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ABSTRACT

Technical grade dinitrotoluene (tg-DNT) [CH3C6H3 (NO2)2] nitroaromatic agents which are manufactured in the
industries and applied in both commercial and military in all over the world and Egypt. DNT causes malfunctions in
kidneys, heart, liver, testes and mammary glands in animals and human beings, which may be considered as carcinogenic in
experimental animals and human. Moreover, taurine, a free f-amino acid with remarkable antioxidant activity, has
important beneficial effects on the human body; hepatoprotection, nephroprotection, cardiovascular protection,
hypoglycemic impact and hypolipidemicaction. Currently, taurine level in the serum is used as early marker of breast,
endometrial and colon cancers. The current research was aimed to explore the potential impacts of the antioxidant
properties of taurine as a protecting material on tg-DNT induced toxicity in the liver and kidney in male rats. 100
apparently healthy male rats in 4 groups were included; the first is Frank control group, mouth feeding via gavage with
distilled water; the other groups were administered as following, taurine alone, tg-DNT alone (toxic group), taurine + tg-
DNT (protective group) in the second, third and fourth groups, respectively. In these groups, blood biochemistry and taurine
concentrations in serum were measured for all animals. Furthermore, histopathological examination studies for liver and
kidney were done for all groups. The results showed that, the protective group has marked improvement in most biochemical
parameters than the toxic group. Histological studies revealed a significant marked disturbance in the histopathological
architectures of the kidney and liver in all toxic rats. However, marked improvements in histological architectures were
observed in protective group. The results support the ameliorative effect of taurine as a protective agent against tg-DNT
toxicity in experimental rats.
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INTRODUCTION

Dinitrotoluenes (DNT) are nitroaromatic elements that are created industrially and discharged into the
environment as a consequence of mixing toluene with mixed acids (sulfuric &nitric acids). DNTSs exist as a
combination of 2 to 6 isomers in the form of pale-yellow crystales [1, 2], tg-DNT consists of about 20% 2, 6-
DNT isomer, 75% 2, 4-DNT isomer and 5% of the further DNT isomers. In the industries dinitrotoluenes are
manufactured for many purposes, in ammunitions as smokeless propellant powder, in the preparation of dyes,
gelatinizing and in manufacturing of plasticizing materials in mutually marketable and military explosive
structures [3], in the production of polyurethane during the processes of synthesis of the organic intermediate
toluene diamine, and used in the air bags of automobiles [4]. DNT can reach the human or animals through
different routes: ingestion, inhalation, and skin or eye contact, and can be absorbed from the surface of skin
during manufacturing, transporting and using [5, 6].Some authors reported that liver is the main target organ of
toxicity of some compounds [7].
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Hepatotoxic effects have consistently been demonstrated in dogs, mice, and rats administered with oral DNT.
The carcinogenicity of 2, 6-DNT has been confirmed based on hepatic tumor initiation-promotion experiments
[6]. So that tg-DNT is tumor-promoting, and 2, 6-DNT is a potent hepatocarcinogen and has the principal part in
tg-DNT in inducing cancers and their activities [8].

The present work was carried out on 14 patients diagnosed as renal cancers and 6 patients with urothelial cancer
from a total of 3000 workers which were working in mines had used tg-DNT for induction of explosions in the
mountains [9]. Another survey was carried out in the copper-mining industry of the German Democratic
Republic during the period from 1984 to 1997. 14 patients of renal cell cancer and six patients of urothelial
cancer were found in a group of 500 underground mining workers working at environment exposed to high rate
of explosions by using technical dinitrotoluene in explosions [10].

Taurine, are found normally in all animal tissues in most species of animals. The taurine can be synthesized
from cysteine or methionine principally in the hepatic tissues, or it can be supplied from external food sources,
where the taurine is found with high concentrations in the white blood cells, central nervous system and skeletal
& the heart muscles. Taurine has important beneficial effects on the human body. With respect to the beneficial
effects of taurine it was found that taurine has been used in protection against many diseases such as protection
of hepatic tissues from injuries [11, 12], nephroprotection [13], cardio protection [14], hypoglycemiceffect [15],
hypolipidemic effect [16]. Moreover, medicinally, it is used in the treatment of anemia due to iron-deficiency
[17]. Currently, the level of taurine in the serum can be used as indicator for detection of colon, breast and
endometrial cancers [18-20].

