest, M. T. Serra, 
Proc. West. Pharmacol. Soc. 12, 31 (1969). 

172. A. J. Levi, S. Sherlock, D. Walker, Lancet 
1968-1, 1275 (1968). 

173. J. Heinonen, S. Takki, L. Jarho, Acta 
Anaesthesiol. Scand. 14, 89 (1970). 

174. K. Schmid, F. Cornu, P. Imhof, H. Keberle, 
Schweiz. Med. Wochenschr. 94, 235 (1964). 

175. W. Chen, P. A. Vrendten, P. G. Dayton, J. 
J. Burns, Life Sci. 1, 35 (1962). 

176. H. M. Solomon, S. Reich, N. Spirit, W. B. 
Abrams, Ann. N.Y. Acad. Sci. 179, 362 
(1971). 

177. A. Breckenridge, M. L. E. Orme, S. Thor- 
geirsson, D. S. Davies, R. V. Brooks, Clin. 
Sci. 40, 351 (1971). 

178. J. F. Douglas, B. J. Ludwig, N. Smith, Proc. 
Soc. Exp. Biol. Med. 112, 436 (1963). 

179. J. H. Mendelson, S. Stein, N. K. Mello, 
Metabolism 14, 1255 (1965). 

180. R. M. H. Kater, G. Roggin, F. Tobon, P. 
Zieve, F. L. Iber, Amer. J. Med. Sci. 258, 35 
(1969). 

181. R. M. H. Kater, F. Tobon, F. L. Iber, J. 
Amer. Med. Ass. 207, 363 (1969). 

182. E. S. Vesell, J. G. Page, G. T. Passananti, 
Clin. Pharmacol. Ther. 12, 192 (1971). 

183. R. Waltman, F. Bonura, G. Nigrin, C. 
Pipat, Lancet 1969-11, 1265 (1969). 

184. F. Sereni, L. Perletti, A. Marini, Pediatrics 
40, 446 (1967). 

185. W. Jubiz, A. W. Meikle, R. A. Levinson, 
S. Mizutani, C. D. West, F. H. Tyler, N. 
Engl. J. Med. 283, 11 (1970). 

186. J. E. Davies, W. F. Edmundson, A. Maceo, 
G. L. Irvin, III, J. Cassady, A. Barquet, 
Food Cosmet. Toxicol. 9, 413 (1971). 

187. P. R. Larsen, A. J. Atkinson, Jr., H. N. 
Wellman, R. E. Goldsmith, J. Clin. Invest. 
49, 1266 (1970). 

188. We thank M. Sadvary for her assistance in 
the preparation of this manuscript. 

166. R. A. Buchanan, J. C. Heffelfinger, C. F. 
Weiss, Pediatrics 43, 114 (1969); P. L. Mar. 
selli, M. Rizzo, S. Garattini, Ann. N.Y. 
Acad. Sci. 179, 88 (1971). 

167. R. W. Jelliffe and D. H. Blankenhorn, Clint 
Res. 14, 160 (1966). 

168. V. H. Saggers, N. Hariratnajothi, A. E. M. 
McLean, Biochem. Parmacol. 19, 499 (1970). 

169. H. Remmer, Proc. Internat. Pharmacol. Meet. 
6, 235 (1961). 

170. W. Hammer, C. M. Idestrom, F. Sjdqvist, 
Proceedings of the First International Sym- 
posium on Antidepressant Drugs, Milan, 1966 
(Excerpta Medica, Amsterdam, 1967), p. 301. 

