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Caffeine On Arsenic Induced Alterations On The Acid 
Phosphatase Activity In Lamellidens Corrianus (Lea) 

 
Dr. Gulbhile  Shamsundar  Dhondiram     
Assistant Professor, Department of Zoology , Vaishnavi Mahavidyalaya, Wadwani 
 Dist. Beed (M.S.), 431 144, India 
--------------------------------------------------------------------------------------------------------------  
 
ABSTRACT  

During this investigation, group A bivalves, Lamellidens corrianus  were maintained as control, B 
group bivalves were exposed to acute dose (LC50/2) of sodium arsenate (0.672 ppm As+++), C group bivalves 
were exposed to acute dose (LC50/2) of sodium arsenate with caffeine (5 mg/l). After 4 days bivalves from 
group B were divided into two groups D and E. D group bivalves pre exposed to acute dose (LC50/2) of 
sodium arsenate were allowed to cure in normal water. E group bivalves pre exposed to acute dose (LC50/2) 
of sodium arsenate were exposed to caffeine (5 mg/l) for recovery. From each of five groups, their acid 
phosphatase activity in gills, testis and digestive glands of bivalves was estimated. The acid phosphatase 
activity in various tissues was found to be significantly increased after acute treatment by arsenic. The acid 
phosphatase activity in these tissues was least affected when exposed to arsenic with caffeine. During 
recovery, the bivalves showed drastic decrease in the acid phosphatase activity in presence of caffeine than 
those allowed to cure naturally. The results indicate the protective effect of caffeine on arsenic induced 
alterations. 
KEYWORDS 

Caffeine; arsenic; acid phosphatase; Lamellidens corrianus  
INTRODUCTION 

The studies of enzymes create special interest because it lies just on the borderline where biological 
and physical sciences met. On the other hand, enzymes are of supreme importance in biology. Life depends 
on complex network of chemical reactions brought about by specific enzymes, and any modification of the 
enzyme pattern may have far-reaching consequences for the living organisms. The mechanism of enzymes 
is itself one of the most fascinating fields of scientific investigation. 

Heavy metals have high biological activity and have a tendency to accumulate in organisms, making 
adverse effects possibly at very low levels of exposure. Many enzymes are metalloenzymes, which need a 
specific metal as co-factor for its activity. Some non-target highly reactive metals can bind with these 
enzymes and thus reduce the activity of that enzyme. Secondly, some heavy metals bind at –SH groups of 
enzymes thus the tertiary structure of enzyme is affected and the enzyme looses its enzyme activity. 
Acid phosphatase, a nonspecific monoesterase, pre-eminently regarded as the marker enzyme has been 
found in Golgi cisternae and lysosomes. The lysosomal enzymes undergo metabolic transformation in vivo 
resulting in change of substrate specificity [1].  Acid phosphatase enzyme helps in the metabolism and 
transphosphorylation [2]. The enhancement of acid phosphatase is quite conceivable in animals under 
morbidity. In crustaceans, the distribution of phosphatase and their activity in the haemolymph, 
hepatopancrease (Digestive Gland) [3], Cuticle [4, 5] and gastrolith walls [6], have been observed by 
histochemical procedures. 

The impact of heavy metals and other biocides on tissue phosphatases activity of organisms are well 
documented but studies in relation to endotoxin toxicity or infection in animals are rather meager. The 
alterations in the acid phosphatase activity in various organs of snails, the intermediate hosts for trematodes 
have been reported by number of workers, [7-9]. 

Acid phosphatase is responsible for transphosphorylation and has an important role in the general 
energetic of an organism. Lysosomal enzymes and trematode infection in a snail, Thiara tuberalata (Muller) 
reported by [10] while Acid phosphatase activities in hepatopancreas of trematode on toxicant treatment to 
Melania tuberculata [11]. There is considerable amount of literature developed for the study of effect of 
heavy metals concerning the enzyme systems of various animals [12-14]. 

