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ABSTRACT

The present study was performed to study the potential effects of the intake of
fermented milk containing the probiotic bacteria: Lactobacillus ssp and
Bifidobacterium ssp as a supplementation for daily food. The study also
emphasizes on possibility to cease the hepatic lesions induced by the oral
administration of a carcinogenic mutagen 3 amino-I methyl -3H-pyrido (4. 3-b)
indole. Twenty male mature albino mice 8-10 weeks old weighing 20+ 3grams
were divided into four groups each consisted of 5 mice. A normal control group
was fed the rodent pellet for 30 days .Other 3groups (A), (B) &(C) were given
orally one dose of the toxic mutagen (0.25mg for each mouse) at the beginning of
the experimental period and fed the normal diets. At the 15" day. mice of group
(A) were dissected while the mice of group (B) were given a second dose of the
toxic mutagen then continued feeding normal diets further two weeks. Animals of
group (C) were given the second dose of the toxic mutagen at the 15" day and
started feeding fermented milk (30 gm / mouse daily) further 15 days. The quality
of life was measured by specific strain count in stole. and investigating the
Histopathological and histochemical alterations in liver structure. '

The variable count of Lac.sp and Bifsp in stole of mice .indicate that the
potentiating effect of the ingestion of fermented milk by treated mice. There was
also amelioration in hepatic architecture with less histopathological alternations
- after feeding the fermented milk. Moreover, the presented histochemical study
recorded slight depletion in the total carbohydrate and total protein contents only

in group C in comparison with controls.
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INTRODUCTION

Fermented milk contains lactobacilli and befidobacteria and other
microorganisms which have complex nutritional requirements such as
carbohydrates, amino acids, peptides, fatty esters salts, nucleic acid derivatives,
and vitamin which very markedly from species to species.
Many beneficial effects of fermented milk were observed in many studies such as
prevention of pathogen colonization (Sandine 1979), lowering serum cholesterol
(Zommara et al., 1996), reduction of inflammatory reactions (Perdigon et al.
(1991), prevention of cancer (Mclntosh ef al., 1999 and Perdigon,et al., 2001), and
stimulation of immunomodulatory cells (Rolfe,2000 and Perdigon, 2005). :

The diet contains various mutagens and carcinogens that can be classified
into three groups: naturally occurring chemicals, synthetic compounds and
compounds produced by cooking includes polycyclic aromatic hydrocarbons and
heterocyclic amines (HCAs). HCAs are mutagenic and have a multiplicative
interactive interaction for carcinogenicity because they can change DNA directly
and cause cell division at high doses (Gold er al., 1993, Nagao and Sugimura,
1993: Aji et al.. 1994 & Synderwine et al., 1998). Tavan et al., (2002) reported
that fermented milk containing either Strepfococcus thermophilus — or
Befidobacterium animalis inhibited the induction of preneoplastic lesions
(aberrant crypt foci (ACF) in the colon ) and DNA migration caused by a HCA
mixture containing (2-amino-3-methyl-3H-imidazo (4.5 — f) quinoline (I Q),2-
amino-3,4-dimethyl- 3H- imidazo (4,5-f) quinoline (Mel Q ) and 2-amino-
Imethyl-6-phenylimidazo (4,5-b) pyridine (PhIP) (ratio 1:1:1). Huang et al., (
2003) used 2 amino-3.4 dimethylimidazo (4,5-f ) quinolin for induction of liver

tumors in mice.

The present study was performed on male mature albino mice to investigate the
protective effect of ingesting fermented milk of cows that is containing probiotic
bacteria against carcinogenicity of liver induced by the toxic mutagen 3 amino-I

methyl -5H-pyrido (4, 3-b) indole.

MATERIAL AND METHODS

I. Animals: ~ :

Twenty male albino mice (8-10 wk old) with an average initial body weight of
21 + 3g were used in the present work. Animals were placed in individual
metabolic cages and were housed in a room that was maintained at a constant
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temperature of 22° +2°C, and a relative humidity of 60 +5%. Mice were housed
on a 12-h light: dark schedule, with free access to water and standard diet
containing (g/100 g): 64 starch, 23 protein, 3.5 fat, 5 fiber, 1 vitamin mixture and
3 salt mixtures.

