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Heavy metal input into the media, either terrestrial or aquatic, is an
important aspect of environmental pollution. Cadmium is a toxic,
non-essential heavy metal inhibiting numerous enzymes with functional
sulfhydryl groups (Vallee and Ulmer 1972). It belongs to group II B of
the periodic table. Its use in electroplating industry, smelting and
refining industry, the application of phosphate fertilizers and in
mineleaching, releases cadmium into the environment. Among the
animals, aquatic organisms are most sensitive to heavy metals. Various
aspects of toxic effects of cadmium pollution on fishes have been
extensively reviewed {(Cornelius et al. 1983). Survey of literature reveals
that relatively few attempts have been made on the various aspects
of cadmium toxicity in crustaceans (Collier et al. 1973; Thurberg et al.
1973; Calabrese et al. 1977; Frank and Robertson 1979) and these stu-
dies were mainly devoted to marine forms. The freshwater crustaceans,
particularly the freshwater field crab, Barytelphusa guerini, received
less attention. This crab forms one of the major components of the
paddy field ecosystem and has an edible importance among local
populations. Apart from this, these crabs are easily available,
maintainable in the laboratory and data obtained in this study can be
extrapolated to other crustaceans.

The present study reports the influence of cadmium on certain aspects
of carbohydrate metabolism in the tissues of the freshwater field crab,
Barytelphusa guerini, exposed to sublethal concentration of cadmium
chloride.

MATERIALS AND METHODS

Healthy, uniform sized male crabs, Barytelphusa guerini, were collected
from and around Hyderabad and were acclimatized to the laboratory
conditions for a period of 15 days. The animals were fed fishmeat
ad libitum, To determine the LC50 value, the crabs were exposed to
six serial concentrations of cadmium chloride. A density of 10 crabs
per 8 litres of water was used with 10 individuals in each tub. The
physico-chemical characteristics of water were as follows: pH 7.4;
dissolved oxygen 4.6 ppm; total alkalinity expressed as HCO3 16 ppm;
and carbonates (CO3) 4 ppm. Free carbon dioxide was absent. The
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bioassay experiment of each concentration was repeated six times
with parallel controls, and mortality was noted in each concentration
at the end of 96 hours. No mortality was observed in controls. All
the experiments were conducted at 26.5 * 0.5° C. The average
mortality in each concentration was taken to determine LC50 by
plotting a graph, taking log concentration on X-axis and % mortality
on Y-axis (Finney 1964). According to graphical plots the 50%
mortality corresponds to log concentration 1.26 which is equivalent to
1.82 mg/L of CdCl,. The crabs were exposed to sublethal
concentration (1/3 of ECSO, i.e.,, 0.6 mg/L) as suggested by Konar
(1969) for a period of 15 days. The toxicant water and normal water
were renewed every 24 hours after feeding. The animals were starved
a day prior to experimentation to avoid metabolic differences, if any
due to differential feeding and food reserves. Six crabs each from
experimental and control tubs were sacrificed on the 4th and the 15th
day of exposure. The tissues, chelate legmuscle, hepatopancreas, heart,
gills and thoracic ganglion, were isolated from both control and
toxicant-treated animals and were immediately transferred to a deep-
freezer for analysis of various biochemical parameters glycogen and
total free sugars (Nicholas et al. 1956) lactic acid (Barker and
Summerson 1941), glycogen Phosphorylase "a and ab" (Cori et al.
1955), Succinate dehydrogenase and Lactate dehydrogenase (modified
method of Nachlas et al. 1960). The protein content in the enzyme
source was estimated according to Lowry et al. (1951), using bovine
serum albumin (Sigma) as a standard.

