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Summary  

Effect of oral administration of arsenic trioxide at different doses i.e. 0.15mg/100gm for 
acute (1 day) and 0.02mg/100gm, 0.01 mg/100 gm and 0.007 mg/100 gm for sub-acute 
(7, 14 and 21 days) sets after LD50 (14.98 mg/kg body weight) determination was studied 
on hepatosomatic index and behaviour with respect to control rats. The modulating role 
of Curcuma aromatica (50 mg/kg body weight) was also studied on arsenic trioxide 
toxicity. The results revealed significant decrease in body weight, liver weight and 
hepatosomatic index after arsenic trioxide intoxication and significant increase after 
Curcuma aromatica treatment while, it has been almost similar to control group in 
Curcuma aromatica and arsenic trioxide treatment. However, behaviour changes 
(scratching, excitation, thirst, salivation, tremors, food avoidance and pilling) have been 
observed at short term and long term exposure of arsenic trioxide, Curcuma aromatica 
and their combination. The results indicate protective action of Curcuma aromatica on 
hepatosomatic index and behaviour under stress of arsenic trioxide. 
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Introduction 

Heavy metals are the most noxious pollutants owing to their diverse effects. Some metals 
are soluble in water and readily absorbed into the living organisms. Metal ions of high 
toxicity are known to cause deleterious impact on organs and blood level. They form 
metal complexes with the structural proteins, enzymes and nucleic acids and interrupt 
their functions (1). They have received particular attention among the non-degradable 
toxic chemicals due to their adverse effects aquatic as well as terrestrial forms (2). 
 
Arsenic is a naturally occurring metal that is present in food, soil and water. It is released 
in the environment from natural and man-made sources (3). Arsenic, ranked first in a list 
of hazardous substances by the agency for Toxic substances and Disease Registry and 
United states Environmental pollution agency (4). It is highly toxic element and its 
presence in food composites is a matter of concern to the wellbeing of both humans and 
animals. Recent reports have showing some of our food stuff’s are also contaminated 
with arsenic (5). 
 
Arsenic is well known toxicant and carcinogen found naturally in surface and ground 
water around the world. Exposure can cause skin lesions, adverse reproductive outcomes 
and cancer (6). It also perturbs mitotic spindle and induces G2/M prolongation, leading to 
genomic instability (7). 
 
On the other hand, Curcuma aromatica is an herb belongs to Zingiberaceae family 
commonly known as Jangli Haldi. It have been claimed to be useful in the treatment of 
endoparasite, bacteria fungus and in wound healing (8). 
 
Considering all these facts present study is designed to find out toxic effects of arsenic 
trioxide on hepatosomatic index and behaviour in albino rats and their subsequent 
modulation by Curcuma aromatica plant extract. 
 

Material and methods 

Collection of plant materials: The leaves of Curcuma aromatica herb were collected 
from Makhdoom village (Farah), Mathura district in the favourable season. The leaves 
were authenticated with taxonomy in literature.  
 
Preparation of plant extract: All the collected herb leaves were shade dried and grind to 
coarse powder. The coarse powder (100 gm) of shade-dried leaves of the Curcuma 
aromatica was extracted using methanol in soxhlet extractor for a period of 22 h, as per 
standard methods. Prepared extract was concentrated by rotatory evaporator (Heidolph, 
Germany) under reduced pressure and optimum temperature. 
 
Experimental animals: 24 albino rats of 100±10 gm weight, almost equal size and age 
were selected randomly. The rats were maintained in polypropylene cages (45 cm X 27 
cm X 15 cm) at room temperature and provided 10 hours photoperiod. The cages were 
cleaned regularly. The rats were fed on Goldmohar brand rat feed procured from 
Hindustan India Ltd., Mumbai and provided water ad libitum. 
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Experimental chemical: Experimental chemical (AS2O3) used for treatment was of 
analytical grade and procured from Merck, India Ltd., Mumbai, while other chemicals 
from SRL, Mumbai and Span, Gujarat. 
 
Experimental protocol: The rats were randomized in four sets, one for acute (1 day) and 
three for sub-acute (7, 14 and 21 days) studies of 6 rats each. Each set were further 
divided into  two groups, one group served as control group given distilled water only 
and other served as treated group given arsenic trioxide orally per Os. Rats were 
weighted before and after autopsy. 
 
The body weight was weighted before and after treatment in each group, while excised 
liver weight was weighted after autopsy at predetermined time interval with standard 
protocol. Liver weight-body weight ratio was also calculated with the help of body 
weight and liver weight. Livers were washed with saline, blotted off blood between filter 
papers and weighted.  
 
