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HAEMATOLOGICAL AND PHYSIOLOGICAL CHANGES INDUCED
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ABSTRACT

Haematological and physiological <changes were
studied in the blood of Clarlas lazera exposed
to 91.2 mg Cr*6/L, as indictors of toxicity.

Pronounced decrease 1in R.B.Cs., haemoglobin
and haematocrit were noted. This could be a result
of erythropolesis depression due to renai toxicity.

Higher total leucatytic count and fluctuations
in their differential counts were observed, These
changes indicte that a state of stress was present.
The hyperproteinemia recorded was attribut~d  te
léakage of the albumin molecules through the danaged
bidnev. Results showed elevated l:vels in serum
urea. uric acid and creatinin a refl-ction to renal
failure. The hyperlipida=mia and
hypertriglyceridaemia observed indicate a disturbanc:
in the metabolism of these biomolecules. Eievited
se «n glucose l~vels recorded was interpreted on
the  basis of reduced glomerular filteration rate
induced Ay rhre-tym

W TRODUC IS

Chromium is an essential element to animals and plants. Interest in
chromium as an essential trace element is increasing rapidly. The landmark
studies of Schroeder and his assocliates (1962,1970 and 1974) and of Mertz
and his associates (1959, ‘1967 and 1978) established the presence of
significant quantities of chromium in biolegic fluids and tissues.

Chromium and its compounds are used in various branches of industry
as fundamental or additive raw material and its salts are being discharged
in over-increasing amounts into the aquatic environment. Because of its
widespread use and toxicity, chromium can be a hazard to aquatic life.

Short or long-term exposure to heavy metals is known to cause a variety
of physiological effects in fishes (Katz, 1975). Because of the dearth of
background information for the effect of chromium on the haematology
and physiology of the blood of the catfish Clarias lazera, it was hoped




to give an account of the changes occurring in a number of blood

ﬂ"ﬂl[”ﬂmﬂ w mi mi ii wmwpi four cellular (R.B.Cs., haemoglobin,

haematocrit, total leucocytic and differential counts} and seven non-
cellular parameters (serum total proteins, urea, uric ncid, creatinin, total
lipids, triglycerides and glucose) under acute chromium exposure.

MATERIALS AND METHODS

Tests were initiated with Clarias lazera as juvcniles of 230 + 10 mm.
length and 130 + 6.4 g weight. Fish were exposed to environmental
chromium, at a concentration of 91.2 mg Cr*6/1 (96 hr FLm value) in
tanks containing 40 1 of aged tap water. Chromium waos added in the form
of potassium dichromate. Ten individuals were uscd in each test tank
and ten in the control.

Samples of blood were withdrawn from the test fish after being removed
from _ test aquaria without any type of anaesthesia, by transection of the
cadual peduncle, about 1 to 1.5 ml of blood were collected from a single
individual. Blood collected for cellular determinations was treated with
anticoagulant and held in centrifuge tubes to be immediately analysed.
Blood samples collected for serum determinations were drawn and

" centrifuged at 8000 rpm for 3-5 minutes. Packed cells were discarded
and serum was stored under refrigeration until time of analysis.

Erythrocyte counts were made using techniques suggested by Hesser
(1960) using Hendricks solution as diluent.

Total leucocytic counts were carried out using Shaw's solution (Shaw,
1930) and their differential counts were made on blood smears stained
with May-Gimsas stain.

Standard preceduires were adopted for estimation of haemoglobin
(Mattenheimar, 1970), haematecrit (Wintrobe, 1974), and total proteins
(Barnett and Youden, 1970), urea (Kaplan, 1965), uric acid (Ratliff et
al., 1973), creatinine (Varley, 1963), total lipids, Farstad (1966), triglycerides
(Rice, 1970) and glucose (Clerch and Miale, 1971) in serum.

All the results were staiisﬁcally treatéd using the Arkin and Colten
formulae (1963).
RESULTS

The present study reports on changes in selccted blood components
of a [resliwater teleost, Clarias lazera, after acute exposure to chromium.

Erythrocyte count, haemoglobin content and hacmatocrit levels were

marked by decreased values in all lots of fish exposcd to chromium than
the controls, (Fig. 1).
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Fig. (1)
Changes in erythrocyte count, haemoglobin content, haematocrit
value and total leucocytic count of Clarias lazera
exposed to 91.2 mg Cr * 6/L for 96 hr.

Exposure of Clarias lazera to the toxicant caused significant increases
in total leucocytic count (mean value was 14.8 x 103 white blood cell

for control and 35.4 x 103 after 96 hr) and fluctuations in their differentials,
(Fig. 2).

Mean total protein values are consistently lower than those reported
for corresponding controls allover the experimental period (serum total
proteins of experimental controls showed a mean of 2.75 g/dl while that
of chromium treated fish was 1.t g/dl after 96 hr, Fig. 3).

Experimental data indicated that the three non protein nitrogen fractions

studied (urea, uric acid and creatinin) increased significantly as a result
of treatment with chromium, (Fig. 4).
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Fig. (2)
Ditterential count of leucocytes of Clarias lazera expoesssad

Fig. (3)

ncentrations of Clarias iazzra

+ 671 for 96 hr.

total proteins and glucose co

serum

to 91.2 mg Cr *B/L for 95 hr.
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Fig. (4)
Serum urea, uric acid and ~reatinine concentration of Clarias lazera
exisosed to 91.2 mg Cr* 8/L for 96 hr.

