toxan in rodents and in man; half of the
Cytoxan is eliminated within hours after
cessation of long-term systemic treat-
ment (/3). These data suggest that be-
havioral testing of the F, generation
might be used as an end point to detect
abnormatlities induced during spermato-
genesis and transmitted through the
sperm. This end point would then be
used to evaluate genetically trans-
missible effects of potentiaily mutagenic,
carcinogenic, or teratogenic compounds.
Further studies will determine if the
observed differences are transient or per-
manent in nature. In either case, how-
ever, the procedures used in this report
indicate a transmissible effect which can
be used to detect genetically toxic com-
pounds.
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Department of Psychiatry and
Behavioral Sciences and Department of
Pharmacology and Toxicology,
University of Texas Medical Branch,
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B-Endorphin: Possible Involvement in the Antihypertensive

Effect of Central a-Receptor Activation

Abstract. Clonidine and L-o-methylnoradrenaline (but rot D-o-methylnor-
adrenaline) increase the release of a substance with B-endorphin immunoreactivity
from slices of brainstem of spontaneously hypertensive rats, but not that of normo-
tensive rats. It was reported earlier that opiate antagonists inhibit the hypotensive
action of clonidine and a-methyldopa in spontaneously hypertensive but not in nor-
motensive rats and that B-endorphin has hypotensive effects of its own. Together,
these findings indicate that release of B-endorphin by central o-receptor agonists
may contribute to the antihypertensive action of these drugs.

opiates can reduce blood pressure and
heart rate, effects that result partly from

Opioid peptides have been implicated
in the control of pain sensation, mood,

and various behavioral functions (/).
Less attention has been devoted to the
possible role of these substances in the
central control of cardiovascular func-

areduction of sympathetic tone as opiate
receptors in the medulla oblongata are
activated (2, 3). Clonidine, an antihyper-
tensive drug that activates a-adrenergic

tion. Morphine and some endogenous receptors (a-receptors) in the same brain

Fig. 1. The effect of clonidine on the release of
B-endorphin immunoreactivity from slices of
brainstem from (A) normotensive (WKY) and
(B) hypertensive rats (SHR). The concentra-
tion of B-endorphin immunoreactive material
in the lyophilized samples (//) was measured
by radioimmunoassay (New England Nuclear)
with '?%1-]abeled human B-endorphin as tracer
and a rabbit antibody to human S-endorphin.
The antibody does not significantly cross-re-
act with a-endorphin, a-melanocyte-stimulat-
ing hormone, leucine enkephalin or methi-
onine enkephalin (< 0.01 percent), whereas
there is 50 percent cross-reactivity with 8-
lipotropin. Bovine pB-endorphin, which is
identical to rat B-endorphin (20) had 14.3
+ 2.0 percent cross-reactivity at 50 percent
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Minutes trations of bovine B-endorphin, it is probable

that the increases we detected in human j-
endorphin immunoreactivity reflect much greater increases in the release of the homologous rat
B-endorphin. Although a contribution of B-lipotropin to the imimunoreactivity measured is pos-
sible, this may be minimal in view of findings that in rat brain B-lipotropin represents a negligible
fraction of the total B-endorphin immunoreactivity (/4). Lyophilized samples were reconsti-
tuted in 0.2 ml of assay buffer. Standards prepared in assay buffer were supplemented with the
same amount of salts present in the experimental samples. With this sample matrix, blanks
bound 9.0 £ 0.9 percent and ‘‘zero’’ standards bound 30.8 + 1.6 percent of the total radio-
active material. The useful range of the standard curve was between 10 and 500 pg of human g-
endorphin equivalent per assay tube. All incubations were done in siliconized test tubes. Sepa-
ration of bound from free ligand was achieved by adsorption of free S-endorphin onto activated
charcoal and centrifugation. Radioactivity in the supernatant was measured in a gamma coun-
ter. A value of zero was arbitrarily assigned to those control samples for which 8-endorphin
immunoreactivity was below the limit of detectability. Columns and bars represent means and
standard errors from three experiments in WKY and 11 experiments in SHR. The concentration
of clonidine (C/) was 1073M, that of yohimbine (Y) 1078M. Open bars indicate cortrol (C) values.
In separate experiments (10), we tested the interaction of clonidine (5 ug/kg, intravenously) and
naloxone (2 mg/kg, intraperitoneally) on systolic blood pressure of unanesthetized SHR and
WKY. In seven WKY, clonidine reduced blood pressure from 125.2 to 113.8 mm-Hg before and
from 130.0 to 117.6 mm-Hg after naloxone was given (P > .5). In contrast, in six SHR, the
effect of clonidine (from 196.0 to 172.5 mm-Hg) was nearly abolished by naloxone (from 194.8 to
192.7 mm-Hg, P < .001).
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area, has effects similar to those of mor-
phine. Clonidine reduces blood pressure
and heart rate (4), can produce analgesia
(5), and its withdrawal elicits symptoms
similar to those of opiate withdrawal (6).
Moreover, clonidine reverses symptoms
of opiate withdrawal in addicts (7),
whereas drugs that inhibit the interaction
of clonidine with a-receptors, such as
yohimbine and piperoxan, can elicit
symptoms resembling opiate withdrawal
(8). These similarities suggest some in-
teraction between central opiates and the
a-receptor systems.

