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العنوان:أنا الموقع أدناه مقدم الرسالة التي تحمل   

 

Biochemical and Histological changes associated 

with Amoxicillin, Paracetamol and Their Mixture 

on Rabbits 

الحیوي  التغیرات الكیموحیویة والنسیجیة المصاحبة للمضاد

األرانب وخلیطهما على ومسكن الباراسیتامولاألموكسیسیلین   

 
 

باسـتثناء مـا تمـت اإلشـارة  الخـاص،أقر بأن ما اشتملت علیـه هـذه الرسـالة إنمـا هـي نتـاج جهـدي 

أو أي جــزء منهــا لــم یقــدم مــن قبــل لنیــل درجــة أو لقــب  ككــل،الرســالة  هــذهأن و  حیثمــا ورد،إلیــه 

  علمي أو بحثي لدى أیة مؤسسة تعلیمیة أو بحثیة أخرى. 
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ABSTRACT 
 

Background and Problem: The extensive misuse of antibiotic and analgesic for 

treatment lead to many health problems especially for liver and kidney function. 

 

Objectives and aims: The study   characterizes biochemical changes and 

histological examination associated with chronic toxicity of Amoxicillin, 

Paracetamol and their mixture in rabbits.   

 

Methodology: Specific oral dose of Amoxicillin (8 mg/kg), Paracetamol (24mg/kg), 

and their mixture (8+24mg/kg) were given to three groups of rabbits to 2 weeks 

period and left for 6 weeks without treatment, fourth group left as control group. The 

physical and morphological features of the tested animal was monitored during the 

eight weeks. Then the animals were sacrificed, blood samples were collected in 

heparinized tubes until analysis. Then liver, kidney and heart were collected, washed 

with saline solution, weighted and grounded in saline solution for histological 

examination. Evaluation of toxicity was determined by analyzing the levels of the 

following enzymes and compounds in the collected blood serum: Alanine 

aminotransferase (ALT), Aspartate aminotransferase (AST), Alkaline phosphates 

(ALP), Total protein, creatinine, uric acid, and urea using commercially available 

kits.  

 

Results: showed reduced weights of rabbits due to Amoxicillin, Paracetamol, and 

their mixture administration. The effect of mixture (2655±400.44) in reducing 

rabbit's weight was more pronounced than in Amoxicillin or Paracetamol. All 

treatments increased the weight of liver and significant elevation was observed in 

Paracetamol (105±8.66) then mixture (95.00±13.23) treatments, also the heart weight 

of rabbit was showed reduced in all treatments which have approximately similar 

heart weights (13.33±2.89) compared with control (15.00±5). The observation of 

kidney weight was showed decreased in Amoxicillin (18.33±2.89) and mixture 

treatments (19.00±1.73) when compared with control group (20.00±5) except 
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Paracetamol treatments which have the same kidney weight (20.00±0) with control 

group. All treatments elevated the levels of ALT, AST, and ALP in rabbit above the 

control sample, Amoxicillin has the highest value in ALT (86.33±11.5) and AST 

(62.33±9.61) parameters, but ALP is the highest value in Paracetamol treatment 

(119.67±2.89). All treatments elevated the level of urea, creatinine, uric acid and 

total protein above the control sample, Paracetamol has the highest value in 

Creatinine (1.01±0.01) and Uric acid (1.1±0.12) parameters. 

On the other hand, the Histopathological alterations were manifested in liver 

and kidney tissue of Amoxicillin, Paracetamol, and their mixture- treated 

rabbits. Pyknotic nuclei, Necrosis, intra- cytoplasmic vacuolation and 

congestion and dilation of sinusoids were observed on the liver treated 

rabbits. Examination of kidney sections of the treated rabbits showed 

obvious expansion of glomerular chamber, focal nuclear necrosis, hydropic 

degradation and pyknotic nuclei.  

 

Conclusions: Amoxicillin, Paracetamol, and their mixture can cause morphological, 

histological and biochemical changes in kidney and liver, especially when mixture 

are used.  

 

Key words: Amoxicillin, Paracetamol, biochemical change, chronic toxicity, 

histological examination. 
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 المستخلص 

مــن المشــاكل الكثیــر  ظهــور أدى إلــى والمســكنات للعــالجللمضــادات الحیویــة االســتخدام غیــر المالئــم  المقدمــة:

  .والكلىالصحیة خاصة المرتبطة بوظائف الكبد 

المزمنــة المرتبطــة مــع الســمیة  الكیمیائیــة و النســیجیة الفســیولوجیة، صــمم هــذا البحــث لدراســة االســتجابة الهــدف:

و توضـــیح أي آثـــار ضـــارة  ،علـــى األرانـــب و خلیطهمـــا یمكـــن أن یســـببها األموكسیســـیلین ، الباراســـیتامول  التـــي

  محتملة أخرى .

ملجم/كجــــــــم) ٢٤( الباراســــــــیتامول ،ملجم/كجــــــــم)٨(األموكسیســــــــیلین محــــــــددة مـــــــن جرعــــــــات والطــــــــرق:المــــــــواد 

ثــم تركـــت لمــدة ســـتة  أســـبوعین،ثالث مجموعــات مـــن األرانــب لمــدة لـــ تـــم إعطاؤهــا ملجم/كجــم)٢٤+٨(خلیطهمــاو 

التغیـرات الظـاهرة علـى األرانـب كـل  وتمـت مالحظـةضـابطة  تركـت كمجموعـة رابعـةمجموعة  لالستشفاء،أسابیع 

 والقلــب للفحــصالكلـى  الكبــد،كــل مـن  لفحصــها، جمـعمــن الـدم  وأخـذت عینــاتثـم تــم ذبـح األرانــب  التجربــة.فتـرة 

ناقلــة  وهـي أنزیمـاتالـدم  وأنزیمـات فـيتقیـیم السـمیة مـن خـالل فحـص تركیــز عـدة مركبـات  وتـم تحدیـد النسـیجي،

  .والكریاتینین الیوریك،حمض  البولینا، البروتین، القاعدي،أنزیم الفوسفاتیز  االسبرتیت،أنزیمات  لألمیین،

 الباراسیتامول، األموكسیسیلین،سجلت النتائج انخفاض في أوزان األرانب المجموعات المعطاة النتائج: 

الكبد في  كتلةزاد  .)(400.44±2655وضوحاً األوزان في مجموعة الخلیط أكثر  وكان انخفاض وخلیطهما،

األكثر مالحظة في مجموعة  الزیادةوبلغت  الضابطةأرانب التجربة مقارنة مع المجموعة جمیع 

انخفاضًا في جمیع أرانب القلب  وأظهرت كتلة ،(13.33±95.00)ثم الخلیط  (8066±105)الباراسیتامول

مع  ةمقارن (2.89±13.33) وبلغت تقریباً  بحیث كانت كتل القلب متقاربة في جمیع مجموعات التجربةالتجربة 

 والخلیط أماأیضًا كتلة الكلى أظهرت انخفاض في مجموعة األموكسیسیلین  ،(5±15.00) المجموعة الضابطة

 مجموعات التجربة رفعت مستویات جمیع الضابطة.مجموعة الباراسیتامول فكان لها قیمة مقاربة من المجموعة 

 سجلتوقد  الضابطة،في األرانب فوق المجموعة  القاعديوالفوسفاتیز  االسبرتیت، لألمیین،ناقلة أنزیمات 

 القاعدي، والفوسفاتیز  (1.5±86.33) االسبرتیتمجموعة األموكسیسیلین القیمة األعلى ألنزیم 

 .(2.89±119.67)الباراسیتامولفقد كان األعلى قیمة في مجموعة  ألمییناناقل أما أنزیم  ،(62.33±9.61)

 فوقوالكریاتینین  الیوریك،حمض  البولینا، البروتین،مستویات جمیع مجموعات التجربة أظهرت ارتفاعًا في 
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منها تحلل  في مجموعات التجربةنسیجیة للكبد ال في البنیة من جانب آخر ظهرت تغیرات الضابطة.المجموعة 

و لم تظهر هذه التغیرات في أنسجة كبد المجموعة الضابطة ، و أظهرت  العدید من خالیا الكبد أنویهفي 

، تمدد في األوعیة الدمویة مصحوبًا بنزیف دموي تغیرات واضحة في بنیة األنسجة منها: فحص أنسجة الكلى

   .و لم تظهر هذه التغیرات في أنسجة كلى المجموعة الضابطة تمزق األنابیب الكلویة و فقد أنویتها

ـــرات الباراســـیتامول، األموكسیســـیلین،یمكـــن أن یســـبب اســـتخدام  الخالصـــة: ـــة  ،فســـیولوجیة وخلیطهمـــا تغی كیمیائی

  .استخدام الخلیط منهما وخاصًة عند والكلى،أنسجة الكبد  ونسیجیة على

  

  نسیجي.فحص  ،سمیة مزمنة تغیرات كیموحیویة، الباراسیتامول، األموكسیسیلین، الكلمات الرئیسیة:
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Chapter (1) 

Introduction 

1.1 Overview 

The Gaza Strip is the narrow strip of historic Palestine, it's area is 365 km2, with 

a length of 41 km and a width of between 6-12 km. It is a coastal land on the 

Mediterranean sea from west, bordering Israeli occupation at the north and east, and 

Egypt at the south west. Gaza Strip is one of the most crowded areas in the world, 

with population density of 5520 people per km2. Recent reports of Palestinian 

Statistics Authority 2017, revealed that over 65% of the population lives below the 

poverty line and some 47% are unemployed with estimated annual growth rate 3.2% 

in middle of 2017(PCBS,2017). Since 2007, the closure of Gaza and the three Israeli 

military strike have led to on-going deterioration in all aspects of life, especially 

health, economic and social, as well as the weakness of the monitoring system and  

spread of many diseases (Secretariat, 2012). This led to the problem of misuse of 

drugs, especially antibiotics and analgesics. And we think that the problem of misuse 

of antibiotics and analgesics is one of the most difficult problems facing the health 

sector, which must have a quick and effective solution. 