The level of serum total lipid and triglycerides showed a general elevated
trend throughout the exposure period. From a level of 208 mg/dl for total
lipid and 46.5 mg/dl for triglycerides reported for controls, the
concentrations increased to 427 and 72.4 mg/dl for the two parameters
respectively at the end of experiments, (Fig. 5). '

Serum hyperglycaemia developed within 24 hr after exposure to chromium

(mean: 88 mg/dl).. Means for all groups sampled between 24 and 96 hr
tended to be higher than that of control value, (Fig. 3).
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Fig. (5)
Serum total Tipids and triglyceride concentrations of Clarias lazera
exposed to 91.2 mg Cr * 6/L for 96 hr.

DISCUSSION

Haematological data indicated a significant decrease in erythrocyte
count, haemoglobin content and haematocrit valuc after acute exposure
of the fish under study to chromium. Hexavalent chromium compounds
are well recognised as nephrotoxic and hepatoloxic agents. These effects
on blood and circulation may contribute to the observed anaemia.

The results of chromium uptake (unpublished data) indicated that the
kidney accumulated pronounced amounts of chromium when compared
with controls. This may cause erythropoicsis depression, probably due
to imnpaired erythropoietic stimulation.
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In a contradictory condition to our results, Schiffman and Fromm (1959)
noticed an increase in the number of erythrocytes, haemoglobin and percent
of haematocrit in the circulating blood of rainbow trout Salmo gairdneri.
after chromium exposure. Elevated values of total red blood cells and
haematocrit were recognized by Srivastava et al. (1979) for a fresh water
teleost Colisa fasciatus following acute exposure to chromium. Exposure
of rainbow trout (Salmo gairdneri) to sublethal concentration of chromium,
also induced pronounced increase in the population of circulating
erythrocytes and haematocrit (Van Der Putte et al. 1982).

On the other hand, Tandon et al. (1978) working on rabbits, found that
haemoglobin remained within the normal range in control animals and
animals injected with chromium.

Chromium in toxicated Clarias lazera exhibited higher leucocytic counts
than corresponding conts.

Conversly, a decrease in' total leucocytic count has been recorded
Srivastava et al. (1979) for the fresh water teleost, Colisa fasciatus exposed
to chromium.

A fluctuation in the relative number of leucocytes was evident in Clarias
lazera, throughout the experimental period. We have no plausible
explanation of this. However, one may conclude that the changes observed
in total leucocytic and differential counts during the present investigation
indicate that a state of stress was present.

In the work desigiaed here, a significant decrease was observed in serum
total proteins after exposure of fish to chromium. Hyperproteinemia is
ecountered in many unrelated disease states. In nephrotic syndrome large
masses of albumin may be lost in the urine as a result of leakage of the
albumin molecules through the damaged kidney. Numerous clinical reports
have described renal failure after oral ingestion of chromate (Fristedt
et al., 1965 and Kaufman et al., 1970). In humans, the tubules are the
primary site of injury, whereas in animals glomerular as well as tubular
damage has been produced (Galloro et al., 1933). Pathological changes
in the kidneys which have been observed previously in chromium exposed
animals may explain the cause of the decline in serum total proteins
recorded during this study.

The present results indicated that serum non protein nitrogen fractions
studied (urea, uric acid and creatinine ) were also disturbed. They showed
elevated levels due to chromium exposure, an indication of renal failure.
A similar increase in the blood urea level has been reported by Tandon
et al. (1978) in rabbits treated with chromium,

Experimental acute renal failure induced by poisoning with chromate
was previously reported by Berndt (1976), Biber et al. (1968), Franchini
et al. (1978) and Kirschbaum et al. (1981).
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Elevation in the serum total lipids and triglyceride levels of chromium
treated fish has been found in the present work. Similarly Tandon et al.
(1978) observed a marked elevation in the blood lipid levels of male albino
rabbits injected with chromium.

The alterations in serum lipids in the experimental animals clearly
indicate that chromium disturbs the metabolism of these biomolecules.
This metal affect the fat metabolism by Other investigators (Mikailov
et al., 1967 & Browning, 1969) have also shown that this metal affect
the fat metabolism.

An experimental study of chromium poisoning in rabbits demonstrated
liver cell degeneration, inflammatory cell infiltration, Kupffer cell
proliferatio, and large amounts of chromium in the liver (Bianchini, 1941).
Since lipid metabolism is primarily a function of liver, so the elevation
of lipids than controls may be attributed to that chromium causes
disturbances in the liver and enhances lipid production.

In these experiments it was shown that acute chromium poisoning caused
significant elevation of serum glucose level. This result is consistent with
the finding of Sastry and Tyagi (1982) for the fish Channa punctatus exposed
to chromium. Increased blood glucose level has also been noticed in the
freshwater prawn Macrobrachium lamarrei following chromium toxicity
(Murti et al., 1983).

Chromium poisoning has been used as an experimental model of acute
renal failure. Reduced glomerular filtration rate caused bv chromium
was previously recorded by Franchini et al., (1978). e ovuserved
hyperglycaemia in the investigation designed here may therefore be due
to a decreased glomerular filtration rate as a result of renal fail:'re induced
in animals exposed to chromium.
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