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Z I N C INTOXICATION IN SOME FRESHWATER FISHES. 

I. VARIAT IONS IN TISSUE ENERGY RESERVE 

by S.A. SHAFFI 1 

The effect of Zinc sulphate intoxication on tissue glycogen content of nine 
nutritionally important species of fish was observed after 3 hours exposure to 
concentrat 'ons ranging from 5 to 20 ppm. Liver and muscle showed an inverse 
relationship between the concentration of Zinc and the fall in the glycogen con
tent. However, in brain and kidney a rise in glycogen content was observed upto 
10 ppm. of Zinc intoxication. There was a marked fall in glycogen content at 15 
and 20 ppm. of Zinc intoxication in brain and kidney tissues. The breâkdown 
process of glycogen was higher in major-carps than in snake-headed and cat-
fishes. Major-carps are less résistant to changed environmental conditions (Zinc 
intoxication) than the other two groups of fishes. The observed physiological 
changes are briefly discussed in relation to tissue hypoxia and an increase in 
metabolic products such as lactic acid. 

Intoxication par le zinc de quelques poissons d'eau douce. 

I. Variat ions de la réserve énergét ique des t issus. 

Les effets de l'intoxication par le sulfate de zinc sur la teneur des tissus en 
giycogène ont été observés chez 9 poissons importants pour la nutrition soumis 
pendant 3 heures à des doses comprises entre 5 et 20 ppm. La concentration du 
zinc et la teneur en giycogène dans le foie et dans le muscle sont inversement 
proportionnelles. Cependant, dans le cerveau et les reins le giycogène augmente 
jusqu'à des doses de 10 ppm de zinc ; entre 15 et 20 ppm il y a une chute mar
quée de la teneur en giycogène. Cette baisse du giycogène était plus forte chez 
Cirrhina, Labeo et Catla que chez les Ophicephalus et les poissons-chats. Les 
Cirrhina, Labeo et Catla sont moins résistants à l'intoxication par le zinc que les 
deux autres groupes de poissons. Les modifications physiologiques observées sont 
brièvement discutées en relation avec l'hypoxie des tissus et l 'accumulation de 
produits de métabolisme comme l'acide lactique. 

INTRODUCTION 

Heavy meta ls have long been recognised as serious pol lu tants of the 

aquat ic envi ronment and heavy métal toxicity is often encountered 

in holding live fish in connect ion wi th expér imenta l work , commercia l 

fish farming and the managemen t of recrea t ional fisheries. The 

na ture of the effect of heavy meta ls on fishes has been indicated to be 

asphyxiat ion due to coagulation of mucus on the gills (Westfall 1945), 

direct damage to gill t issue (Skidmore 1970) accumula t ion of métal 

in in ternai t issues (Mount 1964) and extensive damage to thèse t issue 

(Lewis & Lewis 1971). 
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The m o d e of toxicity of Zinc and o the r heavy metals to fish has 
been s tudied in the pas t in relat ion to mor ta l i ty s tudies. More re-
cently Lloyd (1960), Sk idmore (1970), Bu r ton et al (1972), Sellers et al 
(1975), Hughes (1976) and o thers have suggested tha t cytological 
damage to the gills r a the r than mucus accumula t ion causes death by 
asphyxia. The physiological mechan i sm of dea th in thèse cases 
appears p r imar ly t o be related to a b reak down in gas exchange a t the 
gills. Sk idmore & Tovell (1972) have s tudied the changes in several 
resp i ra tory pa rame te r s of ra inbow t rou t due to Zinc toxicity and they 
proposed that death in fish wi th gills damaged by heavy meta ls is 
probably caused by t issue hypoxia. 

If we w a n t to assume the potent ia l harmfulness of var ious C h e m i 

cals to the envi ronment it is essential to know about thèse d is turbed 
processes . Quite often the knowledge about the mode of act ion of 
fish toxicants and causes of death in aquat ic animais is lacking in 
te lat ion to biochemical pa rame te r s . In the p résen t s tudy the au tho r 
made an a t t emp t to know the damage to in ternai organs or d is turbed 
physiological and biochemical processes in différent economically 
impor t an t fishes exposed to différent concent ra t ions of Zinc sulphate . 
I t seems tha t no body has repor ted the effect of Zinc intoxication in 
relat ion to t issue glycogen content on Indian t ropical fishes. For the 
same reason the au tho r m a d e an a t t emp t to know the effects of zinc 
sulfate intoxication on glycogen content in liver, muscle, b ra in and kid
ney t issues oi : 9 nutr i t ional ly impor t an t fishes (i.e., Cirrhina mrigala 
(Ham), Lablo rohita (Ham), Catla catla (Ham), Ophicephalus striatus 
Bloch, Ophicephalus punctatus Bloch, Ophicephalus marulius (Ham), 
Clarias batrachus (L), Heteropneustes fossilis Bloch, and Mystus seen-
ghala (Sykes) on a compara t ive basis . 

