(5, 6). Since the present results demon-
strate that this amount is more than
enough to lyse isolated malaria parasites,
we propose that the selective antimalari-
al action of chloroquine is due to the
accumulation of a toxic chloroquine-
heme complex. Although the mechanism
underlying this toxicity has not yet been
studied, it may be similar to that ob-
served in the erythrocyte model (/0).
AUGUSTINE U. ORIIH
H. S. BANYAL
ReExHA CHEVLI
Coy D. Fircu
Department of Internal Medicine,
St. Louis University School of
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Thymosin Stimulates Secretion of

Luteinizing Hormone—Releasing Factor

Abstract. Partially purified thymosin fraction 5 and one of its synthetic peptide
components, thymosin B,, but not thymosin o, stimulated secretion of luteinizing
hormone-releasing factor from superfused medial basal hypothalami from random
cycling female rats. In addition, luteinizing hormone was released from pituitary
glands superfused in sequence with hypothalami. No release of luteinizing hormone
in response to thymosin was observed from pituitaries superfused alone. These data
provide the first evidence of a direct effect of the endocrine thymus on the hypo-
thalamus and suggest a potentially important role for thymic peptides in repro-

ductive function.

Experimental evidence supports the
concept that the thymus gland partici-
pates in the development of the neuroen-
docrine system in mammals (/). With
regard to reproductive function, we have
previously documented that congenitally
athymic nude mice have reduced pitu-
itary concentrations of luteinizing hor-
mone (LH) and follicle-stimulating hor-
mone (FSH) and that these hormones
can be restored to normal by thymic
transplantation on the first day of life (2).
Furthermore, hypothalamic concentra-
tions of luteinizing hormone-releasing
factor (LRF) appear reduced in athymic
animals whereas gonadal function in vi-
tro seems intact (3). In the experiments
reported here, we attempted to deter-
mine if thymosin fraction 5, a partially
purified thymic preparation known to
play an important regulatory role in the
function of the thymus-dependent lym-
phoid system (4), and two of its compo-
nent peptides, thymosin oy and B4 (),
might also be important in reproductive
function. To investigate the role of thy-
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mic peptides in the regulation of gonado-
tropin secretion, we used medial basal
hypothalami (MBH) or pituitary glands
that were obtained from randomly cy-
cling female rats and were superfused in
a sequential double chamber system.
Sprague-Dawley rats were decapitated
at 0900 hours and the MBH and pituitary
gland were removed. In some studies,
the MBH was placed into the first 0.1-ml
plastic chamber of a double chamber
superfusion system, and the pituitary
was placed into the second chamber. In
other studies, either the MBH or pitu-
itary was perfused singly in the corre-
sponding chamber of the series. The
superfusion system, including the ana-
tomical boundaries of the dissected
MBH tissue, have been described (6).
The sequential chambers were perfused
with Medium 199 (Gibco) saturated with
95 percent O, and 5 percent CO, at 37°C
at a flow rate of 3 ml per hour. Bacitracin
(5 pl, 2 mM; Sigma) was added to the
collection tubes to prevent the enzymic
degradation of LRF. The dissected tis-

sue was allowed to equilibrate for 2
hours, and then the collection of 0.5-ml
fractions of media was initiated. After
fractions were collected for 1 hour, 20 ug
of thymosin fraction 5; or 4 x 107 ''M
synthetic thymosin «; or B4 in a volume
of 10 pl in Medium 199, or Medium 199
alone as a control, was injected into the
first chamber and samples were collect-
ed for an additional 2 hours. The frac-
tions were stored at — 20°C until assay.
The LH or LRF in these effluent samples
was measured by radioimmunoassay as
described (2, 7). All samples from a
given study were measured in the same
assay. For LH the intra-assay coefficient
of variation was 6.4 percent when ap-
proximately 50 percent of the hormone
was bound and for LRF it was 3.8 per-
cent. The sensitivities of these assay
systems were 10 ng/ml for LH (with NTH
RP-1 being used as the reference prepa-
ration) and 2.5 pg/ml for LRF (with a
synthetic preparation being used as stan-
dard). Thymosin fraction 5, thymosin a;,
thymosin B4, and Medium 199 did not
displace iodinated hormone in either as-
say system. Statistical significance of the
changes in the hormone concentrations
was determined by the Student’s f-test
for unpaired data.

