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ABSTRACT

Previous studies have demonstrated that dietary administration of the
schistosomicidal drug 5-(2-pyrazinyl)-4-methyl-I,2-dithiole-3-thione (ol

ii pra/) ameliorates the hepatotoxicity of aflatoxin Bi (AFBi). Notably,
mortality, altered hepatic function, hepatic AFBt-DNA adduci levels,
and expression of hepatic enzyme-altered foci were markedly reduced in

the rat by concurrent feeding of oltipraz during exposures to MB,.

Collectively, these studies prompted us to evaluate the chemoprotective
properties of oltipraz against AI'B,-induced liver cancer. In addition,

preliminary molecular dosimetry studies were undertaken to determine
the utility of measurements of urinary aflatoxin-/V7-guanine excretion as

a marker of relative risk for hepatocarcinogenesis in AFB,-exposed rats.
For the carcinogenesis studies, 5-wk-old male F344 rats were randomly
divided into two groups. One group (55 rats) received the AIN-76A diet,
and the other group (56 rats) received the AIN-76A diet supplemented
with 0.075% oltipraz. The oltipraz-supplemented diet was fed for 4 wk.

Beginning 1 wk after starting the experimental diets, all rats in both
groups received 25 Â«igof AFBÂ¡/rat/day by gavage for 5 days per wk over
the next 2 wk. One wk following cessation of dosing with A IB,, oltipraz
was removed from the diet, and all rats were fed the AIN-76A diet for

the remainder of the experiment. At 3 mo after dosing, livers of ten
sentinel rats from each group were analyzed for the burden of 7-gluta-
myltranspeptidase-positive foci. In accord with previous findings, rats
fed the oltipraz-supplemented diet exhibited substantial reductions in the
focal burden (97% reduction; /" < 0.05) of these AFB,-induced lesions.

The remaining rats were maintained for the cancer study until they
became moribund or the termination of the experiment at 23 mo. Gross
liver lesions were identified at autopsy and confirmed by microscopic
evaluation. An 11% incidence of hepatocellular carcinoma was observed
in the Al- B,-treated, control diet-fed rats. An additional 9% of this group

had hepatocellular adenomas. Oltipraz afforded complete protection
against both AFBi-induced hepatocellular neoplasms. Using Kaplan-
Meier survival analyses, rats in the oltipraz group had a significantly ( /'
< 0.02) longer life span and an increased survival free of liver tumors ( /'

< 0.0002). Molecular dosimetry studies used rats fed either the oltipraz-

supplemented or control diet for 1 wk and then challenged with a single
dose of AFBi to examine the initial rates of 8,9-dihydro-8-(/V7-guanyl)-
9-hydroxyaflatoxin BI excreted in the urine. Levels of aflatoxin-iV7-

guanine adducts in the livers of the oltipraz-fed animals were reduced 76

and 65% at 2 and 24 h after dosing, respectively. While elimination of
total urinary aflatoxins was indistinguishable in the 2 groups, oltipraz
pretreatment led to a 67% reduction in the urinary elimination of afla-
ln\in-.V -RiHinine over the 24-h postdosing period. Protection afforded by

oltipraz against hepatocarcinogenesis induced by AFBi presumably re
sults from the marked decrease in levels of hepatic DNA adducts. Thus,
measurement of integrated levels of aflatoxin-jV-guanine adducts ex
creted in the urine may provide a facile, noninvasive, short-term method
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for monitoring the efficacy of chemoprotection by agents like oltipraz in
individuals at high risk for aflatoxin exposure.

