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establish a role for a bacterial virulence-en-
hancing factor in the pathophysiology of
strangulation obstruction, but suggests that
synergism between bacteria of one species
and products of another can occur in this
polymicrobic surgical disease. Further work
is needed to determine the nature of the
virulence-enhancing factor in strangulation
fluids, and whether the factor(s) acts in
strangulation obstruction by directly enhanc-
ing the virulence of endogenous intestinal bac-
teria, or by depressing host resistance to
infection,

Summary. Sterile, non-lethal ultrafiltrates of
strangulation fluids from humans, dogs, and
rats promoted a rapid, lethal E. coli infection
in healthy mice by fewer bacteria than was
possible with saline suspensions of the same
organisms. C!. welchii and Cl. sordelli, simi-
larly suspended, killed only a small propor-
tion of test mice. Sublethal dosages of several
substances that might contribute to the viru-
lence-enhancing activity of strangulation fluids
were also studied: E. coli endotoxin enhanced
the virulence of CI. sordelli and E. coli; CI.
welchii exotoxin enhanced only E. coli; bile
and mucin enhanced all 3 test microorganisms,
Synergism between bacteria of one species
and products of another may contribute to
the severity of mixed bacterial infections.
The identity of the factor in strangulation
fluids is unknown. There is as yet no evi-
dence of a role for a bacterial virulence-en-
hancing factor in the pathophysiology of
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- strangulation intestinal obstruction.

1. Cohn, I., Jr,, Strangulation Obstruction, Charles
C Thomas, Springfield, I, 1961.

2. Bornside, G. H, Cohn, I, Jr., Gastroenter-
ology, 1961, v41, 245.

3. Bornside, G. H., Floyd, C. E,, Cohn, I, Jr,
J. Surg. Res., 1964, v4, 233.

4. Barnett, W. O., Gastroenterology, 1960, v39, 34.

5. Yull, A. B, Abrams, J. S, Davis, J. H, J.
Surg. Res., 1962, v2, 223.

6. Bornside, G. H., Cohn, I, Jr,, Ann. Surg., 1960,
v152, 330. ‘

7. Davis, J. H., Yull, A. B,, Proc. Soc. Exp. Biol.
and Med., 1961, v108, 252.

8. Amundsen, E., Midtvedt, T., J. Surg. Res., 1964,
v4, 306.

9. Saltz, N. J. Haas, H., Servadio, C., Surg.,
Gyn., & Obst.,, 1965, v121, 319.

10. Amundsen, E., J. Surg. Res., 1964, v4, 531.

11. Drabkin, D. L., Arch. Biochem. 1949, v21,
224,

12. Brock, D. P, Cohn, I, Jr. Surgery, 1962,
v51, 621.

13. Noyes, H. E., Pulagki, E. J., Balch, H. H,,
Ann. Surg., 1956, v144, 51.

14. Cinader, B., Brit. J. Exp. Path., 1957, v38,
362.

15. Olitzki, L., Bacteriol. Rev., 1948, v12, 149.

16. Schaedler, R. W., Dubos, R. J., J. Exp. Med,,
1957, v106, 719.

17. Arndt, W. F., Young, E. J, Ritts, R. F, J.
Inf. Dis., 1963, v112, 255.

18. Cohn, 1., Jr., Cotlar, A. M., Atik, M., Lump-
kin, W. M., Hudson, T. L., Wernette, G. J., Ann.
Surg., 1960, v152, 827.

Received November 9, 1965. P.S.E.B.M., 1966, v121.

Thyro-Adrenal Relationships in Maternal Fetal and Neonatal
Guinea Pigs: Effects of Goitrogens* (30829)

S. A. D’ANGELO
Department of Anatomy, The Jefferson Medical College, Philadelphia, Pa.

Knowledge regarding placental permeabil-
ity to maternal hormones and the maturation
and functional interrelationships of the mam-
malian fetal endocrine systems is incomplete.
Jost(1) and Mitskevich(2) have summarized
pertinent experimental data on the pituitary-

* Supported by a Career Research Award and
Grant AM 00432 from Nat. Inst. Health.

thyroid and adrenal systems in the rodent.
Critical analysis indicates that there are mu-
tual compensations in hormone function of
mother and fetus and that these reflect dif--
ferences in placental transmission for differ-
ent hormones, as well as for type of placenta
and stage of pregnancy. Information on the
thyro-adrenocortical relationship in maternal
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and fetal guinea pig is scant. There is evi-
dence that the pituitary-thyroid axis of the
fetus can operate as a feedback mechanism,
at least in the later stages of development.
Peterson and Young(3) described hypertro-
phy of the pituitary, as well as thyroid hyper-
plasia, in fetuses of guinea pigs treated with
anti-thyroid agents during pregnancy. These
effects were partially counteracted by simul-
taneous administration of thyroxine to the
mother. Postel(4) found that chronic treat-
ment with perchlorate also induced massive
thyroid hyperplasia without producing ma-
ternal goiter: triiodothyronine administration
did not prevent the fetal thyroid hyperplasia,
however. Comparable studies on maternal
and fetal pituitary-adrenal interrelations in
the hypothyroid guinea pig are virtually non-
existent. This study was undertaken to sup-
ply such information on the possible effects
of goitrogenesis on adrenocortical function in
mother, fetus and neonate.

