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ABSTRACT
Introduction: Selenium nanoparticles (SeNPs) are a promising modality of treatment for various oxidative stress induced and 
inflammatory diseases. Tramadol (TD) has become the most commonly prescribed opiate with a high liability for addiction, 
predisposing the liver to oxidative stress induced hepatotoxicity.
Aim of the Work: This study aimed to clarify the impact of SeNPs on biochemical and histological alterations induced by TD.
Materials and Methods: Sixty rats were divided into four groups: Group I: (Control group) included 15 rats, Group II: (SeNPs 
group) 5 rats received intraperitoneal (i.p.) injections of SeNPs. Group III: (TD group) 20 rats received i.p. injections of TD. 
Group IV (SeNPs + TD) 20 rats received SeNPs one hour before each administered dose of tramadol. Liver specimens were 
carefully harvested and processed for biochemical, light and electron microscopic studies, morphometric and statistical analysis.
Results: Tramadol administration resulted in reduced antioxidant enzyme activities and elevated liver enzyme and 
malondialdehyde levels. Furthermore, dilated congested central veins and sinusoids, swollen hepatocytes with shrunken 
darkly stained nuclei and rarified cytoplasm, inflammatory infiltrations, and congested portal veins were observed. This was 
associated with depletion of intracellular glycogen and proteins, increased Bax and Glial fibrillary acidic protein expression, 
and collagen bundle deposition near hepatic stellate cells, between hepatocytes, and in the spaces of Disse. Administration of 
SeNPs significantly ameliorated these findings probably due to its antioxidant properties. Biochemically, a significant increase 
in antioxidant enzyme activities and decrease in liver enzyme and malondialdehyde levels was observed. Liver histology also 
improved with a significant increase in hepatocyte glycogen and protein content. Additionally, Bax and GFAP expression was 
comparable to that of the control group.
Conclusion: SeNPs were hepatoprotective against oxidative stress induced by TD.
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INTRODUCTION                                                                           

Tramadol (TD) is a centrally acting analgesic widely 
used to alleviate different degrees of pain.[1] It exerts its 
analgesic effect by binding to μ-opioid receptors and 
inhibiting neuronal reuptake of norepinephrine and 
serotonin.[2] Recently, TD has become the most commonly 
prescribed opiate across the world.[3] Tramadol causes 
desirable euphoric, stimulant, and relaxing effects, 
resulting in its frequent abuse and subsequent addiction.[4]

The most common abusers of TD include individuals with 
previous substance abuse, patients suffering chronic pain, 
and health professionals.[5] 

Tramadol is extensively metabolized in the liver by 
cytochrome P450 (CYP) 2D6 to O-desmethyltramadol 
(M1), its main active metabolite. M1 is mainly responsible 
for the μ-opioid receptor mediated analgesic effect. It has a 
300 times higher binding affinity to μ-opioid receptors than 

the parent compound.[6] This process makes the liver highly 
susceptible to drug induced hepatotoxicity.[7] Tramadol is 
metabolized and excreted by the liver and kidney, which 
increases their risk of injury.[8] The toxic effects of tramadol 
on various tissues have also been reported, especially with 
its long term use in the management of chronic pain.[9]

Tramadol as other opiates is known to induce oxidative 
stress by reducing antioxidant levels.[10] Oxidative stress 
and inflammation are pivotal mechanisms involved in 
the initiation and progression of liver injury.[11] Therefore, 
antioxidant supplementation may be an effective 
therapeutic strategy to limit these complications. Selenium 
is an essential trace element that cannot be synthesized 
by living organisms and must be obtained from the diet[12] 
It plays many vital roles in the human body including 
antioxidant, anti-inflammatory, anti-mutagenic, anti-
carcinogenic, anti-viral, anti-bacterial, and anti-fungal 
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effects.[13,14] Selenium exerts its antioxidant role through 
its incorporation as seleno-cysteine in various enzymes, 
such as glutathione peroxidase, glutathione reductase, and 
thioredoxin reductase. It acts as their redox center, which 
is essential for their biochemical activity. These selenium 
dependent enzymes are responsible for cellular defense 
against oxidative stress.[15]

The narrow margin between the therapeutic and 
toxic doses of selenium limit its use.[16] SeNPs provide a 
safer alternative as they are less toxic, more soluble, and 
provide a higher surface area for antioxidant activity.
[17] SeNPs have been used in the treatment of various 
oxidative stress and inflammation mediated disorders 
e.g. arthritis, cancers, diabetes, and nephropathies. SeNPs 
have shown efficacy against chemical and pathogen 
induced liver injury through their antioxidant properties.[18] 
Additionally, SeNPs have shown protective effects against 
acetaminophen induced hepatic damage[19,20] through the 
improvement of liver function, and reduction of oxidative 
stress and DNA fragmentation. SeNPs exert their anti-
inflammatory effect by attenuating pro-inflammatory 
cytokine levels through decreasing their gene expression 
and deactivating nuclear factor kappa-beta.[21] SeNPs 
also impart an anti-apoptotic effect through the reduction 
of mitochondrial cytochrome-C release, in addition to 
inhibiting pro-apoptotic and increasing anti-apoptotic 
protein expression[22].

To the best of our knowledge, no previous studies 
have been conducted to evaluate the efficacy of SeNPs in 
mitigating tramadol induced hepatotoxicity. Thus, the aim 
of this study was to assess the antioxidant effect of SeNPs 
on the biochemical and histological alterations induced by 
Tramadol (TD) in the liver.

MATERIALS AND METHODS                                              

Chemicals and kits
Tramal (tramadol hydrochloride) 100 mg ampoules 

were purchased from Mina-pharm Pharmaceutical 
Company, Cairo, Egypt. 

Selenium nanoparticles (30-60 nm) were purchased 
from Nano-Tech Egypt for Photo-Electronic, 6 October, 
Cairo, Egypt as a sterilized solution dispersed in phosphate 
buffered saline (PBS) ready for use (Figure 1).

Fig. 1: A transmission electron micrograph of the SeNPs displaying their 
size and shape. The particles are spherical, dispersed regularly in the 
solution and are not agglomerated. (Mag x 20000)

Kits for determination of alanine transaminase (ALT), 
aspartate transaminase (AST), alkaline phosphatase 
(ALP), total proteins and albumin, glutathione peroxidase 
(GPx), catalase (CAT), superoxide dismutase (SOD), 
and malondialdehyde (MDA) were purchased from Bio 
Diagnostics, Inc. (Dokki, Giza, Egypt).