1. — MATERIAL A N D M E T H O D S 

Healthy C. mrigala, L. rohita, C. catla, O. striatus, O. punctatus, 
O. marulius, C. batrachus, H. fossilis and M. seenghala of a par t icu lar 
size range (18-20 cm) were obta ined from some selected local ponds 
a r r o u n d Bhopal . They were acclimatized to the laboratory condi t ions 
before s tar t ing the exper iment . Five fishes of each species were sacri-
iiced for the normal es t imat ions of glycogen in liver, muscle, kidney 
and bra in . Equal n u m b e r of each 9 species were kept for three hours 
in wa te r containing 5, 10, 15, and 20 ppm. of Zinc sulphate . Ail the 
fishes were then removed from the méd ium, decapi ta ted and dissected 
out for liver, muscle, b ra in and kidney t issues. The p répara t ion of 
t issue samples , processing and expression of glycogen was elsewhere 
(Shaffi & Habibul ia 1977, Shaffi & Qayyum 1978). The exper iment 
was repeated for five t imes to subject the data to stat is t ical analysis. 



(3) Z I N C INTOXICATION I N F R E S H W A T E R F I S H E S 93 

2. — RESULTS 

Observat ions m a d e to find out the external signs of poisoning on 
9 species of nutr i t ional ly impor t an t fishes exposed to 5, 10, 15, and 
20 ppm. of Zinc for 3 hours . No visible symptoms of toxic react ion 
were seen, except the format ion of a thick mucous coat on the oper-
cular région of the fishes. The degree of mucus format ion was the 
highiest in major carps (C. mrigala, L. rohita, C. catla) followed by 
snake headed fishes (O. striatus, O. punctatus, O. marulius) and cat 
fishes (C. batrachus, H. fossilis and M. seenghala). 

TABLE I. — Changes in tissue glycogen content due to Zinc Sulphate intoxication 
— MAJOR CARPS. 
Values (/* gm/gm wet wt. of tissue) are mean ± SE of 5 replicates. 

Name 
of the Organ CONTROL 5 ppm 10 ppm 15 ppm 20 ppm 

Girrhina mrigala 
LIVER 4986.1 4132.1 2937.1 2095.1 650.9 

±306.2 ±250.8 ±350.9 ±140.2 ± 99.1 
MUSCLE 3236.7 2672.8 1872.1 1206.4 400.7 

±402.1 ±180.9 ±260.7 ±120.4 ± 65.7 
BRAIN 1250.3 1450.3 1636.4 800.3 269.3 

±160.2 ± 90.6 ±150.7 ± 95.0 ± 39.3 
KIDNEY 878.1 968.9 1096.8 502.9 200.8 

± 50.3 ±105.8 ± 76.4 ± 50.6 ± 24.3 

Labeo rohita 
LIVER 4492.8 3776.1 2730.1 1535.3 530.8 

±430.9 ±310.8 ±290.3 ±171.0 ± 99.1 
MUSCLE 3085.3 2512.1 1692.1 1056.1 310.8 

±196.4 ±260.4 ±175.3 ±140.3 ± 22.7 
BRAIN 1176.2 1325.7 1490.9 750.8 215.1 

± 86.2 ±186.4 ±150.3 ± 82.7 ± 60.1 
KIDNEY 820.1 927.1 1015.7 410.1 182,4 

± 75.0 ± 124.7 ± 90.8 ± 42.1 ± 30.1 

Catla catla 
LIVER 4237.9 3472.8 2518.8 1378.1 427.6 

±190.4 ±135.3 ±210.7 ± 93.9 ±111.7 
MUSCLE 2932.1 2112.9 1318.3 875.1 260.1 

±230.2 ±160.4 ±164.3 ±100.1 ± 30.1 
BRAIN 1025.3 1165.3 1310.7 602.1 190.9 

±120.4 ±128.7 ±146.2 ± 60.1 ± 29.3 
KIDNEY 786.2 855.1 940.1 310.9 160.8 

±104.3 ± 56.8 ±130.1 ± 36.3 ± 20.1 

Zinc intoxication has b rought about a n u m b e r of m a r k e d changes 
in the glycogen content of liver, muscle , b ra in and kidney in the whole 
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of the 9 s tudied species (Tables 1-3). In liver and muscle the au tho r 
always observed an inverse re la t ionship berween the concentra t ions 
of Zinc and the fall in the total glycogen content . However, in b ra in 
and kidney the glycogen content increases up to 10 ppm. of Zinc ex
poser, m a x i m u m depletion of glycogen was recorder at 20 p p m . in 
b ra in and kidney t issues. 