INTRODUCTION

Chemoprotection strategies for the prevention of cancer uti
lize one or more chemicals to inhibit the development of tumors
despite exposure to carcinogens. Since the complete elimination
of exposure to environmental carcinogens is not possible, chem
oprotective interventions could be targeted for specific human
populations identified as at particularly high risk for neoplasia.
Bertram et al. (2) and Boone et al. (3) have reviewed many
chemoprotective agents that have undergone or are undergoing
human clinical trials or are candidates for such trials. Oltipraz3

(Fig. 1) is a chemoprotective agent whose mechanism of action
makes it promising for use in humans (3). First synthesized in
1976 (4), oltipraz has been used as a schistosomicidal drug in
clinical trials (5, 6). During the course of studies on the mech
anism of its antischistosomal activity, Ansher et al. (7) observed
that administration of oltipraz (i.g. at 0.45 and 0.9 g/kg of body
weight, 48 h prior to autopsy) to mice resulted in substantial
increases in glutathione levels in the liver, lung, kidney, fore-
stomach, and jejunal mucosa. Additionally, oltipraz was found
to enhance the activities of several enzymes involved, either
directly or indirectly, in the detoxication of carcinogens. For
example, the specific activities of GST were elevated 2- to 10-
fold in these tissues. The possibility that the increases in GST
activities may lead to enhanced detoxication of carcinogens
provided the evidence to predict that oltipraz would be an
excellent candidate compound for cancer chemoprotection
studies.

The initial confirmation that the family of l,2-dithiole-3-
thiones may exert chemoprotective effects in vivo came from
the demonstration by Ansher et al. (8) that oltipraz (i.g. at 1 g/
kg of body weight at 4 and 2 days prior to autopsy) protected
against the hepatotoxicity of carbon tetrachloride and aceta
minophen in mice (8). Subsequently, Wattenberg and Bueding
(9) demonstrated that administration of oltipraz (i.g. at 0.5 g/
kg of body weight at 2 days or 1 day prior to autopsy) to mice
before treatment with benzo(a)pyrene markedly reduced the
number of both pulmonary adenomas and tumors of the fore-
stomach. Pulmonary adenomas induced by uracil mustard or
diethylnitrosamine were also significantly reduced by oltipraz
(i.g. at 0.5 g/kg of body weight, 2 days prior to autopsy)
pretreatment.

Studies by our laboratories suggested that antioxidants such
as oltipraz would protect against the carcinogenicity of the
widely distributed environmental mycotoxin AFB,. We had

3The trivial name and abbreviations used are: oltipraz, 5-(2-pyrazinyl)-4-
methyl-1.2-dithiole-3-thione; AFB,, aflatoxin B,; AFB-A"-guanine. 8,9-dihydro-
8-(jV7-guanyl)-9-hydroxyaflatoxin BÂ¡;GGT+. 7-glutamyltranspeptidase-positive
foci of liver; GST. glutathione .C-transferase; HPLC, high-performance liquid
chromatography; i.g.. intragastrically.
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OLTIPRAZ PROTECTION AGAINST LIVER CANCER

N

Fig. I. Structure of 5-(2-pyrazinyl)-4-methyl-l,2-dithiol-3-thione (oltipraz).

previously observed that prior dietary administration of the
antioxidant ethoxyquin, an effective inhibitor of AFB, hepato-
carcinogenesis (10), (a) induced hepatic GST activity and con-
comitantly enhanced the biliary excretion of AFB, as the
S-glutathionyl conjugate, (b) reduced the hepatic levels of
AFB,-DNA adducts, and (c) protected against AFB,-induced
formation of the putative preneoplastic GGT+ foci in rat liver
(11). We have recently reported similar biochemical effects of
oltipraz (0.1 to 0.01% in the diet for 1 to 2 wk) (12, 13).
Moreover, dietary oltipraz (0.075% 1 wk prior to and during
exposure) ameliorates the hepatic toxicity of both acute and
chronic exposures to AFB, (14). A similar level of dietary
oltipraz (0.075%) was used in this study. Collectively, these
findings provided a mechanistic foundation to justify an evalu
ation of the chemoprotective properties of oltipraz against
AFB]-induced liver cancer.

MATERIALS AND METHODS

Chemicals. Oltipraz was kindly provided by RhÃ´ne-Poulenc, Paris,
France, and was determined to be >97% pure by HPLC (13). AFB,
was obtained from Aldrich Chemical Co., Milwaukee, WI, and ['H]-

AFB, was purchased from Moravek Biochemicals, Brea, CA. All other
chemicals were of the highest quality obtainable commercially.

