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GARLIC AS A POSSIBLE PROTECTOR IN PARACETAMOL GENOTOXICITY
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ABSTRACT

Aim: The present study was conducted to assess if there is a possible protective role of garlic supplementation for paracetamol-induced hepatotoxicity and genotoxicity in albino rats.


Study: Paracetamol overdosing induced hepatotoxicity in the treated animals, altered its biochemical variables evidenced by elevated liver enzymes levels (ALT, AST & GGT). Also, the hepatic antioxidant status was suppressed as confirmed by increased lipid peroxidation products and reduced glutathione concentrations in liver tissues. 
Chromosomal aberrations induced in paracetamol intoxicated animals (gap, break and centric fusion) were significantly elevated as compared to the controls while centromeric attenuation showed non-significant results. 


Results: The results suggest a significant role of garlic in the modulation of paracetamol - induced chromosomal aberrations. In addition, it has a protective role in hepatotoxicity resulted from paracetamol intoxicition by restoring the altered biochemical variables. This protective effect may be attributed to the fact that the garlic possesses potent antioxidant and anticarcenogenic properties.
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INTRODUCTION

As acetaminophen (Paracetamol, N-acetyl-p-aminophenol, and APAP) is considered safe at its therapeutic doses so, it is the most popular analgesic and antipyretic drug used worldwide (Haddad, 1998; Bond & Hite, 1999). Until 1966, acetaminophen toxicity has not been yet recognized, since that time, it is currently one of the most frequent causes of poisoning as being a worldwide pharmaceutical agent (Makin & Williams, 2000 and Sheen et al., 2002). In acetaminophen poisoning, damage of various tissues such as hepatic, renal, or central nervous system can occur and may be associated with organ failure and/or death (Schiodt et al., 1997 and Ratnasooriya & Jayakody, 2000).


Biotransformation of acetaminophen to its toxic metabolite, N-acetyl-p-benzoquinone imine (NAPQI), is mediated through several P450 enzyme systems, the major members responsible are P450s 2E1 and 1A2 in liver microcosms (Patten et al., 1993; 1995; Bergman et al., 1996 and Zaher et al., 1998). 

At therapeutic doses, NAPQI is normally detoxified by hepatic glutathione (GSH) and eliminated in urine or bile. After overdosage, there is rapid depletion of hepatic GSH. Subsequently, covalent binding of NAPQI to cellular macromolecules, membrane lipid peroxidation, and disturbance of intracellular calcium balance take place with resultant cellular damage or cell death (Anker & Smilkstein, 1994; Rogers et al., 1997; Henderson et al., 2000; Rzucidlo et al, 2000 and Prescott, 2001). 

During the last years, several reports have indicated genotoxic effects of paracetamol, a widely used non-prescription drug.

Acetaminophen gained controversial results regarding its genetic effect at the chromosomal level. Several investigators reported that it can induce chromosomal aberrations both in vivo and in vitro through irreversible binding of the reactive metabolite of paracetamol to DNA causing DNA strand breaks (Bartolone et al., 1989; Rannug et al., 1995; Rogers et al., 1997). In mammalian cells, it has been reported that paracetamol induces chromosome aberrations at high concentrations (Hongslo et al., 1994; Brunborg et al., 1995 and Bergman et al., 1996). But still, others have not seen any evidence of genetic damage consequent to APAP treatment (Dybing et al., 1984). 


Garlic is the most widely researched medicinal plant due to the fact that it has multiple effective therapeutic properties. Garlic contains a number of organosulphur compounds (OSC) which are considered to be its active components. Garlic and its OSC have been reported to possess antioxidant, anti-mutagenic, antimicrobial, detoxifying and other properties (Dikasso et al, 2002; Banerjee et al, 2003 and Dillon et al, 2003). 

Garlic extract has been reported to protect liver microsomal membranes from lipid peroxidation (Kojima et al., 1994).


Fresh garlic contains diallyl sulphide, a flavor component, has been shown to protect against the chemical-induced toxicity and carcinogenesis in animals (Wang et al., 1996 and Bennett et al., 2003). Garlic oil, S-allyl and S-methyl cysteine protect rat hepatocytes from injury (Davi, 1992).The detoxifying effects of Garlic and its OSC are thought to be related to their ability to bind to exogenous toxins through sulfhdryl groups (Dausch and Nixon, 1990). 


