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Abstract: Tramadol, a synthetic, centrally acting analgesic is used worldwide. It is devoid of many serious adverse 
effects of traditional opioids. However, recently, abuse and dependence as well as toxicity and tramadol-related deaths 
have been increasingly reported. The researches that focus on the potential applications of stem cells (SCs), in drug 
screening and toxicology tests attract our attention to assess the expression of both Nestin and Notch 1 as stem cell 
markers in response to acute toxicity and dependence of tramadol in brain, lung and liver of albino rats. Our study 
includes sixty adult male albino rats were divided into three groups. Group I (control), group II (tramadol acute toxicity) 
and group III (tramadol dependent). Observed behavioral changes and manifestations were recorded. Surviving rats were 
sacrificed and autopsy was performed for all rats. Immunohistochemical (IHC) staining of both Nestin and Notch 1 in 
lung, brain and liver were carried out. Results: A significant direct correlation was observed between Nestin and Notch 1 
scoring and localization in different studied groups (r = +0.95, P value <0.001).  Both stem cell markers showed higher 
significant values in dependant group than the acute toxicity one (P<0.001). Additionally, highly significant relationship 
between expression of both Nestin and Notch 1 and the histopathological changes in brain, lung and liver whereas they 
are higher in dependence group related histopathologic changes than the acute toxicity group related histopathological 
changes. Apoptotic index in brain showed an inverse correlation with both Nestin H score and Notch 1 H score (r=-0.94, 
r=-0.88 respectively and P<0.001 for both).  Therefore we conclude that stem cell markers are the main modulators of 
life saving as they re-expressed early in response to cell injury by toxicity and late in maintenance of cellular 
regeneration by playing crucial roles throughout the journey. Activation of Nestin and Notch 1 signaling in both acute 
and chronic tramadol toxicity groups might provide a molecular basis for potential protective and treatment strategies. 
[Rehab M. Samaka, Naira Fahmi Girgis and Tahany M. Shams. Acute Toxicity and Dependence of Tramadol in Albino 
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1. Introduction 

Nowadays addiction is an ever-increasing problem 
in the world and despite all efforts to prevent and 
control it, it continues to be a tremendous public health 
issue. Analgesics are among the most popular drugs 
which are being abused. (1)  Tramadol is a synthetic, 
centrally acting analgesic, available in Europe since 
1977 and in the United States since 1995 for the 
treatment of pain syndromes previously amenable only 
to the opiate analogues. (2) It has dual mode of action. 
Its analgesic efficacy is attributed to its partial affinity 
for the mu-opiate receptor and its inhibition of nor-
epinephrine and serotonin reuptake. (3)  Tramadol is 
considered a safe drug devoid of many serious adverse 
effects of traditional opioids. However, recently, abuse 
and dependence of tramadol as well as toxicity and 
tramadol-related deaths have been increasingly 
reported. (4) 

Tramadol is rapidly absorbed orally; a peak 
concentration is detected 2-3 hours post oral dose. It has 
extensive tissue distribution. Thirty per cent of the drug 
is excreted through the kidneys in an unchanged 
manner. Elimination half-life is 5–6 hours, while the 
remaining is metabolized in liver by N- and O-

demethylation, followed by conjugation with glucuronic 
acid and sulphate. The active metabolite, o-desmethyl 
tramadol shows higher affinity for the m-opioid 
receptors and has twice the analgesic potency of the 
parent drug. (5) 

Stem cells (SCs) have unique properties such as 
self-renewal, plasticity to generate various cell types 
and availability of cells of human origin. The 
characteristics are attentive in the toxicity screening 
against chemical toxicants and to predict and avoid 
toxicity in humans. (6) Recently the researches focus on 
the potential applications of SCs, in drug screening 
and toxicology tests. (7) Several stem and progenitor cell 
populations have already been described as valuable 
tools for developing therapeutic strategies in 
regenerative medicine. (7) 

NESTIN, a class VI intermediate filament, was 
originally described as a neuronal stem/progenitor cell 
marker during CNS development, (8) shows a wider 
range of expression than previously thought. (9) The 
expression of Nestin is generally ceased in mature cells, 
but resumes following injuries. (10)  Regarding its 
functions the re-expression of Nestin appears to be 
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responsible for the promotion of cell proliferation 
during the post-injury phase. (11) 

Initially Notch 1 discovered for yielding a 
‘notched’ wing phenotype in Drosophila due to a partial 
loss of function. (12) Notch 1 signaling coordinates a 
wide range of fundamental processes and cellular 
programs including proliferation, apoptosis, migration, 
growth, and differentiation depending on the cellular 
context, as Notch 1 pathway including gene expression 
and cross talk with other signaling system. (13) 

Research discoveries in the fields 
of stem cell biology and regenerative medicine are 
beginning to advance and refine an understanding 
of injury and repair. (14) 

Aim of the current study was to demonstrate the 
role of Nestin and Notch 1 as stem cell markers in 
response to acute toxicity and dependence of tramadol 
in brain, lung and liver of albino rats and also study the 
interrelationship between them. 
2. Material and Methods: 
Drug:   

Commercially available Tramal capsules. Each 
capsule contains 50 mg tramadol hydrochloride. 
(Tramal®, manufactured by Minapharm, Hilupollis, 
Cairo, Egypt under licence of German Grunenthal 
Company). 
Animals and Experimental Design:  

Sixty adult male albino rats of an average weight 
(150-200 grams) were selected randomly. They were 
kept under good hygienic conditions. They were fed on 
ordinary food with free access water and housed under 
standard laboratory conditions. The general condition 
and behavior of rats were noticed.    

Animal experimentations were carried out in an 
ethical manner following guide lines set by the Ethical 
Committee of Menoufyia University. The animals were 
divided into three main groups of twenty rats for each 
group as follows: 
Group I: control group “A” and “B” 
Control group A: (10 rats), each animal received 

1ml/day normal saline (0.9%) orally by gavage and 
were kept for the same period as the rats of group 
II. 

Control group B: (10 rats) each animal received 
1ml/day normal saline 0.9% orally by gavage. They 
were kept throughout the experiment under the 
same conditions for one month as the rats of group 
III. 

Group II (Tramadol acute toxicity group 20 rats): Each 
animal received a single dose of LD50 of tramadol 
hydrochloride orally by gavage. It equals 300mg/kg 
b.wt.. (15) The rats were observed for acute toxicity 
manifestations as well as for LD50 deaths.    

Group III (Tramadol Dependent group 20 rats): Each 
animal received tramadol hydrochloride in 
gradually increasing doses until it reached the 
dependent dose in one month. Dependence was 
induced by giving the therapeutic dose of tramadol 

hydrochloride which was calculated according to 
Paget’s equation. (16) The therapeutic dose for rat 
weighting 200 gm = 18/1000 x adult human 
therapeutic daily dose (400 mg) (5) = 07.2 mg. Then 
the dose was gradually increased by adding the 
initial calculated therapeutic dose every three days 
till the end of the month.  
The calculated tramadol hydrochloride doses were 

delivered in normal saline and given orally to each 
animal by a curved needle –like oral tube that was 
introduced directly into stomach (a gavage process). At 
the end of the experiment, surviving animals of the all 
groups were sacrificed by cervical dislocation at 24 
hours after a single dose for group II (acute toxicity 
group) and their control group IA and the last dose at 
the end of the month for group III (dependent group) 
and their control group IB.  After death, autopsy was 
carried out for all animals of the all groups. The brain, 
lung and liver were fixed in 10% formalin solution. 
Histopathological Examination: 

The selected organs for each mouse were received 
at the Pathology Department, Faculty of Medicine; 
Menoufyia University preserved in 10% formalin 
solution and dehydrated in a graded alcohol series. 
After xylene treatment, the specimens were embedded 
in paraffin blocks. Five-micron thick sections were cut 
and stained with hematoxylin and eosin (H&E).  

