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ABSTRACT

The present study is planned to investigate the effect of immobilization stress on the cytoskeletal
intermediate filaments and CD34 expression in rat liver and the possible curative role of diazepam injected
intraperitoneally with therapeutic dose (0.1 mg/ kg b.w.). Sixty adult male albino rats weighing 110 + 5g were
used and divided equally into 6 groups (10 animals / each); group(l) served as control rats, group(ll) treated
with diazepam, group (Ill) and (IV) served as stressed- rats (rats were immobilized individually for 2 hrs daily
)for two durations 5 and 30 days, respectively; groups (V) and (VI) served as immobilized-stressed rats of the
two durations treated with a therapeutic dose of diazepam (0.1 mg/kg bw) for 30 days. The results recorded a
significant increase in sera cortisol of the stressed-rats for 5 and 30 days. A reduction of the cytokeratin
filaments immunoreactivity in the cell membranes of the hepatocytes was expressed in the two durations.
Also, vimentin immunoreaction was decreased in endothelial cells and the connective tissue adjacent the walls
of the blood sinusoids. Additionally, the immobilized-stressed rats manifested low CD34 expression in
hepatocytes surrounding the central veins; these alterations were time-depended. Treatment of the stressed-
rats with diazepam resulted in decreased cortisol levels, marked improvement and restoration of the
cytoskeletal cytokeratin and vimentin intermediate filaments as well as the recovery of CD34 expression in the
liver. The current results indicated that diazepam is recommended to be used as a curative drug to improve
the impairment of the liver cytoskeletal intermediate filaments and CD34 expression caused by stress.
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INTRODUCTION

Stress disturbs physiological homeostasis and plays an important role in the genesis and
pathophysiology of different psychological disorders (Garabadu and Krishnamurthy, 2014). Stress induces
adreno-medullary response in man to release adrenaline which in turn stimulates receptors on the pituitary
gland. It leads to a greater release of adrenocorticotrphic hormone that stimulates the adrenal cortex resulting
in further release of cortisol marked increment of the weights of adrenal glands (Lttiyavirah and Sajid, 2014).

Acute stress induced a marked hyperglycemia, decreased liver glycogen content and resulted in tissue
injury. Furthermore, repeated exposure to the same stress-stimulus induced a rapid adaptive response that
allowed a general protection of cellular integrity (Sanchez et al.,, 2002). Additionally, Sanchez et al. (2007)
reported that aggressive encounter (social stressor) caused inflammatory response, and necrotic lesions in
liver of mice. Acute restraint stress produces several emotional and autonomic responses. These responses
include increased mean arterial pressure and heart rate, skeletal muscle vasodilatation and cutaneous vaso-
contraction (Crestani et al., 2009; Alves et al., 2010).

Chronic stress is most prevalent in human beings and has been associated with the development of
different pathologies, including cardiovascular, immunological and neurodegenerative diseases and even
psychiatric disorders (Bao et al., 2008). Immobilization stress caused increment of free radical production in rat
liver and kidney (Rahal et al., 2009), and marked increase of biochemical parameters such as glucose,
cholesterol and blood urea nitrogen (Debnath et al.,, 2011). Acute and chronic stress resulted in increased
levels of cortisol, free radicals in brain, stomach and cardiac muscles of rats (Cakir et al., 2010).

The cytoskeleton is composed of microtubules, intermediate filaments "IFs" (cytokeratin, vimentin,
desmin, glial fibrillary acidic proteins, neurofilament proteins, nuclear lamins and nestin) and microfilaments.
Cytoskeletal filaments play a major role in maintenance of cell shape, cell motility and division, organelles
transport and participate in cell-cell & cell-matrix junctions, protection from environmental stresses, cell and
intracellular organelles anchorage and muscle contraction (Pallari, 2010; Hassan et al., 2014).

Keratins are found in the epithelial cells and participate in epithelial cell protection from mechanical
and non-mechanical stressors. Keratins are used as diagnostic tumor markers as in epithelial malignancies
(Karantza, 2011). Liver keratins serve as stress markers. Dynamic increased/decreased keratin site-specific
phosphorylation serves as reliable markers for human liver disease progression/regression, and for epithelial
cell injury in general (Strand et al., 2007).

