MINUFIYA VET. J. VOL.1 NO.1 APRIL 2000

CARCINOGENICITY, CYTOGENICITY AND HISTOPATHOLOGICAL
ASPECTS FOLLOWING LONG TERM ADMINISTRATION OF HIGH
DOSES OF TARTRAZINE AND BUTYLATED HYDROXANISOL

‘ TO ALBINO RATS

BY
Nabila, M.Abd El Aliem* and Tawfik, M. M.*™*
*Eorensic Medicine and Toxicology Fac. of vet. Med.zagazig Univ. Banha Branch.
= Pathological dept. Animal Health Research Institute Zagazig Branch.

~ ABSTRACT _

Food additives are non- nutritive substances which are added ta food
to preserve freshness, enhance flavor or appearance and aid in preparation
of foods. Coloring agents are added to enhance the product image.
Antioxidants are materials, which prevent oxidation of food, as well as
oxidative reaction in edible fat processed foods. Long-ferm consumption of
some food additives was accused in initiating different toxic reactions. Food
additives used in this sfudy were tartrazine and butylated hydroxy anisole.
Fifty-six Albino rats of both sexes were divided into four groups each of

. fourteen rats. First group was given oral dose of 40 mg/kg.b.w. tarfrazine;
second group was given dist .water twice a week for 20 consecutive weeks.
Third group was given oral dose of 50 mg./kg.b.w. butylated hydroxy anisol;
fourth group was given corn ol twice a week for 20 consecutive weeks. Half
the number of rats was slaughtered after 10 weeks and the other was
sfaughtered at end of 18 weeks. Both tartrazine and BHA increased
aspartate amino transferase and Alanine amino transferase levels in rats
treated for!0 or 20 weeks. Globulin level was increased in-group
administered tartrazine for 20 weeks. Total protein was decreased in rats
administered butylated hydroxy anisol for 20 weeks . Deoxy ribonucieic acid
level in wet liver tissue was decreased in group given butylated hydroxy
anisol for 20 weeks. Alpha- fefoprotein level was increased in-group given
butylated hydroxy anisol for 20 weeks. Tartrazine administration showed
mutagenic effect after 10 or 20 weeks of administration. Such effects were in
the form of deletion, break, rang, end to end and sticky chromosomes.
Histopathological examination of.the liver showed hydropic degeneration,
fatty changes, some cells were enlarged with vaculated cytoplasm in rats
treated with tarfrazine for 20 weeks. Liver of rats freated with butylated
hydroxy anisol for 20 weeks showed fibroblastic proliferation with increase
number of bile ductules in portal area .

INTRODUCTION
A number of food additives, especially preservatives, dyes and flavoring agents,
can induce a wide range of adverse reactions in sensitive individuals by a variety of
mechanisms - (Moneret and Andre 1983). Tartrazine is added to drugs in both solid and
liquid preparations and to foods for identification purposes and to produce an attractive
appearance (Lockey,1977). (F.D.A, 1979) estimated that the number of sensitive
persons ranged from 50.000 to 100.000 in the United State. Juhlin (1981) studied 330
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cases of recurrent urticaria and attributed 33% to food additive induced reactions; 18%
reacted to azo dyes, 15%P to the antioxidant food preservatives (butylated
hydroxyanisol and butylated hydroxy toluene) and 10% to annato .Tse (1 982) and Rohil,
et al (1987) and Josephr, (1990) mentioned "that many manufactured food products
contain tartrazine. The list includes beverages (particularly orange and lime drinks) ice
cream and sherbets, gelatins, salad dressings, cheese, cake mixes seasoned salt and
confections (butter, flavor, banana and pine apple extract) and many miscellaneous
items such as candies and fruit chews and 300 drug items.Juhlin, (1984) reported that
average daily consumption of dyes is 15 mg 85% of which is tartrazine. Henschler and
Wild (1985) reported that tartrazine given to rats was transformed into urinary
metabolites which exert dose-dependent mutagenic activities. Murdoch, et al (1987)

reported that tartrazine caused increase in urinary prostaglandin E2; thromboxan b2
and prostaglandin 6 —keto 1.