Animals. Male F344 rats were purchased at 21 days of age from
Charles River Breeding Laboratories, Kingston, NY. They were housed
singly in wire-bottomed cages in a temperature- and humidity-con
trolled environment with a 12-h light, 12-h dark photoperiod. Food
and water were available ad libitum. Rats were fed a purified powdered
diet of the AIN-76A formulation (15), but lacking the 0.02% ethoxyquin
(11). Diets were stored at 4Â°C,and fresh diet was provided every other

day. Rats were weighed weekly through 17 wk of age and biweekly
thereafter.

Analysis of Initial Levels of AFB-A^-guanine in Rat Liver DNA and
Urine. After 1 wk of eating the experimental diets, rats received by
gavage 250 Â¿igof [3H]AFBi (80 nCi/nmo\) in tricaprylin per kg of body

weight and were placed in glass metabolic cages (Bioserve, Frenchtown,
NJ). Urines were collected for 24 h in glass flasks submerged in a dry
ice-acetone bath. Hepatic DNA adducts were measured in rats killed 2
or 24 h after dosing. Livers were excised and minced in 50 mM Tris-
HC1 buffer (pH 7.0) containing 0.25 Msucrose, and nuclei were isolated
and purified by the method of Hymer and Kuff (16). DNA was purified
(17) and hydrolyzed (18) as described previously. Nucleic acid hydrol-
ysates were analyzed by reverse-phase chromatography using a 25-cm
Rainin CÃa5-^m Microsorb column. Chromatography was performed
at 40'C using a Beckman Model 340 gradient liquid Chromato

graph equipped with a Hewlett-Packard Model 1040A photodiode
array detector. One-min fractions were collected, and the radioac
tivity in each fraction was determined by liquid scintillation counting
using ACS (Amersham, Arlington Heights, IL) as the scintillation
cocktail. All DNA hydrolysates were spiked with authentic unlabeled
AFB-A^-guanine standard synthesized as described (19).

To determine levels of AFB-/V7-guanine excreted in the urine, the
24-h urine samples were diluted to 10 ml in phosphate-buffered saline
and then applied to a C18Sep-Pak cartridge (Waters Associates, Mil-
ford, MA). The Sep-Pak was initially washed with 10 ml of 5%
methanol and then with 80% methanol to elute the aflatoxin metabo

lites. This fraction was dried in vacuo, redissolved into phosphate-
buffered saline, and applied to a preparative monoclonal antibody 2B11
affinity column (20). The affinity column was washed 2 times with 10
ml of phosphate-buffered saline, and the purified aflatoxins were eluted
using 5 ml of 60% dimethyl sulfoxide-phosphate-buffered saline. The
dimethyl sulfoxide was removed from this fraction by diluting it to less
than 3% (v/v) with water and prepping this mixture using a Sep-Pak
cartridge as described above. The resultant aflatoxin fraction was then
resolved by HPLC. The Chromatographie condition used was 13%
ethanol for 20 min isocritically, followed by a 13 to 25% ethanol
alcohol gradient generated over 25 min. The mobile phase was buffered
with 10 MMtriethylammonium formate, pH 3.0. The flow rate was 1
ml/min.

Treatment Protocol for Carcinogen and Chemoprotective Agent. At 5
wk of age (approximately 80 g body weight), the rats were randomly
divided into 2 groups. One group (55 rats) received the AIN-76A diet,
and the other group (56 rats) received the AIN-76A diet supplemented
with 0.075% oltipraz. The chemoprotective agent was fed for a total of
4 consecutive wk. Beginning 1 wk after introduction to the oltipraz
diet, each rat received by gavage 25 Mgof AFB, dissolved in 0.1 ml of
tricaprylin, 5 days per wk for the next 2 wk. The cumulative dose of
AFBi based upon the average weight of the rats was approximately 2.0
mg/kg of body weight. One wk following the cessation of dosing with
AFBi, all rats were restored to the control AIN-76A diet for the
duration of the experiment. The experimental design is presented
schematically in Fig. 2.