However, this study was aimed to explore the impacts of taurine on physiological and pathological disorders
induced by tg-DNT in male rats to study the probable protective effect against highly toxic effects of tg-DNT
compound.

MATERIALS AND METHODS

Animals and Protocol

100 healthy male albino rats (Rattusrattus), 4-5 weeks old with body weight between 100-120 gm. were

randomly selected from a large population of animals. The animals were fed on a standard laboratory rodent diet

and fresh tap water. The male rats were classified into four groups as follow:

= Group 1- control group: 20 rats were gavaged with distilled water all through the experiment period.

= Group 2- taurine group: 20 rats were daily gavaged with 500 mg/Kg B.wt. taurine dissolve in water during
experiment period.

= Group 3- toxic group: 30 rats were daily gavaged (35 mg/Kg B.wt.) with tg-DNT dissolve in corn oil during
experiment period.

= Group 4- protective group: 30 rats were treated with taurine in the doses as in taurine group (500mg/Kg B. wt) two
weeks befor experiment, and were treated with tg-DNT in the doses as toxic group (35 mg/Kg B.wt.) during
experiment period.

The doses of tg-DNT and taurine were selected according to previous studies, [21, 22]. The duration of the

experiment was selected as 52 weeks to cover all expected deterioration in liver, kidney, and cardiovascular

system, which were documented in previous studies [8-10].

Chemicals

Technical Dinitrotoluene (tg-DNT) was obtained from Abu-Zaabal Company for Specialized chemicals (M.F.

18) (Egypt). Taurine > 99% and 1-Fluoro-2,4-dinitrobenzene > 99% (DNFB) were purchased from Sigma-

Aldrich Chemical Company (St. Louis, MO, USA). Acetonitrile, methanol and deionized water all HPLC grade

purchase from Merck-Millipore (Merck KGaA, Darmstadt, Germany) all other chemicals and reagents were of

analytical grade purchase from EI-Gomhouria CO. (Cairo, Egypt).

Collection of samples

All rats were sacrificed under light chloroform anesthesia. Blood samples were drawn, in clean and sterile serum

tubes. Blood samples were centrifuged for 10 minutes, at 3000 r.p.m. within an hour of the blood collection and

the sera were obtained. Sera were divided into small fractions and kept in deep freezer under -20 °C for analysis

of taurine concentration in serum, while biochemical parameters have been done before freezing for all animals

[23, 24].
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Biochemical analysis and taurine determination

Serum samples were analyzed with biochemical analyzer (Humalyzer 3000) according to the manufacturer’s
guidelines. Urea, creatinine, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), total bilirubin and creatinine phosphokinase (CPK) were analyzed. High performance liquid
chromatography (HPLC) with precolumn derivatization were used for determination of taurine [25].
Histopathological Studies

Necropsy was performed on each animal regardless of whether it died, was killed when moribund, or was
sacrificed at the end of stage or experiment. Autopsy samples were taken from the liver and kidney of rats in
different groups and fixed in 10% saline and, embedded in paraffin, sectioned, and stained with hematoxylin
and eosin prior to microscopic examination [26].

Statistical Analysis

After confirmation of normal distribution for all variables, the significance of differences was evaluated by
paired t-test or analysis of variance (ANOVA). Relationships between variables were analyzed by simple
correlation analysis. Data are expressed as mean =SD, and a value of P<0.05 was the criterion for statistical
significance. All statistical analyses were performed using SPSS computer program.

RESULTS

Liver enzymes (Biochemica Liver Profile) and histopathology

Tables (1a& b), clearly showed that all serum concentration of liver enzymes ALT, AST, ALP, and bilirubin,
still were at healthy level with insignificant change between control and taurine treated rats along the period of
experiment, but there is high to extremely significant elevation in liver enzymes in toxic group (tg-DNT treated
rats) than control and taurine alone treated rats, however in protective group these increases were obviously
reduced than those documented in toxic rats. As a conclusion, impacts of taurine were observed in protective
group at week 13, 26, and 52, and the liver enzymes revealed a significant reduction in their levels paralleled to
toxic rats.