H&E stained sections were examined to study the 
histopathological changes. Microscopic examinations 
were carried out in all selected organs of tramadol acute 
and dependant groups. Unintentional bias was 
prevented by coding rats’ tissue samples.  

Lung sections were assessed for the followings; a) 
Interstitial changes including; congestion, edema, 
hemorrhage, fibrin deposition, fibrosis, inflammatory 
cellular infiltrate and its type, b) Alveolar changes 
including: intra-alveolar edema, diffuse alveolar 
damage, hyaline membrane, alveolar wall thickness, 
alveolar wall destruction and collapse. 

Brain sections were assessed for the followings: 
a) Neuoral changes including; red neuron, neuronal 
degeneration, b) Glial changes including; gliosis, 
microglial proliferation, oligodendrocyte proliferation, 
Rosenthal fiber, c) Others; congestion, edema, 
inflammatory cellular infiltrates and apoptotic count. (17) 

Liver sections were assessed for the followings; a) 
Paranchymal changes including steatosis, feathery 
degeneration, necrosis, congestion, haemorrhage, 
interface hepatitis, Kupffer cell hyperplasia and 
sinusoidal dilation, b) Portal changes including 
inflammatory cellular infiltrates, fibrosis and bile duct 
proliferation.  
Immunohistochemical (IHC) staining and 
examination: 

IHC staining was performed on formalin fixed, 
paraffin embedded material that were sectioned at 5 µm 
thickness and placed onto positive charged slides. 
Nestin; rabbit polyclonal (aa254-270) antibody, 
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concentrated one (1 mg/ml) diluted by phosphate buffer 
saline (PBS) in a dilution of 1:100 (Catalogue no. LS-
C40764, Lifespan, Biosciences, USA) and Notch 1, 
rabbit polyclonal antibody (Catalogue No. LS-B1930, 
Lifespan, Biosciences, USA) 0.2 mg/ml IHC staining 
were performed using the Universal Dako cytomation 
Labelled stretavidin–Biotin_2 system, Horseradish 
Peroxidase (LSAB_2 System, HRP Kit, Catalogue No. 
k0679). All slides were de-paraffinized using xylene 
and then dehydrated in decreasing concentrations of 
ethanol. Antigen retrieval using microwave heating (20 
min; 10 mmol/citrate buffer, pH 6.0) after inhibition of 
endogenous peroxidase activity (0.3) hydrogen 
peroxidase for 15 min) were used. The primary 
antibodies were applied to the slides. The slides were 
incubated overnight with the primary antibody at room 
temperature, and washed by using phosphate buffered 
solution (PBS) then incubated with secondary antibody 
for 15 min followed by PBS wash. Finally the detection 
of bound antibody was accomplished using a modified 
labeled avidin–biotin (LAB) reagent for 20 min then 
PBS wash. A 0.1% solution of diaminobenzidine 
(DAB) was used for 5 min as a chromogen. Slides were 
counterstained with Mayer’s hematoxylin for 5– 10 
min.  
 
Immunostaining Interpretation: 

Positive Nestin expression was considered when 
cytoplasmic immune-localization was detected at any 
number of cells. (18) For Notch 1, cytoplasmic staining 
for any number of cells is required to assign positivity. 
(19) Nestin and Notch 1 expression was further evaluated 
by the reproducible H score system. Mild staining is 
assigned as 1+, moderate staining: 2+ and strong 
staining: 3+. In H score (histo-score) system, both the 
intensity and percentage are considered. The score was 
calculated as follows: H-score= (%3+cells 
x3)+(%2+cells x2)+(%1+cells x1). (20) 

Unintentional bias was prevented by coding tissue 
samples so that, IHC study was done without 
knowledge of the used component characteristics. 
Assessment of slides was done by the authors 
separately.  The inter-observers variation of this scoring 
system was shown to be 0.99 for both Nestin and Notch 
1. Excellent concordance between the instances of 
scores was reached (0.99 for both stem cell markers). 
 
Statistical Analysis:  

Data were collected, tabulated and statistically 
analyzed by using SPSS “statistical package for the 
social science” program for windows, version 17, SPSS, 
INC., Chicago, Illinois, USA. To test whether these 
variables differed according to clinico-pathological 
parameters and biological markers, the Fisher’s exact 
(FE) and x² tests, Mann-Whitney test, Student t test, 
Kruskal-Wallis test and Pearson correlation (r) were 
used. All P-values were two-sided, P values of ≤ 0.05 

were considered statistically significant and highly 
significant when P value ≤0.01. (21)  
 
3. Results: 
Observed behavioral changes and manifestations: 
Group I (control A and B): sustained normal behavior. 
Group II (Tramadol acute toxicity group): 

The main symptoms of intoxication were 
characterized by restlessness, unsteady gait, reduced 
spontaneous activity, tremors, convulsions, slight 
cyanosis then they entered into drowsiness, and coma 
with difficult noisy breath. This was followed by death 
of 10 rats within 8-12 hours from the onset of receiving 
the LD50 dose, as a result of respiratory arrest in 
combination with severe convulsions. Surviving 
animals showed slight recovery, within a short time.  
Group III (Tramadol Dependent group): 

The animals of this group were observed daily. 
During the first week they behaved normally except for 
sedation and calmness. During the second week, the 
dose reached up to 36 mg/kg b.wt., the rats became 
restless, irritable and some had tremors one to two 
hours before the designed dose, after which calmness, 
laziness and anorexia had developed. As the dose 
increased (43.2 – 57.6mg/kg b.wt) the rats became more 
irritable, some of them developed aggressiveness, yet 
the manifestations alleviated shortly after the dose. 
Then after another episode of altered behavioral 
parameters developed (pronounced defensive behavior, 
increased fearfulness), salivation, and spasms were also 
noted on most of the rats. Nearly almost all rats 
developed convulsions. During the last week the dose 
reached up to 72 mg/kg b.wt., the main symptom was 
convulsions. Additionally, other symptoms like tremors, 
irritability and salivation were also noted. Anorexia and 
loss of body weight were more exaggerated at the end 
of the experiment. 
 
Histopathological examination: 
Group I (control A and B):  

Lung, brain and liver tissue sections were free of 
pathological changes. 
Group II & Group III:   

Pathology of acute toxicity was extensively 
observed in group II as well as pathology of chronic 
toxicity was clearly detected in group III. The following 
histopathological changes showed highly statistical 
significant difference between group II and group III (P 
<0.001 for all). 

Regarding  lung tissue, the interstitial changes 
including marked pulmonary congestion, hemorrhage, 
fibrin deposition, mixed inflammatory cellular 
infiltrates (90% for all), marked inflammatory cellular 
infiltrates (95%) and edema (80%) were detected in 
group II, whereas, the fibrosis (95%), chronic 
inflammatory cellular infiltrates (90%) and mild 
inflammatory cellular infiltrates (100%) were detected 
in group III.  Alveolar changes; diffuse alveolar damage 
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(DAD), marked alveolar wall thickening (90% for all). 
Together with marked alveolar wall destruction 
(emphysema) was also observed in all examined 
sections of all rats of group II whereas 95% of group III 
showed mild emphysematous changes. However, intra-
alveolar edema was detected in all cases of group III 
(Figure 1 A, B, C). 

Regarding the brain tissues, neuronal degeneration 
was detected in (95%) of rate brain sections of group 
III. Glial changes; gliosis, microglial proliferation, 
oligodendrocyte proliferation and Rosenthal fibers were 
observed in all cases of group III. Others; marked brain 
congestion, edema and inflammatory cellular infiltrates 
were detected in all members of group II, whereas, mild 
congestion (100%), mild edema (10%) and 
inflammatory cellular infiltrates were detected in (5%) 
in group III.  Additionally, mean±SD of apoptotic count 
was 33.9±4.03 and 9.45±2.66 in group II and III 
respectively (Figure 1 D, E, F). 

