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The possible involvement of opioid system in the regulation of hemolymph glucose level
in the fresh water crab Oziotelphusa senex senex Fabricius, was investigated. Opioid agonist
and antagonist was also used in addition to methionine-enkephalin itself. Injection of the
opioid, methionine-enkephalin and FK 33-824 significantly elevated hemolymph glucose
level. In contrast, injection of naloxone in to crab resulted in decrease in hemolymph glucose
level. Injection of naloxone prior to injection of methionine-enkephalin blocked the hyper-
glycemic action of methionine-enkephalin. Injection of methionine-enkephalin, FK 33824
and naloxone produced no significant effect on hemolymph glucose level in eyestalk-less
crab. The alterations in the intact crab hemolymph glucose level hypothesised to be due to
stimulation of release of hyperglycemic hormone during methionine-enkephalin and FK
33824 treatment and blocking of release of hyperglycemic hormone during naloxone treat-
ment from the eyestalks of crab Oziotelphusa senex senex.

Introduction Mancillas et al. (1981) first reported the pres-
ence of an opioid in crustaceans. Since then, pres-
ence of opioid peptides were demonstrated in
several crustaceans (see review Nagabhushanam

In decapod crustaceans, the major neuroendo-
crine complex of the eyestalk, the medulla termi-

nalis X-organ-sinus gland complex, is the source 5/ 1995) but the physiological significance of
of a number of neuropeptides, which are of great  ,5i5iq peptides in crustaceans is not thoroughly
ImpoTLAnce fo‘r the regulatlc?n ofa Yarety of physi-  ogtablished. Nagabhushanam et al. (1995) also
ological functions (see reviews Fingerman, 1997 ¢ mmarised the possible functional roles of opioid
Reddy and Ramamurthi, 1999). Among them is a 5o ptides in crustaceans. Recently a neurotransmit-
neuropeptide with a potent hyperglycemic action (o} role for methionine-enkephalin in regulating
called hyperglycemic hormone. This hormone has  pepmolymph sugar level in the crab, Oziotelphusa
been isolated from the fresh water crab, Oziotel- ¢ reported (Reddy, 1999). In view of the fact
phusa senex senex (Reddy and Ramamurthi, 54 opioid peptides act as neurotransmitters
1982a). We have reported earlier the cyclic fluctu-(Rothe or al., 1991; Sarojini et al., 1995), it is con-
ation of rleease of hyperglycemic hormone in the  ..iyable that these peptides could help in the
crab, Oziotelphusa senex senex (Reddy et al, gecretion of hyperglycemic hormone from the neu-
1991a). The interspecific action of crustacean hy-  ;qecretory cells that synthesize it. The study de-
perglycemic hormone has also been demonstrated  ¢ijbed below was designed to investigate further
(Reddy, 1991b; 1992; Reddy and Ramamurthi, pe action of opioid agonist (FK 33824) and antag-
1980; 1981; 1982b; Reddy et al., 1982a). We have  hist (naloxone) on the regulation of hemolymph

also.ob.served that the exposure to pesticides lllfe glucose level of crab, Oziotelphusa senex senex.
sumithion and hexachlorocyclohexane results in

hyperglycemia in the crab Oziotelphusa senex
senex, apparently triggering the release of hyper-
glycemic hormone from the eyestalks (Reddy Adult, intact fresh water crabs Oziotelphusa
etal., 1982b). senex senex (Fabricius), were obtained from paddy
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fields in and around Tirupati. Male crabs in inter
molt stage C4 (Reddy, 1990) and body weight 30—
32 g, were maintained in glass aquaria containing
aerated water at 27 °C with 12 hours of light daily.
The water was changed daily and the crabs were
fed on sheep meat ad libitum on alternate days.

Crabs were selected from the stock supply and
divided into 11 groups of 9 each. The first group,
which served as the normals did not receive any
treatment. From this group, 100 ul of hemolymph
was collected through the arthrodial membrane of
the coxa of the 3" pair of walking legs. Group
2 was the control, which received only 10 ul of
physiological saline. The crabs in groups 3, 4 and 5
received 10~® mol/crab of methionine-enkephalin,
FK 33-824 and naloxone respectively in 10 ul
volume. The crabs of group 6 received 10 ul of
naloxone (10~% mol/crab) followed by 10 ul of me-
thionine-enkephalin (10~® mol/crab) after 30 min.
Methionine-enkephalin  (Tyr-Gly-Gly-Phe-Met)
(C57H35N504S), Naloxone hydrochloride
(C19H21NO4HCI), FK 33-824 (D-ala2,MePhed4,
Met(O)5-ol) (Co9H,4NsO4S) were obtained from
Sigma.

Eyestalks were removed from the crabs in
groups 7 to 11. Eyestalks were removed by cutting
off the organs at the base, without prior ligation
but with cautery of the wound after operation. Af-
ter 24 h of bilateral eyestalk ablation, the crabs in
group 7 was used for hemolymph collection with-
out treatment. Group 8 to 10 received in 10 ul
volume, 10~® mol/crab of methionine-enkephalin,
FK 33-824 and naloxone, respectively. As de-
scribed for group 6, the crabs in group 11 received
both naloxone (10~® mol/crab) followed by methi-
onine-enkephalin (10~® mol/crab) after 30 min in
10 pl volume each. Hemolymph was collected
from injected groups, 2 h after injection and used
for the determination of hemolymph glucose level.
For measurement of glucose, hemolymph (100 ul)
was mixed with 300 ul of 95% ethanol in a 1.5 ml
microtube. The proteins were precipitated by
centrifuging at 14,000 xg for 10 min at 4 °C. A mix-
ture of glucose enzyme reagent (glucose-6-phos-
phate dehydrogenase and NADP) and colour
reagents (phenazine methosulfate and iodonitro-
tetrazolium chloride) (kit from Sigma) was added
(200 ul) to the protein-free sample. After 30 min,
the intensity of the colour was measured at 490 nm
and quantified with standards. One way ANOVA
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test was employed to analyze the data followed by
Student Newman-Keul (SNK) test to determine
the level of significance..

