


dr  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Histopathological and Histochemical Study of Tramad ol 

on Rabbit's Liver and Kidney 
 
 

 
By 

 
Almonther I. Alhamedi 

 
 
 
 
 

Supervisors 
 
 
 
 
 
 

 
 
 
 
 
 

Submitted in Partial Fulfillment for the Degree  

Master of Biological Sciences - Zoology 
 
 

2015 

The Islamic University of Gaza 

Dean of Higher Education 

Faculty of Science 

Biological Sciences-Zoology 

 

  غزة – ا�س	مية الجامعة

  العليا الدراسات عمادة

  ومـلـالع ةـيـلـك

  حيوان علم - الحياتية العلوم قسم

Prof. Dr. Ismail Abdel-Aziz 

Ph.D., Comparative Anatomy  

Faculty of Science 

Dr. Abdel-Monem Lubbad  

M.D., Ph.D., Pathology 

Faculty of Medicine 





II 

 

Declaration    

 
I Hereby declare that this submission is my own work and that, to the 

best of my knowledge and belief, it contain no material previously 

published or written by another person nor material which to a 

substantial extent has been accepted for the award of any other degree 

of the university of other institute, except where due acknowledgment 

has been made in the text. 
 
 
 

Signature : Almonther 
 
Name: Almonther I. Alhamedi 
 
Date: April 2015 

 

 

 

 

 

 

 

  

  

 

 

 

 

All rights reserved © No part of this work can be copied, translated or stored in 

retrieval system, without prior permission of the author. 



III 

 

Dedication 

 

 

To my lovely family … 

                     
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



IV 

 

Acknowledgment 

My deepest and profound acknowledgments are to my supervisors Prof. Dr. Ismail 

Abdelaziz, Professor of Comparative Anatomy, Faculty of Science and Dr. 

Abdelmonem Lubbad, Associate Professor of Pathology, Faculty of Medicine, Islamic 

University of Gaza. For their continuous support, generous helps, and fruitful 

constructive suggestions. I could not have imagined having a better supervisors and 

mentors for my master thesis.  

My deep respect and appreciation to my family member; their tender care and 

patience have not ceased even in my worst moments. 

I would like to thank the staff of biology and biotechnology department at the 

Islamic university especially Dr. Mohamed Abou Auda and Mr. Ashraf Alshafae, for 

their assistance, numerous suggestion and time. To all the colleagues for their help. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



V 

 

Abstract  
 
Background:  Tramadol is used worldwide and is listed in many medical 
guidelines to treat both acute and chronic pain. It is a synthetic opiate 
analgesic with serotonin and noradrenaline reuptake inhibitor properties. 
There is growing evidence of abuse of tramadol in some African and West 
Asian countries. Abuse of tramadol is reported by Egypt, Gaza, Jordan, and 
Saudi Arabia. Tramadol has some side effects and adverse reactions and 
may cause psychological and physical addiction similar to that of other 
opiates. 
 
Aim: The present study was designed a follow up of the histopathological and 
histochemical response which might be induced in the liver and kidney as a 
consequence of tramadol application.  
 
Materials and Methods:  Tramadol was injected to six groups of adult rabbits 
weighted (1000±200 g). The 1st, 2nd , 3rd, 4th, 5th and 6th  groups were daily 
injected with tramadol (40mg/kg. body weight) for 10, 20, 30, 40 and 50 days 
respectively. The 6th group treated with tramadol for 30 days and left for 10 
days for recovery. Control group injected with distilled water. Formalin-fixed 
liver and kidney were processed by the standard paraffin wax technique, 
sectioned in (4–5µm) thicknesses, stained with Harris's alum heamatoxylin 
and eosin for histopathological investigation. For the histochemical study, 
sections were stained with periodic acid-Schiff’s method to demonstrate total 
carbohydrates and with mercury bromophenol blue method to demonstrate 
total proteins. 
 
Results:  Several alterations were observed. The changes in the liver 
histological structure include congestion in the central vein, diffuse of Kupffer 
cells, karyolysis and complete pyknosis of many cells were noticed after 
treatment with tramadol for 30, 40 and 50 days and congestion in sinusoids 
after treatment for 10 days. Moderate inflammatory cells infiltration, piecemeal 
necrosis and fibroblastic cells proliferation was observed in groups treated for 
30 day. On the other hand, vascular degeneration in the epithelial cells lining 
the renal tubules at the cortical zone with pyknotic and karyolysed nuclei were 
noticed in kidney of rabbits treated with tramadol for 30, 40 and 50 days. In 
addition, swelling in the lining epithelium of the renal tubules and the presence 
of inflammatory cellular infiltration, expansion of glomerulus, glomerular tuft 
atrophy, focal tubular necrosis and mild mononuclear cell infiltration were 
noticed. More excessive necrosis of tubular epithelial cells, dilated tubules 
and expansion of glomerulus were observed after 40 and 50 days of 
treatment. In recovery group the rabbits treated with tramadol for 30 dose and 
left for 10 days without administration of tramadol, some of the previous 
observations were disappeared. The liver of rabbits treated with tramadol for 
10 days preserved the normal contents of glycogen similar to that of control 
animals, while Specimens treated for 30 days showed mild glycogen depletion 
involving many hepatic cells. Rabbits treated for 50 days showed marked 
glycogen depletion in comparison to the rabbits hepatocytes of the control. 
Examination of kidney sections of the rabbits treated with tramadol for 10 
days revealed a normal PAS reaction, while kidneys of rabbits treated for 30 
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and 50 days of tramadol showed marked diminution in PAS positive material 
in the renal corpuscles and tubules. The animals received tramadol for 10 
days did not manifest obvious changes in the protein contents of their 
hepatocytes. Hepatocytes of rabbits treated with tramadol for 30 and 50 days 
demonstrated a severe reduction of protein contents in comparison to the 
hepatocytes of the control rabbits. Examination of kidney sections of the 
rabbits injected with tramadol for 30 and 40 days manifested obvious changes 
in the protein contents of their kidney cells. The glomeruli and renal tubules 
have lost the most protein contents and became slightly less stainable than 
the control animal. The protein contents as well as the general appearance of 
the hepatocytes and renal tissues were approximately restored after 
administration of tramadol and leave rabbits for a recovery period.  
 
Conclusion: Tramadol can causes histological and histochemical changes in 
kidney and liver, especially when high or repeated low dose of it are used.  
 
 
Key words: Tramadol, Histopathology, Histochemistry, Liver, Kidney. 
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  ا&رانب وكلية كبد على الترامادول لتأثير ونسيجية كيميائية مرضية نسيجية دراسة

 المستخلص

 لع%ج الطبية ا!رشادات من العديد ضمن مدرج وھو العالم، أنحاء جميع في الترامادول يستخدم عقار المقدمة:
 يعمل على تثبيط امتصاص السيروتونين اصطناعي أفيوني وھو مسكن. سواء حد على ةوالمزمن ةالحاد ا&!م

 حيث تفيد آسيا، وغرب ا1فريقية البلدان بعض في الترامادول تعاطي على متزايدة أدلة ھناك .والنورادرينالين
 بعض للترامادول. السعودية العربية والمملكةوا1ردن  وغزة مصر !ستخدامه في بأن ھناك إساءة التقارير

ا1فيونية  للمواد مماث%ً  والجسدي النفسي ا:دمان يسبب أن مكنمن الموالسلبية  الفعل وردود الجانبية ا&ثار
  .ا1خرى المخدرة

 عقاريسببھا  أن يمكن التي والنسيجية الكيميائية المرضية النسيجية ا!ستجابة لدراسة البحث ھذا صمم الھدف:
  .أخرى محتملة ضارة آثار أي الكلى و توضيح الكبد و في الترامادول

، حيث  )غرام ٢٠٠±  ١٠٠٠( وزنھا  البالغة ا1رانب من مجموعات ٦الترامادول في  حقن المواد و الطرق:

يومًا على التوالي.  ٥٠ ،٤٠، ٣٠، ٢٠،  ١٠لمدة من وزن الجسم  كجم/ملجرام ٤٠أعطيت جرعة بمقدار 

ستشفاء، واستخدمت أيام ل% ١٠لفترة  يوما ومن ثم تركت ٣٠لمدة مجموعة سادسة ترامادول وأعطيت 
بغرض الفحص النسيجي، أخذت عينات الكبد والكلى من ا1رانب . ضابطة كمجموعةمجموعة من ا1رانب 

ميكرون. لدراسة  ٥- ٤بسمك  قطعتثم للحصول على مقاطع شمعية  محلول الفورمالين وتم معالجتھاوثبتت في 
جية المرضية تم صباغة الشرائح بصبغة الھيمتوكسلين و ا!يوسين ، أما للدراسة النسيجية التأثيرات النسي

الكيميائية فصبغت الشرائح بصبغة شف للحمض البيريودي لتوضيح الكربوھيدرات ، وصبغة أزرق 
  البروموفينول الزئبقي لتوضيح البروتينات.

 بعد المركزي الوريد في واحتقان للكبد النسيجية البنية في تغيرات شملت ظھرت العديد من التغيرات ،النتائج: 
. ولوحظ زةكرالمتن تشتت لخ%يا كوبفر وانتشارھا بين الخ%ياكذلك يوم  ٥٠ و ٤٠ ، ٣٠ لمدة الترامادول اعطاء
 انح%!ً  يوم و ٣٠ لمدة في المجموعات المعالجة بشكل معتدل الليفية و الخ%يا انتشار للخ%يا ا!لتھابيةأيضًا 
 لOنابيب المبطنة الط%ئية الخ%يا في الدموية لOوعية تحل%ً كذلك . الخ%يا من عدد و تكثف كامل لھا في لOنوية
 و ٤٠ و ٣٠ لمدة ترامادول أعطيت ا1رانب كلى في تغلظ لOنوية وتحلل بعضھا  مع القشرة منطقة في الكلوية

سيتوب%زمية في الخ%يا حيث ظھرت فجوات  القريبة لتويةالم في ا!نابيب الشديدة التغيرات كانت و. يوم ٥٠
 ٥٠ بعد لOنابيب الكلوية وتوسع فيھا الط%ئية للخ%يا بدرجات عالية تنكرز وكان ھناك الط%ئية المكونة لھا ،

المرضية السابقة في مجموعة ا!ستشفاء. ظھرت  الم%محوقد اختفت بعض  .بالترامادول  الع%ج من يوما
مشابھًا  حيث كان ،  أيام ١٠ لمدة بالترامادول التي عولجت في كبد ا1رانب الجليكوجين من الطبيعية المحتويات

بشكل  للجليكوجين استنزاف أظھرت يوم ٣٠ لمدة بالترامادول العينات التي عولجت . بينماللعينة الضابطة 
جرعة استنزاف بشكل  ٥٠ لمدة المعالجة ا1رانب وأظھرت .الكبدية الخ%يا من العديد على ذلكوانطوى  معتدل
 ا1رانب من الكلى أنسجة أظھر فحصمجموعة الضابطة. وكبد حيوانات الخ%يا  مع مقارنة للجليكوجين أكبر

 الكبيبات، في PAS استجابة طبيعية لتفاعل شيف للحمض البيريودي أيام ١٠ لمدة ترامادول أعطيتالتي 
لOنابيب الملتوية القريبة.  الفرشائية والحدود الكلوية ا1نابيب من القاعدية ا1غشيةفي كذلك  بومان، ومحفظة

 في ملحوظ انتقاصاً بالترامادول  يوما ٥٠ و ٣٠ لمدة التي عولجت ا1رانب لكلى المجھرية الم%حظة وبينت
 لمدة ترامادول تلقت الحيوانات التي تبدِ لم و. وا1نابيب الكلوية الكلى كبيبات في PASالمستجيبة لصبغة  المواد

 ا1رانب من الكبد خ%يا أظھرت بينما .الكبدية الخ%يا في البروتين محتويات في واضحة أي تغييرات أيام ١٠
 أرانب من الكبد خ%يا مع بالمقارنة يالبروتين المحتوى في حاد انخفاض يوما ٥٠ و ٣٠ لمدة ترامادول أعطيت

 فأبدت يومًا  ٤٠ و ٣٠ لمدة ا1رانب التي حقنت بالترامادول المقاطع النسيجية لكلى أما. المجموعة الضابطة
 معظم حيث فقدت الكلوية وا1نابيب الكبيبات وتجلت تلك التغيرات في .محتواھا البروتيني في واضحة تغييرات

 ا1رانب ارنةً مع حيوانات المجموعة الضابطة. وبعد تركبشكل واضح مق أقل وأصبح البروتين محتواھا من
  .لOنسجة العام المظھر عن البروتيني فض% ا!ستشفاء لوحظ تحسنا واستعادة للمحتوى لفترة
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الترامادول تغيرات نسيجية وھستوكيميائية في الكبد والكلى خاصة عند اعطائه يمكن أن يسبب  الخ	صة:
 .بشكل مستمر بجرعات عالية أو جرعات قليلة

  .الكلى الكبد، النسيجية، الكيمياء أمراض ا1نسجة، الترامادول، :الرئيسية الكلمات
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Chapter 1 

INTRODUCTION  

1.1 Overview 

Opioids are the most powerful painkillers. Their use is appropriate for the 
treatment of moderate-to-severe chronic pain (5–10 point pain intensity) with 
the goal to control this symptom and to improve functions and quality of life 
(Huang and Mallet, 2013) . 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 
(Moore et al., 1999). 

Tramadol has been in clinical use for the relief of mild to moderate pain in 
human and veterinary medicine (Pypendop and Ilkiw, 2008) . Tramadol is also 
used perioperatively in veterinary anesthesia as it significantly reduces the 
requirements of volatile anesthetics and opioid agents (Seddighi et al., 2009). 
Tramadol, a synthetic racemic mixture of the 4-phenyl-piperidine analogue of 
codeine, has received widespread acceptance in human medicine since it was 
first introduced in 1977 in Germany (Osterloh et al., 1978 and Scott and 
Perry, 2000) . 

It has dual mode of action. Its analgesic efficacy is attributed to its partial 
affinity for the µ-opiate receptor and its inhibition of norepinephrine and 
serotonin reuptake (Shadnia et al., 2008). 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 (Tjäderborn et al., 2007). 

Tramadol is rapidly absorbed orally; a peak concentration is detected 2-3 hours 
post oral dose. It has extensive tissue distribution. Thirty percent 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 µ-opioid 
receptors and has twice the analgesic potency of the parent drug (Khandave 
et al., 2010).  