Regarding the liver tissue; parenchymal changes 
in form of marked steatosis, sinusoidal dilation (85% 
for both), focal necrosis, marked congestion and 
haemorrhage (90% for all) were seen in group II, 
whereas, mild congestion, interface hepatitis and 
Kupffer cell hyperplasia were observed in all liver 
specimens of group III. Portal changes; marked 
inflammatory cellular infiltrate (95%), mild fibrosis 
(85%) and bile duct proliferation was noticed in all 
cases of group III (Figure 1 G, H, I). 
 
Nestin & Notch 1 Immunohistochemistry 
examination: 

Nestin immunoreactivity in group I (control A and 
B): In the selected organs showed negative expression 
except the choroid plexus lining cells, subventricular 
zone (SVZ) and endothelial cells in brain together with 
only endothelial lining of blood vessels in liver and 
lung. 

Notch 1 immunoreactivity in group I (control A 
and B): in selected organs showed positive expression 
in choroid plexus lining cells, SVZ and endothelial cells 
in blood vessels in brain. Whereas, normal liver showed 
Notch 1 positivity in hepatocytes, bile duct cells and 
endothelial cells as well as in normal lung displayed 
focal mild positivity in bronchial lining and alveoli.   

 Nestin and Notch 1 immunreactivity were 
assessed by intensity and H score for group II and group 
III. Each tool of assessment for both stem cell markers 
in the selected organs showed highly statistical 
significant difference between tramadol acute toxicity 
group and tramadol dependant group (P<0.001 for all) 
(Table 1). Whereas, the higher intensity and H score 
values for both markers were noticed in tramadol 
dependant group than the acute toxicity one. 
Additionally, a direct significant correlation between 

Nestin and Notch 1 scoring and localization was 
observed (r = +0.95, P value <0.001) (Figure 2). 
Relationship of H scores in both Nestin and Notch 1 
and the histopathological parameters in lung tissue  

Highly statistical significant association were 
observed between H scores in both Nestin and Notch 1 
immunostaining and the majority of histopathological 
parameters in lung tissue specimens (P<0.001 for all) 
except congestion. The higher values of H scores of 
both stem cell markers were associated with the 
histopathological parameters of dependent toxicity 
group (III) as mild edema, absence of hemorrhage, mild 
fibrin deposition, presence of fibrosis, chronic 
inflammatory cells, mild inflammatory cellular 
infiltrates, marked intra-alveolar edema, mild alveolar 
wall thickness as well as damage and absence of diffuse 
alveolar damage (Table 2 & Figure 3).  
 
Relationship of H scores in both Nestin and Notch 1 
and the histopathological parameters in brain tissue 

In brain tissue specimens, high statistical 
significant association was observed between H scores 
in both Nestin and Notch 1 immunostaining and the 
histopathological parameters (P<0.001 for all). The 
higher values of H scores of both stem cell markers 
were associated with the histopathological parameters 
of dependent toxicity group (III) as red neuron, 
congestion, edema and inflammatory cellular infiltrate 
as well as presence of marked gliosis, microglial 
proliferation, oligodendrocyte proliferation, and 
Rosenthal fibers (Table 3 & Figures 4 and 5). 
Relationship of H scores in both Nestin and Notch 1 
and the histopathological parameters in liver tissue 

Regarding the liver tissue specimens, high 
significant relationship was obtained between H scores 
in both Nestin and Notch 1 immunostaining and the 
histopathological parameters (P<0.001 for all). As 
higher values of H score for both Nestin and Notch 1 
immunoreactivity tend to be associated with the 
histopathological parameters of dependent toxicity 
group (III), as mild steatosis, congestion, sinusoidal 
dilatation, marked feathery degeneration, marked 
Kupffer cell hyperplasia, marked inflammatory cellular 
infiltrates presence of interface hepatitis, presence of 
mild fibrosis and bile duct proliferation as well as 
absence of focal necrosis and hemorrhage (Table 4 & 
Figure 6).  
 
Pearson correlation between apoptotic index and H 
scores for both Nestin & Notch1 in the brain tissue 
in group II and group III.  

In brain tissue specimens, apoptotic index showed 
an inverse significant correlation with both Nestin H 
score (r=-0.94 and P<0.001) and Notch 1 H score (r=-
0.88 and P<0.001) (Figure 7). 
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Table 1: Statistical comparison of tramadol acute toxicity group and tramadol dependant group as regards to Nestin and Notch 1 expression:  

Parameters Acute 
No (%) 

Chronic 
No (%) 

Test of significance P value 

Lung tissue 
Nestin intensity  
Mild 
 Moderate  

 
17 (85) 
3 (15) 

 
3 (15) 
17 (85) 

 
X² test= 19.60 

 
<0.001 

Nestin H score  
Mean ± SD 

 
95.25±4.06 

 
239.80±14.49 

 
t-test=42.93 

 
<0.001 

Notch1  intensity  
Mild  
Moderate 
Marked 

 
19 (95) 
1 (5) 
0 (0) 

 
3 (15) 
0 (0) 

17 (85) 

 
 

X² test= 29.63 

 
 

<0.001 

Notch 1  H score  
Mean ± SD 

 
143.85±3.18  

 
265.05±32.72 

 
t-test=16.48 

 
<0.001 

Brain tissue 
Nestin intensity  
Mild  
Moderate  

 
18 (90) 
2 (10) 

 
3 (15) 
17 (85)

 
X² test= 22.55 

 
<0.001 

Nestin  H score  
Mean ± SD 

 
95.25±4.06 

 
239.80±14.49 

 
t-test=42.93 

 
<0.001 

Notch 1  intensity  
Mild  
Moderate 
Marked 

 
18 (90) 
2 (10) 
0 (0) 

 
2 (10) 
0 (0) 

18 (90) 

 
 

X² test= 32.80 

 
 

<0.001 

Notch  1 H score  
Mean ± SD 

 
143.85±3.18  

 
266.25±32.48

 
t-test=16.76

 
<0.001 

Liver tissue  
Nestin intensity  
Mild  
Moderate  

 
18 (90) 
2 (10) 

 
3 (15) 
17 (85) 

 
X² test= 22.55 

 
<0.001 

Nestin H score  
Mean ± SD 

 
93.30±2.97 

 
194.15±8.02 

 
t-test=52.67 

 
<0.001 

Notch 1  intensity  
Mild  
Moderate 
Marked 

 
18 (90) 
2 (10) 
0 (0) 

 
2 (10) 
0 (0) 

18 (90) 

 
 

X² test= 32.80 

 
 

<0.001 

Notch  1 H score  
Mean ± SD 

 
137.45±12.01 

 
267.35±30.98 

 
t-test=17.47 

 
<0.001 

 
Table 2: Statistical comparison of H scores for both Nestin & Notch 1 with the histopathological parameters in lung tissue 

Lung parameters Nestin H score Notch 1 H score    
Nestin score Mean ± SD Test of significance P value Notch score   Mean ± SD Test of significance P value 

Interstitial  changes  
Congestion  
Mild  
Marked  

 
183.6±85.85 

165.22±73.22 

 
U=0.12 

 
0.90 

 
205.0±71.05 

204.37±65.80

 
t=0.59 

 
0.55 

Edema  
Mild  
Marked  

 
215.86±56.59 
102.11±31.92 

 
t=8.06 

 
<0.001 

 
243.21±54.77 
152.0±35.44

 
t=6.38 

 
<0.001 

Heamorrhage 
Absent   
Mild  
Marked  

 
235.58±10.96 
197.4±90.82 
94.94± 4.16 

 
 