Table 1a: Serum levels of ALT&AS

week 13 week 26 week 52
Control group 68.16+9.65 71.16+11.44 80.26+5.44
N . 65+15.75 68+5.8 75.6+12
S Taurine group s am an
5 . 320454 66365 70550
< TOXIC group a b*** a b*** a b***
. 120+25.5 130+25.5 263+45
Protective group a b, cFr* a prek a* hr crrk
Control group 36.50+4.57 34.50+5.57 40.50+2.53
. 30+6.5 31+16.5 30.5+4
o Taurine group an am an
)
- . 210469.5 566+70.5 620+72.5
3:' Toxic gl’OUp a, b*** a, b*** a, b***
. 90+23.6 105+15 366+30.5
PrOteCtlve group a b C*** a b** C*** a* b** C***
Table 1b: Serum levels of ALP & total bilirub
week 13 week 26 week 52
Control group 90+35 120+50 22070
N . 80+11.2 100+30 110+40
5 Taurine group an am an
o . 28075 340£125 420+130
< TOXIC group a b*** a b*** a b***
. 130+65 1504110 320+43.5
PrOteCtlve group a b* C*** a b* C*** a* b** C***
.— | Control group 0.28+0.02 1.08+0.12 0.98+0.92
M | Taurine group 0.19+0.12 0.89+0.02 0.08+0.02
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s s s
. 2.5+0.8 45+2.8 5+1.2
. 1.5+0.52 2.3x1.2 2.5+0.58
Protective group a, b*, cxx a, b*, crxx a, b*, g***

Data are expressed as mean +SD.

(a): refers to control group, (b): refers to taurine group, (c): refers to toxic group. Where,

p value > 0.05, Non-significant (ns), p value 0.01 to 0.05 Significant *, p value 0.001 to 0.01 High
significant **, p value 0.0001 to 0.001 Extremely significant ***.

Histopathological findings: Histopathological findings met the biochemical findings, as follow:

At 13-Week (90 days) stage (figure 1 A-D), at control and taurine groups, liver of the rats had normal structure
lobules with normal hepatic cords with normal hepatocytes, blood sinus and normal Kupffer and epithelium
cells, there is no difference between control and taurine groups, Whereas, in toxic group the hepatotoxic effects
of tg-DNT resulted in deterioration of liver tissue forming clear liver fibrosis accompanied with hepatocyte
cytomegaly, inflammatory cells infiltration, ,cytoplasmic vacuolization, karyomegaly, bile duct hyperplasia and
centrilobular necrosis. But in Protective group liver showed normal structure of hepatic lobules, normal
hepatocytes shape and size with hepatic cordes radial arranged, normal kupffer and epethilial cells without

abnormality.

Figure 1: Histomicrograph of liver in 13-week: (A) Control rats with normal organization of hepatic cords with

normal hepatocytes. (B) taurine treated rats with normal liver, (C) toxic group with liver fibrosis, inflammatory

cells infiltration and congestion of portal vein. (D) protective group with normal hepatocytes (shape and nuclei)
with radial expression of hepatic cords.

All slides are stained by Hematoxylin eosin (H&E), original magnification power X200.

But, in 26-Week (180 days) stage (figure 2 A-D), control and taurine groups still revealed normal architecture of
the hepatic lobules and hepatic cords radiated from CV, with normal hepatocytes, normal blood sinus and
Kupffer cells; there was no necrosis or apoptosis or vacuolation of hepatic cells, whereas, in toxic group rats the
liver revealed cirrhotic feature in which fibrosis expands to cover portal area and spreads over hepatic lobules
and cords, and hepatic architecture mild to severe disturbance, but the Liver of protective group showed normal
organization with mainly normal blood sinusoid, with only few vacuolated cells and rare inflammatory cells

around the central vein (CV).
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Figure 2: Histomicrograph of liver of 26-week: (A) control group with normal liver architecture with normal
hepatic lobules, (B) taurine group with normal healthy liver, C) liver of toxic group shows cirrhotic liver
alteration, (D) shows liver of protective group with normal liver organization, few vacuolated cell and one
dilated sinus were found.

All slides are stained by Hematoxylin eosin (H&E) original magnification power X20.