RESULTS AND DISCUSSION

The effect of cadmium chloride on glycogen, total free sugars,
glycogen phosphorylase, succinate dehydrogenase, lactate dehydrogenase
and lactate levels in the tissues gill, chelate legmuscle, hepatopancreas,
heart and thoracic ganglion has been investigated. The results
presented in the Tables 1-3 reveal that the carbohydrate metabolism
was significantly altered during sublethal toxicosis of cadmium chloride.
The alterations were found to be tissue-specific and time-dependent.
Reports in the higher animals reveal that cadmium exposure affects
overall carbohydrate metabolism (Sporn et al. 1970). A fall in glycogen
levels in the tissues indicates the possibility of active glycogenolysis.
As evidence of this, the activities of enzymes phosphorylase 'a & ab',
involved in the glycogenolysis, were found to be enhanced in the
present study (Table 2). Such an observation, a drop in glycogen, has
been reported in higher animals (Singhal et al. 1974). The decrease in
the ratio of active to total phosphorylase activities in this study
(Table 2) suggests the possible involvement of endocrine system in
the stimulation of glycogen breakdown (Ramamurthi et al. 1968).
5-Hydroxy tryptamine (Seratonin) is considered as a neuroregulatory
biogenic amine. The catabolism of 5-Hydroxy tryptamine proceeds via
oxidative deamination by monoamine oxidase. The animal subjected to
inhalational mercury showed a progressive fall in MAO activity and
a consequential cerebral accumulation of 5-Hydroxy tryptamine. This
kind of neurological phenomenon is a characteristic of heavy metal
poisoning (Corsi et al. 1963). Studies on the influence of 5-Hydroxy
tryptamine to freshwater field crab, Oziotelphusa senex senex, resulted
in an increase of haemolymph total carbohydrates and a fall in free
sugars, glycogen and elevated phosphorylase activity in the tissues

848




S0°0 >d® ‘1070 >Ddsx ‘100°0> dx ‘onssiy oy jo jySom jom wg Jad ssoonj8 Sw se

passaidxo sanjep

02°01-~ 261°0 H%mw.m 812°0 ¥ 8¢¢°¥ LL Y- 7120 F mwm.m 1620+ 8€2%y d uor[Sues
16°92- LvE0 T10¥°2 LVE'0 F89¢C°¢ Sl ge- 16€°0 * www; €CE0F 291 V oroeJtoy ],
LT 62~ ¢81°0 H*wmo.v 8LZ°0 F¥6L°G SV Ly~ coI0+ m%m.m 062°0+ 6€9°S ¢
c1-ge- 69L°0 FOLEV L26°0 F0¥S°9 96°I¢c- a8¥ 0 H,%mm.m L€8°0F 8209 V 1Jeay
6612~ 122°0 H%vm.v 69€°0 ¥ 166°¢ LY G¥- 9020 F w:.m LOV'0F 6089 d seolound
¢0°2t- 90¥°0 £90¢°¢ VEL'O FOVCY 11°06- SYP 0 F196°1 008°0F 168°¢ V -ojeday
L9°0¥- ¥80°0 ¥€%0°C GTE0 ¥ ePP°¢ Gg 96~ OT1°0 *€6€°1 86C°0F Z61°¢ d
3k %
L6°TI- Y1170 ¥0S0°2 ¢I1°0 ¥62¢€°C VI‘LL- OT1°0 ¥ 06%°0 GCl0F001°C V S[osny
*
L9°92- 681°0 ¥ @no.N L9T1°0 £ €€8°C 88°09- 8L0°0 ¥ 980°1 112°0%¥LL'T d
8¢8I~ ¥20°0 €¥2°0 2€0°0 £862°0 S9°06- 810°0 F 2€1°0 L20°0¥892°0 V S E159]
3%
20U2123}111(0% [ejuswitiadxy [o13u0y) 20UDJIDJJIQ% [eIudwLIadxy [013U0)
SoNnssI,
sfep ¢1 sfep ¥

‘qeuo

*9PLIOIYD wniwped JO UOIIBIIUSDUOD [eylaqns 03 posodxe 1uiien3 esnydjeifieg
PIol} Jolem ysod} e JO sonss[) 9y} Ul JUQIU0D (¢) Je3ns 934) [e3101 Pue (y) ua8024]9 °I alqel