Analysis of Foci. Three mo after restoration to the control diet, 10
rats from each of the two groups were killed, and livers were removed
and weighed. Three-mm sections were cut by hand from the left lobe

and the right and left sublobes of the median lobe of the liver and
frozen in liquid nitrogen. Using frozen cryostat cut sections, GGT+
foci were stained as previously described (21). The number and size
(area) of the GGT+ focal transections and the total areas of the liver
sections were determined using an image analysis system (13).

Analysis of Cancers. All moribund rats were autopsied when clinical
observations indicated that the rat would not survive. The criterion for
autopsy was the inability of the rat to right itself or walk. This ataxia
was usually accompanied by a significant (>15%)and rapid loss in body
weight. All remaining rats were killed and autopsied 23 mo after the
first dose of AFB,. Full-term survival in the AFB, only group was 10
of 45 rats, whereas 24 of 46 rats in the oltipraz-plus-AFB, group
survived to 23 mo. Enlarged spleens (weight > 2 g) were considered
preliminary evidence of leukemia or lymphoma and were taken for
histolÃ³gica!examination. In most cases a diagnosis was confirmed by
hepatic infiltrates of hematopoietic cells. Abnormal tissues including
all hepatic tumors and standard samples of grossly normal hepatic
tissue were taken for histopathological examination and fixed in for
malin. Sections were stained with hematoxylin and eosin. Gross hepatic
lesions were classified as hepatocellular adenomas or hepatocellular
carcinomas. No gross hepatic lesions were found to be hematopoietic
tumors. Microscopic atypical hepatic foci also were diagnosed in the
sections.

Statistical Analyses. Body weights were compared by the Student i-
test. Kaplan-Meier survival curves were compared by the log rank test.
Differences in the incidence of lesions were evaluated by the x2 test.

RESULTS

Growth Rate of Rats. The growth curves for the rats in the
cancer study are shown in Fig. 3. All rats were treated with
AFE,. The overall growth rate of the rats fed the oltipraz-
supplemented diet was similar to that of the rats maintained
on the control diet. At wk 6 to 15 of age (i.e., beginning after 1
wk of feeding oltipraz), the rats fed oltipraz were slightly but
significantly smaller (P < 0.05) than the rats fed the control
diet, although never weighing less than 93% of the weight of
the rats fed the control diet. Generally, rats transiently reject
the oltipraz diet for a couple of days, but then eat normally.

5502

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/20/5501/2445048/cr0510205501.pdf by guest on 19 M

ay 2023



Fig. 2. Experimental protocol for evalua
tion of chemoprotection by oltipraz. Oltipraz
was fed 1 wk prior to exposure to AFBi during
treatment and for 1 wk following treatment.
AI H, was given to all rats by gavage, 5 days/
wk for 2 successive wk as indicated by arrows.
GGT+ foci were evaluated at 3 mo posttreat-
ment period and hepatic neoplasms during the
second year of the postinitiation phase.

OLTIPRAZ PROTECTION AGAINST LIVER CANCER
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Fig. 3. Growth rates of the AFB,-control diet (O)- and AFB,-oltipraz diet (â€¢)-

treated rats. AFBi treatment and the feeding of the oltipraz-supplemented diet
are shown in detail in the inset to this figure, and they are shown by ears on the
main graph of this figure. See Fig. 2 for a detailed schematic of the treatment
protocol. An asterisk indicates significant difference between groups by Student's

t test (P < 0.05). Standard errors were smaller than the symbols unless indicated.

There was no significant difference in the weight of these two
groups of rats after 15 wk of age.

GGT+ Foci. The analysis of the effects of oltipraz treatment
on the inhibition of hepatic GGT+ foci seen in sentinel rats
killed 3 mo after AFB] treatment is shown in Table 1. The
occurrence of GGT-(- foci per unit area of liver examined was
significantly (P = 0.0039, x2 test) less in the oltipraz group.
Additionally, the number of foci per cm2 and their transectional

areas were smaller in the oltipraz group. However, statistical
analyses of these 2-dimensional data are inappropriate as the
data may not represent the actual number of the foci in the
liver (22). There were too few GGT+ foci identified in the
oltipraz group to apply the techniques of quantitative stereology
to these data (see Ref. 22 for an explanation). Statistical analysis
of the volume of liver occupied by the GGT+ foci is mathe
matically valid, and oltipraz treatment significantly (P < 0.05)
reduced the focal burden by greater than 97%. This protective
effect of oltipraz on the hepatic burden of GGT+-altered foci
is very similar to that reported previously using the AFB,
exposure model (13).

