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Chemopreventive Effects of Taurine on Diethylnitrosamine and Phenobarbital-

induced Hepatocarcinogenesis in Male F344 Rats
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Modifying effects of taurine, a naturally occurring organosulfar compound, on diethylnitrosamine
(DEN) and phenobarbital (PB)-induced hepatocarcinogenesis were examined in rats. Male F344 rats,
5 weeks old, were divided into 8 groups. Rats of groups 1 throngh 5 were given i.p. injections of DEN
(100 mg/kg body weight) once a week for 3 weeks from one week after the start of the experiment.
Of them, animals of group 2 received taurine mixed in a basal diet at a concentration of 2000 ppm for
the initial 4 weeks, and those of groups 3 and 5 were given the agent starting 4 weeks after the
beginning of experiment until the end (24 weeks). Rats in groups 1, 4, 7 and 8 were kept on the basal
diet throughout the experiment (24 weeks). Group 6 was given taurine throughout the experiment and
group 8 was treated as a vehicle control. Animals of groups 1, 2, 3 and 7 received PB in drinking water
at a dose of 500 ppm from one week after the end of carcinogen or vehicle treatment. Liver neoplasms
were recognized only in DEN-treated groups. The incidence and average number of liver neoplasms
of group 3 were significantly lower than those of group 1. The number of glutathione S-transferase
placental form (GST-P)-positive foci of group 2 or 3 was significantly smaller than that of group 1
(P <0.01 or P < 0.005). The average and unit areas of GST-P-positive foci in groups 2 and 3 were also
significantly smaller than those in group 1 (£<0.005 and P <0.0001, P<0.,0001 and P <0.001,
respectively). In this study, the level of ornithine decarboxylase activity in non-neoplastic liver tissue
was reduced by taurine treatment in both the initiation and postinitiation phases. These results suggest
that taurine could be a chemopreventive agent for liver neoplasia.

Key words:

Chemoprevention embraces the concept that non-
toxic, non-carcinogenic synthetic chemicals or naturally
occurring products can inhibit the process of carcino-
genesis. Several naturally occurring organosulfur chemi-
cals have been reported to exert chemopreventive effects
in animal models of carcinogenesis.'™ Taurine (2-amino-
ethanesulfonic acid, C;H;N(O,8) is an organosulfur com-
pound and is contained in a variety of animals and
plants.'™? Neural fibers of squid contain a large amount
of taurine, and the taurine concentration in urine of
Japanese is higher than that of people in Western coun-
tries.”*'® Several biological functions of taurine have
been established, including anti-oxidative, anti-athero-
sclerotic, and anti-hypertensive effects.”'® Since taurine
has a cholagogic effect and activates enzymes in the
hepatocyte, this agent is clinically used as a protecting
agent of the liver.™ Recently, a chemopreventive effect
of taurine on rat large bowel carcinogenesis was re-
ported.?” In that study, the glutathione S-transferase
(GST) level was increased in the liver of rats exposed to
taurine. GST is one of the phase IT enzymes and has been
considered to increase metabolism, detoxification and
elimination of carcinogens.”®?? Several other organo-
sulfur compounds possessing anti-carcinogenic activity
were also reported to increase phase II enzymes.?*??

! To whom requests for reprints should be addressed.
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In the present study, possible modifying effects of
taurine on diethylnitrosamine (DEN)-induced hepato-
carcinogenesis were examined in rats. The frequency of
glutathione S-transferase placental form (GST-P)-
positive foci as well as that of neoplasms of the liver, was
analyzed.”™ Activity of ornithine decarboxylase (ODC),
which is considered to correlate to the regulation of cell
proliferation,® 2" was also assayed in the liver tissues.

MATERIALS AND METHODS

Animals, diet, and chemicals Weanling male F344 rats
were purchased from Shizuoka SLC Co., Shizucka. DEN
and taurine were provided by Nacalai Tesque Inc.,
Kyoto. Phenobarbital (PB) was purchased from
Maruishi Pharm. Co., Osaka. The basal diet CE-2 was
obtained from CLEA Japan Inc., Tokyo.