Finally, at 52-Week (365 days) stage (figure 3A-D), the histomicrograph of liver of control and taurine groups
show the architecture of the hepatic lobes was still intact, hepatic cords radiated from CV, hepatocytes arranged
in neat rows with clear cell nuclei. But in toxic group liver showed severe loss of architecture with
disorganization of hepatic cords and the thickness of the cord is becoming many cell envelopes in one sheet
separated with tissue, hepatocytes pleomorphism with abnormal nuclei and cytoplasm spread over tissue,
nuclear pleomorphism and hyperchromasia are found, epithelium karyomegaly, expands of sinus with bioplastic
cells separate between hyperplastic hepatocytes, clear mixed acinar and trabecular carcinoma is found. Whereas,
in protective group liver retains not more than liver fibrosis stage with inflammation, (fibrosis in portal area may
expands to inter lobular) and some fatty changes, necrosis or apoptosis in hepatic cells appear in solitary cells,
no other deterioration is found.

Figure 3: Histomicrograph of the liver of 52-week: (A)-control group shows normal liver architecture with
normal hepatic cords, few vacuolated cells are found, (B) liver histomicrograph of 52-week taurine group shows
normal liver architecture with normal hepatic cords, no abnormality are found (C)-histomicrograph of the liver
of toxic group shows, hepatocytes polymorphism, many cords envelopes in one sheet separated with fibrous
tissue, mixed acinar and trabecular carcinoma, (D)-Liver of the protective group shows fibrotic and dilated
portal area expands to interlobular, Dilation of some sinus, vacuolated cytoplasm, inflammation and necrosis of
few hepatocytes.

106



Abd EI-Hamid Mohamed Elwy et al., Int.J. Pharm. Res. Allied Sci., 2019, 8(1):102-114

All slides are stained by Hematoxylin and eosin (H&E), original magnification power X 200.

Renal Profil and Histopathological examination of the Kidney:

As shown in table (2), Serum concentrations of urea and creatininein control and taurine groups run healthy with
in-significant differences between them along the study period, but it was highly elevated to extremely
significant in toxic group (tg- DNT treated rats) as compared to control and taurine treated group. However,
serum concentrations of creatinine and urea revealed significantly clear improvement in protective rats than that

toxic rats.

Table 2: Serum concentrations of both urea and creatinine.

week 13 week 26 week 52

= Control group 36+21.2 39+5.7 4045.7
> . 20.9+11.2 37.9+15.3 35+11.7
= Taurine group a-ns ans ans
[4+]
o . 375+120 495+106 685+150
3_ Toxic group a, br** a, br** a. b**
@ } 200+60 290+102 320+96

Protective group a, b** xRk a, b, crr* a, b, crr*
S | Control group 0.64+0.2 0.68+0.17 0.91+0.2
€ | Tauri 0.56£0.18 0.86£0.21 0.51+0.3
o aurine group N N N
2 ans ans ans
£ . 2.261£0.8 3.16£1.8 8.3+2.2
g TOXIC group a, b*** a, b*** a’ b***
U_ Protective grou 1.01+1.2 241.02 4.16+1.8
) g p a| bnS’ C** al b**, C*** a‘ b’ C***

Data are expressed as mean +SD.

a: refers to control group, b: refers to taurine group, c: refers to toxic group.

p value > 0.05 Non-significant ns, p value 0.01 to 0.05 Significant *, p value 0.001 to 0.01 High
significant **, p value 0.0001 to 0.001 Extremely significant ***.

All findings of the present investigation are in the same line with histological findings as mentioned later in
week_(13) (90 days) stage (figure 4 A-D). In control and taurine groups histological slides of the control and
taurine rats revealed: normal kidney architecture, normal glomerulus which bounded by the Bowman’s capsule,
devoid of any inflammation in proximal or distal convoluted tubules or pathological alterations, in toxic rats
kidney is showing inflammatory infiltration in interstitiumand variable degree of fibrosis with dilated and
atrophic of some renal tubules, thickening of glomerulus wall with some glomerulus — amyloidal changes,
degeneration of the scattered glomeruli; this findings are not present in protective group as follow: the kidney of
rat’s protective group showed glomeruli of normal size and shape, normal capillary Lumina and Bowman’s
space, tubules are normal and no detected pathology.

Figure 4: Histomicrograph of the kidney of 13-week: A) control group with normal kidney and normal renal
architecture, (B) taurine group normal kidney with normal renal architecture, (C) kidney of toxic group rat
showed inflammation, fibrosis and amyloid changes, (D) kidney of protective group rat showed normal kidney
feature.
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All slides are stained with Hematoxylin and eosin (H&E) original magnification power X 200.

