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ABSTRACT

Aim of work: this work aimed to study the biochemical and histopathological changes in
the liver of male albino rats post exposure to 6Gy of gamma radiation and the possible protective
effect of bone marrow(BM) transplantation on the liver tissues by a chemical carcinogen ferric
nitrilotriacetate (Fe-NTA) or y- radiation in rats.
Materials and methods:in this study, thirty six healthy and active male albino rats about 120 grams
in body weight were used. The animals were housed in plastic cages under normal temperature,
pressure, humidity and good ventilation conditions during the whole period of the experiment . The
animals were fed on a standard pellet diet and water.Animals were categorized into six groups and
served as the following groups: control, gamma irradiated(R), Fe-NTA, BM+R, BM + Fe-NTA and
BM.+Fe-NTA+R.
Results: the present results suggested that exposure to vy-radiation or Fe-NTA induced a
significantly disturbance in the liver functions and structure. They increased significantly the
oxidative stress and decreased significantly the antioxidants tissues and they also increased necrotic
and apoptotic cells in rat’s liver tissue.
Bone marrow transplantation either after whole body gamma-irradiation or Fe-NTA treatment
restored the liver functions and structure.BT also
ameliorated the oxidative stress and antioxidative markers.
The histopathological observations recorded some amelioration in the apoptotic and necrotic
evaluation in liver tissue.
Keywords: y- Radiation, ferric nitrilotriacetate, bone marrow,rats.

INTRODUCTION

lonizing radiations cause similar damage at nitrilotriacetate (Fe-NTA), a free radical
the cellular level. Gamma rays and neutrons generating compound, is formed by the
are more penetrating, causing diffuse damage interaction of iron and nitrilotriaceticacid ™. It
throughout the body (e.g. radiation sickness, is asynthetic chelating agent used in various
cell's DNA damage, cell death due to countries as a constituent in detergents and it
damaged DNA, increasing incidence of is known to catalyzes in vitro hydroxylradical
cancer) rather than burns. The most biological production from H?O® more efficiently than
damaging forms of gamma radiation occur in does Fe(l11) &,
the gamma ray window, between 3 and 10 Fe-NTA has been shown to induce hepatic
Megaelectron-volts (MeV) . oxidative damage in HepG2 cells . Fe-NTA
When male Wistar rats were exposed to a induced hepatotoxicity in rats and  increased
single dose of 6 Gy whole body gamma values of both  alanine transaminase
radiation, the results showed a highly and aspartate  aminotransferase
significant increase in the levels of plasma [ The prevention of Fe-NTA induced
ASTand ALT during three weeks post- hepatotoxicity by vitamin E has also been
irradiation .Exposure of rats to both doses (1 reported by Agarwal et al. ¥,
& 6Gy) of gamma radiation induced a Vossen Pland El-Ganzuri et al."™.reported
significant increase in plasma AST and that autologous or syngeneic and allogeneic
ALTlevels as a dose dependent manner after 2 bone marrow transplantation (BMT) is
hours, 2 days till 2 weeks postirradiation. increasingly used in the therapy of lympho-
Similar results were reported by Ramadan et hematopoietic and solid malignancies, as well
al.®lafter 1 and 6 days post irradiation at dose as in non-malignant disorders such as
levelsof 2 and 6 Gy inmalerat. Ferric thalassemia and immunodeficiency .Also, the
preclinical and clinical study demonstrated
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that bone marrow stromal cells (MSCs) can be
used for tissue repair ™.

MATERIALS AND METHODS

Adult male Wister rats (average weight 150
gm) were purchased from the laboratory of
Experimental Serum and Vaccine Authority.
Animals were fed on a pellet diet and ad
libitum.

Radiation treatment

Whole body y-irradiation was performed with
a Canadian 137Cs Gamma Cell-40 at the
National Centre for Radiation Research and
Technology, Cairo, Egypt. The rats were
exposed to a single dose of 6Gy whole body
y- radiation at a dose rate of 1.2 rad/second.

Bone Marrow Transplantation:

Donors and recipients rats were chosen of the
same inbred strain, brother to brother. The
femur bones were dissected out and cleaned.
Ends of the bones were chipped by a bone
nibbling forceps. The bone marrow (BM) was
blown out of the femur into isotonic solution
under sterilized conditions inside a laminar
flow cabinet. The bone marrow was collected
into a sterile container surrounded by ice
cubes and mixed by drawing and expelling it
several times from the syringe without needle
in order to avoid mechanical damage to the
cells. Total viable cells of about 75 x10°+ 5%
were injected intravenously (IV) through the
caudal vein.

Groups of animals under investigation:
Thirty six animals divided into 6 groups, 6
rats each.

Groupl: served as control group,animals
were injected intraperitoneally by only saline
solution at a single dose of 9 mg/kg b.w.

