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ABSTRACT  

The safety over the use of antimalarial drug is day by day rising and is extensively studied topic as the parasite has 

sternly become resistant to it. It has thus become imperative to find an effective solution which is safe to 

administer and is easily available for the target population, especially those living in the tropical countries. Allium 

sativum is one such native indigenous species and is an integral part of diet since ages. This work focuses upon 

Artesunate (150 and 300 mg/kg body weight) toxicity for a period of 21 and 45 days on cauda epididymis and 

seminal vesicle of mice and evaluating the effect of garlic (150mg/ kg body weight) as an effective antidote. 

Artesunate lowered the organ weight of both the test tissues, decreased fructose levels, impaired sperm 

parameters and also declined testosterone levels. The current findings provide a valuable insight in the 

antimalarial drug toxicity. 
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1. INTRODUCTION 

From the time of chloroquine introduction to European 

medicine in the 1630s until its deployment in the 1950s, 

quinine was the mainstay of severe malaria treatment. 

Resistance to chloroquine emerged in Southeast Asia 

and then spread to Africa at the end of the 1970s[1].  

Treatment failures have been linked majorly to the 

development of resistance of the malaria parasite to 

standard antimalarial agents [2,3,4]. This resistance 

created a need for new drugs. Discovery of artemisinin, 

earlier known as Qinghaosu, is a phytoconstituent 

obtained from the aerial part of Chinese medicinal herb 

Artemisia annua, commonly known as wormwood have 

given renewed hope for combating resistant malaria 
[5,6]. 

Since artemisinin itself has poor bioavailability limiting 

its effectiveness, several semisynthetic derivatives of 

artemisinin have been developed (Fig. 1). The best 

known among these derivatives are oil soluble 

artemether, water-soluble artesunate andartenimol (β-

dihydroartemisinin) [7]. The most potent among them is 

water soluble artesunate, which can be administered 

parenterally as well as by mouth and per rectum.  
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Fig. 1. Structural formulae for artemisinin and its derivatives [7] 

Artesunate is an effective antimalarial drug, an 

alkylating agent which generates free radicals, thus, 

alkylating the parasite’s membrane [8] and is used in 

combination therapies. 

Since artemisinin’s are potent and rapidly acting drugs 

to which there have been few cases of resistance [9,10,11], 

they have become one of the most important groups of 

drugs available to treat malaria. The World Health 

Organization (WHO) has recommended that 

artemisinin-containing combination therapies should be 

used to treat P. falciparum in areas of drug resistance 
[12]. Also, it has been reported that Artesunate reduces 

mortality by more than 34% when compared to quinine 

in adults with severe malaria [13]. 

So, by now it is an established fact that artemisinin-

based drugs are way more efficient than the previously 

used conventional drugs like chloroquine. 

Furthermore, previous reports have described 

artemisinin derivatives to be generally safe and well-

tolerated [14,15]. However, there are concerns about their 

potentials for neuro- and reproductive toxicities [16-20]. In 

addition, previous toxicological studies on artemisinins 

evaluated their effects on specific systems, limiting such 

studies to make quantitative safety evaluations of these 

drugs [18,19].

  

Nevertheless, the recent approach on the development 

of new drugs from natural products for treatment of 

human diseases especially in developing countries still 

rely on traditional medicines for their primary health 

care based largely from various species of plants [21]. 

There are so many plants in the wild which have the 

calibre to revive or repair the damage caused by these 

antimalarial drugs. The potential candidates which we 

will be exploring here are Allium sativum and Curcuma 

longa, which have been used in folk medicine since 

ages.  

Medical and pharmacological properties of Allium 

sativum, commonly known as Garlic belonging to family 

Lilliaceae are known to Hindus for centuries and 

documented in Ayurveda [22, 23]. Garlic has been proved 

to elicit antimicrobial [24], antihypertensive [25], 

hypolipidemic [26], hepatoprotective [27], antidiabetic[28], 

antitumor [29], antifungal[30] and insecticidal[31] 

properties. 

