and deaths of newborn children is also
higher for mothers who smoke, the rates
being approximately dose-related (//,
14). There are undoubtedly several mech-
anisms for these effects since tobacco
smoke contains many chemicals. Be-
cause HbCO concentrations of 5 to 10
percent are common in persons who
smoke one to two packs of cigarettes per
day, it is conceivable that CO-induced
hypoxia may be an important factor. For
instance, in a pregnant woman smoking
one pack of cigarettes a day, with an
HbCO concentration of about 4.8 per-
cent, fetal O, tension would decrease 2
to 3 torr. In a woman smoking two packs
a day, with an HbCO concentration of
about 9 percent, fetal O, tension would
decrease 4 to 6 torr. In a woman exposed
to ambient CO concentrations of 30 ppm
for prolonged periods, as in industrial ex-
posure or severe air pollution, the in-
creases in maternal and fetal HbCO con-
centrations and decreases in fetal O, ten-
sions would be equivalent to those
expected if the women smoked a pack of
cigarettes per day. Thus, fetuses of preg-
nant women in these environments may
be exposed to CO concentrations that
are not innocuous.

These results raise numerous ques-
tions regarding the biologic effects of rel-
atively low CO concentrations on the de-
veloping embryo and fetus. For instance,
what are the physiologic effects of these
decreases in blood O, tension on avail-
ability of O, to the fetal brain, heart, and
other vital tissues? Are cells of the devel-
oping embryo or fetus more or less sensi-
tive to the effects of CO than those of
adults? To what extent does CO inter-
ference with fetal oxygenation also result
in problems such as mental retardation,
cerebral palsy, and perhaps subclinical
neurologic, intellectual, or behavioral
deficits? Is there a threshold level above
which adverse effects are noted? If so,
what are the maximum allowable CO ex-
posures for pregnant women and their fe-
tuses?

LAWRENCE D. LoNGo
Division of Perinatal Biology,
Departments of Physiology and
Gynecology, Loma Linda University,
Loma Linda, California 92354
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Thyroxine-Induced Activation of Hypothalamo-Hypophysial

Axis in Neotenic Salamander Larvae

Abstract. Thyroxine injected into the hypothalamus of neotenic Ambystoma tigri-
num induces metamorphosis by activating hypothalamo-hypophysial stimulatory
control of thyroid activity, thereby removing the hypothalamic block to metamor-

phosis.

We have examined the role of thyrox-
ine (T,) on hypothalamic function in tiger
salamander larvae with respect to hy-
pothalamic maturation and control over
metamorphosis. A number of reports
have dealt with interactions among thy-
roid hormones, thyrotropin [thyroid-
stimulating hormone (TSH)], prolactin
(PRL), gonadotropins, corticotropin, me-
latonin, gonadal steroids, and corticoste-
roids in neotenic populations of tiger sal-
amanders, Ambystoma tigrinum , in Colo-
rado (/-3). These animals normally
become sexually mature and breed with-
out first undergoing metamorphosis to
adult terrestrial body form and are
termed neotenes. This neotenic condi-
tion cannot be explained by reduced sen-
sitivity of peripheral tissues to thyroid
hormones or of the thyroid gland to TSH
since both neotenes and immature larvae

Table 1. Effectiveness of single i.h. injections
of T, in inducing metamorphosis in immature
and neotenic larvae of Ambystoma tigrinum.
Larvae were maintained at 15°C on a photope-
riod of 12 hours light and 12 hours darkness.
The injection vehicle was 5 ul of saline buffer,
pH 10.4 (2, 4). Mean body weight values are +
standard errors.

Initial mean T, Pro-
Group N  body weight dose  portion
(g) (ng)  induced
Neotenes
1 8 64.1 x 4.13 2.0 8/8
2 8 58.2 = 1.81 0.2 7/8
3 8 58.7 = 2.95 0.02 3/8
4 8 59.0+2.16 0 0/8
Immature larvae
S 9 6.0 = 0.61 2.0 9/9
6 9 6.0 = 0.61 0.2 0/9
7 9 6.8 062 0 0/9

from populations that normally undergo
metamorphosis before sexual maturation
do not differ in sensitivities to these hor-
mones (2, 4). Neotenes occasionally un-
dergo spontaneous metamorphosis, espe-
cially when brought into the laboratory
in the spring and fall.