TABLE II . — Changes in tissue glycogen content due to Zinc Sulphate intoxication 
— SNAKE HEADED FISHES. 
Values (M gm/gm wet wt. of tissue) are mean ± SE of 5 replicates. 

Name 
of the Organ CONTROL 5 ppm 10 ppm 15 ppm 20 ppm 

Ophicephalus striatus 

LIVER 3470.2 2890.1 2350.2 1927.1 1409.3 
±189.8 ±210.7 ±143.7 ±120.3 ± 55.1 

MUSCLE 2396.4 1936.6 1512.3 1236.7 827.9 
±136.4 ±300.3 ±120.9 ± 94.9 ± 80.4 

BRAIN 987.1 1066.7 1139.4 750.3 360.5 
± 92.4 ± 150.7 ± 85.8 ± 80.7 ± 42.4 

KIDNEY 690.7 768.8 840.5 427.3 250.8 
± 70.8 ±140.8 ± 72.1 ± 68.1 ± 32.7 

Ophicephalus punctatus 

LIVER 3296.7 2916.7 2416.3 2017.1 1270.9 
±337.2 ± 193.4 ±120.8 ±140.7 ± 72.0 

MUSCLE 2285.3 1837.9 1536.8 1072.9 750.8 
±196.8 ±160.7 ± 92.8 ± 65.8 ± 35.1 

BRAIN 905.1 991.6 1084.3 680.7 310.1 
± 82.1 ±101.7 ±125.4 ± 90.8 ± 39.1 

KIDNEY 636.8 699.1 770.8 390.1 220.1 
± 53.4 ± 40.1 ± 80.1 ± 44.3 ± 27.1 

Ophicephalus marulius 

LIVER 3017.8 2736.0 2190.3 1816.9 1090.4 
±280.1 ± 155.4 ±120.8 ± 95.0 ±101.1 

MUSCLE 2139.9 1791.3 1375.6 1105.6 690.7 
±185.3 ± 120.3 ± 89.8 ± 80.9 ± 36.4 

BRAIN 840.2 905.5 975.8 590.3 250.9 
± 96.3 ± 60.9 ± 70.8 ± 72.8 ± 18.3 

KIDNEY 590.7 645.4 705.1 295.8 170.8 
± 38.3 ± 42.4 ± 80.1 ± 18.3 ± 24.3 

Among the major carps the degree of fall in the tissue glycogen 
content was highiest in C. mrigala, followed by L. rohita and C. catla. 
In snake headed fishes the m a x i m u m fall of glycogen was recorded in 
O. striatus followed by O. punctatus and O. marulius. In cat fishes 
ihe m a x i m u m deplet ion was observed in M. seenghala when compared 
to the o ther two fishes. In gênerai the percentage of fall in t issue 
glycogen content due to Zinc intoxication in major carps is very high 
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when compared to the o ther two groups which are known as h a r d 
fishes (They can engulf a tmospher i c oxygen due to their accessory 
resp i ra tory organs) . 

TABLE I I I . — Changes in tissue glycogen content due to Zinc Sulphate intoxication 
— CAT FISHES. 
Values (A gm/gm wet wt. of tissue) are mean ± SE of 5 replicates. 