Tramadol causes respiratory depression, psychological and physical addiction 
similar to that of other opiates and the analgesic efficacy of tramadol can 
further be improved by combination with a non-opioid analgesic (Lanier et al., 
2010). Repeated tramadol administration in such patients might lead to the 
accumulation of toxic metabolites in the body, increase the risk for 
pharmacokinetic interactions, and/or decrease the clearance of tramadol, thus 
increasing its potential for toxicity (De Decker et al., 2008 and Shadnia et al., 
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2008). 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 (Rafati et al., 2006). 

Histopathological and biochemical changes due to chronic usage of morphine 
or tramadol in liver and kidney in rats had confirmed by Atici et al. (2005) . 
where, Serum ALT, AST, LDH, BUN and creatinin levels were significantly 
higher in morphine group compared to the control group. Serum LDH, BUN 
and creatinin levels were significantly increased in the morphine group 
compared to the tramadol group. Light microscopy revealed severe 
centrolobular congestion and focal necrosis in the liver of morphine and 
tramadol groups, but perivenular necrosis was present only in the morphine 
group. The main histopathologic finding was vacuolization in tubular cells in 
morphine and tramadol groups. 

The present study was conducted to assess the histopathological and 
histochemical alterations of tramadol on liver and kidney tissues of domestic 
rabbits. The finding can then be extrapolated to human beings to assess the 
potential hazards in the human populations due to tramadol addiction. 

 

1.2 Objectives 

1.2.1 General objective  

The general objective of the present study is to assess the toxic effects of 
tramadol on liver and kidney tissues of domestic rabbits. 

1.2.2 Specific objectives 

1. To investigate the histopathological effects of tramadol on the liver and 
kidney tissues through examination paraffin sections by microscope 
examination. 

2. To test the effects of tramadol on the liver and kidney glycogen and total 
proteins by staining techniques. 

3. To demonstrate the extent of reversibility and tissue repair in the target 
organs upon drug abstinence or withdrawal.  

1.3 Significance  

1. Tramadol is being extensively used among people in Gaza Strip with 
lake of protective measures. Hopefully, the results obtained from this 
investigation would be some value for the proper and safer therapeutic 
application of tramadol, that indispensable opiate. 
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2. Studies on tramadol toxicity on rabbit's tissue are limited in the literature 
and it's the first study in Palestine. 

3. The result of the present study may be useful to a ware people 
particularly abuser people on the extent of tramadol toxicity. 
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Chapter 2  
LITERATURE REVIEW  

 
 
2.1 Definition of opioids 
 
Opioid is the term used broadly to describe all compounds that work at the 
opioid receptors (Trescot et al., 2008). They are considered first-line treatment 
for hospitalized patients with moderate to severe pain (Holden, 2008) . They 
are currently the most effective pain-relieving pharmaceuticals. Opioids are the 
most potent and effective analgesics available and have become accepted as 
appropriate treatment for acute, cancer and non-cancer chronic pain (Collet, 
2001). However, they are also rewarding and their repeated use can lead to 
dependence and addiction. In fact, addiction to opioid analgesics is a growing 
socioeconomic and health problem with potentially serious consequences 
documented by a rise in deaths due to overdose (Hall et al., 2008 and Fields, 
2011). 

In the past two decades, the medical use of opioids has increased dramatically 
in the United States (Okie, 2010) . A parallel rise in opioid-related adverse 
effects such as emergency room visits and overdose mortality has also 
occurred (Bohnert et al., 2011). The commonly prescribed opioids in palliative 
care include morphine, tramadol, fentanyl, buprenorphine, methadone, 
oxycodone, diamorphine and codeine (Klepstad et al., 2011) and these exhibit 
multi-system effects due to their interactions with receptors that are targeted by 
the endogenous opioid system. 

Morphine (the archetypal opioid) consists of a benzene ring with a phenolic 
hydroxyl group at position 3 and an alcohol hydroxyl group at position 6 and at 
the nitrogen atom. Both hydroxyl groups can be converted to ethers or esters. 
For example, codeine is morphine that is O-methylated at position 3, while 
heroin is morphine O-acetylated at position 3 and 6 (diacetyl morphine). The 
tertiary form of the nitrogen appears to be crucial to the analgesia of morphine; 
making the nitrogen quaternary greatly decrease the analgesia, since it cannot 
pass into the central nervous system. Changes to the methyl group on the 
nitrogen will decrease analgesia as well, creating antagonists such as 
nalorphine. Morphine is optically active, and only the levorotatory isomer is an 
analgesic (Andrea et al., 2008). 

2.2 The opioid system  
 
The opioid system plays a major role in pain relief. Receptors in this system, 
which are called the opioid receptors belong to the G-protein-coupled receptor 
(GPCR) superfamily and they are mostly coupled to Gi/o type G-proteins 
(Burford et al., 2000). They exert their effects through the inhibition of different 
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types of neurotransmitters, such as noradrenaline, dopamine or acetylcholine 
(Mansour et al., 1995). Their endogenous ligands, namely the enkephalins, 
endorphins, dynorphins, nociceptin and endomorphins (Holden et al., 2005) 
are called the endogenous opioids, and they are small peptide natured 
molecules functioning as neurotransmitters, neurohormones or 
neuromodulators (Koneru et al., 2009).  

The opioid receptors are expressed widely in the central nervous system 
(Mansour et al., 1995) as well as in the peripheral organs, such as the 
gastrointestinal tract (Holzer, 2009) . They have a substantial role in pain 
regulation, and opioid agonists, such as morphine and the more effective 
sufentanil (Savoia et al., 2001) were found to have a clear clinical efficacy for 
the attenuation of certain chronic and acute pain (Pasternak and Pan, 2011) . 

 
2.3 Tramadol 
 
Tramadol (2-[(dimethylamino)methyl]-1-(3-methoxyphenyl)aminocyclohexanol), 
is widely used in the management of post-operative and chronic pains in 
animals including rabbits (Saleem et al., 2014).  It is a centrally acting 
analgesic with efficacy and potency ranging between weak opioids and 
morphine (Raffa et al., 1992). It was appeared in the 1970s, but only approved 
by the Food and Drug Administration (FDA) in 1995 for the management, 
treatment and relief of moderate to severe pain conditions (Bloor et al., 2012; 
Eassa and El-Shazly, 2013 and El-Sayed et al., 2013). The drug is 
structurally related to codeine and morphine, but it is 6000-times less potent 
than morphine and 10-times less potent than codeine (Lavasani et al., 2013 
and Lee et al., 2013).   
 

 
 

 
 

Figure 2.1:  Chemical structure of tramadol (Rouini et al., 2008). 
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2.3.1 Therapeutic uses  
 
The analgesic actions of tramadol arise from agonist actions of the drug at the 
µ-opioid receptor and the blockade of serotonin and norepinephrine uptake 
(Raffa et al., 1993). An increased level of serotonin and norepinephrine blocks 
noxious stimuli via a direct effect on spinal receptors, and an inhibitory effect 
via descending noradrenergic and serotonergic systems to produce analgesia 
by non-opioid mechanisms (Grond and Sablotzki, 2004) . Thus, tramadol 
analgesia is multimodal and is partially blocked by naloxone and by 
antagonists of serotonin or norepinephrine neurotransmission (Raffa et al., 
1992). 
 
Studies have shown tramadol to be effective in both acute myocardial 
infarction and unstable angina (Manji et al., 1997). Tramadol has also been 
used in treatment of cancer pain, moderate to severe musculoskeletal pain; 
rheumatoid arthritis, restless legs syndrome, motor neuron disease, 
fibromyalgia, diabetic neuropathy and post herpetic neuralgia (Raffa et al., 
1992 and Harati et al., 2000). Moreover, tramadol may also be clinically 
applied for the management of premature ejaculation, the most common 
sexual disorder, affecting 20–30% of adult men (Eassa and El-Shazly, 2013) .  
  
 
2.3.2 Mechanism of action 
 
Tramadol has two distinct, synergistic mechanisms of action. It showed a 
weaker binding affinity for µ-opioid receptors than morphine, but had a 10 fold 
more affinity to µ-receptors than -Κ & δ- opioid receptors in rat in vitro studies 
(Hennies et al.,1988). Mean median inhibition concentration (IC50) values for 
tramadol and morphine in displacing µ-receptor binding of radioactive ligands 
in rat brain membranes in vitro were 1.7x10-6 M and 4.6x10-9 M, respectively. 
Further, in animal and human models naloxone, a µ-receptor antagonist only 
partly reversed or blocked the tramadol induced antinociception even at higher 
doses (Collart et al., 1993), indicating that some of the antinociceptive effects 
of tramadol are not mediated by the opioid receptors alone. 
 
Later, Driessen et al. (1993) investigated the non-opioid component of 
tramadol analgesia in two different studies using rat brain and demonstrated 
that tramadol inhibited the synaptosomal re-uptake of noradrenaline (NA) and 
5-hydroxytryptamine (5-HT) by central neurones. 
 
Both NA and 5-HT are monoamine neurotransmitters involved in the inhibition 
of nociception by descending inhibitory mechanisms (Millan, 2002) . Further 
evidence for monoamine reuptake inhibition by tramadol was provided by 
Raffa et al. (1992). They found that both yohimbine (2-adrenoceptor blocker) 
and ritanserine (selective antagonist at 5-HT2 receptors) significantly reduced 
the antinociceptive action of intrathecally administered tramadol in the rat-tail 
flick test. 
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2.3.3 Metabolism of tramadol  
 
The metabolism of tramadol has been investigated in a number of animal 
species (rats, mice, Syrian hamsters, guinea pigs, rabbits and dogs) as well as 
in humans (Kukanich and Papich, 2004) . Tramadol is rapidly and almost 
completely absorbed after oral administration. The mean peak plasma 
concentration occurs after two hours and its bioavailability is approximately 
70% as a result of the first-pass metabolism in the liver. About 20% of the drug 
is bound to plasma proteins and the mean half-life is ca. 6 h (Bloor et al., 
2012; Lavasani et al., 2013 and Eassa and El-Shazly, 2013) .  
 
Tramadol is extensively metabolized in the liver via cytochrome isoenzymes 
P450 2D6, and P450 2B6 and P450 3A4, to O-desmethyltramadol (M1) and N-
desmethyltramadol (M2) respectively, being the main phase-1 metabolites. 
These are further metabolized to three secondary metabolites, namely N, N-
didesmethyltramadol,N,N,O-tridesmethyltramadol and N,O-desmethyltramadol. 
All metabolites are finally conjugated with glucuronic acid and sulfate before 
excretion in urine (Ing Lorenzini et al., 2012; Lavasani et al., 2013 and El-
Sayed et al., 2013). Wu et al. (2001) reported that tramadol is converted in the 
liver to O-desmethyltramadol, which is an active substance and 2 to 4 times 
more potent than tramadol.  

 
 

Figure 2.2:   Metabolic pathways of tramadol (Rouini et al., 2008) . 
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Moreover, biotransformation results in inactive metabolites, which are excreted 
by kidneys (Lee et al., 1993 and Atici et al., 2005). Likewise, if kidney or liver 
function is severely impaired, some dosage reduction (approximately by 50%) 
or extension of the dosage interval should be considered (Klotz, 2003) . A 
metabolite may have higher activity and/or greater toxicity than the original 
drug. Metabolites of the drugs that are excreted from kidneys may also cause 
cellular damage leading to kidney dysfunction (Singhal et al., 1998). 
 
2.3.4 Elimination of tramadol 
 
The route of elimination almost totally involves the kidneys. Approximately 30% 
of the dose is excreted in the urine as unchanged drug, while 60% of the dose 
is excreted as metabolites. The remaining drug is eliminated in the feces, 
therefore biliary excretion is negligible (Eassa and El- Shazly, 2013; El-Sayed 
et al., 2013 and Lavasani et al., 2013). Klotz et al. (2003)  demonistrated that 
elimination of tramadol is primarily by the hepatic route (metabolism by 
CYP2D6 to an active metabolite and by CYP3A4 and CYP2B6) and partly by 
the renal route (up to 30% of dose). Elimination half-lives of the active agents 
range between 4.5 and 9.5 hours, and the total plasma clearance of tramadol 
is moderately high (600 ml/min).  

 
 
2.3.5 Tramadol availability 
 
Tramadol is available as drops, capsules and sustained-release formulations 
for oral use which can be administered either orally, intramuscularly, 
intravenously, or by patient-controlled analgesia (Sunshine, 1994 and 
Desmeules et al., 1996). Some studies indicated that tramadol dependence 
has been preclinically evaluated in different animal species (Friderichs et al., 
1978 and Murano et al., 1978). Some other studies showed that the intra-
peritoneal administration of tramadol produces a dose-dependent 
antinociception (Raffa et al., 1992 and Miranda and Pinardi, 1998)  that 
remains unchanged after chronic administration. 
 
 
2.3.6 Adverse side effects  
 
Adverse side effects Opioids are usually prescribed for chronic pain but their 
use is frequently limited by their side effects. Whilst the long-term use of 
opiates in patients with chronic pain and also for cancer pain gets worse, 
evidence, based on a paucity of literature proving efficacy for long-term use, 
suggests that opiates fail to fulfill any of the key outcomes in terms of adequate 
pain relief, improved quality of life or improvements in functional capacity 
(Farmer et al., 2013). 
 
Being an opioid, tramadol carries all possible risks known from other opiates 
(Cicero et al., 2005 and Adams et al., 2006). Side effects include dizziness, 
headache, somnolence, nausea, constipation, sweating, pruritus, and central 
nervous system stimulation (Kabel and van Puijenbroek, 2005) . Tramadol 
causes respiratory depression, psychological and physical addiction similar to 
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that of other opiates and the analgesic efficacy of tramadol can further be 
improved by combination with a non-opioid analgesic (Lanier et al., 2010). 
Additionally, Tramadol use is associated with dependence, albeit it is generally 
considered safe at low dosage. Dopamine release in various regions of CNS is 
responsible for this phenomenon. Agonists of µ-opioid receptors, such as 
tramadol, stimulate the release of dopamine as well as inhibit GABA release, 
which in turn inhibits dopamine release (Hassanian-Moghaddam et al., 2013).  
 