Primary antibodies and secondary antibodies, 
citrate buffer, the Ultravision Detection System, and 
Mayer’s hematoxylin were purchased from LabVision 
Thermo Scientific (Fremont, California, USA) for 
immunohistochemical detection of Bcl2-associated X 
protein (Bax) for detection of apoptosis (cytoplasmic 
reaction in the apoptotic hepatocytes) and glial fibrillary 
acidic protein (GFAP) as an early marker of hepatic stellate 
cell activation (cytoplasmic reaction in the activated 
hepatic stellate cells).

Experimental design
The experimental procedures were approved by 

the Animal Ethics Committee of Faculty of Medicine 
Institutional Research Board (MFM IRB: R/16.01.93). 
The committee adopts the 2013 declaration of Helsinki for 
research. 

The experiment was done on sixty adult male albino 
rats (180-220 g and 2-3 months of age). These rats were 
obtained from the animal house of the Faculty of Medicine, 
Zagazig University. Rats were kept at room temperature 
with adequate ventilation and a 12 h light/dark cycle 
and were allowed ad libitum access to food and water 
throughout the duration of the experiment. Rats were 
allowed a 1 week adaptation period before the start of the 
experiment.

Rats were divided into 4 groups as follows
Group I (Control group): (15 rats) which was further 

subdivided into 3 equal subgroups: 

• Subgroup Ia (negative control group); rats received 
only food and water for 30 days.

• Subgroup Ib (positive control group); rats received 
daily i.p. injections of 1mL normal saline (vehicle 
of tramadol) for 30 days.

• Subgroup Ic (positive control group); rats received 
daily i.p. injections of 1mL phosphate buffered 
saline (vehicle of SeNPs) for 30 days.

Group II (SeNPs group): 5 rats received daily i.p. 
injections of SeNPs at a dose of 0.5 mg/kg[19] for 30 days. 

Group III (TD group): rats received daily i.p. 
injections of tramadol at a dose of 20 mg/kg for the first 
10 days, 40 mg/kg from the 11th to the 20th day, then 80 
mg/kg from the 21st to the 30th day. All administered doses 
where given in 1mL of normal saline.[23]

Group IV (SeNPs + TD group): rats received daily 
i.p. SeNPs injections at a dose of 0.5 mg/kg[19] one hour 
before each administered dose of tramadol. 
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The therapeutic dose of TD in human ranges from 50-
100 mg every 4-6 hours not to exceed 400 mg/day. In rats, 
a dose of 40 mg/kg is equivalent to a dose of 421.2 mg in 
an adult human. The initial dose of 20 mg/kg administered 
represented the human therapeutic dose, while the 40 and 
80 mg/kg doses were given to mimic increasing doses 
observed in drug abuse.[24]

All rats were sacrificed 24 h after the last doses of 
SeNPs and tramadol. At the end of the experiment, rats 
were anesthetized with i.p. injection of 40 mg/kg sodium 
phenobarbital. Blood samples were drawn from the retro-
orbital plexus for all groups. Animals were perfused with 
2.5% glutaraldehyde and 2% paraformaldehyde in 0.1 M 
phosphate buffer (pH 7.4) through the left ventricle of 
the heart. Blood samples were centrifuged and the sera 
were obtained for biochemical analysis. All animals were 
sacrificed between 8:00 and 10:00 am to avoid possible 
diurnal variations in antioxidant enzyme levels. Livers 
were carefully harvested. The left lobes were frozen in 
liquid nitrogen, cut into small pieces, and stored at -80ºC in 
preparation for biochemical analysis. The right lobes were 
processed for light and electron microscope examination.

Biochemical analysis 
Liver homogenates were prepared for measurement of 

GPx[25], CAT[26], SOD[27], and MDA.[28]

Serum ALT, AST, and ALP levels in addition 
to total proteins and albumin were determined 
spectrophotometrically following standard procedures. 

H&E and histochemical studies 
Specimens for light microscope examination were 

fixed in 10% buffered formalin and processed to obtain 
5µm paraffin sections. The sections were stained with 
H&E, PAS counterstained with hematoxylin for glycogen 
demonstration[29] and mercuric bromophenol blue[30] for 
intracellular protein detection. 

Immunohistochemical studies
Immunohistochemical staining was done by the avidin 

biotin complex (ABC) method. 5µm paraffin sections 
were placed on positively charged slides, deparaffinized, 
rehydrated, and then incubated in 3% hydrogen peroxide 
solution in methanol for 10 min to block endogenous 
peroxidase activity. Sections were then washed in PBS 
and incubated for 10 min with 10% goat serum at room 
temperature to block nonspecific binding. Slides were 
then boiled for 10 min in 10 mmol/L citrate buffer at 
pH 6 (cat. no. AP 9003) for antigen retrieval, then left to 
cool for 20 min. Sections were then incubated with two 
primary mouse monoclonal antibodies: Bax (LabVision 
Corporation Laboratories, Fremont, California, USA; 
catalog number MA5- 14003) and GFAP (LabVision 
Corporation Laboratories Fremont, California, USA; 
catalog number MS-1376-P) after dilution with PBS 
(1:1000) and incubated for 30 min at 4°C. Thereafter, 
sections were washed twice in PBS for 5 min each. 

Secondary antibodies (biotinylated goat anti-polyvalent) 
were applied and sections were incubated again for 20 min, 
followed by three time washing (for 5 min each) in PBS. 
Diaminobenzidine tetrahydrochloride solution was applied 
to the sections and incubated for 10 min.[29] Negative 
control sections were prepared following the same steps 
after omitting the primary antibodies.

Transmission electron microscope study
Small pieces of liver from all groups were immediately 

fixed in 2.5% phosphate buffered glutaraldehyde (pH 7.4) 
at 4°C for 24 h, rinsed in phosphate buffer, then post-fixed 
in 1% osmium tetroxide. Specimens were then dehydrated 
in a series of alcohols, cleared in propylene oxide, and 
finally embedded in epoxy resin. Blocks were trimmed 
and sectioned with glass knives by an ultra-microtome. 
Toluidine blue stained semi-thin sections (1 µm) were 
examined to select the suitable area for ultra-thin sections. 
Ultra-thin sections (70-90nm) were stained with uranyl 
acetate and lead citrate.[31] Examination and photography 
was carried out by Joel JEM 1010 (Jeol Ltd, Tokyo, Japan) 
in the Electron Microscope Research Laboratory Unit at 
the Faculty of Agriculture, Mansoura University.