Materials and methods. Guinea pigs, 5-6
weeks pregnant, obtained from commercial
sources, were maintained in an animal room
(70-76°F) on unrestricted amounts of tap
water and Purina Omolene, periodically sup-
plemented with greens. Because of the well-
established relationship between ascorbic acid
deficiency and adrenocortical secretion in the
guinea pig(5,6), precautions were taken to
maintain adequate levels by oral supplemen-
tation of ascorbic acid (10 mg on alternate
days). Propylthiouracil (PTU) was adminis-
tered in the ration (0.1%) as in previous
studies(7). Experimental and control animals
were grouped as follows: Groups A and B:
untreated mothers and newborn, respectively;
C and D: pregnant guinea pigs treated with
PTU for 17-30 days and their offspring, all
autopsied within 1-24 hours after parturition.
Groups E and F consisted of untreated, lac-
tating mothers and 8-10-day-old sucklings.
Groups G and H were comprised of non-
pregnant adults which were untreated or re-
ceived goitrogen for 50-70 days.

Guinea pigs were killed by exsanguination,
Blood was drawn into heparinized syringes
by cardiac puncture in animals under ether
anesthesia. After centrifugation, the plasma
was frozen until chemical determinations
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were made. Thyroids, adrenals, gonads and
pituitary were quickly removed at autopsy,
trimmed cleanly, weighed on torsion balances
and then prepared for histological or chemi-
cal study. Ascorbic acid content of the left
adrenal and left ovary (both gonads in new-
born) was determined by the Roe-Kuether
method(8). Free 17-hydroxycorticosteroids
were measured in 1 ml samples of plasma
(duplicate samples in adults) and in the right
adrenal, or portions thereof, by modification
of Silber’s fluorometric procedure(9). After
successive extractions with 2, 2, 4-trimethyl-
pentane and chloroform, followed by an alka-
line wash, the extracted steroids were mixed
with the fluorescing reagent (75% ethanolic
H,S04, v/v), centrifuged, and the acid ex-
tract transferred to cuvettes. Fuorescence in-
tensity was determined precisely 10 minutes
after induction using a Farrand Fluorometer
with an exciting wave length of 467 mu and
emitted wave length of 530-540 mpu. Stand-
ards containing 0.25, 0.5, 1.0 and 1.5 pg of
cortisol were routinely run with the highest
standard arbitrarily set at 80. Corrections
were applied for reagent blank but not for
non-specific fluorescence. Values for 17-hy-
droxycorticosteroid content of the samples
were calculated directly from the standard
curve which showed a reproducible linear re-
lationship between intensity of fluorescence
and concentration of hydrocortisone over the
range tested. It has been established with a
variety of methods(10,11,12) that the guinea
pig adrenal elaborates several steroids with
the 17-hydroxycorticosteroid-configuration but
secretes mainly  17-hydroxycorticosterone
(cortisol). All results were evaluated statisti-
cally using Student’s “t.” Weights of the
endocrine organs are recorded in terms of
mg/100 g final body weight. No sex differ-
ences were apparent for the various measure-
ments made, consequently values for the new-
born were pooled. '

Results. Administration of PTU to guinea
pigs throughout the last 17-30 days of their
pregnancy resulted in significant change in
the endocrine system of the offspring (Table
I). Body weights of newborn from goitrogen-
treated mothers averaged about 10% less
than for normal young. Variability was high
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TABLE I. Propylthiouracil Treatment and Endoerine Gland Weight in the Guinea Pig.
- Mean organ wt (mg/100 g body) = SEM ~
Mean body
Group wt, g
(No. of animals) (range)  Pituitary* Thyroid Adrenal Ovaryt Testis
A. Normal mothers (8) 604 19 + .13 13.1 + 62 90 =+ 9.5§ 99+ 9 —
B. Normal young 78 50+.13 285+ 2.8 373+ 38 100+ .9 105+ 7.6
(149 : 73) (55-110)
C. Mothers on PTU (8) 681 2.1+ .12 134+ 1.7 98 +14.7¢ 10.0 = .7 —_
D. PTU—young 68 55+ 14| 566 =+ 105 283 + 14| 80z .9 88 + 11.8
(189 :73) (39-99)
E. Normal mothers, 726 2.2 + .17 110+ 1.2 68 + 4.1 8.7 + 2.0 —
lactating (4) .
F. Normal sucklingst 125 4.4 + 32 22.0 = 2.0 43 + 29 78+11 115 +176
(3¢ :48) (85-137)
G. Normal, non- 632 1.6 + .07 13.8+ 1.2 57 + 4.1 89+ .8 —
pregnant (12)
H. PTU, non- 619 1.94.03 - 209 + 62 -+ 4.2 85+ 7 -—_