Munzner and Wever, (1987) and Maekawi, et al., (1987) stated that tartrazine is
not carcinogenic in rats when administrated continuously at doses of up to 2% in the
drinking water for up to two years. Amount of tartrazine required to produce sensitivity
in susceptible persons varies from 0.85ug to 25mg (Weiner and Bernstein, 1989). The
same authors stated that tartrazine sensitivity reaction might be due to an action on a
metabolic system or to other mechanisms, such as the release of local control
substances or hormones. Giriet al (1990) reported that significant increase in sister
chromatid exchange and chromosomal aberrations were observed in bone marrow
cells of mice and rats taking tartrazine in diet in high doses Josephr, (1990)stated that
tartrazine contains a sulfanil group; which may spilt in the body to yield suifanilic acid .
A case of leukocytoclastic vasculitis was recorded due to food additives {Niels,et al
1891). "Tartrazine inhibited dopamine sulphotransferase activity of human liver
(Bamforth, et al 1993) . Aromatic amine benzidine was detected in “tartrazine “
introduced during manufacture of color additive (Davis and Bailey, 1993 Prival, et al
1983). Inflammatory cellular infiltrate within hepatic lobules ,vacuolated nuclei of
hepatic cells and hyperplasia of bile duct were detected in liver of rats administered
tartrazine(Madiha, 1995)Tartrazine inhibited mitochondria respiration in mitochondria
isolated from rat liver and kidney (Reyes, et al ,1996) .

Butylated hydroxy anisole is a phenolic compound (Denz and Llaurado, 1957).
Butylated - hydroxy anisole was found in oil, margarine and butter (Yamada, 1990).
Unsaturated fatty acids in liver and heart used for prevention of lipid peroxidation were
increased after administration of butylated hydroxy anisol “ hence aging of the
organism™.None of the antioxidants was previously considered to possess carcinogenic
activity (Hirose, et al,, 1980 and Shirai, et al. 1982). BHA caused papilloma and
carcinoma in rodents (lto et al., 1983).BHA caused proliferation of tritiated thymidine (a
specific DNA precursor) (Neura, et al 1984).BHAshown to induce a range of
proliferative lesions (Altmann, et al.1985)there is increased incidence of liver tumeors in
rat fed BHT for 33 months (Olsen, et al_, 1986) .Lindenschmidt et al. (1986) reported
that male (not female) animals had an increased incidence of hepatic tumors compared
o animals kept on BHT-free diet. Chronic administration of the antioxidant: (BHT) was
described to enhance the development of neoplasm (Williams, 1979). Butylated
hydroxy anisol anti-oxidant stimulate -synthesis of DNA resulting in increase in mitotic
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index (Walker and Quattrucci, 1988)Thompson et al (1989) reported that butylated
hydroxy toluen (antioxidant) can enhance the formation of carcinogen induced lung
tumors in mice. Phenolic anti-oxidant caused subcellular liver damage (Clapp et al
1973), hepatocellular vacuolation, degeneration and necrosis in the liver enlargement
(Takahashi and Hiraga, 1981 and Gaunt et al 1985 and Takahashi, 1987). Walker and
Quattrucci, (1988) stated that toxic effect of BHA are mediated by the parent or
metabolite compound and tissue specific.

This work aims to study and evaluate either tartrazine or butylated hydroxy anisol

( common food additives ) considered to posses carcinogenic and mutagenic activities
in experimental Albino rats.

MATERIAL AND METHODS
Test material

A) Tartrazine: Tartrazine (C.1.19140) orange yellow fine powder; was obtained from
Aldrich Chemical Co. Lid.

B) Butylated hydroxy anisol: White crystals of Butylated hydroxy anisol (B.H.A.) was
obtained from Kamena Products Corporation Cairo, Egypt.