Morphometric analysis
Slides were examined using the Leica QWin 500 image 

analyzer computer system (Leica Ltd, Cambridge, UK) 
at the Image Analysis Unit of the Pathology Department 
in the Faculty of Dentistry, Cairo University. The mean 
optical density for PAS, mercuric bromophenol blue, and 
GFAP immune reaction and the mean area percentage for 
Bax immunoreaction were quantified by examining ten 
non overlapping randomly chosen fields in each slide at a 
magnification of 400. Image analysis was performed by a 
blind investigator unaware of the experimental procedure. 

Statistical analysis
The collected data were computerized and statistically 

analyzed using SPSS program (Statistical Package for Social 
Science) version 25.0. Quantitative data were expressed as 
mean ± standard deviation (SD). ANOVA F-test was used 
to calculate difference between quantitative variables in 
more than two groups in normally distributed data and 
post hoc LSD test was used for comparing between each 
two groups. Pearson’s correlation coefficient was used 
to calculate correlation between quantitative variables.                                                                                                          
p <0.05 indicated significant results and p <0.001 indicated 
highly significant results.

RESULTS                                                                                    

Biochemical results 
No statistically significant differences regarding 

biochemical markers were detected between the subgroups 
of the control group (I) or the SeNPs group (II). So, 
results of subgroup Ia (representing group I) were used for 
comparison with groups III (TD group) and IV (SeNPs + 
TD group).  
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Markers of oxidative stress/lipid peroxidation
TD administration in group III evoked hepatic 

oxidative stress evidenced by a highly significant reduction 
(p <0.001) in the activities of the antioxidant enzymes 
GPx, CAT, and SOD accompanied by a highly significant 
elevation (p <0.001) in MDA content when compared to 
the control group (group I). Administration of SeNPs in 
group IV resulted in a highly significant improvement of 
these parameters (p <0.001), however, they didn’t return to 
their normal values (Table 1).

Liver function tests
 The mean values of serum ALT, AST, and ALP showed 

a highly significant elevation in group III versus group I 
rats (p <0.001). Total protein and albumin levels showed 
a highly significant reduced in group III versus group I                                                                                                       
(p <0.001). On the other hand, group IV revealed a highly 
significant lower liver enzyme level and a highly significant 
increase in protein levels when compared to group III                                                                                                    
(p < 0.001) (Table 2). 

Histological results
Histological examination of all subgroup sections 

of Group I (control group) and Group II (SeNPs group) 
revealed similar results. Thus, the results of the negative 
control (subgroup Ia) were used to represent both groups. 

Light microscope results

Hematoxylin and Eosin (H&E)
Examination of H&E stained sections of the control 

group (I) and SeNPs group (II) revealed the normal 
hepatic structure. The central veins were surrounded by 
radiating cords of tightly packed hepatocytes separated 
by blood sinusoids lined by endothelium. Hepatocytes 
appeared polyhedral with round vesicular nuclei and 
stippled acidophilic cytoplasm. Bi-nucleated hepatocytes 
were also observed (Figure 2a). The portal areas 
contained portal veins and bile ducts embedded in loose 
connective tissue (Figure 2b). Group III (TD group) 
revealed evident alteration of hepatic structures. The 
central veins and sinusoids appeared dilated and congested                                                                               
(Figures 2c,d,f). Some hepatocytes had vesicular nuclei 
(Figs. 2c, d & e) while others showed darkly stained 
nuclei (Figures 2c,d,ef). Some hepatocytes showed slight 
rarefication of their cytoplasm (Figure 2c), while others 
appeared swollen with extensive cytoplasmic rarefication 
(Figure 2 f).  Bi-nucleated hepatocytes were also 
observed (Figures 2c,d,e). Inflammatory cells were seen 
near the central veins (Figure 2d) and in the portal areas                                                                                                     
(Figures 2ef). Some portal areas contained dilated 
congested portal veins (Figure 2e) and several bile ducts                                                                                                               
(Figures 2e,f). Administration of SeNPs with tramadol 
in group IV led to partial improvement of the hepatic 
structures. Most hepatocytes had vesicular nuclei and 
acidophilic cytoplasm with few still showing darkly stained 
nuclei and vacuolated cytoplasm. Numerous bi-nucleated 
hepatocytes were seen (Figures 2g,h). The central veins 

and sinusoids appeared normal (Figure 2g), while portal 
areas revealed congested portal veins, bile ducts, and 
inflammatory cells (Figure 2h).

Periodic Acid Schiff 
Periodic Acid Schiff (PAS) stained sections of the 

control group (group I) and SeNPs group (group II) revealed 
abundant amounts of glycogen within the hepatocytes 
around the central veins (Figure 3a) while tramadol 
administration in group III resulted in a considerable 
decrease of the glycogen content (Figure 3b). On the other 
hand, SeNPs administration in group IV lead to an increase 
in hepatocyte glycogen content (Figure 3c). 
Mercuric bromophenol blue

Mercuric bromophenol stained sections of the control 
group (group I) and SeNPs group (group II) revealed 
considerable amounts of protein within the hepatocytes 
(Figure 4a). Treatment with tramadol in group III caused 
depletion of the protein content within the hepatocytes 
(Figure 4b), while administration of SeNPs with tramadol 
in group IV showed hepatocytes with a protein content 
comparable to that of the control group (Figure 4c). 
Immunohistochemical results
Bax immunoexpression

Bax immune-stained sections of the control group 
demonstrated a mostly negative cytoplasmic reaction 
except for a mild positive reaction in few hepatocytes 
(Figure 5a). Group III (TD group) revealed an intense 
positive reaction in most hepatocytes (Figure 5b), while a 
moderate reaction was observed in some group IV (SeNPs 
+ TD group) hepatocytes (Figure 5c). 

GFAP immunoexpression
GFAP immune-stained sections of the control group 

demonstrated a mild positive reaction in few hepatic 
stellate cells processes (Figure 6a). Group III (TD group) 
revealed an intense reaction in both the cells bodies and 
processes of numerous hepatic stellate cells (Figure 6b), 
while a moderate reaction was observed in numerous cells 
in group IV (SeNPs + TD) (Figure 6c).

A highly significant decrease in the optical density 
of PAS and mercuric bromophenol blue (p <0.001) and 
a highly significant increase in the mean area % of Bax 
immune-expression (p <0.001) and optical density of GFAP 
(p <0.001) was observed in group III when compared to 
group I and IV (Table 3). On the other hand, administration 
of SeNPs with TD in group IV lead to a highly significant 
increase in optical density of mercuric bromophenol blue 
(p <0.001) and a highly significant decrease of Bax and 
GFAP immune expression (p <0.001) when compared to 
group III (Table 3).