K=25.82 

 
 

<0.001 

 
261.64±34.43 
230.0±74.51 
143.33±2.86 

 
 

K=28.67 

 
 

<0.001 

Fibrin deposition  
Mild  
Marked  

 
224.47± 46.97 
104.57±37.80 

 
U=3.97 

 
<0.001 

 
252.38 ±47.80 
151.47 ±33.46 

 
t=7.79 

 
<0.001 

Fibrosis  
Absent  
Present  

 
101.57±29.20 
227.19±45.0 

 
t=10.34 

 
<0.001 

 
144.94 ±6.72 
258.28 ±43.86 

 
t=11.68 

 
<0.001 

Inflammatory cell 
Chronic  
Mixed   

 
223.10±44.31 
111.95±52.51 

 
U=4.05 

 
<0.001 

 
251.15±47.37 
157.75±44.45 

 
t=6.42 

 
<0.001 

Inflammatory cellular infiltrate  
Mild  
Marked  

 
 

233.0±34.21 
95.15± 4.15 

 
 

t=18.31 

 
 

<0.001 

 
 

259.23±41.55 
143.89±3.26 

 
 

t=12.67 

 
 

<0.001 

Alveolar changes 
Intra- alveolar edema  
Absent   
Mild  
Marked  

 
95.25 ±4.06 
237.0±12.20 
267.0± 7.07 

 
 

K=30.57 

 
 

<0.001 

 
143.85±3.18 

262.55±33.62 
287.5±2.12 

 
 

K=29.96 

 
 

<0.001 

Diffuse alveolar damage  
Absent  
Present  

 
227.0±43.66 
94.83±4.07 

 
t=14.12 

 
 

<0.001

 
254.04±47.30 
143.83±3.34

 
 

t=10.89 

 
 

<0.001
Alveolar wall thickness  
Mild  
Marked  

 
226.23±46.89 
102.63±30.61 

 
t=9.75 

 
<0.001 

 
253.23±48.45 
150.52±29.10

 
t=8.21 

 
<0.001 

Alveolar wall destruction 
Mild  
Marked  

 
238.73±14.07 
103.09±36.16 

 
 

U=4.95 

 
 

<0.001 

 
263.78±33.11 
150.76±31.82 

 
 

t=10.98 

 
 

<0.001 
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Table 3: Statistical comparison of H scores for both Nestin & Notch 1 with the histopathological parameters in brain tissue 

 
Brain parameters  

Nestin H score Notch 1 H score    
Nestin score  
Mean ± SD 

Test of significance P value Notch score   
Mean ± SD

Test of significance P value 

Neuronal changes  
Red neuron  
Absent  
Present 

 
95.25±  4.06 
239.80±14.49 

 
t=42.93 

 
<0.001 

  
143.85±3.18 
266.25±32.48 

 
t=16.76 

 
<0.001 

Neuronal degeneration   
Absent  
Present 

 
102.90±35.30 
238.94±14.37 

 
 

U=4.98 

 
 

<0.001 

 
150.14±29.0 
265.73±33.29 

 
 

t=11.73 

 
 

<0.001 

Glial changes  

Gliosis   
Mild  
Marked  

 
95.25±  4.06 
239.80±14.49 

 
t=42.93 

 
<0.001 

 
143.85±3.18 
266.25±32.48

 
t=16.76 

 
<0.001 

Microglial proliferation   
Absent  
Present 

 
 

95.25±  4.06 
239.80±14.49 

 
 

t=42.93 

 
 

<0.001 

 
 

143.85±3.18 
266.25±32.48 

 
 

t=16.76 

 
 

<0.001 

Oligodendrocyte 
proliferation  
Absent  
Present 

 
 

95.25±  4.06 
239.80±14.49 

 
 

t=42.93 

 
 

<0.001 

 
 

143.85±3.18 
266.25±32.48

 
 

t=16.76 

 
 

<0.001 

Rosenthal fibers  
Absent  
Present 

 
95.25±  4.06 
239.80±14.49 

 
t=42.93 

 
<0.001 

 
143.85±3.18 
266.25±32.48 

 
t=16.76 

 
<0.001 

Others   

Congestion  
Mild  
Marked  

 
239.80±14.49 
95.25±  4.06 

 
t=42.93 

 
<0.001 

 
266.25±32.48 
143.85±3.18

 
t=16.76 

 
<0.001 

Edema 
Absent   
Mild  
Marked  

 
241.77±13.90 
107.65±39.30 

98.0±1.41 

 
 

K=28.88 

 
 

<0.001 

 
276.38±9.40 
146.50±10.24 
148.50±2.12 

 
 

K=29.92 

 
 

<0.001 

Inflammatory cellular 
infiltrate  
Absent  
Present  

 
 

240.36±14.66 
101.61±29.45 

 
 

t=18.54 

 
 

<0.001 

 
 

265.15±33.0 
150.66±31.39

 
 

t=11.24 

 
 

<0.001 

 
Table 4: Statistical comparison of both Nestin score & Notch 1 score with different measured parameters in liver tissue  

 
Liver  parameters  

Nestin H score Notch  1 H score    
Nestin score  
Mean ± SD 

Test of significance P value Notch 1  score   
Mean ±SD

Test of significance P  
Value

Parenchymal changes  

Steatosis 
Mild  
Marked   

 
178.90±38.30 
108.55± 36.79 

 
t=3.47 

 
0.001 

 
247.05±54.98 
157.75±52.58 

 
t=5.24 

 
<0.001 

Feathery degeneration   
Mild  
Marked   

 
99.22±24.09 
180.13±36.78 

 
t=8.02 

 
 

<0.001 

 
145.77±37.87 
248.72±53.63 

 
t=7.09 

 
 

<0.001 
Focal necrosis   
Absent   
Present  

 
183.50±31.93 
103.95±32.79 

 
t=7.77 

 
<0.001 

 
253.90±48.41 
150.90±45.36 

 
t=6.94 

 
<0.001 

Congestion  
Mild  
Marked    

 
185.22± 29.87 

93.0± 2.99 

 
t=14.39 

 
<0.001 

 
256.36±46.19 
136.44±12.21 

 
t=11.68 

 
<0.001 

Heamorrhage   
Absent  
Present 

 
185.22± 29.87 

93.0± 2.99 

 
t=14.39 

 
<0.001 

 
256.36±46.19 
136.44±12.21 

 
t=11.68 

 
<0.001 

Interface hepatitis  
Absent  
Present  

 
92.92 ±  2.81 
171.07±43.55 

 
 

U=4.24 

 
 

<0.001 

 
134.64±13.34 
138.88±59.50 

 
 

U=4.52 

 
 

<0.001 
Kupffer cell hyperplasia  
Mild  
Marked   

 
93.30±  2.97 
194.15±8.02 

 
t=52.67 

 
 

<0.001 

 
137.45±12.01 
267.35±30.98 

 
 

t=17.47 

 
 

<0.001 
Sinusoidal dilatation  
Mild  
Marked   

 
179.95±36.80 
103.68 ±31.61 

 
t=6.99 

 
<0.001 

 
249.38±52.59 
150.47±45.23 

 
t=6.34 

 
<0.001 

Portal changes  
Inflammatory cellular infiltrate  
Mild  
Marked  

 
 

98.42±23.80 
184.71±30.51 

 
 

t=9.89 

 
 

<0.001 

 
 

143.78±34.14 
255.42±47.12 

 
 

t=8.63 

 
 

<0.001 

Mild fibrosis  
Absent   
Present  

 
106.82±35.84 
193.64±8.50 

 
U=4.27 

 
<0.001 

 
156.26±50.92 
264.82±33.04 

 
t=7.66 

 
<0.001 

Bile duct proliferation  
Absent   
Present 

 
93.30±  2.97 
194.15±8.02 

 
t=52.67 

 
<0.001 

 
137.45±12.01 
167.35±30.98 

 
t=17.47 

 
 