Whereas, in 26-Week (180 days) stage (figure5 A-D), histomicrograph of the kidney of control and taurine groups
showed normal kidney architecture with normal glomerular histology, and glomeruli are of normal shape and size.
Whereas, in toxic group kidney shows atrophic renal tubules with chronic inflammatory cells infiltrate and
hemorrhage in fibrous stroma; hyaline accumulation was recruit in glomeruli of the kidneys and the epithelial
tubules. But, in protective group kidneys showed normal renal histology without inflammation or fibrosis changes,
few tubules may show mild dilation and scattered glumeruli shrunken of capillary tuft.

[ - L&, ‘J‘ =

Figure 5: Kidney histomicrograph of 26-week: (A) control group with normal kidney architecture, glomeruli
are of normal shape and size, (B) show taurine group with normal kidney architecture, (C) kidney of toxic group
shows atrophic renal tubules with chronic inflammation, fibrosis and glomerulosclerosis is found, (D) protective

group shows normal feature, fibrosis and inflammation is absent, dialeted and congested few blood vessels can

be seen.

All slides are stained with Hematoxylin and eosin (H&E) original magnification power X 200.

Rat kidney at 52-Week (365 days) stage (figure 6 A-D) of control and taurine groups showed glomeruli of
normal size and shape, normal capillary lumina and opened bowman’s space, tubules are intact, with no casts
dilatation or atrophy, and thick walled blood vessels can be seen. Whereas, histomicrograph of kidney of toxic
group slides give all feature of renal carcinoma which includes disorganization of renal architecture, and
proliferation of cells with pleomorphic nuclei appears clearly (renal carcinoma). But in protective group slide
the kidney architecture view is still well expressed, the changes in kidney is limited, fibrosis, inflammatory cell
infiltrate, hyaline accumulation in scattered glomeruli with no more pathological deterioration or cell alterations
could be observed.

Figure 6: Histomicrograph of kidney at 52-week:(A) Control group with normal kidney, (B) taurine group with
normal kidney feature, (C) Toxic group slides show renal cell carcinoma with dis-organization of renal
architecture and renal cell pleomorphism, (D) Protective group showed renal architecture well expressed,
scattered fibrosis, hyaline changes and inflammation are found, no malignant changes were found.
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All slides are stained with Hematoxylin and eosin (H&E) original magnification power X 200

Serum CPK (creatinine phosphokinase) levels.

As shown in table (3) serum concentrations of taurine in taurine group is raised significantly with control group
along the study period, but it was extremely depleted in toxic group (tg- DNT treated rat) as compared to control
and taurine treated groups.

However, serum concentration of taurine showed significantly noticeable improvement in protective rats than
that detected in toxic rats.

As shown in table (4) CPK showed highly significant elevation in tg-DNT treated group (toxic group) than
control and taurine groups. However, in protective group were evidently fewer than those verified in toxic rats.
Though, impacts of taurine were detected clearly in protective rats at week 26. At week 52 the heart CPK
enzyme level showed a moderate significant decrease in protective group than toxic group.

Table 3: Serum Taurine levels

Taurine

week 13 week 26 week 52
Control group 70.36+4.21 65.97+8.59 63.47+6.53
Tauri 79.83+7.91 76.05+6.42 72.98+8.35

aurine group e ax a

. 40.00+4.65 34.55+2.43 20.63+2.22

TOXIC group a b*** a b*** a b***
. 50.00+6.80 45.48+4.78 30.76+1.94
PrOtecuve group a b*** C** a b*** C* a b*** C*

Table 4: Serum CPK (creatinine phosphokinase) levels

CPK
week 13 week 26 week 52
Control group 76.01+17.61 86.91+14.33 179.68+49.44
. 89.03+28.48 104.89+11.72 124.89+37.22
Taurine group ans ans ans
. 285.00+103.84 736.23+44.34 1945.60+142.7
TOXIC group a b*** a b*** a b***
. 148.01+41.81 295.88+45.54 726.47+50.70
PrOtecuve group a* C*** bﬂs a b C*** a b C***

Data are expressed as mean +SD.

a: refers to control group, b: refers to taurine group, c: refers to toxic group.

p value > 0.05 Non-significant ns, p value 0.01 to 0.05 Significant *, p value 0.001 to 0.01
High significant **, p value 0.0001 to 0.001 Extremely significant ***.