(Control).
Group2: animals were intraperitoneally
injected  acarcinogen compound(Fe-NTA)

twice a week at a dose level 9 mg/kg body
weight (Fe-NTA treated group) (Awai et
al.)

Group3: animals of this group were exposed
to 6 Gy of whole body y-radiation (R).
Group4: animals of this group were exposed
to 6 Gy of y-radiation and injected with BM
cells  three hours after y-radiation
exposure(BM+R).

Group 5: animals received a single dose of
Fe-NTA at the same doses.followed by post-
treatment with BM cells; the animals of this
group were 1V injected with BM cells (75 x
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106) cells through the caudal vein(Fe-NTA
+BM).

G6: animals of this group were
intraperitoneally injected with Fe-NTA twice
a week, exposed to 6Gy of y- rays and
injected with bone marrow cells one month
before killing the animals(Fe-NTA+R+BM).
Sample collection:

1-Blood sampling:

After the animals of the above groups
were sacrificed, blood samples were collected
by heart puncture and aspiration of the heart
blood was done using plastic syringe. Another
amount of the blood was collected in
heparinized glass tube for the biochemical and
chemical analyses.
2-Tissue sampling:

After the animals of the above groups
were sacrificed, small pieces of liver tissue
were quickly removed. Samples were put in
10 % neutral formalin  for the
histopathological study. Another samples of
the tissues were perfused immediately with
ice-cold saline (0.85% w/v NaCl) and
homogenized (Glas-Col, Terre Hauter, USA)
in chilled phosphate buffer (0.1 M, pH 7.4)
which contains KCI (1.17% wi/v). The
homogenate was centrifuged at 3000 rpm for
10 min at 4°C in refrigerated centrifuge to
separate the nuclear debris.

The histopathological study:

The sacrificed animals were quickly dissected.
Sample of 05cm® of the liver organ
wasremoved and fixed in 10% neutral
formalin for 24 hours followed by washing,
dehydration in ascending grades of alcohol,
clearing in xylene and they were embedded in
hard paraffin. Samples were then serially
sectioned at thickness of 5um. Sections were
mounted on albuminized slides and left for 24
hours at 37C to dry and to avoid detachment
of sections during subsequent steps of
staining.  Sections  were stained by
hematoxylin and eosin stain according to
Harris*®land then examined under the light
microscope.

The biochemical study:

In the biochemical study nitric oxide
was determined in plasma and in tissue
homogenate according to the method of
Miranda et al.and catalase activity as
antioxidant markers according to the
colorimetric method of Sinhal™
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Assessment of aspartate and alanine
transaminases (AST and ALT)

activity.

The activity of serum aspartate and alanine
transaminases (AST and ALT) in liver was
measured according to the method of
Reitman and Frankel™

Statistical analysis:

Statistical analysis was carried out to
compare between the different groups by one
way ANOVA using SPSS (Statistical Package
for Social Science, version 20) according to
the method of Daniel ™and Bailey ¥, The
significance among the groups was compared
at P<0.05.

Immunohistochemical studies:

Apoptotic stain:

It was used to detect DNA damage
associated with apoptosis by using acridine
orange solution according to Ribble et al. ™!,

RESULTS

Biochemical results:

Table 1- Represented the level of liver
function tests in the different experimental
animals groups.

Bone marrow transplantation recorded

a non-significant change either for ALT or
AST levels compared to the control level.
Exposure of rats to y-radiation recorded a
significant increase in liver function tests. The
increase was 61.8% for ALT and 95.8% for
AST compared to the control level. Also, the
combined treatment of rats with Fe-NTA and
y-radiation represented great alterations in
liver function tests and showed a significant
increase in AST and ALT.
Treatment of rats with Fe- NTA and /or y-
radiation and bone marrow transplantation
represented an amelioration in liver functions
tests.

Treatment of rats with y-radiation
or/and Fe-NTA showed a significant increase
in liver NO level with percent of change 37.1,
53.4 respectively (P<0.05) compared to the
control group (Table 2).

The present study showed that
treatment of the experimental animals with
Fe-NTA and /or y-radiation groups with bone
marrow transplantation showed a significant
decrease in liver NO level compared to the
untreated Fe-NTA, y-radiation and Fe-NTA+
y-radiation groups.
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Treatment of rats with y-radiation or Fe-NTA
showed a significant decrease in catalase liver
tissue with percent of change -58.9 and 65.5
respectively (P<0.05) compared to the control
group. Treatment of the experimental animals
with Fe-NTA or y-radiation with bone marrow
transplantation showed a significant increase
in liver catalase level compared to the Fe-
NTA or y-radiation untreated groups.