Additionally, a negative Pearson’s correlation was 
observed between antioxidant enzyme activity and Bax and 
GFAP immune expression. On the other hand, a positive 
correlation was observed between MDA level and Bax and 
GFAP immune expression (Table 4).
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Transmission electron microscopy (TEM) results
Examination of ultra-thin sections of the control 

group and SeNPs group revealed a normal hepatic 
ultrastructure. Hepatocytes had round euchromatic nuclei 
and prominent nucleoli. Their cytoplasm contained 
numerous mitochondria, rough endoplasmic reticulum, 
autolysosome, glycogen granules, and lipid droplets                                                     
(Figure 7a). The adjacent hepatocytes formed the boundaries 
of the bile canaliculi which contained numerous microvilli. 
Many hepatocytes had numerous mitochondria and lipid 
droplets, while few others had electron dense cytoplasm, 
multivesicular bodies and autophagosomes. Von Kupffer 
cells with heterochromatic nuclei and dense bodies in 
their cytoplasm were seen in the sinusoidal lumens. The 
spaces of Disse contained numerous long microvilli of the 
hepatocytes (Figure 7b). Hepatic stellate cells were seen in 
the vicinity of the hepatocytes. They appeared elongated 
with euchromatic indented nuclei and large fat globules in 
their cytoplasm. Numerous mitochondria were seen in the 
hepatocytes (Figure 7c).

Group III (TD group) revealed evident ultrastructural 
changes. Hepatocytes showed varying degrees of affection. 
Hepatocytes had dilated rough endoplasmic reticulum, 
mitochondria with disrupted cristae, and many lipid 
droplets (Figure 8a). Some nuclei appeared euchromatic                                    

(Figure 8b), others had dilated perinuclear cisternae 
(Figure 8a), while few appeared ill defined (Figure 8c). The 
cytoplasm appeared electron dense in some hepatocytes 
(Figures 8a,b,c,d,e) while others displayed electron 
lucent cytoplasm (Figures 8a,b). The bile canaliculi 
contained few microvilli (Figures 8a,c). Von Kupffer cells 
present in the lumen had pseudopodia, lysosomes, and 
numerous phagocytic vacuoles (Figure 8b). The spaces 
of Disse contained few microvilli and collagen fibers                                                                    
(Figures 8c,d). The hepatic stellate cells had numerous 
long processes (Figure 8d). Some had irregular outline, 
ill-defined heterochromatic nuclei and numerous marginal 
vacuoles. Others showed indented euchromatic nuclei and 
vacuoles in their cytoplasm (Figure 8e). Collagen fibers 
were observed between the hepatocytes (Figure 8c), in the 
spaces of Disse (Figures 8c,d), and in the vicinity of the 
hepatic stellate cells (Figure 8e).

The SeNPs treated group showed improvement of 
the tramadol induced ultrastructural alterations. Most 
hepatocytes had euchromatic nuclei, rough endoplasmic 
reticulum (Figures 9b,c) and numerous intact mitochondria 
(Figures 9a,b,c); while few had electron dense cytoplasm 
with lipid droplets (Figures 9a,b). Endothelial cells with 
euchromatic nuclei with few collagen fiber bundles in their 
vicinity were seen (Figure 9a). 

Table 1: Comparison of antioxidant enzyme activities and MDA level in the experimental groups 

                    Group      
Variable

Group I
(Control group)

Group III
(TD group)

Group IV
(SeNPs + TD group) F p value LSD

GPx (ng/ml)
  Mean ± SD
  Range

19.4 ± 2.0
(15.5-21.7)

10.4 ± 1.2
(8.5-13.2)

14.8 ± 2.1
(11.7-18.5)

120.5 <0.001**
<0.001**1

<0.001**2

<0.001**3

CAT (U/g protein):
  Mean ± SD
  Range

81.9 ± 3.4
(77.2-88.6)

33.7 ± 3.4
(27.6-38.1)

58.9 ± 3.3
(50.4-62.8)

1031.6 <0.001**
<0.001**1

<0.001**2

<0.001**3

SOD (U/mg protein):
  Mean ± SD
  Range

2.1 ± 0.2
(1.9-2.6)

0.9 ± 0.2
(0.7-1.3)

1.4 ± 0.4
(0.9-2.0)

111.9 <0.001**
<0.001**1

<0.001**2

<0.001**3

MDA (nmol/L):
  Mean ± SD
  Range

79.6 ± 8.3
(67.5-93.4)

168.1 ± 17.0
(140.7-194.2)

106.5 ± 10.70
(91.2-131.2)

261.1 <0.001**
<0.001**1

<0.001**2

<0.001**3

a Abbreviations: SD: Standard deviation.   F: ANOVA test   LSD: Least significant difference 
b 1: Group I versus Group III      2: Group I versus Group IV    3: Group III versus Group IV  
*: Significant (p <0.05)          **: Highly significant (p <0.01)
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Table 2: Comparison of the liver function tests of the experimental groups 

                    Group      
Variable

Group I
(Control group)

Group III
(TD group)

Group IV
(SeNPs + TD group) F p value LSD

ALT (IU/L):
  Mean ± SD
  Range

31.1 ± 3.1
(25.3-37.1)

133.8 ± 14.7
(102.5-161.0)

70.7 ± 9.6
(53.8-84.7)

503.9 <0.001**
<0.001**1

<0.001**2

<0.001**3

AST (IU/L):
  Mean ± SD
  Range

65.7 ± 9.1
(49.4-81.7)

204.4 ± 21.6
(156.3-243.5)

123.6 ± 18.1
(98.3-162.3)

331.5 <0.001**
<0.001**1

<0.001**2

<0.001**3

ALP (IU/L):
  Mean ± SD
  Range

45.9 ± 2.9
(41.6-50.2)

81.5 ± 2.9
(75.4 – 85.4)

61.5 ± 2.9
(56.9-66.2)

754.3 <0.001**
<0.001**1

<0.001**2

<0.001**3

T. Protein (g/dl):
  Mean ± SD
  Range

7.0 ± 0.5
(5.8-7.8)

3.2 ± 0.4
(2.5-3.8)

4.6 ± 0.4
(3.9-5.5)

391.1 <0.001**
<0.001**1

<0.001**2

<0.001**3

Albumin (g/dl):
  Mean ± SD
  Range

4.0 ± 0.6
(2.9-4.9)

1.9 ± 0.3
(1.3-2.4)

2.2 ± 0.5
(1.3-3.0)

