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OF AN EXPERIMENTAL MODEL LAMELLIDENS CORRIANUS,
SYNERGISTICALLY BY CAFFEINE (1, 3, 7-TRIMETHYLEXANTHINE) AND
L-ASCORBIC ACID
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Abstract: The present communication deals with individual and synergistic curative effect of caffeine and L-ascorbic acid
in arsenic induced toxicity in an experimental model, freshwater bivalve, Lamellidens corrianus. The effect on bivalve was
studied under nine groups. From each treated and recovery groups, some bivalves were removed and RNA contents in
selected tissues of bivalves were estimated. The RNA level was significantly decreased on exposure to arsenic while the
decrease in presence of caffeine + ascorbic acid was less when exposed simultaneously than when exposed individually.
During recovery RNA contents recovered and the rate of recovery was faster in caffeine + ascorbic acid exposed bivalves
as compared to those recovered individually and in normal water. The probable role of the caffeine (1,3,7-
Trimethylexanthine) and L-ascorbic acid is discussed in the paper.
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I INTRODUCTION

Biochemical composition of aquatic organisms and their

different biochemical processes are useful in determining the
mechanism of toxicity and severity of various toxicants.
Naturally, there is protective mechanism of the body to resist
and combat the toxic effect of the pollutant like heavy metals.
Besides, it is observed that some biochemical alterations
occurring in the body gives the alarming first indication of
stress condition.

The impact of heavy metals on aquatic as well as
terrestrial ecosystem has been widely studied and well
documented (Hatchinson and Whithy, 1974; Bonsova et.al.,
1987). Metals are known to decrease the energy level by
interfering with the metabolic pathway (Torreblanca et. al.,
1992). Pollutants comprising heavy metals may alter cellular
functions, ultimately affecting physiological and biochemical
mechanisms of animals (Radhakrishnan et.al.1991) due to
their ability to form complexes with ligands (Vallee and
Ulmer, 1972). It has been observed that heavy metals can
cause biochemical alterations such as inhibition of enzymes,
metabolic disorder, genetic damage, hypertension and cancer

(Underwood, 1971; Zemasky, 1974; Lucky and Venugopal,
1977).

RNA is capable of carrying out a multitude of
diverse biological functions. Many biologically active RNA
have to adopt intricate 3D structures that rival protein
structures in their complexity to be functional in a cellular
environment.

Low levels of inorganic arsenic decrease the
production of red and white blood cells, damage blood
vessels and can cause "pins and needles" sensation in the
hands and feet. Long-term exposure can cause darkening of
the skin and the appearance of small "corns" or "warts" on the
palms soles and torso.

Heavy metals may interact with RNA polymerases
which causes adverse effect. RNA polymerase must bind site
specifically to its DNA template, binds its nucleotide and
primer substrate, and form new phosphodiester bond in
elongating the growing RNA.

Chelators are particular substances that bind to
heavy metals and speed up their elimination. Caffeine is
found to have antioxidant activity; this antioxidant activity of
caffeine can protect the damage of tissues. Caffeine molecule
is having a site that usually binds divalent cation-Ca** and
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affect the activity of Ca** dependant enzyme. The stimulatory
action of ascorbic acid is indicated by increase in cell
population, protein content, and level of lysosomal enzymes.
In animals, ascorbic acid level in tissue is affected during
stress condition and during metal toxicosis indicating its
positive role in tissue synthesis and growth processes.

In present study, freshwater bivalve Lamellidens
corrianus is used as test model to detect the role of caffeine
and ascorbic acid individually and synergistically for the
detoxification of arsenic. RNA is studied as the indicators
from different tissues. Reduction of toxicant reduces the
stress and hence reduces level of stress effect. Protective and
curative role of caffeine and ascorbic acid individually as well
as synergistically was observed after heavy metal treatment
and during recovery in experimental model L. corrianus.

I MATERIALS AND METHODS

The freshwater bivalves, Lamellidens corrianus were
collected from the Nathsagar dam at Paithan, Aurangabad
(M.S.)). Bivalves were acclimatized in the laboratory
condition at room temperature for 2-3 days. The healthy and
active acclimatized bivalves of approximately same size were
selected for experiment. The effect on bivalve was studied
under nine groups. Group A bivalves were maintained as
control, B group bivalves were exposed to chronic dose
(LCsor10) of sodium arsenate (0.18 ppm) for 20 days.

Group C bivalves were exposed to respective
chronic concentration of sodium arsenate along with caffeine
(Amg/l), Group D bivalves were exposed to respective chronic
concentration of sodium arsenate along with L-ascorbic acid
(25 mg/L.).Group E bivalves were exposed to respective
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chronic concentration of sodium arsenate along with caffeine
recovery into four groups F, G, H and | after 20 day exposure
to arsenic. F group bivalves were allowed to cure in normal
water, G group bivalves were exposed to caffeine (1mg/l), H
group bivalves were exposed to ascorbic acid (25 mg/L) for
recovery while | group bivalves were exposed to caffeine
(Img/l) with ascorbic acid (25mg/l).