The effects of tramadol have been investigated in several animal species such 
as mice, rats, rabbits, dogs, and also in horses as well as in humans. Indeed, 
the drug is also used in veterinary medicine (Cox et al., 2010). Casella et al. 
(2013) found a significant increase of the maximum degree and slope of 
equine platelet aggregation after addition of tramadol in feeding condition. This 
could be explained by the fact that the inhibition of NE system blocks the 
release of prostacyclin and nitric oxide, both of which are known to be potent 
inhibitors of platelet. Cox et al. (2010)  instead, reported short-term agitation, 
tremors, tachycardia and muscle twitching that occurred after rapid 
administration of tramadol in horses. 
 
Bloor et al. (2012) overhauled the effects of tramadol during pregnancy, labor, 
delivery and lactation. Tramadol is classified as a category C drug by the 
Australian Therapeutic Goods Administration Evaluation Committee, i.e. drugs 
which have caused or may be suspected of causing harmful effects (that may 
be reversible) on the human fetus or neonate, without causing malformations. 
It would seem that the most cautious approach is to avoid its use around the 
time of conception and during the period of organogenesis, specifically in the 
first trimester. There is currently no clear evidence of fetal or neonatal harm, 
but increased fetal loss associated with typical maternal doses taken during 
early pregnancy has been reported. If chronic maternal tramadol use has 
occurred throughout pregnancy, there is a risk of a neonatal withdrawal 
syndrome. The drug offers limited analgesic effects during labor. During early 
lactation and breastfeeding, it appears unlikely to cause harm to healthy term 
infants. Unfortunately, there are no available data reporting this statement. 
 
 
2.3.7 Social impacts of tramadol 
 
Due to its opioid stimulant effects (Duke et al., 2011), the potential for tramadol 
abuse is an increasing public health concern. Clinically, tramadol is about 10-
times less potent than morphine however; its unique pharmacological profile 
differentiates it from typical opioids. Also, Tramadol exhibits a lower liability for 
tolerance and dependence and has a low abuse potential (Grond and 
Sablotzki, 2004) .  
 
Despite the fact that drug abuse is not a newly introduced issue to Egyptian 
society, the wide range of usage and illegal transactions are associated with 
tramadol abuse, making it the most easily accessible and readily provided drug 
at cheap cost (Fawzi, 2010) . It also seems that it is not only an Egyptian 
problem, but also a problem in neighboring countries. Their lower price and 
availability without prescription make them very popular. Thousands of young 
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men are developing dependence to a prescription painkiller used to alleviate 
the stress of living. They also use it to relieve psychosomatic symptoms such 
as headaches and abdominal pain, as well as depression and nervousness 
(Progler, 2010) . Students, laborers, and even professionals are buying large 
quantities of tramadol on the black market. 
 
In Egypt, Soueif et al. (1982) reported several reasons for the different user 
categories. For secondary school students, the main reason was for 
entertainment in happy social occasions and socializing with friends. Workers 
and university students take drugs in situations of physical exhaustion and 
fatigue and to cope with psychosocial problems or difficult working conditions 
as well as at times of studying and examinations. 
 
According to (Soueif et al., 1990), there is misconception that opiates are used 
to increase cognitive and sexual performances and to avoid physical 
exhaustion. Hence, it is not surprising to find that tramadol use has become 
recently very popular especially among youth and the middle-aged groups as a 
self-medication for premature ejaculatory function and for extended orgasm 
and to increase sexual pleasure (Salem et al., 2008). In contrast, there were 
some studies that showed negative impact of opiate use on cognitive functions 
(Schindler et al., 2004 and Fishbein et al., 2007). Another study stated that 
opium users exhibit impaired sexual function (diminished libido and impaired 
sexual performance are common sequelae of chronic use) (Van Ahlen et al., 
1995). Early clinical studies suggested that opiates may interfere with sex 
hormone secretion, although opiate addicts often equate the drug experience 
with sexual orgasm (Mirin et al., 1980).  
Fawzi, (2010)  reported that an increasingly alarming phenomenon of tramadol 
(Tramal, Amadol, Tramax, Contramal, Trama SR, Ultradol, Tramundin) abuse 
has been heavily demonstrated in the recent years. Ezzat, (2014)  reported a 
catastrophic incidence of tramadol abuse after the 25th January Egyptian 
Revaluation; the report underlined the fact that the addiction rate in Cairo has 
jumped to comprise 7% of the capital’s population during the study period. 
According to the Shura Council’s Health Committee report, rising addiction 
rates were found to be partially attributable to the spread of erroneous 
concepts among young people. It is said that 30.6% of addicts believe that 
drugs increase physical abilities, whereas 36.6% associate drugs with getting 
over adversities and 34.8% do drugs to overcome depression. 
 
 
2.3.8 Histopathological Aspects 
 
Although considerable investigations have been carried out on Tramadol from 
certain biochemical and physiological points of view, yet a limited amount of 
publications seemed to be devoted to the possible histopathological and still 
fewer ones to the histochemical aspects of tramadol application. The liver and 
kidneys are responsible for the metabolism and excretion of tramadol 
(Coughtrie et al., 1989 and Milne et al., 1997). Morphine may cause 
hepatotoxicity and nephrotoxicity during its metabolism (Van der Laan et al., 
1995).  
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A significant increase in the levels of ALT, LDH and lipid peroxides was 
reported among chronic heroin users (Panchenko et al., 1999). Elyazji et al. 
(2013) reported that ALT, AST, LDH, Blood urea nitrogen (BUN) and creatinine 
were significantly higher in tramadol treated groups compared to the control 
group. Furthermore, Borzelleca et al. (1994) reported increased levels of ALT, 
AST and LDH in rats after long-term usage of morphine like agent levo-alpha–
acetylmethadol (LAAM) HCL. Centrolobular hypertrophy in the liver was also 
reported in the same study. 
 
Experimental studies have also supported toxic effects of chronic use of 
opioids on liver and kidneys. Nagmatsu  et al. (1986) demonstrated that 
addition of morphine to the isolated rat hepatocytes induced a marked 
decrease in the cells and resulted in cell death. Incubation of adult human 
hepatocytes with opioids, in therapeutic doses, for 24 h, is unlikely to produce 
irreversible damage to these cells in chemically defined culture conditions 
(Gomez–Lechon et al., 1988). In another experimental study, isolated rat 
hepatocytes exhibited a marked decrease in glutathione level when incubated 
with various concentrations of morphine and resulted in cell death (William et 
al., 1991).  
 
Every drug has been associated with hepatotoxicity almost certainly due to the 
pivotal role of the liver in drug metabolism. Hepatic metabolism is first and 
foremost, a mechanism that converts drugs and other compounds into 
products that are more easily excreted and that usually have a lower 
pharmacologic activity than the portent compound (Poppers,1980 and 
Tolman,1998) . A metabolite may have higher activity and/or greater toxicity 
than the original drug. These metabolic products are able to induce free 
radicals and/or bind with glutathione (GSH), the natural scavenger of 
superoxide radicals. Both GSH conjugation and its subsequent depletion cause 
accumulation of free radicals as well as morphine metabolites induce directly 
and indirectly cellular toxicity (Calignano et al., 1992) with enzymatic 
inactivation, DNA damage and/or lipid peroxidation (Cavallo et al., 2007). 
 
Atici et al. (2005) reported that there is a renal tubular vacuolization, 
mononuclear cell infiltration, focal necrosis and haemorrhage as well as 
increase in BUN and creatinin levels in rats receiving morphine that can be 
considered as evidence of renal damage. Also, lipid peroxides were found 
significantly increased among chronic heroin users (Panchenko et al., 1999). 
Renal damage like focal cortico-medullary mineralization, focal regeneration in 
tubular epithelium, and mineral/ crystal deposition in intertubular region in 
kidneys has been shown after long-term use of LAAM (Borzelleca et al., 
1994). However, minimal histological changes confined to the tubular cells 
were observed in rats receiving long-term tramadol administration. 
 
 
2.3.9 Histochemical Aspects 
 
According to the best of our knowledge, there were a limited published 
histochemical studies about effects of tramadol on liver and kidney. But, 
several studies showed the abnormalities in the carbohydrate and protein 
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contents in the liver and kidney of experimental animals under several 
pathological agents. 
 
Bekheet, (2010)  showed that morphine caused a gradual decrease in the 
amount of carbohydrate contents in mice treated groups compared to control 
group and heterogenic distribution to PAS reaction was noticed in two 
neighboring areas, one containing an increased amount and the other showing 
a decreased amount. In contrast, In morphine treated groups, there was a 
general increase in protein (stainability) content proportional to the period of 
treatment and this is more pronounced in the basement membrane, nuclear 
structure and degenerated areas and moderate in the cytoplasm compared to 
the control group. 
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Chapter 3     
MATERIALS AND METHODS 

 
 

3.1 Experimental animals 
 
A total of 47 healthy adult domestic rabbits weighing 1000±200 gm were 
obtained from local farms used in the present study. Animals were left for one 
week before experimentation to adapt to laboratory conditions. They were kept 
in metal cages. The animals were maintained under conditions of controlled 
temperature (22 ± 3) and humidity (30–70%) with 12 h light and dark cycle.  A 
commercial balanced diet and water were provided ad libitum all over the 
experimental period. 

Animals were divided randomly into seven groups (5-6 rabbits) and treated as 
follows: 
Group I:  Each rabbit was daily injected with tramadol (40mg/kg. body weight) 
for 10 days (according to Atici et al., 2005). 
Group II:  Each rabbit was daily injected with tramadol (40mg/kg. body weight) 
for 20 days. 
Group III:  Each rabbit was daily injected with the same previous dose of 
tramadol for 30 days. 
Group IV:  Each rabbit was daily injected with the same previous dose of 
tramadol for 40 days. 
Group V:  Each rabbit was daily injected with the same previous dose of 
tramadol for 50 days. 
Group VI:  Each rabbit was daily injected with tramadol (40mg/kg. body weight) 
for 30 days left untreated for 10 days to recovery. 
Group VII:  Kept as a control, being injected intramuscularly with 1ml of distilled 
water. 
 

3.2 Chemicals  

The examined tramadol (Tramadol HCl ampoules 100mg) was obtained from 
Pharmacies PLC Betunia-Ramallah. All other chemicals were of analytical 
grade and were purchased from standard commercial suppliers. 

3.3 Collection of samples 

Following decapitation, the rabbits liver and kidney were dissected and the liver 
and kidney of each rabbit were freed from the surrounding connective tissues 
and organs, then excised. They were immediately immersed in saline solution 
(0.9% NaCl) for blood removal. 
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3.4 Histological and histochemical work up  

For histological examination, the following steps were carried out daily from the 
beginning until the end of experimental duration.  

3.4.1 Fixation  

The following fixative reagent used for the routine heamatoxylin and eosin stain 
and histochemical stain was 10% buffered formalin (Lillie, 1954) . 

3.4.2 Processing 

The processing consisted of an initial two step fixation comprising tissue 
immersion in 10% buffered formalin for two hours each, followed by removal of 
fixative using distilled water for 30 minutes. Dehydration was then carried out 
by running the tissues through a graded series of alcohol (70%, 90%, and 
100%). The tissues were initially exposed to 70% alcohol for 30 minutes 
followed by 90% alcohol for 1 hour and then two cycles of absolute alcohol, 
each for one hour. Dehydration was then followed by clearing the samples in 
several changes of xylene. It consisted of tissue immersion for an hour in a 
mixture comprising 50% alcohol and 50% xylene, followed by pure xylene for 
one and a half hour. Samples were then impregnated with molten paraffin wax, 
then embedded and blocked out. Paraffin sections (4–5um) were mounted and 
affixed to slides (Underwood, 1985) . 
 

3.4.3 Items of staining  

3.4.3.1 Routine histological stain  

Sections were stained as a routine in Harris's alum heamatoxylin and eosin 
(Harris, 1900; Allen, 1992). Sections were de-paraffinized and hydrated to 
water, then stained with Harris's hematoxylin for 10 minutes. Sections were 
differentiated by dipping 3 - 4 times in 1% acid alcohol after a quick rinse in 
water, wash in running tap water for 20 minutes, counterstain with eosin from 
15 seconds to 2 minutes depending on the age of the eosin, and the depth of 
the counterstain desired. At the end dehydration in 95% and absolute alcohols, 
two changes of two minutes each or until excess eosin is removed. Clearing in 
xylene, two changes of two minutes each and mount. The nuclei take a blue 
color while the cytoplasm take the deep pink color. 

 

3.4.3.2 Carbohydrates demonstration  

General carbohydrates were demonstrated following of (Hotchkiss, 1948)  
Periodic Acid-schiff (PAS) technique for 10% formalin's-fixed material. Sections 
were oxidized in 0.5% periodic acid for 5-10 minutes, washed for 5 minutes in 
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running tap water, rinsed in distilled water and stained with Schiff's reagent for 
15 minutes, counterstain in Mayer’s hematoxylin for 1 minute.  Sections were 
then rinsed in 3 changes of distilled water. The aldehydes-liberated by periodic 
acid-reacted with Schiff's reagent producing a certain component indicated by 
the development of magenta coloration and nuclei stained with a blue color. 
 

3.4.3.3 Total proteins demonstration  

Total proteins were visualized by using the Mercury Bromphenol Blue Method 
(Mazia et al., 1953). Paraffin sections, fixed in 10% formalin solution, were 
stained in 0.1% alcoholic bromphenol blue saturated with mercuric chloride. 
Proteins took a bluish stainability. 

3.4.5 Examination  

Mounted slides were examined and photographed under a light microscope 
(OPTIKA Microscopes, Italy) coupled with an image analyzer (OPTIKA Vision 
Pro, Microscopy Digital USB Camera). 
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Chapter 4  

RESULTS 
 

4.1 Histopathology of liver 

A. Control group 

Originally, the liver is invested by thin capsule of connective tissue, and the 
liver itself is distinguished into the connective tissue stroma and 
parenchymatous tissue or parenchyma. The capsular connective tissue is 
extended inwards with the liver substance making connective tissue septa or 
strands which divide the liver tissue roughly into individual lobules. Each 
hepatic lobule contained a thin walled central vein surrounded by hepatic cords 
radiating towards the periphery. The portal area includes a hepatic portal vein, 
a branch of the hepatic artery and a bile ductile (Figure 4.1.1). The portal area 
is delimited from the contiguous hepatic parenchyma by a limiting plate formed 
of linear band of hepatocytes. 