pregnant (12)

2.5

* Values for the adenohypophysis in adult guinea pigs and for whole pituitaries in offspring.
t Weight based on left ovary in adults and both gonads in offspring.

1 8-10 days old.

§ Mean values are significantly different (P —

groups (G, H).

<.025) from corresponding ones in non-pregnant

|| Significantly different (P — <.025) from mean values in normal offspring (B).

in both groups, however, and there was no
indication of cretinism in any of the off-
spring. Marked hyperplasia of the fetal thy-
roid occurred. The goitrogenesis was associ-
ated with significant hypertrophy of the pi-
tuitary and moderate atrophy of the adrenal.
Ovarian and testicular weights of goitrous
young were also reduced but not significantly
so. Despite a 20-fold enlargement of the thy-
roid in the fetus, goitrogen-treated mothers
showed little or no thyroid hypertrophy. Pro-
longed ingestion of PTU eventually induced
goiter formation (Group H). It has already
been established that there is an appreciable
delay in onset of morphologic change in the
thyroids of adult guinea pigs given anti-thy-
roid agents(7). Adrenal gland weight in-
creased about 50% during pregnancy
(Groups A, C). Goitrogen administration did
not influence the adrenal hypertrophy of
pregnancy nor affect adrenal size in non-
pregnant animals. The enlarged adrenal invo-
luted rapidly after parturition (Group E).
Consistent and substantial differences were
observed between mother and neonate in the
various indices of adrenocortical function
(Table II). Maternal plasma concentrations

of 17-hydroxycorticosteroids at delivery were
at least double those in the newborn and 4-5
times greater than normal (compare Groups
A, C, G). Corticoid concentrations in the ad-
renals of offspring (Groups B, D) averaged
one-half to one-third those of mothers. Levels
of 17-hydroxycorticosteroids in plasma or ad-
renal of goitrous guinea pigs (newborn or
adult) were not significantly different from
those in euthyroid controls. Involution of the
adrenal in lactating animals was paralleled by
reduction of adrenocorticosteroids toward
normal but values in 8-10-day-old suckling
guinea pigs were maintained. Despite con-
tinued oral supplementation of ascorbic acid
to pregnant and lactating animals, ascorbic
acid concentrations of their adrenals were
consistently lower than in the newborn. In-
duction of the hypothyroid state in adult ani-
mals resulted in significant adrenal ascorbic
acid depletion (Group H). No such effect was
observed in the young, however, despite the
presence of large goiters.

Discussion. The marked fetal hyperplasia
of the thyroid and the pituitary hypertrophy
induced by PTU treatment in the last few
weeks of pregnancy are in accord with the
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TABLE II. Effects of Hypothyroidism on Adrenocortical Funetion in Maternal and Neonatal
Guinea Pigs.

Adrenal responses (mean + SEM)

17-hydroxycorticosteroids

Adrenal ascorbic Plasma Adrenal
Group acid (mg/100 g) (ug/100 ml) (ng/g)
A. Normal mothers . 61 +125 206 + 28.1* 32 5+ 6.7
B. ”  young £103 + 15.9+% 97 + 8.4t 0.1 + 1.4¢%
C. Mothers-PTU 40 + 6.7 311 + 19.4* 22 9+ 3.2
D. Young-PTU 112 +~ 8.6t 92 + 11.61 10.6 + 1.3%
E. Normal mothers, lactating 52 + 21.2 81 + 14.3 194+ .9
F. ” sucklings 115 + 18.51 82 + 12.4 11.2 = 3.0%
G. ”  non-pregnant 84 +10.9 56 + 4.3 24.3 + 3.2
H. PTU, non-pregnant 47 + 8.0 48 + 4.4 24.0 =12

* Means which differ with high significance (P —=.001) from those in non-pregnant, adult

guinea pigs (G, H).

t Values obtained in newborn which differ significantly (P — .05 or less) from corresponding

ones in mothers (A, C,E).

