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fluxes of sodium are mediated by a single cell type. In the
intestine, it has been proposed that secretion is a function
of the crypt cells and absorption a property of the villus
epithelium?; it appears to us to be more likely' that each
cell possesses both transport processes but their relative
capacities change during maturation. The present observa-
tions with the kidney appear to justify the assumption that
a single cell can harbour both absorptive and secretory
mechanisms.
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Significance of the variation in haemolymph copper-protein ratio in the crab Scylla serrata (Forskal) during

different hours of the day

M. Arumugam and M. H. Ravindranath

Department of Zoology, University of Madras, Madras - 600005 (Tamil Nadu, India), 28 January 1980

Summary. In Scylla serrata, haemolymph copper is bound to protein and it can be more reliably determined by the 2,2
biquinoline method than by other spectrophotometric methods. Ionic or free copper is absent from the haemolymph. The
lack of significant time-of-day variation in copper concentration and the occurrence of variation in total protein concentra-
tion and copper-protein ratio, indicate fluctuations in copper-free proteins, which may either be periodically sequestered

or released by the tissues during different hours of the day.

A number of authors have shown that factors that influence
the haemolymph protein concentration of decapod also
affect the haemolymph copper concentration'-. Since the
amount of ionic copper in the haemolymph of decapods is
negligible®® a strong association of haemolymph copper
with protein is indicated. The copper-bound proteins have
been shown to range from 17% to 93% of the total haemo-
lymph protein concentration'>¢7, The copper-bound pro-
teins are also shown to vary under the influences of various
physiological conditions like moulting and starvation’3,
suggesting that the haemolymph copper/protein ratio is not
a constant feature under these conditions. The variations in
copper/protein ratio would thus indicate the relative fluc-
tuations in copper-bound proteins and copper-free proteins
under the respective conditions. Therefore, the haemo-
lymph copper/protein ratio was studied at different times
of day in Scylla serrata, in which the haemolymph protein
has been shown to vary in relation to the time of day®®,
after selecting a reliable and consistent method for determi-
nation of total haemolymph copper concentration.

For this purpose normal, intermoult, male specimens of the
crab Scylla serrata (Forskal) of 175-200 g were used.
Haemolymph was collected directly into a micropipette
after cutting the tip of the dactylus. The sodium diethyl
dithiocarbamate (SDDC) method'?, the oxalyl dihydrazide
(ODH) method"and the 2,2’ biquinoline (BQ) method"
were compared for determination of total copper in the
haemolymph. In the first 2 methods copper was liberated
from haemolymph protein by incubating in 6 N HCI1",
Results presented in table 1 reveal that the ODH method
gave poor results. With the SDDC method the absorbance
after adding amyl alcohol-ether was highly variable. The
BQ method was precise, consistent and reliable. This
method has also previously been employed by a number of

crustacean hematologists?>. The haemolymph copper
concentration determined in 12 crabs ranged from 35.0 to
153.3 pg/ml. This is in accordance with the range reported
for other decapods®>!®. No ionic copper is found in the
haemolymph, confirming earlier reports*>. The haemo-
lymph _Protein concentration, determined by Biuret
method!” ranged from 27 to 150 mg/ml.

To study the effect of time of day on haemolymph copper
and protein concentrations, the animals were kept tied and
placed in plastic buckets containing 3 cm of water. Soon
after haemolymph collection, the wound was cauterized.
After 2 h, another appendage was cut; the same amount of
haemolymph sample was collected 5 times at intervals of
2 h from one and the same animal. 5 animals were used to
collect the data. The experimental animals were alive and
active after the experiments. Table 2 shows the results of
measurements of time-of-day variation in haemolymph
copper, protein concentration and copper/protein ratio.
The copper concentrations remained somewhat constant
throughout, whereas the protein concentration increased
from an initial value of 53.2+8.7 mg/ml at 10.30 h to
86.2+ 7.4 mg/ml at 12.30 h and declined steadily thereafter.
The pattern of variation in haemolymph protein concentra-
tion confirms an earlier report on Scylla serratd’

