may result from Raman scattering from
vibrational hot bands which are thermal-
ly populated in anharmonic potentials of
low energy such as that of the iron-
histidine bond (~ 10 kcal) (4).

The changes on going through the
melting transition are very striking and
bring about the distinction in the iron-
histidine mode between the two quater-
nary structures. The other surprising ef-
fect is the appearance of a line at 160
cm™ that is absent below 0°C. At room
temperature this mode is absent in myo-
globin but present in HbA (15), B, tetra-
mers, and a chains. Its normal mode
origin has not been assigned. When the
excitation frequency is changed to 4131
A it becomes exceedingly strong in com-
parison to other modes in the spectrum.
The changes in frequency (5 to 10 cm™)
and intensity of this mode with changing
quaternary structure (6), which parallel
the behavior of the iron-histidine mode,
strongly suggest that the 160 cm™ mode
also involves the proximal histidine. A
definitive determination of the origin of
this mode must await more extensive
studies. Accompanying the appearance
of the 160 cm™ mode is the development
of a quaternary structure dependent dif-
ference in the iron-histidine stretching
mode. In deoxy HbA this mode remains
at 216 cm™!, but it weakens and the line
shape becomes asymmetric. In contrast,
in NES des-Arg HbA this mode shifts to
higher frequency while decreasing in in-
tensity. The expression of quaternary
structure differences in the iron-histidine
bond is therefore dependent on an inter-
action with water. It is attractive to
postulate that water molecules situated
in the heme crevice interact directly with
the heme or the proximal histidine in
vitro. However, we cannot exclude a
long-range effect in which the tertiary
conformation at the heme is controlled
by hydrogen-bonding interactions with
water at the surface of the protein. Also,
the effect of thermal contraction of the
globin on the tertiary structure of the
protein remains to be explored.

There have been very few reports of
conformational changes induced in bio-
molecules on freezing. In heme proteins
changes in the spin equilibrium of methe-
moglobins (16), in ligand orientation in
oxycobalt myoglobin (/7), and in inter-
molecular order in cytochrome ¢ peroxi-
dase (I8) have been reported. Those
results, coupled with our observations
that freezing can alter the properties of
the biologically active site in deoxyhe-
moglobin, demonstrate that the utmost
care must be utilized in drawing func-
tional implications from studies in which
heme proteins have been probed under
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nonphysiological conditions. On the oth-
er hand, the recognition of these differ-
ences may allow the factors that influ-
ence biological function to be deter-
mined.
M. R. ONDRIAS
D. L. Rousseau
Bell Laboratories,
Murray Hill, New Jersey 07974
S. R. SimoN
Department of Biochemistry,
State University of New York,
Stony Brook 11794
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The Posterior Pituitary: Regulation of Anterior

Pituitary Prolactin Secretion

Abstract. Removal of the posterior pituitary from anesthetized male rats results in
a prompt and significant increase in circulating prolactin that is reversed by the
injection of dopamine. Posterior pituitary extracts, which contain high concentra-
tions of endogenous dopamine, inhibit prolactin secretion from isolated anterior
pituitary cells. This inhibition is prevented by incubation of the cells with the
dopamine receptor antagonist (+)-butaclamol. The data show that posterior pitu-
itary dopamine reaches the anterior pituitary via the short hypophysial portal vessels
and participates in the regulation of prolactin secretion.

Dopamine is widely accepted as a
physiological prolactin-release inhibiting
hormone (PIH) for two reasons: the
presence of dopamine in hypophysial
portal blood at higher concentrations
than in the systemic circulation and the
demonstration of a reciprocal relation
between hypothalamic dopamine secre-
tion and pituitary prolactin release under
a variety of endocrine states (/). Indeed,
dopamine inhibits prolactin secretion in
vitro at a range of concentrations found

LPV

SPV

PD

in hypophysial portal blood (2). Further
supporting evidence that dopamine acts
directly on the pituitary comes from the
identification of specific high-affinity do-
paminergic receptors in anterior pitu-
itary homogenates (3).