  Antibiotics are drugs that kill, slow or stop the growth of bacteria. Antibiotics 

are one class of antimicrobials, a larger group which also includes anti-fungal, anti-

viral, and anti-parasitic drugs. Antibiotics are one of the most commonly used drugs 

in modern medicine and most prescriptions contain one or more antibiotics 

(Bayarski, 2006). Antibiotics are widely used for human health and animal 

husbandry. Their uses in Gaza strip is increased dramatically. In  health care centers, 

antibiotic treatment are commonly used by physicians to treat bacterial infections 

(Justo et al., 2014). The World Health Organization reports that 50% of antibiotic 

are distributed in an inappropriate ways and that half of the patients not taking the 

drugs properly. Frequent intensive use of antibiotics, as well as self-repetition of 

medication, and nonprofessional prescription are among the most common aspects of 

the use of antibiotics in the Gaza. 

The first use of amoxicillin was initiated in 1970 in the United Kingdom and 

its widespread use as a broad spectrum antibacterial to treat many bacterial 

infections. Amoxicillin is more effective  against gram  positive  than  gram  negative 
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micro‐organisms (Kaur et al., 2011). It's one of widely used antibiotic due to it is 

broad spectrum effect and low cost. It is in List of Essential Medicines of the World 

Health Organization, the most important medications needed in a basic health 

system. It is one of the most commonly prescribed antibiotics in children 

(Organization, 2016). Amoxicillin caused health risks due to it's side effect as 

mental changes, insomnia, confusion, anxiety, sensitivity to lights and sounds, and 

unclear thinking. Use of the amoxicillin/clavulanic acid combination for more than 

one time caused mild hepatitis in some patients. Young children having ingested 

acute overdoses of amoxicillin manifested lethargy, vomiting, and renal dysfunction 

(Cundiff & Joe, 2007). Analgesic is any member of the group of drugs used to 

achieve analgesia, relief from pain. Analgesics include Paracetamol, the nonsteroidal 

anti-inflammatory drugs (NSAIDs) such as the salicylates, and opioids drugs such as 

morphine and oxycodone. Paracetamol (acetaminophen) is one of the most widely 

used as analgesic and antipyretic drugs around the world, It can be used without a 

prescription because it is classified as over the counter drug in many country. 

However,  clinical studies and observations have shown that there are many side 

effects of excessive use of paracetamol may lead to liver fibrosis (Jóźwiak-

Bebenista & Nowak, 2014) 

 

1.2 Objectives 

1.2.1 General Objectives 

The general objective of the study is to assess the chronic effects of 

Amoxicillin, Paracetamol and their mixture to rabbits animal model and to provide 

toxicological data that can be useful for human health. 

 

1.2.2 Specific Objectives 

1. To detect the physical and morphological features changes due to 

Amoxicillin, Paracetamol and their mixture administration.  
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2. To  study  the  chronic effect  of  Amoxicillin, Paracetamol and their mixture  

on  liver  function  through measurement of  Alanine aminotransferase,  

Aspartate aminotransferase, and Alkaline phosphatase enzymes . 

3. To study the chronic effect of Amoxicillin, Paracetamol and their mixture on 

kidney function through measurement of Urea, Creatinine, and Uric acid.  

4. To investigate the effect of Amoxicillin, Paracetamol and their mixture on 

the total protein and blood parameters (WBC, LYM, RBC, HGB, HCT, and 

PLT). 

5. To examine the histological changes of Amoxicillin, Paracetamol and Their 

mixture on liver and kidney tissues. 

1.3 Significance 

1 Amoxicillin, Paracetamol and their mixture are being extensively used in 

treatment in Gaza Strip with lake of monitoring programs. 

2 Studies on Amoxicillin and Paracetamol mixture toxicity are very limited in the 

literature. 

3 The research generated important results that enable us to understand the chronic 

toxicity of Amoxicillin, Paracetamol and their mixture. 

4 The study is a critical addition to the field of toxicology. 
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Chapter (2) 

Literature Review 

 

2.1 Rabbits as Experimental Animals 

Animal and clinical research have a significant impact in understanding the 

various physiological and pathological processes affecting human beings. Animal 

models are being used for experimental studies in many branches of medical science, 

because some areas of research cannot be carried out on humans for practical and 

ethical reasons, and the rabbit is one of the most used animals for experimental 

studies (Mapara, Thomas, & Bhat, 2012). Rabbits are small mammals in the family 

of Leporidae of the order Lagomorpha found in several parts of the world. Rabbits 

are commonly used for screening implant material prior to testing in a larger animal 

model because of it's availability, very docile and non-aggressive and hence easy to 

handle (Pearce, et al.,2007). A previous report (Aly & El-Gendy, 2015). 

Recommended the use of rabbits as an experimental model to provide experimental 

results valid for human beings. The use of animals in experimental research must be 

based on ethical, scientific, and legal principles (Council, 2010). 

2.2 Antibiotics 

Chemical compounds produced by microorganism or total synthesis used to 

inhibit growth (bacteriostatic) or kill bacteria (bactericidal), some of them are broad 

spectrum antibiotics that used to treat a wide range of infections, others are narrow 

spectrum antibiotics which only effective against a few types of bacteria (Bayarski, 

2006). Antibiotics may be classified in several ways, based on bacterial spectrum, 

route of administration, type of activity, mechanism of action, and origin. The most 

used way of classification is based on chemical structure due to  there are generally  

have  similar  patterns  of  effectiveness,  toxicity,  and  allergic potential (Moore, 

2013). 
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2.2.1 Amoxicillin 

 

  Amoxicillin is a (2S,5R,6R)-6-{(2R)-2-amino-2-(4 -hydroxyphenyl)acetyl]amino}-

3,3-dimethyl-7oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylicacid, semi‐

synthetic, acid stable drug belongs to a class of  antibiotics called the Penicillins (B‐

lactam antibiotics),which inhibited the biosynthesis  of  cell  wall  mucopeptide 

during  bacterial multiplication.  

 

 

 

Figure (2.1): Chemical Structure Of Amoxicillin. 

 

It is a broad spectrum  

antibiotics, effective against  infections caused by wide  range  of  Gram  

positive  and  Gram   negative  bacteria  in  both  human  and animals (Kaur et al., 

2011). Despite the considerable number of newer antibiotic drugs made available 

over the past decades, amoxicillin, alone or in combination with clavulanic acid, still 

accounts among the most widely used antibacterial agents.  It  has 

a  widespread clinical use,  not  only  because  of  it is 

broad  antibacterial  spectrum  but  also  because  of its  high  oral  bioavailability  (7

0‐ 90%)  with  peak  plasma  levels occurring within 1to 2 hr (Tong & Rothwell, 

2000). The  Apparent  volume  of  distribution  of  amoxicillin  is  approximately  

(0.26 – 0.31 L/kg)  and  widely  distributed  to  many  tissues,  including  liver,  

lungs,  prostate (human),  muscle and  crosses  the  placenta,  but  penetrates  poorly  

into the central nervous system unless inflammation is present (Amin, Moustafa, & 

Issa, 1994).  It  is  approximately  (17‐ 20%)  bound  to  human  plasma  proteins,  

primarily  albumin.  Excretion  of  amoxicillin  is  predominantly  renal,  and  >80%  

of  which  50‐ 70%  unchanged  (of  administered doses) is recoverable in the urine, 
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leading to very high  urinary concentrations and is also secreted in milk. 

Approximately (10‐ 25%) of drug is metabolized into  the penicilloic acid 

(Paavonen et al., 1989). Amoxicillin used to treat infections caused by susceptible 

organisms involving the upper and lower respiratory tract, otitis media, sinusitis, skin 

infection, and urinary tract infection, periodontitis, can be used as a prophylaxis of 

infective endocarditis in patients undergoing surgical or dental procedures, and as 

part of a multidrug regimen for H. pylori eradication (Nagaralli et al., 

2002).  Amoxicillin may be degraded under controlled humidity conditions. For 

instance in dilute aqueous solution.  Amoxicillin can produce many side effects on 

human life as allergic reactions, breathing problems, dizziness, and yellowing of the 

eyes or skin (Kaur et al., 2011). 