Experimental procedure The experimental design is
shown in Fig. 1. A total of 135 rats, 5 weeks of age, were
divided into 8 groups. Groups 1 {20 rats), 2 (20 rats), 3
(21 rats), 4 (24 rats) and 5 (20 rats) were given ip.
injection of DEN (100 mg/kg body weight) once a week
for 3 weeks starting one week after the beginning of the
experiment, and groups 6 (8 rats), 7 (8 rats) and 8 (14
rats) were given i.p. injection of saline, instead of the
carcinogen. Rats of group 1 were given PB in drinking
water (500 ppm) starting 4 weeks after the beginning of



Age (weeks) 5 9 19 29
. [ | | |

Group 1 Basal diet

DEN - PB

b

FERRRINRNINRARO NI NN A I rGREn e

Group 2

DEN+T— PR | Basal diet |

Group 3
DEN—*T+PB

L

Group 4 I

DEN Basal diet I

LA

Group 5§
DEN—+*T

Group 6
T

Basal diet

‘ T T L T N O T TN T

Group 7
PB

b

Basal diet |
bohd

Fig. 1. Experimental design. [EZE, T: taurine, 2000 ppm in
diet; lmm, PB: phenobarbital, 500 ppm in drinking water; 4,
DEN: diethylnitrosamine, i.p., 100 mg/kg body weight, once
a week for 4 weeks; 4, saline.

treatment

the experiment. Animals of group 2 were exposed to

taurine mixed in the basal diet CE-2 at a concentration of
2000 ppm in the initiation phase and received PB during
the promotion phasé. Those of group 3 received PB and
taurine in the promotion phase. Group 4 was kept on the
basal diet. Group 5 was given taurine in the promotion
phase. Group 6 was treated with taurine alone through-
out the experiment. Group 7 received PB alone during
the promotion phase. Group 8 was treated as a vehicle
control. All animals were housed three to four to a wire
cage and had free access to water and diet under con-
trolled environmental conditions of humidity (50%
10%), lighting (12 h light/dark cycle) and temperature
(232°C). The experimental diet mixed with taurine
was prepared weekly and stored in a cold room. At
termination of the experiment, complete autopsies were
performed after the animals were killed by ether inhala-
tion. At autopsy, the location, number and size of liver
tumors were recorded. Two sets of liver sections were
made from each lobe. One set of the slices was fixed in
cold acetone and the other set was fixed in 10% buffered
formalin, embedded in paraffin blocks, and processed for
routine histclogical observation with the use of hemato-
xylin and eosin stain.
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GST-P staining and counting The liver sections from
acetone-fixed tissues were stained for GST-P. An im-
munohistochemical staining for GST-P was carried out
using the avidin-biotin-peroxidase complex method
(Vectastain ABC kit, Vector Lab. Inc., Burlingame,
CA). Anti-GST-P antibody was kindly provided by Dr.
K. Satoh, Hirosaki University School of Medicine,
Hirosaki. The arcas of GST-P-positive foci and number
of foci/cm® were measured by means of an image
analyzer with a microscope (IPAP, Sumitomo Chemical
Co., Ltd., Osaka}. GST-P-positive foci were defined as
foci of positive cells of more than 0.01 mm? in area.
Measurement of ODC activity At necropsy, non-neo-
plastic tissues were trimmed from the liver. The samples
were immediately frozen in liquid nitrogen and stored at
—70°C. The specimens were pooled and homogenized in
0.25 mi of a buffer containing 0.25 M sucrose, 50 mM
Tris-HCl (pH 7.5), 1 mM EDTA, 0.4 mM pyridoxal
5'-phosphate, and 1 mM dithiothreitol in an Ultra-
Turrax tissue homogenizer. They were then centrifuged
at 15,000 rpm for 30 min at 4°C. The supernatant was
assayed for ODC activity by a modification of the micro
method of Lans et 2l in an Eppendorf microfuge in
a final volume of 40 ul. The reaction mixture contained
50 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (pH 7.4), 1 mM EDTA, 0.25 mM pyridoxal 5'-
phosphate, 1 mM dithiothreitol, and 130 £M [1-*C]orni-
thine (40.6 mCi/mmol; Amersham International plc,
Amersham, UK). The reaction was initiated with 20 z1
of the supernatant at 37°C for 60 min, and the liberated
“CO, was collected on a paper filter bearing 10 21 of 10%
potassium hydroxide, on the top of the microtubes. The
reaction was terminated by adding 10 ¢l of 6 N hydro-
chloric acid. Then the sample was incubated for 15 min
to collect "*CO; completely. At the end of this procedure,
the filter paper with the captured “CO, was removed,
immersed in a scintillation vial, and counted for radioac-
tivity in 10 ml of scintillation cocktail. One enzyme unit
was defined as 1 pmol of *CO; released/mg protein/h.
Protein content was measured with a Bio-Rad protein
assay kit (Bio-Rad, Richmond, CA), utilizing bovine
serum albumin as a standard.