Molluscs have exhibited ability to adopt heavy metals or toxicants up to certain level in different types 
of habitats. The studies on the enzymes of lamellibrancs were first exhibited by in Oyster in India [15]. All 
enzymes are proteins in nature and they control sub cellular functions. In the metabolism of protein, 
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involvement of many enzymes, co-enzymes, intermediate proteins and amino acids are studied in many 
animals [16]. 

Heavy metal ions have affinity towards the different groups of the enzymes like suphydryl groups 
where they tightly bound, while the amino, hydroxyl, carbaryl, imidazole and phosphate groups where they 
showed loose binding. Thus, metal ions act as potent enzyme inhibitors [17-21] observed the inhibition of 
different enzymes after the exposure to heavy metals.  

More recent research indicates that as compared to arsenite, trivalent methylated arsenic metabolites 
exert a number of unique biological effects, which are more cytotoxic, and genotoxic, and are more potent 
inhibitors of the activities of some enzymes [22,23] because each arsenic species (e.g. As (III), As (V), AsB, 
MMAV, MMAIII) exhibits different toxicities. It may be important to take into account the fraction of total 
arsenic present in the inorganic and organic forms while estimating the potential risk posed to human health 
through the consumption of arsenic contaminated fish and shellfish. 

Arsenic toxicity can cause a wide range of problems including severe injury to the body organs and the 
brain. To reduce the heavy metal load from the body, some chelating agents are used. Dimercaprol (BAC) is 
used for lead, arsenic and mercury toxicity and is given intramuscularly, Calcium disodium verasenate 
(CaNa2- EDTA) can be used in conjunction with BAL in lead toxicity, it never be used alone in treating 
lead toxicity because it chelates only extra cellular lead but lead is usually intracellular. 

Caffeine being water soluble and common cheaper beverage, it will be cheapest preventive and 
curative medicine. Hepatocarcinogensis inhibition by caffeine in Ag1 rats treated with 2-
acetybrminoflurened and has showed that caffeine inhibited hepatocarcinogensis induced by 2-
acetylaminoflure [24]. Caffeine when given in drinking water at a concentration identical to that found in 2% 
tea was able to inhibit lung tumours induced by 4-(Methylnitrosomino)-1-(3-pyridyl)-1-butonone (NNK) 
[25]. These agents can block the metabolic activation steps, scavenge the reactive intermediates or enhance 
the detoxification [26]. Any compound that can block the metabolic activation step, scavenge the reactive 
intermediate or enhance detoxification would be a potential chemo preventive agent [27]. 

Action of caffeine in altering the carcinogen activating and detoxifying enzymes in mice and reported 
the induction of xenobiotic detoxifying enzymes as an additional mechanism by which plant products may 
act as anticarcinogens, since, the induction of detoxifying enzymes is capable of competing with step in 
xenobiotic activation. Caffeine have been found to increase glutathione synthetase activity and reduced 
glutathione in liver and lungs of mouse [28]. 

Hence, an attempt has been made to study the effect of arsenic on an experimental model, the 
freshwater bivalve, Lamellidens corrianus with respect to changes in the levels of acid phosphatase enzyme 
activity and the preventive impact of caffeine on the alterations in the acid phosphatase activity.  
MATERIALS AND METHODS 

Healthy and active acclimatized bivalves of approximately same size were divided into three groups A, 
B and C. 
(1)  A group bivalves were maintained as control,  
(2)  B group bivalves were exposed to acute dose (LC50/2) of sodium arsenate (0.672 ppm As+++). 
(3)  C group bivalves were exposed to acute dose (0.9 ppm equivalent to 0.672 ppm As+++) of sodium 

arsenate with 5 mg caffeine-l.   
After 4 days bivalves from group B were divided into two groups D and E.  

(4)  D group bivalves pre-exposed to acute dose of sodium arsenate were allowed to cure in normal 
dechlorinated water. 