<0.001 
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Figure 1: Rat lung tissue.  A, Massive alveolar wall damage. B, Alveolar wall thickening and intra-alveolar edema 
(arrow). C, Haemorrhage (arrow) and inflammatory infiltrates in necrotic area. Rat brain tissue. D, Red neurons 
(arrow).  E, Gliosis (black arrow) and apoptosis (blue arrow). F, inflammatory cellular infiltrates (blue arrow). Rat liver 
tissue. G, Steatosis and spotty necrosis (arrow). H, Marked sinusoidal dilation (asterisk).  I, Kupffer cell hyperplasia 
(black arrow) and feathery degeneration of hepatocytes (blue arrow) (H&E X 400). 
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Figure 2: Direct correlation of Nestin and Notch 1 expression and localization in the selected organs of different groups. 
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Figure 3: Nestin and Notch 1 expression in rate lung tissues. A, mild intensity of Nestin immunostaining in bronchial lining 
epithelium and the thickened alveolar wall (arrow) in group II in comparing with group I (inset). B, moderate intensity of Nestin 
staining in bronchial wall (arrow) and thickened and destructed alveolar wall (asterisk). C, mild intensity of Notch 1 staining in 
bronchial lining cells and thickened alveolar wall (arrow) in group II. D, moderate intensity of Notch 1 immunoreactivity in thickened 
destructed alveolar wall (asterisk) in group III. (Immunoperoxidase X400 “A, C, D” and X 200 “B”).  

 
Figure 4: Nestin expression in rate brain tissues. A, Negative expression in group I in all brain sections except the choroid plexus 
lining cells and blood vessels (lower Inset) as well as subventricular area (upper inset). B, Mild expression in group II with frequent 
apoptosis “arrows”. C, Moderate expression in group III with its prominence at areas of gliosis “arrows” inset; its H&E stained 
counterpart. D, Moderate expression in brain tissues and choroid plexus (double head arrow) (inset; high power view displaying blood 
vessels) with subventricular accentuation of Nestin stain (arrow) (group III). (Immunoperoxidase X 400 “A, B, C” X 200 “D”).  
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Figure 5: Notch 1 expression in rate brain tissues. A, Negative immunoreactivity in group I in brain tissues except the choroid plexus 
lining cells and blood vessels (inset). B, mild staining in group II with accentuation at choroid plexus (inset; high power view of 
choroid plexus). C, mild staining in group II with prominent edema and degenerative changes. D, moderate immunostaining in group 
III (Immunoperoxidase X 400 “A, C, D” X 200 “B”).  

 
Figure 6: Nestin and Notch 1 expression in rat liver tissue. A, mild intensity of diffuse Nestin staining in group II. B, moderate 
intensity of diffuse Nestin staining in group III in contrast with normal liver group I (inset) that shows absence of nestin expression in 
hepatocytes and its restricted immune-localization to Kuffer cells. C, mild intensity of diffuse Notch 1 staining in group II. D, 
moderate intensity of diffuse Notch 1 staining in group III in contrast with normal liver group I (inset) (Immunperoxidase X 400). 
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Figure 7: Inverse correlation of Nestin and Notch 1 immunostaining profile with apoptosis  in brain tissue. 

4. Discussion 
Analgesics are the most commonly 

consumed over- the-counter preparation all over 
the world. Tramadol, a synthetic analogue of 
codeine, is a centrally acting analgesic drug with 
a dual mechanism of action. (1)  After its 
introduction in the 70s, tramadol gained great 
interest because of its low abuse potential. (22)  

In acute tramadol toxicity group, we 
observed deaths of rats that may be explained by 
reports, (23,24) as serious complications may 
occur in case of intoxication and tramadol 
related fatalities have been reported.  

Within the context of acute tramadol 
toxicity, tremors, convulsion, slight cyanosis, 
coma and respiratory arrest were explained by 
association with serotonin.  (25) Additionally 
Vizcaychipi et al. (2007) (26) recorded that 
serotonin syndrome triggered by tramadol 
administration by increasing cerebral serotonin 
activity via partial inhibition of its uptake. In the 
current study, the clinical data that noticed 
during  could be appropriately explained by 
multiple organs failure as respiratory depression, 
acute respiratory syndrome and hepatic 
dysfunction,(25) that seem to be exhausted by the  

 
sustained augmented activity in response to 
partial inhibition of reuptake of serotonin and 
norepinephrin, (1) as well as supported by H&E 
histopathological findings of the selected 
organs; lung, brain and liver.  

In the current study, restlessness, unsteady 
gait, reduced spontaneous activity, tremors and 
convulsion were observed in acute tramadol 
toxicity could be explained by the 
histopathological changes of brain tissues as 
neural, glial and other changes including 
congestion, edema, inflammatory cellular 
infiltrates and apoptosis. Moreover, El-Naggar 
et al. (2009) (27) concluded that tramadol 
administration for short term caused a 
significant elevation of serotonin level in the 
cerebral cortical tissues of rats that might 
explain the clinical observation and the 
histopathological changes in the brain tissues.  

Similarly difficult noisy breathing up to 
drowsiness and coma might be linked to hypoxia 
and cellular damage that is confirmed by the 
histopathological changes of lung as marked 
pulmonary congestion, hemorrhage, edema, 
fibrin deposition, marked mixed inflammatory 



Journal of American Science 2012;8(6)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 323

infiltrates and diffuse alveolar damage (DAD) 
together with marked alveolar wall thickening. 
Cardiopulmonary arrest was found to be the 
cause of death in cases who had ingested more 
than 5000 mg tramadol in a study conducted in 
Iran (3) on a total of 114 cases of intentional 
tramadol intoxications. Some of the observed 
clinical data in the same group as tremors, 
restlessness and coma could be also linked to the 
histopathological changes of hepatic tissues as 
congestion, haemorrhage and necrosis. 
Loughrey and his associates (2003) (28) 
reported that acute liver failure in acute tramadol 
toxicity due to hepatic necrosis. 

Regarding the observation of rats of 
tramadol dependent group in the present study, 
behavioral alterations, essentially restlessness, 
hyperactivity, or increased excitability and 
convulsion by increasing the dose were in 
accordance to the work of others (29,1)  who 
stated that tramadol is associated with the 
development of physical dependence with 
greater abuse potential than originally believed 
and a severe withdrawal syndrome that could be 
explained by hepatic biotransformation of  
tramadol to an active metabolite is necessary to 
produce significant mu-agonist effects. An 
accumulation of the active metabolite which has 
a significant affinity for the mu-receptor likely 
leads to CNS adaptations (Lanier et al. 
2010).(30) 

The observed manifestations in dependant 
group could be explained by the histopathologic 
changes of brain tissues that seem to be the 
results of neural exhaustion by the sustained 
augmented activity in response to continuous 
administration of tramadol.(31) The observed 
manifestations and histopathologic changes 
could be also explained by serotonin syndrome 
triggering by tramadol via partial inhibition of 
its uptake. (26) Also El-Naggar et al. (2009) (27) 
concluded that tramadol administration for long 
term caused a significant elevation of serotonin 
level in the cerebral cortical tissues of rats that 
directly correlated with the detected 
histopathological findings of dependant group.  

In the same context, the clinical 
observations might be linked to hypoxia due to 
the histopathological changes of lung that 
consistent with Todorović et al. (2011) (32) that 

documented the dominant pathomorphological 
changes in the lung tissue and concluded the 
histopatological study is necessary to 
determinate a cause of death when a deceased 
person has the history of dependence or abuse of 
psychoactive drugs with negative toxicological 
results. 