Statistical analysis Differences of incidence or multiplic-
ity of pathological lesions in the liver among the groups
were analyzed by the y? test, Fisher’s exact probability
test, Welch’s ¢ test or Student’s ¢ test.

RESULTS

Body weight and liver weight Exposure to taurine signifi-
cantly reduced the body weights, liver weights and rela-
tive liver weights compared to the other groups (Table
T). The three values of group 3 were respectively smaller
than those of group 1 (P<0.01, P<0.0001, P<0.0001),
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Table I. Body and Liver Weights of Rats in Each Group
No. of Body weight Liver weight Relative liver
Group Treatment rats () ® weight (%)
1 DEN—PB 20 322742959 159%+1.9 4.96+0.42
2 DEN+T—PB 19 315.0+35.3 15.1+1.7 4.80+0.24
3 DEN—T-+PB 21 293.21+35.1 12.4+3.1 4.19%0.67
4 DEN 24 325.81+18.8 11.7+1.2 3.590.47
5 DEN—T 18 310.2=18.0 10.6t1.0 3.40+0.25
6 T 8 32681183 10.5£0.8 3.161+0.21
7 P 3 357.0£23.9 16.1t2.4 4.5110.59
8 No treatment 14 351.6+13.8 11.9+0.9 3.391+0.24
@) Mean+8D.
Table TI. Tumor Incidence in the Liver
Hepatocellular Hepatocellular
Group Treatment adenoma (%) carcinoma (%) Total (%)
1 DEN—PB 19/20 (95) 14,20 (70) 20/20 (100)
2 DEN-+T—PB 12/19 (63)= 13/19 (68) 17719 (50)
3 DEN—-T+PB 7/21 (33)¥ 13/21 (62) 13/21 (62)9
4 DEN 3/24 (13)» 7/24 (29D 10724 (42)®
5 DEN—T 4/18 (22) 4/18 (22) 6/18 (33)
a) Significantly different from group 1 by x* test P<0.02.
b) Significantly different from group 1 by x? test P<0.0001.
c) Significantly different from group 1 by x? test P<{0.005.
d) Significantly different from group 1 by x? test P<(0.01.
Table III. Tumer Multiplicity of the Liver
No. of Average Average Average
Group Treatment rats No. of adencma No. of earcinoma No. of tumor
1 DEN—PB 20 31542219 2.00£1.92 5.151%3.92
2 DEN-+T—PB 19 0.95£0.83% 1.00x0.86% 1.95+1.00%
3 DEN—T+PB 21 0.481+0.799 1.331.43 1.81x1.899
4 DEN 24 0.13£0.33 0.380.63% 0.50£0.65
5 DEN—T 18 0.2210.42 0.224+0.42 0.441+0.68
@) Mean+t 8D,

b) Significantly different from group 1 by Welch’s £ test P<0.001.
¢) Significantly different from group 1 by Welch’s ¢ test P< 0.0001.
d) Significantly different from group 1 by Welch’s ¢ test P<<0.05.

and those of group 5 were smaller than those of group 4
(P<0.05, P<C0.01, P<0.05). Furthermore, the values of
group 6 were also smaller than those of group 8 (P<
0.001, £<0.001, P<0.05).