Vimentin is present in mesenchymal cells. It is proposed to conistitute a regulatory structure at the
receptor enabling efficient signal transmission (Kumar et al.,, 2007). It is found in almost sarcomas and
melanomas but is variable in lymphomas and even some carcinomas (Baharami et al., 2008). It may be
coexpressed with cytokeratins in a wide range of carcinomas and other tumors. Increased vimentin expression
has been reported in various epithelial cancers including prostate cancer, gastrointestinal tumors, CNS tumors,
breast cancer, malignant melanoma, lung cancer and other types of cancers (Satelli and Li, 2011) as well as in
colon and upper gastrointestinal tract cancer (Hassan et al., 2014). CD34 is a highly glycosylated sialomucin
expressed on a variety of cells, ranging vascular endothelial cells to haematopoietic stem cells, deponding on
its glycosylation state. CD34 has been shown to promote proliferation of the haematopoietic progenitor cells
and lymphocyte adhesion to vascular endothelium via binding to L-selectin. CD34 is also required for mucosal
inflammatory disease development (Gold et al., 2010; Scherberich et al., 2013).

Benzodiazepines (BDZ) such as diazepam are well known to induce antistress properties. BDZ have
anxiolytic, sedative, hypnotics, anticonvulsants, skeletal muscle relaxant and amnestic properties (Kulkarni and
Juvekar, 2008). BDZ affect the central nervous system through specific binding sites on y-aminobutyricacid
(GABA)-gated chloride channels (Engel et al., 2007). Peripheral-type binding sites for BDZ have also been
identified for them in human liver, pancreas, stomach, small intestine, colon, lung, testis, breast, ovary and on
the inner and outer mitochondrial membranes (Bribes et al., 2004). Diazepam reduces intra-hippocampus
corticosterone concentrations in stressed mice (Béracochéa et al., 2011; Zhao et al., 2012). It improved the
histopathological and cytoskeletal intermediate filament alterations of the colonic mucosa of the immobilized-
stressed albino rats (El-Desouki et al., 2015a&b).
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As stress is increasing in our life day by day, the present study is planned to investigate the effects of
immobilization stress on the cytoskeletal intermediate filaments and CD34 expression in the liver of albino rats
and the curative role of diazepam.

MATERIALS AND METHODS

Animals & experimental design: Adult male albino rats weighing 110+5g were used, diet and water were
allowed ad- libitium, and they were housed in accordance with the Ethics Committee of recommendation of
the proper care and use of laboratory animals. The rats were divided into 6 equal groups, 10 animals/each.
Group I: served as control; Group IlI: rats injected daily with diazepam only for 30 days; Groups Il & IV:
stressed- rats for 5 & 30 days, respectively that were exposed to stress for 2 hrs daily between 9:00 and 11:00
a.m., the animals were placed individually in wire mesh restrainers (5x7x12 cm in dimension) as described by
Soliman (2006). This procedure effectively restricted movement of the animal. Groups V&VI: stressed-rats for 5
& 30 days treated with diazepam for 30 days that were injected intraperitoneally (i.p.) with the therapeutic
dose of diazepam (0.1 mg/kg bw) according to Paget & Barens (1964) that diluted with distilled water, the
treatment was 24 hrs after stress exposure. Diazepam was received from Amoun Pharmaceutical Industries Co.
Cairo, Egypt.

Methods: At the end of each experimental period, the blood sera were collected to measure the level of
cortisol, and rats were sacrificed after 24 hrs. Serum cortisol was determined by using a radio-immunoassay kit
(RIA) (biochemical, Costa Mesa, CA, USA) and the values were expressed as Ug cortisol/dl serum (Ulrich-Lai et
al., 2006). The liver specimens were carefully removed, cut into small pieces then fixed in 10 % neutral
buffered formalin for 24 hrs and processed to get paraffin sections of 5um thickness. Monoclonal antibodies
against cytokeratin (Pan cytokeratin AE1/AE3) and vimentin (V9) were used (received from Dako Carpinteria,
CA 93013 USA.); and polyclonal antibodies against CD34 (were obtained from Thermo Fisher Scientific
Industries, Waltham, MA, USA.) were used (Vij et al., 2012). Avidin-biotin immunoperoxidase technique is
applied in which a biotinylated secondary antibody reacts with peroxidase conjugated streptavidin molecules.
Colour reaction was developed by using diaminobenzidine (DAB) that gave a brown colour. Haematoxylin was
used for counterstaining (Toti et al., 2005).