As garlic can lower the cholesterol plasma levels, inhibits platelet aggregation and enhances the fibrinolytic activity, it was proposed to have cardio protective effects (Neil et al., 1996; Steiner et al., 1996; and Bordia et al., 1998). 


The goal of the present work is to verify the possible protective effects of garlic against paracetamol-induced hepatotoxicity and genotoxicity in albino rats.

MATERIAL & METHODS
1. Test Material:

Acetaminophen: was supplied in its powder form by ADWIC laboratory chemicals-Egypt.
Fresh Garlic Homogenate (FGH): Garlic was obtained from the local market. It was peeled, sliced, grained into a paste and then made into a homogenate in tow volume of distilled water. The supernatant was made by centrifugation of fresh garlic homogenate at 9000rpm for 20 min. FGH was given daily to the rats by gavage within 30 minutes of its preparation for a continuous period of 4 weeks. 

2. Animals: 

 Eighty male laboratory albino rats weighing 150-180 gms apparently healthy were used in this study (From Animal house, national research center, Cairo).The animals were kept under hygienic conditions on a balanced diet for tow weeks before the start of the experiment. Food and water were provided ad-libitum. Animals were divided into groups, each consists of 20 animal (n=20). The animals per group were divided randomly to five rats maximally per a cage. 

Group I: Animals were given saline intraperitoneal I.P (control group). 

Group II: Fresh garlic homogenate in a dose of 250mg/kg/day per rat was intubated orally for the same test period (Banerjee et al., 2001). 

Group III: Animals received intraperitoneal (I.P.) injection of paracetamol dissolved in saline at a dose 300 mg/ Kg/ day for 4 weeks (Boucher et al., 1995).

Group IV: animals treated simultaneously with I.P. paracetamol and Fresh garlic homogenate at the same dose for the same test interval.

Experimental Design: 

I-Toxicity Study:

After 4 weeks from the start of the experiment 10 animals from each group were scarified under light ether anesthesia. Blood was collected and prepared for serum extraction. Liver was removed and washed from extraneous materials and weighted. 

 1. Biochemical Assay
It was carried out to estimate serum liver enzymes level by the Colorimetric method. 


The determination of serum aspartate amino transferase (AST) and alanine amino transferase (ALT) by the method of Henrry et al., 1974. Estimation of serum alkaline Phosphatase (ALP) according to the procedure of Gowenlock et al., 1988 were carried out.
 2. Biomarkers of tissue oxidative stresses in the liver

· Antioxidants status:

*Reduced glutathione level was estimated by the method of Baker et al. (1990). 

*Glutathione peroxidase (GPx) and glutathione-S-tranferase (GST) activities were determined according to the methods by Rotruck et al. (1973) and Habig et al. (1974) respectively.

*The activity of superoxide dismutase (SOD) and catalase were carried out according to the method of Kakkar & Das (1984) and Higgings et al., (1987).

· The peroxidation process:

The peroxidation products were evaluated through thiobarbituric acid reactive substances assayed as described by Counrad et al., (2000).
II- Chromosome Aberration Assays: 


At the end of the study, the remaining 10 animals per each group were treated with colchicine 0.5mg/kg 2 hour before decapitation. Chromosomes from somatic cells were prepared from the bone marrow of both femori of each animal. Extracted bone marrow cells were suspended in potassium chloride solution (0.56%) as hypnotic solution then fixed in acetomethanol. Metaphase spread slides were prepared and stained with Giemsa (10%) according to the method of Tjio, 1965. 

Analysis of the cytogenetic data was carried out by examining five hundreds of suitable well spreaded metaphases under the oil immersion lens of the light microscope in relation to the chromosomal aberrations.

The type of aberrations investigated in each metaphase spread include the structural aberrations as (gap, break, deletion, ring, sticky, fragment, centromeric attenuation, and centromeric fusion) and numerical aberrations (aneuploidy and polyploidy). 
Statistics: 

The windows version of Systat5 statistical software (Systat, Evanston, IL) was employed. Data obtained were analyzed using two-way ANOVA test to determine significance (P<0.05) of the main effects. 
RESULTS
 Biochemical Assay
Acetaminophen treated- rats for 4 weeks resulted in significant elevation of the serum liver enzymes levels (ALT, AST, GGT & alkaline phosphatase) if compared to the control level, Table (1), Fig (1). Simultaneous supplementation of garlic with acetaminophen was effective in restoring the elevated hepatic serum enzymes but not to that of the controls. Meanwhile, non significant difference was observed between the negative and the positive control (garlic) groups.