The portal vein is the largest and widest one in this triad. The lumen might 
appear either empty or containing a few blood cells. The hepatic artery branch 
has a relatively narrow lumen and its lumen is usually devoid of blood cells. 
The hepatic bile ductule has a distinct wall of low cuboidal or rounded outline 
epithelial cells surrounded by a thin sheath of connective tissue. Besides, the 
portal triads contain a few mononuclear cells, mostly lymphocytes dispersed in 
its scanty connective tissue. The same figure, displays the bile ductile either 
having an oblong or rounded outline dependent on the plane of sectioning. It 
contains a comparatively wide cavity limited by a layer of cuboidal epithelium 
surrounded by a thin sheath of connective tissue. 

The intralobular hepatic tissue (parenchyma) is made up of parenchymatous or 
hepatic cells organized in the form of radiation plates, each being one-cell 
thick. Thus, the hepatic cells obviously constitute a network structure around 
the central vein as elucidated in Figure 4.1.2. These cells alternate with narrow 
blood sinusoids that coverage toward the central vein in each lobule. The 
hepatic cells are cuboidal or polygonal in shape, relatively large in size and 
exhibit distinct limiting membranes. The size of these cells depend largely on 
their location in the lobule, the peripheral ones being comparatively larger in 
size than those lying in the pericentral areas.  

Each hepatic cell has a centrally rounded or oval vesicular nucleus and a 
prominent nucleolus with one or two prominent nuclei, in addition to a number 
of chromatin particles. Occasionally some liver cells are binucleated. The 
cytoplasm is homogeneous, and finely granulated. The hepatic sinusoids are 
limited by a discontinuous layer of flattened endothelial cells, intervened by 
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certain large phagocytic kupffer cells with a large oval nucleus, which could 
also be detected elsewhere in the liver tissue or blood stream. 

 

 
 
Figure 4.1.1:  Hepatic tissue of the control rabbits group showing the general 
disposition the liver tissue. Central vein (CV), hepatic parenchyma (HP), lobule 
boundary (LB), the limiting plate (LP), portal area (PA) is clearly illustrated 
encountering a typical portal triad consisting of a tributary of hepatic portal vein (PV), 
hepatic artery (HA), the connective tissue (CO) and small bile ductile (BD). Sections 
stained with H&E, (X100). 
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Figure 4.1.2:  Hepatic tissue of the control rabbits group showing normal hepatic 
architecture, hepatocytes (H), with their normal nuclei (N), kupffer cells (KC) some 
cells are binucleated (BN), sinusoids (S) and central vein (CV). Sections stained with 
H&E, (X400). 

 

B. Treated groups 

It is worthy to point out that the histopathological, as well as the histochemical 
alterations, produced in the present study by the five applied therapeutic 
periods of tramadol (40mg/kg. body weight) were found to be relatively very 
much similar. Nevertheless, the most concrete results are those obtained in 
rabbits subjected to group 3,4 and 5 which treated for 30,40 and 50 days 
respectively. Therefore, to avoid repletion, it was preferred to restrict those 
observations to the group 3 and 4 besides those subjected to group 5. 

The lobular architecture in the liver of tramadol-treated rabbits was preserved 
in all treated rabbits. In comparison with the control group (Figure 4.1.2), the 
following histological alterations were detected under the light microscope in 
the liver of tramadol-treated rabbits. The liver of rabbits treated for short period, 
10 days showed some blood cells among the hepatic cells and congestion of 
sinusoids (Figure 4.1.3).  
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Diffuse kupffer cells between the sinusoids and degenerative hepatocytes were 
showed in rabbits liver treated with tramadol for 30, 40 and 50 days. On the 
other hand the inflammatory cells infiltration and fibroblastic cells proliferation 
(moderate) observed in groups treated for 30 days.  

 

 
 
Figure 4.1.3:  Hepatic tissue of tramadol-treated rabbits received (40mg/kg. body 
weight) for 10 days showing mild congestion of sinusoids (C), dilation of sinusoids (D), 
mild fatty changes (F) and intra-cytoplasmic vacuolation (CY). Sections stained with 
H&E, X400. 

 

Also, these groups that treated for 30 days and more revealed severe liver 
damage including fatty changes, steatosis, degeneration of hepatocytes and 
sporadic spotty well-defined foci of parenchymal necrosis were noticed in some 
hepatocytes (Figures 4.1.4, 4.1.5 and 4.1.6). Furthermore, mild degree of 
hydropic changes and cytoplasm swelling of the hepatocytes were seen and 
increased in severity with increasing the dose and duration of tramadol 
treatment and were associated with necrosis. 

Other sections in the liver of rabbits treated with tramadol for 30, 40 and 50 
days showed ruptured limiting plate into the liver parenchyma (Figure 4.1.4 and 
Figure 4.1.5), piecemeal necrosis accompanied with inflammatory cell 
infiltrations and portal inflammatory infiltration is apparent around the portal 
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structure in liver tissue of groups treated with tramadol especially in liver tissue 
of rabbits treated for 40 days (Figure 4.1.5). This change appeared early in 
groups treated with tramadol for 30 days and more for other groups more of 
exposure. 

In general, cytoplasmic vacuolation and pyknotic nuclei of some hepatocytes 
were seen especially in the necrotic ones, karyolysis, proliferation of kupffer 
cells and bile ductless also prominent in the liver tissue. Occasional 
binucleation was also observed in tramadol-treated rabbits treated for 10 days 
and more (Figures 4.1.5, 4.1.6 and 4.1.7).  

Regarding recovery symptoms, when a patch of the above (40mg/kg. body 
weight) tramadol treated rabbits were left for 10 days post-drug withdrawal, 
then their liver was subjected to microscopic examination, it became apparent 
that only partial recovery seemed to occur. In such specimens, some 
parenchymal cells showed clear indications of improvement while others were 
still necrotic, the tissue is less fibrotic, less pyknotic nuclei and the bile duct 
proliferated (Figure 4.1.7).  

 

 

 
 
Figure 4.1.4:  Hepatic tissue of tramadol-treated rabbits received (40mg/kg. body 
weight) for 30 days showing mild congestion of sinusoids (C), marked steatosis (ST), 
necrotic cells(N), cytoplasmic vacuolation (CY), pyknotic nuclei (PY), karyolysis (KY), 
swelling of Kupffer cells (KC) and moderate fatty changes. Sections stained with H&E, 
(X400). 
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Figure 4.1.5:  Hepatic tissue of tramadol-treated rabbits received (40mg/kg. body 
weight) for 40 days showing  mild lymphoplasmacytic peri-portal infiltrates (IF), 
ruptured limiting plate into the liver parenchyma (R), Kupffer cell swelling (KC), some 
cells are binucleated (BN), piecemeal necrosis accompanied with inflammatory cell 
infiltrations (N) and fatty changes accompanied with cytoplasmic vacuolation (CY). 
Sections stained with H&E, (X400). 
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Figure 4.1.6:  Hepatic tissue of tramadol-treated rabbits received (40mg/kg. body 
weight) for 50 days showing cytoplasmic vacuolation (CY), mononuclear inflammatory 
infiltrate (IF), periportal fibrosis (F), dilated sinusoids (D), ruptured limiting plate (R), 
congestion of sinusoids (C), pyknotic nuclei (PY), binucleation (BN), Kupffer cells 
swelling (KC) and the cells are completely necrotic. Sections stained with H&E, 
(X400). 
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Figure 4.1.7:  Hepatic tissue of tramadol-treated rabbits received (40mg/kg. body 
weight) for 30 days and left for a recovery period (10 days) showing partial 
improvement in the liver parenchyma whereas the tissue is less fibrotic, less pyknotic 
nuclei (PY) and less necrotic cells (N), but there is an existence some of the past 
histopathological changes, moderate steatosis (ST), karyolitic nuclei (KY), cytoplasmic 
vacuolation (CY), bile duct proliferation (BF), dilation of sinusoids (D) and congestion 
of sinusoids (C). Sections stained with H&E, (X400). 
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4.2 Histopathology of kidney 
 
A. Control group 
 
The kidney of control rabbit is a bean-shaped covered by a firm connective 
tissue-capsule composed of collagenous fibrous and few elastic fibers. The 
substance of the kidney is differentiated into two regions; an outer cortex and 
an inner medulla. The latter is formed of conical pyramids, the apices of which 
are directed lowered the renal pelvis. Each medullary pyramid with the 
corresponding part of the cortex represents a renal lobe.  

The renal lobes consist of uriniferous tubules and stromal tissue. The latter is 
formed of a network of connective tissue. The uriniferous tubules are 
composed of two principal portions; an active part or the nephron, which is the 
structural and functional unit of kidney, and an excretory part of collecting 
tubule. The nephron is formed of the renal or Malpighian corpuscle, proximal 
convoluted tubule, descending and ascending limbs of Henle's loop and distal 
convoluted tubule. The cortex, in between the medullary rays, consists of 
Malpighian corpuscles and both proximal and distal convoluted tubules while 
the medulla consists mainly of the descending and ascending limbs of Henle's 
loops.  

However, the collecting tubules are located in both cortical and medullary 
regions. The Malpighian corpuscle consists of a tuft of blood capillaries, the 
glomerulus and Bowman's capsule. The latter is a double walled cup formed of 
two layers of simple squamous epithelium, an outer parietal layer and an inner 
visceral one separated by a capsular space. The parietal layer is continuous 
with the wall of the proximal convoluted tubule. It is composed of simple 
squamous epithelium resting on a thin basement membrane and surrounded 
by a thin layer of connective tissue. The glomerulus consists of number of 
capillary loops of an afferent and efferent arteriole separated by reticular 
connective tissue fibers. 

Kidney specimens obtained from the control group showed normal histological 
structures of the glomeruli and the renal tubules in the cortical and medullary 
portions (Figure 4.2.1). 
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Figure 4.2.1:  Photomicrograph of Kidney section of rabbits from control group 
showing the normal histological structure of the glomerulus (G) surrounded by 
proximal convoluted tubules (PT) and distal convoluted tubules (DT) in the cortical 
portion. Sections stained with H&E, (X100).  

 

 
 
Figure 4.2.2:  Photomicrograph of rabbit's kidney section from the control group 
showing the histological structure of the normal renal structure, glomerulus (G), distal 
tubule (DT) and proximal tubule (PT). Sections stained with H&E, (X400). 
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B. Treated groups 

Specimens taken from group 1 and 2 which treated for 10 and 20 days 
exhibited the normal structure of kidney and there is no significance alterations. 
Examination of specimens taken from group 3 and 4 which treated for 30 and 
40 days showed variable pathological changes in glomeruli and some parts of 
the urinary tubules. Such changes illustrated an existence of swelling in the 
lining epithelium of the glomerulus. Also, they were represented by renal injury 
with tubular cell swelling and dilation in the interlobular cortical blood vessels 
were noticed (Figure 4.2.3). In addition, swelling in the lining epithelium of the 
renal tubules and the presence of inflammatory cellular infiltration were noticed 
(Figure 4.2.4 and Figure 4.2.5). 

Moreover, Figures 4.2.3 and 4.2.4 showed degeneration in the epithelial cells 
lining the renal tubules at the cortical zone with pyknotic and karyolysed nuclei. 
The most severe changes were observed in the proximal convoluted tubules 
which consisted of marked hydropic degeneration and cytoplasmic 
vacuolization of tubular epithelial cells. The alterations in cortical region include 
expansion of glomerulus, glomerular tuft atrophy, focal tubular necrosis and 
mild mononuclear cell infiltration (Figure 4.2.4). More excessive necrosis of 
tubular epithelial cells, dilated tubules and expansion of glomerulus were 
observed after 50 days of tramadol treatment (Figure 4.2.5) 

In recovery group the rabbits treated with tramadol for 30 dose and left for 10 
days without administration of tramadol, some of the previous observations 
were disappeared such as the expansion of glomerular chamber is reduced, 
the cells are less hydropic degeneration and no inflammatory infiltration were 
observed (Figure 4.2.6). 
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Figure 4.2.3:  Photomicrograph of rabbits kidney in the medullary portion after treated 
with tramadol for 30 days showing marked hydropic degeneration (HD) accompanied 
with mild mononuclear cell infiltration and pyknotic nuclei (PY). Sections stained with 
H&E, (X400). 
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Figure 4.2.4:  Photomicrograph of rabbits kidney section after treated with tramadol for 
40 days showing expansion of the glomerular chamber (EGC), glomerular tuft 
atrophy(GTA), focal tubular necrosis (FTN), hydropic degeneration (HD) and mild 
mononuclear cell infiltration (MCI). Sections stained with H&E, (X400).  
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Figure 4.2.5:  Photomicrograph of rabbits kidney section after treated with tramadol for 
50 days showing expansion of the glomerular chamber (EGC), glomerular tuft atrophy 
(GTA), focal tubular necrosis (FTN), and mild mononuclear cell infiltration (MCI). 
Sections stained with H&E, (X400). 
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Figure 4.2.6:  Photomicrograph of rabbits kidney section after treated with tramadol for 
30 days and left for a recovery period showing partial improvement in the tubules of 
kidney and renal corpuscles, no inflammatory infiltrate, expansion of glomerulus is 
reduced and existence some of the past alterations as hydropic degeneration. 
Sections stained with H&E, (X400). 
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4.3 Histochemistry of liver polysaccharides 
 

A. control group  

Examination of liver of control rabbits stained with PAS showed normal content 
of glycogen particles which appeared as deeply red purple colored PAS 
positive inclusions densely located inside the cytoplasm. Most of the PAS 
positive products were displaced laterally towards one side of the cell 
(glycogen migration/flight phenomenon) caused by the effects of the fixative on 
the tissue. None of the nuclei of all liver cells acquired any positive stainability 
in that case which indicates the non-existence of any PAS-positive materials 
(Figure 4.3.1).  

 

B. Treated groups  

The liver of rabbits treated with tramadol (40mg/kg. body weight) 
intramuscularly for 10 days showed weakly stained with PAS positive materials 
compared with the control animals (Figure 4.3.2). However, rabbits treated with 
tramadol for 30 days showed a marked decrease in glycogen content of the 
hepatic cells especially in those located in the peripheral lobular areas (Figure 
4.3.3).  