849



§0°0>d® 10°0> dsx 100°0> dx U/ureoig Sw/ig jo sojom 1 se

possaadxe sanjep

69°¢9 ¥9°€9 v1°0F 2986 D

pepG+ 800°0 ¥ 201°0 100°0 £ 990°0 Phegh+ 600°0 % V10 200°0F 850°0 d —

2665+ 600°0 m@wwo.o $00°0 ¥ 2¥0°0 $9°L9+ 700°0 % LS00 200°0% #€0°0 V o10RI0Y ],
86765 28°8 06°9% 6S°8% D

16°96+ 290°0 £ ZLIT 120°0 ¥ S65°0 pL°9GT+ 7€0°0 % 869'1 020'0F 8€9°0 d

58001+ 9L0°0 F£0L"0 020°0 F 05£°0 91°GHT+ Zv0°0 ¥ 09L°0 0Z1°0F 01§80 V jIeey
z6°ch 68°gG 22°6¢ c9'ch O

9p g8+ L00°0 % 860°0 100°0 ¥ 2S0°0 pL1gI+ £00°0 % 201°0 $00°0F 9700 € cootoued

1L°09+ £00°0 % $70°0 200°0 ¥ 820°0 8¥°06+ 900°0 7 0%0°0 100°0F 1200 V -ojeday]
91°L8 $9°9G At LSS D

ch 96+ 260°0 72012 02070 T 0L0°1 98°1€T+ 060°0 %,28€°Z 120°0F 0€0°T €@

998°87+ 920°0 F 18L°0 120°0 F 909°0 gLoge+ 020°0 ¥ 6vL°0 210°07 0950 V [0Sy
16°89 98°66 82°96 8609 D

26°ge+ 900°0 %£61°0 L00°0 F ZF1°0 62°08+ 020°0 % LVZ0 Z10°0F LE1°0 &

Lv°9G+ 600°0 ¥ £E1°0 £00°0 T £80°0 G L9+ 200707 6E10  F000F €800 V SIIIO

Q0ULIS}II(I% [eluswirodxs 1013U0) 20UDISJI(I% [ejuownadxy [013U0D)
sanssi],
sAep ¢J sep ¥

*9PLIO[YO WNIWPED JO UONBJIIUSOUOD [eylojqns 01 posodxo uriend esnydioliieqg qeto pioil)
Jo sonssp a3yl ul (D) 4e/e JO Ollel pue salliAllOe () ,qe, asejdioydsoyd ‘(y) e, osejdioydsoyd

Jojem Usai] e
ua8004]0 7 9Iqel

850



10°0 >dxx 100°0> dx ‘enssi oyl
30 ySrom 3jom wS/ereloel Sw ur O I0j pue yyurerodd Suw/uezewog jo soow 1 se pessaldxe g pue y JOj sanfep