During treatment gills, gonads and digestive glands
from each group bivalves were removed after 10 and 20 days.
Similarly during recovery after 5 days and 10 days tissues
were taken from recovery groups. RNA contents were
estimated by using Orcinol reagent (Dischel, 1955).

111 RESULTS AND DISCUSSION

Remarkable interest in molluscs, being the source of
nutritive food to man, hence knowledge of chemical
composition of edible organisms is extremely important
because nutritive value is reflected in its biochemical
contents. Different findings reported the effect of heavy metal
to molluscs (Piccinni et.al., 1985, Ishizaki et.al.1987),
Krishnakumar et.al.(1990). Mathew and Menon (1992) have
reported the effect of metals on snails. Considerable alteration
in the metabolic activities due to Toxic effect of heavy metal
in snail was observed by Khangarat and ray (1989).

Chelation therapy investigation slacked off during
the mid-sixties to some extent. However, the Clarke team
pursued chelation therapy as a primary cardiovascular therapy
throughout this period and into the seventies at Providence
Hospital in Detroit. Recent clinical activity with EDTA has
led to extensive literature reviews on chelation and more
fundamental documentation of its use in atherosclerosis
(Harper and Gordon, 1975; Halstead 1979).

Table No. 1.1: RNA content in Gills of L. corrianus after chronic exposure to Sodium arsenate without and with caffeine,
ascorbic acid, with caffeine + ascorbic acid and during recovery

(Values are in mg/100mg of dry weight)

Treatment 10 days 20 days Recovery
5 days 10 days
Control 6.132 £0.248 6.105 +£0.28
Sodium arsenate 4.69 +£0.187*** 3.683 £0.156***
(-23.51) (-39.67)
. 5.057+0.167 ** 4.180 £0.267 ***
Sodium arsenate + Caff (-17.53) (-31.53)
Sodium arsenate +AA 5.138 £0.194** 4.359 +0.245***
(-16.21) (-28.59)
Sodium arsenate + Caff + 5.681 +0.145* 4.617 £0.231**
AA (-7.35) (-24.37)
Normal 4.012 £0.106" 4.315 £0.164==
Water [+8.93] [+17.15]
ﬁgtggys Normal Water 4.415=0.198% | 4.891 +0.156m=s
exposure + Caff. [+19.87] [+32.79]
o Normal Water 4.513 £0.121== | 4.975 +0.190===
Sodium +AA [+22.53] [+35.08]
arsenate Normal Water 5.02 £0.152=== | 5.389 +0.241===
+ Caff + AA [+36.30] [+46.32]
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Table No. 1.2: RNA content in Gonads of L. corrianus after chronic exposure to Sodium arsenate without and with
caffeine, ascorbic acid, with caffeine + ascorbic acid and during recovery
(Values are in mg/100mg of dry weight)

Treatment 10 days 20 days Recovery
5 days 10 days
Control 4417 £0.121 4571 +£0.143
Sodium arsenate 3.09 £0.134*** 2.46 £0.211***
(-30.04) (-46.18)
Sodium arsenate + Caff 3.41 +0.987NS 2.86 +0.909*
(-22.79) (-37.43)
Sodium arsenate + AA 3.59 +0.120*** 3.01 +£0.154***
(-18.72) (-34.15)
Sodium arsenate + Caff + 3.95 £0.107** 3.38 £0.201***
AA (-10.57) (-26.05)
Normal Water 2.89 +0.159= 3.14 +0.621NS
[+17.47] [+27.64]
';gtggys Normal Water 3.0940.120= | 3.31+0.958"
exposure + Caff [+25.60] [+34.55]
o Normal Water+ 3.21 £0.10== 3.85 +0.81=
Sodium AA [+30.48] [+56.50]
arsenate Normal Water 3.71 +0.970NS 4.17 £0.90~
+ Caff + AA [+50.81] [+69.51]

Table No. 1.3: RNA content in Digesti
with caffeine, ascorbic acid ,with caffeine + ascorbic acid

ve glands of L. corrianus after chronic
and during recovery (Values are in mg/100mg of dry weight)

exposure to Sodium arsenate without and

Recover
Treatment 10 days 20 days very
5 days 10 days
|
Contro 8.607 +0.896 8.767 +0.458
Sodium arsenate 5.75 +0.543** 4,013 £0.562***
(-33.19) (-54.22)
Sodium arsenate + Caff 6.01 £0.261** 4,52 +0.382***
(-30.17) (-48.44)
Sodium arsenate + AA 6.19 £0.387** 4.75 £0.272***
(-28.08) (-45.81)
i + Caff +
/S;f'“m arsenate + Ca 6.9140.234% | 539 +0.342%**
(-19.71) (-38.51)
Normal Water 4.589 +0.519NS 5.013 £0.293=
[+14.35] [+24.91]
After Normal Water 5.138 £0.541= 5.891 +£0.234==
20days | 4 caff [+28.03] [+46.79]
EXPOSUre "Normal Water 5.213 +0.342= 5.789 +0.431=
to + AA [+29.90] [+44.25]
Sodium
Normal Water 6.139 +£0.391== 6.795 £0.301===
arsenate
+ Caff + AA [+52.97] [+69.32]