A  study  conducted  for  documenting  side  effects  of  Amoxicillin  within  the  W

HO  Program  for  International  Drug  Monitoring  from  January 1988  up  to  June  

2005,  collected 37, 906 reports, of which 1095 were related to Amoxicillin  alone 

and 1088 to Amoxicillin in combination (Amoxicillin/clavulanic  acid).  skin, 

gastrointestinal,  hepatic  and  hematological  reactions were noted.  Amoxicillin   

seems  to  be  associated with a high risk of Stevens–Johnson syndrome, purpura  and 

hepatitis (Salvo et al., 2007). Amoxicillin associated hepatitis and jaundice was first 

identified in 1988. Numerous case reports and case series have been published since 

then (Rodriguez et al.,1996). A second study done in the United Kingdom to 

estimate the risk of acute liver injury associated with the combination of Amoxicillin 

and clavulanic acid and compare it with the one of Amoxicillin alone, data were 

derived from a cohort of 93 433 users of the combination drug Amoxicillin—

clavulanic acid and 360 333 users of Amoxicillin alone who were aged between 10 

and 79 years and who were followed up from 1991 through 1992. After reviewing 

the information on subjects with suspected liver injury that were 35 cases of 

idiopathic acute liver injury. None was fatal. There were 14 cases of acute liver 

injury among users of Amoxicillin alone. The type of liver injury was hepatocellular 

in half the cases. There were 21 cases of acute liver injury among users of 

Amoxicillin and clavulanic acid together. The type of liver injury was cholestatic in 

three quarters of the cases (Rodriguez et al.,1996). Another study reported Fifteen 

cases of hepatitis related to a combination of Amoxicillin and clavulanic acid. Most 
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patients were aged 60 years or more and there were more men than women (sex ratio 

4:1). The Amoxicillin-clavulanic acid had been given at doses ranging from 0.5 to 6 

g/day (mean 2 g/day) for seven to 60 days (mean 18 days). In 11 cases, the first 

symptoms appeared one to four weeks after stopping treatment. Jaundice was 

observed in all patients and was frequently associated with pruritus. Serum 

aminotransferase activities were increased in all patients and were generally two to 

10 times the upper limit of normal. Serum alkaline phosphatase activity was 

considerably increased, from two to seven times the upper limit of normal. 

Histological examination of the liver, performed in seven patients, showed centri- or 

pan lobular cholestasis in all cases, associated with granulomatous hepatitis in one. 

The prognosis of Amoxicillin-clavulanic acid induced hepatitis seemed to be good ( 

Larrey et al.,1992).  

 

2.3 Analgesic 

 

Analgesic is a group of drugs that used to achieve analgesia and 

relieves pain selectively without blocking the conduction of nerve impulses, 

markedly altering sensory perception, or affecting consciousness. This selectivity is 

an important distinction between an analgesic and an anesthetic. Analgesic can be 

classified into three groups Narcotic, Non-narcotic analgesics, and Non-steroidal 

anti-inflammatory drug (NSAID) (Floyd, 2017). 

2.3.1 Paracetamol 

Paracetamol (acetaminophen) is one of the most popular and most commonly used 

analgesic and antipyretic drugs around the world, available without a prescription, 

both in mono- and multi-component preparations. It is the drug of choice for relief 

pain especially in   patients that cannot be treated with NSAID, such as people with 

peptic ulcer disease, bronchial asthma, hemophilia, salicylate-sensitized people, 

children under 12 years of age, and pregnant or breastfeeding women. It is 

recommended as a first-line treatment of pain associated with osteoarthritis 

(Jóźwiak-Bebenista & Nowak, 2014; Mattia & Coluzzi, 2009). 
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Figure (2.2):Chemical Structure Of Paracetamol 

 

Although paracetamol was discovered over 100 years ago and has been widely 

used in medical practice for more than half the century, its mechanism of action has 

not been elucidated until now. It includes the effects of both the peripheral, and  

central mechanisms, including effects on prostaglandin production, and on 

serotonergic, opioids, nitric oxide (NO), and cannabinoid pathways (Jóźwiak-

Bebenista & Nowak, 2014). Oral paracetamol is absorbed by passive transport 

mainly from the small bowel. It is metabolized in the liver, predominantly by 

glucuronidation and sulphation to non-toxic conjugates, but a small amount is also 

oxidised via the cytochrome P450 enzyme system to form the highly toxic 

metabolite, N-acetyl-p-benzo-quinone imine (NAPQI). Under normal conditions, 

NAPQI is detoxified by conjugation with glutathione to form cysteine and 

mercapturatic acid conjugates, which are then renally excreted. However, when there 

is insufficient glutathione (e.g. in paracetamol overdose), or a glutathione deficiency, 

NAPQI reacts with cellular membrane molecules, causing acute hepatic necrosis 

(Sharma & Mehta, 2013). Paracetamol is generally safe, but may be caused 

potentially fatal kidney, brain, and liver damage with acute overdose, and in rare 

individuals, even after a therapeutic dose, attributable perhaps to the presence of 

subclinical risk factors such as ‘fast-metabolizer’ status, glutathione deficiency or 

both. However, usage within the therapeutic range, particularly frequent regular use, 

can also impact on other organ systems, with effects that are less widely 

acknowledged (Boyle et al., 2010). Hepatic Paracetamol toxicity is the foremost 

cause of acute liver failure and accounts for most drug overdoses in the UK, USA, 
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Australia, and New Zealand. Paracetamol overdose is the most common and 

predictable cause, but, in certain individuals, hepatotoxicity may occur with doses 

within the therapeutic range. This may be secondary to deficiencies in glutathione, 

because of inadequate nutrition, P450 enzyme induction by chronic alcohol excess, 

or concomitant use of other drugs (Psaty & Furberg, 2005). Paracetamol is thought 

to have only minor effects on renal function, of no clinical relevance in the vast 

majority of patients. Rare effects have included acute renal failure, acute tubular 

necrosis, and interstitial nephritis, but these are usually observed after either acute 

overdose, chronic abuse (often with multiple analgesics), or in association with 

paracetamol-related hepatotoxicity; that said, acute tubular necrosis has been 

observed as an isolated finding in rare cases. There has been equivocal data 

regarding whether moderate to long-term use may increase the risk of end-stage renal 

disease. The mechanism of damage is thought, yet again, to involve the depletion of 

glutathione—a known anti-oxidant, rendering renal cells particularly sensitive to 

oxidative damage. Optimizing hydration and nutrition status is therefore of specific 

relevance in those receiving regular paracetamol (Sharma & Mehta, 2013). 

paracetamol itself may be causally linked with the development of asthma. There has 

been mounting evidence since 2000 of an association between asthma and 

paracetamol usage, so strong that it is thought by some to have contributed to much 

of the dramatic increase in childhood asthma over the past 30 years. The product 

information for some commercial preparations of paracetamol itself include in their 

list of possible adverse effects, difficulty breathing, and bronchospasm in patients 

having a tendency of analgesic asthma. Consistent with findings in animal and in 

vitro studies data are strongly suggestive that frequent paracetamol usage may be a 

direct risk factor for wheezing, rhinitis, and asthma morbidity in adults and children. 

(Eneli, et al., 2005).  
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Chapter (3) 

Materials And Methods 

 

3.1 Experimental  Animals     

Twenty-five healthy adult male rabbits weighing 2200±500 gm were purchased 

from locally certified farms. These rabbits were placed in a suitable room equipped 

according to US-EPA 2004 for experimental period. The rabbits were properly 

maintained according to the principles and guidelines issued by the Ministry of 

Agriculture in Gaza and US-EPA2004 for animal care, rabbits were individually 

placed in appropriate steel cages at (22-26° C), (40-70%) humidity and a clean 

environment with a light / 12 hour cycle. A suitable diet of balanced feed and clean 

water has been provided for the duration of the total experiment.    

Animals were divided randomly into 4 groups (5 rabbits / group) and treated as 

follows:  

Group 1: Each rabbit was given orally administration (alternately day) with 

Amoxicillin (20 mg for rabbit) (8mg /kg .body weight) for 14 days. 

Group 2: Each rabbit was given orally administration (alternately day) with 

Paracetamol (60 mg for rabbit) (24mg /kg .body weight) for 14 days. 

Group 3: Each rabbit was given orally administration (alternately day) with 

Amoxicillin (20 mg for rabbit) (8mg /kg .body weight) and Paracetamol (60 mg for 

rabbit) (24mg /kg .body weight) for 14 days. 

Group 4: Kept as a control, being orally administration with 8 ml of distilled water 

for 14 days. 
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Figure (3.1): Stainless Steel Animal House According To EPA Stander 

  

3.2 Chemicals 

Amoxicillin and Paracetamol (purity 99%) were obtained from Middle East 

Pharmaceutical and cosmetics laboratories Co .LTD. All other chemicals used in the 

experiment were purchased from standard commercial suppliers. 

3.3 Preparation of  Amoxicillin and Paracetamol Solution 

1000mg of Amoxicillin was dissolved in 100ml of distilled water and1000mg of 

Paracetamol was dissolved in 100ml of distilled water under magnetic steering to 

ensure complete solubility of drugs. This was visualized by clean solution of water. 

3.4 Experimental Design 

All groups of rabbit (G1, G2, G3, and G4) were monitored during the 10 weeks 

of study period (2 weeks of acclimatization +2 weeks of treatment +6 weeks without 

treatment). Weekly rabbit weights were recorded and at the end of the experiment 

rabbits were slaughtered to take a sample of blood and the main organs (brain, liver, 

kidney, and heart) rinsed in saline solution (0.9% NaCl), dried on filter paper and 

weighted individually in all rabbits and the relative organ weight was calculated 

(organ weight: body weight). 
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3.5 Treatments of Animals 

- Eight ml pure distilled water was given orally to the control group of rabbits.  

-group 1  received 2ml Amoxicillin solution containing the required concentration of 

Amoxicillin (20mg of Amoxicillin) this step was repeated for two  weeks alternately. 

-group 2  received 6ml Paracetamol solution containing the required concentration of 

Paracetamol (60mg of Paracetamol) this step was repeated for two  weeks 

alternately.   

-group 3  received 2ml Amoxicillin and  6ml Paracetamol solution containing the 

required concentration of Amoxicillin and Paracetamol (20mg of Amoxicillin and  

60mg of Paracetamol) this step was repeated for two  weeks alternately. 