Similarly, one cannot deny the innumerable health 

benefits which is obtained from Curcumin, which is 

isolated from the roots of the Curcuma longa plant and 

has been shown to regulate a number of biological 

responses [32]. In recent years, a wide biological and 

pharmacological property of curcumin has been 

extensively studied such as antioxidant, anti-

inflammatory, antimicrobial, antimalarial, and 

anticarcinogenic activities [33-36]. 

The present study is therefore undertaken to gauge the 

effect of artesunate on semen parameters in rodent 

http://www.ijpbs.com/
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model i.e. Swiss albino mice and also to determine the 

mitigating potential of garlic and curcumin on the same.

  

 

2. MATERIALS AND METHODS 

2.1 Animals 

Healthy adult male albino mice, Musmusculus of Swiss 

strain weighing between 30 and 35 gm, were obtained 

from Cadila Pharmaceuticals, Dholka, Gujarat, India. All 

the animals were acclimatized 7days prior to the 

commencement of treatment and were maintained 

under controlled condition with 12-hour light and 12-

hour dark cycles at temperature of 26°C ± 2°C and 

relativehumidityof30%to70%. They were divided into 9 

groups (A, B, C, D, E, F, G, H and I) of 5 mice each. The 

animals were fedona commercial pellet supplied by 

Amrut mice feed (Pranav Agro Industries, Vadodara, 

Gujarat, India) and water ad libitum. Experiments were 

conducted in accordance with the guidelines set by the 

CommitteeforthePurposeofControlandSupervisionofEx

perimentsonAnimals(CPCSEA), India, and experimental 

protocols were approved by the Institutional Animals’ 

Ethics Committee (167/1999/CPCSEA). 

2.2 Experimental design  

The experimental design has been depicted in the table 

showing experimental protocol included: 

A. Studies on the effect of artesunate at two dose 

concentrations were carried out and compared with 

control (untreated) mice. 

B. Ameliorative studies were carried out using Curcumin 

and garlic as supplements with low and high dose of 

artesunate respectively and compared with artesunate 

treated and control mice. 

2.3 Experimental protocol 

The animals were divided into following groups: 

 

GROUPS TREATMENT AND DOSE DURATION 
(DAYS) 

DAY OF AUTOPSY 

A Control (untreated) 
Control +distilled water 

- Sacrificed along with scheduled treated 
animals 

B Artesunate (Low dose) 
(150 mg/kg body weight) 

21, 45 22th, 46th 
Post treatment 

C Artesunate (High dose) 
(300 mg/kg body weight) 

21, 45 22th, 46th 
Post treatment 

D Curcumin (80 mg/kg body weight) 21, 45 22th, 46th 
Post treatment 

E Garlic (100 mg/kg body weight) 21, 45 22th, 46th 
Post treatment 

F 150 mg/kg Artesunate (L.D) + 80 mg/kg 
Curcumin 

21, 45 22th, 46th 
Post treatment 

G 300 mg/kg Artesunate (H.D) + 80 mg/kg 
Curcumin 

21, 45 22th, 46th 
Post treatment 

H 150 mg/kg Artesunate (L.D) + 100 mg/kg 
Garlic 

21, 45 22th, 46th 
Post treatment 

I 300 mg/kg Artesunate (H.D) + 100 mg/kg 
Garlic 

21, 45 22th, 46th 
Post treatment 

(n=6 animals/group) 

 

2.4 Toxicant and dose selection 

The increasing use of artesunate as antimalarial drug in 

recent years has demanded the necessity to evaluate its 

reproductive toxicity. 

Artesunate was prepared in double-distilled water and 

orally given to mice via feeding canula with a 

hypodermic syringe. All the doses for artesunate were 

derived from its equivalent therapeutic dose for the 

treatment of uncomplicated malaria [37]. All the other 

chemicals used in different assays were procured from 

HI Media and Merck, Mumbai.  

The dose for Curcumin is based on earlier work done in 

Annamalai University, Tamilnadu, India [38]. Crude 

extract of garlic (Allium sativum) of the single clove 

variety was prepared from bulbs purchased in bulk from 

the market. The cloves were sliced into pieces, ground 

into a paste and then dissolved in deionised distilled 

water. The concentration of the extract prepared was 

10 mg garlic per 1 ml, corresponding to 100 mg of garlic 

http://www.ijpbs.com/
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per kg body weight of the animal, this concentration 

being calculated on the basis of a daily human intake of 

6.00 gm garlic by a 60 kg human individual [39]. 