Analysis of variance of the results pertaining to copper and
protein concentration showed that the influence of the time
of day on haemolymph copper is insignificant. The in-
fluence on haemolymph protein concentration is, however,
significant at p=0.05 level, confirming earlier reports on
Scylla serrata®®. The significant variation in the haemo-
lymph protein concentration could be due to injury and/or
the loss of haemolymph. To what extent the protein
concentration as well as the copper concentration were
influenced by injury and/or the loss of haemolymph was
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Table 1. Haemolymph copper concentration in Scylla serrata as determined by 3 different methods (in pg/ml)

SDDC method!® ODH method!! BQ method!?
64.9+12(9); 52% 5724+ 2.1(9); 11.1% 535+1.6(9); 8.6%
402+129); 89% 628+ 2.3(10); 9.9% 53.6+1.3(5); 5.5%
489+12(9); 7.5% 663+ 3.9(6); 14.5% 48.1£1.7(9); 10.7%
340+1.3(9); 11.4% 100.8+10.7 (9); 32.9% 350105 (10); 4.9%

119.1+4.5 8); 10.7% - 107.7+12 8); 3.0%

The values represent mean £ SE and coefficient of variation. The number of aliquots of haemolymph is given in parenthesis.

Table 2. Summary of the changes in haemolymph copper, protein and copper/protein ratio (x 100) in the experimental (I) and control (II)

crabs during time of day

Time of day Anova
1030 h 12.30h 1430 h 16.30 h. 1830 h f-value
Copper concentration (ng/ml)
1 Range 78.4-139.5 56.5-144.1 74.2-152.7 63.5-110.3 44.6-78.9
Mean+ SE 1025+ 12.8 954+13.7 110.8+13.2 852476 674+6.8 2.15
(N) ©)] (%) ) (%) ()
I Range 48.0-145.3 74.7-140.0 78.7-146.7 66.6-153.3 46.7-74.67 2.7
Mean+ SE - 86.88+17.04 89.9+11.93 1042+11.1 1082+ 135 727+158
N) 6 © 6 (6 (®
Protein concentration (mg/ml)
I Range 34.0-57.0 65.0-100.0 44.0-93.0 27.0-79.0 29.0-72.0 3.16*
Mean= SE 53.2+8.7 862+74 72.64+9.8 552+10.1 49.618.5
(N) 5) &) (%) &) (5
11 Range 48.0-116.0 68.0-150.0 55.0-88.0 42.0-96.0 28.0-52.0 13.3%
Mean =+ SE 79.8+14.3 98.67+12.9 744162 7584121 38.6+4.8
N) ) ® ® &) %)
Copper/protein ratio (X 100)
IRange 0.144-0.319 0.089-0.144 0.101-0.179 0.121-0.235 0.082-0.232 12.3%%
Mean= SE 02034003 0.100+0.02 0.152+0.01 0.171+0.02 0.145+0.03
™) (3 (5 &) (5 Q)
I Range 0.087-0.144 0.057-0.137 0.104-0.267 0.118-0.159 0.09-0.267 9.67%*
Mean=+ SE 0.1194+0.008 0.086+0.013 0.15940.024 0.135+0.007 0.159+£0.029
(N) 6) 6 6) © (6)

* Significant at p=0.05 level; ** Significant at p=0.01 level.

investigated by taking samples from fresh animals at the
same hours of the day (controls). The controls revealed that
there is no significant variation in haemolymph copper
concentration during different hours of the day. The hae-
molymph protein concentration showed a peak at 12.30 h
as in the animals subjected to repeated injury and bleeding
stress. These observations confirm the presence of a time-
of-day variation in haemolymph protein concentration, and
a lack of variation in copper concentration. These observa-
tions also suggest that bound copper may not vary with the
time of day. This may be an adaptive means to keep the
availability of oxygen constant since protein-bound copper
acts as oxygen carrier',

The haemolymph copper-protein ratio showed a steep fall
at 12.30 h in both control and experimental analyses. The
time-of-day variation of the copper/protein ratio is highly
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significant at the p=0.01 level in both experimental and
control analyses.

The variation in the copper/protein ratio could be due to
variation in the copper-free proteins since copper-bound
proteins did not vary during different hours of the day. The
variation seems not to be due to changes in haemolymph
water content, for the latter remained constant at all times
of day'®. Furthermore, when the total protein concentration
fluctuated, the copper concentration in the haemolymph
remained constant, which would not have been the case if
water content were to vary according to the time of day.
The variation in the copper/protein ratio during different
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