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Several studies have been reported on gen-
eral cardiovascular responses of the fetus to
maternal hypoxia or anoxia. These were re-
viewed recently by Dawes (1) and Rudolph
and Heymann (2). The specific response of
the fetal microvascular system to maternal
hypoxia, however, has not been reported due,
in part, to the difficulty involved in examin-
ing these vessels directly in vivo with the
light microscope while maintaining home-
ostasis. This poor understanding of the mi-
crovascular system has prompted a series of
studies of these vessels iz vivo in rabbit fe-
tuses with their placental circulations intact
(3-6). The present paper reports the effect of
maternal hypoxia on the fetal mesenteric
microvascular system.

Materials and Methods. The mesenteries of
50 fetal and 15 adult pregnant rabbits (New
Zealand albino) were studied. Fetal prepara-
tions and adult preparations were studied in-
dependently since technical complications did
not permit simultaneous microscopic obser-
vations of fetal and adult mesenteries. In
both preparations pregnant rabbits were anes-
thetized with ethyl carbamate (Urethane, 1.5
g/kg). To study the fetal mesentery a fetus
was exteriorized with its placental circulation
intact on various days of gestation between
days 25 and 32 (av gestation in the rabbit is
32 days) and the fetal mesentery was ex-
posed surgically. Homeostasis was maintained
by constant irrigation with Ringer’s solution
of the surface of the mesentery as well as
the fetal body surface which was covered
with gauze sponges. The temperature of the
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Ringer’s was maintained at the maternal
body temperature by regulating heaters
(3-6). In addition, the ambient air surround-
ing the fetus was maintained at 37.5° by a
Sage “air curtain” with its controlling ther-
mister probe placed on the surface of the
fetus. To study the mesentery of the preg-
nant adult rabbit, the uterus was displaced
and a loop of bowel was exposed. Home-
ostasis was maintained as in the fetus.

Observations of the mesentery of the fetus
or of the pregnant adult were accomplished
by transillumination of the tissue with light
conducted to the mesentery by a hollow,
fused quartz-rod (7) and examination with a
Leitz stereo-binocular microscope equipped
with 2X, 4X, 8X, and 12X objectives and
12.5X and 18X oculars. Using these optics
magnifications of 25-216X were obtained.
Alternatively, a modified Leitz compound
monocular microscope was used equipped
with 10X, 22X, 50X, and 90} water immer-
sion objectives and a 10X ocular to provide
magnifications to 900 . Measurements of the
internal diameters of vessels were secured
with a calibrated micrometer disc in the ocu-
lars.

To study the response to hypoxia of the
mesenteric microvasculature of the fetus and
pregnant adult, the mother received a mix-
ture of 8% 02/92% N, gas for 30 min by
means of a closed circuit anesthetic machine.
Then the low oxygen mixture was removed
and the animal was allowed to recover
breathing room air. This procedure also was
repeated in fetuses and mothers to whose
mesenteries an alpha-adrenergic blocking

* agent, phentolamine (50 pg), or a beta-

adrenergic blocking agent, propranolol (50
»g), had been applied topically. Maternal
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and fetal blood pH, pO, and pCO, were mon-
itored using an ultramicro blood gas analyzer
(Instrumentation Laboratories, model 123-S1,
125A).

The effect of catecholamines on the mesen-
teric microvasculature of the fetus and adult
was tested by local, topical application of
epinephrine (10 ug), and norepinephrine
(10 pg) both before and after application of
phentolamine or propranolol.

The responses of the fetal mesenteric mi-
crovasculature to hypoxia and subsequent
recovery were recorded cinéphotomicrograph-
ically and were compared with those in the
maternal mesenteric microvasculature.

Results. The responses of the fetal mesen-
teric microvasculature to acute hypoxia in
the mother were vasoconstriction, reduced
flow in large arterioles and venules (100-300
p 1.d.), severely reduced flow in small arteri-
oles and venules (less than 100 p i.d.), and
elimination of flow in most capillaries. These
responses occurred within 30 min after the
administration of 8% O, was initiated.
Recovery occurred within 20 min after the
removal of the low oxygen mixture (Fig. 1).
Similar responses were observed in the mater-
nal mesenteric microvasculature but the re-
sponses were seen within 20 min with a lag in
the initiation of the wvasoconstriction and
with recovery within 5-10 min (Fig. 1). Dur-
ing recovery vessel diameter was restored in
parallel with blood pOs while pCO; still was
elevated and pH depressed.

