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Hypergl ycemia is a typical sublethal response of aquatic
organisns to heavy netals (Haux et al. 1986) . In
crustaceans, the nedulla terminalis X-organ-sinus gland
neur oendocrine conplex in the eyestalk is the source of
the crustacean hyperglycenic hormone (CHH) . The role of
CHH in pollutant-induced blood glucose changes has only
recently begun to be studied. Reddy et al (1994)
provided evidence that CHH nediates cadm uminduced
hyperglycemia in the red swanp crayfish, Procanbarus
clarkii. In a study of another hormonally-regulated
function, color changes, cadm um exposure resulted in
pigment in the nmelanophores of the fiddler crab, Uca
pugil ator, becom ng |ess dispersed than in unexposed
crabs (Reddy and Fingernman 1995). Earlier studies
(Fi ngerman and Fi ngerman 1978; Staub and Fi ngerman 1984)

showed that, |ike cadmium both a PCB, Aroclor 1242, and
napht hal ene induced black pignent aggregation in Uca
pugi |l at or. In general, when crabs are exposed to a
pol lutant, hydrocarbon or cadmum they aggregate the
pignment in their el anophores, but apparently by
di fferent nechanisns. Hydrocarbons appear to inhibit
release of black pignment-dispersing hornmone (BDPH),

whereas cadmi um appears to inhibit its synthesis. These
apparent different npdes of action of cadmum and
napht hal ene on the color change nechanism led us to
conpare the inpact of these pollutants on the hornona

regul ation of blood glucose in Uca pugilator.

The present study was performed to deternmine (1) whether
cadmi um and naphthal ene induce hyperglycemia in Uca
pugi | at or, (2) whether CHH has a role, if naphthalene
and cadm um do i nduce hyperglycenm a, and (3) the effects,
if any, of cadm um and napht hal ene on CHH activity in the
eyestal k neuroendocrine conplex.
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MATERI ALS AND METHODS

Fiddl er crabs, verified as Uca pugilator, were used. They
were obtained from the Gulf Specinmen Co., Panacea, FL,
and were acclimated to the |aboratory conditions, 23-
25°C, for a week before use. Twenty-four hours prior to
the start of each experiment, male internmolt crabs having
a carapace width of 13-15 mm were selected fromthe stock
for use. These crabs were kept in round (20-cm di aneter)
gl ass containers covered with glass plates, 10 crabs in
each container, that contained 500 m of seawater 15 ppt.
The water (clean seawater and seawater containing cadm um
chloride or naphthalene) in each bow was changed every
day in an effort to maintain near constant concentrations
of cadm um and naphthal ene in the appropriate containers
as well as to mininze the buildup of excretory products.
The crabs were not fed during an experiment.

Experiment | used four groups of crabs.

(1A) Intact crabs in clean water

(1B) Intact crabs exposed to 5 ppm cadm um chloride
(1C) Eyestalkless crabs in clean water

(1D) Eyestal kl ess crabs exposed to 5 ppm cadmi um chl ori de

Experiment 11 used four groups of crabs.

(2A) Intact crabs in clean water

(2B) Intact crabs exposed to 5 ppm naphthal ene

(2C) Eyestal kless crabs in clean water

(2D) Eyestal kl ess crabs exposed to 5 ppm naphthal ene

Experiment 111 used seven groups of crabs.

(3A) Intact crabs in clean water

(3B) Intact crabs exposed to 5 ppm cadm um chloride for
10 days

(30 Intact crabs exposed to 5 ppm naphthal ene for 10
days

(3D) Intact crabs injected with crab physiol ogi cal saline

(3E) Intact crabs injected with an extract prepared from
the eyestal ks of Goup 3A

(3F) Intact crabs injected with an extract prepared from
the eyestal ks of Goup 3B

(3G Intact crabs injected with an extract prepared from
the eyestal ks of Group 3C

Eyestal k extracts were prepared by honopgenizing the
eyestalk tissue in crab physiological saline (Cooke et
al. 1977) and then centrifuging at 10,000 g for 10 min at
4°C. The supernate was used for injections. Each crab
received 0.5 eyestalk equivalent in a 50 pl injection.
Bl ood was drawn 2 hr after injection and glucose |evels

were deternmined in the follow ng manner. Fifty ul of
bl ood were deproteinized using 150 pl of 6% perchloric
acid and then centrifuged. The supernate was used for

glucose determnation using the Sigma glucose oxidase
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Tabl e 1. Bl ood glucose levels (ny glucose per 100 m

bl ood) of i ntact eyest al k- abl at ed crabs, Uca
pugi lator. See text for key to groups. Values are given
as nmean * SEM N=20. *: P<0.001, versus control.