Animals:
Fifty-six Albino rats with weight from 146-170 g of both sexes obtained from the
laboratory animal house, Faculty of Veterinary Medicine, Moshtohor. Rats were kept

under hygienic conditions, fed on a balanced ration and water ad-libtum. Rats were
divided into four groups each of fourteen rats. '

Experimental design

First group: Tartrazine was dissolved in distilled water and administered orally by a
stomach tube at 40 mg/kg.b.w. every 48h. for 20 consecutive weeks according
toGrzelewaske, et al.,(1986).

Second group: This group was given oral administration of an equivalent volume of
distiled water that was given to the first group every 48 h for 20 consecutive weeks
(control for first group). _

Third group: Butylated hydroxy anisol was dissolved in corn oil and administered orally
by stomach tube to rats at 50 mg/kg.b.w.according toWartzen, (1993) every 48h. for 20
consecutive weeks.

Fourth group: This group was given an equivalent voiume of corn oil that was given to
the third group by the same route and in the same time (control for third group).

Half the number of rats from each group was slaughtered after 10 weeks of experiment.
Other rats were slaughtered after 20 weeks of experiment.

Samples ‘ _

Blood was obtained and allowed to clot then serum was derived . Serum value of
aspartate amino transferase, alanine amino transferases were determined according to
methods described by Reitman and Frankel (1957) and Bessey et al., (1946)
respectively. Serum levels of total protein, albumin were measured colorimetrically by
using kits according to Doumas, et al(1881) and Pinell and Northam (1978)
respectively; while serum globulin was detected according to Coles, (1974) .Liver
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tumor. markers as Alphaphetoprotein by Electro-chemolumensis technique on
ELECSYS.1010 apparatus according to Ramsy and Wug, (1995 ) Deoxy ribonucleic
acid in liver tissue was detected according to Melmed et al .(1975 )and Abdel salam,
(1983). Bone marrow was-collected from femur for detection of chromosomal apparition
according to (Macgregor and Varley, 1983). Specimens from liver was collected and
fixed in 10% formalin solution, Paraffin sections of 5- micron thick were prepared and
stained by H&E (Brancroft and Stevens, 1990).

Statistical analysis: The data obtained in. this study were caloulated as mean +
standard error and were statistically analyzed by the student's (t) test. All statistical
analysis were carried out according to Johnston, (1972).

- RESULTS

Table (1) illustrate the serum levels of alanine amino transferase; and aspartate amino
transferase . First group (administered 40 mg/kg.b.w. tartrazine) showed significant
increase in the serum levels of ALT and AST in comparison to second group (control).
ALT serum levels for first group were 65.7+2.8 u/ml and 74.57+ 1.7 u/ml after 10 and
20 consecutive weeks respectively compared to 53.42+ 3.01 and 60.86+ 1.55 w/ml for
second group (control). Serum aspartate amino transferase levels in first group were
89.14+ 2.97 u/ml and 111.85+ 2.19 u/ml after 10 and 20 weeks. An increase in serum
levels of alanine amino transferase and aspartate amino transferase were detected in
group administered oral dose of butylated hydroxy anisol for 10 or 20 weeks in
comparison with forth group (administered corn oil).

Table (2) shows the effect of oral administration of tartrazine and butylated
hydroxy anisol on total protein, albumin and globulin. The results indicat that tartrazine
and BHA. caused non-significant effect on total protein, albumin and globulin after 10
weeks. Oral administration of 40 mg/ kg.b.w. for 20 consecutive weeks caused increase
in globulin levels. Globulin levels were 3.74+ 0.126gm/d| in first group compared with
2.4 + 0.39 gm/dl of controt group. Oral administration of butylated hydroxy anisol for 20
weeks showed high significant decrease in total protein compared with control group.
Total protein in third group (administered 50 mg/ kg.b.w) was 5.57 +0.209 gm/dl
compared with 7.515+ 0.472 gm/di of control group.