We recently reported that naloxone in-
hibited the hypotensive effect of the cen-
tral a-receptor agonists clonidine and
a-methyldopa in spontaneously hyper-
tensive rats (SHR) (9). Since clonidine
and naloxone did not cross-react with
each other’s binding sites in the brain (9),
the observed functional antagonism
could be due to the release of an endoge-
nous opiate by activation of a-receptors
that participate in the central control of
blood pressure. More recently, we found
that the small hypotensive effect of cloni-
dine and a-methyldopa in normotensive
Wistar-Kyoto rats (WKY) was not an-
tagonized by opiate antagonists (/0).
This indicates that the mechanism postu-
lated to exist in SHR is either absent or
inactive in WKY. We now provide direct
evidence that a substance with g-endor-
phin immunoreactivity is released from
the brainstem of SHR when central a-re-
ceptor agonists are administered. A simi-
lar release could not be detected in prep-
arations from WKY.

Spontaneously hypertensive male rats
of the Okamoto-Aoki strain were
matched for sex and weight (300 to 350 g)
with normotensive WKY rats. Brain-
stem slices were prepared and super-
fused with oxygenated Krebs-Henseleit
solution at 37°C (I1). The concentration
of immunoreactive B-endorphin in con-
secutive 4-ml samples of the superfusate
was measured by radioimmunoassay
(Fig. 1). In three separate experiments in
each of which the pooled brainstem
slices from two WKY rats were used, 8-
endorphin concentrations during the
control perfusion period were around the
lower limit of detectability and were not
increased by the presence of 1078M
clonidine in the superfusing medium
(dotted area in Fig. 1A). In 11 experi-
ments with preparations from SHR (Fig.
1B), 10-8M clonidine significantly in-
creased B-endorphin concentrations to
two or three times the control values,
and this increase was reversed when the
clonidine-free medium was again per-
fused. In two additional experiments,
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Fig. 2. Release of B-endorphin immunoreac-
tivity by L- and p-a-methylnoradrenaline and
clonidine (in the presence of naloxone) from
slices of brainstem from hypertensive rats.
For experimental protocol see (/1) and Fig. 1.
Columps represent means and standard errors
from four experiments. Values were calcu-
lated from the cumulated release over the 16-
minute perfusion periods, The concentration
of L- and D-a-methylnoradrenaline (a-mNA)
and naloxone (N) was 1077M, and the concen-
tration of clonidine (CI) 10~%M. Asterisk in-
dicates significant difference (P < .05) from
the control value (C) (for L-a-methylnora-
drenaline), or from the value obtained with
naloxone alone (for clonidine plus naloxone).

not shown here, a second exposure to
the same concentration of clonidine pro-
duced an increase in B-endorphin similar
to that seen during the first exposure pe-
riod.

In six of the 11 experiments shown in

Fig. 1, superfusion was continued after
the second control period with medium
containing 107M yohimbine, a potent
ay-receptor antagonist. In unanesthe-
tized SHR we earlier found that yohim-
bine at 1 mgkg completely eliminated
the hypotension and bradycardia pro-
duced by clonidine (5 ug/kg) (10). Super-
fusion of brainstem slices from SHR with
yohimbine (60 to 76 minutes) reduced
somewhat the amount of 8-endorphin re-
leased and prevented the increase in re-
lease by 1078M clonidine (76 to 92 min-
utes). These findings indicate that activa-
tion of as-receptors in the perfused brain
region results in the release of a sub-
stance with B-endorphin immunoreac-
tivity.

a-Methylnoradrenaline is a potent
agonist of central a-receptors, and it is
believed to mediate the antihypertensive
action of a-methyldopa, from which it is
formed in noradrenergic nerve terminals
in the brain. We therefore tested the ef-
fect of L-a-methylnoradrenaline and of
its inactive D-stereoisomer on B-endor-
phin release in brainstem slices of SHR.
In four separate experiments, super-
fusion with 107°M L-a-methylnoradrena-
line produced a highly significant, three-
fold increase in B-endorphin release,
whereas the same concentration of D-a-

methylnoradrenaline was without any ef-
fect (Fig. 2). In the same preparations,
the effect of naloxone on the clonidine-
induced release of B-endorphin was also
tested. Naloxone itself (1078M) did not
influence the amount of B-endorphin in
the superfusate (92 to 106 minutes), and
in the presence of naloxone, 1078M
clonidine increased the release of B-en-
dorphin to the same extent (106 to 120
minutes) as in its absence (see Fig. 1).
This finding eliminates the possibility
that naloxone antagonizes the effect of
clonidine in the intact animal by inhib-
iting the release rather than the action of
the endogenous opiate. It was earlier re-
ported that naloxone can inhibit a mor-
phine-induced increase in the opiate ac-
tivity of cerebrospinal fluid in mice (12).