Animals were divided into four groups of five mice each. The first group
(control) received basal diets only for 4 weeks. The other three groups were
treated orally with two doses of the toxic mutagen (was kindly provided from king
Abd El-Aziz University), the first was administered at the beginning of the
experiment and 1he second after two weeks. Groups A & B were fed by basal
diets. At the 15" day animals of group (A) were dissected while the mice of
group (B) were given a second dose of the toxic mutagen then continued feeding
normal diets) further 15 days. Animals of group (C) were given the second dose
of the toxic mutagen at the 15" day and started feeding fermented milk. (30 gm /
mouse daily) which contain Lac.sp. and Bifsp (the count wés more than 10 5
further 15 days. The fecal samples were collected at the beginning of the
experimental period and after one day, 7, 14, 15 and 28 days. On the last day of
the experimental period the mice were killed by carbon dioxide then dlssected to

process their liver for light microscopy.

II. a. Natural fermented milk (NFM):
Tl:~ natural fermented milk of cows was collected from areas around Makka

(five different sources). The (NFM) which contain Lac.sp. and Bif.sp. (Rayes et
al.,2006 ; was used as mother culture to make daily fermented milk diets:to feed

R VAR & ey

the mice.

b. Preparation of fermented milk: ST
Fresh cow milk (8.6% solid not fat, 3.3% fat) was heated to 90 °C f01 10

minutes, and then cooled to 40°C. NFM was inoculated at 2% level

(volume/volume), then incubated at 37°C. g

III Analysis:

1.Fermented milk: Lactobacillus spp. was counted on (Oxoid) (De Man et al.;
- 1960) while Bifidobacterium ssp. enumerated (Sigma Chemical Co., St. Louis,
‘Mo) according to Blanchette ef al. (1996) using modified MRS agar with 0.05 L-
cysteine HCI and incubated anaerobically using Gen Kits in Oxoid jar for 48 h at
~37°C. :
' 2. Fecal Microbial Analysis
All fecal samples were collected fresh by squeezing gently the rectal area of
1¢ mice. The fecal pellets were immediately placed in tubes kept in anaerobic jars
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and the analysis was carried out within 30 to 60 min of collection. Anaerobic
conditions were maintained as far as possible during the analysis. Following
homogenization, series of 10-fold dilutions of the specimens was made in sterile
phosphate buffer. _

Triplicate plates were made of each sample. Strains of £. coli were counted on
Brilliant green agar (Oxoid) supplemented with 0.5% glucose (FAO, Reported,
1979) and MRS agar or MRS with 0.05 L-cysteine HCI agar for Lactobacillus and
Bifidobacterium respectively. Plates were incubated anaerobically in an anaerobic
chamber (Gen Kits in Oxoid jar) for 3 d at 37° C. Plates were incubated at 37° C
for 2 d. for the enumeration of aerobic organisms (£. coli).

HISTOPATHOLOGICAL STUDY
Liver of animals of all groups were processed for histological and
histochemical studies. Paraffin sections of 7um thickness of liver were stained by
haematoxylin and eosin method for the histological studies. For the histochemical
examination. sections were stained by:
1-The periodic acid-Schiff (PAS) (Drury and Wallington, 1980).
2-Mercuric bromophenol blue procedure for general proteins (Mazia et

al., 1953)

STATISTICAL ANALYSIS
Results obtained were subjected to Student’s t-test using SPSS (1993) version
6.0. Standard error and level of significance were calculated and compared to
control animals or with the values of before administration (0 d) of the

respective group.

