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ABSTRACT

Effect of some inorganic and organic anions viz., fluoride, silicate, phosphate, malate, tartrate or citrate on
aluminium toxicity to an edible fresh water fish, Channa punctatus, has been studied in aquarium models. 10 fish in
each case were added to different aquariums consisting of 0.00IM AI* solutions, along with different
inorganic/organic anions (fluoride, silicate, phosphate, malate, tartrate or citrate) in separate sets. One aquarium
contained only AI** and no other anions. Smilar number of fish were also studied in Control set. The fish in all the
sets were exposed to toxicity till 60 days or total mortality, whichever was earlier. Mortality of the fish was
recorded. At the end, the fish that died last in case of sets where total mortality was observed and surviving fish at
60 days in case of sets in which the fish survived till last, were sacrificed. Five fish of Control set were also
sacrificed. Aluminium uptake by the tissue of the fish in different parts viz., head, middle and tail part were studied.
Results revealed that the exposure of the fish to aluminium concentration of 0.001M is chronically toxic. 80% of the
fish died gradually in 60 days. The upper part of fish (brain and gills) were found to be the major sites of
aluminium accumulation. The effect of inorganic and organic anions on aluminium uptake as well as fish mortality
were found to be different for different anions. All the anions inhibited the aluminium uptake by the fish tissue as
compared to that in aluminium alone exposed set. The inhibition of Al uptake by the anions has been in the range of
59.58 to 84.58%. However, their effect on mortality of the fish were different. Fluoride and malate rather proved to
be promoter of mortality as compared to Al** alone set. Slicate, phosphate, tartrate and citrate proved to be
inhibitors of mortality also. Inhibition of mortality by silicate was found to be 37.5%. Phosphate, tartrate and
citrate inhibited Al exposed fish mortality by as high as 87.5%. The results suggest that fluoride and malate might
be exhibiting their own toxicity in addition to Al toxicity. Phosphate, tartrate and citrate were found to be good
inhibitors of Al uptake by the fish, aswell as, their mortality.

Key words: Aluminium toxicology, Aluminium ecotoxicology, Alumium toxicity to fish, Aluminium uptake.
Aluminium uptake inhibition by anions.

INTRODUCTION

Aluminium toxicity to fauna and flora has recenligen finding much interest. This is because aluminéxposure
has been reported to be neurotoxic [1-14]. Bioabdity of aluminium is limited, despite its heaegntent in the
soil. This is because aluminium in the soil is presas complex alumino silicates, which are quibéle. However,
in the event of acid rain and other pH loweringdas, there may be leaching of aluminium to theugtbwater in
the soluble form, resulting in toxicity to the lng kingdom. Aluminium toxicity to the fish has beeported earlier
[15-22]. Studies on aluminium toxicity in the fiskould serve as effective models for studying alumin

neurotoxicity in humans.
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Aluminium uptake and hence its toxicity might béeafed by the presence of different inorganic @anic anions
in the milieu. Some of the naturally occurring iganic/organic anions might prove to be ameliorafohl toxicity.
Such studies would have applied value in the prgmefminimization of Al toxicity.

With the above view in mind, we have presently mddon the effect of some inorganic and organiom@sion
aluminium toxicity to a fresh water fisEhanna punctatus.

MATERIALS AND METHODS

All chemicals used were of A.R. (Analytical Reafjequality. Aluminium sulphate, [A50,.16H,0], was used to
prepare aluminium ion (A1) solution. Sodium fluoride, sodium silicate, sadiphosphate, di-sodium malate, di-
sodium tartrate and tri-sodium citrate were seplyatised to prepare solutions containing fluoriéf, (silicate
(SiOsY), phosphate (P$), malate (GH,Os%), tartrate (GH4O¢”) and citrate (gHsO;%) ions respectively.

Channa punctatus fish were procured from the local market and we@ed in an aquarium in fresh water under
laboratory conditions. The fish were allowed to licatize to the aquarium conditions for one weelteAone
week, 10 fish each were placed in eight aquariuhsénailar dimension and capacity (40 litre wat@ife aquariums
were charged with water/solutions as follows:

1.40 L water ( Control set).

2.40 L water+ calculated quantity of aluminium sulphate (for@.®).

3.40 L water+ calculated quantities of aluminium sulphate (f@01M) & sodium fluoride (for 0.001M).
4.40 L water+ calculated quantities of aluminium sulphate (fd&¥01M) & sodium silicate (for 0.001M).
5.40 L water+ calculated quantities of aluminium sulphate (f@01M) & sodium phosphate (for 0.001M).
6.40 L water+ calculated quantities of aluminium sulphate (f@01M) & di-sodium malate (for 0.001M).

7. 40 L water+ calculated quantities of aluminium sulphate (f&¥01M) & di-sodium tartrate (for 0.001M).
8. 40 L watert+ calculated quantities of aluminium sulphate (fd¥01M) & tri-sodium citrate (for 0.001M).