DISCUSSION

Technical grades of dinitrotoluene (tg- DNT) has many biological hazards, and affects many organs of the body
such as heart, liver, kidney, spleen and gonads; briefly tg-DNT increases the mortality from heart diseases, liver
and renal dysfunctions. There is a relationship between exposure to DNT and cancer of the liver and biliary.
High exposure to DNT might be associated with urothelial tumor formation [10, 27, 28].

Additionally, there is no previous study that determines the exact protective effect of taurine against toxicity of
tg-DNT on liver and kidney. Therefore, the objective of the present work was to examine the defending effect of
taurine alongside toxic action of tg-DNT on liver, kidney and heart of male rats. The results can then be
generalized to human beings to evaluate the possible risks in the human inhabitants owing to exposure to tg-
DNT.

The sample size in the present study included 100 male albino rats divided into 4-groups; control group, taurine
group, tg-DNT, toxic group and protective group, throughout the 52 week of the experiment; doses of tg-DNT
and taurine were carefully chosen depending on previous reports [21, 22]. After 13 and 26 weeks, some animals
were sacrificed to obtain blood and tissue samples for histopathological examinations. After 52 weeks, all
survived rats were sacrificed to achieve the objectives of this work. Studies were extended to examine liver
enzymes, serum ALT, AST, ALP and bilirubin, also, kidney functions (profile), serum urea, creatinine, as well
as heart enzyme CPK and taurine values. In addition, liver and kidney tissue samples were taken for
microscopic studies and histopathological examinations.
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Liver enzymes and the histopathological examinations.

In the present study all data at weeks 13, 26 and 52 showed significant elevation in all serum liver enzymes AST,
ALT, ALP and bilirubin in tg-DNT toxic group when compared to control group, that hence leads to severe
damage in liver tissues which increases with increasing the period of the experiment. These findings agree with
previous studies [29-32] which demonstrated that, serum enzymes ALT and AST are one of the most sensitive
indicators of the hepatotoxicity diagnosis. Moreover, according to [29-32] serum AST, ALT, ALP is related to a
marked hepatic tissue injury. Furthermore, [33] mentioned that, the increase in the level of enzymes in the
serum has been recorded in conditions of tissue injury owing to the use of several chemicals and drugs, as the
liver is considered the main center in the body responsible for vital processes such as detoxification and
biotransformation of foreign materials and toxins.

Thehistopathological examination: As it was shown in the present study, in liver of control and taurine groups
structure lobules, hepatic cords, hepatocytes, blood sinus, Kupffer cells and the epithelium cells are normal,
there is insignificant difference between control and taurine groups along the study period, but in toxic group
hepatotoxic effects of tg-DNT on rats liver leads to deterioration of liver tissue forming clear liver fibrosis
accompanied with hepatocyte cytomegaly and karyomegaly, inflammatory cells infiltration, centrilobular
necrosis, cytoplasmic vacuolization, and hyperplasia in the bile ducts. At week-13 this effect is deteriorate to
become cirrhotic feature in which fibrosis expands to cover portal area and spreads over hepatic lobules and
cords, hepatocytes with abnormal vacuolated cytoplasm, blood sinus expanded with hyperplasia of Kupffer
cells, there were necrosis or apoptosis of many cells forming focal lesion. At the end of week-26, hepatic
architecture showed mild to severe disturbance, then liver showed severe loss of architecture with
disorganization of hepatic cords and the thickness of cord is becoming many cell envelopes in one sheet
separated with tissue and hepatocytes.

Pleomorphism with abnormal nuclei and cytoplasm spread over tissues, nuclear pleomorphism and
hyperchromasia were found. Epithelium karyomegaly, expands of sinus with bioplastic cells separate between
hyperplastic hepatocytes, and clear mixed acinar and trabecular carcinoma was found. However, in protective
group, results showed normal liver at week-13, then the Liver showed only few vacuolated cells and rare
inflammatory cells around the central vein (CV) at week-26. Whereas, liver retained not more than liver fibrosis
stage without any other deterioration at the end of the study at week 52. The data of the present study agree with
previous studies which mentioned that these deteriorations, and tumor formation may have been induced by tg-
DNT [31, 32, 34]. The histopathological findings in the liver, included hyperbasophilia, megalocytosis of
hepatocytes increase in hepatocellular carcinomas, neoplastic nodules, Cholangiocarcinomas, biliary hyperplasia
with atypia of the bile duct epithelium, vacuolation and necrosis of hepatocytes is in accordance with the
findings of [34].

