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Abstract 

 

The present study was carried out the preventive role of caffeine (1, 3, 7-Trimethylxanthine) on 

mercury induced alterations in the RNA contents of an experimental freshwater bivalve, Lamellidens 

corrianus. The effect on bivalve was studied under five groups. A group bivalves were kept as control, 

B group bivalves were exposed to acute dose (LC50/2) of mercuric chloride (0.444 ppm Hg++). C group 

bivalves were exposed to acute dose (LC50/2) of mercuric chloride 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 mercuric chloride were allowed to cure in normal water. E group bivalves pre 

exposed to acute dose (LC50/2) of mercuric chloride were exposed to caffeine (5 mg/l) for recovery. 

From all five groups, some bivalves were removed from each group and their RNA content in selected 

tissues of bivalves was estimated. The RNA level was decreased due to mercury and increased to 

caffeine in presence of mercury. During recovery RNA content increased and the increased was 

higher with caffeine. The rapid recovery by caffeine shows that preventive role towards mercury.  

 

Keywords:  Caffeine, mercury, RNA, Lamellidens corrianus. 

 

Introduction 

 
Water contaminants have become a hazard to 

human health and became environmental 

problem in India as well as in many parts of 

world. Heavy metal pollution of water is a 

major environment problem facing the 

modern world (Dushenkov et al., 1995). In 

addition, they are highly toxic for both higher 

organisms and microorganisms (Garbisu and 

Alkorta, 2001). Migration of chemicals 

through ground and surface water source in 

turn affects human health (Means et al., 

1978). Moreover, it is gaining importance day 
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by day due to its obvious impact on human 

health through the food chain (Prasad, 1997). 

The danger of heavy metals is aggravated by 

their almost infinite persistence in the 

environment because they cannot be 

destroyed biologically but are only 

transformed from oxidation state or organic 

complex to another. 

 

Contaminants present in water source are 

microbial, inorganic and organic chemicals. In 

the last century, it was established that the 

introduction of the chlorinated water caused a 

large drop in the mortality from the infectious 

diseases. Chlorination produces many 

compounds containing chlorine and lower 

bromine. Some of which have been shown to 

be carcinogenic, mutagenic or teratogenic in 

animal studies (Abbas and Fisher, 1997). 

 

Heavy metals also interact with RNA 

polymerases. Severe effects are expressed as 

such in RNA metal binding.  RNA polymerase 

must bind site specifically to its RNA template, 

binds its nucleotide and primer substrates, 

and form a new phosphodiester bond in 

elongating the growing RNA.   

 

Eukaryotic RNA polymerases I, II and III are 

involved in the synthesis of ribosomal, 

messenger and transfer RNAs, respectively. 

The RNA dependent RNA polymerases I 

(Falchuk et al., 1977), II (Falchuk et al., 1976) 

and III (Wandzilak and Benson, 1977) of the 

unicellular eukaryote Euglena gracilis have all 

been showed to be zinc metallo enzyme, each 

binding about 2 gram atoms of zinc. 

 

The heavy metals bind with the DNA and 

cause the DNA damage, also the RNA 

polymerase are inactivated by heavy metals. 

These facts can reduce the rate of 

transcription and hence, the rate of the 

protein synthesis (Mahajan, 2006). Heavy 

metal, mercury affects DNA, contracts the 

chromatin and disturbs the protein 

synthesizing machinery of the cell resulting in  

 

 

to the decreased enzyme synthesis in 

hepatopancreas (Zambare and Mahajan 

2001). 

 

The role of RNA is to help protein synthesis in 

the cytoplasm, hence, depletion of RNA level 

also resulted decreased rate of protein 

synthesis (Rao et al., 1990). Similar decreased 

amount of RNA levels was observed by 

Choudhari et al., (1993) in Thiara lineata 

under different toxic stress. The cellular 

degradation, rapid histolysis and decreased 

rate of protein synthesis are the possible 

reasons. 

