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Diallyl disulphide modulates the behavioral arousal, lipid profile imbalance and

redox status in experimental chronic hyperammonaemic rats.
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Aim: To investigate the effect of Diallyl disulphide (DADS) on the lipid profile and antioxidant
status in ammonium chloride (AC) induced hyperammonaemic rats. Methods: Male albino
Wistar rats weighing 180–200 g were used for the study. The hyperammonemia was induced
by interaperitonial injection (i.p) of AC (100 mg/kg body weight). Rats were treated with DADS
(60 mg/kg body weight) via oral administration. The levels of lipid profiles; phospholipid,
cholesterol and the antioxidants; catalase, glutathione peroxidase (GPX), vitamin-C, vitamin-E
were studied, open field behavioral test such as peripheral movement, central movement,
rearing and grooming were also carried in control and experimental rats. Results:
Administration of DADS in hyperammonaemic rats reduced the levels of lipid profiles and
there by reversing the oxidant-antioxidant imbalance during AC induced hyperammonemia,
and offered protection against hyperammonemia. Behavioral activities were significantly
decreased in DADS treated hyperammonaemic rats when compared with control rats.
Conclusion: The study offers evidence for the antihyperammonaemic, hepatoprotective and
a n t i o x i d a n t  e f f e c t s  o f  DA D S  a g a i n s t  o x i d a t ive  s t re s s  i n d u c e d  b y  AC .
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1. Introduction

In mammals, ammonia is an important nitrogen substrate in

several reactions and plays an important role in nitrogen

homeostasis of mammalian cells. Ammonia is produced by amino

acid and protein catabolism and is toxic to brain and muscles.

Ammonia toxicity results in free radical generation that leads to

oxidative stress and tissue damage [1]; it is converted to urea in the

liver by urea cycle enzymes, which is then excreted by the kidneys

[2]. Hyperammonemia in infancy and childhood is mainly due to

congenital deficiencies of the urea cycle enzymes, Reye's syndrome,

prematurity, birth asphyxia, organic acidemias, or secondary to

several therapies [3], sleep, behavioral disturbances,

hallucinations, delusions and psychosis [4], coma and death [2].

Although the molecular mechanisms involved in cerebral damage

associated with hyperammonemia are not fully understood, it has

been reported that oxidative stress mediated by excessive

activation of NMDA type glutamate receptors can play an

i m p o r t a n t ro l e i n t h e m e c h a n i s m re s p o n s i b l e fo r

hyperammonemic neurotoxicity [5]. In this context oxidative

stress may ensue when the production of reactive oxygen species

(ROS) is excessive and/or when cellular defences are lowered by

t h e  d e p l e t i o n  o f  p h y s i o l o g i c a l  a n t i o x i d a n t s  [ 6 ] .

The greatest disadvantage of the currently available potent

conventional or synthetic antihyperammonemicagents/therapies

lies in their toxicity and reappearance of symptoms after

discontinuation. Valporic acid, phenobarbitol and carbamazepine

a r e s o m e o f t h e c u r r e n t l y u s e d a n t i s e i z u r e a n d

antihyperammonemic drugs. These drugs or therapies are

sometimes inadequate and can have serious adverse effects [7].

Therefore, the screening and development of drugs for their

antihyperammonemic activity is still in progress, and there is a

growing need to find appropriate protective agents against

hyperammonemia from traditional medicinal plants (active
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Medicinal plants continue to provide valuable therapeutic agents,

both in modern medicine and in traditional systems. In recent

years, a great deal of attention has been devoted to diallyl sulfide, a

flavour component present in garlic (Allium sativum) that has 

beenfound to play a role in the inhibition of chemically induced 

cytotoxicity and carcinogenicity in animal models [8]. DADS is 

anorganosulphur garlic compound, but it is not present in garlic

cloves, it is present (60%) in garlic oil [9]. DADS is a product of

allicin. Transformation of allicin produces DADS. Allicin is 

produced when an enzyme allicinase act on its substrate allin 

during garlic cutting or crushing [10]. Garlic, one of most 

frequently used spices, has been known to have diverse biological 

activities, such as a n t i t h ro m b o s i s , hy p o l i p i d e m i a , a n t i a t 

h e ro s c l e ro s i s , antimutagenesis and antibacterial [11]. 