RESULTS

MICROBIAL ANALYSIS:

a- Bifiobacterium count:
We noticed that the count slightly increased in control group stole which

fed on basal meal without any treatment, while in other groups (A&B&C) in the
first day the stole showed a normal count but in the second day after treatment by
the mutagenic substance the count dramatically decreased and in the same Petri

dishes phage plaques were observed. The same fig showed that after 7 days the f

normal flora grew again but with very low count. Animals of group (A) were
killed after two weeks to examine the liver tissue, group (B&C) were treated on
the day 15 with a second dose of the toxic mutagenic substance, natural flora of
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B.spp didn’t grow again in group (B). ,but contrarily, when mice of group (C)
fed on natural fermented milk containing .B.spp for 2 weeks ,the count of it
increased to be nearly equal to the normal count .

b- Lactobacillus count:

The same observation was present in the case of L. sp count (fig2), but the
Lactobacillus strain didn’t grow absolutely after the first treatment in all-groups.
When mice fed by the natural fermented milk containing lactobacﬂlus strain after
the second treatment the count increased again.

c- E. coli count:

Fig (3) showed the log count of E. coli in mice stole The normal flora increased
during four weeks in control group, while in other groups which were treated by
the mutagenic substance the flora disappeared, with present phage plaques, but it
increased again to two weeks and repeated the same behaviour in group B&C
after the second treatment. In group C the increase of E .coli count was
significantly lesser than the increasein group B.

Log Count of B.spp

Control

Group A o2
Group B ' —
Group C

0 =lday = 7days ®.ddays M1Sdays H28days

‘Fig (1) illustrated the log count of B.spp in stole of mice during four weeks.
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Log count gf Lac. Spp
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Control

Group B

Group C

28

Log count of E,coli

.

Control

£0 = 1lday

Group A

7 days

& 14 days

Group B Group C

& 15days 3 28days

F ig (3): E.coli count in stole of treated mice during four weeks
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HISTOPATHOLOGICAL AND HISTOCHEMICAL INVESTIGATIONS:
Gross pathological changes revealed primary lesions only in liver of
mutagen treated animals .They showed yellowish red areas in their surface. Also
masses of fats were observed in the visceral cavity in all groups but increased in
mutagen treated mice. No macroscopical changes in any of the other organs were

observed.

Plate I,
Fig (1 — A) showed histological structure of control liver:

Liver sections of these animals treated with one dose of the mutagen for 2
weeks showed some alterations, congestion and dilations in the central blood
vessels (1 — B). Many patches of hepatocytes showed inflammatory appearance.
vacuolations in cytoplasm, megallocytosis as well as binucleated cells and
pyknotic nuclei( Figl-C).Also, features of hepatic necrosis appeared in some areas

of the liver tissue (1 -D ).
Animals given 2 doses of toxic mutagen at the day 13:0f the expeument

showed more severe effects were observed in vessels and sinusoids, congestion
and strange dilations in blood vessels, atresia in hepatocytes (Fig "1-E.).
Furthermore, tumors and focal areas of hepatic necrosis with pyknotic nuclei and
hemorrhagies also were spotted in these sections (figs 1 = F & G). ' :

Histopathological investigation of liver of treated miice received two doses
of toxic mutagen at the days 0 & 15 of the experimental period then fed
fermented milk 2weeks (gp C) showed many alterations which indicated liver
damage and hepatotoxicity, yet, in addition to these alterations miany regions
along the hepatic tissue appeared healthy and showed criteria of improvement (
Fig 1 -1J).

HISTOCHEMICAL INVESTIGATIONS:

Plates II & III
The histochemical staining of sections with PAS reaction for total

polysaccharides and bromophenol blue for general total proteins manifested
normal pattern in liver sections from control mice (Figs 2-A & 3-A).

In sections of mice from group A, the glycogen and general total protein
contents showed stainability nearly equal to that of controls (Figs.2 — B & 3 — B).
Animals of group B showed a slight increase in polysaccharides and total protein
contents more than controls (Figs 2 — C & 3 — C). On the other hand, sections of
livers of animals from group C showed an obvious decrease in amount of
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polysaccharides (Fig.2 — D)and the amount of the general total proteins (Figs 3 —
-D&3-E).