(5)  E group bivalves pre-exposed to acute dose of sodium arsenate were exposed to 5 mg caffeine-l of 
dechlorinated water. 
The bivalves from A, B and C group were dissected after 24 hrs and 96 hrs and from D and E groups 

after 2 days and 4 days during recovery and gill, testis and digestive glands were separated. After removing 
these tissues from bivalves, 1% homogenate of each tissue was prepared in ice-cold citrate buffer of pH 4.9. 
The homogenate was centrifuged and supernatant was used to estimate the acid phosphatase activity. 
Acid phosphatase activity was measured by the Gutman and Gutman method [29]. The activity was carried 
out in reaction mixture comprising of 1 ml (0.1 M) disodium phenyl phosphate, 2 ml citric acid buffer pH 
4.9 and 0.5 ml tissue homogenate. The mixture was incubated at 37 0C for 1 hour. The reaction was 
inhibited by the addition of 1 ml of Folin and Ciocalteu’s Phenol reagent and mixture was centrifuged at 
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2000 rpm for 10 minutes. To the supernatant 2 ml of 15% sodium carbonate was added. The blue colour 
complex developed was read at 660 nm. The blank readings were taken without incubation. 
The calibration of standard curve was developed by using phenol as a standard. The activity was expressed 
as KA units/100gm/hr at 37°C at pH 4.9. Standard deviation and student‘t’ test of significance are 
calculated and expressed in the Table. 
RESULTS AND DISCUSSION 
 Effects of acute concentration of arsenic on acid phosphatase activity of gills, testis and digestive 
glands of Lamellidens corrianus without and with caffeine and after 2 and 4 days of recovery with and 
without caffeine are given in Table.  
Table - Changes in the acid phosphatase activity in selected tissues of Lamellidens corrianus after acute 
exposure to As+++ without and with caffeine and during recovery. (Values represent KA units/100 gm of 
tissue/hr at 37 0C and pH 4.9) 

Treatment Tissue 24 hrs 96 hrs Recovery 
2 days 4 days 

 
(A) 
Control 

Gills 2.433   ± 0.0742 2.521   ± 0.0693 - - 
Testis 3.324  ± 0.0697 3.389   ± 0.0597 - - 
Digestive  
Glands 

3.821   ± 0.0571 3.844   ± 0.0762 - - 

 
(B) 
0.672 ppm 
As+++ 
 

Gills 2.617± 0.0632 
(-7.562) 

3.764±0.0451 
(-49.305) 

- - 

Testis 3.491± 0.0525 
(-5.024) 

4.821± 0.0433 
(-42.254) 

- - 

Digestive 
Glands 

4.364±0.0453 
(-14.210) 

5.684± 0.0455 
(-47.866) 

- - 

 
(C) 
0.672 ppm                           
As++++ 5mg-l 
Caffeine 
 

Gills 2.077± 0.0401 
(-14.682) 

3.053± 0.0311 
(-21.102) 

- - 

Testis 3.156± 0.0375 
(-17.403) 

4.753± 0.0424 
(-19.592) 

- - 

Digestive 
Glands 

3.033±0.0309 
(-20.622) 

5.423± 0.0435 
(-41.077) 

- - 

After 
96 
hrs 
Expo-
sure 
to 
0.672 
ppm 
As+++ 

(D) 
Normal 
Water 

Gills - - 3.521± 0.0633 
[+6.455] 

3.389± 0.0866 
[+9.962] 

Testis - - 4.429± 0.0871 
[+8.831] 

3.763± 0.0451 
[+21.945] 

Digestive 
Glands 

- - 5.245±0.0655 
[+7.723] 

4.869± 0.0875 
[+14.338] 

(E) 
Normal 
Water + 
5mg-l 
Caffeine 
 

Gills - - 2.827±0.0399 
[+24.893] 

2.673± 0.0355 
[+28.985] 

Testis - - 4.263±0.0401 
[+11.574] 

3.389± 0.0481 
[+29.703] 

Digestive 
Glands 

- - 
 

5.157±0.0421 
[+9.271] 

4.64  ± 0.0397 
[+18.121] 

 
Legends- i) Values in the ( ) brackets indicate percent change over respective control, ii) Values in the [ ] 
brackets indicate percent change over 96 hrs respective (B), iii)   - Compared with respective   (A), iv)   
- Compared with respective 96hrs of (B),v)  /  - P < 0.005,  vi) / - P < 0.01, vii)  / -P 
< 0.001 