» Histopathological Observations

A- Hematoxylin and eosin (H&E) staining
(Figure 1)showed the normal architecture of
hepatic tissueof a control rat. Treatment of
rats with Fe- NTA showed congested blood
vessel of the liver which contain hemolysed
blood cells, lymphocytic infiltration, debris of
degenerated cytoplasmic organoids,pyknotic
and karyolytic nuclei in hepatocytes with
increased apoptotic and necrotic hepatocytes
(Figure 2).

Exposure of the animals to 6Gy y-radiation
induced pathological signs in the liver cells
such as vacuolization, cytoplasmic
degeneration and pyknotic nuclei of
hepatocytes. Necrosis increased in liver cells,
ruptured walls of the central veins with
presence of hemorrhagic areas in the liver
tissue were also detected (Figure 3).
However, treatment of rats with 6Gy v-
raysrats with bone marrow transplantation
induced some amelioration and recovery in
the hepatic cells and the central veins (Figure
4). On the other hand, liver sections of rats
treated with Fe-NTA and BMc transplantation
represented disappearance of ruptured walls of
the central veins, but some vacuolated
hepatocytes with some hemmorhagic and
necrotic areas were still detected(Figure 5).
On the other hand, liver tissue of rats treated
with Fe- NTA and exposed to y-radiation with
BMc transplantation showed highly dilated
central veins contained some haemolysed
blood cells, congested hepatic portal veins
with inflammatory cellular infiltrations
(Figure 6).

DISCUSSION

Humans on earth are exposed to many sources
of ionizing radiation. The largest component
of man-made background radiation relates to
exposures associated with medical diagnosis
and treatments.Malik et al. “revealed that
radiation therapy can produce significant
tissue injury. On the other hand, bone marrow
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cells suppress immune cell responses and
have  beneficial effects in  various
inflammatory-related immune disorders 1,

On the other hand, epidemiological
study of Smith et al.”? have shown that
increased body iron storage is associated with
an increased risk of cancer and early death.
An experimental study had demonstrated that
iron overload dramatically potentiates
chemical carcinogenicity mechanisms
whereby iron may act in carcinogenesis are
induction of oxidative stress, facilitation of
tumor growth and modification of the immune
system. Metal ions react with superoxide
anion (O— ?) and H,0, to produce highly
reactive species such as hydroxyl free radical
(.OH) and metal-oxygen complexes in
biological systems, resulting in oxidative
DNA damage. Since H,0, itself is not toxic to
cells, H,0,- induced oxidative DNA damage
in cells has been thought to result from the
formation of hydroxyl free radicals through
Fenton reaction with iron?®!.Nitrilotriacetic
acid (NTA) is an aminotricarboxylic acid with
an empirical formula of C6HINOSG.
Nitrilotriacetate (NTA) can make complexes
with metal ions such as Fes+ or Cu,+ Fe-
NTA, a complex of Fes+and NTA, is a strong
nephrotoxic agent and a renal carcinogen. It is
an established fact that an iron-chelate of
nitrilotriacetate, ferric nitrilotriacetate (Fe-
NTA) induces acute and sub-acute injures in
animalst*??*# It is evidenced from previous
reports that oxygen free radical was formed
from redox-active iron and was detected in the
serum of Fe-NTA-treated rats*

Therapeutic studies for bone marrow
transplantation for treatment of radiation
injuries and its consequences are not more
available. Thus, this work investigated the
possible protective role of the bone marrow
cells against damage induced in rat's organs
by chemical carcinogen Ferric nitrilotriacetate
(Fe-NTA) and vy-radiation exposure. The
present investigations were performed to
evaluate the changes in liver functions and
also to evaluate the change of nitric oxide ,
catalase levels. Histopathological changes in
liver  tissue, apoptotic and necrotic
investigations were also evaluated in liver
tissue.

In the present study, whole body exposure of
rats to 6 Gy induced alteration in liver
functions, obvious by significant increases in
the activity of serum AST and ALT compared
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to control values. The significant increase in
the activity of serum ALT and AST might
result from radiation-induced liver cell
membrane damage and alterations in dynamic
permeability of membranes due to
peroxidation, which is followed by the release
of intracellular enzymes to the blood stream.
The present results also showed
marked increase in plasma ALT and AST
activities of Fe-NTA treated rats compared to
the control group and this agreed with
previous study of Kaur et al. . Others
demonstrated that the level of the liver
enzymes increased in plasma of Fe-NTA
injected rats indicating general toxicity that
occurred due to hepatic injury thus serving a
main organ for maintaining homeostatic
conditions 1 ,
Also Lee and Levine B mentioned that, the
most common complications  in cancer
patients are malnutrition, gastrointestinal
disturbance and liver dysfunction. The most
sensitive markers employed in the diagnosis
of hepatic dysfunction are ALT and AST
because they are located in the cytoplasm of

hepatocytes and are released into the
circulation after cellular damage 2.
Our results show that whole body y-