2.5 Tissue collection  

Artesunate was administered as per the experimental 

protocol. At the end of each treatment, animals were 

euthanized and necropsied according to the CPCSEA 

guidelines and caudaepididymis and seminal vesicle 

were carefully dissected out and weighed. Tissue was 

then processed for biochemical evaluation. 

2.6 Parameters studied 

2.6.1 Fructose 

Fructose levels were assayed in seminal vesicle of 

control and treated groups of mice by the method of 

Foreman et al. (1973) [40]. 

A known amount of tissue was homogenized in 5 ml of 

5% Perchloric acid. 0.2 ml of homogenate was followed 

by 1.8 ml of 5% Perchloric acid in sample tube while 

blank tube was run with 2 ml of 5% Perchloric acid. 3 ml 

of 30% HCL was added to all the tubes and heated in 

water bath at 80° C for one hour and cooled at room 

temperature.  

The colour intensity was read on Systronics Digital 

Spectrophotometer 167 at 410 nm against blank tube.  

2.6.2 Sperm Parameters 

2.6.2.1 Sperm count: 

Sperm count in cauda epididymis of control and all 

different groups of mice was determined using the 

Neubauer chamber of haemocytometer according to 

method of Prasad et al. (1972) [41]. 

2.6.2.2 Sperm motility: 

The assessment of sperm motility (in percentage) in 

cauda epididymis of control and all different groups was 

carried out according to the method of Prasad et al. 

(1972) [41]. 

2.6.2.3 Sperm viability: 

Sperm viability (Live: Dead ratio) of caudaepididymal 

sperms was estimated by the method of Talbot and 

Chacon (1981) [42]. 

2.6.3 Testosterone 

The coated micro wells and test components were 

brought to room temperature before the assay. The 

coated wells were marked as recorded in data sheet. 50 

μl of each reference standard, control and test samples 

were pipette in to the labelled wells using micropipette. 

50 μl of enzyme conjugate was added to each well and 

gently shaken for 20 seconds, sealed with parafilm and 

incubated at 37°C for 60 minutes. After incubation these 

wells were decanted and rinsed with wash buffer three 

times each. The wells were dried by firm tapping to 

ensure removal of wash solution. 50 μl each of 

substrates hydrogen peroxide and 50 μl of TMB reagent 

were added to each well for the enzymatic- reaction. 

The wells were shaken for 20 seconds and incubated at 

25° C for 15 minutes. Reactions were stopped by adding 

50 μl of 1 N H2SO4to each well. The colour developed 

after mixing was read at 450 nm on a Merck Elisa 

Reader. 

2.7 Statistics analysis 

All the data are presented as mean + standard error. 

Statistical analysis was performed using the trial version 

of SPSS software package version 16.0. Comparison 

between the groups was made by 1-way analysis of 

variance (ANOVA) followed by Student‘t’ test taking 

significance at p< 0.05.Tukey honestly significance 

difference post hoc test was used for comparison 

among different treatment groups (p< 0.05). 

 

3. RESULTS 

3.1 Organ Weight 

The weight of both the organs i.e. Cauda epididymis and 

Seminal vesicle were found to be unaltered after 21 and 

45 days treatment in control mice.  

The weight of Cauda epididymis was significantly 

reduced (p<0.005) after the administration of low dose 

of artesunate in both the durations. Similarly, the 

weight was significantly reduced (p<0.005) after 21 days 

and highly significantly reduced (p<0.001) after 45 days, 

when high dose of artesunate was administered. 

However, when the antidotes i.e. Curcumin and Garlic 

were administered individually, the organ weight was 

found to be non-significant in both the durations. Also, 

when low and high dose of artesunate were 

administered with Curcumin and Garlic respectively, the 

results were found to be non-significant in both the 

durations (Table 1). 
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Table 1. Organ weight of Cauda and seminal vesicles (mg) of control and treated animals after 21 and 45 days 

treatment respectively. 

