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SUMMARY

The present work was performed to study the in-
fluence of chemoprotective and preventive activi-
ty of dietary carrot which was consumed daily on
hepatocarcinogenesis induced by Dibutylnitrosa-

mine (DBN) in male albino rats.

Sixty six adult male albino rats (Sprague Dawley
Strain) were randomly allocated in groups of clev-
en rats fed continuously for 60 days on six diets.
The first three groups were served as control and
put on the following diets throughout the experi-
mental period, (G1) commercial diet; (G2) com-
mercial diet with 50g of fresh carrot daily; (G3)
commercial diet and treaied with Dibutylnitrosa-
mine (DBN) in drinking water as hepatocarcino-
genic agent. The other experimental groups werc
fed on commercial diet + 50g of fresh carrot, 30
days before (G4) or after treatment with DBN

(G3) respectively, while G6 received commercial
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diet + 50 g of fresh carrot daily and treated at the
same time with DBN throughout the expertmental

period, 60 days.

Fasting blood samples werc taken on the day 60
for thc determination of antioxidative statc by
measuring reduced glutathione (GSHY; complete
bload picture (CBC) and blood indices; scrum
and liver malondialdehyde (lipid peroxidations
marker); liver GSH; serum AST, ALT, ALP,
LDH, GGT, total and direct bilirubin; serum total
protein and albumin; and pathologic evaluations

were made.

Fresh carrot administration revealed a protective
and preventive effects on the rats hepatocyte tieat-
ed with DBN which was reflected by the signifi-
cant reduction in the liver function tests (AST,
ALT, ALP, GGT, LDH and total bilirubin)}, while
no significant improvement in either total protein

or albumin could be detected. This reduction is



ordered among Lhe different treated groups as fol-
lowing G5 , G6 and G4. The oxidative state was
determined by measuring liver and whole blood
GSH, exhibiting significant increase in blood
GSH in contrast to significant reduction in liver
GSH. While liver and serum MDA concentration
as lipid peroxidation index, showed significant re-

duction in serurn and liver MDA.

Histopathologically, liver of rats fed carrot before,
during or after hepatocarcinogensis, showed high-
ly improvement on prencoplastic lesions, less fi-
brosis and oval cells development than positive

control, but in different degree of lesions.

It was concluded that, carrot consumption was
very effective in preventing hepatocarcinogensis,
when it is administrated daily after short exposurc
to hepatocarcinogen, while before or during the
carcinogenesis carrot intake may have mild 1m-
provement effect on hepatocarcinogenesis which

was revealed by decrease in the severity of illness

INTRODUCTION

[nterest in a potential role of diet in the etiology
of cancer emerged in the late 1960s when exten-
sive international variations in the number of
deaths from cancer were reported. It was estimat-
ed that 80-90% of human cancer are caused by

environmental factors , Southon , (2001)

624

The discovery of -carotenc (BC) as a possible
anti-cancer agent opcned & new avenue in the
field of cancer chemo-prevention. A large number
of epidemiological studies cvaluating the relation-
ship between the consumption of carotene-rich
fruits and vegetabies and cancer incidence at sev-
eral sites have demonstrated strong inverse asso-

ciations, Gerster, (1993).

B-carotene even when administered at high dose
for long periods of time does not cause toxicity.
On the contrary, high doses of vitai~in A and reti-
noid, if used as possible prophylactic agents for
cancer prevention could lead to acute hepatotoxic-
ity and produce other adverse physiolozical cf-
fects, O'Neill and Thurnham, (1998},

Nitrosamines are a major candidate class of carci-
nogens likely to be causaily related to human can-
cer. Over three hundred nitrosamines have been
tested for carcinogenicity and 90% of these com-
pounds show activity. Careful dose response stud-
ies have shown that nii.. . these compounds
have a high degree of potency, and nitrosamine
has been found to be carcinogenic in more than

20 species of animals, Hecht , (1997).

Based on their chemical structure, N-nitroso com-
pounds (NOC}) are divided into (wo major groups:
N-nitrosamines and N-nitrosamides. Both groups
of NOC are characterized by a nitroso group (-

=0) altached to a nitrogen atom (-N-N=0). Both

are formed by the reaction of a nitrite compound
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with amines or amides., Dietrich et al., (2005).

Vegetables rich in B-carotene may cause benefical
effects on human health. One of the main sources
of the high B-carotene content in diets is the regu-
lar intake of carrots, which contain relatively
large amounts of this carotenoid, Hart and Scott,
(1995).

Falcarinol is a polyacetylene which can also be
found in carrots which are the main source of this
compound,Brandt and Christensen, (2000). Fal-
carinol, like many other polyacetylenes, is unsta-
ble, being sensitive to heat and light. The concen-
tration of falcarinol! in carrots varies depending on
the cultivar, and is affected by storage and pro-
cessing.Hansen et al., (2003) found that, the fal-
carinol content of diced carrots stored long-term
decreased by approximately 35%, while boiling
reduced the content by 70%; in raw carrots, the
content ranged from 22.3-24.8 mg of falcarinol

per kilogram of carrots, depending on the cultivar.

Polyacetylene falcarinol  {(9z)-heptadeca-1,9-
dien-4,6-diyn-3-01], has been pointed out as the
most bioactive polyacetylene present in carrot,
showing a pronounced cytotoxic activity against
human tmor cells, which provides a new per-
spective on the known epidemiological associa-
tion between high intake of carrots and reduced

incidence of cancer, Zidorn et al., (2005).
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Aim_of the Work: The primary focus of this
study was conducted to gain more information on
chemoprotective and preventive efficiency of die-
tary carrot which are consumed daily on hepato-
carcinogenesis, induced by dibutylnitrosamine,
and to identify the particular stage (s) at which

fresh carrot might act in male aibino rats.

MATERIALS AND METHODS
1-Pr ati rci i rial:

Dibutyl nitrosamine was prepared by mixing dib-
utylamine and sodium nitrite at ratio 2:1 ppm (us-
ing a magnetic stirrer for 15 minutes until the so-

lution became turbid), and added to tap water.