Biomarkers of tissue oxidative stresses in the liver

The results showed a significant elevation in TBARS in APAP treated rats in comparison to the corresponding control group. Simultaneous administration of garlic with APAP decreased the level of TBARS in the liver of the treated animals to a significant value if compared to the controls Table (2), Fig. (2).
In the group of paracetamol treated rats, the antioxidant study revealed a significant decrease in the concentration of GSH, in addition to a decrease in the activities of SOD, catalase, GPx, and GST in comparison to the corresponding control groups Table (2), Fig.(2). 

Table (1): Liver weight (Absolute & Relative) and serum liver enzymes level during APAP exposure and with simultaneous garlic supplementation (Mean (M) ±S.D).

	Group
	Liver weight
	AST
	ALT
	Alk. Phos.
	GGT

	
	Absolute
	Relative
	
	
	
	

	Group I
	M
	6.00
	3.45
	8.22
	10.75
	13.95
	6.32 

	
	S.D
	±0.418
	±0.92
	±1.24
	±1.75
	± 2.6
	±1.14

	Group II
	M
	6.20
	3.26
	8.72
	9.86
	11.21
	5.96

	
	S.D
	±0.34
	±0.73
	±0.93
	±1.79
	±2.82
	±1.62

	
	P
	P>0.05
	P>0.05
	P>0.05
	P>0.05
	P>0.05
	P>0.05

	Group III
	M
	7.40
	5.29
	27.85
	37.78
	56.3
	18.6 

	
	S.D
	±1.62
	±1.22
	±0.89
	±0.34
	±0.04
	±2.33

	
	P
	P<0.05
	P<0.05
	P<0.05
	P<0.05
	P<0.05
	P<0.05

	Group IV
	M
	6.52
	4.24 
	12.72
	19.27
	21.62
	10.47 

	
	S.D
	±1.81
	 ±1.47
	±2.46 
	+0.47
	±0.09
	 ±1.87

	
	P
	P<0.05
	P<0.05
	P<0.05
	P<0.05
	P<0.05
	P<0.05

	
	P1
	P1<0.05
	P1<0.05
	P1<0.0
	P1<0.05
	P1>0.05
	P1<0.05


G1: control group; G2: garlic group; G3: APAP treated group; G4: APAP+ garlic treated group.

P compares between group II, III or IV to group I.
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P1 compares group III and IV.

Fig. (1): Mean ±S.D of liver weight (Absolute & Relative), serum liver enzymes level during exposure to APAP, garlic and simultaneous supplementation of the tested compounds.

	Group 
	GSH

 (mg /100 g tissue)
	SOD 

(U/ mg protein)
	CAT

(U/ mg protein)


	GPX

(U/ mg protein)
	GST

(U/ mg protein)
	TBARS

(M mol/ L /100g tissue)

	Group I
	M
	50.64
	9.15
	81.26
	10.35
	7.53
	0.92

	
	S.D
	±3.48
	±0.92
	±1.24
	±1.35
	± 0.86
	±0.14

	Group II
	M
	51.20
	9.63
	81.72
	10.86
	7.91
	0.96

	
	S.D
	±4.34
	±0.73
	±2.3
	±1.79
	±0.82
	±1.62

	
	P
	P>0.05
	P>0.05
	P>0.05
	P>0.05
	P>0.05
	P>0.05

	Group III
	M
	18.74
	4.29
	21.85
	3.28
	1.93
	1.97 

	
	S.D
	±3.62
	±1.22
	±6.89
	±1.34
	±1.04
	±2.33

	
	P
	P<0.05
	P<0.05
	P<0.05
	P<0.05
	P<0.05
	P<0.05

	Group IV
	M
	27.52
	6.24 
	33.72
	4.97
	3.42
	1.27 

	
	S.D
	±1.81
	 ±1.47
	±2.46 
	+0.47
	±0.09
	 ±0.87

	
	P
	P<0.05
	P<0.05
	P<0.05
	P<0.05
	P<0.05
	P<0.05

	
	P1
	P1<0.05
	P1<0.05
	P1<0.0
	P1<0.05
	P1>0.05
	P1<0.05
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Fig. (2): Mean of antioxidant and lipid peroxidation parameters of the liver of albino rats in the control and different tested groups for 4 weeks. 