Cauda epididymis 

Groups Treatment 21 days 45 days 

A Control (untreated) 16.26 ± 0.02 16.23 ± 0.03 

B ART 150 mg 13.29 ± 0.03** 11.32 ± 0.03** 

C ART 300 mg 11.32 ± 0.03** 9.38 ± 0.02*** 

D Curcumin 16.78 ± 0.03  17.03 ± 0.06  

E Garlic 16.52 ± 0.02  16.86 ± 0.13  

F ART 150 mg + Curcumin 14.62 ± 0.12  14.92 ± 0.13  

G ART 300 mg + Curcumin 14.85 ± 0.13  15.05 ± 0.21  

H ART 150 mg + Garlic 14.41 ± 0.03  15.39 ± 0.03  

I ART 300 mg + Garlic 14.43 ± 0.02  14.88 ± 0.09  

 

Seminal Vesicles 

Groups Treatment 21 days 45 days 

A Control (untreated) 379.26 ± 0.02 379.23 ± 0.03 

B ART 150 mg 370.34 ± 0.02  368.32 ± 0.03** 

C ART 300 mg 368.31 ± 0.03** 363.37 ± 0.02*** 

D Curcumin 368.31 ± 0.03  363.37 ± 0.02  

E Garlic 379.54 ± 0.03  379.56 ± 0.04  

F ART 150 mg + Curcumin 376.54 ± 0.03  376.64 ± 0.13  

G ART 300 mg + Curcumin 373.43 ± 0.04  373.44 ± 0.04  

H ART 150 mg + Garlic 374.41 ± 0.03  374.46 ± 0.03  

I ART 300 mg + Garlic 377.44 ± 0.04  377.45 ± 0.02  

Values are mean ± S.E., *p<0.01, **p<0.005, ***p<0.001 

 

Table 2. Showing the Fructose level (μg/mg tissue weight) in seminal vesicle of control and treated mice after 21 

and 45 days treatment. 

Groups Treatment 21 days 45 days 

A Control (untreated) 11.45 ± 0.03 11.33 ± 0.02 

B ART 150 mg 8.52 ± 0.12* 6.63 ± 0.10** 

C ART 300 mg 6.55 ± 0.06** 5.41 ± 0.03*** 

D Curcumin 12.99 ± 0.16  13.28 ± 0.20  

E Garlic 10.97 ± 0.11  11.04 ± 0.08  

F ART 150 mg + Curcumin 10.76 ± 0.09  10.82 ± 0.07  

G ART 300 mg + Curcumin 10.26 ± 0.04  10.31 ± 0.04  

H ART 150 mg + Garlic 9.85 ± 0.16  9.76 ± 0.15  

I ART 300 mg + Garlic 10.90 ± 0.17  11.10 ± 0.21  

Values are mean ± S.E., *p<0.01, **p<0.005, ***p<0.001 
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Table 3. Showing the Cauda epididymal Sperm Count (106/ml) in control and treated mice after 21 and 45 days 

treatment. 

Groups Treatment 21 days 45 days 

A Control (untreated) 35.20 ± 1.10 36.31 ± 0.67 

B ART 150 mg 28.86 ± 0.45* 26.95 ± 0.41** 

C ART 300 mg 25.72 ± 0.42 ** 25.32 ± 0.30*** 

D Curcumin 45.11 ± 0.69  46.24 ± 0.86  

E Garlic 39.67 ± 0.27  41.30 ± 0.89  

F ART 150 mg + Curcumin 33.26 ±0.46  31.91 ± 0.50  

G ART 300 mg + Curcumin 29.89 ± 0.47  28.65 ± 0.26  

H ART 150 mg + Garlic 36.02 ± 0.42  34.65 ± 0.82  

I ART 300 mg + Garlic 31.68 ± 0.41  28.99 ± 0.10  

Values are mean ± S.E., *p<0.01, **p<0.005, ***p<0.001 

 

 

Table 4. Showing the Cauda epididymal Sperm motility (%) in control and treated mice after 21 and 45 days 

treatment. 