On the 50th day after tramadol administration, glycogen diminution became 
more obvious and most of the hepatic cells appeared to have lost a 
considerable proportion of their polysaccharide (glycogen) inclusions in 
comparison to the rabbits hepatocytes of the control group. However, in such 
cases, loss of glycogen was more striking in the peripheral lobular cells than 
those occupying the pericentral areas. Nevertheless, that depletion was not 
uniform in different cells of the same material. In some cells, glycogen contents 
appeared to be less affected and still displayed a noticeable positive PAS-
reaction (Figure 4.3.4) 

Regarding recovery of polysaccharide (glycogen) contents in rabbits which had 
received a 30 dose of tramadol, it was found that only partial recovery was 
achieved ten days after tramadol withdrawal. In such cases, only some of the 
hepatic cells had almost restored their normal staining affinity for PAS 
technique while others appeared still poor in their glycogen contents (Figure 
4.3.5). 
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Figure 4.3.1:  A photomicrograph of a liver section of rabbits in the control group 
showing the normal content of glycogen as deeply purple colored PAS-positive 
inclusions densely located in the cytoplasm. (PAS X400). 
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Figure 4.3.2:  A photomicrograph of a liver section of a rabbit given (40mg/kg. body 
weight) of tramadol intramuscularly for 10 days (low dose) showing approximately the 
normal appearance of glycogen in the hepatocytes. (PAS X400). 
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Figure 4.3.3:  A photomicrograph of a liver section of rabbits given (40mg/kg. body 
weight) of tramadol intramuscularly for 30 days showing marked glycogen depletion of 
the liver hepatocytes. (PAS X400).  
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Figure 4.3.4:  A photomicrograph of a liver section of a rabbit given (40mg/kg. body 
weight) of tramadol intramuscularly for 50 days (high dose) showing severe glycogen 
depletion especially in the peripheral lobular cells. (PAS X400).  
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Figure 4.3.5: A photomicrograph of a liver section of a rabbit  given (40mg/kg. body 
weight) of tramadol intramuscularly for  30 days and left for a recovery period (10 
days) showing partial improvement in the glycogen content of liver hepatocytes 
especially the central area of hepatic cells radiating from the central vein. (PAS X400). 
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4.4 Histochemistry of liver total proteins  
 
A. Control group  
 
The protein contents of the liver cells of control rabbits (Figure 4.4.1) were 
demonstrated by the mercuric bromophenol blue method as blue granules 
against a light-blue ground cytoplasm, which indicate the presence of some 
soluble proteins. The protein granules were scattered all over the cytoplasm. 
The cells were limited by intensely stained plasma membranes. The nuclear 
envelopes and nucleoli as well as some chromatin elements were also 
positively stained. Kupffer cells were moderately stained with bromophenol 
blue; which reveals their moderate amount of protein materials. 

 

B. Treated groups  

The animals received tramadol (40mg/kg. body weight) for 10 days did not 
manifest significant obvious changes in both cytoplasmic and nuclear total 
protein contents of their hepatocytes (Figure 4.4.2). The cell and the nuclear 
membranes, were also stained lighter than the normal condition. The decrease 
in total protein contents became more pronounced on the 20th day following the 
treatment. 

Hepatocytes of rabbits treated with tramadol (40mg/kg. body weight) for 30 and 
50 days demonstrated a severe reduction of protein contents in comparison to 
the hepatocytes of the control rabbits (Figure 4.4.3 and Figure 4.4.4). The 
cytoplasm exhibited a diffusely weak bromphenol blue reaction with some 
scattered fine and moderately sized granules lying mainly near the cell and 
nuclear membranes.  

The protein contents and the general appearance of the hepatic cells were 
approximately restored after administration of tramadol and left rabbits for a 
recovery period (10 days), the majority of cells contained abundant well-
stained proteinic granules in the cytoplasm.  The staining affinity of the plasma 
membranes and the nuclear envelopes as well as the chromatin elements 
have clearly elevated than those of the previous case (Figure 4.4.5). 
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Figure 4.4.1: A photomicrograph of a liver section of rabbits in the control group 
showing the normal content of proteins in the liver cells as deeply blue colored. (MBB 
X400). 
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Figure 4.4.2:  A photomicrograph of a liver section of a rabbit given (40mg/kg. body 
weight) of tramadol intramuscularly for 10 days (low dose) displaying the closely 
normal content of proteins in the hepatocytes. (MBB X400). 
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Figure 4.4.3:  A photomicrograph of a liver section of rabbits given (40mg/kg. body 
weight) of tramadol intramuscularly for 30 days the showing marked depletion of 
protein contents in the liver cells. (MBB X400). 
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Figure 4.4.4:  A photomicrograph of a liver section of rabbits given (40mg/kg. body 
weight) of tramadol intramuscularly for 50 days showing dramatically affected liver 
cells with the depletion of protein contents in the hepatocytes.  (MBB X400). 
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Figure 4.4.5: A photomicrograph of a liver section of a rabbit  given (40mg/kg. body 
weight) of tramadol intramuscularly for 30 days and left for a recovery period (10 days) 
showing partial improvement in the amounts of protein in liver cells. (MBB X400). 
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4.5 Histochemistry of kidney polysaccharides  
 
A. Control group  
 
Examination rabbits kidney of control group stained with PAS technique 
showed the positive materials in the cortical tissues. Parietal and visceral walls 
of the Bowman's capsule, capillaries of the glomeruli, the basement 
membranes of the proximal and distal convoluted tubules and the brush 
borders of the proximal convoluted tubules exhibited strong positive reaction 
with PAS technique. The cytoplasm of the tubules was stained faintly white, 
while the nuclei showed PAS negative reaction (Figure 4.5.1).  

 

 
 
Figure 4.5.1:  A photomicrograph of a kidney section of rabbits in the control group 
showing normal content of glycogen as deeply purple colored PAS-positive inclusions 
densely located in the cytoplasm of renal tubules. (PAS X400). 

 

B. Treated groups 

Examination of kidney sections of the rabbits treated with tramadol (40mg/kg. 
body weight) for 10 days revealed a normal PAS reaction in the glomeruli, 
Bowman's capsules, the basement membranes of the renal tubules and the 
brush borders of the proximal convoluted tubules. The stainability was slightly 
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less as in the normal one. Microscopic observation of kidneys of rabbits treated 
with tramadol for 30 days showed moderate diminution in polysaccharide 
(Figure 4.5.2) and marked diminution in PAS positive material in the renal 
corpuscles and tubules of rabbits treated for 50 days (Figure 4.5.3). 

In the recovery group, rabbits treated with tramadol for 30 days and left for 10 
days without tramadol administration, some cells of regenerated renal tubules 
restored their original picture familiar in the PAS-preparations revealing clear 
signs of improvement but still somewhat lesser than typical normal picture 
(Figure 4.5.4).  

 

 
 
Figure 4.5.2:  A photomicrograph of a kidney section of rabbits given (40mg/kg. body 
weight) of tramadol intramuscularly for 30 days showing moderate glycogen depletion 
in the renal tubules. (PAS X400).  
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Figure 4.5.3:  photomicrograph of a kidney section of rabbits given (40mg/kg. body 
weight) of tramadol intramuscularly for 50 days showing marked glycogen depletion in 
the renal tubules. (PAS X400).  
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Figure 4.5.4:  A photomicrograph of a kidney section of a rabbit  given (40mg/kg. body 
weight) of tramadol intramuscularly for  30 days and left for a recovery period (10 
days) showing partial improvement in the glycogen content of kidney especially the 
cubical epithelial cells of renal tubules. (PAS X400). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



47 

 

4.6 Histochemistry of kidney total proteins  
 
A. Control group 
 
The protein contents of the cortex of the control kidney of rabbits were 
demonstrated as blue granules against a light-blue ground cytoplasm scattered 
in the entire cytoplasmic region. The protein contents were also showed as 
dark blue color in the brush borders and the plasma membranes of the renal 
corpuscles and renal tubules. The glomeruli were positively stained and the 
nuclei contained positively stained chromatin. These features were noticed in 
rabbits of control group (Figure 4.6.1). 

 

 
 
Figure 4.6.1:  A photomicrograph of a kidney section of rabbits in the control group 
showing the normal content of proteins in the renal tubules as deeply blue colored. 
(MBB X400). 

 

B. Treated groups 

The animals receiving tramadol (40mg/kg. body weight) for 10 days did not 
manifest any obvious changes in the protein contents of their kidney cells. 
Examination of kidney sections of the rabbits injected with tramadol 
intramuscularly for 40 days manifested obvious changes in the protein contents 
of their kidney cells. The glomeruli and renal tubules have lost the most protein 
contents and became slightly less stainable than the control animal cells 
(Figure 4.6.2).  

The protein contents as well as the general appearance of the renal tissues 
were approximately restored after administration of tramadol for 30 days and 
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left rabbits for a recovery period (10 days). The cells of the glomeruli were 
again densely stained nearly like those of the controls. Furthermore, the 
microscopic observation showed the cytoplasm of the proximal and distal 
tubules contained abundant protein granules (Figure 4.6.3). 

 

 
 
Figure 4.6.2:  A photomicrograph of a kidney section of a rabbit given (40mg/kg. body 
weight) of tramadol intramuscularly for 40 days displaying mild protein depletion in the 
renal tubules. (MBB X400). 
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Figure 4.6.3:  A photomicrograph of a kidney section of a rabbit  given (40mg/kg. body 
weight) of tramadol intramuscularly for  30 days and left for recovery period (10 days) 
showing partial improvement in the  amounts of protein in renal tubules. (MBB X400). 
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Chapter 5  
DISCUSSION 

  

5.1 Histopathology of liver 

Although opioids are being widely used since very long time, their long-term 
effects especially at cellular level, are not clearly understood (Atici et al., 
2005). However, such presently detected histopathological findings may be a 
attributed to the liver. The liver is the center for detoxifying any foreign 
compounds entering the body. So, it uniquely exposed to a wide variety of 
exogenous and endogenous products, such as environmental toxins and 
chemicals present in food or drinking (Wight, 1982) . 

Comparing with the control group, light microscopy of the findings were 
revealed, congested blood vessels in the central vein and sinusoids, periportal 
fibrosis and fibroblastic cells proliferation, inflammatory cells infiltration, fatty 
changes, degeneration of some hepatocytes and vacuolation of liver cells 
especially in those treated with tramadol for a longer duration i.e. 30 days and 
more. In this study, the histopathological findings revealed normal histological 
structure in control group.  

The congestion in the central vein and sinusoids present in rabbits treated for 
10 days and more. This result was corresponded with that observed by (Atici 
et al., 2005 and Buhari et al., 2012). Congestion in the central vein may be 
attributed to the harmful effect of tramadol on heart. It is well known that the 
mammalian heart is affected by opioids administration (Tanush et al., 2015). 

The current study revealed that treatment with tramadol induced portal tract 
fibrosis with bile ductal dilatation and proliferation or clusters of inflammatory 
cells surrounding portal area. Evidently, the more striking sign of the liver 
tissue damage was well discerned at the portal area. The hepatic vein 
exhibited striking dilatation with thickened wall surrounded by an exuberant 
amount of the collagenous fibers. We attribute that the mechanism of the injury 
may be that the growth factors may be released into hepatic sinusoids to 
activate stellate cells and to initiate fibrogenesis. Similar results were reported 
by Reeves and Friedman, (2002) , who described hepatic fibrosis as the 
presence of excess collagen due to new fiber formation, laid down as part of 
the tissue repair response to chronic liver injury. They reported that the 
principal effecter of hepatic fibrogenesis is recognized as the hepatic stellate 
cell. In response to liver injury they undergo an activation process in which they 
become highly proliferative and synthesize a fibrotic matrix rich in type I 
collagen.  

Also, George et al. (2001) examined the effects of dimethylnitrosamine (DMN) 
that can cause fibrosis of the liver. They observed collagen fiber deposition, 
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together with severe centrilobular necrosis, focal fatty changes, bile duct 
proliferation, bridging necrosis and fibrosis surrounding the central veins. A 
decrease in total protein and increase in DNA were also documented. 

The appearance of inflammatory cells in the hepatic tissue due to tramadol 
administration may suggest that tramadol could interact with proteins and 
enzymes of the hepatic interstitial tissue interfering with the antioxidant 
defense mechanism and leading to reactive oxygen species (ROS) generation 
which in turn may imitate an inflammatory response (Johar et al., 2004). A 
remarkable cellular infiltration in the hepatic tissue of treated group present in 
this study. This supported by Nwaopara et al. (2007) whose studies suggested 
that abundance of leucocytes, in general, and lymphocytes, in particular, are a 
prominent response of body tissues facing any injurious impacts.  

Zhang and Wang, (1984)  suggested that the cytoplasmic vacuolation is mainly 
a consequence of considerable disturbance in lipid inclusions and fat 
metabolism occurring during pathological changes. Also, vacuolar 
degeneration has been regarded by Durham et al. (1990) to be an alteration 
produced to collect the injurious substances in the cells. In this study, the 
vacuolation of the cytoplasm of the liver cells appeared at first in the 
heaptocytes of the peripheral zone of the hepatic lobules, extending gradually 
toward the center. This may be due to the direction of the lobular blood supply. 
Vacuolation and damage of liver cells were noted by other investigators 
following treatment with different agents (Yabe, 2000 and Samaranayake et 
al., 2000). 

The hepatic fatty change seen in the present work is due to Lipids 
accumulation in the hepatocytes when lipoprotein transport is disrupted. The 
appearance of lipid vacuoles within the hepatocytes of the treated groups 
might indicate tramadol interference with mitochondrial and microsomal 
function that leads to disruption of lipoprotein and lipids accumulation. Toxic 
effects of opioids at cellular level which may be explained by lipid peroxidation 
(Lurie et al., 1995).  

Biological membranes contain a large amount of polyunsaturated fatty acids, 
which are particularly susceptible to peroxidative attacks by oxidants resulting 
in lipid peroxidation. Therefore, lipid peroxidation has been used as an indirect 
marker of oxidant-induced cell injury. A significant increase in lipid peroxidation 
was reported in rats receiving an acute dose of cocaine (Masini et al., 1997). 
Similarly lipid peroxides were found significantly increased among chronic 
heroin users (Panchenko et al., 1999). Published patient surveys and case-
reports support the efficacy and safety of long-term use of opioid analgesics in 
chronic non-malignant nociceptive and neuropathic pain (Portenoy and Foley, 
1986 and Turk et al., 1994). 
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The data of the present study showed that tramadol activates the phagocytic 
activity of the sinusoidal cells by increasing the number of Kupffer cells. This 
might be a result of increased autophagy throughout the hepatic tissue to help 
in removing the accumulated tramadol and its metabolites where lysosomes 
are involved in the intracellular breakdown into small metabolic products. The 
produced Kupffer cells hyperplasia might be correlated with the amount of 
injury to the hepatic tissue induced by tramadol intoxication and represents a 
defense mechanism of detoxification and might be contributed to hepatic 
oxidative stress (Neyrinck, 2004) . 