The data from the table reveals that after acute exposure to sodium arsenate (0.672 ppm As+++), there 
was increase in the acid phosphatase activity in gills, testes and digestive glands of experimental bivalves, 
Lamellidens corrianus as compared to the control bivalves. The acid phosphatase activity was less affected 
in sodium arsenate with caffeine (5 mg/l) exposed bivalves than those exposed to only sodium arsenate. The 
bivalves showed faster recovery of tissues acid phosphatase activity in presence of caffeine than in normal 
water. Digestive glands being the main detoxification center in the bivalves, the impact of the arsenic was 
maximum on its acid phosphatase activity, while the testes were the least affected. 

The acid phosphatase activity was marginally affected in arsenic with caffeine-exposed bivalves than 
those of only arsenic ones. The bivalves showed faster recovery of tissues acid phosphatase activity in 
presence of caffeine than the normal water.The arsenic enters in to the organisms either through the skin, 
gills or through the food and accumulates in the organisms. Acid phosphatase is responsible for 
transphosphorylation and has an important role in the general energetic of an organism. Decrease or 
increase in the enzyme activity represents the stress on any organism that results in metabolic burden [30]. 
In prawn M. rosenbergii inoculated with Pseudomonas aeruginosa, both acid phosphatases significantly 
increased in the haemolymph and body muscle and decreased in the hepatopancreas after 96 hrs of inoculums 
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treatment. Acid phosphatase, pre-eminently regarded as the marker enzyme, has been found in Golgi cisternae 
and lysosomes [31].  
Generally, the increased activity of acid phosphatase was attributed to the activation of the enzyme, which was 
kept in a latent state inside the membrane of lysososmes, due to disruption of the membrane [32]. Sensitization of 
cell tissues may induce proliferation of smooth endoplasmic reticulum in hepatopancreas and resulted in 
increased production and liberation of acid phosphatase [33]. Degradation and necrosis induced by toxicants in 
hepatopancreas cause release of acid phosphatase [34].  

Acid phosphatase, a lysosomal enzyme, serves as a biochemical marker for specific androgen dependent 
steps in spermatogenesis and is very important for tissue reorganization and tissue repair. Acid phosphatase 
activity increased in sertoli cells with severe cell damage and in germ cells with heavy exfoliation [35]. Similar 
increase of acid phosphatase has been observed in organisms such as Bubalis bubalis exposed to Malathion [36]. 
The increase of acid phosphatase activity in the haemolymph and body muscle might be attributed to increased 
substrate pressure consequent to endotoxin stress. The increased acid phosphatase activity to alteration of pH in 
the tissue microenvironment consequent to toxicity stress mediated acid products of metabolism [37].     
Generally, the increased activity of acid phosphatase has been attributed to the activation of the enzyme, which 
was stored in a latent state inside the membrane of lysosomes, due to disruption of the membrane [38]. The 
inflammatory changes by the inoculums of Vibrio parahemdytcas MTCC 451 on muscle might have caused 
disruption of lysosomes and enhanced the activity of acid phosphatase [39]. 

Caffeine exposure increased pulse duration and showed the inactivation of the Ca2+ current [40]. On 
administration of sodium selenite in combination with mercury, partially or totally alleviated the toxic effects of 
mercury on ACP and ALP in rat and concluded that selenium could be able to antagonize the toxic effects of 
mercury [41]. 

In present study, the main cause of increased acid phosphatase activity can be the increase in the necrotic 
regions due to the stress of the arsenic. Our study indicates much distortion and damage of the tissues on 
exposure to the arsenic. The caffeine binding with arsenic might have reduced the toxic effect of the arsenic. 
Secondly, the free reactive oxygen generated due to the arsenic could have reacted with the caffeine as it is an 
antioxidant and hence has reduced the severity of the tissue damage. The improvement in the enzyme level in the 
presence of the caffeine indicates reduction in the tissue necrosis. 
ACKNOWLEDGEMENT 

The first author thanks his parents for orienting his towards the path of education and spirituality. The author 
acknowledges to Professor and Head, Department of Zoology, Dr. Babasaheb Ambedkar Marathwada University, 
Aurangabad for kind cooperation.   