Six groups of eleven adult male albino rats,
Sprague Dawley Strain, mean weight was 118 g
+4 were used. They were obtained from (National
Research Center, Giza, Egypt). The animals were
divided into six homogenous groups and housed
individually in plastic cages fitted with a wire
mech bottoms and fronts in a room maintained at
25 - 30 °C with about 50% relative humidity. The
room was lighted on a daily photoperiod of 12 hr.
light and dark. Then they were allocated to the
various experimental treatments for 60 day as fol-
lows:-

1-Control group ( -ve ) of rats only given com-

mercial diet.
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2-Control group { -ve ) of rats given commercial
diet + 50 g of fresh carrot daily till the end of
the experimental period. Fresh carrots were
washed with tap water, then blotted on fiiter
paper, and weighed, where cach 100 g carrot
was containing (5.63 mg (3-carotene and 2.095
mg B-carotene that represents 1.12 mg retinol),
according to Berry, (1993).

3- Control group (+ve) of rats given commerciai
diet and treated with dibutytamine and sodium
nitrite 2:1 ppm in the drinking water, continucd
till the end of the experimental period.

4-Group of rats given 50 g. of fresh carrot daily
starting 30 days before treatment with drinking
water containing hepatocarcinogenic agent.

5-Group of rats treated with drinking water con-
taining 2:1 ppm of DBA and sodium nitrite
daily starting 30 days before treatment with 50
g fresh carrot.

6-Group of rats treated with drinking water con-
taining 2:1 ppm of DBA and sodium nitrite
daily and 50 g of fresh carrot and continued il
the end of the experimental period.

During the conditioning peried, 2 months, and
throughout the trial, food and tap water {con-
taining dibutylamine and sodium nitrite at 2:1
ppm) were provided ad libitum. Body weight
and food consumption were recorded periodi-

cally.

3-Sa
{a) Blood: At the end of the two months experi-

es Collection :
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mental period the animals were fasted over-
night and anesthetized with diethyi cther. Inci-
sion were made into the abdomen and whole
blood samples were coliected from the hepatic
portal vein into a centrifuge tubes, the samples
were left at 37 ° C for 30 minutes, then serum
was separated by conirifigation at 4000r.p.m
{1790xg), for 15 minutes, and frozen in plastic
vials and kept at -20°C for subsequent bio-
chemical analysis. At the same time, the other
blood samples were taken into centrifuge tubes
containing EDTA, homogenate blood samples
were laken for determination of reduced (glu-

tathione) and hematology.

(b) Tissue: Liver, kidney and spleen were ex-
cised, rinsed in chilled salin solution, then blotted
on [ilter paper, weighed separately to calculate the

relative organ weight.

4- Histopathological examination;

One third of liver specimens from differcnt
groups were fixed immediately in 10% neutral
buffered formalin, dehydrated in different grades
of cthyl alcohol, cleared in xylol, embedded in
paraffin wax , sectioned at 5y thick and stained
with Haematoxylin (H) and Eosin (E) according
to (Bancraft et al. 19968). The other two third of
liver was stored frozen at -20°C untii analysis for

reduced GSH and lipid peroxides (LPO).

S-Bigchemical Analysis:The collected samples
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were analyzed for the following biochemical pa-

rameters:

Complete blood count (CBC) and blood indices,
were processed with a blood counter model KX-
21 system (Sysmex coulter, Electronic Kobe, Ja-
pan). Serum activities of alanine amino transfe-
rase (ALT) and aspartate aminotransferase(AST )
according to, Bergmeyer et al., (1976). Serum al-
kaline phosphatase activity (ALP) according to
Recommendation of Scandinavian Socicly of
Clinical Chemistry, (1974). Serum Lactate dehy-
drogenase activity (LDH) according to, Vassoult
et al., (1982). Serum y-glutamy! transpeptidasc ac-
tivity {GGT) according to, Fischbach and Zawta
(1992). Serum total Protein according to, Gornal
et al., (1949). Serum Albumin according to, Do-
mas et al., (1971) .Serum Globulin = Total serum
protein - serum albumin, Albumin/ Globulin ratio
(A/G ratio, gm/dL) was calculated by dividing the
concentration of serum albumin by the concentra-
tion of serum globulin. Serum total and direct bi-
lirubin according to, Malloy and Evelyn, (1937),
Indirect Bilirubin= Serum total bilirubin - serum
direct bilirubin.GSH and LPO were extracted
from liver by the method recommended by El-
Seweidy et al,, (2002) .Quantitative determination
of whole blood and liver extraction of glutathione
(GSH) according to, Beutler et al., (1963).. Quan-
titative determination of serum and liver cxtrac-
tion levels of malondialdehyde was done accord-
ing to, Draper and Hadlay (1990).

Vet.Med.J.,Giza.Vol.54,No.3(2006)

Statistical Analysis:
SPSS windows version (11.5) was used for analy-
sis of the data. Description of presentative vari-
ables in the form of range, mean +SE were done.
On way ANOVA (Analysis of variance) was used
for comparison of guantitative variables with each
other.
P valuc (Probability)

> 0.05 insignificant

< (.05 significant

< 0.01 highly significant

< 0.001 very highly significant

RESULTS

It is clear from Table (1)that rats of G3 showed a
pronounced significant decrease (P < 0.001) in
body weight gain and feed intake than did the cor-
responding G1 and G2 (-28 g, 124 g and 151 g),
and (8.1, 15.3 and 14.8 g/day) respectively. But,
it was found that group 4 (fed 50 g/day of fresh
carrot for 30 d followed by treatment with DBN),
had a significant decrease in body weight gain
and feed intake than did the corresponding G5
and G6. while there was a significant increase in

body weight gain only when compared with G3.

The effect or carrot intake on relative organs
weight of liver kidney and spleen in rats treated
with the DBN are shown in Table (2). Generally,

it was found that there were significant increase in
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the mean value of the relative liver , kidneys and
spleen weights (hypertrophy) in group 3 when
compared with Gl and G2. Qur results revealed
that, there was a significant decrease, P < 0.001, in
the relative liver, kidneys and spleen weights in

G4, G5 and G6 when compared to G5 .