 

Ester Saball et al., (2000) observed the total 

tissue m-RNA of liver and kidneys of control 

and HgCl2 treated rats.  Tong Lu et al., (2001) 

observed that 10% genes, mostly related to 

cell cycle regulation, apoptosis, RNA damage 

response etc. were differentially expressed in 

the form of RNA and such abnormal RNA are 

vulnerable to RNA are attacked. Rao et al., 

(1998) studied the RNA levels in various 

tissues of freshwater crab Barytelphusa 

cunicularis when exposed to Fluoride. Thus, 

RNA levels in the tissues after exposure to 

heavy metals can be considered as the indices 

for stress. 

 

Mercury poisoning shows the symptoms such 

as weakness, loss of appetite, loosening of 

teeth, insomnia, irritability, loss of memory, 

indigestion, diarrhea etc. Uptake of heavy 

metal by living organism causes the death. 

Mercury is recognized as toxic contaminants 

of our environment. These highly toxic heavy 

metals such as mercury enter into the body of 

living organism including man through non-

vegetarian and vegetarian diet and drinking 

water and accumulate in the tissues. A main 

problem  in toxic effect of heavy metals is that 

they are very difficult to remove from the 

body of animal, because they are usually 

bound to some legends. The heavy metals 

bind to the cell membrane. Therefore, they are 

very difficult to remove from cell membrane. 
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Chelators are particular substances that bind 

to heavy metals and speeds their elimination. 

The united states of public health service, in 

collaboration with the National Institutes of 

Health, organized a study of EDTA Chelation 

in 1981 and reported that EDTA Chelation 

therapy for arteriosclerosis should be 

considered experimental and without 

substantial incidence to support its clinical 

use. Most of the clinical reports, documenting 

appropriation of EDTA chelation for lead 

intoxication, originated in the early 1950s. 

According to the reports of American Heart 

Association, side effects of EDTA includes 

anemia, blood clotting, bone marrow damage, 

fever, insulin shock, irregular heartbeat, 

kidney damage, joint pain, difficult and painful 

urination etc. 

 

Micke Mc Laughlin, (2000) of CSIRO, Australia 

has found that coffee has capacity to bind with 

heavy metals. Heavy metal content of water 

was much reduced after addition of caffeine. 

Dissolved heavy metal ions are positively 

charged and coffee contains uncharged and 

negatively charged molecules, the metals ions 

might be taken out of solution by binding to 

negatively charged molecules in the coffee 

granules. 

  

Caffeine molecule is having a site that usually 

binds a divalent cation Ca++ and blocks the 

activity of Ca++ dependent enzyme. Caffeine 

has the capacity to bind with mercury. The 

caffeine being water soluble and common 

cheaper beverage, caffeine will be cheapest 

preventive and curative medicine. The 

caffeine increases the rate of urine formation 

and molecule of caffeine being small is easily 

excreted. 

 

The alkaloid caffeine and its catabolic 

products theobromine and xanthine exhibit 

both antioxidant and prooxidant properties. 

Caffeine and its metabolites may also 

contribute to the overall antioxidant and 

chemo preventive properties of caffeine-

bearing beverages, such as tea. (Azam et al., 

2003) 

 

Caffeine is capable of inducing certain forms 

of oxidative damage by increasing lipid 

peroxidation (Dianzani et al., 1991) 

Nevertheless, caffeine has been reported as a 

protective substance on cellular damage 

(Kamat et al., 2000; Krisko et al., 2005) with 

beneficial antioxidant effects (Nikolic et al., 

2003); probably due to the main metabolites 

of caffeine, 1- methylxanthine and 1-

methyluric acid, that are highly effective 

antioxidants and are able to prevent LDL 

oxidation in vitro (Lee, 2000). 

 

Therefore, the present investigation carried 

out for the study of probable role of caffeine 

towards mercury. 

 

Material 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 mercuric chloride (0.6 

ppm equivalent to 0.444 ppm Hg++). 

 

(3) C group bivalves were exposed to acute 

dose (0.6 ppm equivalent to 0.444 ppm 

Hg++) of mercuric chloride 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 mercuric chloride were allowed to 

cure in normal dechlorinated water. 

 

(5) E group bivalves pre-exposed to acute 

dose of mercuric chloride were exposed 

to 5 mg caffeine-l of dechlorinated water. 
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The experimental bivalves of A, B and C group 

were dissected after 24 hrs and 96 hrs and 

from D and E groups of recovery after 2 days 

and 4 days. Testis, gills and hepatopancreas 

from all five groups of bivalves were dried at 

80 oC in an oven until constant weight was 

obtained. RNA contents in these tissues of 

control and experimental animals were 

estimated by using Orcinol reagent (Dischel, 

1955). The results are presented in the table 

as percent changes of three repeats and are 

expressed as percentage of dry weight.  