irradiation of rats at 6Gy showed a significant
increase in rat’s liver tissue of nitric oxide
(NO) levels. Similar results have been
reported by Mansour et al.®® y- irradiation
may enhance endogenous NO biosynthesis in
liver, intestine, kidney, lung, brain, spleen or
heart of the animals, presumably by faciliting
the entry of Ca2+ ions into the membrane as
well as the cytosol of NO-producing cells,
though irradiation-induced membrane lesions.
The enhancement of NO production following
exposure to a high dose (6 Gy) of g-rays was
attributed to high levels of expression of the
inducible nitric oxide synthase B*. NO have
been suggested to be involved in acute
radiation response in tissues such as the liver,
intestine, colon, and brain®®. Nitric oxide
plays an important role in inflammation and
carcinogenesis and has now been implicated
as an important signaling molecule under
normal physiological conditions. Increased
NO results in increased nitration of proteins at
tyrosine, which can cause protein dysfunction
or alterations in signal transduction
pathways®. On the other hand, ionizing
radiation has been confirmed to potentiate NO
production in macrophages. The increase of
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NO production in irradiated macrophages
contributed to tumoricidal activity, with the
activation mechanisms differing between
high-dose and low dose irradiation*!.

Also Ali et al .7 showed that Treatment with
Fe-NTA caused significant reduction in
glutathione level, glutathione peroxidase, catalase
and superoxide dismutase activities with marked
elevation in lipid peroxidation, nitric oxide.

There is an increasing evidence that
cancer and other mutation related diseases can be
prevented not only by avoiding exposures to
recognized risk factors but also by favoring the
intake of protective factors and by modification
of defense and DNA repair mechanisms of the
host organism®”,

Bone marrow transplantation (BMT) is the
treatment of choice for many leukemias, solid
tumors, andmetabolic diseases™.,

In the present study treatment of Fe-
NTA and /or y-irradiation groups with bone
marrow transplantation represented amelioration
in liver functions tests.

The process of BMT should be termed
hematopoeitic cell transplantation or
hematopoietic stem cell transplantation, because
the stem cells responsible for reconstituting the
immune system can now be harvested directly
from the circulation. Currently, most transplants
deliver peripheral-blood-mobilized stem cells
and not cells harvested directly from the BM by
aspiration.

In the present study treatment of
experimental animals with Fe-NTA and /or y-
irradiation  groups  with  bone  marrow
transplantation showed a significant decrease in
nitric oxide levels in liver tissue compared to the
untreated groups this is agree with Maha et al.
B9 who found that In irradiated animals
receiving BMT significantly depressed in Lipid
peroxidation  in serum and tissue  were
conversely elevated as compared with the
irradiated group.

On the other hand treatment with Fe-
NTA and /or y-irradiation groups with bone
marrow transplantation showed a significant
increase in Liver tissue, in glutathione ,
glutathione peroxidase and catalase levels
compared to the Fe-NTA and /or y-irradiation
untreated group.

Histopathological Observations:

lonizing radiation causes a number of
various cytological, histological injuries'*”. There
is a highly radiosensitive tissue (bone marrow
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and lymphoid tissue) and
radiosensitive in liver tissue.
Context with the finding of Jaya et al.
histopathological observations in liver tissues of
the experimental animals exposed to y-radiation
show vacuolization, degenerated cytoplasm and
pyknotic nuclei of the hepatocytes. Hepatic
necrosis and rupture of the central vein with
presence of hemorrhage were also observed in
the liver tissue. Also, Propidium iodide and
acridine orange (P1/AO) show some necrotic cells
and appearance of apoptotic hepatocytes. Cohen
(2002) explained that tissue injury caused by
ionizing radiation is initiated by oxidative injury
to deoxyribonucleic acid. It is established that
tissue injury elicits acute inflammation whose
features among others include swelling of the
affected part.

Also, Mona and Mervat “study the
therapeutic  effect of bone  marrow
transplantation for treatment of radiation
injuries. Surprisingly treatment of irradiated
rats with bone marrow decreased the harmful
effects of radiation. In addition to improving
the expression of the studied genes to near the
control levels, these models directed hepatic
cells toward cell survival as noticed by the
decreased Bax/bcl-2 ratio. On the other hand
bone marrow is the major reservoir for adult
organ-specific ~ stem  cells, including
endothelial progenitor cells, haematopoietic
stem cells, and mesenchymal stem cells*?.
consequently, it is reasonable to propose that
BM mesenchymal stem cells may be locally
activated in the livers of the irradiated rats and
compensated the damaged cells. Bone marrow
contains hematopoietic stem cells (HSC) and
mesenchymal stem cells (MSC), which may
derive from a common primitive blast like cell
precursor able to differentiate along MSC or
HSC potentialst*4.

Conclusions-Bone marrow transplantation
either after whole body gamma radiation or
Fe-NTA treatment restored the liver and
kidney functions

and structure. It also ameliorated the oxidative
stress and antioxidants markers.