118.6 <0.001**
<0.001**1

<0.001**2

0.04*3 

a Abbreviations: SD: Standard deviation.   F: ANOVA test   LSD: Least significant difference 
b 1: Group I versus Group III      2: Group I versus Group IV    3: Group III versus Group IV  
*: Significant (p <0.05)          **: Highly significant (p <0.01)

Table 3: Comparison of the histochemical and immunohistochemical markers in the experimental groups 

                    Group      
Variable

Group I
(Control group)

Group III
(TD group)

Group IV
(SeNPs + TD group) F p value LSD

PAS (optical density)
  Mean ± SD
  Range

0.52 ± 0.05
(0.40 – 0.80) 

0.31 ± 0.06
(0.17 – 0.63)

0.43± 0.03
(0.21 – 0.62)

95.14 <0.001**
<0.001**1

<0.001**2

<0.001**3

MBP (optical density)
  Mean ± SD
  Range

0.55 ± 0.05
0.46 – 0.63

0.12 ± 0.04
0.06 – 0.2

0.40 ± 0.05
0.31 – 0.54

405.58 <0.001**
<0.001**1

<0.001**2

<0.001**3

Bax (area %)
  Mean ± SD
  Range

1.05 ± 0.18
0.69 – 1.41

5.49 ± 0.67
4.23 – 6.53

2.81 ± 0.48
1.93 – 4.1

418.76 <0.001**
<0.001**1

<0.001**2

<0.001**3

GFAP:(optical density)
  Mean ± SD
  Range

0.09 ± 0.03
0.03 – 0.13

0.29 ± 0.06
0.19 – 0.41

0.21 ± 0.04
0.03 – 0.41

93.77 <0.001**
<0.001**1

<0.001**2

<0.001**3

a Abbreviations: SD: Standard deviation.   F: ANOVA test   LSD: Least significant difference 
b 1: Group I versus Group III      2: Group I versus Group IV    3: Group III versus Group IV  
*: Significant (p <0.05)          **: Highly significant (p <0.01)

Table 4: Correlation between antioxidant enzyme activities and MDA level with Bax area % immune expression and GFAP optical density 
of the experimental groups 

Group Group I (Control group) Group III (TD group) Group IV (SeNPs + TD group)

Variable
Bax area %

immune 
expression 

GFAP 
optical density

Bax area %
immune 

expression 
GFAP 

optical density
Bax area %

immune 
expression 

GFAP 
optical density

MDA
r -0.088 0.347 0.912** 0.802** 0.041 -0.065
p 0.712 0.134 <0.001 <0.001 0.864 0.786

GPX
r -0.190 -0.163 -0.857** -0.813** 0.452* -0.295
p 0.422 0.493 0.001 <0.001 0.045 0.207

CAT
r 0.168 -0.373 -0.953** -0.857** -0.116 -0.237
p 0.478 0.001 <0.001 0.229 0.625 0.314

SOD
r 0.283 -0.018 -0.841** -0.782** 0.226 0.077
p 0.226 0.941 <0.001 <0.001 0.339 0.746

** Highly significant correlations
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Fig. 2 (a-h): Representative photomicrographs of H&E stained sections demonstrating the histological structure of the different groups. Control group (a & b) showing: 
(a) Central vein (CV) with radiating cords of tightly packed hepatocytes (H). The hepatocytes appear polyhedral with round vesicular nuclei and stippled acidophilic 
cytoplasm. Blood sinusoids (s) with their endothelial lining (thin arrow) and some binucleated hepatocytes (arrowhead) are also seen. (b)  The portal area containing 
the portal vein (PV) and bile duct (BD). TD group (c-f) showing: (c) Dilated congested central vein (CV) and sinusoids (s). Most hepatocytes have vesicular nuclei (H), 
while others have darkly stained nuclei (h). Few hepatocytes show slight rarefication of their cytoplasm (curved arrow). Binucleated hepatocytes (arrowhead) are also 
observed. (d) Dilated congested central veins (CV) and inflammatory cells (IF). Many hepatocytes have darkly stained nuclei (h), while others have vesicular nuclei (H). 
Binucleated hepatocytes (arrowhead) are observed. (e) A portal area with dilated congested portal vein (PV), several bile ducts (BD) and inflammatory cells (IF). Some 
hepatocytes have darkly-stained nuclei (h), with others still demonstrating vesicular nuclei and acidophilic cytoplasm (H). Binucleated hepatocytes (arrowhead) are also 
observed. (f) Another portal area showing several bile ducts (BD) and inflammatory cells (IF). The adjacent hepatocytes appear swollen with extensive rarefication of 
their cytoplasm and shrunken darkly stained nuclei (asterisk). Congested sinusoids (s) are also observed. SeNPs + TD group (g-h) showing: (g) nearly normal appearance 
of hepatic architecture; most hepatocytes with vesicular nuclei and acidophilic cytoplasm (H) radiating from central vein (CV), blood sinusoids (s) and some binucleated 
hepatocytes (arrowhead). Few hepatocytes still have darkly stained nuclei (h). Congested portal vein (PV) and bile duct (BD) with few inflammatory cells (IF) are seen. 
Most hepatocytes show vesicular nuclei and acidophilic cytoplasm (H), while some have darkly stained nuclei (h). Others still appear swollen with rarefied cytoplasm and 
shrunken darkly stained nuclei (asterisk). Numerous binucleated hepatocytes (arrowhead) can be seen. (Mag. x400)
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Fig. 3 (a-c):  Representative photomicrographs of PAS stained sections. (a) Control group: showing abundant glycogen in the hepatocytes. (b) TD group: 
showing a marked reduction in the glycogen content of hepatocytes. (c) SeNPs + TD group: showing hepatocytes with increased glycogen content. Hepatocytes 
(H), Central vein (CV). (Mag. x400)

Fig. 4 (a-c):  Representative photomicrographs of Mercuric bromophenol blue stained sections. (a) Control group: Hepatocytes contain considerable amounts 
of protein. (b) TD group: Hepatocytes show depletion of their protein content. (c) SeNPs + TD group: Hepatocytes have protein content comparable to that of 
the control group. Hepatocyte, H. Central vein, CV. (Mag. x400)



1212

SENPS TD INDUCED HEPATOXOCITY 

Fig. 5 (a-c): Representative photomicrographs of Bax immunoexpression. (a) Control group: Most hepatocytes show negative reaction except few with mild 
cytoplasmic immune reaction (b) TD group: Most hepatocytes have intense immune reaction. (c) SeNPs + TD group: Some hepatocytes with a moderate 
reaction. H, hepatocyte with a positive reaction. CV, central vein. (Mag. x400)