Haematology profiles were done for all groups,
and the data were summarized in Table (3) Signif-
icant decrease (P < 0.001) was noticed in the val-
ue of haemoglobin (Hgb) and hematocrit (HCT)
value in group 3 (10.9 g/dL,34.9% respectively),
when compared with negative control groups !
and 2 (13.9 ,14 g /d1.,43.6 and 43.7% respective-
ly), while when all treated animals compared with
DBN positive control group, G3, there was highly
significant increase (P < 0.001) in all tested
groups 4, 5 and 6. Also, groups 5 and 6 showed
significant increase when compared with group 4,
while no significant difference was detected be-

tween groups 5 and 6 Table (3)

Significant decrease (p < 0.001) in the values of
red blood cells (RBCs) was noticed in group 3
(3.63 x 10!2/L) when compared with group 2 (4.7
x 1012 /L). But in another way, there was signifi-
cant increase in groups 4, 5 and 6 (3.9, 4.3 and 4.5
x 1012 /L respectively) when compared with
group 3 (3.63 x 1012/L). Also group 5 and 6
showed significant increase in the values of red
blood cells when compared with group 4 Table

(3).
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The effects of fresh carrot containing carotenoids
(o and B-carotene) and falcarinol on whole bleod
and liver glutathione (GSH) and serum and liver
lipid peroxides (LLPQ) in DBN- treated rats were
shown in Table(4), therc was a highly significant
decrease, p < 0.001, in whole blood GSH level in
group 3 (24 mg/dl ) when compared with group 2
(39 mg/dL). While, on comparing groups 5 and 6
(37 and 32 mg/dL respectively) with group 3 and
group 4 (24 and 28 mg/dL) , there was highly sig-
nificant increased, p < 0.001, in the mean values

of whole blood GSH

Whilst, liver GSH exhibited antagonistic results
in rats of G where a significant increase in the
mean value of liver GSH (42.6 mg/dL) versus low
levels in negative control rats which were fed on
cominercial diet (G1) or commercial diet incorpo-
rated with 50 g/day of fresh carrot (G2) (10.6 and
9.5 mg / dL respectively). Table (4). The results
revealed that, there was a statistical significant de-
crease (p < 0.001) in the mean values of serum
and liver MDA between all treated rats as com-

pared to Gy.

The effects of DBN as hepatocarcinogenic agent
and fresh carrot intake as chemoperventive agent
on serum enzyme activitics were presented in Ta-
ble (5). Significant increase, p < 0.001, was re-
vealed in serum ALT,AST,ALP,.LDH and GGT

activity in positive control G3 as compared with
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negative control groups (G2 and G1 ). While
there was highly significant decrease (p < 0.001)
in groups 4, 5 and 6 in serum ALT,AST,ALP,
L.DH and GGT activity when compared with posi-
tive control G3. There was significant decrease in
scrum ALT, AST, ALP in groups 5 and 6 when

compared to Gy.

Total, direct and indirect serum bitirubin showed
that, there was highly significant increase, P «
0.001, in group 3 when compared with group 2,
and a significant decrease in serum total and in-
direct bilirubin in groups 4, 5 and 6 when com-
pared with positive control G;. By comparing
group 5 with group 4 and group 6, a significant-
ly decrease (P < 0.01) in serum total bilirubin,
was found Table(6)

The effects of Dibutylnitrosamine and carrot in-
take on serum proteins were presented in Table
(7), there was significant decrease in serum tlotal
proteins and albumin in positive control G3 com-
pared to G; and G, and no significant difference

between all treated groups when compared to Gy .

All rats in control groups G; and G, remained
healthy in appearance and performance for the du-
ration of the study. Rats which received DBN in
drinking water G3 showed, lethargy; significant
reduction in performance, alopecia, weight loss
and increase mortality rate to reach about 50% at

the end of the experiment (60 days). Three of

Vet.Med.J.,Giza.Vol.54,No.3(2006)

eleven rats died in both G4 and G4 during the time
of treatment by the hepatocarcinogen DBN, while

no mortality was observed in Gg.

Morphological examination of the surface of the
liver in rats treated with DBN-induced carcino-
genesis (G3) showed enlargement, hemorrhages,
dissolution and appearance of numerous white
patches different from the hepatic parenchyma.
Rats fed carrot G,; Gg and Gg showed significant
reduction in the appearance of these nodules on
the surface of the liver or mostly not present, but
hemorrhages and enlargement may be present in
different degree. In general, Gs is the nearest
group to the normal control G and G,.Where en-
fargement was noticed in the kidney and splecn of

G3 when compared to G; and G,.

Microscopical examination of liver from control,
untreated rats revealed the normal histologicul
structurc of hepatic lobule, which consists of cen-
tral vein and hepatocytes arranged in hepalic
cords (Fig.1). Examined sections from carrot fed
rats showed no histopathological alterations. Con-
versly, liver of dibutylnitrosamine treated rats
showed hepatocellular adenocarcinoma, pleomor-
phism of hepatocytes with hyperchromastia as
well as oval cells proliferation and mitotic figures
of the cells (Fig. 2) which invaded the hepatic pa-

renchyma.

Liver of rats fed 50g/day of fresh carrot for 30d
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then treated with dibutylnitrosamine showed
slight improvement in the histopathological pic-
ture described in  dibutylnitrosamine treated
group. The liver showed dysplastic hepatocytes,
megalocytosis, mitotic figures of hepatocytes, as
well as oval cells proliferation (Fig3). Bile duct
hyperplasia associated with pericholangitis was

also noticed in some examined sections.

Liver sections of rats treated with dibutylnitrosa-
mine for 30 days followed by feeding fresh carrot
( 50g/day ) revealed no tendency of tumour for-

mation, mederate histopathological changes de-

scribed as Kupffer cell proliferation, focal leuco-
cytic cells aggregation, focal hemorrhage, as well
as portal infiltration with mononuclear leucocytic
cells. More over, some examined sections showed
apparent normal histological structure of hepatic

lobule.

Histopathologically, liver of rats fed 50g/day of
fresh carrot and treated at the same time with the
precursor of DBN for 60 days showed focal he-
patic hemorrhage, dysplastic hepatocytes as well

s mitotic Figures of some hepatocytes, ( Fig 4).