Although various traditional medicinal values have been 

attributed to DADS, no biochemical studies and behavioral 

activities have been carried out to shed light on the role of DADS on 

the lipid profiles and antioxidant status in experimental 

hyperammonaemia.

Adult male albino Wistar rats (180–200 g) and bred in the

Central Animal House, Rajah Muthiah Medical College, Annamalai

University, India, were used. The animals were housed in

polycarbonate cages in a room with a 12 hr day-night cycle,
0 0temperature of 22 C ± 2 C and humidity of 45%–64%. Animals 

were fed with a standard pellet diet (Hindustan Lever Ltd, Mumbai,

India) and water ad libitum. Studies were carried out in 

accordance with Indian National Law on Animal Care and Use, and 

ethical clearance was provided by Committee for the Purpose of 

Control and Supervision of Experiments on Animals of Rajah 

M u t h i a h  M e d i c a l  C o l l e g e  a n d  H o s p i t a l  ( V i d e .  n o :  

588/2008/CPCSEA), Annamalai University, Annamalainagar, 

India [12]. DADS

DADS was purchased from Lancaster, U.K. Ammonium chloride

was purchased from Sisco Research Laboratories (Mumbai, India).

All other chemicals used in the study were of analytical grade.

Hyperammonemia was induced in Wistar rats by

intraperitoneal injections of AC at a dose of 100 mg/kg body 

weight thrice in a week for 12 consecutive weeks [13].

In the experiment, a total of 32 rats were used. The rats were

divided into four groups of eight rats each. Group I rats received

physiological saline and considered as controls, Group II normal

rats were administered with DADS (60 mg/kg body weight) using

an intragastric tube [14], Group III rats were treated with AC (100

mg/kg body weight; i.p.) [13] and Group IV rats were treated with

AC (100 mg/kg) and DADS (60 mg/kg) thrice in a week for 12

weeks. Open field behavior is a simple test to evaluate status of the

animal by placing the animal in a brightly lit rectangular box

(100 x 100 cm) with 40 cm height made up of plywood walls. The

floor consists of a clean plastic material painted in black dividing

the field into 25 (5 x 5) equal squares. Rats were placed in the

corner of the rectangular box and its behavior is observed for 5

minutes. This elicits a series of behavior like peripheral and central

movements, motor activity like grooming and rearing relating to

emotional status of the animal [15].

At the end of 8th week, rats were fasted overnight and

sacrificed by cervical dislocation. Blood was collected, and plasma

and serum were separated by centrifugation. Liver, kidney and

brain tissues were excised immediately and rinsed in ice chilled

normal saline, 500mg of the tissues were homogenized in 5.0 ml of

0.1 M Tris-HCl buffer (pH, 7.4). The homogenate was centrifuged

and the supernatant was used for the estimation of various

biochemical parameters.

Catalase was assayed colorimetrically by the method of Sinha

[16]. Dichromate in acetic acid was converted to perchromic acid

and then to chromic acetate when heated in the presence of H O2 2

The chromic acetate formed was measured at 620 nm. The catalase

preparation was allowed to split H O  for different periods of time. 2 2

The reaction was stopped at different time intervals by the

addition of a   dichromate-acetic acid mixture and the remaining   

H O  was determined colorimetrically as chromic acetate. One unit2 2

of activity was expressed as a mole of  H O  consumed/ min/mg 2 2

protein.