 
REFERENCES  
[1] Ide H, Fischman W H. Dual localization of B. glucoronidase and acid phosphatase in lysosomes and in 

microsomes II. Membrane associated enzymes. Histochem. 1969; 20:300. 
[2] Hiromu A. Ultra structure localization of phosphatases in the midgut of silkworm Bombyx mori. J. Insect. 

Physiol. 1969; 15: 1623-1628. 
[3] Van Pilsum J F, Taylor D, Zakis B, Mc Cormick P. Anal. Biochem. 1970; 35: 277. 
[4] Travis D F. The moulting cycle of the spiny lobster Panulirus argus Latreille. IV. Post-ecdysial histological 

changes in the hepatopancreas and integumental tissues. Biol. Bull.1957; 113, 451-479. 
[5] Travis D F. Matrix and mineralization in calcification in biological system (Ed: R.F. Sognacs). Washington, 

DC. American Assoc. for the Advancement of Science. pp 55-116; 1960.  
[6] Travis D F. Deposition of exoskeleton structures in the Crustacea.  The histochemical changes associated 

with the development of the mineralized gasteolitns in the Cray fish. Orconcents, virinllis Hagein, Actia. 
Histochem. Bd. 1963; 15, 269-284.  

[7] Cheng T C, Snyder R W. Jr., Amer. Zool. 1962; 2: 513. 
[8] Karyakarate P P, Yadav B B.  Ind J. Parasit. 1977; 1 -27. 
[9] Krishna GVR. Curr Sci. 1981; 50: 826. 
[10] Lomte V S, Godhamgaonkar V. Lysosomal enzymes and trematode infection in a snail, Thiara tuberculata 

(Muller) J. Environ. Biol. 1983; 5: 181-184. 
[11] Bendse Y D, Karyakarte P P. Histochemical observation on phosphatase activity in the hepatopancreas  of 

Melenid taberculata infected with Cercaria baglanensis n.sp., Indian J. of Com. Ani. Phy. 1995; Vol. B. 1 P 
57-59. 



 

RESEARCH  JOURNEY International Multidisciplinary E-Research Journal 
ISSN- 2348-7143 

Impact Factor - (SJIF) – 6.261,     (CIF ) - 3.452,  (GIF) –0.676 
 

February 2019 UGC Approved 
No. 40705 

 

           125 

 

[12] Bhamre P. Impact of pollutants on some physiological aspects of bivalve, Parreysia favidens. Ph.D. Thesis, 
Marathwada University, Aurangabad, India; 1993. 

[13] Deshmukh M. Some physological studties of Parreysea corrugate in relation to pollutant stress. Ph.D. 
Thesis, Dr. B.A.M.U. Aurangabad. (M.S.) India; 1995. 

[14] Masarrat  S. Impact of pollutants some physiological aspects of flow. Bivalves, Lamellidens marginalis, 
Ph.D. Thesis. Dr. B.A.M.U Aurangabad. (M.S.) India; 1995. 

[15] Yonge C M. Structure and physiology of the organs of feeding and digestion in Ostrea edulis. J. mar. Biol. 
Ass. U.K. 1926; 14: 295-386. 

[16] Sekeri K G, Sekeri C E, Karlson P. Protein synthesis in subcellular fractions of the blowfly during different 
developmental stages. J. Insect Physiology. 1968; 14: 425-431. 

[17] Anderson P D, Webber L J. The toxicity to aquatic populations of mixtures containing certain heavy metals. 
Proc. Int. Conf. Heavy Metals Environ, Toranto, Ontario, Canada. 1977; 2: 933-955. 

[18] Hinton D E, Koening J C. Jr. Acid phosphatase activity in sub cellular fractions of fish liver exposed to 
methyl mercuric chloride. Comp. Biochem. Physiol. 1975; 50: 621-625. 