Groups Treatment 21 days 45 days 

A Control (untreated) 73.84 ± 0.53 73.35 ± 0.24 

B ART 150 mg 62.82 ± 0.60 * 57.53 ± 0.40** 

C ART 300 mg 57.43 ± 0.41 ** 56.32 ±0.74 *** 

D Curcumin 79.48 ± 0.28  79.99 ± 0.54  

E Garlic 70.50 ± 0.37  70.55 ± 0.37  

F ART 150 mg + Curcumin 67.61 ± 0.41  66.02 ± 0.40  

G ART 300 mg + Curcumin 62.43 ± 0.50  59.11 ± 0.92  

H ART 150 mg + Garlic 70.02 ± 0.16  68.82 ± 0.11  

I ART 300 mg + Garlic 68.35 ± 0.37  67.56 ± 0.42  

Values are mean ± S.E., *p<0.01, **p<0.005, ***p<0.001 

 

 

Table 5. Showing the Cauda epididymal Sperm Viability (%) in control and treated mice after 21 and 45 days 

treatment. 

Groups Treatment 21 days 45 days 

A Control (untreated) 65.94 ±0.13 62.79 ± 0.61 

B ART 150 mg 56.99 ± 0.95* 56.32 ± 0.74* 

C ART 300 mg 54.09 ± 0.10** 52.72 ± 0.20*** 

D Curcumin 75.14 ± 0.34  75.94 ± 0.12  

E Garlic 70.49 ± 0.38  70.56 ± 0.37  

F ART 150 mg + Curcumin 62.58 ± 0.65  63.07 ± 0.68  

G ART 300 mg + Curcumin 59.03 ±0.20  58.08 ± 0.15  

H ART 150 mg + Garlic 70.01 ± 0.16  68.89 ± 0.13  

I ART 300 mg + Garlic 68.32 ± 0.37  67.53 ± 0.42  

Values are mean ± S.E., *p<0.01, **p<0.005, ***p<0.001 
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Table 6. Showing alterations in testosterone level (ng/ml) in serum of control and treated mice after 21 and 45 

days treatment. 

Groups Treatment 21 days 45 days 

A Control (untreated) 3.26 ± 0.02 3.23 ± 0.03 
B ART 150 mg 1.29 ± 0.03 * 0.82 ± 0.13 ** 
C ART 300 mg 0.87 ± 0.19 ** 0.41 ± 0.02 *** 
D Curcumin 3.79 ± 0.03  4.01 ± 0.18  
E Garlic 2.54 ± 0.03  2.56 ± 0.04  
F ART 150 mg + Curcumin 2.22 ± 0.04  2.06 ± 0.21  
G ART 300 mg + Curcumin 2.09 ± 0.19  2.04 ± 0.17  
H ART 150 mg + Garlic 1.99 ± 0.20  1.87 ± 0.18  
I ART 300 mg + Garlic 1.45 ± 0.04  1.42 ± 0.02  

Values are mean ± S.E., *p<0.01, **p<0.005, ***p<0.001 

 

When low dose of artesunate was administered the 

Seminal vesicle, weight was found to be non-significant 

after 21 days treatment. However, it was significantly 

reduced (p<0.005) after 45 days. The weight was 

significantly reduced (p<0.005) after 21 days and highly 

significantly reduced (p<0.001) after 45 days after the 

administration of high dose of artesunate. Curcumin 

and Garlic when administered alone and in addition 

with low and high dose of artesunate respectively gave 

non-significant results in both the durations (Table 1). 

3.2 Fructose levels 

As shown in Table 2, fructose levels were found to be 

significantly reduced (p<0.01) after 21 days and 

moderately significantly reduced (p<0.005) after 45 

days when low dose of artesunate was administered. 

Reduction was moderately significant (p<0.005) after 21 

days and highly significant (p<0.001) after 45 days when 

high dose was administered. 

Curcumin and Garlic when administered alone and in 

addition with low and high dose of artesunate 

respectively gave non-significant results in both the 

durations. 