DISCUSSION

In our previous study (Rayes er al.,2006), the results indicated that
fermented cow milk which contains Lac. sp and Bif. sp. has protective effects
dependant on its anti-microbial properties. Also it enhances the endogenous
intestinal probiotic bacteria that have several beneficial effects (i.e. detoxification
and antigen toxicity) and stimulation of immune modulator cells. In this paper the
aim of the study is to know if the fermented milk has ability to repair the tissue to
their normal case. Presence of bifidobacteria and lactobacillus in stole at the
beginning of the experiment indicated that this kind is naturally present in
digestive svstem of mice induce the disappearance of bacterial strains after
treatment with the mutagenic substance may be due to the toxic effect of this
substance as some other chemical materials which induct the bacteriophage
(Patrick and Matthew, 2002 and Christiane es al, 2006). Induction of
bacteriophage refers to lysine of bacteria. After the second treatment by
carcinogenic substance the natural flora (Bifidobacteria and lactobacillus)
disappear completely but contrarily, when mice of group (C) fed on natural
fermented milk containing B.spp for 2 weeks, the count of it increased to be
nearly equal to the normal count. These results indicate that feeding the mice on
fermented milk keeps the healthy flora in the gastro intestinal duct. Also, in group
C the increase of E.coli count was significantly lower than the increase in group
(B). these results may be due to the inhibitor effect of Bif. spp and Lac.spp'on it ¢
Liévin ef al.. 2000) :

Histological investigations of the liver sections of treated mice from all
groups revealed many alternative changes post administration of the toxic
mutagen. Some histological toxic effects in the liver glands were observed such as
congestion and dilations in the blood vessels and blood sinusoids. Blood
infiltration by chronic inflammatory cells, necrotic areas and hemorrhagic spots in
the sections from group (A) which received one dose of the toxic mutagen and
showed progressive incidence in livers of group (B) which received two doses of
the toxic mutagen.

This is supported by the work of Walter and Israel (1974) who illustrated
that necrotic cells act as irritant substance attracting inflammatory cells. El-
Banhawy et al.,(1974) described the vacuolation of hepatocytes as ballooning
degeneration and interpreted it as a kind of cellular defensive .mechanism against
injurious substances. They pointed that the cellular degeneration might be
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attributed to liberation”of acid hydrolases released from the destructive lysosome
to facilitate the process of autolysis .Robbins et al (1984) reported that hepatic
failure might be a consequence of toxic damage by drugs or any toxic substance.
Furthermore, Fawcett(1986) reported that the changes leading to active hepatitis
might be attributed to the fact that hepatocytes play a key role in body metabolism
and they are greatly affected by the local concentration of any toxic substances.
Fermented milk containing either Streptococcus thermophilus or Befidobacterium
animalis inhibited the induction of preneoplastic lesions (aberrant crypt foci
(ACF) in the colon ) and DNA migration caused by a HCA mixture containing (
2-amino-3-methyl-3H-imidazo ( 4.5 — ') quinoline ( I Q ),2-amino-3,4-dimethyl-
3H- imidazo (4,5-f) quinoline (Mel Q ) and 2-amino-1methyl-6-phenylimidazo
(4,5-b) pyridine (PhIP) (ratio 1:1:1) (Tavan et al.,(2002). Huang et al., ( 2003)
used 2 amino-3,4 dimethylimidazo (4,5-f ) quinolin for induction of liver tumors
in mice. Similar results were designated by many authors were attributed to toxic
damage by drugs or any toxic substance (EI-Mofty and Sakr 1988, El-Mofty et al.,
1989, El-Banhawy 1993, Mohammed and El-Naggar 1995, Abdel Magied et al.,
1997, Abdel Mageid and Heibashy 2000, Abdel Mageid 2001, Abdel Hameed
2004, Abdel Maguid et al., 2004 and Yousif (2005)

The histological examination of liver sections from group(C )leVea}ed
some alterations less than that noticed in groups A and B such as dﬂanons -4nd
congestion of blood vessels lead to bleeding in some areas adjacent- to-thése
vessels, reduction in vacuolations of the cytoplasm and nuclei and<léss
degenerative changes These results indicated that fermented milk"stimulat@&}{f‘ﬁé
immunomodulatory system and the blood circulation, consequently, a latgé
quantity of blood was drained to the liver lead to enlargement in the diameter f
the blood vessels and dilations in the blood sinusoids .The incidenéé of chronit
inflammatory cells, necrotic areas and the death of some hepatocytessuribunding
the blood vessels is attributable to the effzct of the 2doses of the :toxi¢ $ubstance..
At the same time, an obvious tissue improvement and more healthyhepatic
lobules were noticed in the sections. These results indicated that feeding these
mice on the fermented milk repaired the slightly damaged areas and prevented the
progressive damage effects of the toxic mutagen in these areas while those which
were severely damaged remained.