Behaviour changes have been noticed throughout the study to distinguish normal and 
stressful experimental animals (9). The data were analyzed statistically by using Fisher’s 
student‘t’ test (10). 
 

Results 

Results of the present study demonstrate significant deleterious effect of acute and sub-
acute doses of arsenic trioxide on body weight, liver weight and hepatosomatic index 
along with behaviour in albino rats. 
 
Significant (p<0.01) reduction in body weight has been observed after acute and sub-
acute intoxication of arsenic trioxide. However, non-significant increased in Curcuma 
aromatica and combination of Curcuma aromatica and arsenic trioxide treated sets 
(Table 1). 
 
Arsenic trioxide significantly (p<0.05) increased liver weight in treated rats through out 
the experiment, while non-significantly in Curcuma aromatica treated rats. However, 
non-significant increase in Curcuma aromatica and arsenic trioxide combination sets 
(Table 2). 
 
Further, liver weight-body weight ratio (hepatosomatic index) has also been found 
increased significantly (p<0.01) after arsenic trioxide intoxication, while non-
significantly increased in Curcuma aromatica and combination of Curcuma aromatica 
and arsenic trioxide (Table 3). 
 
Moreover, arsenic interferes with a number of body functions such as central nervous 
system and peripheral nervous system of albino rats. This interference with nervous 
system brings about changes in behavioural responses. 
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Spontaneous (5 min to 15 min), short term (15 min to 1 hr) and long term (1 hr to 2 hrs) 
behavioural responses (scratching, excitation, thirst, salivation, tremors, food avoidance 
and pilling) were observed after treatment with arsenic trioxide, Curcuma aromatica and 
combination of Curcuma aromatica and arsenic trioxide (Table 4). 
 
 

Table 1 Body weight (g) of Rattus norvegicus in different treatment sets 

Treatment 
duration 

Treatment  
sets Control Arsenic trioxide 

treated 
Curcuma aromatica

treated 

Arsenic trioxide and 
Curcuma aromatica 

treated  

I day Acute 106±3.05 93±0.66*** 109±2.08* 105±3.50* 

7 days 107±1.45 92±4.37*** 108±0.88* 106±3.0* 

14 days 104±2.33 91±1.52**** 106±1.76* 102±1.52* 

21 days 

Sub acute 

110±0.66 90±1.66***** 110±1.15* 108±1.52* 

 

Table 2 Liver weight (g) of Rattus norvegicus in different treatment sets 

Treatment 
duration 

Treatment 
sets Control 

Arsenic 
trioxide 
treated 

Curcuma 
aromatica 

treated 

Arsenic trioxide 
and Curcuma 

aromatica 
treated  

1 day Acute 3.38±0.24 4.21±0.11** 3.22±0.12* 3.49±0.21* 
7 days 3.34±0.17 4.31±0.17*** 3.33±0.09* 3.41±0.11* 
14 days 3.33±0.12 4.32±0.10**** 3.32±0.13* 3.38±0.16* 
21 days 

Sub acute 
3.34±0.12 4.34±0.12**** 3.33±0.16* 3.37±0.13* 
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Table 3 Hepatosomatic index of Rattus norvegicus in different treatment sets 

Treatment 
duration 

Treatment 
sets Control Arsenic trioxide 

treated 

Curcuma 
aromatica 

treated 

Arsenic trioxide 
and Curcuma 

aromatica 
treated  

1 day Acute 0.031±0.001 0.044±0.0008**** 0.029±0.005* 0.032±0.001* 
7 days 0.030±0.001 0.048±0.001**** 0.030±0.0008* 0.032±0.0005* 

14 days 0.031±0.0003 0.046±0.0008**** 0.030±0.0008* 0.032±0.001* 

21 days 

Sub acute 

0.029±0.0008 0.047±0.0008***** 0.029±0.0006* 0.031±0.001* 
 
Abbreviation used 
*=>0.05 
**=<0.05 
***=<0.02 
****=<0.01 
*****=<0.001 
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Table 4 Behavioural responses of albino rat after acute and sub-acute treatment with arsenic trioxide, Curcuma aromatica and 

their combination 

Acute  treatment Sub-acute treatment 

1 day 7 days 14 days 21 days 

£ ß ¥ £ ß ¥ £ ß ¥ £ ß ¥ 

Responses 

S St Lt S St Lt S St Lt S St Lt S St Lt S St Lt S St Lt S St Lt S St Lt S St Lt S St Lt S St Lt 

Scratching * $ $ $ ◦ ◦  # ◦ * $ $ # ◦ ◦ $ ◦ ◦ * * $ # # ◦ # # ◦ * * $ # # ◦ $ # ◦ 