Fig. 6 (a-c): Representative photomicrographs of GFAP immunoexpression. (a) Control group: mild reaction in few hepatic stellate cell processes. (b) TD 
group: Intense reaction in the cells bodies and processes of numerous hepatic stellate cells. (c) SeNPs + TD group: A moderate reaction in the bodies and 
processes of hepatic stellate cells is detected. Arrow, positive cytoplasmic reaction in the processes. Curved arrow, positive reaction in the cell bodies. CV, 
central vein. (Mag. x400)
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Fig. 7 (a-c):  Electron micrographs demonstrating the ultrastructural features of the control group: (a) Hepatocyte with a round euchromatic nucleus (N) 
and prominent nucleolus (n). Its cytoplasm contains numerous mitochondria (m), rough endoplasmic reticulum (rER), autolysosome (arrowhead), glycogen 
granules (g) and lipid droplets (L). (b) Adjacent hepatocytes (H & H1) enclose a bile canaliculus (bc) containing numerous microvilli (mv). A hepatocyte (H) 
contains numerous mitochondria (m) and lipid droplets (L), while another (H1) displays electron dense cytoplasm, multivesicular bodies (curved arrow) and 
autophagosomes (arrowhead). A Von Kupffer cell (Kc) with heterochromatic nucleus (N) and dense bodies (d) is seen in the sinusoidal lumen (S). Numerous 
microvilli (arrow) of the hepatocytes are seen in the space of Disse (sD). (c) Elongated hepatic stellate cell (Hsc) with an indented euchromatic nucleus (N) 
and a large lipid droplet (L) is seen in the vicinity of the hepatocytes (H). Numerous mitochondria (m) are observed in hepatocytes (H). (Mag. a, x 5000; b, 
x7000; c, x 5,500)
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Fig. 8 (a-e):  Electron micrographs demonstrating the ultrastructural features of the TD group (a) Hepatocytes (H1) have electron dense cytoplasm and lipid 
droplets (L), whereas (H2) has a nucleus (N) with dilated perinuclear cisterna (short arrow), mitochondria with disrupted cristae (m), dilated cisternae of rough 
endoplasmic reticulum (rER) and bile canaliculi (bc) with few microvilli. (b) Sinusoidal capillary (S) showing fenestrated endothelium (thick arrow), luminal 
red blood cells (RBC) and a Von Kupffer cell (Kc) with pseudopodia (tailed arrow), lysosomes (thin arrow) and numerous phagocytic vacuoles (arrowhead). 
A hepatocyte (H1) possesses an electron dense cytoplasm, while another (H2) has an ill-defined nucleus (N1). Another hepatocyte (H3) displays an electron 
lucent cytoplasm and euchromatic nucleus (N2). (c) A higher magnification of the boxed area in figure 8 showing parts of a sinusoidal capillary (S) with 
fenestrated endothelium (thick arrow) and a luminal red blood cell (RBC). The space of Disse (sD) contains few microvilli (thin arrow) and collagen fibers (cf). 
Collagen fibers (cf) are also observed between the adjacent hepatocytes. Some hepatocytes (H1) have electron dense cytoplasm while another (H2) contains 
dilated rough endoplasmic reticulum (rER) and mitochondria (m). (d) Hepatocytes with electron dense cytoplasm (H), collagen fibers (cf) in the space of Disse 
(sD) and a sinusoidal capillary (S) with luminal red blood cells (RBC) are seen. A part of a hepatic stellate cell (Hsc) with numerous long processes (thick 
arrow) and small lucent vacuoles (arrow head) is present. (e) Hepatic stellate cells (Hsc1 & Hsc2) are seen in the vicinity of adjacent hepatocytes (H). Hsc1 has 
irregular outline, ill defined, heterochromatic nucleus (asterisk), numerous marginal vacuoles (arrowhead) and collagen fibers (cf) while Hsc2 shows indented 
euchromatic nucleus (N) and vacuole (v) in its cytoplasm. Hepatocytes (H) with rough endoplasmic reticulum (rER) and dense irregular shaped mitochondria 
(m) are observed. (Mag. a,c,d,e x6000, b x 3000)
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DISCUSSION                                                                       

The liver is a predominant organ participating in diverse 
detoxifying functions. Therefore, sustained exposure to 
excess levels of endogenous and exogenous oxidants 
could lead to hepatotoxicity. Despite the well documented 
antioxidant effects of SeNPs in various drug induced organ 
toxicities, our study was the first to evaluate its role in TD 
induced hepatotoxicity.

Tramadol induced oxidative stress in the present 
study was clearly evidenced by a significant down-
regulation in the antioxidant enzyme activities (CAT, 
SOD and GPx). Similar findings were reported owing to 
exhaustion of enzyme activity due to the over production 
of reactive oxygen species (ROS) induced by tramadol 
administration[32,33] Also, possible damage of these enzymes 
may have occurred through the byproducts of lipid 
peroxidation.[34] Oxidative stress represents the imbalance 
between reactive oxygen species (ROS) generation and its 
effective elimination by both enzymatic and nonenzymatic 
antioxidants.[35] Accumulation of ROS lead to the damage 
of cellular lipids, proteins, and DNA along with activation 
of proapoptotic pathways.[36,37]

MDA levels were also significantly increased in the 
TD treated group. This finding is of interest, since MDA 
is a sensitive marker of lipid peroxidation and is widely 
used to measure oxidative stress.[38] Membranes of cells 
and organelles are particularly susceptible to attack by 
ROS, due to their rich polyunsaturated fatty acids. This 
results in lipid peroxidation leading to the production of 
MDA.[39] In agreement with our findings, chronic tramadol 
administration was reported to significantly increased ROS 
resulting in increased MDA level and suppressed SOD 
activity. MDA induces further damage to phospholipids, 
nucleic acids, and proteins, ultimately resulting in cell 
death.[40]

In our study, oxidative stress induced damage of the 
hepatocyte structure and function manifested biochemically 
as a significant elevation of serum ALT, AST, and ALP 
levels with a significant reduction in total proteins and 
albumin. Similar changes in liver enzymes have been 
recorded in previous experiments.[8,41] They attributed 
this impairment to leakage of the previously mentioned 
biomarkers into the plasma following an increased 
permeability of the hepatocyte cell membrane secondary 
to lipid peroxidation.[42] This is in line with the increased 