The histopathological observations recorded
some amelioration in the structure, apoptotic
and necrotic evaluation in liver tissues. So,
BM transplantation exerts some curative
effect on the function and histological
structure of liver of rats exposed to gamma-
irradiation or Fe-NTA treatment.

moderately

[41]
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From the previous results we can conclude
that BM transplantation could protect liver of
rats against radiation or Fe-NTA induced
changes .

REFERENCES:

1- Bock R K (2008): Very high energy gamma rays
from distant quasar: how transparent is the universe?.
Science, 320(5884): 1752-1754.

2- Abd El Azeem K N M (2011): Protective role of
alpha lipoic acid against disorders induced by gamma
radiation. M.Sc Thesis, Zoology Department., Faculty
of Science , Minia University, Egypt.

3- Ramadan A L, Mohamed M S, Thanaa M F,
Hosny A I and Nour EI-Din A (2003): Proponyl L
canitine as potential protective agent against radiation
induced cardio-toxicity. Egypt. J. Sci. Applic,
16(2):427.

4- Anderson RL, Bishop WE andCampbell RL.
(1985): A review of the environmental and
mammalian toxicology of itrilotriacetic acid. Crit.
Rev.Toxicol., 15(1): 1-102.

5- Sekine S- Sekine S, Ito K, Watanabe H, Nakano
T, Moriya K Shintani Y and Fujie H et al (2015):
Mitochondrial iron accumulation exacerbates hepatic
toxicity caused by hepatitis C virus core protein.
Toxicology and Applied Pharmacology, 282(3):237-
243,

6-Min KS, Kishi N, Yamashita N andTanaka K.
(2012): Oxidation and turnover of renal
metallothioneins  after a injection of ferric
nitrilotriacetate. Chem. Biol. Interact.,195(1): 61-67.
7- Ansar S and Igbal M (2016): Amelioration of
ferric nitrilotriacetate-induced hepatotoxicity in Wistar
rats by diallylsulfide. Hum. Exp. Toxicol., 35 (3): 259-
266.

8- Agarwal M K, Ighal Mand Athar M (2007):
Garlic oil ameliorates ferric nitrilotriacetate (Fe-NTA)-
induced damage and tumor promotion: implications
for cancer prevention. Food Chem. Toxicol.,
45(9):1634-1640.

9- Vossen J M (1987): Bone marrow transplantation
in the treatment of primary immunodeficiency.
Ann.Clin. Res., 19 (4): 285-292.

10- El-Ganzuri M, El-Gawish M, Hanafi N and
Taha W (2015): The Possible Protective Effect of
Bone Marrow Transplantation on the Haematopoietic
and Lymphoid Tissues in Gamma-Irradiated Rats.
Journal of Nuclear Technology in Applied Science,3
(2):131:144.

11- Yoon Y, Wecker A, Lindsay Heyd L, Park J S
, Tkebuchava T, KengoKusano et al (2005):
Clonally expanded novel multipotent stem cells from
human bone marrow regenerate myocardium after
myocardial infarction. J. Clin. Invest., 115(2):326-338.
12-Awai M, Narasaki M, Yamanoi Y and Seno S
(1979): Induction of diabetes in animals by parenteral
administration of ferric nitrilotriacetate. A model of
experimental hemochromatosis. Am. J. Pathol.,
95:663-673.

441

13- Harris N S (1992): Anatomy and Physiology. 5™
ed., St. House, PP 65.

14- Miranda K M, Espey M G and Wink DA
(2001): A rapid, simple spectrophotometric method for
simultaneous detection of nitrite. Nitric Oxide. 5 (1):
62-71.

15- Sinha A K (1972): Colorimetric assay of catalase.
Anal. Biochem.,47(2):389-394.

16-Reitman A and Frankel S (1957): A colorimetric
method for the determination of serum glutamic
Oxaloacetic and Glutamic pyruvic transaminases
Amer, J. Clin. Path., 28:56-66 .

17- Daniel WW (1991): Biostatistics: A foundation
for Analysis in the Health Sciences , 7" edition: 191-
233.

18- Bailey K (1994): Methods of Social Research,
Fourth Edition, New York: The Free Press.

19- RibbleD , Goldstein NB, Norris DA and
Shellman YG (2005): A simple technique for
quantifing apoptosis in  96-well plates. B.M.C.
Biotechnol., 10:5-12.

20-Malik I, Moriconi F, Sheikh N, Naz A, Khan S,
Dudas J, Mansurogl T, Hess Cand Friedrich | et al
(2010): Single-dose gamma-irradiation induces up-
regulation of chemokine gene expression and
recruitment of granulocytes into the portal area but not
into other regions of rat hepatic tissue. Amer. J. Path.,
176 (4): 1801-1814.