Considerable alterations induced by tramadol intoxication were seen in the 
hepatocytes of treated groups including pyknotic and karyolitic nuclei. This 
might be due to increased cellular activity and nuclear interruption in the 
mechanism of tramadol detoxification. Some studies indicate that nuclear 
polymorphism is seen in hepatic dysplasia and carcinomatous lesion (Zusman 
et al., 1991). Binucleation seen in the results of the present study might 
represent a consequence of cell injury and is a sort of chromosomes 
hyperplasia which is usually seen in regenerating cells (Gerlyng et al., 2008).  

 

5.2 Histopathology of Kidney  

The present study indicated that tramadol induced marked histopathological 
alterations in the kidney tissues of rabbits such as tissue impairment, hydropic 
degeneration, expansion of the glomerular chamber and swelling of their lining 
epithelium, mononuclear cell infiltration, injured brush border of proximal 
convoluted tubules, necrotic lesions and pyknotic nuclei of the urinary tubules. 
Similar results, have been reported by (Atici et al., 2005 and Buhari et al., 
2012). 

The mechanism of swelling starts as a decrease in O2 levels which causes a 
drop in aerobic respiration. To maintain ATP levels, the cells must rely more on 
glycolysis. Glycolysis leads to lactic acid builds up, which causes the 
intracellular pH to drop. An acidic environment in the cell causes dysfunction of 
the Na+/K+ ATPas and consequent cell swelling due to an influx of Na+ and 
H2O. Persistent ischemia can lead to ca++ influx mitochondrial and lysosomal 
damage, and membrane damage (Lieberthat et al., 1998). 

In the present investigation, many renal tubules of the rabbits kidneys showed 
marked hydropic degeneration and degenerative lesions under the effect of 
tramadol. This is justifiable since the renal tubules are particularly sensitive to 
toxic influences, in part because they have high oxygen consumption and 
vulnerable enzyme systems, and in part because they have complicated 
transport mechanisms that may be used for transport of toxins and may be 
damaged by such toxins. Also the tubules come in contact with toxic chemicals 
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during their excretion and elimination by the kidneys (Tisher and Brenner, 
1989). 

The presence of necrosis may be related to the depletion of ATP, which finally 
leads to the death of the cells (Shimizu et al., 1996). Renal medullary necrosis 
occurs as a primary manifestation of renal disease. The mechanism of which is 
poorly understood, but it seems to involve a vascular change. Also, 
prostaglandin synthetase is found in the kidney, primarily in the medulla, and 
inhibition of this enzyme resulted in decreased production of prostaglandin E2 
(PGE2) and loss of its vasodilatory effect on juxtamedullary arterioles. (Date 
and Shastry, 1982) . These findings supported by Atici  et al. (2005) who 
reported that an evidence of renal damage such as tubular vacuolization , 
mononuclear cell infiltration and focal necrosis in addition to increase serum 
blood urea nitrogen (BUN) and creatinine levels in rats receiving long-term 
morphine administration was also reported  

Tramadol application was also noticed in the present investigations to cause a 
tubular lesions in the kidney, being more apparent during the late days post-
treatment. One possible mechanism for the tubular lesions was the direct toxic 
effect on the cell function (Alden and Frith, 1992) . Damage to the brush 
border and leakage of alkaline phosphates (ALP) and gammaglutamyle 
transferase (GGT) enzymes, which are associated with the brush border of the 
renal tubules, as a result of toxin binding to the brush border and considered 
as an early marker of toxic tubular insult (Fadel and Larsen, 1994; Edelstein 
et al., 1995 and Davies et al., 1995). 

Other possible mechanisms for the tubular lesions may involve reactive 
intermediates or oxidative stress, or both (Alden and Frith, 1992) . Biologically 
reactive intermediates are electron-deficient compounds (electrophiles) that 
bind to cellular electron-rich compounds, such as proteins and lipids. Mixed-
function oxidases catalyze the formation of their toxic metabolites. Reactive 
intermediates bind covalently to critical cellular macromolecules and interfere 
with normal biologic activity. Oxidative stress is induced by increasing 
production of reactive oxygen specie (ROS), such as superoxide anion, 
hydrogen peroxide and hydroxyl radicals. ROS can induce lipid peroxidation, 
inactivate cellular enzymes, depolymerize polysaccharides, and induce 
deoxyribonucleic acid breaks and chromosome breakage (Goldstein and 
Schnellmann, 1995) . 

The findings of the present investigation showed that exposure to tramadol 
resulted in progressive tubular, glomerular and interstitial histological 
alterations. Renal damage was also reported in experimental rats placed on a 
long term administration of morphine like agent Levo-alpha-acetylmethadol 
(LAAM) (Borzelleca et al., 1994). On the other hand, minimal histological 
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changes confined to the tubular cells were observed in rats receiving long-term 
tramadol administration (Atici et al., 2005). 

 

5.3 Histochemistry of polysaccharides 

In the present study, obvious alteration in the histochemical results of kidney 
and liver cells of the rabbits treated with 40 mg/kg body weight of tramadol was 
noted. Carbohydrate was found to undergo a remarkable diminution in all 
treated groups in comparison to the liver and kidney of the control rabbits. 
Such diminution exhibited time dependent characteristics. However, such 
presently decrease in carbohydrate content can be explained by (Chen et al., 
1999) who stated that initiation of lipid peroxidation, necrosis and subsequent 
impairment in cellular metabolism collectively altered the major cellular 
components, including protein, and glycogen.  

In general, the reduction of carbohydrates components under the effect of 
tramadol could be due to the release of hydrolytic enzymes from the ruptured 
lysosomes under the toxic effect of the toxic agents (Shalaby, 1985) . The 
above detected depletion  in  glycogen inclusions supported by previous 
findings postulated by Popp and Cattely, (1991)  that indicated that glycogen 
accumulation may be decreased as manifestation of toxicity, which is 
apparently due to impairment of enzymatic activity for glycogen catabolism or 
decrease in glycogen synthesis. 

The data collected from the present investigation could suggest that depletion 
of liver and kidney glycogen which takes place under such conditions might be 
attributed to the effect of tramadol on glucose absorption or on the enzymes 
involved in the process of glycogenesis or/and glycolysis (Jarrar and Taib, 
2012). Elyazji et al. (2013) reported that there is a general increase in serum 
glucose levels in rabbits in response to tramadol administration.  

Hepatocytes of the periportal zones were more affected than the perivenous 
hepatocytes which might indicate glycogenesis was more affected than 
glycolysis in the periportal hepatocytes which is metabolized by the perivenous 
cells that contain higher levels of glucokinase and pyruvate kinase during the 
post absorptive phase. The heterogeneous reduction in glycogen content 
between the same types of cells may indicate a difference in the overall 
release of glucose. Hepatocytes in the area surrounding the terminal afferent 
are mainly gluconeogenic, while those ones surrounding the terminal efferent 
venules are mainly glycolytic and lipolytic and are involved in biotransformation 
as general detoxification mechanism such mode of occurrence of these 
inclusions supported by the findings of Jarrar and Taib, (2012) . 
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On the contrary, a good support is provided to the present results. In this 
regard, Abdel-Raheem et al. (1991) indicated that marked declines occurred 
in the liver, kidney and brain glycogen contents as consequences of 
administration of heroin at fixed doses to adult albino rats. In addition, Zahran, 
(1994) found that heroin administration led to a duration and dose-dependent 
decrease of glycogen content in liver and kidney of rabbit. Such decrease was 
found to be also concomitant with marked hepatic and renal G-6-Pase 
declines. The possible interpretation of our results of carbohydrates depletion 
in the present study could be attributed to the toxication effects of tramadol on 
the liver cells; under pathological condition the cells lost their capacity to 
metabolize glycogen normally. 

The results showed that treated rabbits with tramadol caused depletion of 
carbohydrates in the cytoplasm of renal tubules. This result was in 
correspondence with other studies reported by Sakr et al. (2003) due to the 
treatment of gibberellin to the rats, and Abdeen et al. (1994), Sakr et al. 
(2002) and Elyazji et al. (2013) due to the use of a variety of animals under 
different pathological conditions. Regarding the possible recovery of glycogen 
content in animal liver and kidney following drug withdrawal, no studies seem 
to have been carried out in this respect but the present investigations has 
shown that the restoration of carbohydrate contents was obviously shown in 
either the liver or kidney tissue of animals treated with tramadol for 30 days 
after a recovery period (10 days) compared to control animals. 

5.4 Histochemistry of total proteins  
 
In the present study, the daily administration of rabbits with the therapeutic 
dose of tramadol (40 mg/kg b.w) caused a remarkable reduction in the total 
proteins contents of the liver cells of treated rabbits in comparison to the liver 
of the control rabbits. Treatment of rabbits with tramadol for 30 days induced a 
marked decrease in the protein content of the urinary tubules. More reduction 
in proteins was manifested in the cells treated for 40 and 50 days, where the 
proteinic granules were clearly reduced in amount and stainability. In addition, 
the liver and kidney of animals received tramadol for 30 days and left for a 
recovery period (10 days) showed partial improvement in the total proteins 
contents in comparison to the treated animals. 

The reduction of protein contents observed in this study may be attributed 
partially to the decrease of hepatic protein synthesis due to the hyperactivity of 
hydrolytic enzymes (Sivaprasada et al., 1983). Furthermore, this decrease in 
protein content can be explained by (Chen et al., 1999) who stated that 
initiation of lipid peroxidation, necrosis and subsequent impairment in cellular 
metabolism collectively altered the major cellular components, including 
protein, and glycogen.  
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On the other hand, Reid and Li, (2001)  found that reactive oxygen species 
may activate the ubiquitin proteasome pathway. Proteasomes are very large 
protein complexes located in the nucleus and the cytoplasm inside all 
eukaryotes (Peters et al., 1994). The main function of the proteasome is to 
degrade unneeded or damaged proteins by proteolysis. Proteasomes are part 
of a major mechanism by which cells regulate the concentration of particular 
proteins and degrade misfolded proteins. Proteins are tagged for degradation 
with a small protein called ubiquitin. The tagging reaction is catalyzed by 
enzymes called ubiquitin ligases. Once a protein is tagged with a single 
ubiquitin molecule, this is a signal to other ligases to attach additional ubiquitin 
molecules. The result is a polyubiquitin chain that is bound by the proteasome, 
allowing it to degrade the tagged protein (Lodish et al., 2004). Hence, the 
activation of the ubiquitin proteasome pathway may participate in Tramadol-
induced proteins depletion. 

In addition, Palla et al., (1987), postulated that in many kidney diseases, the 
permeability of the glomerular capillaries is increased leading to increased 
levels of excreted proteins. They added that any lesions produced in the kidney 
tubules will eventually cause dysfunction in the transport mechanism to and 
from the renal epithelium. 

Experimental studies have also supported toxic effects of chronic use of 
opioids on liver proteins. Hashiguchi et al. (1996) studied the central effects of 
morphine and morphine-6-glucuronide on tissue protein synthesis. They found 
that morphine and M6G suppress tissue protein synthesis through central 
mechanisms, mediated by opiate-induced respiratory. 

The lost proportions of protein inclusions recorded in the present materials was 
particularly restored approximately 10 days after the abstinence of (40 mg/kg 
body. weight) dosage of tramadol, but such restoration apparent to be 
relatively incomplete in rabbits previously treated for 30 or 40 days. None of 
such findings seen to have been reported in any other communications. 
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Chapter 6  
 

CONCLUSION AND RECOMMENDATIONS 

 
6.1 Conclusion   
 

• Histopthological changes in liver tissue were manifested in hepatocellular 
damage as degenerative and destruction of hepatocytes, congestion of 
sinusoids, inflammatory cells infiltration, necrosis and fibroblastic cells 
proliferation were showed in rabbits liver treated with tramadol for 30, 40 
and 50 day. On the other hand, moderate inflammatory cells infiltration and 
fibroblastic cells proliferation observed in groups treated for 30 day. Also, 
karyolysis and complete pyknosis of many cells were noticed. 

 
• The kidney of tramadol-treated rabbits showed abnormal features. Such as 

expansion of glomerulus, glomerular tuft atrophy, renal injury with tubular 
cell swelling, focal tubular necrosis and mild mononuclear cell infiltration 
were noticed. Also, degeneration in the epithelial cells lining the renal 
tubules at the cortical zone with pyknotic and karyolysed nuclei were 
noticed in kidney of rabbits treated for 30, 40 and 50 days.  

 
• Histochemical observations of liver treated with tramadol for 10 days 

preserved the normal contents of glycogen. While Specimens treated with 
tramadol for 30 days showed mild glycogen depletion and rabbits treated 
for 50 days showed marked glycogen depletion. Rabbits treated with 30 
and 50 days showed marked diminution in PAS positive material in the 
renal corpuscles and tubules. In a recovery group, some of the 
hepatocytes and regenerated renal tubules displayed a slight increase in 
their glycogen. 

 
• The protein inclusions of animals received tramadol for 10 days did not 

manifest obvious changes, while hepatocytes of treated rabbits with 
tramadol for 30 and 50 days demonstrated a marked reduction of protein 
contents in comparison to control rabbits. Kidney sections of the rabbits 
injected with tramadol for 30 and 40 days manifested obvious changes in 
the protein contents. The glomeruli and renal tubules have lost the most 
protein contents and became slightly less stainable than the control group. 
On the other hand, the protein contents as well as the general appearance 
of the renal tissues were approximately restored after the recovery period. 
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6.2 Recommendations  
 

• Enhancement of people awareness toward tramadol toxicity by launching 
educational programs and workshops on tramadol. 
 