Table (2):Hepatic antioxidant and lipid peroxidation parameters (mean± S.D) of the albino rats in the control and different tested groups for 4 weeks. 

G1: control group; G2: garlic group; G3: APAP treated group; G4: APAP+ garlic treated group.
P compares between group II, III or IV to group I.

P1 compares group III and IV.

Table (3): represents the mean percentages of chromosomal aberrations observed in laboratory male rat under the effect of paracetamol, Garlic and the mixture of the two compounds used for 4 weeks. 
	PRIVATE 
Groups
	Total No of CAB (mean± S.D)
	No of cells with CAB
	Types of aberrations


	
	
	
	
	Gaps
	Breaks
	Centric fusion
	Centric attenuation

	
	
	No
	%
	No
	%
	No
	%
	No
	%
	No
	%

	Group I
	1.55 ± 0.1
	18
	3.40
	7
	1.4
	1
	0.2
	1
	0.2
	7
	1.4

	Group II
	1.52 ± 0.22
	17
	3.30
	10
	2.0
	4
	0.8
	3
	0.6
	10
	2.0

	Group III
	7.25 ± 3.22
	64
	14.8
	23
	4.6*
	24
	4.8*
	9
	1.8*
	8
	1.6

	Group IV
	3.45 ± 1.82
	37
	10.4*
	28
	3.6*
	19
	3.8*
	7
	1.4*
	8
	1.6


Results = Mean + S.D. 

Group I Control 

Group II Garlic mg/kg I.P. 
Group III APAP 250mg/kg/d I.P. 

Group IV Simultaneous treatment with same doses in II & III 

* Significance at P<0.05
Chromosome Aberration Assays:


All aberrations were represented by gaps, breaks, centromeric- fusion and centromeric attenuations Table (3), plate I (Fig.1,2,3,4). 

The results showed that the total chromosomal aberrations (CAB) increased in the paracetamol treated animals to reach 7.25+1.22 and was 3.45±0.82 in group simultaneously treated with paracetamol and garlic.


Each type of aberrations was highly significant p<0.05 as compared with the controls except that centromeric attenuation which showed non-significant variation.
DISCUSSION

Acetaminophen (Paracetamol) is one of the world's most popular over-the-counter drugs used - as non-steroidal analgesic-antipyretic- due to its wide therapeutic index. Its approval as non-prescription pharmaceutical preparation increases its rate of morbidity and mortality due to self-poisoning (Makin& Williams, 2000; Sheen et al., 2002 and Zhao et al., 2002).


In the current study, AAP induced marked hepatic dysfunctions as evidenced by significant elevation of serum liver enzymes (ALT, AST, ALK.PH & GGT) in comparison to the control level. Many researchers have been reported similar findings as Adams et al.,(2001); Waters et al., (2001); Fioruccii et al.,(2002); Crankshaw et al., (2002) and Gardner et al.,(2002) who reported that an increase in the level and activity of some liver enzymes as AST, ALT, GGT & Alk. Ph following APAP treatment.


The present study suggest a protective role of garlic in AAP induced hepatotoxicity evidenced by reducing the elevated serum concentrations of liver enzymes under evaluation (ALT, AST, GGT & alk.ph.). 


In line to our results was Wang et al., (1996) who reported that oral administration of fresh garlic extract protected mice against AAP-induced hepatotoxicity. It inhibits hepatic microsomes (mainly cytochrome P450-2E1) which responsible for AAP oxidation to its toxic metabolite N-acetyl-p-benzoqinone imine which was considered as glutathione conjugant. Their results proposed that the protective effect of garlic against AAP-induced hepatotoxicity was owing to its ability to block the biotransformation of acetaminophen to NAPQI through inhibition of cytochrome P450-2E1. In addition, thiol_containing compounds of FSH may directly conjugate with NAPQI, the reactive intermediate.


Also, in consistence to our results were Line et al., (1996); Hu et al., (1996); Hattori et al.,(2001) and Sumioka et al.,(2001) who found that treatment with one of organosulfur compounds derived from garlic as diallyl sulphide (DAS) or its metabolite (DASO2), ajoene or S_allylmercaptocysteine (SAMC) possessing hepatoprotective effects regarding AAP-induced heptotoxicity. The protective effect of garlic compounds was mediated at the metabolic level through inhibition of cytochrome P450-2E1 activity, which leads to the suppression of AAP arylation of hepatic protein. 