21-Yagi H, Gutierrez A, Kitagawa Y, Tilles W,
Tompkins R and Yarmush M (2010): Bone marrow
mesenchymal stromal cells attenuate organ injury
induced by LPS and Burn.Cell Transplant.,19(6): 823-
830.

22-Smith AG, Carthew P, Francis J E, Edwards R
E and Dinsdale D (1990): Characterization and
accumulation of ferritin in hepatocyte nuclei of mice
with iron overload. Hepatology, 12:1399-1405.
23-Inous S and Kawanishi S (1987): Hydroxyl
radical production and human DNA damage induced
by ferric nitriloacetate and hydrogen peroxide.. Free
Radic. Biol. Med., 22(6):1029-1035.

24-Hamazaki S, Okada S, Ebina Y and
Midorikawa O (1985): Acute renal failure and
glycosuria induced by ferric nitrilotriacetate in rats.
Toxicol. Appl. Pharmacol., 77:267-274.

25-Rehman U M and Sultana S (2011): Attenuation
of oxidative stress, inflammation and early markers of
tumor promotion by caffeic acid in Fe-NTA exposed
kidneys of Wistar rats. Mol. Cell Biochem., 357 (1-
2):115-24,

26-Rehman U M and Sultana S (2011): Attenuation
of oxidative stress, inflammation and early markers of
tumor promotion by caffeic acid in Fe-NTA exposed
kidneys of Wistar rats. Mol. Cell Biochem.,357 (1-
2):115-24.

27- Zhang D, Okada S, Kawabata T and Yasuda
T (1995): An improved simple colorimetric method
for the quantization of nonbound iron in serum.
Biochem. Mol. Bio. Int., 35(3):635-641.


http://europepmc.org/search;jsessionid=PIHbakPfRwOve4L5HJ2f.1?page=1&query=AUTH:%22Sekine+S%22
http://europepmc.org/search;jsessionid=PIHbakPfRwOve4L5HJ2f.1?page=1&query=AUTH:%22Ito+K%22
http://europepmc.org/search;jsessionid=PIHbakPfRwOve4L5HJ2f.1?page=1&query=AUTH:%22Watanabe+H%22
http://europepmc.org/search;jsessionid=PIHbakPfRwOve4L5HJ2f.1?page=1&query=AUTH:%22Nakano+T%22
http://europepmc.org/search;jsessionid=PIHbakPfRwOve4L5HJ2f.1?page=1&query=AUTH:%22Nakano+T%22
http://europepmc.org/search;jsessionid=PIHbakPfRwOve4L5HJ2f.1?page=1&query=AUTH:%22Moriya+K%22
http://europepmc.org/search;jsessionid=PIHbakPfRwOve4L5HJ2f.1?page=1&query=AUTH:%22Shintani+Y%22
http://europepmc.org/search;jsessionid=PIHbakPfRwOve4L5HJ2f.1?page=1&query=AUTH:%22Fujie+H%22
http://europepmc.org/search;jsessionid=PIHbakPfRwOve4L5HJ2f.1?page=1&query=JOURNAL:%22Toxicol+Appl+Pharmacol%22
http://www.tandfonline.com/author/Agarwal%2C+Mukesh+Kumar
http://www.tandfonline.com/author/Iqbal%2C+Mohammad
http://www.tandfonline.com/author/Athar%2C+Mohammad
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kawabata%20T%5BAuthor%5D&cauthor=true&cauthor_uid=7773198
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yasuda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=7773198
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yasuda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=7773198

Fatma A Eid et al

28- Kaur G, Tirkey N, Bharrhan S, Chanana V,
Rishi P and Chopra K (2006): Inhibition of oxidative
stress and cytokine activity by curcumin in
amelioration of endotoxininduced experimental
hepatoxicity in rodents. Clin. Exp. Immunol., 145(2):
313-321.

29-Robertson J L (1998): Chemically induced
glomerular injury: a review of basic mechanisms and
specific xenobiotics. Toxicol. Pathol., 26 (1): 64-72.
30-Lee A and Levine M (2005): Treatment of venous
thromboembolism in cancer patients. Cancer Control,
12 (1):17-21.

31-Sallie R RS ,Tredger and Williams R (1991):
Drugs and the liver part 1: Testing liver function.
Biopharm. Drug Dispos., 12(4): 251-259.
32-Usunomena U, Adegbegi J A, Okugbo O T,
Evuen F U, Martin O and Okolie N P (2012): N-
nitrosodimethylamine  (NDMA), Liver function
enzymes, renal function parameters and oxidative
stress parameters: A Review. Pharmacology and
Toxicology, 3(4): 165-176.

33-Mansour H, Hafez H, Fahmy N and Hanafi N
(2008): Protective effect of N-acetylcysteine against
radiation induced DNA damage and hepatic toxicity in
rats. Biochem. Pharm., 75: 773 — 780.