Incidence and multiplicity of neoplasms One rat in group
2 and two rats in group 5 died of pneumonia before
termination of the experiment, but no neoplasms were
found among them. Incidence and multiplicity of liver
neoplasms are shown in Tables IT and IIT respectively.
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Liver tumors were only recognized in DEN-treated
groups. The neoplasms induced by DEN were hepatocel-
lular in origin. No hepatocellular neoplasm was found in
the vehicle-treated group (group 8). The incidences of
adenoma of groups 2, 3 and 4 were significantly lower
than those of group 1 (#<0.02, P<<0.0001 and P < 0.0001,
respectively). The incidences of total liver neoplasms of
groups 3 and 4 were significantly lower than that of
group 1 (P<{0.005 and P<0.0001, respectively). Fur-
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Table [V. Quantitative Analysis of GST-P-positive Foci

Density Unit area of Average area of
Group Treatment (Jer?) GST-P-positive foci (%)  GST-P-positive (cm?)
1 DEN—PB 46.617.69 6.5t1.8 0.1410.04
2 DEN +T—>PB 37.9+10.39 49+1.59 0.130.03%
3 DEN—T+PB 31.8+9.09 3.741.39 0.120.039
4 DEN 21.61£6.39 2.1£1.0 0.09+0.03
5 DEN—T 18.0+6.29 1.840.9 0.10=0.02
a) Mean=£SD.

b) Significantly different from group 1 by Student’s ¢ test P<<0.01.
¢) Significantly different from group 1 by Student’s ¢ test P<{0.0001.
d) Significantly different from group 1 by Student’s ¢ test P<0.05.
e) Significantly different from group 4 by Student’s ¢ test P<0.05.

thermore, that of hepatocellular carcinoma of group 4
was significantly lower than that of group 1 (P<0.01).
No significant difference of the incidence of these neo-
plasms was found between groups 4 and 5. The incidence
of total hepatocellular neoplasms of group 2 was rather
lower than that of group 1, although the difference was
not statistically significant, The multiplicities of ade-
noma, carcinoma and total tumors of groups 2 and 4
were significantly smaller than the corresponding values
of group 1 (P<0.001, P<<0.05 and P<0.001, and P<
0.0001, P<0.001, and P<0.0001, respectively). The mul-
tiplicities of adenoma and total tumor of group 3 were
significantly smaller than those of group 1 (P<(.0001
and P<{0.0001). No significant differences in the inci-
dence and multiplicity of tumors were present between
groups 4 and 5 (Table II).

Frequency of hepatocellular foci Three types of preneo-
plastic hepatocellular foci (clear, eosinophilic and baso-
philic) positive for GST-P were found in all groups
exposed to DEN, A few liver cell foci were also recog-
nized in some animals given vehicle treatment. The
results of quantitative analysis of the frequency of GST-
P-positive foci are summarized in Table IV. The density
and unit area of GST-P-positive foci of groups 2, 3 and 4
were significantly smaller than those of group 1 (£<0.01
and P<0.01, P<0.0001 and P<0.0001, P<0.0001 and
P<0.0001, respectively). The average area of GST-P-
positive foci of group 1 was significantly larger than the
corresponding values of groups 3 and 4 (P<0.05 and P<
0.0001, respectively). The density of group 5 was signifi-
cantly lower than that of group 4 (P<0.05) (Table IV}.
Results of ODC assay Table V indicates the ODC
activities in the liver tissues without macroscopic tumors.
Treatment with DEN alone (group 4) and PB alone
(group 7) significantly increased liver ODC activity com-
pared to untreated rat liver (P<{0.0001 and P<0.01,
respectively). In rats given DEN followed by PB, a slight
increase in ODC activity was seen compared to group 4