Figure 1A shows that the injection of
either thymosin fraction 5 or Medium
199 caused no change in LH when the
pituitaries from female rats were super-
fused without MBH. In contrast, when
the MBH and the pituitary from individ-
ual female rats were superfused in se-
quence, the LH released from the pitu-
itaries into the efflux increased in re-
sponse to thymosin in comparison to the
LH concentrations in the effluent from
those receiving only Medium 199
(P < .05). The final effluent concentra-
tions of LH from thymosin-treated pitu-
itaries superfused with MBH's were 200
percent increased over basal levels. The
administration of thymosin fraction 3
produced significant increases in mean
LRF concentrations in the effluents from
MBH’s in comparison to control groups
that received only Medium 199 (Fig.
1B).

In other experiments (Fig. 1C), injec-
tion of thymosin 4 but not thymosin o or
Medium 199 alone elicited release of LH
from pituitaries superfused together with
MBH. Furthermore, thymosin B, stimu-
lated a greater than 100 percent increase
in secreted LRF over basal levels (Fig.
1D). ,

To our knowledge this is the first time
that thymosin fraction 5 and at least one
of its component peptides, thymosin B4,
have been shown to directly affect the
reproductive system by inducing release
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Fig. 1. (A) Release of LH inio the efflux from pituitary glands superfused alone (top panel) or in
sequence with MBH (bottom panel) from random cycling female rats in response to thymosin
fraction 5 (20 pg) or Medium 199 (injected at the arrows). For each experiment, the mean LH
concentration in the fractions collected for 1 hour prior to injection was calculated. Each value
during the experiment was then calculated as the percentage change from this baseline mean.
The average percentage change (= S.E.M.) at each point for the seven experiments is plotted;
significant changes from the control group are indicated by asterisks: ¥, P < .05; **, P < .01.
The mean basal concentration (= S.E.M.) of LH was 323.4 = 29.5 ng/mi. (B) Release of LRF
from superfused MBH from random cycling female rats in response to thymosin fraction 5 (20
pg) (@) or Medium 199 (O) (injected at the arrows) expressed as the percentage change from the
mean basal levels. The mean basal concentration (= S.E.M.) of LRF was 30.7 + 6.6 pg/ml. (C)
Mean percentage changes (+ S.E.M.) of LH from basal levels by pituitary glands superfused in
sequence with MBH in response to synthetic thymosin o; (N = 8), B4 (N = 6), and Medium 199
alone (N = 7). The synthetic thymosin or Medium 199 was injected at the arrow. The mean
basal concentration of LH was 403.1 * 45.6 ng/ml. (D) Mean percentage changes (= S.E.M.) of
LRF from basal levels by superfused MBH in response to synthetic thymosin o) (N = 8) (O), B4
(N = 8) (@), and Medium 199 alone (N = 7) (A). The mean basal concentration of LRF was
34.3 « 3.7 pg/ml.
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Fig. 2. The primary structures of thymosin «, and thymosin B4. Thymosin «; has a molecular
weight of 3108 and an isoelectric point of 4.2; thymosin 84 has a molecular weight of 4982 and an
isoelectric point of 5.1.
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of hypothalamic LRF. Such data are
consistent with older studies document-
ing interaction between the thymus gland
and the reproductive system (I, 8).
These findings are aiso consistent with
our previous observations that gonado-
tropin is reduced in athymic mice (2, 3)
as well as in neonatally thymectomized
mice (9). Athymic rodents have a num-
ber of recognized reproductive defects
including delayed vaginal opening, re-
duced fertility, ovarian dysgenesis, ac-
celerated follicular atresia, and prema-
ture ovarian failure (8). Many of these
defects can be eliminated by replace-
ment with thymic or other lymphoid tis-
sues early in development (2, 10). Our
findings provide an explanation for the
observation that the administration of
thymosin fraction 5 to normal prepuber-
tal rats leads to premature vaginal open-
ing (11).