The source of dopamine affecting the
anterior pituitary is believed to be the
tuberoinfundibular dopaminergic tract
whose cell bodies are located in the

Fig. 1. Diagrammatic presentation of selected
vascular and neural connections of the rat
pituitary gland, shown here from a dorsal
aspect. The pars distalis (PD) or anterior
pituitary is supplied with long portal vessels
(LPV) from the median eminence (ME) of the
hypothalamus via the pituitary stalk (PS), and
short portal vessels (SPV) from the infundibu-
lar process (IP) or neurohypophysis, via the
pars intermedia (PI). The tuberoinfundibular
(TD dopaminergic pathway has cell bodies in
the arcuate nucleus near the third ventricle
(VIII), and nerve terminals in the median
eminence as well as in the neurointermediate
lobe, commonly referred to as the posterior
pituitary. Redrawn and modified from Daniels
and Prichard (7).
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Fig. 2. (A) Effect of
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before posterior lobectomy. (@) (N = 18) or sham operation (O) (N = 14) and at designated
time intervals thereafter. Plasma was analyzed in duplicate for prolactin and LH by radicimmu-
noassays. Means * standard error are shown. (B) Effect of injection of dopamine (DA) on the
posterior lobectomy-induced prolactin elevation. Male rats (N = 33) were subjected to
posterior lobectomy and blood was withdrawn from the femoral artery as described in (A).
Thirty minutes after the lobectomy, either (solid line) dopamine (150 ng in 0.3 mi of saline
containing 0.1 mM ascorbic acid, pH 7.35; N = 18) or (broken line) the solvent vehicle
(N = 15) was injected into a cannulated internal carotid artery. Means + standard error are

shown.

arcuate nucleus with terminals in the
median eminence as well as in the poste-
rior pituitary (4, 4a) (Fig. 1).

In spite of their anatomical juxtaposi-
tion and extensive vascular interconnec-
tions, the two lobes of the pituitary are
dissimilar in terms of embryonic origin,
neural components, cell types, and hor-
monal profiles. Therefore, it is generally
held that they are not functionally relat-
ed. However, in view of the high concen-
tration of dopamine in the posterior lobe
(3, 6), the short hypophysial portal ves-
sels connecting between the posterior
and anterior lobes (7) (Fig. 1), and the
prescribed role of dopamine as a physio-
logical PIH, we investigated whether the
posterior pituitary participates in the reg-
ulation of anterior pituitary prolactin re-
lease.

Adult Wistar male rats were anesthe-
tized with urethane and the pituitary was
exposed by the parapharyngeal approach

Fig. 3. Inhibition of prolactin secretion from
isolated rat anterior pituitary cells by dopa-
mine and posterior pituitary extracts and its
reversal by the dopamine receptor antagonist
(+)-butaclamol (10~7Mf). Cells were dispersed
with collagenase and hyaluronidase as de-
scribed by Ben-Jonathan et al. (10), and cul-
tured for 4 days in a modified Dulbecco
medium. The cells (200,000 per milliliter) were
then rinsed and incubated for 3 hours in Medi-
um 199 containing 0.1 mM ascorbic acid (con-
trol) or the different treatments. The medium
was analyzed in triplicate for prolactin by radio-
immunoassay. Each value is mean + standard
error of four replicates. The extract (four

(8). After drilling a hole in the basosphe-
noid bone, we cut the dura and removed
the posterior lobe by controlled aspira-
tion, using a 19-gauge needle with a bent
tip. Controls received sham operations,
the aspirating needle being inserted and
withdrawn without aspiration. The pro-
cedure of posterior lobectomy takes ap-
proximately 20 to 25 minutes, causes
very little bleeding, and results in no
visible damage to the anterior pituitary
or pituitary stalk. Blood samples (0.3 to
0.5 ml) were collected from a cannulated
femoral artery immediately before poste-
rior lobectomy and at specified time in-
tervals thereafter; the blood was re-
placed with equal volumes of saline.
Plasma was separated by centrifugation
and analyzed for prolactin and luteiniz-
ing hormone (LH) by radioimmunoas-
says.