We examined the influence on meta-
morphosis of a small amount of T, placed
in the region of the hypothalamus. Neo-
tenes were anesthetized lightly with ure-
thane, and a small hole was drilled in the
roof of the mouth posterior to the optic
chiasma but anterior to the pituitary. We
injected T, into the region of the hypotha-
lamus in a single dose of 2.0, 0.2, or 0.02
ugin 5 ul of saline buffer (5). The hole in
the skull was occluded with dental ce-
ment. Placement of the injected dose
was aided by the use of a stereotaxic de-
vice (6). A high incidence of metamor-
phosis was observed in all but the group
receiving the lowest dose (Table 1). Ani-
mals receiving saline buffer intra-
hypothalamically (i.h.) did not metamor-
phose. This experiment was repeated
and almost identical results were ob-
tained. Neotenes or immature larvae re-
ceiving a single intraperitoneal (i.p.)
dose of T, do not metamorphose. In-
jection of the largest dose of T, (2.0 ug)
into the olfactory region of the brain in-
duced metamorphosis in only three of
eight neotenes.

In a second series of experiments, we
measured the uptake of radioiodide by
the thyroid of neotenes following a single
i.h. injection of 2.0 ug of T,, compared to
effects of daily injections of 0.2 ug of T,
administered i.p. for 10 days (Table 2).
Daily injections of 0.2 ug of T, had been
shown previously to induce metamor-
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Table 2. Uptake of **!'I by the thyroid of metamorphosing neotenes induced with a single i.h.
injection or daily i.p. injections of T,. Group 1 differs significantly (P < .01) from all others.
Larvae were maintained at 15°C on a photoperiod of 12 hours light and 12 hours darkness. Body
weights are means *+ standard errors. Uptake of *' is expressed as percentage of the injected

dose (mean =+ standard error).

Total

Mean body dose Mean ']
Group Treatment N W?i%ht of T uptake
g 4
(1) o)
1 T4, 2.0 ugi.h. 8 66.9 + 4.38 2.0 8.5 +2.33
2 T,, 0.2 pg/day 8 66.8 + 3.24 2.0 1.0 £ 0.20
i.p. for 10 days
3 Saline buffer 8 65.6 = 3.07 0 0.5 + 0.25

phosis in neotenes (2, 4). Radioiodide
(1.0 uCi of ¥, carrier-free) was adminis-
tered i.p. to metamorphosing larvae
when each group had achieved a mean re-
sorption of approximately 50 percent of
the right proximal gill rachis. The ani-
mals were killed 24 hours later and thy-
roidal radioiodide uptake was measured
(3). Radioiodide uptake by animals re-
ceiving a single i.h. injection of T, was
significantly greater than uptake by meta-
morphosing animals induced with i.p. in-
jections. Although neotenes receiving
daily i.p. injections of T, were at the
same stage of metamorphosis as those in-
jected i.h., radioiodide uptake was not
significantly different between i.p. in-
jected metamorphosing neotenes and sa-
line-injected nonmetamorphosing con-
trols. These data suggest that T, injected
directly into the hypothalamus is capable
of activating the hypothalamo-hypo-
physial-thryoid axis.

Etkin (7) attempted to explain induc-
tion of metamorphosis in larval anurans
as a result of “‘positive feedback’ of T,
on the hypothalamo-hypophysial-thyroid
axis. This hypothesis was later modified
to include demonstrated antimetamor-
phic actions of exogenous mammalian
PRL on metamorphosis (8). Etkin ex-
plained the slow induction of anuran
metamorphic events as a consequence of
“turning on”’ of a hypothalamic stimula-
tory center controlling TSH release from
the adenohypophysis and a hypothalam-
ic inhibitory center for reducing release
of PRL. According to Etkin’s model, low
circulating levels of T, in the pre-
metamorphic tadpole cause a maturation
of these neurosecretory centers, result-
ing in greater T, secretion. The increase
in circulating T, accelerates the rate of
hypothalamic maturation until T, reach-
es the threshold for inducing metamor-
phosis (9). Etkin supported his model
with data on sensitivities to thyroid hor-
mones and changes in neurosecretory ac-
tivity in the hypothalamus and median
eminence. However, his experiments all
involved immersion of tadpoles in solu-
tions of T, so that a specific direct action
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on the hypothalamus could not be con-
firmed.