Then treated animals were left six weeks monitoring period. The animal dose 

extrapolated to a human equivalent dose (HED) by a simple conversion based on 

body weight.  

 

 

 

 

 

Figure (3.2): Administration Of Drugs To Rabbits. 

 

3.6  Collection of Blood, Heart , Liver, Brain and Kidney Samples 

Rabbits were scarified and blood collected by cardiac puncture into sterile 

containers.  The collected blood was allowed to clot and then centrifuged at 3000 

r.p.m. for 15 minute. Clear serum samples were separated in glass tubes, labeled and 
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stored until CBC and biochemical analysis. Heart, liver, brain and kidney tissues 

were collected washed with saline solution (0.9%) and put in ice. 

3.7  Biochemical Analysis 

The blood of the tested organisms were collected in heparinized tube, kept in ice 

and centrifuged to collect the plasma, for determination of alanine aminotransferase 

(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), Total protein, 

and creatinine, uric acid, and urea enzyme activities in the blood serum of the tested 

animal. 

3.8 Determination of Liver Enzymes 

3.8.1 Determination of Alanine Aminotransferase  

ALT is one of the main liver enzymes, also found in serum and body tissues. 

It is released into the serum as a result of tissue injury, the concentration of ALT in 

the serum may be increased with acute damage to hepatic cells. Therefore, the 

measurement of ALT levels in serum has proved to be a valuable indicator of liver 

function in clinical settings (Hickman et al., 2004). Serum ALT activity was 

determined by using optimized UV-test by  using DiaSys reagent kits according to 

International Federation of Clinical Chemistry and Laboratory Medicine (IFCC), 

according to Guder method (Guder & Zawta, 2001). 

Principle 

 

Reagent 

Reagent 1: L- Alanine (700 mmole/l ) , TRIS pH 7.15 ( 140 mmole/l ), LDH( 

Lactate dehydrogenase ) ( 2300U/l)     

Reagent 2 : NADH(1mmole/l ) ,2- Oxoglutarate (85mmole /l) 

Monoreagent preparation 

 1 part of R2 was mixed with Four parts of R1. 
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Procedure 

Sample( 100µl) mixed with Monoreagent (1000µl )  then read absorbance at 

340 nm after 1, 2 and 3 minute . 

 

Calculation 

From absorbance reading calculates ΔA /min and multiply by the 

corresponding factor: ΔA /min X factor (1745) = ALT activity [U/l]  

3.8.2 Determination of Aspartate Aminotransferase 

 AST is mainly found in brain, heart, liver, kidneys, skeletal muscle, and red 

blood cells. Serum AST level is commonly measured clinically as biomarkers for 

liver health, It is an important enzyme in amino acid metabolism. AST activity was 

determined by using optimized UV-test by using DiaSys reagent kits according to 

International Federation of Clinical Chemistry and Laboratory Medicine (IFCC), 

according to Thomas (Thomas, 1998).  

Principle 

 

Reagents 

Reagent 1: L- Aspartate (240 mmole/l ) , TRIS pH 7.65 ( 80 mmole/l ),  

 LDH( Lactate dehydrogenase ) ( 900U/l) ,MDH( Malate dehydrogenase ) ( 600U/l).    

Reagent 2 : NADH(0.18mmole/l ), 2- Oxoglutarate (12 mmole /l) . 

 

Monoreagent preparation 

1 part of R2 was mixed with four parts of R1 

 

Procedure 

Sample (100µl) mixed with Monoreagent (1000µl ) then read absorbance at 

340 nm after 1, 2 and 3  . 

Calculation 
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  From absorbance reading calculates ΔA /min was calculated and multiply by 

the corresponding factor: ΔA /min X factor (1745) = AST activity [U/l] 

 

3.8.3 Determination of Alkaline Phosphatase 

 ALP is an enzyme found in several tissues and present in high concentration 

in the cells that comprise bone and the liver. increase ALP levels in the blood are 

most commonly caused by bone disorders  or liver disease.  ALP  activity was 

measured by kinetic photometric test by using DiaSys reagent kits, according to the 

International Federation of Clinical Chemistry and Laboratory Medicine (IFCC), 

according to the method described by Soldin and his colleagues (Pratt & Kaplan, 

2000) 

 

Principle 

 

Reagents  

Reagent 1: Magnisium acetate (0.5mmol/l), 2-Amino-2-methyl-1-propanol( 1.1 

mmole/l ), PH10.4(2 mmole/l ) , Zinc sulphate(2.5mmol/l), HEDTA . 

Reagent 2: p-Nitrophenylphosphate(80 mmole /l).  

Monoreagent preparation 

1 part of R2 was mixed with four parts of R1. 

Procedure 

Blank: Distilled water (20µl) mixed with Monoreagent (1000µl ).  

Sample: Monoreagent (1000µl ) mixed with Sample (20µl). 

Read absorbance at 405 nm after 1, 2 and 3 minute. 
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Calculation 

From absorbance reading calculates ΔA /min and multiplies by the 

corresponding factor: ΔA /min X factor (2757) = ALP activity [U/l] 

3.9 Non- Protein Nitrogen Constituents 

3.9.1 Determination of Urea 

Urea is the final breakdown product of the amino acids found in proteins. The 

urea is released into the bloodstream and carried to the kidneys where it is filtered 

out of the blood and excreted in the urine. Healthy kidneys remove more than (90%) 

of the urea the body produces, so blood levels can show how well  kidney is 

working. Serum urea was determined by using "Urease-GLDH": enzymatic UV test 

using DiaSys reagent kits, according to Thomas method (Gutmann & Bergmeyer, 

1974)  

Reagent: 

Reagent 1: 2- Oxoglutarate (9 mmol/l), TRIS pH 7.8 (150 mmol/l), 

ADP(0.75mmol/l) ,GLDH ( 1KU/l), Urease (7KU/l)     

Reagent 2 : NADH (1.3 mmole/l) 

Standard: 50 mg/dl (8.33mmol/l) 

Monoreagent preparation 

1 part of R2 was mixed with four parts of R1 . 

Procedure  

Blank: Monoreagent (1000 µl)  

Sample or standard:  Monoreagent (1000 µl) mixed with Sample or standard (10µl) 

Mix and incubate at 25 C for 60 sec., then read absorbance A1. After exactly further 

60 sec. read absorbance A2 at 340 nm.  
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A= (A1-A2) sample or standard 

 

Calculation 

 

3.9.2 Determination of Uric Acid Serum  

Uric Acid was determined by using "Urease-GLDH": enzymatic UV test by 

using DiaSys reagent kits, according to Barham  method (Barham & Trinder, 

1972).     

Principle 

  The following enzymatic reaction sequence employed in the assay of uric 

acid is: 

 

Reagents: 

Reagent 1: pipes Buffer (pH 7.0) (50 mmol/l), 4-Aminoantipyrin (0.31mmol/l) 

DHBS (0.50 mmol /l),Uricase (0.32 KU/l), Peroxidase (1.0KU/l)     

Standard: (5 mg/dl) 

Procedure 

Reagent Blank: Reagent 1 (1.00 µl) and distilled water (0.025µl) 

Standard (Calibr):  Reagent 1 (1.00 µl )  mixed with Standard(Calibr) (0.025µl) 

Sample: Reagent 1 (1.00 µl)  mixed with Sample (0.025µl). 

 

3.9.3 Determination of Creatinine 

Serum creatinine was determined by using kinetic test without 

deproteinization using DiaSys reagent kits, according to Newman and Price method 

(Newman & Price, 1999) 
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Principle 

Creatinine in an alkaline picrate solution forms a colored orange-red complex. The 

different in absorbance at fixed time during conversion is proportional to the 

concentration of creatinine in the sample.   

 

Reagents: 

Reagent 1: Sodium hydroxide (0.16 mmol/l) 

Reagent2 : Picric acid (4.0mmol/l)    

Standard: 2 mg/dl (177mmol/l) 

 

Monoreagent preparation  

1 part of R2  was mixed with four parts of R1. 

Procedure 

Reagent Blank: Monoreagent (1000 µl) and distilled water (50 µl) 

Standard(Calibr):  Monoreagent (1000 µl)  mixed with Standard(Calibr) (50µl) 

Sample: Monoreagent (1000 µl) mixed with Sample (50µl)> 

Mix and read absorbance A1 after 60 sec against reagent blank at 492 nm, read 

absorbance A2 after further 120 sec. 
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3.10 Protein Profile  

3.10.1 Determination of Total Protein  

Serum total protein was determined by photometric test by using DiaSys 

reagent kits, according to Thomas method (Thomas, 1998).  

Principle 

Protein forms a violet blue color complex together with copper ions in 

alkaline solution. The absorbance of color is directly proportional to concentration. 

Reagents: 

Reagent 1: Sodium hydroxide (80 mmol/l),Potassium sodium tartrate (12.8 mmol/l)  

Reagent2 : Sodium hydroxide (100 mmol/l),Potassium sodium tartrate (16 mmol/l), 

Potassium iodide (15 mmol/l) , Copper sulfate (6 mmol/l)   

Standard: (5 mg/dl)  

Monoreagent preparation  

1 part of R2 was mixed with four parts of R1. 

Procedure 

Reagent Blank: Monoreagent (1000 µl ) and distilled water 20 µl 

Sample: Monoreagent (1000 µl ) mixed with Sample ( 20µl). 

Mix, incubate for 5 min at 25°C and read absorbance against the reagent blank 

within 60 min at 540 nm.  

Calculation 

The protein concentration in the sample is calculated using the following 

general formula: 

 

3.11 Histological Work Up  

For histological examination, the following steps were carried out. 