As shown in Fig. 2A, plasma prolactin
increased from 14.3 = 1.7 ng/ml (mean

Posterior
pituitary
extracts

Controt Dopamine

100—-L‘ -’T
80
60 -

40+

Medium prolactin (% of control)

20

Butaclamol

+
Butaciamol +
Butactamol

posterior pituitary equivalents per treatment) was prepared as follows: a pool of rat posterior
pituitaries was homogenized in 95 percent methanol and 5 percent 0.1N HCI with 1.0 mM
ascorbic acid and centrifuged at 20,000¢ for 30 minutes; the supernatant fluid was dried under
nitrogen. The residue was redissolved in Medium 199 and portions were taken for determination
of prolactin by radioimmunoassay and catecholamines by the radioenzymatic assay of Ben-
Jonathan and Porter (6). The concentration of catecholamines per treatment was 3.1 X 1080
dopamine and 0.8 x 10~M norepinephrine. Epinephrine was undetectable.

660

+ standard error) at time 0 to 55.1 = 8.3
ng/ml 30 minutes after posterior pituitary
lobectomy. Plasma prolactin in the pos-
terior lobectomized rats remained signif-
icantly higher than that in the controls
(P < .01) for at least 2 hours. To test
whether this increase in prolactin result-
ed from the removal of a specific prolac-
tin inhibiting agent, we also measured
plasma LH., We found no difference in
plasma LH between posterior lobecto-
mized and control male rats for the dura-
tion of the experiment (Fig. 2A).

To determine the effect of dopamine
injection on the posterior lobectomy-in-
duced prolactin release, we subjected
male rats to posterior lobectomy and
withdrew blood from a femoral artery as
described before. Thirty minutes after
the posterior lobectomy, half of the rats
were injected with dopamine (150 ng in
0.3 ml of saline containing 0.1 mAM ascor-
bic acid, pH 7.3) via a cannulated inter-
nal carotid artery. The other half were
injected with the solvent vehicle (9). As
shown in Fig. 2B, dopamine had an
immediate effect on the increased plasma
prolactin, reducing it by 40 percent with-
in 5 minutes and by 60 percent after 15
minutes to a value not significantly dif-
ferent from that seen before the posterior
lobectomy. The effect of dopamine was
short-lived, however, and 60 minutes
after the injection, plasma prolactin in
the dopamine- and vehicle-injected rats
was not significantly different.

Primary cultures of anterior pituitary
cells were used to determine if this PTH
activity of the posterior pituitary could
be demonstrated in vitro, and whether it
was due to the presence of dopamine.

Adult rats were used as donors of
anterior pituitary cells (10). Catechol-
amines in posterior pituitary extracts
were determined by a double isotope
radioenzymatic assay (6), and prolactin
secreted by the cells into the medium
was analyzed by radioimmunoassay.

As shown in Fig. 3, dopamine at the
concentrations of 10°M and 107M
caused, respectively, a 25 and 70 percent
inhibition of prolactin secretion from iso-
lated anterior pituitary cells. Incubation
of the cells with 10”M dopamine in the
presence of the dopamine receptor an-
tagonist (+)-butaclamol (1077M), pre-
vented this inhibition, whereas butacla-
mol alone had no effect on prolactin
release. Cell incubation with four equiv-
alents of posterior pituitary extract (con-
taining 3.1 X 100 dopamine and
0.8 X 10®M norepinephrine) resulted
in 40 percent inhibition of prolactin se-
cretion. Incubation of the cells and ex-
tract together with butaclamol blocked
this inhibition.
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The data indicate that the posterior
pituitary contains a substance capable of
inhibiting prolactin secretion both in
vivo and in vitro. Our previous study
with isolated anterior pituitary cells
showed that this PIH activity of the
posterior lobe had a dose-dependent
characteristic and that vasopressin and
oxytocin were ineffective in modifying
prolactin secretion (/7). On the basis of
the reversal of the posterior lobectomy-
induced prolactin increase by dopamine,
the abolishment of this PIH activity in
vitro by butaclamol, and the endogenous
concentration of dopamine, we propose
that the active PIH in the posterior pitu-
itary is dopamine. ‘

We have recently reported (12) that 85
percent of estrous female rats subjected
to long-term posterior lobectomy had
increases in circulating prolactin suffi-
cient to induce pseudopregnancy for 11
days. Water consumption increased
four- to fivefold immediately after poste-
rior lobectomy, indicating a severe vaso-
pressin deficiency, but was only twice
above control water consumption after
12 to 14 days. This and the fact that the
increase in prolactin was not sustained,
because all posterior lobectomized fe-
males resumed normal cyclicity, could
be explained by the regeneration of the
posterior lobe taking place during this
time (13).