Renner and Munzner (1991) examined the possible actions of probiotics
nainly lactic acid bacteria. using in vitro and in vivo test systems. Their studies

evealed that L. casei showed high antimutagenic activity on mutagenicity
iduced by nitrosated ;beaf extract only without 59 mix, whereas Omniflora (a
rophilized preparation)-of lactobacilli and E. coli and its cellfree culture broth
<hibited antimutagenic action only on beef extract. The authors proved that the
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induced chromosome aberrations and the micronuclei were reduced by up to 0%
by the lactobacilli. Also Oytayo er al (2003) made a study confirmed the
protective effects of Lactobacillus acidophilus and lactobacillus isolated from
fresh cow milk against the pathogenic effects in vivo. Also, many authors as well,
made studies confirmed that fermented milk is a probiotic containing
microorganisms having a complex nutritional requirements. Their studies
investigated many beneficial effects for the fermented milk and confirmed its role
in prevention of pathogenic colonization ,reduction of inflammatory reactions
(Perdigon ef al., 1991&2002 lowering the serum cholesterol (Zommara et al.,
1996). prevention of cancers, (Takagi er al., 1999), and stimulation of
immunomodulatory system, Rolfe 2000, Perdigon et al,2001&2005 )The present
study proved that the observed changes which are due to the direct - effect of the
toxicity by the mutagen were to some extent reduced by fermented milk ingestion
as indicated by maintaining many healthy parts in the liver and keeping the
animals survival.

The histochemical results showed that the total carbohydrate and protein
contents in groups A & B were nearly similar to those in controls. A deeply
positive reaction in PAS preparations was observed in the outer peripheral
hepatocytes, walls of the central veins and the hepatocytes surrounding it and the
reddish stained particles of glycogen appeared occasionally at one pole of the
hepatic cell. These observations are in agreement with those represented by
Ahlersova et al., (1981); El-Gharib et al., (1999) and Mohammed and El-Naggar
(1995). The slight depletion of PAS positive material in the sections of the liver
tissue from group (C) was most probably consequent to the degenerative changes
manifested to this study. The same results were confirmed by Mohammed and El-
Naggar (1995) and Abd El Maguid et al., (2004).

In bromophenol blue preparations, total proteins in sections from all
groups were deeply stained in the surface peripheral layer, walls lining the central
veins and hepatocytes surrounding the central veins. In some lobules, some areas
appeared scattered in the liver sections from which received the toxic substance
and were more intensely stained than the surrounding hepatocytes. The slight
depletion in general total protein contents in hepatocytes in group (C) was
confirmed by Mohammed and El-Naggar (1995) and Abd El Maguid et dl.,
(2004).
The variable count of Lac.sp and Bif.sp in stole of mice indicated that the
potentiation of the ingestion of fermented milk to treated mice managed to present
ameliorated hepatic architecture with less histopathological alternations after
feeding the fermented milk. Moreover, the present histochemical results recorded
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slight depletion in the total carbohydrate and total protein contents only in group
C in comparison with controls. ’
Similarly, FM supplementation to mutagen treated animals revealed
marked amendment of histochemical parameters. Hereby the potential effect of
FM ingestion was capable of indorsing protective measures to hepatic tissue
architecture and decreasing the toxic effect induced by mutagen administration.
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LEGENED OF PLATES

Histological results:

Plate L.
Fig (1 - A)
Liver section of a control mouse showing the normal structure of the liver of

mammals. (HX — E, X400).

Fig (1-B)
Liver section of a mature mouse after 2 weeks post administration of toxic

" mutagen (group A) showing dissociation of the endothelium lining the blood
vessel which appeared congested and dilated, infiltration by chronic inflammatory
cells and rupture in the vascular wall, vacuolations of cytoplasm. Megallocytosis
as well as binucleated cells and pyknotic nucleil.

(Hx — E, x 400).