The above responses could be mimicked by
local, topical application of epinephrine or
norepinephrine. Local topical application of
phentolamine blocked the above vasoconstric-
tive responses caused by hypoxia (Fig. 1),
epinepherine, or norepinephrine in both the
fetal and maternal vessels and occasionally
resulted in a slight dilatation of these vessels.
Propranolol, however, failed to block the
vasoconstrictive response to hypoxia. Acute
maternal hypoxia did not induce tissue ede-
ma nor did it lead to intravascular erythro-
cyte aggregation and sludging in the vessels
examined.

Discussion. These data illustrate that the
response of the fetal mesenteric microvascu-
lar system to hypoxia is vasoconstriction and
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suggests that this response is mediated by an
oxygen dependant, alpha-adrenergic mecha-
nism since: (i) the response could be mim-
icked by the administration of epinephrine or
norepinephrine and could be blocked by an
alpha-adrenergic blocking agent, phentola-
mine, but could not be blocked by a beta-
adrenergic blocking agent, propranolol; and
(ii) vessel diameter returned in parallel with
blood pO: while blood pCO; remained ele-
vated and blood pH depressed. Thus, it
would seem that recovery following hypoxia
in the fetal microvasculature and reestablish-
ment of blood flow through capillaries of the
mesenteric tissue is not so much dependant
on the blood acid-base balance and pCO. as
it is upon blood pO., a finding that is in
agreement with the results of Godfrey (8).

At this time, however, it is not clear wheth-
er the vasoconstriction is due to reflex neural
mechanisms initiated by chemoreceptors, is
due to humoral mechanisms, e.g., elaboration
of epinephrine from the suprarenal, or is pos-
sibly a direct effect of hypoxia on the vessel
wall. While the existence of functional chemo-
receptors and autonomic innervation in
the fetus is not clear (1, 2, 9-13), several
studies suggest the importance of catechola-
mine release from the suprarenal during the
last half of gestation in the response of the
fetus to stress (1, 2, 14). Unfortunately,
there is little or no information concerning
the sensitivity of the fetal systemic vascular
wall to varying concentrations of oxygen in
the blood. Studies on isolated adult vessels,
however, indicate that hypoxia induces vaso-
dilatation, except in the lung where vasocon-
striction is the result (15). While vasocon-
striction of pulmonary vessels in response to
hypoxia also has been demonstrated to be a
direct, local effect in the fetus (1), there is
little information concerning such direct ac-
tion in the fetal systemic vessels. In addition,
the relative sensitivities of the fetal systemic
vessels compared with the adult to varied
oxygen concentrations have not been re-
ported.

In this study the data suggest that the
response of the maternal and fetal vessels to
maternal hypoxia are equivalent. Both mater-
nal and fetal arterioles constricted approx-
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Fic. 1. Changes (= the standard error of the mean) in the internal diameters of vessels in fetal
and maternal mesenteric microvasculature, and changes in pH, pO. and pCOs: of the fetal and
maternal blood, during hypoxia and recovery in anesthetized rabbits: A, normal response to hy-
poxia and following administration of propranolol; B, response to hypoxia after administration of

phentolamine.

imately 459% while venules constricted ap-
proximately 25%. The smaller degree of ven-
ular constriction suggests that these vessels
may have less functional innervation, may be
less sensitive to catcholamines released from
the suprarenal, or may be less sensitive to
low oxygen saturation of the blood. The most
probable explanation, however, is that these
vessels contain considerably less smooth mus-
cle in their walls than do their companion
arterioles and are less capable of vasocon-
striction.

Summary. The effect of maternal hypoxia
on the microvascular system of fetal and
pregnant adult rabbits was studied. The re-
sponse of the fetal mesenteric microvascula-
ture to hypoxia was vasoconstriction, reduced
flow in the large arterioles and venules, and
severely reduced flow in most capillaries.
This response occurred within 30 min after
initiation of 8% O2; recovery occurred within
20 min after removal of the low oxygen
mixture. Similar findings were obtained in
the maternal mesenteric microvasculature but
the responses were more rapid, occurring
within 20 min, with recovery within 5-10
min. The responses appeared to be mediated
by an oxygen dependant, alpha-adrenergic
mechanism since, during recovery, flow and
vascular diameter were restored in parallel

with the blood pO; even though blood pH
still was depressed and pCO. was elevated,
and since the vasoconstrictive response could
be blocked by phentolamine but not by pro-
pranolol.
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