Neither the in vivo nor the in vitro
methods reported here are sufficiently
refined to determine the relative role of
the median eminence (long portal vessels
route) compared with the posterior pitu-
itary (short portal vessels) in the dynam-
ic regulation of prolactin secretion. Fur-
thermore, it is questioned whether dopa-
mine is synthesized exclusively in hypo-
thalamic nuclei and is only stored in the
posterior lobe as is the case with vaso-
pressin and oxytocin (/4). Some degree
of independence of hypothalamic contri-
bution is suggested by our results show-
ing that posterior pituitaries incubated in
vitro are capable of synthesis of dopa-
mine de novo from tritiated tyrosine.
Indeed, the presence of tyrosine hydrox-
ylase and the absence of dopamine B-
hydroxylase in the posterior lobe has
been reported (5). Thus, to gain a better
insight into the participation of the poste-
rior lobe in the regulation of prolactin
secretion, a correlation should be made
between possible changes in dopamine
concentration or turnover in the posteri-
or lobe and alterations in prolactin secre-
tion under various endocrine conditions.

The present study demonstrates that
there is a functional dependency be-
tween the two lobes of the pituitary, at
least with respect to one of the anterior
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pituitary hormones. In view of the high
concentration of other releasing or inhib-
iting hormones such as thyrotropin-re-
leasing hormone (15), somatostatin (/6),
corticotropin-releasing hormone activity
(17), and the enkephalins (I8) in the
posterior lobe, other types of interac-
tions might also occur in the pituitary.
LUANNE L. PETERS
MicBAEL T. HOEFER
NiRA BEN-JONATHAN
Department of Physiology,
Indiana University School of Medicine,
Indianapolis 46223
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Centrilobular Injury Following Hypoxia in

Isolated, Perfused Rat Liver

Abstract. Hypoxia was produced in isolated, hemoglobin-free, perfused rat liver
by reducing the flow rate of oxygen-carrying fluid entering the organ. The procedure
caused anoxia in centrilobular regions. In these anoxic areas, structural derange-
ments developed rapidly, characterized by bleb-like protiusions of hepatocyte
plasma membrane through fenestrations in the sinusoidal endothelium. Periportal
tissue remained normoxic and was completely spared. Cellular injury resulting from
localized anoxia may play an important role in the pathogenesis of centrilobular liver

disease.

Centrilobular liver injury occurs as the
consequence of circulatory disorders
and the toxicity of various drugs (7). This
type of injury has been postulated to
reflect the fact that the central region of
the liver lobule is the last to receive
blood-borne oxygen and metabolites (2).
Long-term exposure to alcohol, in par-
ticular, causes centrilobular injury in ex-
perimental animals and man (3). In addi-
tion, both long- and short-term exposure
to alcohol causes an increase in oxygen
consumption by the livers of laboratory
rodents (4).

On the basis of these observations,
Israel et al. (5) hypothesized that alcohol
increases the oxygen requirement of the
liver such that those regions most distant
from the supply receive inadequate oxy-

gen, become anoxic, and undergo a se-
quence of cellular changes leading to
necrosis. The hypothesis is supported by
the recent demonstration of a substantial
(200 to 300 torr) intralobular oxygen gra-
dient in isolated, hemoglobin-free, per-
fused rat liver (6, 7). In livers from rats
treated with alcohol over extended peri-
ods this intralobular gradient increased
30 percent, in parallel with an increase in
hepatic oxygen uptake (7). We have now
shown that stable, circumscribed zones
of anoxia develop in response to insuffi:
cient oxygen delivery and that such an-
oxia leads to centrilobular injury and
necrosis.

Since liver function and oxygenation
cannot be monitored with precision in
the intact animal, we used livers isolated
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