Fig(1-C)
Liver section of a treated mouse (group A) two weeks post administration of the
mutagenic substance showing a focal hemorrhagic area, Megallocytosis,

binucleated cells, infiltration by chronic inflammatory cells, pyknotlc nuclel and
vacuolation of cytoplasm.

Fig (1 -- D)
Liver section of a treated mouse (group A) demonstrating a severe damage focal

area of hepatic necrosis with pyknotic nuclei, Megallocytosis, binucleated cells.
(HX -E, X 400).

Fig (1 -E)
liver section of a mature mouse ( group B ) one month after treatment by foxic

mutagen showing dissociation in endothelium of blood vessel, congestion and
strange dilations in the blood vessel and sinusoids, atresia in hepatocytes and

pyknatic nuclei. (HX — E, x 400).

Fig (1 -F)
Liver section of a mature mouse one month after treatment by toxic mutagen (gp

3) showing a blood vessel which appeared invaded by lymphocytes and showed
issociation in their lining walls. Dissociated tumor,.atresia in the hepatocytes,

inucleated cells and numerous pyknotlc nuclei. (Hx — E, X 400 ).
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Fig(1-G)
Liver section of a mature mouse one month after mutagen administration

(group B) showing congestion, strange dilations and disociation of the walls in the
blood vessels and pyknotic nuclei. (Hx — E, x 400 ).

Fig (I- H)
Liver section of a mature treated mouse (group C) one month after treatment by

mutagen showing congestion and dilation in the central blood vessel, disociation
of the endothelium lining the blood vessel, which appeared invaded by
lymphocytes and pyknotic nuclei, atresia in hepatocytes, infiltration by chronic
inflammatory cells, aggregation .of pyknotic nuceli and vacuolated cytoplasm.

(Hx — E x 1000).

Fig (1-7J)
Liver section of a mature treated mouse (group C) one month after administration
of mutagen showing. a healthy lobule with normal arrangement of hpatocytes. (Hx

—~E, x 400).

Histochemical results :
a.Carbohydrate contents

Plate }II

Fig (2-A)
Liver section of a control mouse showing the normal distribution of

polysaccharides in controls. (PAS, X 400).

Fig 2-B) A
Liver section of a mature mouse (group A) 2 weeks post treatment by mutagen

showing an increased amount of polysaccarides comparing with controls and the
heterogeneous distribution of polysaccarides. (PAS, X 100)

Fig (2 -C)

Liver section of a mature treated mouse (group B) one month after administration
of mutagen showing heterogeneous distribution of polysaccharides in the hepatic
gland, congestion and dilations in blood vessels. The — staining quatity was darkej

than that of controls. (PAS, x 400)
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Fig (2-D)
Liver section of a treated mouse (group C) illustrating a marked decrease inthe
total polysaccarides content in comparison with controls. (PAS, X400).

b-Total general Proteins :

Plate 111

Fig(3-A)

Liver section of a control mouse showing the normal amount and distribution of
total proteins in controls. (B. PH B, X400). °

Fig 3~ B)
Liver section of a mature mouse (group A) 2 weeks post treatment by mutagen
showing the amount of total proteins similar or near that of controls

(B. PH B x 400).

Fig(3-0O)

Liver section of a mature treated mouse (group B) one month after administration
of mutagen showing increased amount of proteins in the liver tissue comparing
with controls. Walls lining the blood vessels and boundaries of hepatocytes

appeared darkly stained. (B. PH. B., x 400).

Fig 3-D)

Liver section of a mature mouse ( group C ) one month post treatment by mutagen
showing severe damage in a carcenogenated area of the hepatic lobule stainability
in general was less than that of controls. Some inflammatory patches appeared -

strongly stained. (B. PH. B, x 400).

Fig 3 -E) '

Liver section of a mature treated mouse (group C) one month post treatment by
mutagen showing decreased amount of proteins than controls but heterogeneously
distributed. The outer surface layers appeared more lntensely stained. (B. PH B, x

400)
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. (FIG.1-B)

* -

(FIG. 1-C)
208
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(FIG. 1-G) . ‘ : (FIG. I-H)

FIG. 1) | (FIG. 1-T)
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PLATEIl
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PLATE III

(FIG. 3-A) ' ' - {FIG. 3-B)

(FIG. 3-D)
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