Thymosin B4 (Fig. 2) is composed of
43 amino acid residues with an acetyl
group at the NH, terminus and is rich in
glutamic acid and lysine (5). A computer
search of the sequence of thymosin B4
against other protein sequences ‘pub-
lished to date (/2) failed to reveal any
homologies. Thymosin B4 is active in
inducing expression of the enzyme
terminal deoxynucleotidyl transferase
(DNA nucleotidylexotransferase, E.C.
2.7.7.31) in transferase-negative murine
thymocytes in vivo and in vitro (5, 13).
Thus, it appears that thymosin B4 is
important in the early stages of T-cell
differentiation, acting on lymphoid stem
cells to form prothymocytes. To its func-
tions, we now add the ability of thymosin
B4 to release LRF. In contrast, thymosin
oy demonstrated no ability to elicit LRF,
even though it is a far more potent im-
munopotentiating agent than B4 with 10
to 1000 times the activity of thymosin
fraction 5 in a number of bioassay sys-
tems designed to measure the maturation
and function of T lymphocytes and ap-
pears to act on prothymocytes to form
more mature T cells (§). The possibility
that other thymic peptides can stimulate
or inhibit the release of LRF (or other
neuropeptides) remains to be ascer-
tained. Thymosin $, alone may, but need
not, be solely responsible for the ability
of crude thymosin fraction 5 to elicit
LRF release. Furthermore, whether thy-
mosin B4 or structurally similar peptides
are synthesized within the brain as well
as in the thymus gland remains to be
determined.

The physiologic significance of these
observations is unclear. Removal of the
thymus in rodents subsequent to 96
hours after birth does not result in any
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apparent acute alterations in either endo-
crine or immune functions (/4). The
same is true of other species, although
the time period when the thymus can be
removed without altering function varies
among species (/5). Such data support
the concept that there is interdepen-
dence of the immune and endocrine sys-
tems early in ontogeny only when criti-
cally important steps in the development
and programming of neuroendocrine
functions are occurring (/6).

Our findings provide evidence linking
neuroendocrine and immune functions,
and suggest a new area of research with
implications to the understanding and
control of reproductive function. Since
we show that synthetic thymosin B4 can
release LRF it should be possible to
examine the mechanism by which LRF
secretion is stimulated and to character-
ize the role of thymosin B4 (and possibly
other thymic peptides) within the repro-
ductive system. Furthermore, the poten-
tial clinical usefulness of thymosin B4 in
eliciting LRF release in women in whom
endogenous LRF secretion is diminished
for the purpose of inducing ovulation is
obvious as is the possible effectiveness
of analogs of this peptide for the same (or
perhaps the opposite?) purpose.
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Intraventricular Calcitonin Inhibits Gastric Acid Secretion

Abstract. Parenteral and intracerebroventricular administration of calcitonin in

rats resulted in the suppression of gastric acid secretion. This suppression also
occurred in rats with insulin-induced hypoglycemia and after the administration of
thyrotropin-releasing hormone. Intracerebroventricularly administered calcitonin
was 1000 times more effective than parenterally administered calcitonin in suppress-
ing gastric acid secretion. Calcitonin also inhibited the development of stress-
induced ulcers in rats.

Calcitonin, a peptide hormone secret-

ed from C cells within the mammalian
thyroid, promotes absorption of calcium
and phosphate into bone and acts in the
conservation of skeletal calcium (/). A
role for calcitonin as a neuromodulator

in

the central nervous system was sug-

gested by the observations that radioac-
tively labeled calcitonin that is adminis-
tered parenterally hinds specifically to
sites in the hypothalamus (2) and that
immunoreactive calcitonin is present in
the hypothalarmus and cerebrospinal flu-

Gastric volume (ml)

(12)

20

1.0 |

id (3). Intracerebroventricular (ICV) ad-
ministration of calcitonin potently sup-
presses feeding in rats (4), and parenter-
ally administered calcitonin in animals
and man inhibits gastric secretion (5).
Physiological and pharmacological evi-
dence indicates that the central and auto-
nomic nervous systems play an impor-
tant role in the modulation of gastric
secretion (6), and several endogenous
brain oligopeptides have been implicated
as chemical messengers involved in the
central nervous system modulation of

Saline

=== Calcitonin

Fig. 1. Temporal ef-
fect of ICV adminis-
tration of calcitonin
(2 U, 416 ng) on gas-
tric secretion. All re-
sults are expressed
as means * standard
error (*P < .001, P
< .01, P < .05).
Numbers in parenthe-
ses refer to the num-
ber of animals at each
time point, All ani-
mals were anesthe-
tized with urethane
(100 mg/kg) and the
pylorus was ligated 1
hour later. Then intra-
ventricular cannulas
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were inserted by us-
ing a stereotactic ap-
paratus as described

(7), and calcitonin (salmen, synthetic; Armour Pharmaceutical Co.) or saline was administered.
The rats were killed 60, 120, or 180 minutes after the injection of calcitonin or saline. A two-
tailed Student’s r-test was used to determine statistical significance in all studies.
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