3.11.1 Collection of Samples 

Liver, kidney, and heart were dissected 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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Figure (3.3): Collection Of Kidney, Liver, And Heart Of Control Samples. 

 

 

 Figure (3.4): Collection Of Liver Of Amoxicillin Samples. 



    21 
 

 

Figure (3.5): Collection Of Heart Of Paracetamol Samples. 

 

 

Figure (3.6): Collection Of Liver Of Amoxicillin And Paracetamol Mixture 

Samples. 

 

 



    22 
 

3.11.2  Fixation  

The following fixative reagent used for the routine heamatoxylin and eosin 

stain was 10% buffered formalin (Bancroft & Gamble, 2008). 

3.11.3 Processing  

Following fixation, Dehydration fixed tissues  was then carried out by  

through ascending grades  of  ethyl  alcohol  (70%,  80%,  90%,   and  100%). 

Dehydration was then followed by clearing the samples in several  changes  of  

xylene. Samples were then impregnated with molten paraffin wax, Having  been  

completely  impregnated,  the  tissues  were embedded in paraffin wax, sectioned by 

a rotatory microtome at a thickness of (2-4)μm, mounted and affixed to slides. 

(Underwood, 1985). 

3.11.4 Items of Staining  

3.11.4.1 Routine Histological Stain   

Sections were stained as a routine in Harris's alum heamatoxylin and eosin 

(Esleem, 2010). 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.   

3.11.5 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). 

3.12 Statistical Analysis 

Average and standard deviation were calculated. Analysis of Variances 

(ANOVA) was employed to detect significant differences among treatments at p-
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value 0.05. p -value below 0.05 indicate significant differences among treatments 

whereas values above 0.05 were not significant. 

Graphs 

Logarithmic scales of Amoxicillin, Paracetamol, and their mixture were 

plotted using Microsoft Excel program 2007. 
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Chapter (4) 

Results And Discussion 

 

4.1 Clinical Symptoms and Morphological Notes 

Rabbits treated with Amoxicillin and mixture of Amoxicillin and Paracetamol 

showed the following clinical symptoms: diarrhea, loss of appetite, insomnia and 

frequent urination.  Rabbits treated with Paracetamol suffered from inactivity and 

loss of appetite. In addition two rabbits from amoxicillin group and one rabbit from              

a mixture passed away. None of these symptoms were observed in control animals. 

Concerning morphological changes, Paracetamol and Mixture-treated rabbits showed 

swelling around the mouth and cracked lips especially in the fourth week of the 

experiment, whereas control animals did not display such change. In addition, the 

livers and kidneys of treated rabbits showed change in appearance and size, whereas 

normal appearance was showed in those of the control animals. Lung and heart of 

Amoxicillin and Paracetamol mixture has unnormal appearance (Figure 4.1 ) and  

(Figure 4.2). 

 

 

Figure (4.1) : Appearance Of Lung Of Amoxicillin And Paracetamol Mixture. 
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Figure (4.2): Appearance Of Heart Of Amoxicillin And Paracetamol Mixture 

 

4.2  Mortality rate 

Three rabbits dead from the total number of 20 rabbits used in the experiment 

during the ten weeks of experimental duration. One rabbit died at the third week, 

two rabbits at the fourth week (after the first dead rabbit two days). In control group 

there was no dead rabbit in all over the experimental duration. 

 

 

Figure (4.3): Rabbit Died In Amoxicillin Sample. 
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4.3 Effects on Rabbit's Body Weights 

The effect of Amoxicillin, Paracetamol and their mixture on rabbits weights are 

shown in Figure 4.5 and Table 4.1. It can be seen that there is a slight increase in 

weights in the first week and a significant increase in the second week in all 

treatment. Then in the third week, the weight of rabbits decreases in the amoxicillin 

group and increases in others. The fourth week is increasing in every group. In the 

fifth week decreases very significantly in the amoxicillin group and decreases 

significantly in the mixture group in the sixth and tenth week. In the control samples 

the growth rate is continues increase. The body weight increased to the maximum 

point after 10 weeks and reached to 2995 ±162.87g in the control. The lowest weight  

2324±366.27g were seen in the Amoxicillin treatment after 5 weeks of experiment. 

 

 

Figure (4.4): Weight Of Rabbit Of Amoxicillin Sample After 4 Weeks Of 

Experiment . 
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Figure (4.5): Chronic Effects Of Amoxicillin, Paracetamol And Their Mixture 

On Rabbit Body Weight. 

The data in figure 4.5 shows the chronic effects of repeated does of treatments 

on the growth of rabbits in experimental time. 

Table (4.1): Effects Of Treatments On Rabbits Weight Overtime.(Average ± 

Standard Deviation) 

Age (day) 
Averageweight ± Standard deviation 

Control Amoxicillin Paracetamol Mixture 

55 2331±334.56 2116±164.22 2082±111.22 2218±75.30 

62 2329±275.76 2133±131.46 2114±141.48 2242±79.81 

69 2527±272.82 2340±55.90 2314±75.37 2421±94.63 

76 2564±243.30 2334±88.20 2390±88.60 2475±104.40 

83 2618±247.20 2478±64.87 2462±80.28 2583±116.92 

90 2708±213.35 2324±366.27 2598±64.77 2630±151.71 

97 2780±211.31 2593.33±64.49 2611±75.45 2501.25±203.69 

104 2895.4±226.17 2686.67±62.92 2752±91.35 2682.5±163.02 

111 2883±179.36 2656.67±148.86 2738±149.40 2673.75±199.56 

118 2964±204.92 2756.67±92.38 2817±17.21 2710±306.05 

126 2995±162.87 2853.33±110.94 2906±108.02 2655±400.44 
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Average weight of rabbits at the end point of the experiments (tenth week) 

are shown in Figure 4.6. 

 

 

Figure (4.6 ): Average Weight Of Rabbits At The End Point Of The 

Experiments (10thweek) .Error Bars Indicate Standard Deviations. 

 

4.4 Effect on Body Organ  

Effects of the treatments on the liver, heart and kidney weight are shown in 

Figures 4.7- 4.9. The corresponding data are presented in Table 4.2. 
 

 

Figure(4.7): Effects Of Amoxicillin, Paracetamol And Their Mixture On The 

Average Weight Of Liver On Rabbits. Error Bars Indicate Standard Deviations. 
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Figure(4.8): Effects Of Amoxicillin, Paracetamol And Their Mixture On The 

Average Weight Of Heart On Rabbits. Error Bars Indicate Standard 

Deviations. 

 

 

Figure(4.9): Effects Of Amoxicillin, Paracetamol And Their Mixture On The 

Average Weight Of Kidney On Rabbits. Error Bars Indicate Standard 

Deviations. 
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Table (4.2): Weight Of Body Organs Of Rabbits Treated With Different Treatments 

And Their Mixtures. 

Treatments 
Average weight  ± Standard deviation 

Liver Heart Kidney 

Control 71.67±17.56 15±5.00 20±5.00 

Amoxicillin 77.33±8.74 13.33±6.12 18.33±2.89 

Paracetamol 105±8.66 13.33±2.89 20±0 

Mixture 95.00±13.23 13.33±2.89 19.00±1.73 

 

It can be seen that the average  liver weights are higher in all treatments than 

control  and significant elevation in liver weight was observed in the rabbits received 

Paracetamol then Mixture whereas no significant elevation in weights were observed 

in the rabbits received Amoxicillin treatments. The liver average weight in control 

samples are the lowest (Figure 4.7). In addition the effects on heart weight (Figure 

4.8) was the same in the treatments received Amoxicillin, Paracetamol and Mixture, 

which showed reduction of heart weights indicating toxic effect on heart. So far, the 

effects on kidney weight (Figure 4.9) is nearly equal in control and Paracetamol. 

Average kidney weights are the lowest in the Amoxicillin treatments which set up by 

Mixture treatments indicating strong effects on kidney. It can be seen that the 

average weights of heart and kidney are the highest in the control sample; But in 

liver weights the highest are Paracetamol then Mixture treatment. Three rabbits that 

died at the beginning of taking doses were not included in the weights of their organs 

 

4.5 Hepatosomatic Factors 

Effects of the tested compound on hepato somatic ratio are shown in Figure 

4.10. 



    31 
 

 

Figure (4.10): Hepato Somatic Factors On Rabbits Treated With Amoxicillin, 

Paracetamol And Their Mixture. 

 

It can be seen the Paracetamol, mixture and Amoxicillin treatments increased the 

hepatosomatic factor indicating of effect of toxic, and control application has the 

lowest hepatosomatic factor. 

 

4.6 Biochemical Effects on Rabbits 

4.6.1 Effects on liver Enzymes  

Effect of the treatments on the activity of ALT, AST and ALP in blood 

samples are shown in Figures 4.11-4.13 and Table 4.3. It can be seen that ALT 

activity is the lowest with control sample, whereas its activity is the highest with 

Amoxicillin treatment, and the mixture treatment is higher than Paracetamol and 

lower than Amoxicillin, which is the second highest value next Amoxicillin. Their 

aren’t huge different value between Control sample (56.33u/l) and Paracetamol 

treatment (59.33u/l). ALP is the highest value in the Paracetamol treatment 

(119.67u/l) then Amoxicillin treatment (114.67u/l) then mixture treatment 

(104.00u/l) and finally control sample (93.33u/l) has the lowest value. AST is the 
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highest value in the Amoxicillin treatment then Paracetamol treatment then Mixture 

treatment and finally the control sample.  

