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Previous studies from this laboratory have 
led to the development of the hypothesis that 
the mechanism of hepatic cell injury after 
the administration of such agents as ethanol 
and carbon tetrachloride is an enhanced 
peroxidation of unsaturated lipids ( 1-7). The 
induced peroxidation was predicated to a 
free radical attack on unsaturated lipids of 
specific hepatic subcellular organelles due to 
decreased lipid antioxildant levels ( 7 ) .  The 
protection of animals from the hepatotoxic 
effects of ethanol, as well as carbon tetrachlo- 
ride-induced hepatic necrosis and cirrhosis, 
by the administration of antioxidants, was 
credited to the possible inhibition of lipid 
peroxidation ( 1-43). 

This concept implied that ethanol-induced 
hepatic injury results from the metabolism of 
ethanol rather than ethanol per se. Until the 
present time, the toxicity of ethanol metabo- 
lites could not be readily dissociated from 
possible injurious effects of ethanol. Recent- 
ly, pyrazole has been demonstrated to pro- 
foundly inhibit ethanol metabolism (9-1 1) 
through a competitive inhibition of alcohol 
dehydrogenase (9, 10). Thus, in order to 
separate the possible toxic effects of ethanol 
per se from the potential toxic effects result- 
ing from ethanol metabolism, studies were 
undertaken to determine the influence of py- 
razole administration on the induction of the 
acute ethanol-induced fatty liver. Compara- 
tive studies were also undertaken to evaluate 
the effect of pyrazole on the carbon tetrachlo- 
ride-induced fatty liver to denote the specific- 
ity of the pyrazole-induced inhibition of 
ethanol-induced hepatic injury. 

Materials and Methods. Pyrazole in isoton- 
ic saline was administered intraperitoneally 
to male rats in the amount of 36 mg/100 g. 

1 This study was supported, in part, by US. Public 
Health Service Grant AM-13393. 

Control rats received equivalent volumes of 
saline. Four hours later the animals were in- 
tubated with either saline or ethanol, as a 
40% solution, in the amount of 6 g/kg. In  
view of the induced state of ethanol intoxica- 
tion, which was particularly pronounced in 
the pyrazole-ethanol group, all rats were 
maintained in a controlled temperature envi- 
ronment to prevent the development of hy- 
potheremia, an event which influences fatty 
liver development (12). The rats were killed 
either 20 or 44 hr later for the determination 
of liver and plasma triglycerides (13). Blood 
ethanol concentrations were determined by 
the yeast alcohol dehydrogenase (YADH) 
procedure at  these and other time periods to 
denote the degree and duration of the pyra- 
zole-induced inhibition in ethanol metabolism. 

Goldberg and Rydberg (10) reported sig- 
nificantly lower concentrations of ethanol in 
rats treated with pyrazole when determined 
by a YADH method as compared to a gas 
chromatographic method ( 10). This differ- 
ence was accredited to partial inhibition by 
pyrazole of the enzyme employed in the as- 
say procedure. However, Theorell reported 
pyrazole inhibition to be specific for alcohol 
dehydrogenase of liver but not of yeast (9) .  
In order to evaluate the validity of the ob- 
served blood ethanol levels in our pyrazole- 
treated rats, a series of recovery determina- 
tions were performed in which known 
amounts of ethanol were added to blood sam- 
ples obtained at  various intervals throughout 
the experimental period. The recovery studies 
indicated a mean 94.1 and 93.4% recovery 
of added ethanol in the saline-ethanol and 
pyrazole-ethanol groups, respectively, indicat- 
ing that there was no significant inhilbition 
of the assay enzyme by pyrazole as employed 
in this study. 

In  the carbon tetrachloride study, the rats 
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TABLE I. I~ifluenc~e of Pyrazole Rdminist.r;rtion on Blood Et,hariol Concentrations." 

Time post-ethanol administration (hr) 

Group 1 2 3 20 

S aline-e th an01 239.4 & 39.0 (5) 243.5 2 36.5 (5) 227.2 & 34.7 (5) 27.8 f 15.4 (10) 
Pyrazole-ethanol 201.4 f 19.3 (6) 224.0 2 2,5.8 (6) 206.5 & 21.3 (6) 192.3 & 25.8 (18) 

a Value of blood ethanol in  milligrams per 100 ml are expressed as means 2 standard error. 
Figures in parentheses denote the number of animals per group. 

received pyrazole or saline as described 
above; 4 hr later carbon tetrachloride was 
administered in the dose of 0.2 m1/100 g as a 
1 : 1 mixture of corn oil-carbon tetrachloride. 
The rats were killed 24 hr later, and liver 
and plasma triglycerides were determined 
(13). The 'data were analyzed by t test with 
9 5 o/o confidence limits. 