171. F. M. Forrest, I. S. Forrest, M. T. Serra, 
Proc. West. Pharmacol. Soc. 12, 31 (1969). 

172. A. J. Levi, S. Sherlock, D. Walker, Lancet 
1968-1, 1275 (1968). 

173. J. Heinonen, S. Takki, L. Jarho, Acta 
Anaesthesiol. Scand. 14, 89 (1970). 

174. K. Schmid, F. Cornu, P. Imhof, H. Keberle, 
Schweiz. Med. Wochenschr. 94, 235 (1964). 

175. W. Chen, P. A. Vrendten, P. G. Dayton, J. 
J. Burns, Life Sci. 1, 35 (1962). 

176. H. M. Solomon, S. Reich, N. Spirit, W. B. 
Abrams, Ann. N.Y. Acad. Sci. 179, 362 
(1971). 

177. A. Breckenridge, M. L. E. Orme, S. Thor- 
geirsson, D. S. Davies, R. V. Brooks, Clin. 
Sci. 40, 351 (1971). 

178. J. F. Douglas, B. J. Ludwig, N. Smith, Proc. 
Soc. Exp. Biol. Med. 112, 436 (1963). 

179. J. H. Mendelson, S. Stein, N. K. Mello, 
Metabolism 14, 1255 (1965). 

180. R. M. H. Kater, G. Roggin, F. Tobon, P. 
Zieve, F. L. Iber, Amer. J. Med. Sci. 258, 35 
(1969). 

181. R. M. H. Kater, F. Tobon, F. L. Iber, J. 
Amer. Med. Ass. 207, 363 (1969). 

182. E. S. Vesell, J. G. Page, G. T. Passananti, 
Clin. Pharmacol. Ther. 12, 192 (1971). 

183. R. Waltman, F. Bonura, G. Nigrin, C. 
Pipat, Lancet 1969-11, 1265 (1969). 

184. F. Sereni, L. Perletti, A. Marini, Pediatrics 
40, 446 (1967). 

185. W. Jubiz, A. W. Meikle, R. A. Levinson, 
S. Mizutani, C. D. West, F. H. Tyler, N. 
Engl. J. Med. 283, 11 (1970). 

186. J. E. Davies, W. F. Edmundson, A. Maceo, 
G. L. Irvin, III, J. Cassady, A. Barquet, 
Food Cosmet. Toxicol. 9, 413 (1971). 

187. P. R. Larsen, A. J. Atkinson, Jr., H. N. 
Wellman, R. E. Goldsmith, J. Clin. Invest. 
49, 1266 (1970). 

188. We thank M. Sadvary for her assistance in 
the preparation of this manuscript. 

Reflections on Campus Pessimism 

Grounds for pessimism about universities are well 

known; there are also grounds for cautious optimism. 

Samuel Gorovitz 

Reflections on Campus Pessimism 

Grounds for pessimism about universities are well 

known; there are also grounds for cautious optimism. 

Samuel Gorovitz 

In "Whither United States Universi- 
ties?" (1), George Pake provides a 
compact and perceptive overview of 
problems facing higher education in the 
United States. His account is provoca- 
tive and pessimistic-and thus is, in the 
end, saddening. In this article, I discuss 
some of the issues with respect to which 

586 

In "Whither United States Universi- 
ties?" (1), George Pake provides a 
compact and perceptive overview of 
problems facing higher education in the 
United States. His account is provoca- 
tive and pessimistic-and thus is, in the 
end, saddening. In this article, I discuss 
some of the issues with respect to which 

586 

Pake is provocative, and I argue that 
his grounds for pessimism, although all 
too real, are nonetheless misleading and 
that the picture he paints is therefore 
unnecessarily bleak. 

I should emphasize that Pake's re- 
marks about the functions and values 
of universities, the power elements that 

Pake is provocative, and I argue that 
his grounds for pessimism, although all 
too real, are nonetheless misleading and 
that the picture he paints is therefore 
unnecessarily bleak. 

I should emphasize that Pake's re- 
marks about the functions and values 
of universities, the power elements that 

affect them, the pivotal issues that con- 
front them, and the problems of aca- 
demic freedom, equality of opportunity, 
and internal governance all give evi- 
dence (in spite of his disclaimer) of a 
profound understanding of higher edu- 
cation and of a corresponding commit- 
ment to nurturing it. I agree with a 
great deal of what he says. Yet what 
he says is unsatisfying, not just in that 
one wishes that much of it were not 
true, but also in that it focuses on the 
problems and weaknesses of higher 
education without a comparable ac- 
knowledgment of its opportunities and 
strengths. 

The multiple crises that have beset 
universities have been mixed blessings. 
They have given the impression, largely 
justified, that universities are widely in 

affect them, the pivotal issues that con- 
front them, and the problems of aca- 
demic freedom, equality of opportunity, 
and internal governance all give evi- 
dence (in spite of his disclaimer) of a 
profound understanding of higher edu- 
cation and of a corresponding commit- 
ment to nurturing it. I agree with a 
great deal of what he says. Yet what 
he says is unsatisfying, not just in that 
one wishes that much of it were not 
true, but also in that it focuses on the 
problems and weaknesses of higher 
education without a comparable ac- 
knowledgment of its opportunities and 
strengths. 

The multiple crises that have beset 
universities have been mixed blessings. 
They have given the impression, largely 
justified, that universities are widely in 

The author is director of the moral problems 
in medicine project and is a member of the 
philosophy department at Case Western Reserve 
University, Cleveland, Ohio 44106. 

SCIENCE, VOL. 178 

The author is director of the moral problems 
in medicine project and is a member of the 
philosophy department at Case Western Reserve 
University, Cleveland, Ohio 44106. 

SCIENCE, VOL. 178 


	Cit r81_c110: 
	Cit r142_c198: 
	Cit r98_c137: 
	Cit r89_c121: 
	Cit r91_c126: 
	Cit r92_c130: 
	Cit r148_c209: 