Table (1): Influence of dietary regimen on body weight gain and feed intake in DBN treated rats.*

Diets Groups
Group (1) Group (2) Group (3) Group (4) Group (5) | Group (6}
Parameter
118.243.3 1197127 119.6£3.5 115435 115.743.3 114.8%4.1
NS
% change from --- e -39 -3.3 -4.09
Initial weight G2
g % change [rom - -3.8 -3.2 -4.0
G3
La a,2.* Fed 1,2,34 34 *34
% change from | 242%8.6 27015.8 91.5+8.55 145£10.4 250£11.0 24547.1
Final weight G2 - -66.1 -46.3 <14 93
{(g) % change from
G3 58.5 173 167.8
1.* *2 1,23 1,234 34 34
% change lrom 12418.6 15146.2 -28+89 3049.2 134£11.8 130£7.0
Weight gain G2 -118.5 -80.1 -11.3 139
{g) % change from
G3 -207 -578.5 -564.3
Feed intake I 2 1,2,3 1,24 1,234 12,34
(g/day) % change from | 15.3+0.05 14.840.1 8.1+0.47 8.630.69 [3.240.2 12.840.15
G2 -45.2 -41.9 -10.8 -135
% changc from --- - 6.17 629 58
G3

* Values are expressed as means & 8.E (Standard error), n =11 )
1,2,a,b,...... Mean within the same raw bearing similar numerical (L.5.D. at P <0.001) or alphabetic

(L.S.D. at P <0.01) Subscripts are significantly different.
*( LSD at p < 0.05)
N.S  Non Significant
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Table (2): Influence of dietary regimen on relative organs weight (g%) in DBN treated rats.*

Diets Groups
Relativ
organs Group (1) Group (2) Group (3} Group (4} | Group (5) | Group (6)
weight
1 2,a 12,3 1,2,3 1.3 1,3
2.410.09 2.910.1 5.0+0.37 3.940.29 3.740.15 3.440.19
Liver % change from -- - 724 345 27.5 17.2
G2
% change from - - - -22 -26 -32
G3
1 2 1,23 1,2,3,4*% 34 3*
0.620.02 0.6£0.01 1.2£0.12 0.910.07 0.66:0.03 | 0.710.02
Kidney % change from --- --- 100 50 10 16.6
G2
% change from =25 -45 41.6
G3
1 2 1,2,3 i 3 3
0.360.03 0.420.03 0.63+0.07 0.48+0.02 | 0434008 | 0.3910.03
Spleen % change from - --- 50 20 7.5 -2.5
G2
% change from --- - --- -20 -28.3 -35
G3

* Values are expressed as means £ S.E (Standard ervor), n= 11

1.2,a,b,.... Mean within the same raw bearing similar numerical (L.S.D. at P <0.001) or alphabetic (L.S.D. at P <0.0D)
Subscripts are significantly different.

*( LSD at p < 0.05)
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Table (3): Influence of dietary regimen on complele blood count in DBN treated rats.*

. Groups
Diets P
Parametor Group (1) Group {2) Group (3) Group (4) Group (5) } Group (6)
1 2 1,2,3 1,234 1234 12,34
13.940.1 14.0£0.14 10.940.45 11.8+0.47 12.640.13 | 12.8+0.17
Hb % change from -- - -22.0 -157 -10 -8.6
g/dl G2
% change from -- - . 8.25 15.6 17.3
G3
I 2% 1,232 1,2,a,4 12,34 *34
RBC 4.6410.03 4.720.03 3.6340.04 3.940.05 433009 | . 4.540.1
§ % change from --- --- -22.7 -17 -8.5 -4.3
{x10® mm™) G2
% change from --- - - 7.4 18.4 239
G3
! 2 1,2,3 1,2,3,4 1,23.4 1,2,3,4
43.620.1 43.7+0.1 34.910.36 37.610.4 394404 40.240.51
HCT % change from - -20.1 -139 -9.8 -8
(%) G2
% change roin - e - 7.3 12.9 15.18
G3
9440.3 93+0.6 96+0.3 96+0.3 91+1.0 89+1.3
MCY NS % change from - - 3.2 3.2 2.2 -4.3
- G2
(FL) % change {rom - - -- 4] -5.21 -7.29
G3
30%0.015 29.740.2 30400 3020.0 29+0.28 28.5+0.39
MCH NS % chagg,zc from -- - 1.0 1.0 -24 -4.0
Pg) 9% change from - -- -- 0 -33 -5.0
G3
MCHC NS 31.8+0.09 318401 31.240.1 3110.09 32400 32100
(g/dD) % change fr.om G2 - - -19 225 0.6 0.6
% change from G3 . . . -0.46 2.56 256
Plat. NS
(x10%mm?) 269%7.6 257425 272%16 27245.5 272104 25649.3
WBCs 1 2 123 1,23 1,2 1,2
N s 1 10.440.13 11.240.5 1540.3 13.440.6 1404 13.920.3
x1Imm?Y) | g change from G2 — - 339 19.6 25 24.1
% change from G3 —— - o -10.6 6.6 73
N.§ 26£2.8 2442.0 27429 2917 22416 25417
Neutrophils
(%)
N.§ 65106.2 72+1.2 67+3.4 07+1.8 7315 1.7
Lymphocyte
(%)
NS 440.5 340,56 4£0.6 24028 240.41 240.38
Monocyte
(%)
.. NS 140.27 140.3 140.37 1£0.14 240,53 140.26
Eosinophils
(%)

* Values are expressed as means + S.E (Standard crror), n = 11 ‘ ] o ‘
1.2.ah,.... Mean within the siune raw bearing similar nutmerical (L.S.D. at P <0.001) or alphabetic (L.5.13. at P <0.01) Subscripts are significantly differeat.
FLSD at p < 0.05) N.S  Non Significant
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Table (4): Influence of dietary regimen on reduced glutathione and lipid peroxidiation in ﬁver and
blood of DBN treated rats.*