observations of Peterson and Young(3). The
more pronounced morphologic changes in the
pituitary-thyroid system as described by them
can be accounted for by duration and/or
route of administration of the anti-thyroid
agent. There is little doubt from this and the
earlier studies(2,3,4) that placental passage
of goitrogens to the fetus, inhibition therein
of thyroid hormone formation, and activation
of fetal TSH mechanisms in the pituitary all
can occur. It is also significant that fetal
goitrogenesis was not accompanied by ma-
ternal thyroid hyperplasia. Although serum
TSH titers in PTU-treated adult guinea pigs
do rise prior to onset of thyroid hypertrophy
(7), placental transmission of maternal TSH
sufficient to sustain the fulminating thyroid
enlargement of the fetus is hardly likely;
moreover, we have evidence (to be published
elsewhere) that TSH content of the pituitary
in goitrous offspring is significantly increased.

The complex relationship between ascorbic
acid deficiency and adrenocortical secretion
in the guinea pig has received much scrutiny.
Severe inanition produces adrenal hypertro-
phy but not if animals are previously hy-
pophysectomized (13). In growing guinea pigs
on a vitamin C-deficient diet, plasma 17-hy-
droxycorticosteroids are slightly increased;
markedly so, if weight loss is appreciable(6).
Plasma corticoids reach exceedingly high lev-
els in severely scorbutic animals although
their hypertrophied adrenals are virtually de-
void of ascorbic acid(5). This relationship

must differ in several basic respects for ma-
ternal and neonatal guinea pigs. The adrenal
and ovary of the fetus apparently can con-
centrate ascorbic acid to greater extent than
do the maternal glands. Whether the fetal
endocrines can synthesize ascorbic acid only
to lose this capacity at birth cannot be stated.

The fact that circulating levels of adreno-
corticosteroids in the neonate are relatively
low is consistent with the view that placental -
transfer of maternal steroids is rather lim-
ited. Maternal levels were not determined
throughout the gestation period, however, and
the high values at parturition could have been
temporarily accentuated by stresses engen-
dered by delivery. Plasma corticosteroids
were greater in the newborn than in normal,
non-pregnant adults, confirming the report of
Thornton and associates(14). The fluoromet-
ric methodology used by these investigators
also revealed changing proportions of “corti-
sol” and “corticosterone” in plasma of aging
guinea pigs. Relatively high corticosterone
values found in the neonate decreased sharply
in the adult. The decline in plasma cortisol
with maturity was much less marked. Our
study indicates that the elevation in plasma
17-hydroxycorticosteroids of the newborn co-
exists with low adrenal concentration. It re-
mains to be determined whether the fetal
guinea pig adrenal actually secretes cortico-
sterone in high proportion, if at all, and also
what action the high circulating levels of ad-
renocorticoids may have on ACTH secretion
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by the fetal pituitary. The data of Milkovic
and Milkovic in the rat(15) suggest that the
fetal adrenal rather than the maternal gland
is the source of elevated corticosterone levels
in the fetal circulation.

The failure to affect adrenal size in the
guinea pig with anti-thyroid agents contrasts
with numerous positive results for the rat
(16). Thiouracils in the latter induce un-
equivocal atrophy of the adrenal. The effect
is attributable to decreased secretion of
ACTH(17) rather than to adrenal insensitiv-
ity (18). Chronic treatment of rats also re-
duces plasma and adrenal corticosterone val-
ues but these are restored to normal with uni-
lateral adrenalectomy even one year after
continuous PTU treatment (unpublished ex-
periments). Kowalewski(19) reported low
levels of 17-hydroxycorticosteroids in plasma
of guinea pigs (sex?) after long term treat-
ment with thiouracil. There was no evidence
of adrenal hypofunction in the goitrous guinea
pigs (adults or newborn) of this study, how-
ever.

Summary and conclusions. Propylthiouracil
administration to guinea pigs during the last
few weeks of pregnancy induced pituitary hy-
pertrophy, adrenal atrophy and marked thy-
roid hyperplasia in their offspring. Adrenal
enlargement, without goiter formation, was
found in the mothers. A reciprocal relation-
ship was observed between mother and new-
born (1-24 hours) regarding ascorbic acid
and 17-hydroxycorticosteroid levels. Adrenal
and ovarian ascorbic acid concentrations were
significantly higher in neonatal guinea pigs,
whereas corticosteroid values in maternal
plasma and adrenal were 2-3 times greater
than in the young. Fetal goitrogenesis did
not basically alter the inverse relationship of
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these parameters of adrenocortical function.
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tance from Nadine Radovic Wall and Barbara Sager.
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