Deoxy ribonucleic acid content in fiver tissue of Albino rats administered
tartrazine or butylated hydroxy anisol for 10 or 20 consecutive weeks were showed in
table (3). The resuits indicate decrease in liver DNA content in group taking BHA for 20
consecutive weeks. DNA liver content in third group after 20 weeks was 2.37+0.156

mg/g in comparison with 1.61+ 0.09 mg/g tissue of control group (administered corn
oil).

Table (4) reveales that serum Alpha-fetoprotein levels were not affected by oral
administration of 40 mg/kg.b.w. tartrazine for 10 or 20 consecutive weeks. Similar
pattern occurred with oral administration of butylated hydroxy anisol for 10 consecutive
weeks. High significant increase was recorded in Alpha-fetoprotein level in-group
administered 50 mg /kg.b.w.butylated hydroxy anisol for 20 consecutive weeks. Alpha-
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fetoprotein levels was 16.620+ 3.56 iu/ml for third group in comparison with 5,729+
1.815 iu/mi for control group.

Table (5) showed the structural and numerical chromosomal aberrations of bone

marrow cells of rat administered tartrazine or butylated hydroxy anisol for 10
consecutive weeks. First group (taking 40 mg/ kg.b.w. tartrazine) is the only group
showed deletion, ring chromosomal aberration as clear in fig.(1)and polyploidy as
compared to second group (control group). Structural and numerical chromosomal
aberration of bone marrow cells after 20 consecutive weeks were clear in table (6) First
group (administered 40 mg/kg.b.w. tartrazine) showed an increase in abnormal cells,
fragment, deletion, break, ring, end to end and sticky chromosome in addition 1o
polyploidy in comparison with control group are fig.( 2,3,4,5,6). Oral administration of
butylated hydroxy anisol for 20 consecutive weeks-showed non-significant effects on
structural and numerical chromosomal aberration. '
Histopathological findings of liver in rats given tartrazine for 8 or 18 weeks revealed
leukocytic infiltration in portal area, kupffer cells, bile duct proliferation " ,hydropic
degeneration at peripheral, fatty change, focal areasof coagulative necrosis, some cells
were enlarged and vesiculated with vaculated cytoplasm(Fig.7 and 8) .Liverinrats
given butylated hydroxy aniscl for 9 or 18 weeks showed hydropic degeneration ,few
fibroblastic proliferation in portal areas and in between hepatic cells in addition to
thickness in portal area ,increase number of bile ductules and disassociation of hepatic
cells with necrosis (Fig.9 and 10).

DISCUSSIONS

It is well recognized that a number of food and drug additives can induce a
wide range of adverse reactions elicited by a variety of mechanisms. Serum levels of
alanine transferase and aspartate amino acid transferase showed increased levels in
group administered tartrazine. These results could be related to deterioration of hepatic
functions as a resulted from toxic effect of tartrazine on the liver that induce inhibition
of dopamine sulphotransferase activity (Bamforth, et al.1993 and Reyes, et al,
~ 1996).The increased ALT and AST could be due to the inflammatory celluiar inflirate

within hepatic Iobules vaculated nucelei in hepatic cells . (Madiha,1995). This
interpretation was supported by the histopathological changes of the liver. the
increased serum levels of alanine tranferase and aspartate amino acid transferase in
group administered BHA for 20 weeks could be due to hepatic damage as a resulf of
chronic toxic effect of phenolic antioxidant BHA (Clapp et al 1973, National institute of
health, 1979, Takahashi and Hiraga, 1981, Gaunt, et al, 1985 and Takahashi, 1987).
The increased serum ALT and AST values might discussed due to the BHA shown to
induce a range of proliferative lesions in liver (Altmann et al.1985).This effect are
mediated by the parent or metabolite compound of BHA antioxidant (Walker and
Quattrucci,1988). The interpretation was supported by histopathological finding.-