Diets Groups
Parameté] Group (1} Group (2} Group (3) Group (4) Group (5} | Group (6)
1 1.2 1,2.3.* 1,2,*4 345 2,345
3540.82 3940.93 24109 28+1.25 374+1.09 3241.08
Blood GSH | % change from - -38.5 -28.2 -5.1 -179
mg/dl G2
% change from --- . 16.6 542 |- 333
G3
] 2 1,2,3,* 1,234 1,2.34.5 1.2,*.4,5
10.6£0.29 9.530.64 42.6323 26.9%1 4 18.8+x0.56 | 38.1+2.09
Liver GSH % change from - --- 348.4 183.15 97.89 301.1
mg/dl G2
% change from - e ——- -36.8 -55.8 -10.56
G3
1 2 1,2,3 12,34 1,234 1,2,3,4
5.0240.27 5.530.38 17.340.69 10.610.36 7.8+0.4] 8.810.37
Scrum MDA | % change from - --- 214.5 92.7 41.8 60
pmol/L G2 '
% change from - - - -38.7 -54.9 -49.13
G3
1 2 1,23 1,234 3.4 34
Liver MDA 5.840.13 5.440.16 10.3£0.32 7.441.37 52405 5.840.86
pmol/L % change from - - 90.7 37 -37 74
G2
% change from “en -28.15 -49.5 -43.7
G3

* Valucs are expressed as means + S.E (Standard error), n=11
1.2.a,b..... Mcan within the same raw bearing similar numerical (1.S.D. at P <0.001) or alphabetic (L..5.D. at P <0.01)
Subscripts are significantly different. *( LSD at p < 0.05)

Table (5): Influence of dietary regimen on serum enzyme activities of DBN treated rats.®

Diets Groups
Parameter Group (1) | Group(2) | Group(3) | Group (4) | Group(5) | Group (6}
1 2 1.2,3 1,234 1,234, 1,234,
125%1.33 127£1.75 197£1.1 14246.4 66+1.7 TIE2.16
AST % change from G2 --- - 55.1 11.8 -48 -39.3
U/L % change from G3 --- - --- -27.9 -60.5 -60.9
1 2 1.2,3 34 12345 1.2.3.4,5
ALT 56+1.35 57x1.03 74£1.03 60+1.4 29+1.0 42£1.63
UL % change from G2 --- --- 298 53 -49.1 -26.3
% change from G3 ——— . e -18.9 -60.8 433
1 2 1,23 12,34 £.23.45 1.2,3,4,5
ALP 82+1.48 94+2.36 547492 274410.7 14047.78 191£].29
U/L % change from G2 s --- 481.9 191.5 -48.9 103.2
% change from G3 o . . 499 74.4 -65.1
l,a 2,* 1,2,3 1,2,34 34 a*.3
LDH % change from G2 549422.7 5455215 1641348.2 696£24.3 577164 | 634%13.25
U/L change tra --- - 201.1 27.8 5.87 16.3
% change from @3 1. -57.6 -64.8 614
1 2 1,23 1,234 1,2,3.5 12,345
GGT Tchange hom G2 | 154019 | 1452019 | 10£0.45 420.5 343102 | 562045
mg/dl & : 589.6 175.8 134.4 286.2
--- -en -60 -66 -44

* Values are expressed as means + S.E (Standard error), n =11
1.2.a.b...... Mean within the same raw bearing similar numerical (L.S.D. at P <0.001) or alphabetic (L..S.D. at P <0.01) Subscripts are significantly differcat.
*LSDatp<0.05) N.S  Non Significant
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Table (6): Influence of dietary regimen on serumn bilirubin in DBN treated rats.*

Diets : Groups
Paramcte Group (1} Group (2) Group (3) Group (4) | Group (5) | Group (6)
1,* 2 1.2.3,2 1,2,a,b *3,be 1,2,a.¢
0.37+0.03 (0.4+0.01 0.7£0.05 0.6:0.04 0.4840.02 | 0.610.04
Total % change rom --- - 75 50 20 50
Bilirubin G2
mg/dl % change from --- - - -14.3 -3t.4 -14.3
G3 -
I 2 1,2,3 1,24 34.5 1,2,5
0.140..0 0.:30.01 0.16£0.015 | 0.16+0.013 | 0110006 | 0.1620.013
Direct % change from --- --- 60 60 0 o0
bilirubin G2 :
mg/dl % change from - --- --- 0 .-3715 ]
G3
1 2.a 1,2.3.b f,a,b 3 l.a,b
0.27+0.03 | 0.3120.0! 0.5740.05 | 04440038 { 03780021 0.4410.04
Indirect % change from -e- - 83.9 419 19.4 419
bilirubin G2 - :
mg/d] %.change from -~ --- - -22.8 -35.1 -22.8
G3

* Values are expressed as means + S.C (Standard error), n= 11

1.2,a,b,.... Mean within the same raw bearing similar numerical (L.S.D. at P <0.001) or alphabetic (L.S.D. at P <0.01)
Subscripts are significantly different.

*(LSD at p < 0.05)

N.§  Non Significant

Table (7} Influence of dictary regimen on serum total proteins in DBN treated rats. *

Drets Groups
Paramelcr . Group (1) Group (2) Group (3) Group (4) | Group (5) | Group (6)
1 2 [.2 [,2 1,2 1,2
Total : 4.940.2 5.020.17 4.140.17 4.120.18 4.1H0.16 3.540.18
protein % change {rom G2 - -t -18 -18 -18 . -22
g/dl % change [rom G3 - - --- 0 0 4.9
| 2 1.2 1.2 1,2 1,2
Albumin 2.7740.1 2.810.13 1.820.05 1.9+0.1 [.830.1 - 1.99+0.05
g/dl % change [rom G2 - - -33.7 -32.1 -35.7 -289
% change from G3 - - - 55 0 10.5
* *
Globulin 2.140.23 223017 2.320.17 2.530.27 2.240.18 1.9+0.14
/dL % change from G2 454 1136 0 136
% change from G3 - L . .69 .4.34 17.4
1 2.a 12 1,2 l,a [
AIG 1.540.23 1.4610.16 0.87x0.1 0.8+0.06 0.9+0.1 1.130.1
Ratio % C_hn"ge from G2 --- --- -40.4 -43.2 -38.3 -24.7
%.) change from G3 . . - .04 345 26.43

* Values are expressed as means & 8. {(Standard crror), n= |

1.2,a,b,..... Mean within (he same raw bearing similar numerical (L.5.D. al P <0.001) or alphabetic (L..S.D. at P <0.01)
Subscripts are significantly diffcrent.