Statistical analysis was performed, statistical significance was determined using one way ANOVA
followed by Dunnett’s comparison test and cortisol hormone values were expressed as Mean * SD.

RESULTS
Effect of stress and diazepam on cortisol levels:

The cortisol hormone values were measured in the blood sera of rats. The value was 1.35Ug/dl in
control rats, and cortisol hormone of diazepam (Dz) treated rats was 1.38 Ug/dl. After 5 days of
immobilization-stress, the hormone levels in the blood sera were increased to 1.53Ug/dl. The increment of the
hormone levels continued after 30 days of stress where it reached 4.03Ug/dl. The cortisol levels in stressed
rats for 5 days and treated with diazepam for 30 days decreased to reach 1.4Ug/dl, while those stressed for 30
days and treated with diazepam for 30 days decreased to 2.09Ug/d| (El-Desouki et al., 2015 a&b), see Table 1
and Histogram 1.

Table 1: Effect of stress and diazepam treatment on the levels of cortisol hormone

Groups Cortisol hormone level (ug/dL)
Mean SD
G1 control gp 1.35 0.03
G2 control+Dz 1.38 0.04
G3 Stressed-rats for 5 days 1.53 0.03
G4 Stressed-rats for 30 days 4.03 0.02
G5 Stressed-rats for 5 days +Dz 1.40 0.02
G6 Stressed-rats for 30 days +Dz 2.09 0.03
G1&G2 0.796
P-value G1&G3 0.005*
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G1&G4 <0.001*
G3&G5 <0.001**
G4&G6 <0.001**

All values are mean + SD, n-10 animals in each group; P*< 0.001 significant increase as compared to control; P**<
0.001 significant decrease as compared to stress.
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Histogram 1: The correlation between control (G1), control +Dz(G2), stressed — rat groups (G3&G4), diazepam -treated
groups (G5&G6) and the levels of cortisol hormone.

Immunohistochemical observations:-

Cytokeratin:-

Liver sections of the control animals expressed normal intense cytokeratin filaments in the cell
membranes of hepatocytes and bile duct walls (Fig.1). Rats treated with diazepam (0.1 mg/kg bw) for 30 days
expressed normal intense immunoreactivity to cytokeratin similar to the control pattern (Fig. 2)

The stressed-rats for 5 and 30 days expressed markedly reduction of the cytokeratin filaments
immunoreactivity in the cell membranes of hepatocytes (Figs.3&4); and after treatment with diazepam (0.1
mg/kg b.w.) for 30 days, an obvious increment of cytokeratin immunoreaction was seen in the cell membranes
of hepatocytes (Figs. 5&6). Such reactivity was approximately similar to the control form. The nuclei of such
cells exhibited no reaction in all animal groups with monoclonal antibody of cytokeratin.
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Figs. (1&2): Sections of the liver of (1) control rat and (2) diazepam treated- control rat for 30 days expressing normal
intense cytokeratin filament immunoreactivity in the membranes of hepatocytes (arrows) and in the periphery to
central vein (CV). Cytokeratin immunostain, Bar = 12.5 um.
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Figs.(3&4): Liver sections of stressed- rats for 5&30 days, respectively expressing (3) an obvious reduction of
cytokeratin immunoreactivity in the hepatocytes membranes (arrows) and (4) a marked increase in some hepatocytes
periphery to central vein (CV) (thick arrow). Cytokeratin immunostain,Bar= 12.5 um.

Figs.(5&6): Sections of the liver of stressed- rats for 5&30 days, respectively and treated with diazepam for 30 days
expressing a marked increase of cytokeratin immunoreactivity in the hepatocytes membranes (arrows) radiating from
the central vein (CV). Cytokeratin immunostain, Bar = 12.5 pm.

Vimentin:-

The liver sections of the control rats expressed the normal intense vimentin filaments
immunoreactivity in perisinusoidal cells and in the cells of portal tract stroma as well as in endothelial cells and
in the connective tissue adjacent the walls of the central and portal veins, blood sinusoids, and other
mesenchymal cells located predominantly in the cytoplasm (Fig.7). The unstressed-rats group treated with a
daily dose of 0.1 mg/kg b.w. of diazepam for 30 days expressed vimentin approximately similar to the control
form (Fig.8).