Atici and his associates (2005) (33) reported 
that severe centrolobular congestion and focal 
necrosis in the rat liver of chronic tramadol 
group which pointed out the risk of increased 
hepatic damage due to long term use of tramadol 
that are concordant with our findings.   

Recently the researches focus on the 
potential applications of stem cells (SCs), in 
drug screening and toxicology tests. (7) 

Several stem and progenitor cell populations 
have already been described as valuable tools 
for developing therapeutic strategies in 
regenerative medicine.(7) 

To our knowledge, the present study is the 
1st one to explore the relationship between 
Nestin and Notch 1 in response to tramadol 
toxicity. We detect a significant direct 
correlation between Nestin and Notch 1 scoring 
and localization in different studied groups 
where that they cooperate with each other in 
maintain homeostasis, rapid and sustained injury 
and also in regeneration including maintenance 
of stem cell, specification of cell fate, 
differentiation and apoptosis   

Nestin and Notch1 negativity are the 
common finding in the brain in the control 
group, however, positive expression was 
demonstrated in the choroid plexus lining cells 
and subventricular zone (SVZ) as well as 
endothelial cells. These findings are agreed with 
others. In normal adult CNS, both nestin and 
notch 1 are markers for neural stem cells lining 
the ventricular wall (34, 35), choroid plexuses (36) 
and also expressed by endothelial cells. (37) 

Furthermore, Nestin immunoreactivity in 
group I in liver and lung showed positivity in 
endothelial cells that concordant with other 
report. (38)  However, Notch 1 immunoreactivity 
in group I in liver and lung showed positive 
expression in hepatocytes, bile duct cells and 
endothelial cells as well as focal mild positivity 
in bronchial lining and alveoli that concordant 
with other reports. (39,40) 
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Moreover, the expression of both Nestin 
and Notch 1 showed highly statistical significant 
differences between acute toxicity and 
dependence groups. As the higher values of 
expression of both stem cell markers were 
detected in chronic toxicity group.  Nestin 
expression was shown to be upregulated in 
progenitor cells of various tissues. Wiese and 
his associates (2004) (9) suggesting that Nestin 
may be a common marker of multi-lineage 
progenitor cells. Moreover, the demonstration of 
Nestin expression in adult tissues after injury 
suggests that Nestin-expressing cells may be 
directly implicated in tissue regeneration. (10)  

In a context, Notch 1 pathway has only 
recently been associated with the maintenance of 
adult tissue. (13)  Notch 1 signaling coordinates a 
wide range of fundamental processes and 
cellular programs including proliferation, 
apoptosis, migration, growth, and 
differentiation, (13)   depending on cellular 
context, Notch pathway including gene 
expression and cross talk with other signaling 
system. The most prominent targets of the Notch 
pathway include a set of basic helix–loop–helix 
factors of the hairy and enhancer of split (Hes) 
and Hes-related repressor protein (Hey) families. 
(41) These transcription factors execute Notch 
signaling functions, including maintenance of 
stem cells, specification of cell fate, 
differentiation, proliferation, and apoptosis. (13)    

Additionally, our study reveals significant 
relationship between expression of both Nestin 
and Notch 1 and the histopathological changes 
in brain, lung and liver. Both stem cell markers 
expression are higher in dependence group 
related histopathologic changes than the acute 
toxicity group related histopathological changes.  

Other studies that investigated Nestin 
expression in adult brain demonstrated its 
specific role in neurogenesis and gliogenesis. (42) 

Similarly activated Notch signaling pathway 
was partially related to injury-induced 
neurogenesis mechanisms. (43)   

Regarding Nestin and Notch 1 localization 
and expression in lung tissues in both acute 
tramadol toxicity and dependence groups, Notch 
1 signaling plays an important role in the 
ontogeny of airway epithelial cells, but its 
contributions to recruitment, expansion or 

differentiation of resident progenitor/stem cells, 
and repair and re-establishment of 
the normal composition of airway epithelium 
following injury is by stimulation of Hes5 and 
paired-box-containing gene 6 (Pax6) genes. (44)  

Nestin expression after injury in lung was only 
investigated in one article. (45) 

Regarding dual expression of Nestin and 
Notch 1 in liver tissues in group II and group III, 
we were fortunate to detect both stem cell 
markers in proliferated kupffer cells and in 
addition in hepatocytes and proliferated bile 
ductal epithelium.  

Hepatic stellate cells (HSCs) are located in 
the perisinusoidal space of Disse were first 
described by Kupffer in 1876. (46) Activated 
HSCs proliferate vigorously and secret a large 
amount of extra-cellular matrix which 
contributes to hepatic fibrosis in response to 
injury. (47)   

Castilho-Fernandes et al. (2011) (48) 

demonstrate that Nestin is one of the activated 
HSC markers and re-expression of Nestin 
appears to be responsible for the promotion of 
cell proliferation during the post-injury phase. 
(11) In the same context, Notch 1 signaling 
pathway is activated during liver regeneration 
and is potentially contributing to signals 
affecting cell growth and differentiation. (39) 

Concerning apoptotic index in brain tissue 
specimens, it showed a significant inverse 
correlation with Nestin and Notch 1 
immunoreactivity in both acute tramadol 
toxicity and tramadol dependant groups. 

The molecular mechanisms of tramadol 
induced apoptosis have not been established yet.  
The mechanism of tramadol induced brain 
damage by decrement in rat brain activities of 
Na +/K +, Mg2+ and Ca2+ dependent ATPases 
with subsequent decrease in ATP turnover and 
energy metabolism as well as loss of 
mitochondrial membrane transport functions. (49) 

The accumulation of DNA strand breaks is 
a well established stimulus for p53 activation. 
The activation of p53 is a key factor involved in 
neuronal death. It can cause apoptosis by 
inducing Bax that causes mitochondrial 
membrane permeablization and propagate the 
apoptotic pathway. (50) 



Journal of American Science 2012;8(6)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 325

Nestin is important for the proper survival 
and self-renewal of neural stem cells (NSCs), 
that is consistent with in vivo observation, NSC 
cultures derived from Nestin knockout embryos 
show dramatically reduced self-renewal ability 
that is associated with elevated apoptosis. (51) 

Notch 1 activates the cellular survival 
pathways and inhibits apoptosis through many 
mechanisms.  (52)  Notch 1 can inhibit p53, (53) up-
regulate NF-�B that regulates the expression of 
many antiapoptotic proteins like survivin (54) and 
interfere with JNK activation (55) and degradation 
of X-linked inhibitor of apoptosis protein 
(XIAP). (56)   Notch can also promote cellular 
survival by up-regulation of Bcl-2 and Mcl-1 (57, 

58) and protect malignant cells from 
chemotherapy-induced apoptosis by up-
regulation of p21 (WAF/Cip). (59) 

Moreover, recently, Wickremasinghe and 
associates (2011) (60) identified the Notch 1 
pathway as a candidate p53-induced 
antiapoptotic mechanism and the 
pharmacological inhibition of the Notch 1 
signaling pathway in leukaemia will augment 
apoptosis induction by cytotoxic agents. 
Therefore, Notch 1 signaling may protect 
neurons from apoptotic cell death. 

The Notch 1 signaling pathway is a 
significant down regulator of serotonin 
production in GI carcinoid tumors.  (61)   
Therefore, the previous fascinating idea could 
open the gate of new treatment strategies. 

Therefore we conclude that stem cell 
markers are the main modulators of life saving 
as they re-expressed early in response to cell 
injury by tramadol toxicity and late in 
maintenance of cellular regeneration by playing 
crucial roles throughout the journey. The 
presence of the stem cell markers directs our 
attention to their role in both acute toxicity and 
dependence that opens the gate for new 
therapeutic modalities of enhancing regenerative 
stem cell aggregations confronting acute and 
chronic tramadol toxicity. 
 