Fig. 9 (a-c):  Electron micrographs demonstrating the ultrastructural features of the SeNPs + TD group showing (a) A hepatocyte (H1) with numerous 
mitochondria (m) and another (H2) with electron dense cytoplasm and multiple lipid droplets (L). An endothelial cells (E) is seen with a euchromatic nucleus 
(N). Collagen fibers (cf) are also observed. (b) A hepatocyte appears binucleated (N) with rough endoplasmic reticulum (rER), mitochondria (m) and few lipid 
droplets (L). (c) Another hepatocyte appears with euchromatic nucleus (N), rough endoplasmic reticulum (rER), numerous intact mitochondria (m) and small 
lipid droplets (L). Sinusoidal capillary (S) and numerous microvilli in space of Disse (sD) are also seen. (Mag. a, x 5000; b, x7000; c, x 5,500)
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MDA level observed in the current study. The observed 
reduction in total proteins and albumin levels may indicate 
compromised hepatic synthetic activity as these substances 
are primarily produced by the liver.[43]

Oxidative stress leads to cellular injury and ultimately 
cell death. Additionally, impairment of the liver’s 
antioxidant enzyme activity is intimately related to the 
initiation and progression of many liver diseases.[44]

Histologically, Group III (TD group) revealed evident 
alteration of hepatic structures. Congested dilated central 
veins and sinusoids in addition to swollen hepatocytes 
with extensive cytoplasmic rarefication and darkly stained 
nuclei were observed.  Inflammatory cells were also present 
near the central veins and in the portal areas. Our findings 
are in line with those reported by previous authors.[45,46]

Consistent with our biochemical and histological findings, 
byproducts of lipid peroxidation have been reported 
to act as a triggers for cell death and inflammation.[39]

Additionally, the cytoplasmic changes have been attributed 
to disturbance of hepatic lipid metabolism.[47] 

Histochemically, hepatocytes of the tramadol treated 
group demonstrated a highly significant depletion of their 
intracellular protein content in mercuric bromophenol 
blue sections when compared to the other groups. Our 
finding was also observed in a previous study. In addition 
to attacking lipids, oxidative stress leads to a plethora of 
damaging effects on proteins.[41] This includes amino acid 
alterations, breakage in peptide chains and cross-linking 
of proteins altering their structure and function.[48] The 
resultant oxidized proteins have a higher susceptibility 
to proteolytic elimination by proteasomes.[49] This 
mechanism is supported by the decline in antioxidant 
enzyme activity and increased MDA level observed in 
this study. Furthermore, a significant decrease in glycogen 
content was also observed. This was in line with findings 
of a novel study that explained this reduction secondary to 
increased glycolysis.[47]

Immunohistochemically, the TD treated group 
demonstrated a significant increase in Bax and GFAP 
immune expression when compared to the other groups. 
Furthermore, a negative Pearson’s correlation was 
observed between antioxidant enzyme activity and Bax and 
GFAP immune expression. On the other hand, a positive 
correlation was observed between MDA levels and Bax and 
GFAP immune expression. A Similar upregulation of Bax 
expression associated with decline in antioxidant enzyme 
activity and increased MDA level was recorded. They 
explained that oxidative stress induces apoptosis through 
an upregulation of pro-apoptotic markers p53 and Bax and 
down regulation of anti-apoptotic Bcl2 expression. This 
increased Bax immune expression may partly explain the 
degenerative changes observed at both light and electron 
microscope levels. Additionally, a significant increase in 
the serum levels of pro-inflammatory cytokines including 
tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) 
was reported leading to tramadol induced inflammation of 
the cerebrum in a rat model.[50,51] 

To the best of our knowledge, no previous studies 
evaluating TD hepatotoxicity explicitly reported an 
increased GFAP immune expression. However, GFAP 
expression in the hepatic stellate cells (HSCs) is reported 
to be a marker of early activation following liver injury and 
prior to the development of fibrosis.[52] Hepatic stellate cells 
are normally quiescent and produce extracellular matrix and 
collagen fibers. They are only activated during liver injury 
into myofibroblast like cells that produce excessive amount 
of collagen leading to fibrosis and subsequent cirrhosis.
[53] Furthermore, a vascular role for GFAP previously 
proposed in a stroke model. GFAP expression in activated 
astrocytes of this model was found to contribute to blood 
flow regulation after injury.[54] The similar expression of 
GFAP by the HSCs in our model may suggest a role in 
vascular remodeling and neovascularization observed in 
liver injury. 

Ultrastructurally, TD administration adversely impacted 
the different hepatic cells. The hepatocytes showed dilated 
rough endoplasmic reticulum, mitochondria with disrupted 
cristae, and many lipid droplets. Some nuclei had dilated 
perinuclear cisternae, while others appeared ill defined 
with electron dense cytoplasm. Von Kupffer cells in the 
sinusoidal lumens had pseudopodia, lysosomes, and 
numerous phagocytic vacuoles. The hepatic stellate cells 
revealed numerous long processes, irregular outline and 
ill-defined heterochromatic nuclei. Our findings were 
consistent with those reported by a previous study[55] 

Excessive ROS reportedly oxidize sulfhydryl groups 
in proteins causing their misfolding. These misfolded 
proteins accumulate in the endoplasmic reticulum (ER) 
causing ER stress and disruption of cellular homeostasis. 
ER stress triggers the secretion of defective proteins which 
is associated with increased lipid droplet formation within 
hepatocytes.[56] This explanation is in line with the dilated 
ER and lipid droplets seen the hepatocytes of the TD 
treated group. Additionally, the bile canaliculi and space of 
Disse contained few microvilli. Lipid peroxidation alters 
the composition, structure, assembly and permeability 
of membranes, leading to disturbance of normal 
cellular structure and function.[57] ROS also react with 
mitochondrial lipids, proteins, and DNA.[58] Mitochondrial 
DNA is highly prone to ROS attack due to its deficiency in 
histones ultimately leading to mitochondrial damage, and 
release of apoptotic factors.[59]  

Excessive ROS also interferes with the normal 
functioning of liver specific cells and triggers the initiation 
of fibrosis. ROS induce apoptosis and necrosis of the 
hepatocytes. Additionally, injurious stimuli amplify ROS 
production by Kupffer cells leading to activation of 
hepatic stellate cells with excessive extracellular matrix 
deposition.[60] This is in line with collagen deposition 
observed between the hepatocytes, in the space of Disse, 
and close to the hepatic stellate cells in the present study. 