GPx was estimated by the method of Rotruck et al [17]. A

known amount of haemolysate was allowed to react with H O  in 2 2

the presence of GSH for a specified time period, then the remaining

GSH content was allowed to react with 5,5'-dithio-bis-2-

nitrobenzoic acid (DTNB) and the yellow colour developed was

measured at 412 nm. One unit of activity was expressed as μmol of

Plasma Vitamin C was estimated by the method of Roe and

Kuether [18]. The ascorbic acid was converted to dehydroascorbic

acid by mixing with acid washed norit and was then coupled with

DNPH in the presence of thiourea, a mild reducing agent. The

coupled DNPH was converted into an orange red coloured complex

when treated with sulphuric acid, which was read colorimetrically

at 520 nm. Values were expressed as mg/dl plasma.

Plasma Vitamin E was estimated by the method of Baker et al

[19]. To 0.5 mL of plasma, 1.5 mL of ethanol and 2.0 mL of

petroleum ether were added, mixed and centrifuged. Then it was
0evaporated to dryness at 8  C. To this was added 0.2 mL of 2,2-

dipyridyl solution and 0.2 mL of ferric chloride solution. Mixed

well and kept in dark for 5 minutes and added 4 mL of butanol. The

intense red colour developed was read at 520 nm. Values were

expressed as mg/dl plasma.

2. Materials and Methods
2.5 Estimation of antioxidants

2.5 Estimation of antioxidants

2.2 Drugs

2.3 Induction of experimental hyperammonemia

2.4 Experimental design
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Phospholipid was estimated by the method of Zilversmit and

Davis [20]. This involves the conversion of organic phosphorus to

inorganic phosphorus which reacts with ammonium molybdate to

form phosphomolybdic acid. This on treatment with amino

naphthol sulphonic acid (ANSA) forms a stable blue colour, which

was read at 680 nm. Phospholipid content was expressed as mg/dl

serum and mg/100 mg tissue.

Total cholesterol was estimated by the method of Zaks et al

[21]. Lipid extract was treated with ferric chloride-acetic acid

reagent to precipitate the proteins. The protein free supernatant

was treated with concentrated sulphuric acid. A reddish purple

colour formed was read at 560 nm. Values were expressed as

mg/dl serum and mg/100 g tissue.

In the present study the open field behavioral test showed that

peripheral, central movement, grooming and rearing were

significantly decreased in AC treated rats when compared with

control rats and these behavioral activities were significantly

increased in hyperammonemic rats treated with DADS when

compared with control rats were shown in the Table 2.

U- μmole of H O consumed/minute. Each value is mean ± SD 2 2

for eight rats in each group. Values not sharing a common

superscript letter differ significantly at p<0.05 (DMRT).

Each value is mean ± SD for eight rats in each group. Values not

sharing a common superscript letter differ significantly at p<0.05

(DMRT).

Values not sharing a common superscript letter differ 

significantly at p<0.05 (DMRT). a,a – not significant (group ІІ is 

compared with group І ). b ≤ 0.05 (group III is compared with 

group І), c≤ 0.01 ( g r o u p I V i s c o m p a r e d w i t h g r o u p I I I )

Values not sharing a common superscript letter differ 

significantly at p<0.05 (DMRT). a,a – not significant (group ІІ is 

compared with group І ). b ≤ 0.05 (group III is compared with group 

І), c≤ 0.01 ( g r o u p I V i s c o m p a r e d w i t h g r o u p I I I )

2.6 Estimation of lipid profiles

3. Results

Table 1. Effect of Diallyl disulphide on the activities of Catalase
in the liver, brain and kidney of control and experimental rats

Table 2. Open field behavioral activity of control and
experimental rats

Figure 1. Changes in the activities of glutathione peroxidase in
hemolysate and tissues

Figure 2. Changes in the levels of Vitamin C & E in plasma of
control and experimental rats.
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Values not sharing a common superscript letter differ 

significantly at p<0.05 (DMRT). a,a – not significant (group ІІ is 

compared with group І ). b ≤ 0.05 (group III is compared with 

group І), c≤ 0.01 ( g r o u p I V i s c o m p a r e d w i t h g r o u p I I I )

Table 1 shows the Catalase and Glutahione peroxidase levels

(figure 1) were found to be significantly increased in hemolysate

and tissues (brain, liver & kidney) of AC induced rats when

compared to control rats. These levels were found to be

significantly reduced in hyperammonemic rats treated with DADS

when compared with AC treated rats. The levels of circulatory
antioxidants such as vitamins C and E in plasma were significantly
lower in AC treated rats, and these levels were significantly
normalised in hyperammonaemic rats treated with DADS were
shown in the figure 2. 