* LSD at p < 0.05)

N.S Non Significani
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Fig.(1): Liver of control untreated rat showing the normal histological
structure (H and E stain X 200).

Fig.(2): Liver of DBN treated rats showing hepatocellular adenocarcino-
ma as well as oval cells proliferation (H and E stain X 200).
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'Fig.(3): Liver of rats fed 50g/day of fresh carrot for 30 day then treated
with DBN (G4) showing dysplasia, hepatocytes megalocylosis as well
as mitotic Figure (H and E stain X 400).

Fig.(4): Liver of -at fed on fresh carrot (50g/day)and treated with DBN
for 60 days showing Tysplastic hepotocytes as well as mitotic Figures (H
and E stain X 400).
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DISCUSSION

Results of this study indicated that, there were a
highly significant decrease in body weight gain
and feed intake in rats treated with dibutylnitrosa-
mine (DBN) in drinking water in G3 when com-
pared to G; and Gy. This decrease may be due to
the highly toxic effect of both sodium nitrite and
dibutylamine which take place mainly in the

stomach of treated rats, Sen et al., (2001),

This lower body-weight gain has been attributed
to induction of the microsomal oxidizing system,
increased sympathetic tone and associated ther-
mogenesis and/or enhanced ATP breakdown,

Yang et al., (2004).

Feeding carrot for 30 days before administration
of water containing DBN (G,4) may have signifi-
cant improvement on body weight gain than posi-
tive control Gs. This can be explained as, the in-
crease in body weight gain and feed intake in the
first 30 days is attributed to the beneficial effect
of carrot intake, then followed by sudden decrease
in body weight gain and feed intake due to the
deleterious effect of the carcinogen mixture taken

in drinking water.
Furthermore, an increase in body weight gain and

feed intake, in group of rats treated with (DBN for
30 days followed by 50g/day of fresh carrot, Gs)

Vet.Med.J.,Giza.Vol.54,No.3(2006)

and the rats which fed (50g/day of fresh carrot
and treated with DBN in the same time for 60
days, Gg).The increament was significant as com-
pared to G (rats treated with DBN for 60 days)
which may be due to the effect of the carcinogen
during treatment in reducing cell viability and in-
creasing oxidative stress. However, B-carotene in
carrot can improve cell viability and antioxidant
status, while falcarinol stimulated growth of epi-

theltal cells and inhibited cancerous lesions, Zi-
dorn et al., (2005).

QOur study revealed that, relative organs weight
(liver, kidney and spleen) showed a highly signifi-
cant increase in positive control rats (G3) as com-
pared with G, and G,. This increase may be due
to hyperplasia induced by carcinogenic action of
dibutylnitrosamine.The increase in liver relative
weight refer to liver necrosis that cause collapse
in the liver and in turn lead to increase collagen
formation which accumulated in the liver and fat
deposition, Vandenberghe, (1996).Also, the rela-
tive kidney weight of Gg showe;d a significant in-
crease when compared with normal controls G
and G;. The initial changes were characterized by
prominent increase in kidney weight and micro-

cyst formation.

It is evident from this study that, there was a sig-
nificant increase in the spleen weights shown in
the positive control (G3) only, when compared

with negative control groups G| and G,.These
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results are in accordance with El-Aaser et al.,
(1986) who found that, spleen weight increased
after DBA treatment, duc to spleen congestion
which resulted from the toxic effect of the carci-

nogen.

The present study demonstrated that, there was a
significant decrease in red blood cell values, hae-
moglobin concentration and hematocrite values in
rats treated with DBN in drinking water (Gj)
compared to the normai control groups Gy and
Gs.

Versus to positive control group (G3), the present
data revealed an increase in RBCs count, HB con-
centraiion and HCT value when rats fed carrot 30
days before hepatocarcinogenic treatment (Gy),
this may be due to the higher concentration of re-
tinoids in fat-storing cell which decreased the se-
verity of cell damaged and reduced haemoly-
sis.But these results still lower than Gs an Gg in
which rats fed carrot after or during carcinogenic

treatment respectively.

Our results revealed that, remarkable depletion of
blood glutathione was shown in rats drunk water
containing dibutylnitrosamine (DBN) (G3) when
compared to negative control groups G; and
G,.The same results has been also explained by
Andre and Felley-Bosco (2003) who found that,
GSH conjugates with nitric oxide (NO) form an s-
nitroso-glutathione adduct, which is cleaved by

the thioredoxin system to release (GSH) and
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(NO). An increase in (NO) production by cytotox-
icity of macrophage and tumor-induced immuno-
suppression are conducted by inducible NOs (ni-
tric oxide synthases) cause y-glutamyl cysteine
synthetase (GCs) (a cytosolic enzyme help in
GSH synthesis) inhibition and GSH depletion. In
this regard carotenoids which inhibit the expres;
sion of inducible (NO) synthase and (NO) produc-
tion, may prevent or attenuate GSH depletion in

cells.

While, liver glutathione in Gy showed highly sig-
nificant increase. Such high increase may be as-
cribed to the cytotoxic effect of the carcinogen
(DBN) agreeing with Sarker et al., (1995) who
found that, hepatic GSH was increased after 48hr
of the administration of hepatocarcinogenic mate-

rial.

