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Protective Effect of Cycloheximide on Acute Aflatoxin B, Intoxication (40820) 

JOHN J. CH’IH,’ SHIH-CHUNG WANG, A N D  HSIEN-WEN FENG 
Kohlberg Medical Research Laboratory, Veterans General Hospital and Department of Biochemistry, 

National Defense Medical Center, Taipei, Taiwan 112, Republic of China 

Studies reported by Farber’s and Flaks’ 
groups demonstrate that in vivo adminis- 
tration of a nonlethal dose of cycloheximide 
(CHI) to a rat protects the rat crypt cells 
against lethal chemical or radiation damage 
(1) and the rat liver against acute toxicity 
caused by hepatocarcinogens such as DL- 
ethionine, 2-acetylaminofluorene, 3 ’- 
methyl - 4 - dimethylaminozaobenzene, and 
carbon tetrachloride (2-4). Their studies 
are confined to the histological and fine 
structural aspects of the hepatocytes. 

Aflatoxin B, (AFB), a potent hepatocar- 
cinogen, is known to induce acute necrosis 
prior to the formation of hepatocarcinoma 
in experimental animals (5). Although the 
mechanism by which AFB produces liver 
cancer is not known, the in vivo adminis- 
tration of AFB can cause chemical modifi- 
cation of DNA (6-9), inhibition of RNA 
synthesis (10- 13), and interference with 
the protein synthetic activity (14- 16) be- 
fore histopathological alterations. 

Since earlier studies suggest that CHI has 
a protective effect against hepatocarcino- 
gens (1-4), the present study was under- 
taken to determine whether CHI prevents 
AFB-induced acute liver injury. Serum en- 
zymes, lactate dehydrogenase (LDH), 
alanine aminotransferase (GPT), aspartate 
aminotransferase (GOT), and alkaline 
phosphatase (ALP), were used as indi- 
cators for liver damage. 

Materials and methods. Male Sprague- 
Dawley rats (190 2 10 g) were fed chicken 
diet (a product of Taiwan Sugar Corpor- 
ation, Taipei, Taiwan, with a similar 
composition to Purina chow) and water ad 
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libitum. CHI (Sigma Chemical Co., St. 
Louis, Mo.) in 0.9% NaCl was injected ip at 
a dose of 2.0 mg/kg body wt 24 hr prior to 
the administration of AFB. AFB (Makor 
Chemical Co., Jerusalem, Israel), dissolved 
in dimethyl sulfoxide: 1,2-propylene glycol 
(1: l), was injected ip at doses of 1, 2, or 4 
mg/kg body wt 2 or 16 hr before sacrifice. 
CHI-treated control animals were killed 24 
hr after dosing. Untreated control animals 
were given an equivalent amount of sol- 
vent. There were four experimental groups 
(Group I, untreated control; Group 11, AFB 
treated; Group 111, CHI-treated control; 
Group IV, CHI-AFB treated). In each ex- 
periment, each group consisted of 2-3 
animals. Data presented are means 2 SEM 
of six separate experiments. P values less 
than 0.05 are considered significant. Col- 
lection of blood and preparation of liver 
homogenate were carried out as described 
previously (17). Serum enzyme activities of 
LDH, GOT, GPT, and ALP were deter- 
mined according to the Automated Techni- 
con Methodology for the SMA-12/60 au- 
toanalyzer (Technician Instruments Corp., 
Tarrytown, N.Y .). Hemolyzed sera were 
discarded. Liver protein was determined by 
the method of Lowry et al. (18) with crys- 
talline bovine serum albumin (Sigma 
Chemical Co., St. Louis, Mo.) as the stan- 
dard. DNA and RNA were determined ac- 
cording to diphenylamine and orcinol reac- 
tions as described previously (19). 

Preliminary light microscopic studies 
were performed with pieces of liver fixed in 
10% neutral formalin sectioned at 5 ’ p M  and 
stained with hematoxylin and eosin. 