Standard deviation and student’t’ test of 

significance are calculated and expressed in 

respective table. 

Results 

 

RNA contents were estimated in the gills, 

testis and digestive glands of freshwater 

bivalve L. corrianus, from the control, mercury 

(0.444 ppm Hg++) exposed bivalves after 24 

hrs and 96 hrs with and without caffeine. And 

during recovery with and without caffeine 

from 2 days and 4 days exposed bivalves 

respectively and the data obtained for each 

biochemical with respective time of exposure 

from all five groups of bivalves is given in the 

table. The results are given in table with 

percent changes over control and results of 

statistical test. 

 

Table1:  RNA Content in Selected Tissues of Lamellidens Corrianus after Acute Exposure to 

Hg++ without and with Caffeine and during Recovery. (Values Represent Percentage in Dry 

Weight) 

 
      

Treatment 

 
Tissue 

 
24 hrs 

 
96 hrs 

Recovery 

2 days 4 days 

 

Control 

(A) 

Gills 19.418 ±1.347 19.521 ±1.438   

Testis 4.417 ±0.743 4.571 ±0.612   

Digestive 

Glands 

8.607 ±0.813 8.767 ±0.758   

 

0.444 ppm 

Hg++ 

(B) 

Gills 15.235 ±1.236� 

(-21.541) 

13.563 ±1.127�� 

(-30.875) 

  

Testis 3.692 ±0.215NS 

(-16.413) 

3.077±0.195� 

(-32.684) 

  

Digestive 

Glands 

6.190±0.637� 

(-28.081) 

4.660 ±0.475�� 

(-46.846) 

  

 

0.444 ppm                                                  

Hg++ + 5mg/lit. 

Caffeine 

(C) 

Gills 17.418 ±1.342NS 

(-10.299) 

15.447 ±1.087� 

(-21.273) 

  

Testis 4.145 ±0.426NS 

(-6.158) 

4.015 ±0.376NS 

(-12.163) 

  

Digestive 

Glands 

7.031 ±0.522� 

(-18.310) 

5.336 ±0.508�� 

(-39.135) 

  

 

 

 

After 

96hrs 

Exposure 

to 0.444 

ppm 

Hg++ 

 

 

 

Normal 

Water 

(D) 

Gills   15.767 ±1.146NS 
[+16.250] 

16.418 ±1.285� 
[+21.049] 

Testis   4.052 ±0.647NS 
[+31.686] 

4.312 ±0.849NS 
[+40.136] 

Digestive 

Glands 

  5.265 ±0.896NS 

[+12.986] 

6.735 ±0.976� 

[+44.527] 

 

Normal 

Water + 

5mg/lit. 

Caffeine 

(E) 

Gills   16.563 ±0.979� 

[+22.119] 

18.592 ±1.018�� 

[+37.078] 

Testis   4.480±0.346�� 

[+45.596] 

4.680 ±0.549�� 

[+52.096] 

Digestive 

Glands 

  6.135 ±0.793� 

[+6.792] 

7.672 ±0.857�� 

[+64.635] 
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Legends: 

 
Values in the ( ) brackets indicate percent 

change over control 

 
Values in the [ ] brackets indicate percent 

change over 96hrs of respective (B) 

 

� - Compared with respective (A), � - 

Compared with respective 96hrs of (B), NS - 

Non Significant 

 

�/ � - P < 0.005, ��/�� - P < 0.01, 

���/��� -P < 0.001 

 

It was observed that the control bivalves, RNA 

content in the gills after 24 hrs was 19.418 

and after 96 hrs was 19.521. In the bivalves 

treated with acute concentration of mercury 

(0.444 ppm Hg++), the RNA content was 

15.235 and 13.563 respectively for 24 and 96 

hrs of exposure periods while in the bivalves 

exposed to mercury with caffeine (5 mg/l), 

the RNA content was 17.418 and 15.447 

respectively for 24 and 96 hrs of exposure 

periods. 