99°¥¢+ ¢80°0 w mmn; 8L0°0 H*wbm.ﬁ 10°6€- 6€0°0  £¥6°0 €60°0F ISP'T O
eLVE- 280°0 $)26°1 SVI'0F €76°C ¥9°6¢+ 91¢°0 w%vw.m 6L0°0F 0SL°¢ € uorgued
ov°1L- G100 H.Woo.m 10270792501 LL1g- 6¥1°0 H.,Mmom.o I01°0F 921°01 V O1dRIOY ],
0¥°29+ ¥80°0 H*m;.m LS00 F S6L°1 06°¢¥- 0<0°0 H*ﬁmo.ﬁ SII°0F¥ 028°1 O
L1°%9- £60°0 ¥ 5es"l 180°0 ¥ 962°¥ 008G+ 6¥0°0 ¥ 8S¢€°L Ve1°0F LSOV d
69°96- 8¢0°0 ﬂmwm.m 9%0°0 ¥ $98°9 GL 8P~ 960°0 H*how.m 2600 8629 V lJesH
0€°G8+ 820°0 ﬂwwo; G£0°0 ¥ 686°0 90°Ly+ 280°0 50870 0€0°0F 2950 O
00°¥8- 010°0 H%vm.o LLO™0 F 06G°T 67 LY~ L10°0 H*Nvmw.o SIT'0OF P6L°1 d seotoued
119~ 780°0 ﬂMmo.m 002°0 7 196°L S9°pe- £60°0 H%hw.v 8I1°0F¢SV°L Vv ~ojedoy
¢g'08+ 960°0 H%cm.m 160°0 F 08L°1 gE°9c+ c90°0x £11°C £€60°0 661 D
60°9L- 1€0°0 HmNm.m G60°0 ¥ 258°¢ Ly*9¢- £90°0 ur*:um.m CL0°0F LSTY 4
47481 TE€0°0 ﬂmmo.w 011°0 ¥ 056°¢ §2°6C- 621°0 thm.m 8EI'0F $E9°€ V 919SNIN
88796+ S10°0 ﬂmmm.o ¢10°0 x 182°0 L9 Gy + 021°0 wmma.o 0200+ 802°0 D
¥6°08- ¥20°0 ﬂmwv.o 9010 F 0S¥°C 199 190°0 H.mﬁm; ¥80°0F 65¢°¢ d
L8°SL- 091°0 £09¢°C L81°0 ¥ 199°6 68°6¢- 6C1°0 ¥ 0€G°S SII°0F¥ 0026 V SIED
£
Q0USI9}JId% [ejuswirodxyg [013U0) 90ULIa)}I(q% [eluswiedxy 1013U0D
SONSSI ],
skep ¢1 shep ¥

*9PLIOIYD WINIWPED JO UOIBIIUSOUOD [eyrdqns o3 pasodxe mrian3 eenqyd(olkieg qeld pIal) JaleM Usolj € Jo
SONSSI1 Sl Ul S[9AS] (D) 91BIDET PUB SAMIAIIOR (g) oseusfoipAysp 918108 (V) oseusBoipAyep o3jeutoong °¢ 9iqe]

851



(Venkataramanaiah and Ramamurthi 1981). In the light of these
observations, cadmium chloride may alter the normal functioning of
the nervous system through altered membrane permeability and induce
the increased release of hyperglycemic factor from the eyestalk
glands, and hence alter the carbohydrate metabolism. The decrease in
% difference between 4th and 15th day in glycogen and total free
sugars (Table 1) may be due to enhanced cadmium concentration in
the tissues. These differences are clearly reflected in the levels of
active and total phosphorylase activities (Table 2).

Inhibition of SDH activity in the crab (Table 3) suggests the
dependence of crab on glycolytic metabolism for energy needs. Collier
et al. (1973) observed a dose-dependent cadmium-induced decrease in
the respiration in the mud crab Eurypanopeus depressus. This suggests
that the inhibition of SDH activity in the tissues may be due to the
reduced supply of oxygen. Accumulation of cadmium may induce the
structural alterations in enzyme molecule of SDH which may lose
affinity for substrate and therefore, may result in the inhibition of
activity. Inhibition of SDH activity in the kidney of channel cat fish
during heavy metal (mercuric chloride) toxicosis (Kendall 1975) also
supports the inhibition of SDH activity in the tissues of crab. Lactate
profile in various tissues presents a very interesting inference of
glycolytic metabolism. The gradual built-up of lactic acid was observed
in gill, muscle and hepatopancreas, whereas lactate levels fall in
thoracic ganglion and heart after 4 days of exposure with subsequent
increase after 15 days of exposure (Table 3). The alterations in lactate
levels in the individual tissues could be very well correlated with the
changes in LDH activity. The increase in LDH activity in the
legmuscle of mud crab observed by Calabrese et al (1977), supports
the initial elevatory response in the present animal. The sensitivity of
LDH can be taken as a meaningful biochemical index during CdCl
toxicosis. Isozymal characterization of this enzyme at regulaf
intervals of chronic exposures could present a meaningful picture about
the tissue-specific dependence for energy requirements during this
toxicity. This aspect will be taken up at the later stages and some
of the investigations are still under progress.
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