On the other hand, treatment with carrot before,
after or during hepatocarcinogensis (G4, G5 and
Gg respectively) compared to positive control
group (G3) improved the previous changes in ei-
ther liver or blood GSH. The free radical scaveng-
ing natre of carotenoids specially B-carotene
present in carrot and its immediate involvement in
trapping singlet oxygen (O,) providing an overall
increased reducing environment in the hepatic tis-
sues which may in turn reduce liver GSH. As oxi-
dative stress is declined and hemolysis is reduced,
this leads to increase erythrocyte GSH, Sarkar et
al, (1995).
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Chattopadhyay et al., (2004) explained the mech-
anism of B-carotene in oxygen consumption by
the cell. They found that the continuous treatment
with B-carotene to rats given DEN resulted in a
significant increase in oxygen consumption by
mitochondrial cells compared with diethylnitrosa-
mine (DEN) control group. These findings regard-
ing oxygen uptake in mitochondrial cells suggest
there re-establishment of aerobic metabolism in
the treated group with B-carotene compared with
DEN control group. This re-establishment of aer-
obic metabolism not only limits progression of
uncontrolled division and growth of cancer cells
but also, if heid in this state long enough, induces
programmed cell death. If the cancer cells restart
aerobic metabolism, they revert the cell back to
being quasi-normal cells again. However, genetic
damage is not corrected, but if the cells are held
in a normal state of aerobic metabolism with time,
they will go through the normal process of pro-
grammed cell death and cancer cell will be per-

manently eliminated.

Generally, carrot treatment caused a significant
decrease in lipid peroxidation as seemed in group
5, which took carrot after the carcinogensis caus-
ing materials, then in group 6 which fed carrot at
the same time with DBN treatment and finally in
group 4 whose rats fed carrot 30 days before start-

ing treatment with the carcinogen.

The present results demonstrated that, rats treated

Vet.Med.J.,Giza.Vol.54,No.3(2006)

with dibutylnitrosamine (DBN) in drinking water
(G3) showed a high significant increase (P<0.001)
in serum AST and ALT activities when compared
to negative control groups (G and G,) which
mainly due to liver cell injury leading to release
of tissue-specific enzymes into the circulation
Burtis and Ashwood, (1996).

Reduction in the activities of AST and ALT was
recorded in G4 as compared with positive control
group G3. While AST and ALT activities exhibit-
ed pronounced reduction when rats treated with
fresh carrot after (Gs) and during (Gg) carcino-

gensis as compared with the same group of rats
Gs.

Similar results were also recorded by Seifert et
al., (1995) who reported that, pre-treatment with
B-carotene cannot prevent liver fibrogenseis but
can decrease the severity of liver fibrosis in spite
of parenchymal cell damage, as reflected by high
AST and ALT blood levels. The decreased severi-
ty of liver fibrosis may be due to maintenance of
higher concentration of retinoids in fat-storing
cells postponing their activation to fibroblast -
like cells. There is evidence that, 40-60% of -
carotene is transformed in the liver into vitamin
A, this agrees with the results of Olson (1989).
This amount may be insufficient for complete
protection in the liver. The significant decrease
showed in G4 in ALT and AST can be due to ben-

eficial effects of vitamin on lowering these serum
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enzymes activities as they acts as free radical

scavengers, Wu, (1997).

While, a pronounced reduction in AST and ALT
was observed in G35. This decrease may be due to
the highly protective effect of fresh carrot on the
damaged liver cells which are the main source of
B-carotene, o-carotene (equivatent to 1.12 mg re-
tinol) and falcarinol. These compounds can block
formation and activation of carcinogens, induce
detoxifying enzymes, and suppress tumor promo-
tion, Yu et al., (1993),

Previous study, Seifert et al,(1995) recorded that,
when P-carotene was given during the CCLy,
treatment, inhibition of fibrosis was observed and
the paranchymal liver damage was also less than
in rats pre-treated with -carotene, as reflected by

the decrease activities of AST and ALT levels.

Versus to negative control groups {G; and Gj),
the present results indicated that treatment with
DBN (G3) lead to significant increase in LDH ac-

tivity.

Comparing to positive control group (Gz), highly
significant reduction in LDH activity were ob-
served in all groups treated with carrot before, af-
ter or during drinking water mixture containing
dibutylnitrosamine (DBN) (G4, Gs and Gg).

These results may be explained as, LDH is an en-

zyme that exists in many tissues and organs when
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those tissues or organs are damaged LDH is re-
leased into the blood from cells, Yang et al.,
(2004). So that when hepatocyte cells damaged by
the carcinogen, LDH activity is significantly in-
creased in the blood. Fresh carrot administration
decrease LDH activity by the action of B-carotene
in reducing reactive oxygen species(ROS) pro-
duction Lawlor and O’Brien, (1997) and by the
effect of either P-carotene and falcarinol present

in carrot in cell viability.

Comparing to the negative control group (Gs)
there was a highly significant increase in serum
ALP and GGT activities after treatment with
DBN (Gj3). This marked elevation may be due to
tissue damage by the effects of the carcinogen
that lead to release of ALP and GGT into the plas-
ma, VanHoof et al., (1997).Groups of rats which
were feed carrot as Gy, G5 and Gg revealed a
highly significant reduction in both ALP and
GGT than did the corresponding rats in Gj.

It is evident from the study that, there was a high-
ly significant increase in total, direct and indirect
bilirubin in G3 when compared to G; and G,.
This increase may be due to the toxic effect of the
carcinogen on hepatocytes and sinusoidal cells
which cause the reticulin network surrounding the
central vein to collapse and produce hemorrhage.
This leads to increase degeneration of haemoglo-
bin, and thus increase bilirubin formation, Marx,
(1996).
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Feeding fresh carrot (groups 4, 5 and 6) induced
highly protective effect on hepatocyte by the ac-
tion of both - and a-carotene (equivalent to 1.12
mg retinol) and falcarinol in cell proliferation.
These cffects were observed mainly in rats fed
carrot for 30 days after stopping drinking water
mixture containing the hepato-carcinogen (Gs) in
which total, direct and indirect bilirubin were sig-
nificantly reduced compared to G3. While the oth-
er two groups (G4 and Gg) showed only a slight
reduction in direct bilirubin level . These resuits
were in agreement with Bishayee et al., (1995).
Wherein, Wang et al., (2001) found that, falcari-
ol works as inhtbitor for inducible nitritic oxide
synthase which inturn reduces the oxidative stress

and decreases hemolysis.