 

Figure (4.11): Activity Of ALT Enzymes In Blood Sample Of Rabbets.  
 Error Bars Represent Standard Deviation. 

 

 

Figure (4.12): Activity Of AST Enzymes In Blood Sample Of Rabbets.  

     Error Bars Represent Standard Deviation. 
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Figure (4.13): Activity Of ALP Enzymes In Blood Sample Of Rabbets.  

      Error Bars Represent Standard Deviation. 

 

     It can be seen that, the activity of ALT and AST reached the highest values 

86.33±11.50 and 62.33±9.61 u/ L in Amoxicillin treatment (Table 4.3). Moreover the 

value of ALT was higher in mixture treatment than Paracetamol or control sample, 

whereas ALP value was highest in Paracetamol treatment. The average value of the 

ALT in the Amoxicillin treatment (86.33u/l) are significantly higher than the rest of 

the groups where the other groups are close to each other, all treatments are 

significantly higher than control sample with AST value. The highest value in the 

ALP test is not far from Amoxicillin treatment value. 
 

Table (4.3): Activity Of ALT, ALP And AST Enzymes In Blood Samples. 

Average ± Standard Deviation. 

Treatment 

Activity of enzyme u/l 

Mean ± standard deviation 

ALT AST ALP 

Control a56.33±1.15 a43.33±4.73 a93.33±7077 

Amoxicillin b86.33±11.50 b62.33±9.61 b114.67±14.019 

Paracetamol a59.33±3.21 b48.00±2.65 b119.67±2.89 

Mixture a62.67±11.93 b46.33±4.51 c104.00±2.00 
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Values in a column have the same letter are not significantly different at p= 0.05 

4.6.2 Effects on The Kidney Functions 

     Effects on the kidney functions (urea, creatinine, uric acid, and total protein) of 

the Amoxicillin, Paracetamol and their mixture are shown in Figure 4.14- 4.17 and 

Table 4.4. 

 

 

Figure (4.14):Concentrations Of Urea In Rabbit Treated With Amoxicillin, 

Paracetamol, And Their Mixture. Error Bars Represent Standard Deviation. 

 

 

Figure (4.15): Concentrations Of Creatinine In Rabbit Treated With 

Amoxicillin, Paracetamol, And Their Mixture. Error Bars Represent Standard 

Deviation. 
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Figure (4.16):Concentrations Of Uric Acid In Rabbit Treated With 

Amoxicillin, Paracetamol, And Their Mixture. Error Bars Represent Standard 

Deviation. 

 

 

Figure (4.17):Concentrations Of T.Protein In Rabbit Treated With 

Amoxicillin, Paracetamol, And Their Mixture. Error Bars Represent Standard 

Deviation. 
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Table (4.4):Urea, Creatinine, Uric Acid, And Total Protein In Rabbit. 

(Average ± Standard Deviation). 

Type Urea Creat Uric acid T.Prot 

Control a39.80±3.42 a0.85±0.12 a0.74±0.36 a5.72±0.44 

Amoxicillin a45.67±6.00 b0.93±0.08 b0.80±0.18 b6.10±0.10 

Paracetamol a51.00±6.72 b1.01±0.01 c1.1±0.12 b6.23±0.26 

Mixture b64.75±7.23 b 0.97±0.10 b0.93±0.29 b6.28±0.48 

 

     At p-value =0.05, the same letter is given to values in table are not significantly 

different. Urea concentration in blood serum was observed the highest value in 

rabbits treated with mixture of Amoxicillin and Paracetamol (64.75±7.23) then 

Paracetamol treatment (51.00±6.72) then Amoxicillin treatment (45.67±6.00) and 

compared with finally control sample (39.80±3.42). The concentration of creatinine 

was observed the highest value in rabbits treated with Paracetamol (1.01±0.01) then 

mixture treatment (0.97±0.10) then Amoxicillin treatment (0.93±0.08) and finally 

control sample (0.85±0.12). Uric acid and creatinine concentration in rabbits treated 

with Paracetamol is the highest among all treatments then mixture, whereas the 

concentration in control sample rabbits is lower than those treated with Amoxicillin. 

T. Protein level in blood serum is the highest in rabbits treated with mixture then 

Paracetamol treatment then Amoxicillin treatment and finally control samples. These 

results suggest that mixing Amoxicillin with Paracetamol has strong effect on urea 

and T.protein. 

 

4.7 Effects on The Blood cell counts 

     Effects of the tested treatments on the blood plasma are shown in Figure 4.18-

4.23 and Table 4.5. 
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Figure (4.18): Concentrations Of WBC In Rabbit Treated With Amoxicillin, 

Paracetamol, And Their Mixture. Error Bars Represent Standard Deviation. 

 

 

Figure (4.19): Concentrations Of LYM In Rabbit Treated With Amoxicillin, 

Paracetamol, And Their Mixture. Error Bars Represent Standard Deviation. 
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Figure (4.20): Concentrations Of RBC In Rabbit Treated With Amoxicillin, 

Paracetamol, And Their Mixture. Error Bars Represent Standard Deviation. 

 

 

 

Figure (4.21): Concentrations Of HGB In Rabbit Treated With Amoxicillin, 

Paracetamol, And Their Mixture. Error Bars Represent Standard Deviation. 
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Figure (4.22): Concentrations Of HCT In Rabbit Treated With Amoxicillin, 

Paracetamol, And Their Mixture. Error Bars Represent Standard Deviation. 

 

 

Figure (4.23): Concentrations Of PLT In Rabbit Treated With Amoxicillin, 

Paracetamol, And Their Mixture .Error Bars Represent Standard Deviation. 
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     The concentration of LYM, RBC, HGB and HCT were observed the highest value 

of blood serum in the Amoxicillin treatments, the second highest concentration of 

RBC, HGB, and HCT are in Mixture treatments. And it can be seen that the 

concentration of LYM, RBC, HGB and HCT are the lowest with Control samples. 

     The concentration of WBC and PLT in rabbits blood treated with Paracetamol 

were the highest among all treatments then Amoxicillin, whereas the concentration in 

rabbits treated with Mixture were lower than those of the control samples.  

 

Table (4.5): Concentration Of LYM, RBC, HGB And HCT WBC And PLT In 

Blood Of Rabbit. (Average ± Standard Deviation). 

Treatments 
Average ± Stedev 

WBC LYM RBC HGB HCT PLT 

Control a7.14±0.94 a4.24±1.05 a4.65±0.97 a10.42±2.18 a31.68±6.01 a198.8±44.75 

Amoxicillin a7.875±1.82 a5±0.80 a6.16±0.33 b13.4±0.80 b40.025±2.15 b266.5±162.12 

Paracetamol b10.1±2.82 a4.96±1.64 a5.398±0.61 c11.2±1.11 a33.76±3.41 c478.2±200.16 

Mixture a7.05±2.25 a4.825±1.92 a5.55±1.00 c11.675±1.80 c35.3±5.47 d148.75±59.21 

 

Value have the same letter at a column are not significantly different at p-value 

=0.05. 

4.8 Histopathology 

4.8.1 Histopathology of Liver 

 

A. Control group  

Livers  of  rabbit from  the  control  group  showed  an  almost  uniform  

gross appearance throughout experimentation. Increase in liver size was detected 

with the increase of age.  Thin connective tissue septa enter the liver dividing it into 

lobes and lobules.  The  hepatic  lobule  is  a  polygonal  prism  with  a central  vein  

from  which  radiate  branching  an astomosing  cord  or  strands  of hepatocytes 

(Figure 4.20). The central veins, from which the hepatic strands are radiating, are 

larger than the sinusoids.  Blood sinusoids are found in between the hepatic cords.  

Moreover fine bile canaliculated are encountered between the hepatic cells.  The  

liver  parenchyma  consists  of  an astomosing sheets  of  hepatocytes,  intralobular  
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and  interlobular  vessels  arranged  irregularly  throughout  hepatic  lobules.  The 

hepatic cells are cuboidal or polygonal in shape, with rounded or oval vesicular 

nucleus and a prominent nucleolus. 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  certain  large  

phagocytic kupffer  cells  with  a  large  oval  nucleus.  There  are  triangular  portal  

areas  in between  each  group  of  hepatic  lobules.  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. 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.  

  

Figure (4.20): Photomicrograph Of Liver Of The Control Rabbits Group Showing 

Normal Hepatic Architecture, Hepatocytes (H), With Their Normal Nuclei (N), 

Kupffer Cells (Kc). Some Cells Are Binucleated (BN), Sinusoid (S) And Central 

Vein (CV). Sections Stained With H&E, (X400). 
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B. Treated groups    

Sections from the liver were prepared from both control and treated rabbits 

and were examined under the light microscope.  The liver sections from treated 

rabbits showed several changes when compared with those from the control rabbits 

(Figure 4.20). Rabbits treated with Amoxicillin showed pyknotic nuclei, necrosis, 

dilatation of sinusoid and intra cytoplasimic vacillation whereas Rabbits treated with 

Paracetamol shows the congestion and dilatation of sinusoids, formation of pyknotic 

nuclei, fatty changes, intra cytoplasmic vacillation and focal tubular necrosis.   

Karyolysis showed in the mixture -treated rabbits in addition to all of above.  