As predicted by Etkin’s hypothesis, a
decrease in pituitary PRL accompanies
T,induced or spontaneous metamor-
phosis of tiger salamander larvae (10,
11). Platt (12) has suggested that PRL is
responsible for maintaining the neotenic
condition in this species by blocking the
action of thyroid hormones at the level of
the hypothalamus. Therefore, it is prob-
able that a stimulatory factor such as a
rise in circulating thyroid hormone levels
is responsible for overcoming the pro-
posed hypothalamic PRL block to meta-
morphosis.

In a separate experiment, we removed
the pituitary gland from neotenes and
grafted a pituitary gland into the lower
jaw near the thyroid glands. These neo-
tenes showed no metamorphic tenden-
cies 3 weeks later following injection of
2.0 ug of T, directly into the region of the
transplant. The failure to observe meta-
morphosis under these conditions could
have been due to increased PRL release
once this gland has been freed of direct
hypothalamic inhibition. The trans-
planted glands were secreting melano-
phore-stimulating hormone (MSH) for
up to 6 weeks, as evidenced by a marked
darkening of the skin (animals whose pi-
tuitary glands have been removed appear
blanched). Since increased release of
MSH and PRL is observed from pitui-
taries deprived of contact with the hy-
pothalamus (/3), it might be assumed
that PRL was being released from these
transplanted pituitaries. However, treat-
ment of pituitary-grafted neotenes with
ergocornine, a drug that acts directly on
the pituitary gland to block release of
PRL and MSH (/4), did not influence the
response to T,. As shown for other am-
phibian species (7), there is little stain-
able neurosecretory material in the hy-
pothalamus of immature tiger salaman-
der larvae. A marked increase in
neurosecretory stainability occurs after
treatment with thyroid hormones. Neo-
tenic larvae already possess large quan-
tities of hypothalamic neurosecretory

material, and tre2tment with T, does not
produce any obvious change in stainabili-
ty (I5). As mentioned above, target tis-
sues for T, in neotenes and immature lar-
vae are equally sensitive to T,. How-
ever, a much greater i.h. dose is required
to initiate metamorphosis in immature
larvae (Table 1), and the onset of meta-
morphosis is delayed as compared with
that in neotenes (/5). It appears that in
neotenes the role of T, is to activate an
inhibited hypothalamic center, whereas
in immature larvae it must first bring
about a general maturation of the hy-
pothalamus.

We propose that the PRL block to
metamorphosis in this species can be
overcome by a moderate increase in cir-
culating thyroid hormones or a marked
decrease in PRL secretion, which would
allow currently circulating thyroid hor-
mones to produce a maturation (imma-
ture larvae) or an activation (neotenes)
of the hypothalamo-hypophysial-thyroid
axis (/6).

DAvVID O. NORRIS, WILLIAM A. GERN
Department of Environmental,
Population and Organismic Biology,
University of Colorado, Boulder 80309
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Discharge of Aminoacyl-Viral RNA by a Factor

from Interferon-Treated Cells

Abstract. Extracts of cells treated with purified interferon discharge the amino
acid previously esterified to viral RNA but fail to affect aminoacylated transfer RNA.
A similar activity is also present in crude interferon preparations.

The RNA from several different virus-
es can react in place of transfer RNA
(tRNA) in the esterification of specific
amino acids by eukaryotic aminoacyl-
tRNA synthetases (/). The biological
role in viral replication of such aminoacy-
lation is not yet known, but the sugges-
tion has been made that it may be in-
volved in the regulation of protein syn-
thesis (2). Interferon, a protein produced
by cells exposed to viruses and certain
other materials, causes cells to become
resistant to viral infection and also alters
specific functions of the treated cells, in-
cluding protein synthesis (3). Incubation
of exogenous messenger RNA (mRNA)
with extracts of interferon-treated cells
results in the translation of less protein
than is observed with extracts of un-
treated cells; this low level of translation
can be increased by the addition of cer-
tain tRNA preparations (¢, 5). We report
here another activity shown by extracts
of cells exposed to interferon: specific
deacylation of aminoacylated viral RNA.

The RNA extracted from tobacco mo-
saic virus (TMV) was esterified with his-
tidine by partially purified rabbit liver his-
tidinyl-tRNA synthetase. The unpurified
human, rabbit, and mouse interferons
used had all been induced in cell culture
by virus; the residual virus was inacti-
vated by dialysis at pH 2, and the neutral-
ized fluids were then stored at —70°C.
Mock preparations of unstimulated cell
cultures were similarly prepared from su-
pernatant fluids that, like the interferon
preparations, contained 2 percent fetal
bovine serum in Eagle’s minimal essen-
tial medium.