The fish in the aquarium were fed with fish food stpulated time during the day. Almost equivalgoantity of
food was given to all the eight sets. Water in #ggarium was well aerated throughout. The healtlvels as
mortality (if any) of the fish were noted at a siited time, every 24 hours till 60 days or totartality time,
whichever was earlier. Dead fish were immediatelypoved out from the aquarium. pH of the aquariurtemaas
also noted from time to time. The pH of Al aloneet 0.001M Af") and Experimental sets, containing
inorganic/organic anions were found to vary in thege of 6.0 to 6.5 during experimentation. Thitgms
(Experimental sets)/water (Control set) were chdr@ery 20 days. The observation was continued Gptdays.

At the end, the fish that died last in case of Alone set, AT + fluoride set, Al* + malate set and five surviving
fish from each of the Experimental sets viz3"A& silicate, phosphate, tartrate or citrate as wslControl set (after
sacrificing) were chopped into three parts viz,adcheart, middle part and the tail part. Each péthe fish was
weighed out and treated separately with 10 ml of HNIO; solution in a conical flask and boiled for 15 mtiesy
where upon the entire tissue got dissolved. It fuether evaporated to dryness. Next, the dry residas extracted
with distilled water and quantitatively filteredtin100 ml volumetric flask. The solution was maghouthe mark
(100 ml) with the help of distilled water. Aluminiucontent of the solution was estimated Spectraphetrically
using Eriochrome Cyanine R reagent [23]. The cantémluminium in mg/g of the tissue in the diffatgarts of
the fish of the Experimental and Control sets wdeulated out separately.

The entire work was carried out in three replicatesl mean aluminium uptake by the different paftthe fish
were calculated out.

% Inhibition/promotion of mortality (of the fish)ybinorganic/organic anions as compared to Al-alseehas been
calculated as per the following formula:

Mortality in Blank set — Molitg in Experimental set

% inhibition/promotion of mortality=
Mortality in Blank set

- ve value of inhibition has been considered aspt@n.

% inhibition of Al uptake (by the fish tissue) morganic/ organic anions as compared to-afdne set has been
calculated as per the following formula:
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Al-uptake in Blank set Al-uptake in Experimental set
% inhibition of Al-uptake=

Al-uptake inaBlk set

Where,
Blank set= AI** alone set.
Experimental se& AI**+ inorganic/organi@nion set.

Norms of the Institutional Committee for ethics amimal experimentation were strictly followed dwithe
experimentation.

RESULTS AND DISCUSSION

Mortality of the fish Channa punctatus) under different chemical milieu is recorded irbleal. Mean aluminium
uptake by the fishGhanna punctatus) under different chemical milieu is recorded irbTea2.

Aluminium has been found to be chronically toxictte fish Channa punctatus) at an exposure concentration of
0.001M. As seen from the results (Table-1) a tofaB0% mortality occurred in 60 days. The onsetrmirtality
started after 30 days and continued to increaddlyajn the Control set all the fish remained eliand healthy with
0% motality. Effect of the presence of other inarigaand organic anions in the milieu of Al expodith, have
been found to be varied. In case of fluoride andataathere has been promotion in the mortalite.rat case of
fluoride, all the fish died within first 96 hourli.looks fluoride itself expressed sever toxicitydaadded further to
Al toxicity. Aluminium and fluoride did not negatsmach other’s toxicity and rather multiplied it. dase of malate
also, the results were same and there has beemaiion of mortality by 25% as compared to Al adoxicity. In
case of malate, however the onset of toxicity veamé to be rather slow (compared to fluoride),ftble gradually
died by 10 days. It looks malate itself either ioglsi a rapid Al uptake by the fish or it (malatseit expresses
toxicity to the fish. In case of silicate plus Atgosure, there had been 37.5% inhibition of mdgtahs compared
to Al alone exposure. Only five fish died in a sgdn60 days. It looks silicate itself does not ibkthmuch toxicity
and rather controls Al toxicity to some extent. Tdr@ons like phosphate, tartrate or citrate, whessgnt in the
milieu along with AF*, have been found to inhibit the mortality ratethé fish to a much greater extent. There had
been 87.5% inhibition of mortality by these anioas,compared to Alalone exposure.Thus, so far as mortality of
the fish is concerned phosphate, tartrate or eisaem to be good ameliorator of mortality, amatheAl toxicity.

As regards aluminium uptake by the fish tissueoiscerned, in all the Experimental sets*{At inorganic/organic
anion exposure), there has been inhibition of Ahkp compared to that of Al alone exposure (TableFBe head
part of the fish have been found to be the maigetaof aluminium uptake. The tail parts uptook tietdy very less
amount of aluminium. It seems the brain and gillsceave some special affinity for &lions. Accumulation of Al
in the gills must be intoxicating the respiratargct, which results in the death of the fish. Alalam also seems to
be producing neurotoxicity, as the fish became Iyasactive much before their death. In the ahiom alone
exposure set, the total Al uptake was found to 188 4ng/g. Presence of inorganic/organic anionsherilieu
along with Al has resulted in a decreased uptakdloby the fish tissue (Table-2). Fluoride and naldave
inhibited the Al uptake by 59.58 and 62.91% redpelst, as compared to that of Al alone exposurdic&e,
phosphate, tartrate and citrate have inhibitedAtheptake in the range of 80.41 - 84.58%. The h#ghehibition
was observed by tartrate (84.58%).