Survival Analyses and Neoplasms. Survival curves for the rats
in the cancer study are shown in Fig. 4. Excluding the scheduled
autopsies of the sentinel animals at 3 mo posttreatment, the

first death in this study occurred at month 11, and the first
death with a gross liver tumor was at month 19. By Kaplan-
Meier survival analysis, rats of the AFBi-oltipraz group had a
significantly (P < 0.02, log rank test) longer life span than the
rats in the AFB,-control diet group (Fig. 4, inset). When the
survival data were censored for the deaths in which gross liver
tumors were not present, survival rates of the rats treated with
oltipraz were even more significant (P < 0.0002) (Fig. 4). The
early deaths from month 11 until the termination of the exper
iment at month 23 were largely a result of hematopoietic

Table 1 Effect of oltipraz on hepatic GGT+ foci at 3 mo postdosing with AFB,
Rats were treated with AFB, (25 Mg/rat 5 days/wk, for 2 wk) 1 wk after

beginning the experimental diet. Ten rats from each group were killed 3 mo after
this treatment period ended (see Fig. 2).

TreatmentControl

OltiprazNo.

ofrats10

10Occurrence

offoci"10/10

4/10'No.

of
foci/cm2

ofliver1.19
Â±0.30*

0.18 Â±0.09Focal

area
(mm2 x

100)2.22

Â±0.55
0.53 Â±0.19Volume

as %of
liver

(xlOOO)36

Â±17
\Â±\"

Â°For each rat in the two treatment groups, 403 Â±14 (mean Â±SE) mm! of
liver were examined for the occurrence of GGT-l- foci.

* Mean Â±SE.
c Significantly different from control by the x2 test (P < 0.005).
d Significantly different from control by the t test (P < 0.05).
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Fig. 4. Kaplan-Meier survival curves: total survival (inset) and survival cen
sored for rats without hepatic neoplasms. Death of a censored rat is indicated by
a slash above the curve for the oltipraz-supplemented group and a slash below the
curve for the control group.
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OLTIPRAZ PROTECTION AGAINST LIVER CANCER

tumors, which occur spontaneously in male Fischer rats (23).
Overall, 53% of the rats fed control diet during AFB, treatment
(24 of 45 rats in the long-term cancer study) had gross evidence
of leukemia or lymphoma. The incidence was significantly
reduced (P < 0.05) in the oltipraz-fed group to 30% (14/46).
Interstitial cell tumors of the testis were present in approxi
mately 50% of the rats in each group, but these neoplasms did
not contribute to mortality.

Table 2 presents the effects of oltipraz on the incidence of
AFB,-induced hepatic preneoplastic foci, adenomas, and hep-
atocellular carcinomas. All rats received AFBi and for each rat,
only the most advanced hepatic lesion is reported. Foci were of
course present in the livers of rats with adenomas or carcino
mas. Hepatic foci were identified in both the control diet and
oltipraz-diet groups although in the latter group the incidence
was considerably lower. Since standard sections were taken, all
rats were sampled equally. The true incidences may have been
higher than the value given. At 23 mo, the 10-dose exposure to
AFB i produced an 11% incidence of hepatocellular carcinoma
in the control diet-fed rats. The multiplicity of hepatic carci
nomas in this group of 5 rats was low, with only one rat having
2 carcinomas and one rat having both a carcinoma and an
adenoma. An additional 9% of the rats had hepatocellular
adenomas and, of these 4 rats, 2 individuals had 2 adenomas
and a third rat had 3 adenomas per liver. By contrast, oltipraz
afforded complete protection against these hepatic lesions.
There were no gross lesions, either adenomas or hepatocellular
carcinomas, in the rats fed the oltipraz-supplemented diet.
Hematopoietic infiltrates were noted, but did not obscure the
diagnosis of the hepatocellular neoplasms. No tumors were
seen in either group at extrahepatic sites for AFB, carcinogen-
esis, such as the colon and kidney. Thus, oltipraz treatment did
not merely shift the target organ specificity from the liver to
other organs.