On the other hand  the infiltration of inflammatory  cells and  fibroblastic  cells  

proliferation  observed  in all treatments .Whereas,  some  figures  showed  damage  

to  the  trabecular structure  of  the  lobules  and  the  cytoplasm  of  hepatocytes  is  

filled  with vacuoles,  Karyolysis  and complete pyknotic of many cells are noticed in  

the all treatments. Furthermore large degenerated area comprised with severe 

destruction in architecture of hepatocytes showed in all treatments of the experiment. 
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.21): Photomicrograph Of Liver Treated With Amoxicillin. P, N, D And I, Are 

Pyknotic Nuclei, Necrosis, Dilution Of Sinusoids And Intra Cytoplasmic 

Vacillation. Sections Stained With H&E, (X400). 

 



    43 
 

 

Figure (4.22): Photomicrograph Of Liver Treated With Paracetamol. P, FC, 

And CY Are Pyknotic Nuclei, Fatty Changes And Intra Cytoplasmic 

Vacillation Respectively. Sections Stained With H&E, (X400). 

 

Figure (4.23): Photomicrograph Of Liver Treated With Amoxicillin And 

Paracetamol.P, FC, And CY Are Pyknotic Nuclei, Fatty Changes And Intra 

Cytoplasmic Vacillation Respectively. Sections Stained With H&E, (X400). 
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4.8.2  Histopathology of Kidney 

 

A. Kidney of control groups 

The  kidney  of  control  rabbit  is  a  bean-  shaped  compound  –  tubular  

gland consisting  of  large  numbers  of  uriniferous  tubules  that  constitute  the  

major part  of  the  renal  tissue.  It is covered by a firm connective tissue-capsule 

composed of collagenous fibrous and few elastic fibers. the kidney  is  differentiated  

into  two  regions;  and  outer  cortex  and  an  inner medulla.  The  latter  is  formed  

of  conical  pyramids,  the  apices  of  which  are directed  loward  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. 
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Figure (4.24): Photomicrograph Of Kidney Section Of Control Group 

Showing Normal Structure Of The Golmularulus (G). Sections Stained With 

H&E, (X400). 

 

B. Kidney of treated groups 

The kidney sections from  all treated rabbits showed many changes when  

compared  with  those  from  the  control  rabbits  (Figure  4.24). Cross section of 

rabbit's kidney displayed mild histological change of the kidney tubules structure. 

Mild hypertrophy appeared in some individual glomeruli. Degenerative change in the 

renal tubule was showed. Dilatation of the inter tubular blood vessels and vascular 

lumen impacted by haemolysed blood were appeared.  Rupture  of  tubules  and  

focal  mononuclear  leukocyte inflammatory  cells  infiltrate  between  tubules  

observed  in the treated animals. Furthermore, degeneration in the epithelial cells 

lining the tubules and necrotic of the renal tubule were noticed of the all treated 

rabbits.  
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Figure (4.25): Photomicrograph Of Kidney Section Of Amoxicillin Group, 

HD Is Hydropic Degeneration And Focal Tubular Necrosis. Sections Stained 

With H&E, (X400). 

 

 

Figure (4.26): Photomicrograph Of Kidney Section Of Paracetamol Group, 

FTN Is Hydropic Degeneration And Focal Tubular Necrosis. Sections Stained 

With H&E, (X400). 
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Figure (4.27): Photomicrograph of kidney section of Paracetamol and 

Amoxicillin mixture .EGC, FTN, HD and PY are expansion of glomerular 

chamber, focal tubular necrosis, hydropic degeneration and pyknotic nuclei 

respectively. Sections stained with H&E, (X400). 
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Chapter (5) 

Discussion 

Many countries have monitoring programs to avoid antibiotic, and analgesic 

misuse.  Currently, Palestine has no regulations regarding the use of antibiotic and 

analgesic or the maximum allowable antibiotic and analgesic use. Additionally, there 

are no systems to monitor the dispensing of medicines from clinics in Palestine. 

Therefore, monitory of antibiotic and analgesic for human consumption are 

necessary to ensure human health safety. In this study, we are focus on the side effect 

of overuse of antibiotic, analgesic and their mixture, and we take the Amoxicillin as 

a popular example of antibiotic and paracetamol as an example of analgesic. Few 

studies were done concerning on toxic effect of over use of antibiotic and analgesic 

and  the only published study  conducted  in Palestine  reported the amount of 

consumption of antibiotics and analgesic. 

 

5.1 Morphological Studies 

The  present  study  demonstrates  that  treatment  of  rabbits  with  Amoxicillin, 

Amoxicillin and Paracetamol mixture induced  some  mortalities  rate  throughout the 

eight weeks of the experiment  study. Such mortality may be attributed to diarrhea 

noted in the experimental animals. This was in agreement  with Elizalde-Velázquez 

et al.(2017) that  found Amoxicillin or its acidic metabolite creased the same effects 

on other organisms(Elizalde‐Velázquez et al., 2017).Loss of appetite and insomnia  

were  reported  as  clinical symptom of all treatments. In addition, Paracetamol and 

the mixture treated rabbits showed swelling around the mouth and cracked lips 

especially in the fourth week of the experiment. This may be coinciding with the 

significant skin irritation observed in the present study. The presented results in 

Table 4.1 clearly shows the mean weigh and standard deviation of the treatments. It 

can be noticed that the control group grows normally and the body weigh was 

increased at the end point of the study, this indicate normal growth. On the other 

hands, the treatments (Amoxicillin, Paracetamol, and mixture) showed lower growth 

than the control group indicating the effects of the treatments on the body weight. 

Among the treatments the effect of the mixture was more pronounced in reducing the 

body weight than Amoxicillin and Paracetamol. This suggests a synergistic effect in 



    49 
 

toxicity. Statistical analysis showed a significant difference between the effects of 

control group and the treatments, p- value was less than 0.05 . Comparing the data at 

the end point (Figure 4.6) indicates that the control group have the highest weight 

and the lowest weight was in the mixture. Furthermore, effects of the treatments on 

liver weight (Figure 4.7) showed that all treatments increased liver weight more than 

the control sample. The explanation of the results is that Amoxicillin and 

Paracetamol may have created severe damages to the liver cells throughout liver 

toxicity. Our results agree with Matozzo et al., (2016) who found that amoxicillin 

affect the superoxide dismutase (SOD) and catalase (CAT) activities, as well as the 

lipid peroxidation levels in other organism(Matozzo, et al., 2016). Additionally, 

Mihalaş et al, (2016) found that amoxicillindose-dependently affect ameloblast 

functions especially in the maturation phase, causing hypomineralized enamel 

formation with quantitative and/or qualitative defects in mice(Mihalaş et al., 2016). 

Further  support to our results came from the results of (Yasser & Lubbad, 2018) 

who demonstrated that liver is more sensitive than other organ to the toxicity of 

diuron.  In addition, it could be suggested that liver through the metabolic reactions 

or detoxifying the effects of Amoxicillin some metabolites may occur, in which it 

becomes more toxic than Amoxicillin. Similar observation was noticed by (Elizalde‐

Velázquez et al., 2017) . On the other hands Paracetamol and Mixture treatments 

increased the weight of liver than control group, this suggests creating Hepatomegaly 

to liver. Similar observation were found  for other case (Yasser & Lubbad, 2018) 

Furthermore, All treatments created sever reduction on the heart  weight of rabbits. 

The explanation of these results is that Amoxicillin and/or Paracetamol reacts with 

heart  cells  resulted in a disturbance of the normal growth, and lower heart weight  

simi observation  were reported recently  with other case (Abenavoli & Beaugrand, 

2012) . On other hands, the treatments reduced the weight of kidney lower than the 

control group indicating nephrotoxicity. Our results are in accordance with those 

results obtained with (Nicoletti et al., 2017) who demonstrated  the ability of 

paracetamol and / or  Mixture of Paracetamol and Amoxicillin  to create 

nephrotoxicity. Furthermore the hepatosomatic factor (Figure 4.10) is higher in 

Paracetamol and mixture treatments than Amoxicillin and control treatments. The 

explanation of these results is similar to those given above. 
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5.2 Physiological Investigation 

5.2.1 Effects on Liver Enzyme  

The data in Figure 4.11 clearly demonstrated an elevation level of ALT in 

Amoxicillin treatments. The  explanation of these results is that  first, Amoxicillin 

create a liver cells damage that results in a leakage of ALT in blood serum, second is 

that liver cells produced high level of  ALT to detoxify the effects of Amoxicillin . 

The lower levels of ALT in Paracetamol and mixture treatments than Amoxicillin 

may be attributed to the fact that Paracetamol is more soluble in water than 

Amoxicillin consequelity the amount reached liver is very low ,according lower level 

of Paracetamol reached liver may be enough to detoxify the effects. Such  elevation  

of  liver  enzymes  as  a  result  of  Amoxicillin  administration was documented by 

other authors (Cao, Zhou, & Wang, 2018) who demonstrated higher ALT  in treated 

animals that in control treatment. On the other hands, AST showed similar trends as 

ALT with Amoxicillin but the second level is for Paracetamol (Figure 4.12). The 

explanation of these results is that Liver  is  the  center  of  biotransformation  and 

detoxification  of  foreign  compounds  and  is  the  most  vulnerable  to  the chemical  

assaults (Kulkarni & Hodgson, 1980).  Serum  ALT  and  AST  are considered  to  

be  among  the  most  sensitive  markers  employed  in  the diagnosis  of  

hepatotoxicity  (El-Nahhal, 2018; Kutlu et al., 2007).  Antibiotic  exposure  causes 

liver damage  and leakage of cytosolic enzymes from hepatocytes and other body 

organs into blood(Lee et al., 2017) . Elevation of liver enzymes may also  be  due  to  

increased  gene  expression due to  long  term  requirement of detoxification of 

antibiotic and / or Analgesic (Ghabril et al., 2016). The effects on ALP (Figure 

4.13) is quite close in Amoxicillin and Paracetamol treatments and all treatment 

increased the level of ALP above that of the control group suggesting more effects. 