Serum levels of total protein, .atbumin, and globuline showed no change in-
groups administered tartrazine of butylated hydroxy anisol for 10 weeks. Administration
of tartrazine for 20 weeks caused increased levels of globulin .These results may be
due to the sensitivity reactions of tartrazine as mentioned by Juhlin, (1981). Sensitivity
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reactions of tartrazine are due to tartrazine metabolites as sulfanilic acid food additives
or their metabolites act as hapten (Johnson, et al, 1975) or due to pharmacological
mechanism that lead to mediator release (Murdoch, et al, 1987). Tartrazine caused
histamine release ( Timbrell, 1989).. Butylated hydroxy anisol caused a decrease in
total protein ;which might be possible due to liver damage from chronic BHA
administration as mentioned by Clapp et al (1973), Takahashi and Hiraga (1981),
Gaunt, et al (1985) and Takahashi (1987).

Deoxy ribonucleic acid and alpha-phetoprotein levels showed non-significant
effects in-group administered tartrazine either for 10 or 20 consecutive weeks. highly
significant increase in DNA content was detected in group administered butylated
hydroxy anisol for 20 weeks . Alpha-fetoprotein was increased in group administered
BHA for 20 weeks. These resuits do not agree with Hirose, et al (1980) and Shira, et a
(1982). Our results were in agreement with those of lto ; et al (1983) and
Lindenschmidt, et al (1986) Altmann et al (1985),lto, et al (1986), Olsen, et al (1986):;
Williams, (1979) and Thompson, et al {1989). These results might ‘be related to
proliferation of tritiated thymidine (a specific DNA precursor) as reported by Neura, et al
(1984) and stimulation of DNA synthesis resulting in an increase in mitotic index
(Walker and Quattrucci, 1988). This effect is mediated by the parent or metabolite
compound and tissues specific that led to tumor promoting effects (Walker and
Quattrucci, 1988 and Thmpson, et al 19809). )

Effect of tartrazine on structural and numerical chromosomal aberrations showed a
presence of deletion, ring form and polyploidy after 10 weeks of treatment ;the effect
was more evident after 20 weeks of administration. These results agree with Henschler
and Wild (1985) and Giri et al (1990) These results are attributed to tartrazine
metabolized by gut flora giving rise to several metabolites, which exert dose-dependent
mutagenic activity (Henscher and wild, 1985) or due to other mechanisms such as the
release of local control substances or hormone (Weiner and Bernstein, 1989) Butylated
hydroxy anisol showed non-mutagenic effect on rat bone marrow.

As regard to histopathological findings, the liver of rats given tartrazine, in the present
work, showed leukocyte infiltration in portal area, bile duct proliferation, degeneration,
fatty change, vacuolated cytoplasm similar results obtained by (Madiha, 1995).
Inflammatory cellular infiltrate within hepatic lobules, vacuolated nuclei of hepatic cells
and hyperplasia of bile duct were detected in liver of rats given tartrazine. Liver of rats
treated with BHA showed hydropic degeneration, fibroblastic proliferation in portal area,
increase number of bile ductules and dissociation of hepatic cells with necrosis. These
findings were in agreement with (Ford et al, 1979 and Powell et al 1986) . Degenerative
changes and necrosis in liver may be attributed to toxic effects of tartrazine and BHA.

Conciusion: According to the above-mentioned findings we can conclude that both
tartrazine and BHA have a remarkable foxic effects on hepatic tissue. So we
recommended that food additives must be used only when it is vitally essential and
should not exceed the acceptable daily intake, permitted by the joint FAO/WHQ. Name
~and types of additives must put on the container of food. The Egyptian nutritional habits
-as their dependence on the carbohydrates and vegetables oils there should be limit to

use of antioxidants. Food and sweet manufacture must be put under control especially
those made without permission.
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Table (1): Effect of oral administration of tartrazine and butylated hydroxy anisol
(40 and 50 mg/kg.b.w. respectively) on some biechemical parameters
after administration to Albino rat three time /week
for 10 or 20 consecutive weeks (mean + SE).