The stressed-rats group for 5 & 30 days expressed a reduction of vimentin immunoreactivity to liver
sections, and the reduction was time- dependent (Figs.9&10). The treatment of the two groups of stressed-
rats with diazepam for 30 days demonstrated a noticeable increase of vimentin immunoreactivity in
endothelial cells and in the connective tissue adjacent the walls of the central and portal veins and blood
sinusoids (Figs.11&12). Such reactivity was almost similar to the control ones.
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Figs.(7&8): Sections of the liver of (7) control rat and (8) diazepam treated rat for 30 days expressing normal intense
vimentin immunoreactivity in endothelial cells and in the connective tissue adjacent the walls of central vein (CV) and
blood sinusoids (arrows).Vimentin immunostain, Bar = 12.5 pm.
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Figs. (9&10): Sections of the liver of stressed- rats for 5 & 30 days, respectively expressing the decrement
of vimentin immunoreactivity in endothelial cells and in the connective tissue adjacent the walls of the
blood sinusoids (arrows). Vimentin immunostain, Bar = 12.5 um.
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Figs. (11&12): Sections of the liver of stressed- rats for 5&30 days, respectively and treated with
diazepam for 30 days expressing a moderate increase of vimentin immunoreactivity in endothelial cells
and in the connective tissue adjacent the walls of central vein (CV) and blood sinusoids (arrows). Vimentin
immunostain, Bar = 12.5 um.
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CD34:

The liver sections of control animals expressed the normal moderate CD34 immunoreactivity in
hepatocytes surrounding the central veins (Fig.13). The treatment of unstressed- rats with diazepam with a
daily dose of 0.1 mg/kg b.w/d. for 30 days revealed normal with no change in CD34 expression pattern (Fig.14).

The immobilized stressed-rats for 5 days illustrated the decrement of CD34 expression in the
hepatocytes, and they manifested a scanty CD34 expression in the stressed-rats for 30 days in the hepatocytes
(Figs.15&16). After treatment of stressed-rats for 5 and 30 days with diazepam daily at a dose of 0.1 mg/kg
b.w./d for 30 days, a moderate increment of CD34 immunoreaction was expressed in the hepatocytes
(Figs.17&18), and almost seen similar to the control form.
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Figs. (13&14): Liver sections of (13) control rat and (14) diazepam treated- rat for 30 days demonstrating
the normal CD34 expression in hepatocytes (arrows) surrounding the central vein (CV). CD34
immunostain, Bar = 12.5 pm.
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Figs. (15&16): Sections of the liver of stressed - rats for 5 &30 days, respectively illustrating the decrement
of CD34 expression in the hepatocytes (arrows) surrounding the central vein (CV). CD34 immunostain, Bar
=12.5 pm.
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Figs. (17&18): Liver sections of stressed- rats for 5&30 days, respectively treated with diazepam for 30
days expressing marked increment of CD34 immunoreaction in the hepatocytes (arrows) pericentral vein
(CV). CD34 immunostain, Bar = 12.5 um.

DISCUSSION

Stress and anxiety are believed to play a major role in the pathogenesis of many disorders. In the
current study, the cortisol hormone levels increased after exposure to different periods of immobilization-
stress. The treatment of stressed-rats for 5&30 days with diazepam at a dose 0.1 mg/kg b.w./d for 30 days
resulted in the decreased cortisol levels to be normal. In accordance, the results of Cakir et al. (2010) recorded
that the acute and chronic stress increased the levels of cortisol in rats). Gabry et al. (2011) declared that the
immobilization stress resulted in increment of cortisol level in male albino rats. Chronic immobilization stress
increased the plasma corticosterol level and neuroinflammation in mice brain (Perez-Nievas et al., 2011). Also,
El-Desouki et al. (2013 & 2015a&b) reported the increment of cortisol hormone levels in immobilized-stressed
rats during acute and chronic stress.

The current work revealed that the immobilized-stressed rats for two durations, 5 and 30 days
expressed obvious alterations in cytokeratin and vimentin immunoreaction in the liver tissues. In accordance,
Flitney et al. (2009) revealed that the moderate shear stress applied to cells for a short period of time caused
changes in the phosphorylation which was associated with the building of keratins into thick tonofibrils to
enhance the ability of cells to resist mechanical stress.

Keratins of intermediate filaments (IFs) can be considered hepatocyte stress proteins due to their
induction upon liver injury and their cytoprotective roles in preventing hepatocytes injury. Alterations in
keratin IFs in liver have been demonstrated to render mice more prone to Fas-mediated liver damage (Ku et
al., 2003). Cytokeratin (K) 8-null mice have partially distorted hepatic morphology and predisposed to various
forms of liver injury (Toivola et al., 2001). The major function of cytokeratin (K8 / K18) in the liver is protection
from mechanical and non-mechanical forms of stress (Omary et al., 2002).