[19] Sonatakke Y B. Some physiological variations associated with pollutant treatment in the snail, Thiara 
tuberculata: Ph.D. Thesis. Dr. B.A.M.U. Aurangabad (M.S.) India.1992. 

[20] Sultana M. Impact of heavy metals (ZnCl2, CuSO4 and HgCl2) on some physiological aspects of fresh water 
bivalve, Lamellidens marginalis, Ph.D. Thesis, Marathwada University, Aurangabad, India. 1996. 

[21] Chaudhari R T. Some physiological aspects of fresh water bivalve, Parreysia cylindrica associated with 
heavy metals (Nicl2, Pbcl2 and CdCl2) stress Ph.D. Thesis, Marathwada University, Aurangabad, India. 
2000. 

[22] Thomas D J, Styblo M, Lin S. The cellular metabolism and systemic toxicity of arsenic. Toxicol. Appl. 
Pharm. 2001; 176: 127-144. 

[23] Kitchin K T, Ahmad S. Oxidative stress as a possible mode of action for arsenic carcinogenesis. Toxicology 
letters. 2003; 137: 3-13. 

[24] Hoska S, Kawa S, Aoki V, et al. Hepatocarcinogensis inhibition by caffeine in Ac1 rats treated with 2- 
acetyl aminoflurence, Food. Chem. Toxicol. 2001; (39): 557. 

[25] Chung Fung – Lung. The prevention of lung cancer induced by a tobaccospefific carcinogen in rodents by 
green and black tea. Proc. Soc. Exp. Biol. Med. 1999; 220-244. 

[26] Starvic C B. Role of chemiopreventers in human diet, Clin. Bio-Chem. 1994; (27) : 319 
[27] Wattenberg L W. Chemoprevention edited by L.W. Wattenberg, M. Limpkin, C.W. Boone, G.J. Kellof;  

Ann. Arobor MI, CRC Press; 19; 1992. 
[28] Gandhi P K, Khanduja K L. Action of caffeine in altering the carcinogen activation and detoxifying 

enzymes in mice, J. Clin. Ebichem. Nutr.1992; 12-19. 
[29] Gutman E B, Gutman A B. Phosphatases in the serum. J. Biol. Chem. 1940; 136: 201-209. 
[30] Hanson J H, Mustafa T,  Depledge M. Mechanism of copper toxicity in the shore crab, Carcinus maenas 

Effects on Na, K- ATPase activity, haemolyph electrolyte concentrations and tissue water contents. Mar. 
Biol. 1992; 114 (2). 253-257. 

[31] Ramalingam K, Ramarani S. Effect of Pseadomonas aeruginosa (MTCC 1688) on the tissue phosphatases 
activity on Macrobrachium rosenbergil (De man) J. Environ.Biol. 2004; 25 (2). 

[32] Dutta H S, Lall  B, Haghighi A Z. Mercuric chloride induced changes in serum protein of bluegill, Lepomis 
macrochirus. Ohlo J. Sci. 1983; 83: 119-120. 

[33] De Duve C, Pressman B G, Gianetto R, Wattiaux R, Applemans. Intracellular distribution patterns of 
enzymes in rat live tissue. Biochem. J. 1955; 60: 604-617. 

[34] Reddy T R, Kumar N V, Chari N. Effects of mercuric chloride on carbohydrate metabolism of mantle, foot 
and gill of fresh water mussel, Parreysia rugosa (Gmelin).  J. Environ. Biol. 1986; 7: 225-234.    

[35] Bhatia S C, Sharma S C, Venakatasubramanian T A. In vivo sub acute Physiological stress induced by 
submithion on the hepatopancreatic acid phosphatase activity in the freshwater crab, Oziotelphusa senex 
senex, Water Air. Soil Pollut. 1972; 22: 229-302. 

[36] Passia D, Haider S G, Habman N, Helscher B, Hilscher W. Enzymhistochemical studies on the disturbances 
of human spermatogensis, Acta Histochem Suppl. 1985; 31: 135. 

[37] Gupta P K, Paul B S. Effect of malathion on oxygen consumption and blood esterases of the Hen. Arch. 
Environ. Hlth.1974; 29, 167. 

 