Molecular Dosimetry. It is likely that the formation of DNA
adducts in the liver is a necessary component of aflatoxin
carcinogenesis, and considerable attention has been focused on
the development of methods for adduci analysis. Previous stud
ies using the ant Â¡carcinogenethoxyquin indicated that the initial
rate of AFBrDNA adduci formation and AFB-A^-guanine

excrelion in urine corresponded lo Ihe relative lumor risk for
rals exposed lo aflatoxin and fed either control or elhoxyquin-
supplemenled diels (11). These observalions have been ex
tended in Ihe presenl sludy lo ollipraz. Fig. 5 depicls Ihe levels
of AFB-A^-guanine adducts measured in hepatic DNA either 2

or 24 h after AFBi exposure. In accord with earlier studies (12,
13), rats fed oltipraz had a 76% lower level of hepatic AFB-A^-

guanine adducts lhan rals fed the conlrol diet when both were
examined 2 h following intubation with 250 ng of AFBi/kg.

60-50-zQ

40-O*E\

30-op5.

20-10n.LJVER1CD

CONTROL
tÃaOLTIPRAZu

ImURINEITt/hi-400-300o200

Eo.100.n

2hr. 24 hr. 0-24 hrs.

Fig. 5. Levels of AFB-A^-guanine in livers and urine of rats fed either control
diet- or oltipraz (0.075'c (-supplemented diets for 7 days prior to gavage with 2SO
ng of AFBi/kg of rat. Levels of AFB-A"-guanine were determined as described in
"Materials and Methods." Columns, mean; bars, SE (n = 4).

The 2-h postdosing time represents Ihe time of maximal AFBr
DNA adduct levels in the liver, and almost all DNA adducts
are AFB-A^-guanine (24). At 24 h postdosing, adduct levels
were 65% lower in the livers of oltipraz-fed rats compared with
controls. Hepatic AFB-A^-guanine levels dropped 70 to 80%
between 2 and 24 h in both groups, reflecting a biological half-
life of aboul 10 h for this major AFB,-DNA adduct.

Substanlial amounts of Ihe excised AFB-JV7-guanine adduct

are excreted in Ihe urine wilhoul further metabolic processing
(25). Utilizing preparative monoclonal antibody affinity col
umns specific for aflatoxins, facile quantitative determinations
were made on Ihe levels of AFB-A^-guanine excreted in Ihe
urine of ihese rals over Ihe initial 24-h postdosing period.
Depicted in Fig. 6 is a representative chromatogram of rat urine
from an AFBi-exposed ral mainlained on Ihe control diel. AFB-
A^-guanine, with an absorption maximum at 365 nm charac
teristic of aflatoxins, Ã©lÃ»tesat 27 min in this Chromatographie
system. As presented in Fig. 5, dietary ollipraz pretreatment
led to a 67% reduction in the tolal amount of AFB-W-guanine
excreted in the urine over the inilial 24-h collection period. By
contrast, elimination of total aflatoxin equivalents, as deter
mined radiometrically, was essentially indistinguishable in the
two Irealmenl groups. Approximately 15% of the administered
dose of AFBi was eliminated in the urine during this first 24-h
period in both groups. However, only about 1% of these afla-
loxin metabolites are AFB-Ar7-guanine. The reduction in the

amounts of adducts excreted in the urine samples of animals
fed oltipraz is remarkably similar to the degree of diminution
in hepatic DNA adduct levels observed in these rals and pre
sumably direclly reflecls Ihe decreased formalion of AFB-A^-

guanine adducls in Ihe liver and, possibly, olher lissues.

Table 2 Incidence of Hepatic foci, adenomas, and hepatocellular carcinomas
Rats were treated as described in Table 1 and Fig. 2.