Moreover, the K18-mutation in mice resulted in remarkable fragility of hepatocytes and
predisposition to various forms of liver injury as they protect hepatocytes from apoptosis (Ku et al., 2007).
Mutations in IFs (K8 and K18) predispose the individuals to a wide range of human diseases that generally
reflect the tissue-specific expression of the mutant IF gene (Ku et al.,, 2010). Specific diseases that are
associated with IF overexpression in the absence of a mutated IF proteins (e.g Mallory-Denk bodies in alcoholic
and nonalcoholic steatohepatitis).This IF inclusion formation related to overexpression of IF which is coupled
with an appropriate stress milieu (Pekney and Lane, 2007; Liem and Messing, 2009; Omary et al., 2009).

Vimentin similar to keratins, shears stress deforms vimentin networks in the blood vessels. The
importance of vimentin in shear stress relate to focal contacts which became smaller and less able to adhere
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to the substratum in vimentin-null cells (Tsuruta and Jones, 2003; Loufrani and Henrion, 2008). Vimentin is
crucial for the attachment of lymphocytes to the vascular endothelium and transcellular migration of
lymphocytes through endothelial cells (Nieminen et al., 2006). Moreover, in vimentin down regulated cells, the
polarization of Golgi complex towards the direction of migration was reported to be disturbed, further
indicating the ability of vimentin to affect the Golgi apparatus (Phua et al., 2009). Korita et al. (2010) proposed
the co-expression of vimentin and cytokeratin filaments was seen in patients with intrahepatic
cholangiocarcinoma.

Use of anti-stress agents such benzodiazepines (diazepam), certain central nervous system stimulants
such as amphetamine and caffeine as well as some anabolic steroids are showing significant anti-stress activity
against various models of stress. Diazepam-induced antioxidant effects was due to the modulation of the
GABA receptors through different benzodiazepine receptor agonists can reduce the oxidative damage
produced by acute immobilization and psychological stress ( Kumar et al., 2009).

The current results declared diazepam treatment for 30 days to immobilized stress-rats resulted
in marked improvement and restoration of the cytoskeletal cytokeratin and vimentin proteins to normal
appearance. In agreement, the impairments of cytoskeletal intermediate filaments cytokeratin and vimentin of
the rat stomach (El-Desouki et al., 2013) and colonic mucosa (El-Desouki et al., 2015b) by immobilization stress
were ameliorated by diazepam treatment. Similarly, diazepam improved the changeable of cytoskeletal
intermediate filaments desmin in the cardiomyofibirls of the immobilized-stressed albino rats (El-Desouki et
al., 2012). Also, the thyroid gland sections of elderly animals demonstrated an obvious intense immunopositive
reaction to vimentin or cytokeratin, and the administration of anti-oxidant vitamin E at a dose 10 mg/kg
b.w/day for 60 days illustrated a marked improvement and recovery of vimentin and cytokeratin (El-Desouki et
al., 2014).

Concerning to CD34, the present work demonstrated that the immobilized-stressed rats for 5 and 30
days manifested an obvious decrement of CD34 expression in the liver sections, and after treatment with
diazepam at a daily dose of 0.1 mg/kg b.w. for 30 days expressed improvement and restoration of CD34
immunoreaction in the liver tissues similar to the normal form. In accordance, CD34 was expressed in the
periportal area in normal human liver (Pusztaszeri et al., 2006) and in patients with an abnormal liver functions
(Narita et al., 2012). CD34 immunostaining was helpful in the correlation of the sinusoidal capillarization or
neo-vascularization to dedifferentiation of the liver tissue during the course of cirrhosis (Gligorijevic et al.,
2010). CD34-positive stem cells have been shown to induce therapeutic angiogenesis in animal models of
myocardial, peripheral, and cerebral ischemia, and in the treatment of heart and vascular disease in human
beings (Mackie and Losordo, 2011).

From the present study, diazepam is recommended to be used as a curative drug to improve the
cytoskeletal cytokeratin and vimentin intermediate filament alterations as well as CD34 expression in the liver
caused under the damaging effects of acute and chronic immobilization stress.
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