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A neurotransmitter role for
methionine enkephalin in causing
hyperglycemia in the freshwater crab,
Oziotelphusa senex senex

P. Sreenivasula Reddy
Department of Biotechnology, S. V. University. Tirupati 517 512, India

Injection of methionine enkephalin caused a signifi-
cant increase in the hemolymph glucose and total
sugar level of intact crabs in a dose-dependent man-
ner, apparently by triggering release of the hyper-
glycemic hormone.

EVER since the first report of presence of leucine
enkephalin in the red swamp crayfish, Procambarus
clarkii and in the spiny lobster, Panulirus interruprus by
Mancillas et al.!, there have been sporadic reports of
occurrence of opioids in different crustacean species” °.
Though the status of opioid research in crustaceans is
fragmentary, there are several interesting questions per-
taining to demonstration of these peptides and the di-
verse functions they perform, which are very different
from what they do in mammals’®.

Since the discovery of a ‘diabetogenic factor’ in the
crustacean eyestalk’, work has been carried out on its
chemical nature, mode and site of action'®™* In view of
the fact that opioid peptides act as neurotransmitters® ",
it is conceivable that these peptides could help in the
secretion of the hyperglycemic hormone from the neu-
rosecretory cells that synthesize it. The present investi-
gation was undertaken to determine, whether methionine
enkephalin can indeed produce an increase in the
hemolymph sugar level of the crab O:ziotelphusa senex
senex and 1f so whether it might involve stimulation of
the release of hyperglycemic hormone.

Freshwater rice field crabs Oziotelphisa

(Paratelphusa) senex senex Fabricius were collected

¢c-mail: pcjobs@mail.com
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from local paddy fields in and around Tirupati and
maintained at room temperature 27 & 1°C in plastic tubs
half submerged in tap water with a 12L:12D cycle. They
were fed daily once ad libitum sheep meat and the me-
dium was changed. Only adult, healthy, intermolt (stage
C4) male crabs with a carapace width of 30-32 mm and
a body weight of 32-34 ¢ were used in the present
study.

One hundred crabs were divided into 10 groups of 10
animals each. Group 1 served as normal and this group
of crabs which received no treatment were utilized on
the first day of the experiment. Group 2 received 20 ul
of crustacean saline through the arthrodial membrane of
the coxa of the 3rd pair of walking legs and served as
controls. Groups 3, 4 and 5 received 10, 10~ and
107'° mol/crab of methionine enkephalin, respectively.

Eyestalks were removed from the remaining groups
(groups 6-10) by cutting off the organs at the base with-
out prior ligation but with cautery of wound after opera-
tion. After 24 h of eyestalk ablation, these groups were
analysed for hemolymph sugar level. Crabs from group
6 were sacrificed without treatment while those from
group 7 received only 20 pl crustacean saline. Groups
8-10 received 10, 107 and 107'° mol/crab of me-
thionine enkephalin.

Methionine enkephalin purchased from the Sigma
Chemical Company, St. Louis, Missouri, was dissolved
in physiological saline and injected 1n 20 pl of volume.
All hemolymph samples were removed two hours after
injection and at the same time of the day to obviate any
possible variation due to circadian rhythm in the hemo-
lymph sugar level. The hemolymph sugar level was de-
termined using anthrone reagent'®. For the measurement
of glucose, hemolymph (100 pl) was mixed with 300 pl
of 95% ethanol. After deproteinization (4°C, 14,000 g,
10 min), the sample was mixed with a mixture of glu-
cose enzyme reagent (glucose-6-phosphate dehydroge-
nase and NADP) and colour reagents (phenazine
methosulfate and iodonitrotetrazohium chloride) (kit
from Sigma). After 30 min, the intensity of the colour
was measured at 490 nm and quantified with standards.
One way ANOVA test was employed to analyse the data
followed by Duncan’s multiple range test to determine
the level of significance.

The hemolymph total reducing sugar level in eyestalk-
less crabs was significantly (P < 0.001) less (~25.98%)
than in intact crabs. Methionine enkephalin significantly
(P < 0.001) increased the hemolymph sugar level in in-
tact crabs but not in eyestalk-less crabs (Table 1). These
results revealed that not only did methionine cnkephalin
produce hyperglycemia in intact crabs, but also that this
hyperglycemia was dosec-dependent. Eyestalk ablation
also resulted in hypoglucosemia (Table 1). Injection of
methionine enkephalin clevated hemolymph glucose
level in a dosc-dependent manner in intact crabs. Ad-
ministration of methionine enkephalin did not cause any
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Table 1. Changes in the hemolymph glucose and total sugar level of
Oziotelphusa senex senex after various treatments

Groups of Total sugar Glucose

crabs tested (mg/100 ml)  (mg/100 ml)
Intact crabs 8.43 + (.97 7.81 £().82
Crabs injected with saline 851 £1.02° 7.83+0.96"