• Notification of health authorities on the result of this study to take  
decisions to prevent the misuse of tramadol  

 

• Further studies are needed to investigate the impacts of tramadol on 
human health. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



59 

 

Chapter 7  
 

REFERANCES 
  

Abdeen, AM.; Amer TA.; EL-Habibi, EM. and Kamal EM.(1994): Histological 
and histochemicals studies on the effect of fenvalrate insecticide on some 
organs of Albino mice. J Union Arab Biol 2A, 129-66. 
 
Abdel-Raheem, K., El-Mossallamy, N., El-adeki, M., El-Gabry, M., El-
amany, N.,(1991): Carbohydrate metabolism in response to administration 
of heroin at fixed doses. Proc. Zool. Soc. A.R. Egypt 22, 149–165. 
 
Adams EH, Breiner S, Cicero TJ, et al., (2006): A comparison of abuse 
liability of tramadol, NSAIDs, and hydrocodone in patients with chronic pain. 
J. pain Symptom Manage., 31, 465- 476. 
 
Alden, CL, and  Frith CH. (1992): Urinary System. In: Handbook of 
Toxicologic Pathology, ed.  Hashek WM and Rousseaux CG, Ist ed., pp 
316-379, Academic Press, San Diego, CA . 
 
Allen T. (1992): Hematoxylin and eosin. Laboratory methods in 
histotechnology armed forces institute of pathology, Washington, DC 
279:53-58.  
 
Andrea M. Trescot, Sukdeb Datta, Marion Lee and Hans Hansen (2008): 
Opioid Pharmacology. Pain Physician, Opioid Special Issue: 11: S133-
S153 . ISSN 1533-3159.  
 
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: 245-252. 
 
Bloor M, Paech MJ, Kaye R.( 2012): Tramadol in pregnancy and lactation. 
Int J Obstet Anesth;21:163–7. 
 
Bohnert AS, Valenstein M, Bair MJ, et al.( 2011): Association between 
opioid prescribing patterns and opioid overdose-related deaths. JAMA. 
;305:1315–1321. 
 
Borzelleca J F, Egle J L Jr, Harris L S, Johnson D N, Terrill J B and 
Belleville J A (1994): Toxicological evaluation of mu-ago- nists. Part I: 
Assessment of toxicity following 30 days of repeated oral dosing of male 
and female rats with levo-alpha– acetylmethadol HCL (LAAM); J. Appl. 
Toxicol. 14 435–446. 
 
Buhari S , Kalthum H , Goh MY , Noordin MM , Chen H. C. and Gan S. H. 
(2012): Effects of tramadol on liver and renal biochemistry and 
histopathology in dogs undergoing surgary under pentobarbitone 
anesthesia. Journal of animal and vetarnity advance. 11(8):1188-1194.  



60 

 

 
Burford NT, Wang D, Sadée W.(2000): G-protein coupling of mu-opioid 
receptors (OP3): elevated basal signalling activity. Biochem J ;348: 531-7. 
 
Calignano, A., Capasso, A., Persico, P., Mancuso, F., Sorrentino, L., 
(1992): Dexamethasone modifies morphine-, atropine-, verapamil-induced 
constipation in mice. Gen. Pharmacol. 23, 753–756. 
 
Casella S, Giannetto C, Giudice E, Marafioti S, Fazio F, Assenza A, et al. 
(2013): ADP induced platelet aggregation after addition of tramadol in vitro 
in fed and fasted horses plasma. Res Vet Sci;94:325–30. 
 
Cavallo, F., Micheli, L., Giorgi, G., Capasso, A., (2007): Dexamethasone 
antagonizes morphine effects on GSSG levels. Biomed. Res. 18 (2), 89–92. 
 
Chen, W., Shockcor, J.P., Tonger, R., Hunter, A., Gartner, C. and Nelson, 
S.D., (1999): Protein and nonprotein cysteinylthiol modification by N-acetyl- 
p benzoquinoneimine via a novel ipso adduct. Biochemistry, 38: 8159. 
 
Cicero TJ, Inciardi JA, Adams EH, et al., (2005): Rates of abuse of 
tramadol remaine unchanged with the introduction of new braned and 
generic products: results of an abuse monitoring system. 
Pharmacoeoldemiol. Drug Saf., 14, 851- 859. 
 
Collart L, Luthy C, Dayer P.( 1993): Multimodal analgesic effect of tramadol. 
Clin Pharmacol Ther; 53:223. 
 
Collet, B.J. (2001): Chronic Opioid Therapy for Non-Cancer Pain. Br. J. 
Anaesth. 87, 133–143. 
 
Coughtrie M W, Ask B, Rane A, Burchell B and Hume R . (1989): The 
enantioselective glucuronidation of morphine in rats and humans. Evidence 
for the involvement of more than one UDPglucuronosyltransferase 
isoenzyme; Biochem. Pharmacol. 38:3273– 3280. 
 
Cox S, Villarino N, Doherty T. (2010): Determination of oral tramadol 
pharmacokinetics in horses. Res Vet Sci;89:236–41. 
 
Date, A and Shastry, J. C.M. (1982): Renal ultrastructure in acute tubular 
necrosis following Russell's viper envenomation. J. Pathol., 137:225-241. 
 
Davies, S.; Reichardi; Pascal SY.; Vaughan D.; Reussell GI (1995): 
Differential effect of ischemia-reperfusion injury on anti oxidant enzyme 
activity in the rat kidney.  Exp Nephrol 3:348-354. 
 
De Decker K, Cordonnier J, Jacobs W, et al., (2008): Fatal intoxication due 
to tramadol alone: case report and review of the literature. Forensic Sci. 
Int., 25, 79-82. 



61 

 

Desmeules JA, Piguet V, Collart L and Dayer P. (1996) : Contribution of 
monoaminergic modulation to the analgesic effect of tramadol. Br. J. Clin. 
Pharmacol. 41: 7-12. 
 
Driessen B, Reimann W, Giertz H (1993): Effects of the central analgesic 
tramadol on the uptake and release of noradrenaline and dopamine in vitro. 
Br J Pharmacol 108, 806–811. 
 
Duke, A. N., Bigelow, G. E., Lanier, R. K., & Strain, E. C. (2011): 
Discriminative stimulus effects of tramadol in humans. Journal of 
Pharmacology and Experimental Therapeutics, 338, 255–262. 
 
Durham SK, Brouwer A, Barelds RJ (1990): Comparative endotoxininduced 
hepatic injury in young and aged rats. J. Pathol. 162: 341- 349.  
 
Eassa BI, El-Shazly MA. Safety and efficacy of tramadol hydrochloride on 
treatment of premature ejaculation. Asian J Androl 2013;15:138–42. 
 
Edelstein CL, Ling H, Gengaro Pe, Nemenoff Ra, Bahr BA,(1995): Effect of 
glycine on prelethal and postlethal increases in rats blood. Res. Vet. Sci. 
58:180-188. 
 
El-Sayed AA, Mohamed KM, Nasser AY, Button J, Holt DW.(2013): 
Simultaneous determination of tramadol, O-desmethyltramadol and N-
desmethyltramadol in human urine by gas chromatography-mass 
spectrometry. J Chromatogr B: Analyt Technol Biomed Life Sci;926:9–15. 
 
Elyazji Nehad, Abdel-Aziz  Ismail, Aldalou Ayoub,  Shahwan Osama, 
(2013): The Effects of Tramadol Hydrochloride Administration on the 
Hematological and Biochemical Profiles of domestic male Rabbits, IUG 
Journal of Natural and Engineering Studies, 21(2): 51-65, ISSN 1726-6807. 
 
Ezzat SA. Summary: a report written by the Health Committee of the Shura 
Council (consultative Upper Parliamentary House) has set the alarm on the 
phenomenal rise of addiction among youth particularly during the past five 
years (2012). Available at: http://213.158.162.45/Begyptian/?action = 
news&id= 27889 [Accessed 12 May 2014]. 
 
Fadel , A.A, And Larsen H.A. (1996): Gentamicin-induced nephrotoxiois in 
lambs. Res. Vet. Sci. 61:187-192. 

Farmer AD, Ferdinand E, Aziz Q. (2013): Opioids and the gastrointestinal 
tract –a case of narcotic bowel syndrome and literature review. J 
Neurogastroenterol Motil;19:94–8. 

Fawzi MM.(2010): Medicolegal aspects concerning tramadol abuse. The 
new Middle East youth plague: an Egyptian overview 2010. J Forensic Res; 
2:130. 
 



62 

 

Fields, H.L. (2011): The doctor's dilemma: opiate analgesics and chronic 
pain. Neuron; 69, 591-594 
 
Fishbein DH, Krupitsky E, Flannery BA, Langevin DJ, Bobashev G, 
Verbitskaya E, et al.( 2007): Neurocognitive characterizations of Russian 
heroin addicts without a significant history of other drug use. Drug Alcohol 
Depend; 90:25–38. 
 
Friderichs E, Felgenhauer F, Jongschaap P and Osterloh G. (1978): 
Pharmacological studies on analgesia, dependence on and tolerance of 
tramadol, a potent analgetic drug (author›s transl)]. Arzneimittel Forschung 
28: 122-134. 
 
George, J.,Rao, K.R., Stern, R., Chandrakasan, G., (2001): 
Dimethylnitrosamine-induced liver injury in rats; the early deposition of 
collagen. Toxicology 156 (2–3), 129–138. 
 
Gerlyng, P., A ˚ byholm, A., Grotmol, T., Erikstein, B., Huitfeldt, H.S., 
Stokke, T., Seglen, P.O.,( 2008): Binucleation and polyploidization patterns 
in developmental and regenerative rat liver growth. Cell Prolif. 26 (6), 557–
565. 
 
Goldstein, R.S. and Schellmann R.G. (1995): Toxic responses of the 
kidney.  In: casarett and Doull's Toxicology.  The Basic Science Of Poisons, 
ed., Klaassen CD, 5 th   ed., pp 417- 442, McGraw-Hill companies Inc., 
New York, NY . 
 
Gomez–Lechon M J, Ponsoda X, Jover R, Fabra R, Trullenque R and 
Castell J V (1988): Hepatotoxicity of the opioids mor- phine, heroin, 
meperidine, and methadone to cultured human hepatocytes; Mol. Toxicol. 1 
453–463. 
 
Grond, S., and Sablotzki, A., (2004): Clinical pharmacology of tramadol. 
Clin. Pharmacokinet. 43, 879–923. 
 
Hall, A.J., et al. (2008): Patterns of abuse among unintentional 
pharmaceutical overdose fatalities. JAMA 300, 2613-2620. 
 
Harati, Y.; Gooch, C.; Swenson, M,; Edelman, S.V.; Greene, D.; Raskin, P.; 
Donofrio, P.; Cornblath, D.; Olson, W.H. and Kamin, M. (2000): 
Maintenance of the long-term effectiveness of tramadol in treatment of the 
pain of diabetic neuropathy. Journal of diabetes and its complications; 14 
(2): 65–70. 
 
Harris H.F. (1900): After bruce casselman W.C. (1959):"Histological 
technique" by Methuan and Co. LTD. 
 
Hashiguchi, Y., Molina, P.E., Preedy, V.R., Sugden, P.H.,McNurlan, M.A., 
Garlick, P.Jm., Abumard, N.N.,( 1996): Central effects of morphine and 



63 

 

morphine-6-glucuronide on tissue protein synthesis. Am. J. Physiol. 271 (3), 
R619–R625. 
 
Hassanian-Moghaddam H, Farajidana H, Sarjami S, Owliaey H. Tramadol- 
induced apnea. Am J Emerg Med 2013;31:26–31. 
 
Hennies HH, Friderichs E, Schneider J (1988): Receptor binding, analgesic 
and antitussive potency of tramadol and other selected opioids. 
Arzneimittelforschung 38, 877–880. 
 
Holden JE, Jeong Y, Forrest JM.(2005): The endogenous opioid system 
and clinical pain management. AACN Clin Issues ; 16: 291- 301. 
 
Holzer P.(2009): Opioid receptors in the gastrointestinal tract. Regul Pept 
;155: 11-17. 
 
Hotchkiss, R.D. (1948): A Microchemical Reaction Resulting in the Staining 
of Polysaccharide Structures in Fixed Tissue Preparations. Archives of 
Biochemistry, 16, 131. 
 
Huang AR, Mallet L (2013): Prescribing opioids in older people. Maturitas 
74:123–129. 
 
Ing Lorenzini K, Daali Y, Dayer P and Desmeules J. (2012): 
Pharmacokinetic pharmacodynamic modelling of opioids in healthy human 
volunteers. a minireview. Basic Clin. Pharmacol .Toxicol.110: 219-226. 
 
Jarrar B. and Taib N. (2012): Histological and histochemical alterations in 
the liver induced by lead chronic toxicity. Saudi Journal of Biological 
Sciences; 19(2): 203–210. 
 
Kabel LS and van Puijenbroek EP (2005): Side effects of tramadol: 12 
years of Experience in the Netherlands. Ned. Tijdschr Geneeskd., 149, 
754-757. 
 
Klepstad P, Fladvad T, Skorpen F, et al.(2011): Influence from genetic 
variability on opioid use for cancer pain: a European genetic association 
study of 2294 cancer pain patients. Pain;152:1139–45. 
 
Klotz, U. (2003): Tramadol-the impact of its pharmacokinetic and 
pharmacodynamic properties on the clinical management of pain. 
Azneimittelforschung. 53: 681-7. 
 
Koneru A, Satyanarayana S, Rizwan S.(2009): Endogenous opioids: their 
physiological role and receptors. Glob J Pharmacol; 3: 149- 53. 
 
KuKanich, B., Papich, M.G. (2004): Pharmacokinetics of tramadol and the 
metabolite Odesmethyltramadol in dogs. J Vet Pharmacol Therap. 27: 239-
246. 



64 

 

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. 
 
Lavasani H, Sheikholeslami B, Ardakani YH, Abdollahi M, Hakemi L, Rouini 
MR. (2013): Study of the pharmacokinetic changes of Tramadol in diabetic 
rats. Daru;21:17. 
 
Lee SH, Cho SY, Lee HG, Choi JI, Yoon MH, Kim WM. (2013):Tramadol 
induced paradoxical hyperalgesia. Pain Phys;16:41–4.  
 
Lee, R.C., Tavish, M.C., Sorkin, E.M. (1993): Tramadol: a preliminary 
review of its pharmacodynamics and pharmacokinetic properties, and 
therapeutic potential in acute and chronic pain states. Drugs. 46: 313-340. 
 