34-Ibuki Y and Goto R (1997): Enhancement of NO
production from resident peritoneal macrophages by in
vitro gamma irradiation and its relationship to reactive
oxygen.Free. Radic. Biol. Med., 22(6):1029-1035.
35-Chi C,Ozawa T and Anzai K (2006): In vivo
nitric oxide production and NOS expression in X-ray
irradiated mouse skin. Biol. Pharm. Bull., 29(2):348—
353.

36- Narang H and KrishnaM (2005): Inhibition of
radiation induced nitration by curcumin and
nicotinamide in mouse macrophages. Molecular and
Cellular Biochemistry, 276 :7-13.

37-Ali  E N, El-Sonbaty S M and Salem F M
(2013): Evaluation of selenium nanoparticles as a

442

potential chemopreventive agent against lung
carcinoma. International Journal of Pharmaceutical,
Biological and Chemical Sciences, 2 (4): 38-46.
38-Raimon DS and Robert C D (2009): Principles of
bone marrow transplantation (BMT): providing
optimal veterinary and hushandry care to irradiated
mice in BMT Studies.J. Am. Assoc. Lab. Anim. Sci.,
48(1): 11-22.

39-Maha G S, Omaima, M A, Mervat A E and
Yasmine H A (2015): Improvement of hematopoietic
and immunologic findings in sublethal gamma
irradiated  rats treated with bone  marrow
transplantation and wheat germ oil. Journal of Immune
Based Therapies, Vaccines and Antimicrobials, 4: 9-
18.

40-Hall J and Angele S (1999): Radiation, DNA
damage and cancer. Mol. Med. Today, 5 (4): 157-164.
41-Jaya P, Kataria SK, Raichandani L, Kushal and
Raichandani S (2015): A study of histological
effects of chronic exposure to a 2G cellphone
radiations (900-1900MHz) on kidneys of Albino rats.
Sch. J. App. Med. Sci., 3:257-260.

42-Mona A and Mervat A (2014): Apoptotic genes
expression in y-irradiated rats treated with wheat germ
oil, zinc and /or bone marrow. Inter. J. Basic and Appl.
Sci., 3 (4):451-456.

43-Campagnaro BP, Tonini CL, Nogueira TV,
Casarini DC, Vasquez E C and Meyrelles
S.5.(2013): DNA damage and augmented oxidative
stress in bone marrow mononuclear cells from
angiotensin-dependent hypertensive mice. Inter. J.
Hypertens., 2013:1-10.

44-Hall F L, Han B, Kundu R K, Yee A, Nimni M
E and Gordon E M (2001): Phenotypic
differentiation of TGF-Beta 1-responsive pluripotent
premesenchymalprehematopoieticpeogenitor P4 stem
cells from murine bone marrow. J.Hematother. Stem
Cell Res., 10:261-271.


http://www.ncbi.nlm.nih.gov/pubmed/9034242
http://link.springer.com/article/10.1007/s11010-005-2241-y#author-details-1
http://link.springer.com/article/10.1007/s11010-005-2241-y#author-details-2
http://link.springer.com/journal/11010
http://link.springer.com/journal/11010
http://www.ncbi.nlm.nih.gov/pubmed/?term=Duran-Struuck%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19245745
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dysko%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=19245745
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2694700/

The Protective Effect of BM Transplantation on Liver Tissue...

Tablel -Effect of bone marrow transplantation on liver functions tests of Fe-NTA and /or
radiation treated rats

Parameters
Groups

ALT
(UIL)

AST
(U/L)

G1: Control
Mean+SE% of change from

40.1+0.5
0

42.7+0.4
0

G2: Fe-NTAMeanSE
% of change from G1

83.7+1.3%¢
108.7%

96.7+0.8%°
126.5%

G3: R.
Mean+SE

% of change from G1

64.9+0.6*
61.8%

83.6+0.9%
95.8%

G4:BM +R Mean+SE
% of change from G1

77.3£1.2%®
92.8%

91.3+0.9%
113.8%

G5: BM + Fe-NTA
MeantSE
% of change from G1

49.7+1.2%¢
23.9%

59.3+1.8%¢
38.9%

G6:BM+R+ Fe-NTA
MeantSE
% of change from G1

45.4+1.1"
13.2%

44.6+1.2"
4.4%

All values are expressed of 10 animals as Means + standard Error (M£SE).

a: significant against G1 control group.
b: significant against G3 radiation group
c: significant against G5 Fe-NTA group.

All significance at P< 0.05.

G1: control animals. G2:BM group. G3: R group. G4: R+BM group.G5: Fe-NTA group. G6:

R+ Fe-NTA group. G7: Fe-NTA+BM group.G8: Fe-NTA+R+BM group.