Mo after AFB,
exposure11-2223TotalTreatmentControl

OltiprazControl

OltiprazControl

OltiprazNo.

ofrats35

2210244546Foci4/35(11)Â°1/22(4)2/10(20)

1/24(4)6/45(13)

2/46 (4)IncidenceHepatic

adenomas3/35

(8)
01/10(10)

04/45

(9)
0*Hepatocellular

carcinoma4/35(11)

01/10(10)

05/45(11)

0*Tumors/tumor-

bearingrat1.6

02.0

01.7

0
" Numbers in parentheses, percentage.
* Significantly different from control (P < 0.05, x! test).
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OLTIPRAZ PROTECTION AGAINST LIVER CANCER

Fig. 6. HPLC profile of a urine sample of
a control diet-fed rat obtained from a 24-h
collection following dosing with 250 >ig of
AFBi/kg. This urine sample was prepared us
ing the monoclonal antibody affinity chroma-
tography column as described in "Materials
and Methods." The major oxidative metabolite
in the urine is AFMi (41 min). AFB-A^-guan-
ine Ã©lÃ»tesat 27.0 min. A UV spectrum of AFB-
A"-guanine obtained on-line is shown in the

lower left box.

A. CONTROL RRT URINE (6) RFMI
30:

20-

10:

10 30 40
T(me Cm 1n. )

60

B.
RFB-N7-GUR SPECTRUM 26.99 MIN

8:
6-

4:
2-

250 300 350 400
Wavelength Cnm)

450

4'

3

2

1

0
-1
-2

231
Reference

453
spectrum

DISCUSSION

The major finding of this study was that oltipraz ingestion
during exposure to a carcinogenic regimen of AFBi over a 2-
wk period afforded complete protection against hepatocellular
adenomas and carcinomas. In the rats exposed to AFB,, but
without ingesting oltipraz, 11% had hepatocellular carcinomas,
and an additional 9% had adenomas. By survival analyses,
oltipraz increased both the life span of the AFB,-exposed rats
and the survival free of liver neoplasms. Previously, we had
shown that oltipraz protected against the formation of putative
preneoplastic enzyme-altered foci induced by AFBi (13). Using
the same exposure protocols to AFBi and oltipraz, we now
show both protection against foci formation and prevention of
hepatocellular neoplasms. At least qualitatively, the suppres
sion of focal development and the decrease in AFB,-DNA
adducts offer short-term methods for monitoring the efficacy
of chemoprotection by agents as oltipraz.

A number of antioxidants including 2(3)-ierf-butyl-4-hydrox-
yanisole (BHA), 3,5-di-fÃ³rf-butyl-4-hydroxytoluene (BHT), and
1,2-dihydro-6-ethoxy-2,2,4-trimethylquinoline (ethoxyquin)
have been previously observed to inhibit AFBi-induced hepa-
tocarcinogenesis in the rat (10, 26). Although the addition of
another dietary antioxidant per se to this list may be seemingly
of limited consequence, there are two features of the present
study that suggest that oltipraz or related dithiolethiones may
provide important opportunities for extending chemoprotec
tion to human populations at high risk to aflatoxin exposure.
(a) Issues of efficacy, potency, and an apparent low toxicity of
oltipraz highlight dithiolethiones as attractive chemoprotective
agents, (b) The choice of oltipraz as a candidate chemoprotec
tive compound was predicted upon a series of short-term,
mechanism-based studies in which oltipraz was shown to en
hance AFBi detoxication (14), reduce hepatic DNA adduci
burden (12), and abrogate AFBi-induced enzyme-altered foci
formation (13). The results of extension of these short-term
endpoints to examination of longer term carcinogen exposure
and cancers in rats indicates that further extension to studies
of human populations could provide reasonable tools for the
development and assessment of chemoprotective interventions.

Oltipraz has several advantages as a chemoprotective agent.
First, oltipraz afforded complete protection against AFBi in
duction of hepatic neoplasms when fed at the relatively low

dietary level of 0.075%. At this dietary level of oltipraz, the
reduction in AFBi-induced foci was >97% in this study (Table
1) and >99% in a previous study (13). We have previously
observed that ethoxyquin reduced hepatic GGT+ focal burden
by >99% in this model, but at a concentration of 0.40% in the
diet (11). On a molar basis, this level of ethoxyquin is more
than 5 times the level of oltipraz fed in the present study.
Previous experiments using oltipraz (13) have indicated that
substantial protection against AFBi-induced GGT-t- foci was

afforded at doses as low as 0.01% in the diet. Studies using a
comparable range of doses of ethoxyquin or other agents in this
model have not been conducted.