Sodium arsenate = 0.18 ppm, Caff =1 mg/l Caffeine, AA = 25 mg/l Ascorbic acid .
Values in () indicate percent change over control
Values in [ ] indicates percent change over respective metal treated of 20 days
NS - Non significant, *-compared with control, =- compared with respective metal treated of 20 days

*/u- P< 0.005,

*¥%/an-P< 0.001,

* %% /umm- P<0.01
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Fukino K and Nagayama (1977) observed that Hg
salt administration causes decrease in vitamin-C contents.
Ascorbic acid readly forms salt of several metals and reduces
their binding activity. Ascorbic acid occurs in reduced and
oxidized state (Dehydro- ascorbic acid) in equilibrium in
animal body and both have reducing property. Cadmium and
other toxic metals causes’ growth retardation in chicks and
this growth retardation can be reduced by ascorbic acid (Hill,
1979).

Most of the intermediates of the caffeine metabolism
retain the chelation capacities. Caffeine protects the damage
of tissues chemical and genetic material of organism from
heavy metal generated free oxygen radicals. Caffeine (1,3,7-
trimethylexanthine) also present in other beverages (tea,
coffee and cocoa), stimulates the central nervous system,
increases mental alertness, betters memory and mood,
improve reasoning power (Liberman et. al., 1987) and is of
value in the treatments of gout, hypertension headache,
myocardial infarction etc. Caffeine a bitter alkaloid
CsH10N4O, found especially in coffee, tea, and carbonated
beverages and used medicinally as a stimulant. Caffeine
(1,3,7-trimethylexanthine) is found to show the antioxidant
activity. Caffeine has ability to bind with heavy metals.
Caffeine binds divalent cations of calcium in Ferrete
ventricular muscles (Leoty et al., 2001). This activity of
caffeine can protect the damage of tissue chemicals and
genetic materials from heavy metal generated free oxygen
radicals.

RNA polymerase binds its binding site especially to
its DNA template. Binds its nucleotide and primer substrate
form a new phosphodiester bond and elongates the growing
RNA. Parveen and Vasantha (1986) observed depletion of
RNA level due to metal causing stress condition in fish
Clarius batrachus. Similar observation was noted by
Chaudhari et.al.,(1993) in Thiara lineata and Rao et.al.,
(1998) in B. cunicularis that decreased level of RNA as effect
of heavy metal stress. Pawar and Kulkarni (2000) reported the
decrease in ribonucleic and deoxyribonucleic acid levels of
Paratelphusa jacquemonti exposed to cythion at different
periods. It has been shown that impairment of electron
transport chain, elicited by respiratory inhibitors, mtDNA
mutation, or gene knockout results in enhanced production of
ROS in mitochondria due to incomplete reduction of oxygen (
Wallace, 1999).

Klobuear et al. (2003) have shown that hemolymph
is a good tissue for the in vivo evaluation of organisms
exposed to environmental pollutants. Also these findings
suggest that C. fluminea hemolymph is a valuable target
tissue because of its ease of manipulation and its efficient
response to DNA-stressing compounds. It therefore seems
that C. fluminea could be useful in establishing tests to
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determine genotoxicity in aquatic environments. Gulbhile and
Zambare (2013) Studied the impact of mercury on several
biochemicals, 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 RNA
alterations. The rapid recovery of RNA content by caffeine
shows that preventive role towards mercury.

Harish et.al.,(2000) detect the effect of caffeine as a
reflective DNA synthesis inhibitor or as pre-inter and post
treatment on ethyl methano sulphonate (EMS) induced
adaptive response in vivo mouse bone marrow cell was
studied to understand influence of caffeine. Caffeine inhibits
the catalytic activity of ATM and the related kinase and DNA
damage was studied by Sarkaria et.al.,(1999). Pawel et.al
(2017) reported need of study to understand differences
between the RNA pool of control and arsenate- or sulphate
exposed mussels.

IV CONCLUSION

The present investigation concluded that caffeine
and ascorbic acid individually have a capability to reduce
stress effect of Sodium arsenate. Synergistically caffeine with
ascorbic acid has more efficient protective action against
arsenate toxicity. Also it was noticed that in combination they
show accelerated curative rate than individual cure of animal
stressed by arsenic intoxication.
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