Lieberthat, W.; Menza S.A.; Levine J.S. (1998): Graded ATP depletion can 
cause necrosis or apoptosis of cultured mouse proximal tubular cells. Am J 
Physiol 274: F315-F327. 
 
Lillie R.D. (1954): Histological techniques and practical histochemistry 
McGraw-Hill, U.S.A. 
 
Lodish, H., Berk , A., Matsudaira, P., Kaiser, C.A., Krieger, M., Scott, M.P., 
Zipursky, S.L. and Darnell, J.,( 2004): Molecular cell biology. 5th ed., W.H. 
Freeman, New York, pp. 66–72. 
 
Lurie E, Soloviova A, Alyabieva T, Kaplun A, Panchenko L and Shvets V 
(1995): Effect of novel aromatic derivative of GABA on lipid peroxidation in 
chronically morphinized rats; Biochem. Mol. Biol. Int. 36 13–19. 
 
Manji, M., Rigg, C. Jones P (1997): Tramadol for postoperative analgesia in 
coronary artery bypass graft surgery. Br.J. Anaesth.; 2 (2): 44. 
 
Masini, A.; Gallesi, D.; Giovannini, F.; Trenti, T.; Ceccarelli, D. (1997): 
Membrane Potential of Hepatic Mitochondria after Acute Cocaine 
Administration in Rats—The Role of Mitochondrial Reduced Glutathione. 
Hepatology, 25, 385–390. 
 
Mansour A, Fox C, Akil H, Watson S.(1995): Opioid-receptor mRNA 
expression in the rat CNS: anatomical and functional implications. Trends 
Neurosci; 18: 22-9. 
 
Mazia , D.; Bewer P.A.; and Affest M.; (1953): The cytochemical staining 
and measurements of protein with mercuric bromophenol blue. Biol Bull 
104,57-67. 
 
Milne R W, McLean C F, Mather L E, Nation R L, Runciman W B, Rutten A 
J and Somogyu A A (1997): Influence of renal failure on the disposition of 
morphine, morphine-3 glucuronide and morphine-6-glucuronide in sheep 



65 

 

during intravenous infusion with morphine; J. Pharmacol. Exp. Ther. 
282:779–786. 
 
Millan MJ (2002): Descending control of pain. Prog Neurobiol 66, 355-474.  
 
Miranda HF and Pinardi G. (1998): Antinociception, tolerance, and physical 
dependence comparison between morphine and tramadol. Pharmacol. 
Biochem. Behav. 61: 357-360. 
 
Mirin SM, Meyer RE, Mendelson JH, Ellingboe J.( 1980): Opiate use and 
sexual function. Am J Psychiatry; 137:909–915. 
 
Murano T, Yamamoto H, Endo N, Kudo Y, Okada N, Masuda Y and Yano I. 
(1978) : Studies on dependence on tramadol in rats. Arzneimittel 
Forschung. 28: 152-158. 
 
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. 
 
Nagmatsu K, Onho Y, Ikebuchi H, Takahashi A, Terao T and Takanaka A 
(1986): Morphine metabolism in isolated rat hepa- tocytes and its 
implications for hepatotoxicity; Biochem. Pharmacol. 35 3543–3548. 
 
Neyrinck, A., (2004) Modulation of Kupffer cell activity: physiopathological 
consequences on hepatic metabolism. Bull. Mem. Acad. R. Med. Belg. 159 
(5-6), 358–366. 
 
Nwaopara AQ, Odike MAC, Inegbenebor U, Adoye MI (2007): The 
combined effects of excessive consumption of ginger,clove, red pepper and 
black pepper on the histology of the liver. Pak. J. Nutr., 6: 524-527. 
 
Johar, D., Roth, J.C., Bay, G.H., Walker, J.N., Kroczak, T.J., Los, M., 2004. 
Inflammatory response, reactive oxygen species, programmed (necrotic-
like and apoptotic) cell death and cancer. Rocz. Akad. Med. Bialymst. 49, 
31–39. 
 
Okie S.(2010): A flood of opioids, a rising tide of deaths. N Engl J 
Med.;363:1981–1985. 
 
Palla , R.; Patrenos Terg G.; Galigane, R; Brtell, A.; Romono, M.; 
Alessandr, M. and Bartalla, A.  (1987): Comparative effects of gentamicin, 
amikacin and dactimicin on excretion of acety1 beta-d-glucosamidase 
(Nag) and kidney histological pattern. 
 
Panchenko LF, Pirozhkov SV, Nadezhdin AV, Baronets VI, Usamanova 
NN. (1999): Lipid peroxidation, peroxyl radical-scavenging system of 
plasma and liver and heart pathology in adolescence heroin users. Vopr 
Med Khim; 45:501-506. 

 



66 

 

Pasternak G (2011): Pan YX. Mu opioid receptors in pain management. 
Acta Anaesthesiol Taiwan; 49: 21-5.  
 
Peters, J.M., Franke, W.W. and  Kleinschmidt, J.A.,(1994): Distinct 19 S 
and 20 S subcomplexes of the 26 S proteasome and their distribution in the 
nucleus and the cytoplasm. J. Biol. Chem., 269: 7709–7718. 
 
Poppers P J (1980): Hepatic drug metabolism and anesthesia; 
Anaesthesist 29 55–58. 
 
Popp, J.A. AND Cattely, R.C., (1991): Hepatobillary system. In: Handbook 
of toxicologic and pathology. (eds. W.M. Haschek and C.G. Rousseaux). 
Academic Press Inc., Diego, pp. 269-314.  
 
Portenoy K R and Foley K M (1986): Chronic use of opioid analgesics in 
non-malignant pain: Report of 38 cases; Pain 25 171–186. 
 
Progler Y.( 2010): Drug addiction in Gaza and the illicit trafficking of 
tramadol. J Res Med Sci; 15:185–188. 

 
Pypendop BH, Ilkiw JE (2008): Pharmacokinetics of tramadol, and its 
metabolite O desmethyl-tramadol, in cats. J Vet Pharmacol Ther 31, 52–59. 

 
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. 
 
Raffa RB, Friderichs E, Reimann W, Shank RP, Codd EE, Vaught JL. 
(1992): Opioid and nonopioid components independently contribute to the 
mechanism of action of tramadol an ‘atypical’ opioid analgesic. J Pharmacol 
Exp Ther; 260: 275–285. 
 
Raffa, R.B., Friderichs, E., Reimann, W., Shank, R.P., Codd, E.E., Vaught, 
J.L., Jacoby, H.I., Selve, N., (1993): Complementary and synergistic 
antinociceptive interaction between the enantiomers of tramadol. J. 
Pharmacol. Exp. Ther. 267, 331–340. 
 
Reeves, H.L., Friedman, S.L.,(2002): Activation of hepatic stellate cells—a 
key issue in liver fibrosis. Front. Biosci. 7, d808–d826. 
 
Reid, M.B. and Li, Y.P.,( 2001): Tumor necrosis factor alpha and muscle 
wasting: A cellular perspective. Respir. Res., 2: 269-272. 
 
Rouini, M.R., Khansarib, M.G., Ardakania Y.H., Dasiana Z. and Lavasania 
H., (2008): A Disposition Kinetic Study of Tramadol in Rat Perfused Liver. 
Biopharm Drug Dispos. 29: 231–235. 
 
Sakr , SA. El-Messedy, FA and Abdel-Samei Ha. (2002): Histopathological 
and histochemicals effects of gibberellin A3 on the kidney of albino rats. J 
Egypt Grrm Soc Zool 38.1-10. 



67 

 

 
Sakr , S.; Okdah A.; and El-Abed F. (2003): Gibberellin A3 Induced 
Histological and Histochemical Alterations in the liver of Albino Rats, 
SienceAsia 29 (2003): 327-331. 
 
Saleem R, Iqbal R, Abbas MN, Zahra A, Iqbal J, Ansari MS (2014): Effects 
of tramadol on histopathological and biochemical parameters in mice (Mus 
musculus) model. Glob J Pharm 8:14–19. doi:10. 5829/idosi.gjp.2014.8. 
 
Salem EA, Wilson SK, Bissada NK, Delk JR, Hellstrom WJ, Cleves MA. 
(2008): Tramadol HCL has promise in on-demand use to treat premature 
ejaculation. J Sex Med; 5:188–193. 
 
Samaranayake MD, Wickramasinghe SM, Angunawela P, Jayasekera S, 
Iwai S, Fukushima S (2000). Inhibition of chemically induced liver 
carcinogenesis in Wistar rats by garlic (Allium sativum). Phytother Res., 14: 
564-567. 
 
Savoia G, Loreto M, Gravino E. Sufentanil( 2001): an overview of its use for 
acute pain management. Minerva Anestesiol 67: 206-16. 
 
Schindler SD, Ortner R, Peternell A, Eder H, Opgenoorth E, Fischer G.( 
2004): Maintenance therapy with synthetic opioids and driving aptitude. Eur 
Addict Res; 10:80–87. 
 
Scott LJ, Perry CM. (2000): Tramadol. A review of its use in perioperative 
pain. Drugs ;60:139–176. 

 
Seddighi MR, CM Egger, BW Rohrbach, SK Cox and TJ Doherty, (2009): 
Effects of tramadol on the minimum alveolar concentration of sevoflurane in 
dogs. Vet Anaesth Analg, 36: 334-340. 
 
Shadnia S, Soltaninejad K, Heydari K, et al., (2008): Tramadol intoxication: 
a review of 114 cases. Hum. Exp. Toxicol., 27, 201-5.  
 
Shalaby, A.A., (1985): Effect of cyolane on the cytology and histochemistry 
of the ileum of Clarias lazera. M.Sc. thesis, Faculty of Science, Zagazig 
University. 
 
Shimizu , S.; Eguchi Y.; Kamiike W.; Waguri S.; Uchiyama Y.; Matsuda , H.; 
Tsujimoto Y.; (1996): Retardation of chemical hypoxia- induced necrotic cell 
death by Bcl-2 and ICE inhibitors: Possible involvement of common 
mediators in apoptotic and necrotic signal transductions.  Oncogene 12: 
2045-2050. 
 
Soueif M, Hannourah MA, Darweesh ZA.(1982): The non medical use of 
psychoactive substances technical school students I greater Cairo. Drug 
Alcohol Depend; 10:321–331. 
 



68 

 

Soueif M, Hannourah MA, Darweesh ZA.(1987): The use of psychoactive 
substances by female university students compared with their male 
colleagues on selected items. Drug Alcohol Depend; 19:233–247. 
 
Soueif M, Hannourah MA, Darweesh ZA.(1990):The use of psychoactive 
substances by males working in the manufacturing industry. Drug Alcohol 
Depend; 26:63–79. 
 
Singhal P C, Sharma P, Sanwal V, Prassad A, Kapasi A, Ranjan R, Franki 
N, Reddy K and Gibbons N (1998): Morphine modulates proliferation of 
kidney fibroblasts; Kidney Int. 53 350– 357. 
 
Sivaprasada , K.; Sombasiva; K. R., and Ramana, K. V. (1983): Effect of 
parathion on tissue ionic changes fish channa punctatus Geobios.   
Jodhpur, 10:60-62. 
 
Tanush Gupta,  Priya Prakash and Wilbert S. Aronow (2015): Association 
Between Opioid Abuse/Dependence and Outcomes in Hospitalized Heart 
Failure Patients. American Journal of Therapeutics; 0, 1–7. 
 
Tisher , C.C. and Brenner. B. M. (1989): Renal Pathology with Clinical and 
Functional Correlation. Volume (1) J. B. Lippincott company. Philadelphia. 
 
Tjäderborn M, Jönsson A K, Hägg S and Ahlner J, (2007): Fatal un-
intentional intoxications with tramadol during. Forensic Sci. Int., 173, 107-
11. 
 
Tolman K G. (1998): Hepatotoxicity of non-narcotic analgesics; Am. J. Med. 
105:13S–19S. 
 
Trescot AM, Datta S, Lee M and Hansen H. (2008): Opioid pharmacology. 
Pain. Physician.11: 133-153. 
 
Turk D C, Brody M C and Okifuji E A (1994): Physicians’ attitudes and 
practices regarding the long-term prescribing of opioids for non-cancer 
pain; Pain 59 201–208. 
 
Underwood JCE (1985): Histochemistry. Theoretical and applied. Vol. 2: 
Analytical technology Pearse AGE. Fourth edition. Churchill Livingstone, 
Edinburgh. 
 
Van Ahlen H, Piechota HJ, Kias HJ, Brennemann W, Klingmu¨ ller 
D.(1995): Opiate antagonists in erectile dysfunction: a possible new 
treatment option? Results of a pilot study with naltrexone. Eur Urol; 28:246–
250. 
 
Van der Laan J W, Krajnc-Franken M A and van Loveren H (1995) 
Immunotoxicological screening of morphine and methadone in an extended 
28 day study in rats; Int. J. Immunopharmacol. 17 535–543. 
 



69 

 

Wight, D.G.D.,(1982): Secondary carcinoma, hepatocellular carcinoma. In: 
Atlas of liver pathology. MTP Press Ltd, Lancaster. 
 
William S, Sekar N, Subramanian S and Govindasamy S (1991): Toxic 
effect of morphine and the antagonistic role of nalo- xone on isolated rat 
hepatocytes; Biochem. Int. 23 1071– 1077. 
 
Wu, W., McKown, L., Gauthier, A., Jones W., Raffa, R. (2001): Metabolism 
of the analgesic drug, tramadol hydrochloride in rat and dog. Xenobiotica. 
31: 423- 441. 
 
Yabe N, Matsui H (2000). Ampelopsis brevipedunculata (Vitaceae) extract 
inhibits a progression of carbon tetrachloride-induced hepatic injury in the 
mice. Phytomedicine, 7: 493-498. 
 
Zahran, M.F.,( 1994): Effect of heroin administration on certain biochemical 
aspects in adult rabbits. Egypt. J. Med. Sci. 15 (1), 69–78. 
 
Zhang LY, Wang CX (1984): Histopathological and histochemical studies 
on toxic effect of brodifacoum in mouse liver. Acta. Acad. Med. Sci., 6: 386-
388. 
 
Zusman, I., Kozlenko, M., Zimber, A.,( 1991): Nuclear polymorphism and 
nuclear size in precarcinomatous and carcinomatous lesions in rat colon 
and liver. Cytometry 12 (4), 302–307. 

 
 
 
 
 
 