Meanwhile, Gwilt et al., (1994) cited that chronic administration of aged garlic extract had limited protective effects in regards to AAP-induced hepatotoxicity. Only it was associated by an increase of the acetaminophen sulfate conjugation. 


In the present study, in comparison to the corresponding control group, AAP-treated rats showed significant decrease in hepatic GSH concentrations whereas TBARS content was significantly elevated, which is indicative of hepatic lipid peroxidation enhancement that effect was owed to excessive generation of free radicals during the pathway of AAP-metabolism exaggerated with defective endogenous antioxidant mechanisms. 


These results are in agreement with those reported by Greabu and Olinescu, (2002) who found a depletion of glutathione content, cytochrome_P450 enzyme inhibition and an increase of lipid peroxides in rat hepatic tissue following acute AAP treatment. Furthermore, Engrelhardt & Homma (1996); Lin et al., (2000) and Katikova (2002) reported that AAP overdosing in laboratory animals (mice, rats, and guinea pigs respectively) activates the lipid peroxidation process and reduces the hepatic GSH content. They suggested that GSH plays a key role in the mechanism of APAP_ induced hepatotoxicity as it detoxifies the reactive toxic metabolites of APAP.


On the contrary, Allison et al., (2000) revealed non significant depletion of total blood glutathione concentrations following AAP treatment in cats but the ratio of reduced to oxidized glutathione concentrations increased significantly. In addition, O'Brien et al., (2000) found that hepatic TBARS showed non significant changes in male rats intoxicated with acetaminophen. 

As regards endogenous antioxidant enzymes- as superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) – they catalyze the transformation and detoxification of the superoxide radicles elaborated during the different metabolic pathways to non-toxic oxygen molecules (Okado- Matsumoto and Fridovich, 2001).


The current research demonstrated significant depletion of SOD, CAT, and SPx in hepatic tissues of the rats treated with AAP. In addition, the activity of those enzymes were reduced to a significant level in comparison to the control group levels. 


In agreement to our results, Mirochnitchenko et al., (1999) and O'Brien et al. (2000) who reported that the level and the activity of hepatic antioxidant enzymes were reduced in male rats overdosed by AAP. They attributed this effect to the enhancement of hepatic lipid peroxidation and inability to recover glutathione depleted as a result to AAP treatment. 


Glutathione S-transferases (GST) have been considered to be important in protecting cellular constituents by detoxifying some of the ROS produced during the oxidative stress process (Hubatsch et al., 1998 and Zhao et al., 1999). In vivo, it was demonstrated that GST had no role in the detoxification of AAP through the formation of glutathione conjugation (Henderson et al., 2000).


In the present study, GST activity was markedly reduced in the liver tissue of rats intoxicated by acetaminophen. 


In contrary to that result, it was reported by Orhan & Sahin (2001) that paracetamol, at toxic dose, increased GST activity in human red blood cells.


The present study demonstrates that treated rats with a hepatotoxic dose of APAP results in variable chromosomal aberrations. The total chromosomal aberrations (CAB) increased to a significant value in comparison to its corresponding control group. 


Chromosomal aberrations were represented as gaps, breaks, centromeric- fusion and centromeric attenuations. 


Giri et al., 1992; Rannug et al.,1995; Bergman et al., 1996; Tarloff et al., 1996 and Rogers et al., 1997 published data giving clear evidence that paracetamol causes chromosomal damage in vitro in mammalian cells at high concentrations and indicating that similar effects occur in vivo.

Available data point to three possible mechanisms of paracetamol-induced genotoxicity: (1) inhibition of ribonucleotide reductase; (2) increase in cytsolic and intranuclear Ca2+ levels; (3) DNA damage caused by NAPQI after glutathione depletion. It can bind irreversibly to DNA. These studies showed that genotoxic effects of paracetamol appear only at dosages inducing pronounced liver and bone marrow toxicity and the threshold level for genotoxicity is not reached at the therapeutic dosage. 


Rannug et al., (1995) have been showed an increase in chromosomal damage in lymphocytes of human volunteers after intake of therapeutic doses of paracetamol.


Our study revealed that paracetamol could have a genotoxic effect and garlic had some protective effects against paracetamol induced CAB. 