Thus, if the effects of anions on the Al uptake the fish, as well as on their mortality, are sidered
combinedly, the fluoride and malate showed abnommesalilts. Both of these anions inhibited the Alalket but
promoted the mortality. Thus, it seems in the preseof fluoride or malate, the fish mortality wasedto the
expression of toxicity by fluoride/malate themsalvather than Al toxicity. On one hand, they congotoxicity to
a good extent but themselves individually becaoxéc and cause mortality. The anions like silicgthosphate,
tartrate and citrate, however, could inhibit theufstake, as well as mortality of the fish, bdthcase of silicate,
however, a high inhibition of Al uptake (80.41%)edonot reflect proportionally in the control ofHfisortality. It
might be due to the fact that silicate inhibits #leuptake and hence controls Al toxicity, but eagges its own
toxicity (silicate toxicity) to some extent at tiiencentration (0.001M). Phosphate, tartrate atmdtej on the other
hand, have inhibited both, Al uptake as well ah fisortality, to a good extent. It seems these anjmevent Al
uptake and hence control Al toxicity, and do ndtibik any toxicity of their own. Hence, these @ (phosphate,
tartrate and citrate) can be taken as non toxi¢hfeifish and also can be considered as good tohifameliorators
of Al toxicity. The mechanism of action behind tindibition of Al toxicity by these anions might lterough the
formation of stable complexes/chelates of aluminamd thus preventing its (aluminium) uptake.

128
Pelagia Research Library



T. V. R. K. Rao and Arjun Kumar

Euro. J. Exp. Bio., 2014, 4(4):126-130

Table-1 Mortality of the fish (Channa punctatus) under different chemical milieu

. . . ) % Inhibition/
Chemical milieu (corlt of Mortality of the fish . :
S. | AI®=0001M &cont of I"IF:’" ol % pgomot'on of ;"O”a“.‘y
No. | inorganic forganic anion=| 0-4 | 4-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | MO (60 | ortality | BY inorganiclorganic
0.001M) days | days | days | days | days | days | days days) anion as compared tq
) Al alone set
1. | Water (Control set) — — — — — — — — 0 —
2. | AP — — — — 1 4 3 8 80 —
3. | AP +fluoride 10 — — — — — — 10 100 25.0 (promotion)
4. | AP +silicate — 2 — 2 — 1 — 5 50 37.5 (Inhibition)
5. | AP'+ phosphate — 1 — — — — — 1 10 87.5 (Inhibition)
6. | AP+ malate — 10 — — — — — 10 100 25.0 (promotion)
7. | AP+ tartrate — — — — — 1 — 1 10 87.5 (Inhibition)
8. | AP+ citrate — — — 1 — — — 1 10 87.5 (inhibition)
Table-2 Mean aluminium uptake by the fish Channa punctatus) under different chemical milieu
s Chemical milieu (corlt of AI*" = Al uptake(bmyg;g)e fish tissue % inhibition of Al uptake
: 0.001M & con€. of inorganic /organi - - by inorganic/ organic anion as
No. anion = 0.001gM) ’ Head Middle Tail Total Al ycomp?ared to glalone set
part part part uptake

1. Water (Control set) 0.00 0.00 0.00 0.00 .

2. AP 1.80 1.63 1.37 4.80 _

3. AP* + fluoride 0.82 0.72 0.40 1.94 59.58

4. AP* + silicate 0.41 0.33 0.20 0.94 80.41

5. AR+ phosphate 0.38 0.33 0.2 0.94 80.41

6. AP + malate 0.84 0.66 0.28 1.78 62.91

7. AP + tartrate 0.35 0.27 0.12 0.74 84.58

8. AP* + citrate 0.35 0.28 0.18 0.81 83.12

CONCLUSION

Our present studies suggest that exposure 8f &l a concentration of 0.001M is chronically toxic the fish
(Channa punctatus). 80% of the fish died gradually by 60 days. Thertality started at 30 days onwards. It looks an
effective amount of aluminium uptake by the fists ha be there before it becomes fatally toxic. Gudies also
suggest that the presence of fluoride or malate visa vis aluminium in the milieu inhibit the Aptake by the fish
tissue on one hand and promote the mortality rat¢he other hand. It seems these anions (fluonidkraalate)
exhibit their own toxicity to the fish which addp to the Al toxicity, thus promoting total toxicity hus, theses two
anions (fluoride and malate) can be consideredramqter of toxicity to the fish, when present waluminium.
Silicate, phosphate, tartrate or citrate anionsempresent together with Alproved to be inhibitors of aluminium
uptake by the fish and also inhibitors of their tabity. As such, these anions, particularly phosphtartrate or
citrate can be used as inhibitors/amelioratorsidabicity to the fish.
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