Admininstration of SeNPs significantly improved 
TD induced hepatotoxicity. Biochemically, SeNPs lead 
to a significant increase in antioxidant enzyme activities. 
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A similar increase in GPx, SOD and CAT activity and 
decrease in oxidative stress induced neuronal damage 
in an Alzheimer model after SeNPs administration 
was reported[61] SeNPs have been found to exert their 
antioxidant properties via two mechanisms: Directly by 
acting as a potent free radical scavenger[62], and indirectly 
by increasing the expression and activity of anti-oxidant 
seleno-enzymes such as GPx.[63] Further studies also 
demonstrated that selenium may mediate an indirect anti-
oxidant effect through the activation of vitamin C and Q10 
by seleno-proteins.[21]

Amelioration of the antioxidant status leads to 
elimination of excessive ROS thus protecting cellular lipid 
and protein macromolecules against oxidative damage[35] 
In line with the improved antioxidant enzyme activity, 
lipid peroxidation was significantly reduced evidenced by 
decreased MDA level. SeNPs treated group also revealed 
a significant decline in liver enzyme levels in addition to 
a significant increase in total protein and albumin levels 
indicating a protective effect on the hepatocyte cellular 
membrane. SeNPs inhibited lipid peroxidation in a model 
of acute kidney injury suggesting its membrane protective 
effect.[22] Furthermore, the hepatocyte protein content was 
restored after SeNPs administration. Selenoproteins have 
been reported to protect cellular proteins against oxidative 
damage.[64]

SeNPs also improved the hepatic structure. Most 
hepatocytes showed vesicular nuclei, acidophilic cytoplasm 
and organelles similar to those of the control group. Protein 
content of the hepatocytes was also restored. Selenium 
is intimately involved in the liver’s antioxidant defense 
system protecting it against oxidative stress. Many studies 
have demonstrated that in addition to boosting antioxidant 
enzyme activity, Se supplementation diminishes 
ROS generation, and reduces the cellular damage.
[62] Amelioration of oxidative stress induced structural 
alterations by SeNPs were also observed in diabetic 
nephropathy and pancreatopathy.[65] SeNPs effectively 
neutralize byproducts of lipid peroxidation thus attenuating 
damage of hepatocyte and organelle membranes and 
DNA damage thus preventing apoptosis induced cellular 
death.[66] Additionally, a significant decrease in Bax and 
GFAP immune expression with an associated reduction in 
collagen fiber deposition was also observed. A decreased 
hippocampal neuronal apoptosis was also reported through 
suppression of the pro-apoptotic marker Bax and increase in 
anti-apoptotic marker Bcl2 expression.[67] SeNPs were also 
found to downregulated Bax gene expression ameliorating 
cardiac and hepatic damage secondary to diabetes 
mellitus[68] Furthermore, a decline in hippocampal GFAP 
expression in cyclophosphamide induced neurotoxicity 
treated with SeNPs was also documented.[69] 

CONCLUSION                                                                         
SeNPs alleviated TD induced hepatotoxicity through 

amelioration of antioxidant enzyme activities which 
attenuated oxidative stress. This protected cellular 
macromolecules from oxidative injury evidenced by 

reduced MDA levels, and restoration of hepatocyte 
glycogen and protein content. Additionally, reduced BAX 
and GFAP immune expression protected the liver against 
cellular death and prevented the progression of fibrosis. 
Accordingly, the administration of SeNPs may be a 
promising therapy against the adverse effects of long term 
TD therapy in patients suffering from chronic pain and/or 
TD abuse. Further molecular studies are recommended to 
shed more light on the mechanisms of the hepatoprotective 
potential of SeNPs. 
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الملخص العربى

تأثير جزيئات النانوسيلينيوم على السمية الكبدية المستحثة بالترامادول في نموذج الجرذ

هلول٣،                محمد  نهى  إبراهيم مصطفى٢،  محمد  الحليم١، مصطفى  عبد  منال رضا  دسوقى١،  كمال  أمير  أريج 
إيمان محمد عسكر١

١قسم الهستولوجيا الطبية وبيولوجيا الخلية - كلية الطب-جامعة الزقازيق

٢مستشفى ماتر-دبلن-ايرلندا

٣قسم الطب الشرعى والسموم- كلية الطب-جامعة الزقازيق

المقدمة: تعتبر جزيئات النانوسيلينيوم علاجًا واعداً للعديد من الأمراض الناجمة عن الإجهاد التأكسدي والالتهاب. يعتبر 
الترامادول أكثر المواد الأفيونية الموصوفة شيوعًا مع وجود إحتمالية عالية للإدمان ، مما يؤدى إلى السمية الكبدية نتيجة 

للإجهاد التأكسدي.
النانوسيلينيوم على التغيرات الكيميائية الحيوية   الهدف من الدراسة: تهدف هذه الدراسة إلى توضيح تأثير جزيئات 

والهستولوجية التي يسببها  الترامادول.
 ، الضابطة  المجموعة  الأولى (١٥ جرذا):  المجموعة  أربعة مجموعات:  إلى  تقسيم ستين جرذا  تم  والطرق:  المواد 
المجموعة الثانية (٥ جرذان): تلقت جزيئات النانوسيلينيوم  ، المجموعة الثالثة (٢٠ جرذا): تلقت الترامادول، المجموعة 
البيوكيميائية  للدراسات  الكبد  عينات  معالجة  تمت  +الترامادول.  النانوسيلينيوم  جزيئات  تلقت   : جرذا)   ٢٠) الرابعة 

والضوء والمجهرية الإلكترونية والتحليل المورفومتري والإحصائي.
الكبد  إنزيمات  مستويات  وارتفاع  للأكسدة  المضادة  الإنزيمات  نشاط  لخفض  الترامادول  تعاطى  أدى  النتائج: 
والمالونديالديهايد. كما لوحظ توسع واحتقنان الأوردة المركزية والجيوب الكبدية وتضخم خلايا الكبد مع انوية متقلصة 
غامقة وسيتوبلازم النادر وتسلل التهابي. كان هذا مرتبطًا بنقص الجليكوجين والبروتينات داخل الخلايا، وزيادة التعبير 
المناعى لل Bax  و GFAP ، وترسب الكولاجين بالقرب من الخلايا النجمية الكبدية ، وبين خلايا الكبد ، وفي مسافات 

ديس. حسنت جزيئات النانوسيلينيوم هذه التغيرات على الأرجح بسبب خصائصها المضادة للأكسدة. 
الخلاصة: أدت جزيئات النانوسيلينيوم إلى تحسين الآثار الضارة الناتجة عن تعاطى الترامادول في كبد الجرذان والتي 

قد تكون بسبب خصائصها المضادة للأكسدة.