Results and Discussion

Hemolymph glucose level increased (62.7%)
significantly (p<0.001) in the fresh water crab Ozi-
otelphusa senex senex after methionine-enkephalin
injection. Injection of FK 33824 also resulted in
significant (p<0.001) increase (29%) in hemo-
lymph glucose level in the intact crab Oziotelphusa
senex senex (Table). Hemolymph glucose level in
naloxone injected crabs decreased by 47%, which
was statistically significant (p<0.001). Injection of
methionine-enkephalin  into naloxone-injected

Table. Hemolymph glucose level in normal and eyestalk
ablated Oziotelphusa senex senex following different
treatments.

Groups of crabs tested Hemolymph glucose level

(mg/100 ml)
Normal (intact) crabs 31.00 + 3.46
Intact crabs injected with saline 32.63 + 3.882
(0.53)
Intact crabs injected with Met-enk 50.43 + 5.92°
(62.68)
Intact crabs injected with FK 33-824 40.09 + 3.01°
(29.31)
Intact crabs injected with naloxone 16.33 + 1.94°
(-47.32)
Intact crabs injected with naloxone 13.89 + 1.93°
and Met-enk (-55.30)
Eyestalkless crabs (ESX) 15.41 + 1.56°
(-50.29)
ESX crabs injected with Met-enk 16.07 £ 2.122
(4.28)
ESX crabs injected with FK 33-824 16.86 + 2.11*
(9.29)
ESX crabs injected with naloxone 15.03 £ 1.56*
(-2.47)
ESX crabs injected with naloxone 1537 + 1:37%
and Met-enk (-0.71)
F ratio 440.10
p value < 0.001

Values are Mean + S. D. of 9 individual observations.
Values in parenthesis are percent change over control.
For calculation of % change and evaluation of ‘p’ for
intact—injected and ESX crabs, normals served as con-
trol; for ESX- injected crab, ESX crabs served as con-
trol.

* Values are not significant from control crabs.

" Values are significant at p<0.001 from control crabs.
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crabs, did not produce any increase in hemolymph
glucose level.

Eyestalk ablation resulted in significant
decrease (50%) in hemolymph glucose level in the
crab Oziotelphusa senex senex. Injection of methi-
onine-enkephalin, FK 33824, naloxone and nalox-
one followed by methionine-enkephalin into ab-
lated crabs, resulted in no significant change in
hemolymph glucose level from eyestalk ablated
crabs (Table).

Bilateral  eyestalk  ablation  significantly
(P<0.001) decreased hemolymph glucose level.
Ablation of eyestalks results in removal of X-or-
gan-sinus gland complex, which is the secretory
and storage site for hyperglycemic hormone,
thereby eliminates hyperglycemic hormone from
circulation, resulting in significant decrease in
hemolymph glucose level. Injection of methionine-
enkephalin significantly elevated the hemolymph
glucose level in intact crabs, but this action of me-
thionine-enkephalin appears to be an indirect one,
because as is clear from data, methionine-enkeph-
alin induced hyperglycemia only in intact crabs,
presumably by triggering release of the hypergly-
cemic hormone. Methionine-enkephalin has been
found to stimulate release of the neurohormones
from the neurosecretory cells of eyestalks. Quack-
enbush and Fingerman (1984) demonstrated sti-
mulation of release of red pigment concentrating
and black pigment dispersing hormones from the
neurosecretory cells of Uca pugilator after methio-
nine-enkephalin injection. Naloxone blocked the
action of methionine-enkephalin in intact crabs
and isolated eyestalks (Quackenbush and Fin-
german, 1984). Sarojini et al. (1995) provided evi-
dence for methionine-enkephalin involvement in
the release of gonad-inhibiting hormone from the
eyestalks of the fiddler crab Uca pugilator. Re-
cently, we have demonstrated a neurotransmitter
role for methionine-enkephalin in the regulation
of release of hyperglycemic hormone in the crab,

Ocziotelphusa (Reddy, 1999). From the present re-
sults, we can hypothesize that in Oziotelphusa, me-
thionine-enkephalin is acting as a neurotransmit-
ter that triggers hyperglycemic hormone release
from the neuroendocrine cells but not as a hor-
mone directly affecting the hemolymph glucose
level. Evidence for the neurotransmitter role for
methionine-enkephalin was also provided by
Rothe et al. (1991); Luschen et al. (1991); Sarojini
et al. (1995; 1996 and 1997).

FK 33-824, a stable methionine-enkephalin an-
alogue, had a potent hyperglycemic effect in the
intact crabs but not in eyestalkless crab. These re-
sults are consistent with previous data showing
that methionine-enkephalin triggers release of hy-
perglycemic hormone from the sinus glands of
eyestalks of Oziotelphusa senex senex, which
would bring about elevated hemolymph sugar
level (Reddy, 1999). In contrast, naloxone, a com-
petitive opioid antagonist binding to opioid recep-
tors, decreased hemolymph glucose level in intact
crabs and suggests the antagonistic action of FK
33-824 in regulating hemolymph sugar level. In-
jection of naloxone into intact crabs, prior to injec-
tion of methionine-enkephalin blocked the hyper-
glycemic action of this opioid. In contrast,
methionine-enkephalin does not affect the hemo-
lymph glucose level in eyestalkless crabs, which is
consistent with the hypothesis that enkephalin acts
by stimulating hyperglycemic hormone release
from the sinus glands of the eyestalks.
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