Name 
of the Organ CONTROL 5 ppm 10 ppm 15 ppm 20 ppm 

Clarias batrachus 
LIVER 2850.6 2416.7 2172.1 1880.7 1545.7 

±220.1 ±140.5 ±120.3 ±170.1 ± 99.8 
MUSCLE 1810.5 1527.1 1175.7 960.7 760.6 

±182.3 ± 95.9 ±115.2 ± 89.7 ± 42.3 
BRAIN 720.8 815.7 920.1 530.1 405.1 

±120.1 ± 60.7 ± 82.1 ± 55.4 ± 27.0 
KIDNEY 550.1 625.1 709.9 499.7 357.1 

± 89.3 ± 41.7 ± 90.1 ± 77.0 ± 32.5 

Heteropneustes fossilis 
LIVER 2530.9 2016.1 1739.8 1525.1 1210.8 

±126.3 ±189.0 ±127.7 ± 90.7 ± 62.1 
MUSCLE 1690.1 1236.8 990.1 706.2 535.4 

±182.4 ± 90.7 ±140.3 ± 48.3 ± 40.1 
BRAIN 668.3 727.1 805.3 420.1 325.7 

± 39.4 ± 46.2 ± 75.8 ± 24.2 ± 30.1 
KIDNEY 490.1 546.7 627.9 330.4 275.1 

± 24.1 ± 30.8 ± 55.4 ± 18.9 ± 26.7 

Mystus seenghala 
LIVER 2372.5 1832.7 1336.9 1092.1 720.7 

±205.4 ±130.7 ± 80.8 ±101.7 ± 36.3 
MUSCLE 1430.2 1092.6 815.3 550.3 350.6 

±105.3 ±107.3 ± 72.1 ± 38.2 ± 32.3 
BRAIN 605.9 695.8 770.1 305.4 215.4 

± 46.3 ± 65.3 ± 56.2 ± 22.1 ± 42.0 
KIDNEY 420.7 505.9 595.4 290.7 180.2 

± 48.3 ± 49.3 ± 62.1 ± 18.1 ± 20.1 

3. — D I S C U S S I O N 

The need for oxygen is one of mos t press ing d e m a n d s on the phy-
siology of any organism and is aggravated in fishes by the physical 
p roper t i e s of the i r resp i ra to ry m é d i u m (Hughes 1973). In récent 
years our knowledge of the resp i ra to ry responses of fish to condi t ions 
of hypoxia due to heavy méta l intoxicat ion h a s increased considerably 
(Bur ton et al 1972, Hughes 1976). 

I t is known tha t mor ta l i ty due to Zinc intoxication appears pr ima-
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rily to be re la ted to a b r e a k down in gas exchange a t the gills and the 
damage caused by thèse heavy meta ls to the gills might have led to 
t issue hypoxia (Bur ton et al 1972). I t may thus be surmised tha t any 
factor such as Zinc intoxicat ion which d i s tu rbs the oxygen supply a t 
the t issue level o r pH equil ibr ia in the t issue or blood may marked ly 
affect the level of glycogen content in any t issue including liver, mus
cle, b ra in and kidney t issues. 

As seen in the resui t section, a differential effect of Zinc su lphate 
on glycogen content in différent t issues have been observed. The rea-
sons for this a re not clearly known at présent . However , two possi-
bili t ies for such differential action exist. This may be related to the 
d is t r ibut ion of Zinc in var ious organs (Windom et al 1973). The dif
ferential effect may also be re la ted to the metabol ic compar tmenta -
t ion of the t issues (Shaffi 1978 a, b , c). I t appea r s tha t the Zinc sul
pha te intoxication causes severe anaerobic s t ress resul t ing in the b r e a k 
down of t issue glycogen possibly to meet the energy demands in the 
muscle . The initial accumula t ion of glycogen in the kidney and bra in 
may be an a t t e m p t by thèse two t issues to conserve energy (glycogen) 
and therefore to res to re normalcy. At a la ter s tage however, t he 
toxicity is so high creat ing an imbalance in the glycogen content of 
kidney and b ra in t issues. 

The process of t issue acidosis may be very high in major carps when 
compared to snake headed and cat fishes. Major carps are able to 
get oxygen only from one source were as in snake headed and cat 
fishes the source of oxygen is two fold due to the présence of acces-
sory resp i ra to ry organs , as the percentage of fall in t issue glycogen 
conten t is less when compared to major carps which are known as 
soft fishes. F rom this type of s tudy one can assume easily that major 
carps a re less rés is tant to face the changed si tuat ion t han snake 
headed and cat fishes, as their biochemical m a k e u p of the body may 
b e différent from snake headed and catfishes. 

Tissue hypoxia due to Zinc intoxication may be one of the possible 
reasons for t issue glycogenolysis. When the exposure of the fishes 
prolongs (Zinc sulphate) the b reak down of glycogen is also very high, 
which might have led to the accumula t ion of metabol ic p roduc t s like 
lactic and pyruvic acid (Shaffi 1978 d) . 

At p résen t it is difficult to predict the ecological significance of thèse 
acu t e a l te ra t ion . l t m u s t a lso be emphas ized tha t é l iminat ion of aqua
tic animais by small insidious physiological or behavioural change 
can be regarded as m o r e serious than a massive fish kill, since it is 
less likely to b e observed and correc ted (Shaffi & Qayyum 1978). Fur
the r resul ts on t issue lactic and pyruvic acid in relat ion to Zinc intoxi
cat ion will be communica ted seperatly. The exper iments regarding 
chronic s tudies of Zinc on t issue glycogen content a re in progress . 

http://alteration.lt
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