Excitement * $ $ ◦ ◦ ◦ # ◦ ◦ * $ $ ◦ ◦ ◦ # ◦ ◦ * $ $ ◦ ◦ ◦ ◦ ◦ ◦ * * $ ◦ ◦ ◦ # ◦ ◦ 

Thirst * $ $ $ $ $ # # ◦ $ $ ◦ # ◦ ◦ # ◦ ◦ * $ ◦ # ◦ ◦ # # ◦ * $ $ # # ◦ # # ◦ 

Salivation $ # ◦ $ ◦ ◦ ◦ ◦ ◦ $ $ ◦ # # ◦ # # ◦ $ # # # # ◦ $ # ◦ $ $ ◦ # ◦ ◦ # # ◦ 

Food avoidance # # ◦ ◦ ◦ ◦ ◦ ◦ ◦ $ $ ◦ ◦ ◦ ◦ ◦ ◦ ◦ $ $ ◦ ◦ ◦ ◦ ◦ ◦ ◦ $ $ $ ◦ ◦ ◦ # ◦ ◦ 

Pilling ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ * ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ * ◦ ◦ ◦ ◦ ◦ ◦ # $ * ◦ ◦ ◦ ◦ ◦ ◦ 

Tremor * $ ◦ ◦ ◦ ◦ # ◦ ◦ # # ◦ ◦ ◦ ◦ ◦ ◦ ◦ $ # ◦ ◦ ◦ ◦ # ◦ ◦ * * $ ◦ ◦ ◦ ◦ ◦ ◦ 

 

Legends 

£= Arsenic treated ß= Curcuma aromatica ¥= Curcuma aromatica + Arsenic trioxide 

S= Spontaneous          St= Short term   Lt= Long term 

*= Severe  $= Moderate   #= Mild  ◦= absent 
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Discussion 

Decrease in body weight may probably be due to reduction of food and water intake 
under the influence of arsenic trioxide. Present finding is in affirmation to NTP report 
(11), Ramalingam et al. (12) and Mahour and Saxena (13) following heavy metals, 
mercuric chloride and mercuric chloride intoxication respectively, while increase in body 
weight in Curcuma aromatica and combination of Curcuma aromatica and arsenic 
trioxide sets may probably be due to free radical scavenging activity of Curcuma 
aromatica (Curcumene, an alkaloid). Similar observations have been made by Mahour 
and Saxena (14) and Rathore and Vargase (15) after mercuric chloride and Panax 
ginseng, mercuric chloride and Liv-52 treatment respectively. 
 
Mercuric chloride significantly increased liver weight after arsenic trioxide. This increase 
in liver weight may probably be due to formation of reactive oxygen species (free 
radicals) which leads to hepatic damage. Similar changes after combined effect of water 
contamination with cobalt and nickel on wistar rats have also been rendered (16). 
However, liver weight in Curcuma aromatica treated animals was found to be almost 
similar to control rats and thus could probably be due to antioxidant activity of Curcuma 
atomatica (curcumene, an active constituent). Antioxidant activity under the influence of 
Feronia elephantum and Nigella sativa earlier supplements the observations in the 
present investigation (Kapoor et al. (17) and Kamat et al. (18).  
Determinations of liver weight-body weight ratio (hepatosomatic index) in all the groups 
as compared to control also substantiate the observations (13) vide supra. 
 
According to Kalia and Flora (19) and Vahter (20), Arsenic mainly affects kidney and 
central nervous system, including brain that contains almost all the regulatory centres of 
behavioural patterns. As, feeding and thirst are regulated by hypothalamus (fore brain) 
and salivation by medulla oblongata (hind brain). Food avoidance, thirst and salivation 
have also been recorded (21) and (22) in present course of study after arsenic 
intoxication. However, were minimized by Curcuma aromatica as revealed by normalcy 
in the behaviour pattern vide supra. 
 
Food avoidance as observed during investigation results in loss of weight and 
physiological weakness leads to letharginess (23). 
The primary target for arsenic intoxication is skin and disturbs central nervous system 
resulting in peripheral neuropathy which leads to scratching and excitement (valentine et 
al. (24) and (25).  
 
It is evident that Curcuma aromatica has a potency to protect losses revealed inform of 
hepatosomatic index and behavioural changes under arsenic trioxide stress. 
 

 



Pharmacologyonline 1: 243-251 (2010)                                     Saxena et al.     
 

 250

References 

1. Rajamanickam V and Muthuswamy N. Effect of heavy metals induced toxicity on 
metabolic biomarkers in common carp (Cyprinus carpio L.). Mj Int J Sci Tech 2008; 
2(01):192-200. 

2. Dirilgen N. Accumulation of heavy metals in fresh water organisms’ assessment of 
toxic interactions. Turk J Chem 2001; 25:173-179. 