Intact crabs injected with Met-enkephalin

107® mol/crab 22.58 + 1. 81" 20.55+2.16"
10~ mol/crab 1874+ 1.41" 1751+ 1.92°
107" mol/crab 14.19+ 1.06" 12,94+ | 66"
Eyestalk-less crabs (24 h post-ablation) 6.21 £ 0.62" 5.73+0.67"
Eyestalk-less crabs injected with saline 6.37 £ 0.76™¢ §.72 + .73
Eyestalk-less crabs injected with Met-enkephalin

107" mol/crab 6.42 £ 0.75™¢ 5.74 £ (0.84"¢
1077 mol/crab 6.53 £ 0.96™ 5.72+0.79"¢
107" mol/crab 6.45 + (0.87™ §.7240.95M¢
F-ratio 435.3973 192.85

P < (0.001] < 0.001

Values are mean * SD of 10 individual crabs.
"Not significant compared with intact crabs.

"P < 0.001 compared to intact crabs.

“Not significant compared to eyestalk-less crabs.

change 1n hemolymph glucose level in eyestalk ablated
crabs. Injection of physiological saline did not yield any
signtficant change in hemolymph glucose and sugar
tevel 1n intact as well as eyestalk-less crabs.

The data indicate that eyestalk removal can lower both
hemolymph sugar and glucose concentrations. Eyestalk
extirpation i1s a classical operation of crustacean endo-
crinology; it removes the X-organ-sinus gland complex
which is the source of an array of hormones'’, including
the hyperglycemic hormone. Removal of eyestalks
eliminates hyperglycemic hormone f{rom circulation
which results in significant decrease 1n hemolymph
sugar level. We have reported earlier that hyperglycemic
hormone 1s synthesized in and releascd from the sinus
glands of eyestalks of the crab, O:ziotelphusa senex

senex's.

Methionine enkephalin could have produced a rise in
hemolymph sugar level in the intact crabs 1n several
different ways such as by triggering release of hypergly-
cemic hormone, by mimicking the action of this hor-
mone or even by directly stimulating glycogenolysis.
However, because methionine enkephalin was not able
to produce an increase in hemolymph sugar level n
eycstalkless crabs, it scems most likely that methionine
enkephalin exerted its hyperglycemic effect by tngger-
ing the release of hyperglycemic hormone from the sinus
gland of the eyestalks. This also supports our carlter
results'® that the sinus glands in the eyestalks of this
crab are the main release sites of hyperglycemic
hormone. These results provide the first evidence that an
opioid peptide is involved in the regulation ot hemo-
lymph sugar level in a crustacean and supporls the hy-
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pothesis that methionine enkephalin has a neurotransmit-
. 19,20
ter role in decapod crustaceans .
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Temporal organization in population
density of protozoans in septic tank
sewage

Geeta Nair*, A. K. Pati and M. L. Naik

School of Studies in Life Sciences, Pt. Ravishankar Shukla
University, Raipur 492 010, India

Variation in the population density of protozoans of
a septic tank sewage from a boys' hostel located
within the premises of Pt. Ravishankar Shukla Uni-
versity, Raipur, was studied over two consecutive
years. Cosinor technique was used to analyse time
series data to validate statistically significant annual
rhythms in population density of protozoans. Results
reveal that rhythmic patterns in population density
of various species of sarcodines appear to be highly
synchronized with peaks occuring in between mid-
March and the first week of July. During the compa-
rable time period at least 6 species of flagellates and
1 species of ciliates showed temporal synchrony with
that of the sarcodines. Results of this study may help
in optimizing sewage treatment practices involving
protozoans.

SEWAGE is a complex ecological system with a rich
abundance of organisms ranging from viruses to higher
vertebrates. Among all the organisms, bacteria form the
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bulk and their role in treating sewage has been ade-
quately investigated'™. Apart from bacteria, protozoans
also constitute one of the major components of sewage
biodiversity. Attempts have also been made to analyse
the role of protozoans in the treatment of sewage ™.
The sewage from activated sludge planf, oxidation
ponds, etc. have been widely studied for various charac-
teristics, but the sewage from septic tanks has been least
studied. Furthermore, studies on rhythms in septic tank
protozoans are meager.

In this study, therefore, attempts were made to exam-
ine temporal organization in the population density of
large number of species belonging to three different
classes of protozoans in septic tank sewage.

Thirty-six samples were collected over a period of 24
consecutive months at the rate of two equidistant sam-
ples per month in the first year and one sample per
month in the following' year, from a septic tank of a
boys’ hostel located in the premises of Pt. Ravishankar
Shukla University, Raipur. The samples were brought to
the laboratory in plastic cans for observing vartous pro-
tozoan types and their density. The types of protozoans
were identified using appropriate keys'*™'*. For deter-
mining the population density of protozoans, drop count
method was employed'”. One drop of sample (0.05 ml)
was placed on a glass slide and covered with a cover
elass of 18 X 18 mm size. Protozoans, within the micro-
scopic field were then counted. Simultaneously, the arca
under the field was measured. This procedure was re-
peated at several points on the slide. The population
density was expressed as number of organisms per ml of
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