Results. In  agreement with the observa- 
tions of Lester et a2. ( 11) and Goldberg and 
Rydberg ( lo ) ,  the administration of ethanol 
to pyrazole-treated rats was associated with a 
profound inhibition of ethanol metabolism 
as reflected by the sustained blood levels of 
ethanol (Table I). The pyrazole-ethanol- 
and saline-e thanol- treated groups attained 
peak blood alcohol concentration at  1-3 hr 
after oral intubation. The blood alcohol in 
the control group showed a mean 88% de- 
crease from the 3-hr value at  the 20-hr peri- 
od, while sustained elevations of blood alco- 
hol concentrations were observed in the pyra- 
zole-ethanol group. Indeed, the blood ethanol 
concentration in the pyrazole-treated group 
at  20 hr was unaltered from that manifested 
during the 1-  to 3-hr period after ethanol 
administration. 

In  agreement with previous observations 

(1, 4) the admlnistration of ethanol was asso- 
ciated with a mean 5-fold increase in liver 
triglyceride concentrations at  the 20-hr peri- 
od (Table 11). In  marked contrast, the pyra- 
zole-treated group which received ethanol 
manifested unaltered liver triglyceride con- 
centrations. Liver triglyceride concentrations 
were not significantly altered in the pyrazole- 
treated group which received saline. 

Plasma triglyceride concentrations were 
not significantly altered in any of the experi- 
mental groups (Tables I1 and 111). In  
studies conducted 44 hr after ethanol admin- 
istration, the saline-ethanol group was char- 
acterized by normal liver triglyceride values, 
demonstrating the reversible nature of the 
e thanol-induced liver triglyceride alterations. 
The pyrazole-treated group which received 
ethanol also had normal liver triglyceride 
concentrations at  this latter time period indi- 
cating that pyrazole did not merely delay the 
onset of liver triglyceride alterations, but 
effectively prevented the development of the 
acute fatty liver. Blood ethanol levels were 
still significantly elevated at this time period 
in the pyrazole group (Table 111). 

The administration of carbon tetrachloride 
to pyrazole-treated rats resulted in liver 

TABLE 11. Prevention of the Acute Etlianol-Induced Fat ty  Liver by Pyrazole." 

Triglyeeride 

Saline-saline (8) 280 2 3.3 8.2 r+ 0.26 1.55 f 0.25 4.3 2 1.86 39.6 +: 7.5 
Pyrazole-saline (8) 344 ? 10.4 7.5 f 0.03 1.48 2 0.37 2.6 2 0.55 29.3 k 4.3 
Saline-ethanol (7) 232 k 12.5 8.2 & 0.16 0.88 2 0.30 20.7 3. 3.96 53.5 A 11.3 
Pyrazole-ethanol (10) 232 & 11.3 7.8 +: 0.25 143.8 & 6.5 4.8 2 0.49 59.9 +: 13.2 

aValues are expressed as means 2 standard error and were determined 20 hr after the oral 
administration of ethanol 6 g/kg. Pyrazole  was administered intraperitoneally 4 hr preceding 
the oral adniinistration of cthaiiol. 
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TABLE 111. Plasma and Liver Triglyceride Concentrations and Blood Ethanol Levels in 
Pyrnzolc-Trcatcd Rats 44 hr after Ethanol Adiniiii~tr:Ltioii." 

Triglyeeride 

Liver wt Blood et1l:uiol Liver Plasma 
Group (g) (mg/lOO ml) (mg/g) (mg/100 ml) 

Saline-eth an01 8.0 & 0.27 1.8G & 0.05 4.7 2 0.51 46.1 2 5.2 
Pyrazole-ethan 01 9.6 & 0.20 139.1 I+ 29.8 4.0 & 0.47 53.1 k 11.5 

a Values are expressed as incan & standard error and are derived from five rats/group. 

TABLE IV. Inability of Pyrazole Adniiiiistration 
to Modify Carbon Tetracliloride-Induced Fa t ty  

Liver.a 

Triglycericle 

Group and Plasma Liver 
treatment CC1, (mg/100 ml) (mg/g) 

Saline - 25.0 2 0.8G 6.3 2 1.05 
Saline + 13.2 & 2.1 24.7 2 1.57 
Pyrazole + 10.5 & 1.7 26.6 & 1.7 

uValues expressed as mean 2 standard error 
and derived from eight rats/group. Rats were 
killed 84 hr after intubation with 0.4 m1/100 g of 
a 1 : 1 mixt,ure of corn oil-carbon tetrachloride solu- 
tion. 

triglyceride elevations which were compara- 
ble to the saline-treated carbon tetrachloride 
group (Table IV) .  The pronounced plasma 
hypotriglyceridemia which is manifested in 
carbon tetrachloride-treated animals was also 
not significantly altered in the pyrazole- 
treated group denoting, that in contrast to 
the findings with ethanol, the toxic effects of 
carbon tetrachlorilde are not modified by py- 
razole administration. 

Discussion. Pyrazole, a potent inhibitor of 
alcohol dehydrogenase and, therefore, of 
ethanol metabolism, is clearly a unique agent 
to separate the direct effects of ethanol per se 
from the metabolic effects of ethanol. The 
administration of pyrazole effectively inhib- 
ited ethanol metabolism as reflected by the 
prolonged period of elevated blood ethanol 
levels, as well as the observed pronounced 
state of intoxication that developed in associ- 
ation with the elevated blood levels of 
ethanol. Assuming that the microsomal 
ethanol-oxidizing system (MEOS) ( 14) is 
not inhibited by pyrazole, then on the basis 

of the sustained blood levels in pyrazole- 
treated rats, it would appear that the MEOS 
is not of major significance in promoting the 
oxidation of ethanol in animals which have 
not previously received ethanol. The absence 
of inhibition of pyrazole on a variety of en- 
zyme systems has recently been demonstrat- 
ed (15).  