Statistical analysis showed significant differences between the control and the other 

treatments. We marked the values in Table (4.3) with letters to indicate significant 

differences.   
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5.2.2 Effects on Kidney Function  

The data in Figure (4.14) clearly demonstrate the effect of the tested compounds on 

urea concentration in blood serum. It is obvious that urea concentration was the 

lowest in the control group and the highest in mixture treatment. This suggests that 

urea  is  formed  by  the  liver  as  an  end  product  of  protein  breakdown  and  it  is  

one  marker  of  the  kidney  function (Debra Manzella, 2008).  Increase  in  serum  

urea  observed  in  the  present  study  may  be  due  to  1)  impairment  in  its  

synthesis  as  a  result  of  impaired  hepatic function, 2) disturbance in protein 

metabolism and 3) decrease in its  filtration  rate  in  the  kidney. Our results are in 

accordance with Lubbed (2016) who demonstrated similar effect on chicken treated 

with toxic substances. Furthermore, the effects on creatinine has nearly similar 

trends, A creatinine level raised out of proportion to the urea may indicate a pre-renal 

problem  (Delanghe et al., 1989).  Creatinine  is  break-down  product  of  creatinine  

phosphate  in muscles, and is usually produced at a fairly constant rate by the  body. 

Creatinine is chiefly filtered out of the blood by the kidneys (Delanghe et al., 1989) 

Creatinine  has  been  found  to  be  a  fairly  reliable  indicator  of  kidney function. 

As the kidneys become impaired for any reason, for example in case of mixture 

poisoning, the creatinine level in the blood will rise due to poor clearance by the 

kidneys. A rise in blood creatinine level is observed with damage to functioning  

nephrons  and  impaired  renal  function (Ledwith et al., 1997). Uric acid  levels  

were increased significantly in Paracetamol -treated  rabbits  compared  to  the  

controls( Figure 4.16) .   Such findings  are in  agreement with that  reported  in  

other  studies (Yasser & Lubbad, 2018). On the other hand, the effects on uric acid 

was more pronounced with Amoxicillin and mixture treatments, which showed 

elevated level of uric acid, higher than the control group. Furthermore, statistical 

analysis shows significant differences. We marked the data in Table 4.4 with 

different letters whose the differences are significantly high at p_ value >_0.05. 
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5.3 Protein Profile 

As indicated in the present results (Table 4.4) (Figure 4.17) significant increases 

in the levels of total protein, were found in rabbits treated with mixture then 

Paracetamol, Amoxicillin compared to the controls. Similar findings were reported in 

other  studies  as  a  result  of  oral  administration  of  different  doses  of 

Amoxicillin (Kim & Kim, 2013). 

  

5.4 Influence on Complete Blood Count (CBC)  

The data in table 4.18 clearly demonstrates the effects of treatments on HGB. It 

can be seen that Amoxicillin increased HGB above that of the control, where other 

treatments have slight increases. This suggests that Amoxicillin enhance the 

formation of HGB (Figure 4.21). Similar results were obtained with HCT and RBC. 

On the other hands the effects on WBC and Platelets are quite different (Figure 4.18, 

4.23). There are increases in WBC and Platelets due to Amoxicillin and Paracetamol 

treatments whereas a reduction in the levels was seen in the mixture. These data 

indicates that WBCs and PLT regards Amoxicillin and paracetamol as foreign 

bodies. Accordingly antigen antibody reaction would have occurred consequently 

increased level were observed. Our results are in accordance with (Schwartz, 2001), 

who found an elevation on blood parameters among worker exposed to some 

pollutants. Statistical analysis of blood parameters on different treatments showed 

significant difference. We marked significantly different values  With different letter 

(Table 4.5). 

 

5.5 Histological Investigation 

Although Antibiotic and Analgesic are being  widely  used  since  very  long  

time,  their  long-term effects  especially  at  cellular  level,  are  not  clearly  
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understood. However, such presently detected Histopathological findings may be an 

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 (Tsui, 2003). 

5.5.1 Histopathology of Liver  

It is well known in the literature that liver is the center of detoxifying any 

materials enter the body. Accordingly liver is exposed to external and internal 

metabolites that may affect the liver function and structure. Nevertheless the data in 

Figure 4.20 (control) clearly shows central vein (CV), hepatic parenchyma (HP) 

lobule boundary (CB) the limiting plate (LP), portal area (PA), hepatic artery (HA) 

the connective tissue (CO) and a small bile duct (BD) these are in the healthy liver. 

These observation are in accordance with (Alhamedi & Wight, 1993) who revealed 

similar Histopathological findings. The treatments of Amoxicillin (Figure 4.21) 

showed pyknotic nuclei, necrosis, dilution of sinusoids and cytoplasmic vacillation. 

The explanation of these observation is that Amoxicillin exposed to metabolic 

reaction in liver that produced a toxic metabolites that reacts with liver cells creating 

of cell damage. This is also observed  with high values of ALT and AST (Figure 4.5 

,4.7) found with rabbits treated with tramadols(Alhamedi; Reeves & Friedman, 

2002). It has also been shown that dimethylnitrosoamine  can cause liver fibrosis 

(George, et al., 2001) . The data in Figure 4.22 (Paracetamol treatments) clearly 

shows the formation of pyknotic nuclei, fatty chonyes and intra cytoplasmic 

vacillation. These effects are in accords with the data in Figure 4.5, 4.6, 4.7. 

Furthermore, Paracetamol is an analgesic materials that reduced the activity of the 

organ through creation of a base line necrosis, this has a direct effect on the liver. 

Our observation agree with previous reports (Durham, et al., 1990; Samaranayake 

et al., 2000; Zhang & Wang, 1984) who found those observation would have 

occurred due to a consequences of exposure to toxic molecule. Moreover Masini el 

al. (1997) suggested the formation of oxygen reactive species during the metabolic 

reactions in liver and those species are responsible of the creation of above-
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mentioned consequences(Masini, et al., 1997). Moreover, the Histopathological 

effects of mixture is similar and its explanation is that in mixture the molecules may 

dissolve on each other and creating a larger molecules that can create indquent  

damages that inadvisable effects. This explanation agree with (El-Nahhal & Safi, 

2005) 

5.5.2  Histopathology of Kidney   

In the present study the kidney of treated rabbits with Amoxicillin, 

Paracetamol, and their mixture showed several Histopathological changes. The 

kidney tissue showed expansion of glomerular chamber, focal nuclear necrosis, 

hydropic degradation and pyknotic nuclei. Such findings are in agreement with that 

reported in other study (Atici et al., 2005; Buhari et al., 2012). This  result  is also  

in  agreement  with  that  noticed  by Atici and Buhari who reported the teratogenic 

effects that have been observed in  the  kidney  of  rat  fetuses  maternally  treated  

with  flufenoxuron  during organogenesis.  Histopathological features found in this 

study may be attributed to the toxic effect of Amoxicillin, Paracetamol, and their 

mixture and its metabolites. 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 (Lieberthal, Menza, & Levine, 1998). In the 

present investigation, many renal tubules of the rabbits kidneys showed marked  

hydropic  degeneration  and  degenerative  lesions  under  the  effect  of Amoxicillin, 

Paracetamol, and their mixture. 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 during  their  excretion  and  elimination  by  the  kidneys(Tisher, 1989). 
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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 & 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. 
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Chapter (6) 

Conclusions and Recommendations 

 

6.1 Conclusions 

 

1. The most common clinical symptoms in Amoxicillin, Paracetamol and Mixture 

treated rabbits were diarrhea, insomnia, loss of appetite, and loss of weight.  

2. The mortality was found in Amoxicillin and Mixture -treated rabbits compared 

with controls. 

3. The kidney, lung of Amoxicillin, Paracetamol, and their mixture -treated showed 

abnormal feature. 

4. All treatments increased the weight of liver, reduced the weight of heart  

compared with control, and kidney weight was showed decreased in Amoxicillin 

and mixture treatments when compared with control group except Paracetamol 

treatments which have the same kidney weight with control group. 

5. All treatments elevated the levels of ALT, AST, and ALP in rabbit above the 

control sample. 

6. All treatments elevated the level of urea, creatinine, and uric acid above the 

control sample. 

7. There were significant increase in total protein upon mixture, Amoxicillin, and 

Paracetamol intake compared to the controls. 

8. Liver,  kidney  and  Heart  of  male  domestic  rabbit  can  be  consider  as  a 

target for Amoxicillin, Paracetamol, and their mixture if animals exposed to this 

compound chronically and it can cause morphological and histological damage in 

these tissues.  

9. Histopathological changes in liver tissue were manifested in hepatocellular 

damage  as  degenerative  and  destruction  of  architecture  of  hepatocytes, 

dilatation  in  the  blood  vessels  and  vascular  congestion  of  sinusoids. In 

addition, Karyolysis of nuclei was observed. 
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6.2 Recommendations 

 

The Palestinian Ministry of Health should control, regulate, and monitor the 

rational use of antibiotics and Analgesic for human, animals and agriculture. 

• Further studies are needed to investigate the impacts of Amoxicillin, Paracetamol, 

and their mixture on human health. 

• Enhancement of people awareness toward Amoxicillin, Paracetamol, and their 

mixture toxicity by launching educational programs and workshops. 

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

to prevent the misuse of  Antibiotic and Analgesic. 
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