Corresponding author 
Rehab M. Samaka  
Department of Pathology, Faculty of Medicine, 
Menoufyia University  
rehabsamaka@yahoo.com 
 

5. References 
1) Rafati A, Yasini SM, Dashti-Rahmatabadi MH, 

Pakdel S and Norani F (2006):  Tramadol 
Dependence Rate as Compared with Morphine in 
Rats. World J. Med. Sci., 1 (1): 40-43. 

2) Moore KA, Cina SJ, Jones R, Selby DM, Levine 
B, Smith ML. (1999): Tissue distribution of 
tramadol and metabolites in an overdose fatality. 
Am J Forensic Med Pathol. ; 20(1):98-100.  

3) Shadnia S, Soltaninejad K, Heydari K, Sasanian 
G, Abdollahi M. (2008): Tramadol intoxication: 
a review of 114 cases. Hum Exp Toxicol., 
27(3):201-5. 

4) Tjäderborn M, Jönsson AK, Hägg S, Ahlner J 
(2007): Fatal unintentional intoxications with 
tramadol during 1995-2005. Forensic Sci Int. , 20; 
173(2-3):107-11.  

5) Khandave SS, Sawant SV, Joshi SS, Bansa 
YK, Kadam SS (2010): Comparative bioequivalence 
studies of tramadol hydrochloride sustained-release 
200 mg tablets. Drug Des Devel Ther., 4: 367–374.  

6) Lee HJ, Cha KE, Hwang SG, Kim JK, Kim GJ. 
(2011):In Vitro screening system for hepatotoxicity: 
comparis on of bone-marrow-derived mesenchymal  
stem cell and placenta-derived stem cells. J Cell 
Biochem.;112(1): 49-58 

7) Kitambi SS and Chandrasekar G (2011): Stem cells: 
a model for screening, discovery and development 
of drugs. Stem Cells and Cloning: Advances and 
Applications, 4: 51–59 

8) Lendahl U, Zimmerman LB, McKay RD. (1990):  
CNS stem cells express a new class of intermediate 
filament protein. Cell. 23;60(4):585-95. 

9) Wiese C, Rolletschek A, Kania G, Blyszczuk P, 
Tarasov KV, Tarasova Y, Wersto RP, Boheler KR, 
Wobus AM. (2004): Nestin expression--a property 
of multi-lineage progenitor cells? Cell Mol Life Sci., 
61(19-20):2510-22. Review. 

10) Klein T, Ling Z, Heimberg H, Madsen OD, Heller 
RS, Serup P. (2003): Nestin is expressed in vascular 
endothelial cells in the adult human pancreas. J 
Histochem Cytochem.; 51(6):697-706. 

11) Huang YL, Shi GY, Lee H, Jiang MJ, Huang 
BM, Wu HL, Yang HY. (2009): 
Thrombin induces nestin expression via the transacti
vation of EGFR signalings in rat vascular 
smooth muscle cells. Cell Signal. 21(6):954-68. 

12) Artavanis-Tsakonas S, Rand MD, Lake RJ (1999): 
Notch signaling: cell fate control and signal 
integration in development. Science, 284: 770–776 

13) Sethi N, Kang Y. (2011): Notch signalling in cancer 
progression and bone metastasis. Br J Cancer.  6; 
105(12):1805-10. 

14) Lian Q, Chow Y, Esteban MA, Pei D, Tse H (2010): 
Future perspective of induced pluripotent stem cells 
for diagnosis, drug screening and treatment of 
human diseases. Thromb. Haemost., 104: 39–44 



Journal of American Science 2012;8(6)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 326

15) Matthiesen T, Wohrmann T, Coogan TP, Uragg H. 
(1998): The experimental toxicology of tramadol: an 
overview. Toxicology Letters; 95: 63–71. 

16) Paget GE and Barnes JM (1964): Interspecies 
dosage conversion schem in evaluation of results 
and quantitative application in different species. In: 
Evaluation of Drug Activities: Pharmacometrics. 
Laurence DR and Bacharach AL (Eds.), Vol. 1, 
Academic press, London, New York, P.P. 160-162. 

17) Staunton MJ and Gaffney EF (1995): Tumor type is 
a determinant of susceptibility to apoptosis. Am. J. 
Clin. Pathol. 103(3):300-7. 

18) Rotondo F, Kovacs K, Horvath E, Bell CD, Lloyd 
RV, Scheithauer BW. (2006): Immunohistochemical 
expression of nestin in the non-tumorous 
hypophysis and in pituitary neoplasms. Acta 
Neuropathol., 111(3):272-7.  

19) Shi TP, Xu H, Wei JF, Ai X, Ma X, Wang BJ, Ju 
ZH, Zhang GX, Wang C, Wu ZQ, Zhang X. (2008): 
Association of low expression of notch-1 and 
jagged-1 in human papillary bladder cancer and 
shorter survival. J Urol., 180(1):361-6.  

20) Bilalovic N, Sandstad B, Golouh R,  Nesland 
JM, Selak I, Torlakovic EE. (2004): CD10 protein 
expression in tumor and stromal cells of malignant 
melanoma is associated with tumor progression. 
Mod. Pathol., 17(10):1251-8. 

21) Dawson B and Trapp R (2001): Basic and clinical 
biostatistics: large medical books. Oxford, London. 
Boston, pp 270–275. 

22) De Decker K, Cordonnier J, Jacobs W, Coucke 
V, Schepens P, Jorens PG. (2008): 
Fatal intoxication due to tramadol alone: case report 
and review of the literature. Forensic Sci 
Int.,  25;175(1):79-82.  

23) Epstein DH, Preston KL and Jasinski DR, (2006): 
Abuse liability, behavioral pharmacology, and 
physical-dependence potential of opioids in humans 
and laboratory animals: lessons from tramadol, Biol. 
Psychol. 73: 90–99. 

24) De Backer B, Renardy F, Denooz R,  Charlier C. 
(2010): Quantification in postmortem blood and 
identification in urine of tramadol and its two main 
metabolites in two cases of lethal tramadol 
intoxication. J Anal Toxicol. 34(9):599-604. 

25) Wang Sh-Q, Li Ch-Sh and Song YG (2009): 
Multiply organ dysfunction syndrome due to 
tramadol intoxication alone.  Am J Emerg Med., 
27(7):903.e5-7. 

26) Vizcaychipi MP, Walker S and Palazzo M (2007): 
Serotonin syndrome triggered by tramadol Br. J. 
Anaesth., 99 (6): 919.  

27) El-Naggar M, El-Sehly W M, Morad GM, Eeed M 
and Hassan M (2009): The toxic effect of prolonged 
Ultram administration on cerebral cortex of albino 
rats: Toxicological and histological study. Exp 
Toxicol Pathol., 61: 257–295. 

28) Loughrey MB, Loughrey CM, Johnston S, O'Rourke 
D (2003): Fatal hepatic failure following accidental 
tramadol overdose. Forensic Sci Int., 8; 134(2-
3):232-3. 

29) Barsotti CE, Mycyk MB and Reyes J (2003): 
Withdrawal syndrome from tramadol hydrochloride. 
Am J Emerg Med., 21 (1): 87–8. 

30) Lanier R K, Lofwall M R, Mintzer M Z, Bigelow 
GE, Strain EC. (2010): Physical dependence 
potential of daily tramadol dosing in humans. 
Psychopharmacology (Berl). 211(4): 457–466. 

31) Sakurai-Yamashite Y, Yamashite K, Niwa M, Niwa 
M, Taniyama K (2003): Involvement of  5- 
hydroxytryptamine 4 receptor in the exacerbation of 
neuronal loss by physiological stress in the 
hippocampus of SHRSP with a transient ischemia. 
Brian Res., 973(1): 92-98. 