Groups Doses ALT(wml) | AST (u/ml) | ALT{u/ml) at AST (u/mi) at
at 10 weeks | at 10 weeks | 20 weeks 20 weeks
Group | 40 65.7*+2.8 89.14*+2.97 | 74.57**+1.7 | 111.85"+2.19
1 mg/kg.b.w.
Group | 1mlist.H20 | 53.42+3.01 |74.85+2.95 | 60.86+1.55 83.14+1.62
2 (control for
group)
Group | 50mg/kg.b. | 67.43*+3.59 | 90.14*+2.77 | 76.29%*+2 02 106.429**+1.94
3 w. butylated
hydroxy
anisol.
. Group | 1mlcormn oil | 56+3.17 81.14+1.83 | 65.4+1.645 88.14+2.25
4

*Significant P< 0.05

** Significant at p< 0.01

Table (2): Effect of oral administration of tartrazine and butylated hydroxy anisol
{40 and 50 mg/kg.b.w.respectively ) on total protein, albumin and globulin
after administration to Albino rat three time /week
for 10 or 20 consecutive weeks (mean + SE).

Groups | Doses Total Albumin | Globulin | Total Albumin | Globulin
protein gm/dl at | gmidl at | protein gm/di at | gm/dl at 20
gmfdl at | 10w. 10 w. gmidi at 20 | 20 w. w.
10w, W.
Group | 40
1 mglkg.b. | 5.97+0.43 | 3.4+0.195 | 2.51+0.35 | 7.19+0.39 | 3.4+0.44 | 3.74**+0.128
w.
Group | 1mi
2 distH20 | 6.1420.31 | 3.7440.18 | 2.4+0.39 | 6.37+0.34 | 3.96+0.09 | 2.4+0.392
{control
for group)
Group | 50mg/kg.
3 b.w. 6.93+0.42 | 3.640.16 | 3.34+0.24 | 557**+0.21 | 2.84+0.09 | 3.65+0.19
butylated
hydroxy
anisol.
Group imi com ‘ :
4 oil 6.77:0.32 | 3.9140.14 1 2.8+0.23 | 7.52+0.47 | 3.37+0.16 | 2.214+0.14

*Significant P<0.05

** Significant at p< 0.01
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Table (3): Effect of oral administration of tartrazine and butylated hydroxyanisol
{40 and 50 mg/kg.b.w.respectively ) on Deoxyribonucleic acid (mg/g)
content after administration to Albino rat three time /week
for 10 or 20 consecutive weeks(mean * S.E.).

Groups Doses Deoxyribonuclei | Deoxyribonuclei
¢ acid {DNA) c
mgl/g wet tissue | acid(DNA)mg/g.
wet tissue
Group | 40 mg/kg.b.w. 1.62+0.18 3.64+0.29
1
Group 1ml 2,08+0.12 3.47+0.25
2 dist.H20(contr
ol for group)
Group | 50mg/kg.b.w.b 1.931+0.124 1.16**+0.09
3 utylated
hydroxy anisol.
Group 1ml corn ol 1.84+0.13 2.37+0.16
4

*Significant P< 0.05 ** Significant at p< 0.01
Table (4): Aipha-fetoprotein serum levels of Albino rats following oral
administration of 40mg/kg.b.w. tartrazine or 50 mg/kg.b.w.butylated
hydroxyanisol for 10 or 20 consecutive weeks
compared to control groups. (Mean + S.E.)