In the figure 3 & 4 the levels of lipid profiles such as 
phospholipids and cholesterol in tissues (liver, kidney and brain) 
were significantly lower in AC treated rats and these levels were 
significantly normalised in hyperammonaemic rats treated 
withDADS when compared with control group rats.

Considering that all cognitive effects had to be expressed by
psychomotor activity, the effect of the treatments on the general
locomotor and exploratory behavior was checked in open field.
Open field behavioral test revealed that peripheral movement,
central movement, rearing and grooming, were significantly
d e c re a s e d ra t s wh e n c o m p a re d w i t h c o n t ro l ra t s .
Hyperammonemia had shows significant decrease in the
locomotor activity [22]. These behavioral movements were
normalized in DADS treated hyperammonaemic rats.

A r e l a t i o n s h I p  b e t w e e n  o x i d a t i v e s t r e s s  a n d 
hyperammonemia has been well established and evidences point
out that the oxidative stress and free radical production could be
involved in the mechanism of ammonia toxicity [23, 24]. This
might have decreased levels of enzymatic (GPx and CAT) [12, 25]
and non-enzymatic (Vitamin C, E) [26] antioxidants in
hyperammonaemic rats.

Flavanoids are well known potent-free radical scavengers and
antioxidants and are known to modulate the activities of various
enzyme systems due to their interaction with various
biomolecules [27]. Most phenolic phytochemicals that have
positive effect on health are believed to be functioning by
countering the effects of reactive oxygen species generated during
cellular metabolism. Phenolic phytochemicals due to their
phenolic ring and hydroxyl substituents can function as effective
antioxidants due to their ability to quench free electrons. It is
therefore believed that dietary phenolic antioxidants can 
scavenge harmful free radicals and thus inhibit their oxidative 
reactions with vital biological molecules [28]. Normalized levels 
ofenzymatic and non-enzymatic antioxidants in DADS treated
hyperammonaemic rats may be due to the presence of flavanoids,
phenolic acids, vitamins and sulfur compounds in DADS (a flavour
of garlic) [14]. DADS has been known to have free radical
scavenging effect and it could be a potential therapeutic or
modulating agent for oxidative damage induced diseases [29].

The present study showed that the levels of cholesterol and
phospholipid in tissues (liver, brain and kidney) were significantly
increased in hyperammonaemic rats. The previous report showed
that lipid soluble sulfur compounds such as (diallylsulfide, DADS,
diallyltrisulfide etc.) effectively inhibit the hepatic cholesterol
synthesis in rats [30].

Figure 3. Changes in the levels of phospholipids in tissues
(liver, kidney & brain) of control and experimental rats.

Figure 4. Changes in the levels of Cholesterol in tissues (liver,
kidney & brain) of control and experimental rats.

4. Discussion

Values not sharing a common superscript letter differ significantly at 
p<0.05 (DMRT). a,a – not significant (group ІІ is compared with group 

І ). b ≤ 0.05 (group III is compared with group І), c≤ 0.01 ( g r o u p I V i 
s c o m p a r e d w i t h g r o u p I I I )
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5. Conclusions

6. References

The biochemical and behavior findings of our present study
indicate  that  DADS exerts  protect ion to  AC-induced
hyperammonemic rats against oxidative stress. This could be due
to the prevention or inhibition of free radical formation by its
antioxidant, it maintenance the behavioral, cellular integrity and
hepatoprotective effects.
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