Exposure period (Days)

2 4 6 8 10
Group 1A |10.44 x |11.66 + [10.44 + [10.50 + [11.74 «+
0.44 0.72 0.66 0.82 0.88
Group 1B (11.38 + [12.30 + |15.04 + [16.78 + [21.22 +
0.66 0.74 0.68%* 1.50%* 1.44%*
Group 1C [11.06 % |12.06 + [11.50 + [11.32 + [11.80 +
0.82 0.60 0.92 0.66 0.74
Group 1D [11.24 + |11.20 + [11.92 + [11.88 + [12.14 4+
0.80 0.70 0.76 0.76 0.64

di agnostic kit (Procedure No. 510) (Sigma Chemical Co.,
St Louis, M. Each experiment was repeated once. For
each group the nmeans of the values determned are
presented with the SEM The data were analyzed al so by
use of Student's t test to conpare neans for statistical
significance, and a P<0.05 was interpreted as being
significant.

RESULTS AND DI SCUSSI ON
The blood glucose concentration in the cadm um exposed

intact fiddler crabs (G oup 1B) increased significantly
conpared to the crabs in cadmumfree water (Goup 1A

(Table 1). The increase was significant from the sixth
day of exposure until the end of the experinent. The
intact <crabs in clean water showed no significant
changes. In contrast, the glucose concentrations in the

bl ood of the eyestal k-abl ated crabs in clean water (G oup
16 and cadmiumcontaining water (Goup 1D) did not
change significantly throughout the experinmental period
nor did Goups 1C and 1D differ significantly from each
other at any tine.

The blood glucose concentration in the naphthal ene-

exposed intact crabs (Goup 2B), like the cadm um exposed
crabs, increased significantly after 6, 8 and 10 days of
exposure conpared with crabs in clean water (Goup 2A)
(Table 2). In contrast, the eyestalkless crabs in

napht hal ene-containing water (Goup 2D) as well as in
wat er wi t hout napht hal ene (Group 2C) showed no
significant changes in their blood sugar level, nor did
Groups 2C and 2D differ significantly from each other at
any time. The blood glucose concentrations in Experinent
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Tabl e 2. Bl ood glucose levels (nmy glucose per 100 m
bl ood) of intact and eyestal k-ablated fiddler crabs, Uca

pugi | at or. See text for key to groups. Values are given
as nmean = SEM N=20. *: P<0.001, versus control.
Exposure period (Days)

2 4 6 8 10
e _____________________________ |
Group 2A|7.16 %+ 7.90 + 8.74 + 8.16 + 8.50 +

0.60 0.52 0.52 0.32 0.68
Group 2B18.74 + 8.70 + 13.24 + |13.60 + |[14.80 +
0.56 0.76 1.00% 0.84%* 3.10%*
Group 2C{8.06 + 8.32 + 9.16 + 7.80 + 8.88 +
0.52 0.60 0.38 0.50 0.54
Group 2D (8.20 + 8.40 + 7.92 + 7.56 + 8.16 +
0.62 0.66 0.58 0.58 0.56

II are lower than the corresponding ones in Experiment I.
Other than the fact that different shipments of crabs
were used for each experiment, we have no explanation for
the difference.