3. Techounwou PB, Wilson BA and Ishaque A. Important considerations in the 
development of public health advisories for arsenic and arsenic containing 
compounds in drinking water. Rev Environ Hlth 1999; 14:1-19. 

4. Roy P and Saha A. Metabolism and toxicity of arsenic: A human carcinogen. Curr Sci 
2002; 82(1):38-45. 

5. Meharg AA and Rahman MM. Arsenic contamination of Bangladesh paddy field 
soils: implications for rice contribution in arsenic consumption. Environ Sci Technol 
2003; 37:229-234. 

6. Christian WJ, Hopenhan C Centeno JA and Tolono T. Distribution of urinary 
selenium and arsenic among pregnant women exposed to arsenic in drinking water. 
Environ Res 2006; 100(1):115-122. 

7. Li JP, Lin JC and Yang JL. ERK activation in arsenite-treated GI enriched CL3 cells 
contributors to survival, DNA repair inhibition and micronucleus formation. Toxicol 
Sci 2006; 89(1):164-172. 

8. Anonymous. The Wealth of India, Raw materials, Vol-I, Publication and Information 
Directorate, CSRI, New Delhi, 1992: 305-308. 

9. Brimblecombe RW. Behavioral tests in acute and chronic toxicity studies. Pharmac 
Ther 1979; 5:413-415. 

10. Fischer, R.A. Statistical method for research workers (11th Eds), Oliver and Boyd Ltd, 
Edinburgh U.K., 1950: 146. 

11. NTP. Toxicology and carcinogenesis studies of mercuric chloride in F344 rats and 
B6C3F1 mice. Nat Toxicol Tech Rep Rev 1993; 400:265-275. 

12. Ramalingam V, Suzanthy OMA, Arunadevy R and Jaya A. Mercuric chloride 
induced biochemical changes in the liver of mature male albino rats. Ind J Environ 
Toxicol 1999; 9(2): 56-58. 

13. Mahour K and Saxena PN. Alterations in hepatosomatic index under stress of 
mercuric chloride intoxication and their modulation by Panax ginseng crude extract 
in Rattus norvegicus. J Herbal Med Toxicol 2008a; 2(4):32-38. 

14. Mahour K and Saxena P N. Scavenging strategy of Panax ginseng against formed 
free radicals under stress of mercuric chloride in Rattus norvegicus. J. Ginseng Res. 
2008b; 32(2):150-154. 

15. Rathore HS and Varghese J. Effect of mercuric chloride on the survival, food intake, 
body weight, histological and haematological changes in mice and their prevention 
with Liv.52. Ind J Occu Hlth 2006; 3:15-25. 

16. Kechrid Z, Dahdouh F, Djabar RM and Bouzerna N. Combined effect of water 
contamination with cobalt and nickel on metabolism of albino (wistar) rats. Iran J 
Envrion Health Sci Eng 2006; 3(1):65-69. 

17. Kapoor R, Anandan BR and Jayakar B. Hepatoprotective activity of Nigella sativa. 
Ind Drugs 2002; 39(7):398-399. 



Pharmacologyonline 1: 243-251 (2010)                                     Saxena et al.     
 

 251

18. Kamat CD, Khandelwal KR, Bodhankar SL Ambawade SD and Mhetre NA. 
Hepatoprotective activity of leaves of Feronia elephantum against carbon 
tetrachloride-induced liver damage in rats. J Natural Remde 2003; 3(2): 148-154. 

19. Kalia K and Flora SJS. Strategies for safe and effective therapeutic measures for 
chronic arsenic and lead poisoning. J Occup Hlth 2005; 47:1-21. 

20. Vahter ME. Interaction b/w arsenic induced toxicity and nutrition in early life. J Nutr 
2007; 137:2798-2804. 

21. Ellenhorn MJ. Arsenic in medical Toxicology. Diagnosis and treatment of human 
poising (2nd Eds) Elsevier, Baltimore, 1997:1538-1543. 

22. Soignet SL, Maslak PM and Wang ZG. Complete remission after treatment of acute 
promyelocytic leukemia with arsenic trioxide. N Eng J Med 1998; 339:1341-1348. 

23. Morton WE and Caron GA. Encephalopathy: An uncommon manifestation of 
workplace arsenic poisoning. Am J Ind Med 1989; 15:1-5. 

24. Valentine JL, He SY, Reisbord LS and Lachenobruch PA. Health response by 
questionnaire in arsenic exposed population. J Clin Epidemol 1992; 45:487-494. 

25. Peraza MA Fierro FA, Barber DS, Casarez E and Rael LT. Effects of micro nutrients 
on metal toxicity. Environ Hlth Persp 1998; 106:203-216. 

 