Results and discussion. The sensitivity of 
experimental animals to AFB toxicity and 
carcinogenic effect varies not only with 
species but also with sex, strain, age, and 
nutritional states within the species. AFB 
doses of 1.0, 1.5, 2.0, 2.5, 3.0, and 4.0 
mg/kg body wt killed 0/12, 0/12, 1/12, 2/12, 
8/12, and 12/12 rats within 8 days. The esti- 
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TABLE I .  SERUM ENZYME ACTIVITIES O F  RATS TREATED W I T H  AFLATOXIN B," 

Serum enzymes (mp/ml) 
Liver Wt Liver protein 

Condition of rats (% of body wt) ( m d g  liver) ALP L D H  GOT GPT 

Untreated 4.4 c 0.2 217 ? 9 171 ? 12 726 ? 88 167 ? 27 32 c 7 

A FB treated 
1 m d k g  4.1 ? 0.2 221 ? 12 183 t 19 559 2 83 169 t 9 43 c 2 
4 m d k g  4.2 c 0.2 211 ? 1 1  175 ? 4 418 -c 54 190 ? 28 26 -t 3 

' I  AFB at doses indicated was given 2 hr  prior t o  animals being killed. 

mated LDSo of AFB for male Sprague- 
Dawley rats used in this study was 2.8 
mg/kg. CHI pretreatment did not alter AFB 
lethality. Therefore, AFB at doses of 1 or 2 
mg/kg was considered nonlethal whereas 
4.0 mg/kg was lethal. Administration of 1 or 
4 mg AFB for 2 hr produced no significant 
changes in liver weight, protein concentra- 
tion, and serum enzyme activities (Table I). 
However, 16 hr after the administration of 
1 ,  2, or 4 mg AFB, significant elevation of 
serum LDH, GOT, and GPT activities were 
clearly seen (Table 11, Group 11). The ALP 
activity did not increase until 24 hr later. 
The histological examinations revealed oc- 
casional periportal necrosis in the livers of 
AFB-treated animals. Biliary proliferation 
was not noted. These results were similar to 
the study carried out by Clifford and Rees 
(20). The increase of liver enzymes in 
serum implies that immediate tissue trauma 
occurred with the release of intracellular 
enzymes into the blood circulation. This 

cellular damage leading to loss of these en- 
zymes may be due to the inhibition by AFB 
of the synthesis of cellular protein(s) re- 
quired to maintain the integrity of the cell 
membrane; it is also possible that AFB, a 
hydrophobic compound, interacts with 
membrane lipids leading to an alteration in 
the permeability of the cell. In the CHI 
pre-treated animals receiving AFB (Group 
IV), nonlethal doses of AFB did not cause 
any significant elevation of these enzymes 
in the serum. Statistically, they are not dif- 
ferent from either the untreated animal 
(Group I) or CHI-treated control (Group 
111). When a lethal dose of AFB was given 
to the CHI pretreated rats, moderate eleva- 
tions of LDH and GPT activities were ob- 
served (Table 11, Group IV). These results 
suggest that the damages to the liver cells 
caused by nonlethal doses of AFB are re- 
versible and can be prevented by CHI- 
treatment. However, disturbances caused 
by a lethal dose of AFB to the liver cells or 

TABLE 11. ACTIVITIES OF SERUM ALKALINE PHOSPHATASE, LACTATE DEHYDROGENASE, ASPARTATE, A N D  

ALANINE AMINO TRANSFERASES I N  RATS TREATED W I T H  AFLATOXIN B,,  CYCLOHEXIMIDE A N D  BOTH" 

Amino transferases Conditions 
(mp/ml) Alkaline Lactate 

CHI  AFB treatment phosphatase dehydrogenase 
Group pretreatment ( m d k g  body wt) (mp/ml) ( mp./ml) Aspartate Alanine 

I 
I1 

- 
- 
- 
- 

I11 + 
IV + 

+ 
+ 

0 
1 .o 
2.0 
4.0 
0 

1 .o 
2.0 
4.0 

171 5 12 726 ? 88 167 ? 27 32 ? 17 
221 2 24 2083 ? 182" 389 c 39* 67 ? 5* 
190 ? 19 2334 ? 128" 598 ? 70* 133 t 20* 
199 5 10 2556 ? 318" 623 * 43* 175 2 1 1 "  
138 t 12 740 ? 103 183 t 22 36 ? 8 
166 2 14 485 t 26 248 ? 9 39 ? 2 
167 -t 9 858 ? 129 257 ? 1 1  48 * 2 
157 ? 17 1460 -t 180* 551 c 72' 74 5 1 1 *  