Table V. ODC Activity of Rat Liver

No. of ODC activit mol

Group Treatment rats “C0,/mg prztgl;/h)

1 DEN—PB 20 39.03+4.83%

2 DEN-T--PB 19 24.47%11.159

3 DEN—--T-+PB 21 13.6817.99%

4 DEN 24 30.93+3.66

5 DEN—T 18 19,13 5,009

6 T 8 25.58+£5.25

7 PB 8 10.1612.85°

8 No treatment 14 4,740,578
@) Mean=*SE.

b) Significantly different from group 1 by Student’s ¢ test P<
gsoss'igniﬁcantly different from group 1 by Student’s ¢ test P<
2-)0(38()ié‘rliﬁcantly different from group 4 by Student’s ¢ test P<
2-)018.igniﬁcantly different from group 6 by Student’s ¢ test P<
?")0 1S.iguiﬁca.ntly different from group 6 by Student’s ¢ test P<
g)::Sli.gniﬁcantly different from group 7 by Student’s # test P<

(BEN alone). When taurine was fed during or after
DEN exposure, ODC activity was significantly decreased
(P<0.05, P<0.0001) and the decrease was prominent in
rats given taurine after DEN treatment. However, in this
experiment, feeding of taurine alone significantly in-
creased liver ODC activity (P<0.0005), as seen in rats
treated with PB alone.

DISCUSSION

The results of the present study clearly indicate that
taurine inhibits DEN-induced hepatocarcinogenesis in
rats when given during the initiation or promotion phase.
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The inhibitory effect of taurine was particularly apparent
in the promotion phase. Results of quantitative analysis
of altered liver cell foci were in agreement with the data
on frequency of liver neoplasms. These liver cell foci are
generally recognized as preneoplastic lesions in the line-
age of hepatocellnlar carcinoma development and are
considered to reflect the carcinogenic potential due to the
consistent manner in which liver cell foci appear during
the post-initiation stage of hepatocarcinogenesis.’® 2"

The experimental diets used slightly retarded bedy
weight gain. Although no clear evidence of toxicity was
found histologically in taurine-treated animals, such
weight loss suggests a mild toxic effect of the experi-
mental diet. The dose of taurine used here may be close
to the maximum tolerated dose. Calorie intake and body
weight have been considered to be related to tumor
incidence. Albanes®™ has reported that about 15.3% cal-
orie restriction causes 20.2% tumor reduction and 119
weight loss reduces tumor incidence by 3.7%. In this
study, 9.1% body weight reduction was present in group
3 compared to group 1, while the tumor incidence was
reduced to 62% in group 3. Thus, the reduction of tumor
incidence was not primarily due to body weight loss.
Taurine also decreased expression of enzyme-altered foci.
We have reported that restricted caloric intake reduces
the development of GST-P-positive foci,”® In that exper-
iment, the body weight was decreased to 76.7% by a 70%
calorie-restricted diet, and the density of GST-P-positive
foci was reduced to 37.6%, while the average area of foci
was decreased to 53% at the termination. In the present
experiment, the density of GST-P-positive foci was re-
duced to 68.1%, and the average area of foci was de-
creased to 83.4%, although the body weight was reduced
only to 90.9%. Accordingly, the reduction of GST-P-
positive foci was more marked than the decrease of the
body weight, and the changes of the body weight and the
liver weight were not clearly related with the number and
volume of GST-P-positive foci.

In hepatocarcinogenesis in rodents, enhanced cell pro-
liferation is known to play an important role.’ '* In this
study, exposure of taurine during either the initiation or
the promotion phase of the hepatocarcinogenesis de-
creased ODC activity in hepatocytes from the non-neo-
plastic area. Such a decrease was prominent in rats
treated with DEN and PB, and paralleled the reduction
of tumor incidence. ODC induction by exposure to xeno-
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In conclusion, the results of the present investigation
indicate that taurine could be a promising chemopreven-
tive agent against liver neoplasms.
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