Several investigators have supported our results that garlic can protect from chromosomal aberrations induced in mice following paracetamol treatment as Wang et al., 1996; Dillon et al., 2003; Dikasso et al., 2002; Li et al., 2002 and Banerjee et al., 2003
who concluded that garlic exerts its protective effect against paracetamol genotoxicity via different mechanisms including inhibition of hepatic cytochrome P450-2E1 activity. In addition, enhancement of cellular defense against oxidative stresses as it prevents the reduction of hepatic GSH activity together with preservation of hepatic antioxidant enzyme activities as GSH, SOD, CAT, GPx, preventing production of reactive oxygen species with decrease of lipid peroxidation causing DNA damage and formation of DNA adducts of genotxic effects. Prevention of the interaction with calcium ions may represent some fundamental molecular mechanisms by which garlic can protect from genotoxicity. 


The results concluded that paracetamol had a genotoxic effect in addition to the hepatotoxicity and garlic had some protective role in paracetamol toxicity as well as in paracetamol induced genotoxicity. It is recommended to use garlic as a prophylactic agent. 
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دراسة لاحتمالية الدور الوقائي للثوم في التسمم الطفري بعقار الباراسيتامول
مرفت حمدى عبد السلام , علاء مقداد و محمد عبد العظيم خلف*
قسم الطب الشرعى والسموم- كلية الطب - جامعتى القاهرة  و المنيــا*

عند التقييم السمي للعقاقير يجب أن يوضع في الاعتبار التأثير الطفري لها وهى وجهة نظر واسعة الانتشار.


وحيث أن عقار الباراسيتامول من أهم وأوسع العقاقير شيوعاً للاستخدام اليومي كمسكن للآلام وخافض للحرارة سواء للكبار أو للصغار فانه من أكثر وأهم العقاقير من حيث ارتفاع و ازدياد حالات التسمم به.

قد أجريت هذه الدراسة لبحث  إذا كان استخدام الثوم له دورآ وقائيآ ضد التأثير السمي بالباراسيتامول علي وظائف الكبد- دلالات ضغوط الأكسدة- التسمم الطفري عن طريق دراسة التغيرات الشكلية أو العددية للكروموسومات للفئران المعالجة بالجرعة السمية للباراسيتامول وقد أوضحت النتائج ان عقار الباراسيتامول ذو سمية ذات دلالة إحصائية علي وظائف الكبد وكذلك دلالات ضغوط الأكسدة. وقد أجريت هذه الدراسة على ذكور الفئران البيضاء حيث قسموا إلى أربعة مجموعات كل منها عشرون فأراً ومدة الدراسة أربعة أسابيع.

وأستهدف البحث دراسة:
1. التأثير الواقى للثوم فى حالة التسمم بالباراسيتامول وذلك بتحديد بعض وظائف الكبد وكذلك تقدير بعض دلالات ضغوط الأكسدة بالدم.

2. التأثير السمى الطفرى فى جميع المجموعات عن طريق دراسة الكروموسومات فى خلايا الدم بعد حقن الحيوانات بمادة الكولشيسين.


وقد أظهرت النتائج أن الثوم عند تناولها مع الباراسيتامول قد أدت إلى إنخفاض مستوى وظائف الكبد عن مثيلاتها فى المجموعة المعالجة بالباراسيتامول فقط.


وقد أثبتت دراسة الكروموسومات وجود زيادة ذات دلالة إحصائية فى التغيرات التركيبية وأهمها فقد فى منطقة السنترومير وإلتحامها وكذلك تفتيت الكروموسومات إلى أجزاء صغيرة فى المجموعة المعالجة بالباراسيتامول عن مثيلاتها فى المجموعة الضابطة وأن الثوم له تأثير واقى ضد هذا التسمم الطفرى بالباراسيتامول حيث تناقصت التغيرات الكروموسومية فى المجموعة المعالجة ب الباراسيتامول والثوم معاً عن تلك التى تناولت الباراسيتامول فقط.


وبذلك يبين هذا البحث مدى التأثير السمى بالباراسيتامول على الكروموسومات وكذلك إن الثوم له بعض التأثير الواقى لمثل هذه التغيرات الطفرية والتى ينصح بإستخدامه كوقاية وبصفة مستمرة.












Egypt. J. Forensic SCI. Appl. Toxicol.                        Volume 5(2), December 2005