Doses

Groups AFP at 10| AFP at 20 weeks
: weeks
Group | 40 mg/kg.b.w. 4.029+0.464 | 7.320+0.453
1
Group | 1mi 4714+0.53 |6.292+0.658
2 dist.H2O(control
for group)
Group | 50mg/kg.b.w. 6.36+0.621 | 16.62""+3.56
3 butylated
hydroxy anisol.
Group | 1micorn ail 427+0.74 5.729+1.92
4
*Significant P< 0.05 ** Significant at p< 0.01
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Table (5): Structural and numerical chromosomal aberrations of bone marrow cells of rat foliowing
oral adminestration of 40 mg/kg.b.w. tartrazine and 50 mg/kg.b.w.butylated hydroxyanisol
for 10 consecutive weeks compared to control groups .( Mean+ S.E)

= ZW |22 M Numerical aberation
@ 3| 3 Structural chromosomal aberrations © | Aneuploidy Poly-
o 7] 5 w o ploidy
o —
m m. 2 | Frag Deletio | Break Ring End to | Centro | Sticky w. Hypo- | Hyper- | Poly-
.m _ ment | nNo. No. No. End metric No. m diplo- | diplo- | pioidy
No. No. attenua ide idy
0 Q .
o ® tion
- w0 No.
. 40
Group mg/kg. 4.28 3.286 | 4.57* 514 10.14** | 443 4.86 3.86 191 16429 |5 757"
b.w. 250 | * hat + * * b + x * + x + 2
. 1 tart- 0.96 0.6806 | 0.84 0.74 0.74 0.85 0.91 0.95 0.24 | 0.75 1.1 1.21 o
T razine
Group 3.14 3.571 {2 3.57 2 2.57 4 3.86 1.83 | 4.29 3.1 2.86
2 1ml 250 | % + + il * + * * + * * *
control for 1 dist 0.86 0.61 0.9 0.57 0.44 | 085 0.69 0.98 0.26 | 0.89 0.40 0.67
1% group water
: 50
Group mag/kg. 4.57 3.43 3.857 | 3.71 3.43 3.29 3.29 4.86 1.93 { 7.71 4.57 3
b.w 250 | * * + + * + + s * + + o
3 BHA 0.65 0.65 0.59 0.52 0.37 2.65 0.88 1.01 0.13 | 3.35 0.84 0.93
Group ) .
4 1mf of 4.14 3.29 3.71 3.86 2.57 3.57 229 3.43 1.8 | 557 3.86 1.71
(control corm 250 |+ + * x * x * hut A x * +
for 39 oil 0.79 0.71 0.87 0.51 0.84 0.84 0.42 1.07 0.12 | 2.07 1.01 0.57
group)

*Significant at p< 0.05 ** Significant at p< 0.0.01
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Fig.(1). Metaphase chromosomes of bone marrow cells of rats treated with tartrazine
after 10 weeks showing. a ~Ring chromosome. b ~Chromatid deletion.

Fig.{(2): Metaphase chromosomes of bone marrow cells of rats treated with tartrazine

after 20 weeks showing. a-Chromosomal fragment. b-Ring chromosome.
c-Deiletion.
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Fig.(3): Metaphase chromosomes of bone marrow cells of rats treated with tartrazine
after 20 weeks showing. a-End to end chromosome

Fig.(4): Metaphase chromosomes of bone marrow cells of rats treated with tartrazine
after 20 weeks showing. a-Ring chromosomes. b-Deletion chromosome
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Fig.(5): Metaphase chromosomes of bone marrow cells of rats treated with tartrazine
after 20 weeks showing. a-Centromeric attenuation chromosomes.

Fig.(6). Metaphase chromosomes of bone marrow cells of rats treated with tartrazine
after 20 weeks showing sticky chromosomes.
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Fig.(7): hydropic degenration together with congestion of the central vein. (H&E stain
X1200).

Fig.(8) : Liver in rats given tartrazine for 20 weeks showing fatty change , some cells
were enlarged and vesiculated with vaculated cytoplasm..(H&E stain X 300)

235




MINUFIYA VET. J. VOL.1 NO.1 APRIL 2000

Fig.(9): Liver of rats given Butylated Hydroxy anisol showing fibroblastic proliferation
with increase number of bile ductules in portal area .(H &E stain X 300).

£1g.(10) . High power for the previous figure.
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