A second advantage of oltipraz is that it represents a large
family of dithiolethione analogues, some of which appear to be
more effective than oltipraz (13). For example, comparative
biochemical data on the inhibition of AFB,-DNA adduct levels
in rat liver indicate that the parent l,2-dithiole-3-thione itself
offers considerably better protection than does oltipraz. Fur
ther, preliminary data indicate substantial (>80%) inhibition of
GGT+ foci formation at levels of l,2-dithiole-3-thione as low
as 0.001% in the diet.4 Thus, a systematic organic synthesis

program based upon the parent ring structure may reveal other
pharmacologically active derivatives.

A third advantage of the dithiolethiones may be their safety.
The phenolic antioxidants have been shown to induce cancers
under certain conditions (27). While the toxicities of oltipraz
and related dithiolethiones have not been scrutinized as care
fully as those of the phenolic antioxidants, several features of
the dithiolethione class argue for their safety. Oltipraz has
undergone clinical trials for chemotherapy of schistosomiasis
(6). Currently, Phase I trials sponsored by the National Cancer
Institute of the United States National Institutes of Health are
in progress. Related dithiolethiones are also in clinical use in
Europe and Canada as choleretic agents and as stimulants of
salivary secretion to counteract the dryness of mouth caused by
psychotropic drugs (28). Thus, the prospect that dithiolethiones
could be administered to high-risk, but otherwise healthy indi
viduals seems reasonable.

The development of biomarkers as intermediate endpoints in
chemoprotection is an important and necessary goal. Consid
erable attention has been focused recently on the development

4 Unpublished observations.
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of analytical techniques to assess the exposure of individuals to
AFBi in order to define better the contributions of aflatoxins
to the incidence of primary hepatocellular carcinomas in hu
mans. While it is not possible to assay routinely AFB,-DNA
adduct levels in human tissues, the major DNA adduct species
formed in vivo in mammals, AFB-A^-guanine, is rapidly excised

and eliminated as a modified guanine base in the urine (25).
Thus, levels of AFB-/V7-guanine in human urine may directly
reflect the amount of aflatoxin-modified DNA in target tissues.
Groopman et al. (20) have recently developed monoclonal
antibodies specific for aflatoxin metabolites, especially the
DNA adducts, for use in the preparative purification of aflatox
ins from biological fluids. Using these methods it has been
possible to demonstrate a striking correlation between aflatoxin
consumption in humans and AFB-JV7-guanine elimination in

urine (29). If this marker could be established as an indicator
of the risk for development of liver cancer from aflatoxin
exposure, then monitoring of urinary AFB-^-guanine levels
could greatly facilitate the design and evaluation of human
chemoprotective interventions in high-exposure areas. As an
initial attempt to validate this methodology, we have measured
the levels of AFB-W7-guanine in urine of rats undergoing chem-

oprotection with ethoxyquin (30) and oltipraz (Fig. 5). Both
ethoxyquin and oltipraz, when administered in the diet at
anticarcinogenic doses, led to a 65 to 75% reduction in the level
of initial hepatic AFB-jY7-guanine adducts formed in vivo as
well as a corresponding decrease in the amount of AFB-A^7-
guanine excreted in the urine over the 24-h postdosing collec
tion period. Thus, these initial findings support the possible
utility of this urinary marker as a short-term prognosticator of
cancer risk from aflatoxin exposure. Further application of this
methodology in protocols of chronic exposures to AFBi and
inhibitors will be required to buttress this preliminary
conclusion.

A result of interest that was unexpected and therefore not
fully documented was the decrease in hematopoietic neoplasia
in AFBi-oltipraz-treated rats as compared with the AFBt-con-
trol diet-fed rats. The explanation for this apparent effect of
oltipraz in preventing such tumors is not clear. Further studies
are required in which additional control groups and full histo
lÃ³gica!examinations are included.
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