In order to show that a factor inter-
fering with aminoacylation of viral RNA
is produced by cells after exposure to in-
terferon, mouse Ly, cells grown in 60-
mm petri plates were treated with Seph-
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arose beads bearing covalently linked
mouse interferon (30,000 beads per dish)
6); control cells were treated with un-
modified Sepharose beads. After in-
cubation at 37°C for 6 hours, the beads
were removed and the cells were washed
and homogenized; supernatant fluids
from the homogenates were then added
either to an acylating system (Fig. 1a) or
to a solution of histidinyl-TMV-RNA
(Fig. 1b). As seen in Fig. 1, the extracts
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of cells that had been treated with inter-
feron diminished the esterification of the
TMV-RNA and increased the break-
down of preformed histidinyl-TMV-
RNA.

The deacylating factor may be related
to the development of resistance to virus-
es. Cells treated with Cantell’s highly pu-
rified human interferon (7) (PIF) (with a
specific antiviral activity of 3.7 x 10°
units per milligram of protein) became
progressively more resistant to virus
challenge; the activity in extract super-
natants increased in parallel with antivi-
ral resistance until about 7 hours after in-
terferon treatment, when deacylating ac-
tivity began to decline and a plateau in
antiviral resistance was reached (Fig. 2).
The dissociation of the curves after 7
hours may be explained by mechanisms
for disposing of the factor, such as bind-
ing to insoluble components or secretion
from the cell.

Crude interferon preparations also
contain a deacylating activity. The activi-
ty is clearly not attributable to interferon
itself: no deacylating activity could be de-
tected in as much as 170,000 units of
PIF, but an active factor was present in
crude preparations of human, rabbit, and
mouse interferons (even after they were
diluted > 1 : 250). The deacylating activ-

Fig. 1. The in vitro activity of Ly, cell homog-
enates treated with Sepharose-bound mouse
interferon (A) or with control, untreated Seph-
arose beads (O) on (a) the inhibition of histi-
dine acylation to TMV-RNA and (b) the accel-
erated discharging of histidine TMV-RNA.
The amount of interferon bound to the beads
was about 3 x 10* units, as measured in Lgy,
cells with GDVII virus as challenge (12). Cells
were exposed to the beads for 6 hours at 37°C,
then washed, homogenized in 1 ml of 0.02M
tris-HCI buffer (pH 7.5), and centrifuged for
20 minutes at 2000g. Supernatant fluids were
assayed. Rabbit liver histidinyl-tRNA syn-
thetase was prepared from the 105,000g super-
natant fluid of clarified liver homogenates.
The fraction eluted from diethylaminoethyl
(DEAE)-cellulose with 0.25M NH,CI served
as a crude synthetase preparation from which
the histidine synthetase was purified by col-
umn chromatography on DEAE-cellulose fol-
lowed by affinity chromatography on a tRNA
(Escherichia coli)-Sepharose column, and
subsequently by TMV-RNA-Sepharose col-
umn chromatography, according to methods
described by Remy et al. (13). Although not
homogeneous, this preparation was devoid of

ribonuclease activity as shown by gel electrophoresis of TMV-RNA before and after treatment
with the synthetase. One enzyme unit esterifies 1 pmole of tRNA in 10 minutes. The TMV-RNA
was prepared from a CsCl-banded virus preparation, which was then further concentrated,
suspended in 1 percent sodium dodecyl sulfate, and extracted with an equal volume of phenol.
The TMV-RNA was esterified with histidine in the following reaction mixture (0.1 ml): 0.02M
tris-HCI (pH 7.5), 5 mM MgCl,, 2 mM ATP, 10 uM [*H]histidine, 4 to 10 pmole of TMV-RNA
per 0.1 ml, 10 ul of extract from treated Lg,, cells, and 20 units of purified histidine synthetase.
Aminoacylation was measured as trichloroacetic acid—precipitable tritium at the times in-
dicated. Discharging was measured in a system containing 1 pmole of histidinyl-TMV-RNA in
0.02¢ tris (pH 7.5), 5 mM MgCl,, 2 mM ATP, and 10 ul of cell extract. Samples were
precipitated with trichloroacetic acid at the times indicated, filtered on glass fiber disks,

washed, and counted in a scintillation counter.
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