Experiment 111 was perforned to determine the effects of
10 days of exposure to cadmium or naphthalene on CHH
activity in the eyestalks. Eyestal k extracts of crabs

from clean water (Group 3A), cadnmium exposed (G oup 3B)
and napht hal ene-exposed (G oup 3C) crabs were injected
into intact crabs (Goups E, F and G respectively) and
a fourth intact group (Group D) received physiological
saline. After 2 hr the blood glucose concentrations were
determined (Table 3). Eyestalks of cadnmi um exposed crabs
produced significantly |ess hyperglycenma (Goup 3F) than
did eyestal ks of crabs from clean water( Goup 3E). In
contrast, eyestal ks of naphthal ene-exposedcrabs produced
significantly nore hyperglycem a (Goup 3G t han
eyestal ks of crabs from clean water (G oup 3E).

Pol | ut ant -i nduced hyperglycema was also reported by
Fingerman et al. (1981) with DDT for the crab,

Bar yt el phusa guerini, Nagabhushanam and Kul karni (1981)
with cadmum mercury and copper for the prawn,

Macr obrachi um kistnensis, and Reddy et al. (1994) with
cadm um for Procanbarus clarkii. In contrast to the
intact fiddler crabs (Tables 1 and 2), the eyestalkless
ones exposed to cadm um and naphthal ene did not show an
i ncrease in blood glucose. This difference between the
responses of intact and -eyestalkless crabs strongly
suggests the involvement of CHH in the cadmium and
napht hal ene-i nduced hyperglycenmia in the intact crabs.
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Tabl e 3. Bl ood glucose levels (nmg glucose per 100 m
bl ood) of intact fiddler crabs, Uca pugilator, two hours
after injection with physiological saline or eyestalk
extract. See text for key to groups. Val ues are given
as mean * SEM N=20.

Treatment group Bl ood gl ucose | evel
Group 3D 11.40 * 0.60
Group 3E 48.50 * 3.50
G oup 3F 22.80 t 1.60
G oup 3G 82.40 £ 4.50

The present findings suggest that irrespective of the
type of pollutant (heavy metals or hydrocarbons), upon
exposure crustaceans exhibit hyperglycemia that is
medi ated by CHH from the eyestal ks.

In crayfishes, eyestalk ablation results in hypoglycem a
(Keller and Beyer 1968; Reddy et al. 1994), but wth
eyest al kl ess crabs, as her ein, no significant
hypogl ycem a occurs (Abramowitz et al. 1944; Luschen et
al. 1993).

The hyperglycenic activity of the eyestalk extracts of
the cadm um exposed crabs was | ess than that of the crabs
kept in clean  water, whereas the extracts from
napht hal ene- exposed crabs were nore active (Table 3).
These results suggest that even though both naphthal ene
and cadmi um i nduce hyperglycenmia, their npdes of action
are different. The hyperglycemia in the intact crabs
exposed to cadm um and napht hal ene was presumably due to
rel eased CHH. The different anpunts of CHH activity in
the eyestalks of the crabs exposed to cadmum and
napht hal ene relative to the eyestalks of the crabs in
clean water (Table 3) suggest that in the long term
cadm um inhibits CHH synthesis whereas naphthal ene
stimul ates CHH synthesis. Reddy and Fingerman (1995),
using histochenical techniques, observed that cadm um
exposure resulted in depletion of the neurosecretory

material in the eyestalk neuroendocrine cells of Uca
pugi | at or, which is consistent wth the suggested
inhibitory mde of action of cadmum on BPDH and CHH
synt hesi s. Deecaraman and Fi ngerman (1985) observed an

increase in the neurosecretory naterial in the brain of
Uca pugilator exposed to naphthal ene, and Nagabhushanam
et al. (1979) reported Aroclor 1242 exposure produced an
increase in the ampunt of neurosecretory naterial in the
medulla termnalis X-organ of Uca pugil ator. Consi st ent
with these histological studies are the observations with
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Uca pugilator that Aroclor 1242 (Fingerman and Fingernan
1978) and napht hal ene (Staub and Fi ngernan 1984) produced
increases in stored BPDH. These four studies are also
consistent with the observation (Table 3) that the
eyestal ks of the naphthal ene-exposed crabs showed nore
CHH activity than did the eyestal ks of the crabs in clean

wat er . It seems evident, therefore, that exposure to
organic pollutants |eads to accunul ati on of neurohornones
in the eyestalk neuroendocrine conplex. In contrast,

exposure to cadmium an inorganic, produces depletion of
t hese neur ohor nones.
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