 

During recovery from mercury intoxication, 

the RNA content was 15.767 and 16.418 in 

normal water after 2 and 4 days while in 

normal water with caffeine (5 mg/l), the 

values for corresponding periods were 16.563 

and 18.592. 

 

In the control bivalves, RNA content in the 

testis after 24 hrs was 4.417 and after 96 hrs 

were 4.571. In the bivalves treated with acute 

concentration of mercury (0.444 ppm Hg++), 

the RNA content was 3.692 and 3.077 

respectively for 24 and 96 hrs of exposure 

periods. While in the bivalves exposed to 

mercury with caffeine (5 mg/l), the RNA 

content was 4.145 and 4.015 respectively for 

24 and 96 hrs of exposure periods. 

 

During recovery from mercury intoxication, 

the RNA content was 4.052 and 4.312 in  

 

 

normal water after 2 and 4 days while in 

normal water with caffeine (5 mg/l), the 

values for corresponding periods were 

4.480and 4.680. 

 

In the control bivalves, RNA content in the 

digestive gland after 24 hrs was 8.607 and 

after 96 hrs were 8.767. In the bivalves 

treated with acute concentration of mercury 

(0.444 ppm Hg++), the RNA content was 

6.190and 4.660 respectively for 24 and 96 hrs 

of exposure periods. While in the bivalves 

exposed to mercury with caffeine (5 mg/l), 

the RNA content was 7.031 and 5.336 

respectively for 24 and 96 hrs of exposure 

periods. 

 

During recovery from mercury intoxication, 

the RNA content was 5.265 and 6.735 in 

normal water after 2 and 4 days while in 

normal water with caffeine (5 mg/l), the 

values for corresponding periods were 6.135 

and 7.672. 

  

Lastly, it was observed that after acute 

exposure to mercury, there was a decrease in 

the level of RNA content in various tissues of 

experimental bivalves as compared to those of 

control bivalves. The RNA contents were 

higher in mercury with caffeine-exposed 

bivalves as compared to those exposed to only 

heavy metal salts. The bivalves showed the 

faster rate of recovery of tissue RNA level in 

presence of caffeine than those allowed curing 

naturally. 

 

Discussion 

 

Aquatic invertebrates naturally accumulate 

abnormally high amount of heavy metals.  The 

effects of these heavy metals on the normal 

function of cells, tissues and organs are 

deleterious due to accumulative toxicity. 

Mercury is hazardous when accumulated even 

at trace level in the system of all living 

organisms. 
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RNA polymerase binds the binding site 

especially to its RNA template, binds its 

nucleotide and primer substrates, forms a 

new phosphodiester bond and elongates the 

growing RNA. Chaudhari et al., (1993) in 

Thiara lineata and Rao et al., (1998) in B. 

cunicularis observed decreased level of RNA 

on heavy metal stress. 

 

Detoxification can be used as a beneficial 

curative measure and as a tool to increase 

overall health and vitality. Detoxification 

treatment has become one of the 

cornerstones of alternative medicine. 

Detoxification therapies are having increasing 

importance and popularity. 

 

Ethylenediaminetetraacetic acid (EDTA) is 

often found to be chelating agent (Blaylock et 

al., 1997; Huang et al., 2008). EDTA is ability 

to chelate essential and toxic metals. Those 

toxicological studies that are available 

indicate that the apparent toxicological effects 

of EDTA have in fact been due to zinc 

deficiency as a consequence of complexation. 

EDTA does not appear to be teratogenic or 

carcinogenic in animals. The vast clinical 

experience of the use of EDTA in the 

treatment of metal poisoning has 

demonstrated its safety in humans WHO 

(2003). 

 

EDTA in the growth medium inhibited both 

RNA and protein synthesis without caffeine 

and in the presence of lower concentration of 

caffeine (0.2 mM) in the growth medium, 10 

micron of zinc concentration reversed RNA 

synthesis, which was inhibited by the 

chelating agent (EDTA). Higher 

concentrations of caffeine (2 mM) in the 

growth medium, completely abolished 

sensitivity of cardiac myocytes to zinc. 