Our findings indicated that, total serum protein,
albumin and A/G ratio levels were significantly
reduced in rats drinking water containing dibutyl-
nitrosamine {(DBN) (G3), while serum globulin
not significantly changec when compared to G,
and G;. Total protein was probably low due to
the impaired synthetic liver function and small
amount of essential amino acids which are pre-
dominantly distributed in the muscies instead of
liver cells. Arneil and Metcoff, (1995). The sig-
nificant decrease in feed intake may also lead to
insufficient protein intake and marked loss of pro-

tein.

Vet.Med.J. . Giza.V0l.54,No.3(2006)

Vandenberghe (1996) found that, hypoalbumine-
mia may also occur as a result of disorders of the
kidney by the toxic effect of N-nitrosamine which
lead to increase of albumin loss. He also revealed
that, disorder of the liver are accompanied by hy-
poalbuminemia due to the reduced synthesis and
turn over, which results in a proionged half-life.
Hyperglobulinemia is found in hepatocellular dis-
orders and arises as an inflammatdry reaction of

reticulo-endothelial system.

Treatment with carrot did not significantly im-
prove protein damage caused by the carcinogenic
effect of dibutyl-nitrosamine. That is because oxi-
dative damage to protein caused loss of protein
functions which may affect on the activity of en-
zymes, receptors and membrane transporters.
Moreover, oxidatively modified proteins may
contain very reactive chemical species that could
contribute to secondary damage to other biomole-

cules, Halliwell, {1996).

As a result, many changes can occur in proteins
including amino acids modifications, fragmenta-
tion, aggregation, change in absorption and de-
crease or loss of biological functions, Dean et al.,
(1997). In our study carrot consumption cannot
rebuild these changes and failed to improve this
damage. So that the protein content still un-
changed either by carrot treatment or not. In Gy,

G5 and Gg when compared to Gj.
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In this study, rats which received dibutylnitrosa-
mine (DBN) in drinking water G3 showed, lethar-
gy and increased mortality rate to reach 50% at
the end of the experiment. This finding was ex-
plained by Althoff et al., (1974) who observed
that, dibutylnitrosamine administered hamsters
can cause death by acute liver dystrophy or cir-
cumscribed hemorrhage in the organs of the ab-
dominal and thoracic cavities as well as in the
brain. The effect of DBN in this hamster species
showed a dose-response relationship rclated to
survival, tumor incidence and latency, and weight

in both male and female.

Morphological examination of the surface of liver
in rats treated with DBN showed hemorrhages,
dissolution and appearance of white nodules,
whereas rats fed carrot Gy, Gs and Gg showed
significant reduction in these lesions but in differ-
ent degree. The effect of carrot on reducing the
hepatocarcinogenic lesions have been described
by several authors, Moreno et al., (1995) who re-
ported that, beta-carotene administered rats can
reflect a better resistance to the aggression elicit-
ed by the aﬁplication of the hepato-carcinogenesis
model, and to the smaller number of hepatocyte
nodules present in their liver. Moreover, the ma-
jority of the hepatocyte nodule (87%), showed to
have less than lmm, in the carotenoid adminis-

tered group.

Our study showed that, liver of rats treated with
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dibuty!nitrosamine (DBN) in drinking water (G3)
showed hepatocellular adenocarcinoma. Pleomor-
phism of hepatocytes with hyperchromastia as
well as oval cell proliferation and mitotic figures
of the cell. Marx, (1996) attributed these results to
the toxic effect of dimethylnitrosamine on hepa-
tocytes by causing collapse in the central vein and

produce hemorrhages.

Livers of rats fed carrot then treated with carcino-
gen in drinking water (G4) showed slight im-
provement in the histopathological picture com-
pared to the positive control group (G3). The liver
showed dysplastic hepatocytes, megalocytosis,
mitotic figures of hepatocytes as well as oval cells
proliferation. This indicates that pre-treatment .
with carrot cannot prevent liver fibrogenesis but
can decrease the severity of liver fibrosis in spite
of parenchymal cell damage this may be due to
high concentration of retinoids in fat-storing cells
postponing their activation to fibroblast like cells,
Seifert et al., (1995).

On the other hand ,liver sections of rats treated
with water dibutylnitrosamine (DBN) then with
carrot (Gs) revealed no tendency of tumour for-
mation, moderates histopathological changes de-
scribed as Kupffer cell proliferation, focal leuco-
cytic cell aggregation, focal hemorrhage.
Moreover, some examined sections showed ap-

parent normal histopathological structure.
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Histopathological appearance of liver in rats treat-
ed with carrot together with drinking water con-
taining the carcinogen {Gg) showed focal hepatic
hemorrhage, dysplastic heptocytes as well as mi-
totic figures of some hepatocytes, in which this
results were less severe compared to the positive

control group (G3).

Our results confirmed the results of, Moreno et
al., (1995) who found that, H&E stained liver sec-
tions revealed a greater number of clear cell foci
in P-carotene treated rats, and a tendency to
present more mixed cell foci in vitamin A group.
While DEN administered rats showed predomi-
nantly acidophilic, and morphologically more ag-
gressive y-glutamyl tranépcptidase (vy-GT) foci. -
carotene treated group also presented less fibrosis

and oval cell development than control.

Also, Gerster, (1995) demonstrated that, B-
carotene had an inhibitory effect on prenoplastic
lesions specifically when administered during the
early promotion phase of hepatocarcinogenesis,
and support experimental evidence that the carot-
enoids may be an effective cancer chemo-
preventive agent. In addition, Rizzi et al., (1997)
showed that, oral administration of B-carotene for
5 consecutive weeks during the early promotion
phase of RH-model of hepatocarcinogenesis re-
duced the incidence and total number of hepato-
cyte nodules, as well as the total number y-GT

positive prenoplastic lesions (PNL).Moreover,.
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Moreno et al, (2002) found that, P-carotene
strongly inhibited cell proliferation in hepatic ne-
oplastic lesions during the progression phase of
RH model.

Conclusion

Depending on biochemical and pathological re-
sults, it was concluded that carrot administration
revealed a highly protective and preventative ef-
fects on hepatocyte after limited exposure period
for hepatocarcinogen. While mild improvement
could be detected if carrot was taken before he-
patocarcinogensis. On the other hand, carrot may
reduce the severity of carcinogenesis if it was tak-

en at the same time with the hepatocarcinogen.
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