3.3 Sperm Parameters 

3.3.1 Sperm count: 

When compared with control, sperm count was found 

to be significantly reduced (p<0.01) after 21 days and 

moderately significantly reduced (p<0.005) after 45 

days when low dose of artesunate was administered. 

Reduction was moderately significant (p<0.005) after 21 

days and highly significant (p<0.001) after 45 days when 

high dose was administered (Table 3). 

Curcumin and Garlic when administered alone and in 

addition with low and high dose of artesunate 

respectively gave non-significant results in both the 

durations. 

3.3.2 Sperm motility: 

As shown in Table 4, when compared with control, 

sperm motility was found to be significantly reduced 

(p<0.01) after 21 days and moderately significantly 

reduced (p<0.005) after 45 days when low dose of 

artesunate was administered. Reduction was 

moderately significant (p<0.005) after 21 days and 

highly significant (p<0.001) after 45 days when high 

dose was administered. 

Curcumin and Garlic when administered alone and in 

addition with low and high dose of artesunate 

respectively gave non-significant results in both the 

durations. 

3.3.3 Sperm viability: 

Sperm viability was found to be significantly reduced 

(p<0.01) in both the durations when low dose of 

artesunate was administered. Reduction was 

moderately significant (p<0.005) after 21 days and 

highly significant (p<0.001) after 45 days when high 

dose was administered (Table 5).  

Curcumin and Garlic when administered alone and in 

addition with low and high dose of artesunate 

respectively gave non-significant results in both the 

durations. 

3.4 Testosterone levels 

Testosterone levels were found to be significantly 

reduced (p<0.01) after 21 days and moderately 

significantly reduced (p<0.005) after 45 days when low 

dose of artesunate was administered. Reduction was 

moderately significant (p<0.005) after 21 days and 

highly significant (p<0.001) after 45 days when high 

dose was administered (Table 6). 

Curcumin and Garlic when administered alone and in 

addition with low and high dose of artesunate 

respectively gave non-significant results in both the 

durations. 
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4. DISCUSSION 

The rediscovery of qinghaosu (artemisinin) in China in 

1972 [43]and the subsequent synthesis of artemether 

and artesunate have provided highly effective 

alternatives to previously used conventional drug as 

quinine [44]. And among them, Artesunate, a 

semisynthetic derivative of artemisinin, is significantly 

more efficient in the treatment of malaria than other 

derivatives [45]. 

However, the effectiveness of artesunate is not worthy 

at the cost of generating toxicity, which is supported by 

vast number of literature [46-53]. 

The current study was designed to determine the effect 

of artesunate on reproductive tissues viz. caput 

epididymis and seminal vesicle and simultaneously to 

check the efficacy of chosen antidotes (Allium and 

Curcumin) on the same. 

In the present study the weight of both the assessed 

organs i.e. Cauda epididymis and Seminal vesicle was 

significantly reduced in both the duration of 21 days and 

45 days after the antimalarial drug (Artesunate) 

administration. Reduction in organ weight has also been 

recorded by other workers [54,55,56]and it may be due to 

loss of appetite or obstructive effect on hunger centre 

due to drug toxicity. 

It is a well-established fact that during the process of 

spermatogenesis, fructose plays a vital role in providing 

energy to the developing sperm. In the present study, 

fructose levels in the seminal vesicle were declined to a 

remarkable extent when high dose of artesunate 

treatment was given during both the time intervals, 

which suggested that the metabolism was affected by 

the treatment of artesunate. The results can be 

correlated with decreased sperm count and motility 

from cauda epididymis, explaining damage induced by 

artesunate in a dose dependent manner. Mathur et al. 

(2010) [57] also showed decreased fructose levels 

relatively altered spermiogram after treatment of 

Tecomastans leaves ethanolic extract, which were in 

consistent with our results. 

The present investigation elucidated that artesunate 

toxicity resulted in marked decline of caudaepididymal 

sperm motility, viability as well as count. Abnormality in 

spermatozoa with reduction in testicular weight was 

also noted by [18,19,56]. 