Additional zinc supplementation to the 

growth medium of cardiac myocytes, effect of 

caffeine may be associated with the zinc 

dependent enzymes involved in RNA 

synthesis and caffeine zinc chelate formed 

makes zinc unavailable for these enzymes. 

 

Kolayli et al., (2004) studied the binding 

capacities of caffeine with different 

micronutrients.  According to him, the binding 

strength of the caffeine is weaker than that of 

the EDTA. Since all nitrogen, groups in 

caffeine are blocked by methylation, metals 

probably forms complexes with second and 

sixth organ of caffeine. Physical properties of 

bond energies suggest that oxygen metal 

bonds are stronger than sulfur metal bonds, 

hence, the caffeine molecules can drag the 

heavy metal that is bound to the protein. 

 

Caffeine has capacity to bind with heavy 

metals.  Heavy metal content of water was 

reduced after addition of caffeine. Caffeine 

binds divalent cations of calcium in Ferrete 

ventricular muscles (Leoty et al., 2001).  

 

Caffeine is well-known nervous system 

stimulant, but besides it, it is now found that it 

has antioxidant activity.  This activity of 

caffeine can protect the damage of tissue 

chemicals and genetic materials from heavy 

metal generated free oxygen radicals. 

 

Harish et al., (2000) observed that the effect 

of caffeine as α reflective RNA synthesis 

inhibitor or given as pre-inter and post 

treatments on the ethyl methane sulphonate 

(EMS) induced adaptive responses in vivo 

mouse bone marrows cells was studied in 

order to understand the influence of caffeine 

on the adaptive response. Matsumura et al., 

(2000) studied that lack of Ca2 
+ and ATP 

dependent priming stage in caffeine induced 

exocytosis in bovine adrenal chromaffin cells 

in comparison with Ca++.  They suggested that 

the ATP requiring priming stage is lacking in 

the process of caffeine-induced exocytosis in 

bovine adrenal chromaffin cells. 

 

Effect of caffeine and zinc on RNA and protein 

synthesis of neonatal rat cardiac mussel cell in 

culture was studied by Kanemaru et al., 

(1992) and they found that the effect of 

caffeine (0.2-2 mM) inhibited both RNA and 

protein synthesis of the cells.  

 

Massey et al., (1993) indicated the increased 

urinary excretion of calcium , magnesium , 

sodium and chloride after oral doses of 

caffeine which indicates the chelated caffeine 
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with heavy metal is excretable. In September 

(2001), Women’s Health Weekly also reported 

that, the caffeine in the drinks was primarily 

responsible for excess calcium excretion. 

 

Some authors have confirmed that antioxidant 

effect  of coffee is due to the ability to break 

the radical chain by donation of a hydrogen 

(Yen,1995; Morales and Jime´nez-Pe´rez, 

2004), their affectivity as metal chelating 

agents (Morales et al., 2005), their capacity to 

reduce hydroperoxide to nonradical products 

(Homma and Murata,1995). 

 

Very little work has been carried on the 

recovery of tissue damage and mainly 

caffeine's protective role in the tissue damage 

by mercury. The present investigation shows 

the interaction of mercury and RNA.  It shows 

that the mercury reduced the RNA contents 

and after the recovery with caffeine the RNA, 

contents were increased.  The decrease in 

RNA on exposure to mercury may be due to 

damage in RNA, poor rate of synthesis of 

enzymes necessary for transcription or 

increased catabolism of RNA due to their 

abnormalities on binding to mercury or 

abnormal. 

 

The results of biochemical estimations of RNA 

on acute exposure to mercury (0.444 ppm 

Hg++) showed drastic changes in the 

physiology of freshwater bivalve, L. corrianus. 

Mercury exposed bivalves showed decrease in 

the RNA contents. The exposure of mercury 

with caffeine showed less decrease in the 

contents of said biochemical as compare to 

those of respective mercury exposures 

bivalves. The faster recovery was observed 

after exposure to caffeine as compared to 

those recovered naturally in normal water. 

 

Conclusion of this investigation that, the 

impact of mercury on several biochemicals, if 

considered as a tool for studying the toxic 

level, caffeine reduces the toxic stress, and 

hence, has a preventive and curative property 

against the mercury induced tissue 

alterations. The rapid recovery by caffeine 

shows that preventive role towards mercury.  
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