According to data obtained from the present study we can conclude that oral taurine treatment reduces oxidative
stress, increases taurine accumulation, and prevents development of hepatotoxic effects of tg-DNT, and also
taurine is known as cytoprotective in different patterns [35], antihypertensive [36], and hepatoprotective [37].
Many investigations reported and confirmed the hepatoprotective effects of taurine in different clinical
conditions [38-43].

Taurine was found to protectively attenuates or prevent the hepatic damage, necrosis and fibrosis induced by
carbon tetrachloride toxicity [44-48]. Then, the decrease in hepatic tissue impairment hypothetically reduced
infiltration of inflammatory cells and platelet agglomeration, and also transformation of myofibroblasts should
be reduced, and hepatic cirrhosis or fibrosis should be diminished [48].

Kidney functions (Renal Profile) and histopathological examinations:

Kidney functions were assessed through the measurements of urea and creatinine at 13, 26, and 52 weeks. The
level of urea in the circulation was generally elevated significantly along theentire experimental period
paralleled to the control group and taurine values. Generally, urea is present in the liver due to degradation of
proteins and it is considered as an indicator of renal function [49]. The significant increased in serum urea
estimated in the current work may be due to deficiency in its synthesis as a result of reduced liver functions,
decrease in protein metabolism, and reduction in its excretion due to low rate of filtration through the kidneys.
Frthermore, the creatinine values were significantly raised along the whole period of experiment, and this could
be explained through the impairment of renal functions, with damage to functioning nephrons. This comes in
agreement with [50-52] who menthioned that, such raise in creatinine levels may indicate a pre-renal problem.
They also mentioned that, as the kidneys is impaired for any reason, a rise in blood creatinine level is observed.
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However, Serum concentrations of both creatinine and blood urea displayed obvious improvement in protective
rats compared to toxic rats as a marker of taurine enhancement of body protection against tg-DNT damage
effect on kidney tissues. This is due to, taurine free radical scavenger, action transport modulator, and an
osmoregulator which reduce the damage degree of the kidneys [53]. In addition, Bruninget al. [10, 27]
concluded that, exposure to DNT might be associated with urothelial tumor formation and signs of subclinical
renal damage.

Moreover, renal dysfunctions with diabetes mellitus, aging, and hypertention are inversely liked to body taurine
level [54-56]. Therefore, addition of taurine could avoid age-linked renal impairment [57]. Moreover, taurine
accesses the ability of kidney tissues to overcome toxic effect of tg-DNT, this is because taurine is playing a
significant role in regulation of cell volume [58-60]. In addition, taurine can stop programmed cell death (cell
apoptosis) via different tools, comprising suppression of the generation of nitric oxide (NO), tumor necrosis
factor alpha (TNF-alpha), reactive oxygen species (ROS), and regulation of intracellular calcium flux [61, 62].
Mutagenicity or genotoxicity of tg-DNT has been evaluated in vitro and in vivo test systems. Results from
experimental animal studies showed that tg-DNT increased the incidence of multiple tumor types in rats [28].
The histopathologic examinations were in accordance with the results of the biochemical study.

Serum creatinine phosphokinase (CPK):

In the current work, taurine-treated toxicated rats exhibited a significant enhancement in the CPK levels. This
indicates that taurine prevents cardiac damage against the toxicity of tg-DNT. The decreases in CPK levels in
toxicated rats treated with taurine suggests that taurine reduce the risk of disorders associated with toxicity. This
comes in agreement with Howard-Alpeetal [63] who reported that elevation in levels of CPK (circulating
cardiac damage marker), denote a potent and sensitive predictor of enlarged cardiac problems.

CONCLUSION

From the previous studies and the current results, we can conclude that taurine can inhibit and minimize the
degree of hepatic fibrosis, cirrhosis and tumors. In addition, taurine can protect or ameliorate the liver against
hepatotoxic effect of tg-DNT.
Furthermore, can summerise that:
1.This dose of tg-DNT caused severe injury in liver and kidney of rats and taurine ameliorate its effect.
2.Chronic administration of taurine ameliorates the toxic effects of tg-DNT on liver and kidney.
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