The testosterone levels were also found to be 

significantly reduced in mice treated with low and high 

dose artesunate at time interval of 45 days. Similar 

results were obtained by [58] where administration of 

CdCl2 significantly lowered the enzyme activities of 3β-

HSD and 17β-HSD which was associated with decreased 

serum testosterone level. This testosterone secretion in 

turn can be impaired as a result of oxidation insult 

(stress) and consequent Leydig cell degeneration, which 

was reported Khan et al., 2006 [59]. 

In 2011, Prasad et al. [60] has also documented similar 

findings where Imatinib affected testicular function and 

reduced testosterone levels probably due to increased 

ROS production and dysfunction of Leydig cells. 

The problem of malaria is mostly associated with poor 

countries where there is little or no access to modern 

medicine due to lack of resources, and hence the only 

option for management of this situation is to rely on 

traditional medicine which is affordable and easily 

accessible. 

Medicinal plants, since time immemorial, have been 

used in virtually all cultures as a source of medicine [61]. 

BothAllium sativum and Curcuminare used in the 

traditional system of medicine since ages and have large 

number of biological health responses. Both these folk 

medicines possess plethora of valuable phytochemicals 

which make them essential applicant to overcome the 

antimalarial toxicity. The literature [62-65] also validates 

them as having antimalarial, antiparasitic and 

antiprotozoal activity. 

In the present study, when artesunate is given with 

either of the antidote i.e. Allium or Curcumin, the data 

implies that the use of antidotes Curcumin and Allium 

have been successfully able to combat the drug 

(artesunate) toxicity.  

Literature has also provided enough documentation on 

the antioxidant potential of both Curcumin as well as 

Allium, to combat the damage caused by free radicals. 

The presence of an enol group with intramolecular 

hydrogen bonds enhances the radical scavenging 

activity of curcumin [66]. Moreover, curcumin enhances 

the activity of detoxifying enzymes like Glutathione-S-

transferase [67]. Banerjee et al., (2003) [68] reported that 

garlic as an antioxidant has the potential to modulate 

the ROS. 

Recent studies in the laboratory have shown that 

curcumin from turmeric has antimalarial activity [64]. 

Moreover, Curcumin loaded hydrogel nanoparticles 

synthesized by solvent emulsion-evaporation technique 

also exhibits anti-malarial efficiency [69]. Also, Curcumin 
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has been shown in various animal models and human 

studies to be safe even used at very high doses (12 

g/day) [70,71,72]. 

Nandakumar and co-workers (2006) [65] reported that 

the combination therapy of curcumin and artemisinin 

was effective in removing the drug resistance caused by 

P. falciparum infected malaria. Also, Curcumin when 

used on cerebral malaria (CM) mice model, was able to 

prevent CM and delay death of animals by about 10 days 
[73]. 

Quercetin, genistein, eugenol and terpeneol can be 

considered as adjuvants to increase the bioavailability 

of curcumin as these compounds can modulate the 

activity/permeability of curcumin [74]. A study reported 

that Quercetin, a flavonoid present in garlic reduces 

inflammation, haemozoin effects on cytokine 

production from monocytes and reduces drug (quinine) 

toxicity in malaria patients [75,76,77]. 

Allicin, a naturally occurring compound generated when 

garlic cloves are crushed, can inhibit malaria infection. 

Previous studies with allicin have shown that it has 

inhibitory effects on a wide range of bacteria, as well as 

some fungi and a few protozoans [78-85]. Also, it was 

found that ajoene, an organosulphur compound found 

in garlic has an inhibitory effect on the erythrocytic 

stages of Plasmodium [86]. 

 

5. CONCLUSION 

It can be concluded from the present work that since 

time immemorial traditional medicines have played an 

integral part in the lives of human beings, especially 

those colonizing in rural areas, and facing troubles due 

to lack of resources. As medicinal plants like curcumin 

and Allium are indigenous species, effortlessly 

reachable and one can easily afford these agents to get 

protection from the damage caused due to action of 

antimalarial drugs. Hence, it is advisable to include both 

the above-mentioned components to overcome the 

detrimental effects from the antimalarial therapy, 

though further validation of these studies would 

provide valuable insight. 
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