Table 2- Effect of bone marrow transplantation on nitric oxide levels of blood and tissue

organs of Fe-NTA and /or y-radiation treated rats

Para NO Catalase
ups  (nM/g wet tissue) (umol/g wet tissue)
G1: Control MeanzSE of 59+2.6 99.7£15
change from G1 0 0

G2: Fe-NTAMean+SE 109.7+2.3 27.8+1.1

% of change from G1 85.9% -72.1%

G3: R. Mean+SE 80.9+1.2 40.9+1.1
% of change from G1 37.1% -58.9%

G4BM+R  MeantSE 90.5+2.1 34.4+3.6

% of change from G1 53.4% -65.5%

G5: BM + Fe-NTA MeantSE 80.6x1.8 80.3t2.2
% of change from G1 36.6% -19.5%

G6:BM+R+ Fe-NTA MeantSE 60.3+1.5 95.7+1.1
% of change from G1 2.2% -4.0%

Legends as in Table (1)
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Figure 1: Light icrograph of liver tissue section of control rat shows the normal lobular pattern
of the liver with a centrilobular vein (CV), hepatocytes with their nuclei (1) and intervening blood
sinusoidsin between them. (H &E X 400)

s - : -- - : - .
Figure2: Light micrographs of liver tissue of a rat treated with Fe- NTA showing congested blood
vessel (A) contains haemolysed blood cells and lymphocytic infiltration, debris of degenerated
cytoplasmic organoids with pyknotic and karyolytic nuclei. (H &E X 400)
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Figure 3:Light micrographs of liver sections in a rat exposed to 6Gy y-radiation. Liver sections
show gradual vacuolization, cytoplasmic disintegration and pyknotic nuclei (J). Hepatic Necrosis
(<) and great ruptured wall of the central vein with the presence of haemorrhage were also observed

(111). (H & E X 400).

Figure 4- Light micrograph of liver tissue of a rat treated with 6Gy vy -radiation and BMc
transplantation. Liver section shows signs of recovery in the central vein branch (CV) and hepatic

cells. (H & E X 400).
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Figure 5-Light micrograph of liver tissue of a rat treated with Fe- NTA and BM transplantations
showing hemgr

o

BMc transplantation showing highly dilated central vein ({)which contains some hemolysed blood
cells. Most hepatocytes are vacuolated with pyknotic or karyolytic nuclei (e). (H&E X400)

B- Propidium iodide and acridine orange(P1/AO) stain

Apoptotic and necrotic cells stained by PI/AO stain and examined under a fluorescent microscope.
Compartments of the liver tissue in normal rat Fluorescent microscopic picture of control liver of
male rat showing the major of viable cells in liver tissue.(Figure 7). Treatment of rats with Fe- NTA
showing the highly appearance of necrotic cells and apoptotic hepatocytes(Figure 8) in the liver
tissue.

Liver sections in a rat exposed to 6Gy y-radiation show some necrotic cells, the appearance of
apoptotic hepatocytes and empty places( Figure 9)

On the other hand, Liversections of a rat exposed to 6Gy y-radiation and treated with BMc
transplantation show the normal appearance of liver tissue section and few apoptotic hepatocytes
(Figure 10).

Meanwhile, fluorescent microscopic picture of liver section in a rat treated with Fe- NTA and BMc
transplantation show the normal appearance of liver tissue section.(Figure 11).

However highly appearance of necrotic cells and apoptotic hepatocytes were detected in liver cortex
of rats treated with Fe-NTA, exposed to y-radiation and treated with BMc transplantation (Figure
12).
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Figure 7: Fluorescent microscopic picture of control liver of male rat showing the major of
viable cells in liver tissue. (Pl /AOQ stain. B X250)

Figure 8: Fluorescent microscopic pictures of liver sections in a rat treated with Fe- NTA showing the highly
appearance of necrotic ( A ) and apoptotic hepatocytes (7). (P1/AO stain. B X250)
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AN S
Figure 9: Fluorescent microscopic pictures of liver sections in a rat exposed to 6Gy y-radiation show some
necrotic cells ( A ), the appearance of apoptotic hepatocytes ( red bold arrow ) and empty places (1).

(P1/AQ stain. B X250)

Figure 10: Fluorescent microscopic pictures of liver sections in a rat exposed to 6Gy y-irradiation and
treated with BMc transplantation show the normal appearance of liver tissue section and few
apoptotic hepatocytes (1). (PI/AO stain. B X250)
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Figure 11: Fluorescent microscopic picture of liver sections in a rat treated with Fe- NTA andBMc
transplantation show the normal appearance of liver tissue section. (Pl /AQ stain. B X250)

Figure 12: Fluorescent microscopic pictures liver tissue of a rat treated with Fe- NTA exposed to y-
radiation showing the highly appearance of necrotic hepatocytes (red bold arrows). (Pl /AO stain. B
X250)
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