32) Todorović MS, Mitrović S, Aleksandrić 
B, Mladjenović N, Matejić S. (2011): Association of 
pulmonary histopathological findings with 
toxicological findings in forensic autopsies of illicit 
drug users. Vojnosanit Pregl.,  68(8):639-42. 

33) Atici S, Cinel I, Cinel L, Doruk N, Eskandari 
G, Oral U. (2005): Liver and kidney toxicity in 
chronic use of opioids: an experimental long term 
treatment model. J. Biosci., 30(2):245-52. 

34) Almqvist PM, Mah R, Lendahl U, Jacobsson B, 
Hendson G. (2002): Immunohistochemical detection 
of nestin in pediatric brain tumors. J Histochem 
Cytochem., 50(2):147-58. 

35) Kishimoto N, Shimizu K, Sawamoto K. (2011): 
Neuronal regeneration in a zebrafish model of 
adult brain injury. Dis Model Mech., 5(2):200-9.  

36) Huang SL, Shi W, Jiao Q, He XJ. (2011): Change of 
neural stem cells in the choroid plexuses of 
developing rat. Int J Neurosci., 121(6):310-5.  

37) Alliot F, Rutin J, Leenen PJ, Pessac B (1999): 
Pericytes and periendothelial cells of brain 
parenchyma vessels co-express aminopeptidase N, 
aminopeptidase A, and nestin. J Neurosci Res., 
1;58(3):367-78. 

38) Calderone A.  (2012): Nestin+ cells and healing the 
infarcted heart. Am J Physiol Heart Circ Physiol., 
302(1):H1-9. Epub 2011 Oct 14. 

39) Köhler C, Bell AW, Bowen WC, Monga SP, Fleig 
W, Michalopoulos GK. (2004): Expression 
of Notch-1 and its ligand Jagged-1 in 
rat liver during liver regeneration. Hepatology. 
9(4):1056-65. 

40) Xu K, Mogha N, and Egan SE (2011): Notch 
Signaling In Lung Development and Disease. In: 
Notch Signaling in Embryology and Cancer edited 
by Jörg Reichrath and Sandra Reichrath. Landes 
Bioscience and Springer Science and Business 
Media. Ch. 7, pp 89-98. 

41) Kopan R, Ilagan MX. (2009): The canonical Notch 
signaling pathway: unfolding the activation 
mechanism. Cell.; 137: 216– 233 



Journal of American Science 2012;8(6)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 327

42)  von Bohlen und Halbach O (2011): 
Immunohistological markers for proliferative 
events, gliogenesis, and neurogenesis within the 
adult hippocampus. Cell Tissue Res., 345(1):1-19.  

43) Song Y, Lu B. (2011): Regulation of cell growth 
by Notch signaling and its differential requirement 
in normal vs. tumor-forming stem cells in 
Drosophila. Genes Dev.,  15; 25(24):2644-58. 

44) Whitsett JA and Kalinichenko V V (2011): Notch 
and Basal Cells Take Center Stage during Airway 
Epithelial Regeneration. Cell Stem Cell.,  8 (6): 
597–598 

45) Hong Y,  Dun-yu L,Yu-ling W,Yi1 H, Yong G. 
(2006): Expression of c-Fos and nestin in lung of 
rats' embryo and effect of hypoxia. China Journal of 
Modern Medicine, 16:2457-2460 

46) Atzori, L, Poli G, Perra A (2009): Hepatic stellate 
cell: a star cell in the liver. Int J Biochem Cell 
Biol., 41(8-9):1639-42. 

47) Mann, J., Mann, D.A., (2009): Transcriptional 
regulation of hepatic stellate cells. Advanced 
Drug Delivery Reviews, 61: 497–512 

48) Castilho-Fernandes A, de Almeida DC, Fontes 
AM, Melo FU, Picanço-Castro V, Freitas 
MC, Orellana MD, Palma PV, Hackett 
PB, Friedman SL, Covas DT. (2011): Human 
hepatic stellate cell line (LX-2) exhibits 
characteristics of bone marrow-
derivedmesenchymal stem cells. Exp Mol 
Pathol., 91(3):664-72.  

49) Chetan P, Ramakrishna B, Reddanna P, Lakshmi P, 
Mohan P and Rajendra W. (2007): Tramadol Effects 
on the Activity Levels of ATPases in Mitochondrial 
Fractions of Rat Brain Areas During Non-Induction 
of Pain. International Journal of Pharmacology, 3: 
341-346. 

50) Culmsee C, Mattson MP. (2005): p53 in neuronal 
apoptosis.  Biochem Biophys Res Commun. , 10; 
331(3):761-77. 

51) Park D, Xiang AP, Mao FF, Zhang L, Di CG, Liu 
XM, Shao Y, Ma BF, Lee JH, Ha KS, Walton 
N, Lahn BT. (2010): Nestin is required for the 
proper self-renewal of neural stem cells.  Stem 
Cells, 28(12):2162-71. 

52) Ristorcelli E, Beraud E, Mathieu S, Lombardo D, 
Verine A. (2009): Essential role of Notch signaling 

in apoptosis of human pancreatic tumoral cells 
mediated by exosomal nanoparticles. Int J Cancer., 
1; 125(5):1016-26. 

53) Mungamuri SK, Yang X, Thor AD and 
Somasundaram K (2006): Survival signaling by 
Notch1: mammalian target of rapamycin (mTOR)-
dependent inhibition of p53. Cancer Res 66: 4715–
4724.  

54) Lee M A, Park GS and Lee HJ (2005): Survivin 
expression and its clinical significance in pancreatic 
cancer. BMC Cancer; 5: 127. 

55) Kim JW, Kim MJ, Kim KJ, Yun HJ, Chae JS, 
Hwang SG, Chang TS, Park HS, Lee KW, Han PL, 
Cho SG, Kim TW and Choi EJ (2005): Notch 
interferes with the scaffold function of JNK-
interacting protein 1 to inhibit the JNK signaling 
pathway. Proc Natl Acad Sci USA, 102: 14308–
14313. 

56) Liu WH, Hsiao HW, Tsou WI and Lai MZ (2007): 
Notch inhibits apoptosis by direct interference with 
XIAP ubiquitination and degradation. EMBO 
Journal, 26: 1660 – 1669. 

57) MacKenzie F, Duriez P, Wong F, Noseda M and 
Karsan A (2004): Notch4 inhibits endothelial 
apoptosis via RBP-J-dependent and -independent 
pathways. J Biol Chem., 279: 11657–11663. 

58) Oishi K, Kamakura S, Isazawa Y, Yoshimatsu T, 
Kuida K, Nakafuku M, Masuyama N and Gotoh Y 
(2004): Notch promotes survival of neural precursor 
cells via mechanisms distinct from those regulating 
neurogenesis. Dev Biol., 276: 172–184. 

59) Nefedova Y, Cheng P, Alsina M, Dalton WS and 
Gabrilovich DI (2004): Involvement of Notch-1 
signaling in bone marrow stroma-mediated de novo 
drug resistance of myeloma and other malignant 
lymphoid cell lines. Blood 103: 3503–3510. 

60) Wickremasinghe R, Prentice A and Steele A. 
(2011): p53 and Notch signaling in chronic 
lymphocytic leukemia: clues to identifying novel 
therapeutic strategies. Leukemia., 25(9):1400-7.  

61) Nakakura E, Sriuranpong V, Kunnimalaiyaan M, 
Hsiao E, Schuebel K, Borges M, Jin N, Collins B, 
Nelkin B, Chen H, Ball D. (2005): Regulation of 
Neuroendocrine Differentiation in Gastointestinal 
Carcinoid Tumor Cells by Notch Signaling. J Clin 
Endocrinol Metab.; 90(7):4350-6. 

 

 
 
5/8/2012 