'' AFB at doses indicated was given 16 hr  prior t o  animals being killed. 
* P < 0.05 when compared to untreated group (Group I). 
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the organism are irreversible and cannot be 
prevented. The histological changes such as 
occasional periportal necrosis caused by 
AFB were seen less frequently in CHI pre- 
treated animals. Theoretically speaking an 
increase of cellular enzyme levels in the 
blood circulation due to altered cell mem- 
brane should correspond to a decrease of 
intracellular components. For this reason, 
cellular contents of protein, DNA, and 
RNA were determined. As shown in Table 
111, 16 hr after various doses of AFB, there 
were decreases in liver weight and RNA 
content. Significant changes were observed 
in animals receiving a lethal dose of AFB. 
The liver protein and DNA contents, how- 
ever, were not affected by the hepatotoxin. 
In CHI pretreated animals (Group IV) AFB 
administration did not cause any significant 
change in either the liver weight or RNA 
content. Preliminary studies on the incor- 
poration of [3H]leucine and [3H]oroti~ acid 
into cellular macromolecules (data not 
shown) demonstrated that CHI pretreat- 
ment did not prevent the inhibition on RNA 
synthesis caused by the AFB but the inhi- 
bition of protein synthesis was prevented 
by the CHI pretreatment. These results in- 
dicate that the CHI protection against liver 
necrosis caused by the carcinogen is not 
related to the transcriptional event but may 
involve the activation of the translational 
process. The protective effect of CHI 
against the decrease of liver RNA (Table 
111) may be due to the fact that CHI may 
prevent the cytoplasmic polysomal break- 
down caused by AFB (12, 14) so that cyto- 
plasmic RNAs were not further degraded 
by the nucleolytic enzymes. 

This study demonstrates that CHI can 
protect the liver against acute toxicity 
caused by AFB. No explanation is known 
for the exact mechanism except that CHI’S 
protection may also involve a specific inhi- 
bition of protein synthesis (21). It is known 
that in intact rats the inhibition of protein 
synthesis by CHI is transient (17, 19, 
22-24) and associated with an increased 
rate of phospholipid synthesis (24). Since it 
is also known that protein synthesis is no 
longer inhibited by CHI 12 hr after dosing 
(19, 22-24), the proposed inhibition of the 
synthesis of a lethal protein (21) to explain 

the protective effect (3) requires further ex- 
perimentation by demonstrating the exis- 
tence of such a protein. Nevertheless, the 
protective effect of CHI against liver dam- 
age caused by AFB presented in this report 
as well as the earlier works of Flaks’ and 
Farber’s groups (1-4) offers an animal 
model to investigate the relationship be- 
tween acute liver damage and neoplastic 
transformation. 

Summary. The protective effect of CHI 
on the acute toxicity of AFB at nonlethal 
and lethal doses on rat liver was monitored 
by determining serum activities of LDH, 
GOT, GPT, and ALP and the content of 
protein, DNA, and RNA. At 2 hr after AFB 
administration, there were no indications of 
hepatic damage revealed by biochemical as 
well as histological studies. At 16 hr after 
AFB dosing, serum LDH, GOT, and GPT 
activities increased with increasing doses. 
Liver weight and RNA content showed sig- 
nificant decreases when a lethal dose of 
AFB was used. When CHI was given 24 hr 
prior to the administration of AFB, the ele- 
vated levels of serum LDH, GOT, and GPT 
caused by nonlethal doses of AFB were 
prevented. The decreases of liver weight 
and RNA content caused by the lethal dose 
were also prevented. These results indicate 
that since CHI protects against acute toxic- 
ity caused by nonlethal doses of AFB it 
may be used to study the relationship be- 
tween acute liver injury and hepatocar- 
cinogenesis. 
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