In spite of the prolonged and sustained 
blood ethanol concentrations and resulting in- 
toxication, fatty liver, a consistent feature of 
ethanol administration (1-4, 6) did not de- 
velop in pyrazole-treated rats. These findings 
demonstrate that accumulation of trigly- 
ceride in liver is related to ethanol metabolites 
rather than to ethanol per se. The failure 
of fatty liver to develop in pyrazole-treated 
rats also negated a contributing role of 
ethanol-induced intoxication, with all its cen- 
tral nervous system manifestations, on fatty 
liver development. 

The fact that pyrazole did not influence 
the development of carbon tetrachloride fatty 
liver also limits the possibility that pyrazole 
exerted its action by an effect on some, as yet 
undefined, aspect of lipid metabolism, a pos- 
sibility that is also negated in part by the 
finding of unaltered liver and plasma trigly- 
ceride levels in pyrazole-treated rats which 
received saline. A decrease in plasma free 
fatty acids and a lowering of plasma trigly- 
cerides has been observed in rats treated with 
3, 5-dimethyl pyrazole (16). Since Bizzi et 
al. (16) reported that the lowering of plasma 
free fatty acids always produced a decrease 
in plasma triglyceride concentration, i t  is un- 
likely that pyrazole exerts its protective effect 
by influencing free fatty acid mobilization 
since plasma triglycerides were unaltered in 
the pyrazole-treated groups. 
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Lelbach studied the effect of prolonged 
ethanol intake on liver histology in the 
presence of pyrazole administration ( 1 7 ) .  A 
definitive hepatotoxic effect of pyrazole- 
ethanol administration was manifested. Lel- 
bach ( 1 7 )  proposed that pyrazole-induced 
inhibition of ethanol metabolism increased 
ethanol toxicity. This hypothesis is not sup- 
ported by the present findings of the absence 
of fatty infiltration in acute ethanol-treated 
rats which received pyrazole. I t  appears that 
in the chronic model, ethanol may well be 
potentiating the demonstrated hepatotoxic 
effects of pyrazole (17 )  which are manifested 
when pyrazole is given in high doses. 

The finding that ethanol must be metabo- 
lized before fatty liver develops, directs atten- 
tion to either (1) the toxic effect of acetalde- 
hyde (18) or ( 2 )  an alteration of the redox 
state of the hepatic cell due to the increased 
generation of hydrogen equivalents and the 
resulting alteration in the NAD/NADH 
(19-22) ratio. Since antioxidants, which pre- 
vent the ldevelopment of ethanol- and carbon 
tetrachloride-induced injury ( 1-8), also act 
as a free radical trap and have been demon- 
strated to maintain NAD/NADH ratios in 
carbon tetrachloride-treated rats (23),  the 1.0- 
cus of the molecular basis of ethanol-induced 
hepatic injury may well reside with the hydro- 
gen-generating capacity of ethanol. 

While additional studies will bze essential to 
define the molecular basis of ethanol- 
induced hepatic injury, the finding that 
ethanol, per se, is not hepatotoxic lends fur- 
ther support to the lipid peroxidation- 
an tioxidan t concept of ethanol-induced cell 
injury and stresses the importance of the 
dehydrogenation of ethanol to the induction 
of the acute ethanol-induced fatty liver. 

The future employment of selective and 
specific enzyme inhibitors, such as pyrazole, 
to dissect the relative phases of ethanol metab- 
olism should be of significant value in defin- 
ing the molecular basis of ethanol-induced 
hepatic cell injury as well as contributing to 
defining the biochemical aspects of alcohol- 
ism. 

Summary. Since pyrazole specifically inhib- 
its liver alcohol dehydrogenase and impairs 
the metabolism of ethanol. studies were un- 

dertaken in rats to evaluate the influence of 
inhibition of ethanol metabolism on the de- 
velopment of an acute ethanol-induced fatty 
liver. In agreement with previous observa- 
tions, 20 hr after ethanol administration a 
5-fold increase in hepatic triglyceride concen- 
tration occurred. In  marked contrast, the py- 
razole- and ethanol-treated group showed 
complete inhibition of ethanol-induced hepat- 
ic triglyceride accumulation. The prevention 
of the ethanol-induced hepatic triglyceride 
accumulation occurred in the presence of en- 
hanced blood ethanol concentrations in the 
pyrazole group. The carbon tetrachloride- 
induced fatty liver and plasma hypotrigly- 
ceridemia was not modified by pyrazole, 
denoting specificity in the pyrazole inhibition 
of ethanol-induced hepatic injury. These 
findings (demonstrate that pyrazole can com- 
pletely prevent the development of the 
ethanol-induced fatty liver in the presence of 
elevated concentrations of blood ethanol. 
Thus, ethanol, per se, is not the causative 
factor in fatty liver development. 
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