Our results, together with our earlier
observations (9), strongly suggest that
release of a B-endorphin-like material
somewhere in the brainstem contributes
to the antihypertensive action of central
a-receptor stimulants in SHR. The inhi-
bition of the hypotensive effects of cloni-
dine and a-methyldopa by naloxone or
naltrexone is accordingly due to the
blocking of the effect of this opiate on
opiate receptors inhibitory to sympathet-
ic activity. B-Endorphin is present in
neurons in the brain (I3, /4), and its cal-
cium-dependent release by depolarizing
stimuli (/5) suggests that it may be a neu-
rotransmitter. Also, 8-endorphin admin-
istered centrally (3) or systemically (16)
produces bradycardia and hypotension,
effects similar to those of clonidine.

The failure of clonidine to release 8-
endorphin in brainstem slices from WKY
correlates with the failure of naloxone to

antagonize the hypotensive‘eﬁ’ects of

clonidine and a-methyldopa in these ani-
mals (/0) and also agrees with a reported
failure of naloxone to antagonize the ef-
fects of clonidine in normotensive hu-
mans (I7). These observations indicate
that the mechanism postulated to explain
various effects of clonidine in SHR can-
not be generalized to different physiolog-
ical conditions.

The mechanism of action of clonidine
appears to be different in the two geneti-
cally matched rat strains. Destruction of
the nucleus of the solitary tract (NTS)
abolishes the hypotensive effect of cloni-
dine in SHR, but does not influence the
much smaller effect in WKY (I8). It is
possible that the release of endorphin-
like substance occurs either in the NTS
or in a neuronal pathway involving the
NTS. Although the morphological rela-
tionship between central a-receptors and
the exact locus of B-endorphin release is
not known, the fact that the effect of
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clonidine was demonstrated in relatively
small brainstem fragments suggests that
the two sites are anatomically close to
each other and may even be in the same
cell. Whether such an ‘‘opioidergic’’
pathway is limited to the SHR or has im-
plications for the development of hyper-
tension in general is still unclear. Find-
ings of a close correlation between the
level of blood pressure and pain thresh-
old in various forms of hypertension (/9)
suggest a link between some endogenous
opiates and the hypertensive process.
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MARIA DoLORES RAMIREZ-GONZALES
Department of Pharmacology and
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Thermoregulatory Significance of Thoracic Lobes in the

Evolution of Insect Wings

Abstract. The evolution of broadly attached thoracic lobes could have increased
the body temperature excess of ancient wingless insects by 55 percent over that of
lobeless forms. The subsequent expansion of these thoracic lobes for behavioral
thermoregulation could have provided the morphological stage required for the evo-

lution of functional wings.

Many entomologists have speculated
on the structural origin of insect wings,
the possible selective pressures which
produced them, and their sequential
modification in the development of
flight. Although most entomologists ad-
here to the ‘‘paranotal lobe’* theory (1),
which postulates that insect ‘‘pro-
wings’® were derived from nonar-
ticulated lateral extensions of the tho-
racic terga (2, 3), reinterpretation of the
juvenile wings of Paleozoic nymphs (3)
suggests that their nymphal pro-wings
were articulated structures which sec-
ondarily lost their movability by fusion
with the tergum, and thus became evolu-
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Fig. 1. Young nymph of the Paleozoic terres-
trial palacodictyopteran, Rochdalia parkeri,
illustrating “‘articulated’’ thoracic lobes ().
Original reconstruction [After R. J. Wooten
(24); from Journal of Morphology, repro-
duced with permission from the Wistar Insti-
tute].
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tionarily convergent with ‘‘paranota’’
(Fig. 1).

A second major controversy has cen-
tered around the possible functions of
these small, lobelike pro-wings, whether
articulated or not, which likely served as
the intermediate stage in the evolution
of truly functional wings. These broadly
attached pro-wings (hereafter termed
“*thoracic lobes’’) may have functioned
originally to cover the spiracular open-
ings or gills in amphibious ancestors (3),
to protect and conceal insects from pred-
ators (4), to facilitate passive aerial dis-
persal by small insects (5), or to aid in
sexual displays (6).

However, my experiments suggest
that a more probable reason for the con-
tinued expansion of these small thoracic
lobes to a critical size required for effi-
cient gliding or flapping flight may have
been their prior adaptation for behavior-
al thermoregulation, Because the activi-
ty of most insects is highly dependent on
body temperature and the thermal condi-
tions of their microhabitat (7-/1), any
thoracic structure that permitted the leg
muscles of ancestral pterygotes (I2) to
heat rapidly and attain a higher equilibri-
um temperature would enhance locomo-
tor efficiency, a condition crucial to in-
sect survival and reproductive success
(13).

Colias eurytheme butterflies were cho-
sen to test this thermoregulatory hypoth-
esis because their wings could be phys-
ically altered to approximate those of the
ancestral pterygotes (I4) and because
their body length is near that of winged
Protorthoptera (Paraplecoptera) with
Thysanura-like immatures (/5). In addi-
tion, preliminary temperature mapping
of butterfly wings and analyses of energy
exchange between wings and thorax in
these butterflies showed that only the
basal third of the wings were of ther-
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