
adrenal response to ACTH and sug- 
gested that zinc was required for pitui- 
tary-adrenal function. 

We tested the relationship of stress, 
ACTH, corticosterone, and four ele- 
ments in 18 adult, male Sprague- 
Dawley rats (300 to 425 g), divided 
into control, stress, and stress-recovery 
groups of six each. By a corticosterone- 
based bioassay in 18 additional rats (2), 
ACTH was determined in the pitui- 
taries of the test animals; cortico- 
sterone was measured fluorometrically 
in the rat adrenals (3); and four ele- 
ments (calcium, copper, magnesium, 
and zinc) in serum were measured by 
atomic absorption spectroscopy. All 
animals were anesthetized with pento- 
barbital sodium (3 mg/kg), and a cath- 
eter was inserted into the right carotid 
artery for withdrawal of blood. Oli- 
gemic hypotension, a maintained mean 
arterial pressure of 50 mm-Hg for 1 
hour, was used as stress; the 2 hours 
after reinfusion was stress recovery. 
The rats were then decapitated, the 
pituitary and both adrenals were re- 
moved, and homogenates were pre- 
pared. 

The severity of the oligemic stress 
episode was reflected in the elevated 
ACTH levels of approximately twice 
the control values, which quickly re- 
sponded during the stress recovery by 
dropping to levels below control values. 
The activity of these changing ACTH 
concentrations was monitored by 
adrenal corticosterone changes. The 
ACTH activity was evident in the rise 
and fall of corticosterone levels dur- 

ing stress and stress recovery (see Fig. 
1). 

Blood serum zinc was the only one 
of the mineral elements determined 
that responded with a significant in- 
crease during stress. The zinc levels 
increased sharply during the oligemic 
stress episode, whereas control levels 
of calcium, copper, and magnesium 
either remained the same or decreased 
during stress. Figure 1 illustrates the 
changes in ACTH and elemental lev- 
els during stress and stress recovery. 
Unlike calcium, copper, and magne- 
sium, which varied little during stress 
recovery, zinc again followed the pat- 
tern of ACTH and decreased during 
recovery. 

A Pearson r correlation was com- 
puted on the basis of 18 levels for 
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ments commonly associated with stress- 
ful states. Zinc had the greatest cor- 
relation of the four elements (r = 
0.85), whereas calcium (r = -0.22), 
copper (r = 0.14), and magnesium 
(r = 0.16) correlated with ACTH to a 
far lesser extent. 

The action of ACTH on the adrenal 
cortex during a traumatic experience 
has long been established, but little 
has been said about the involvement of 
calcium, copper, magnesium, and zinc 
in stress. The delicate balance of ACTH 
release is well demonstrated by the re- 
lationship of corticosterone levels to 
ACTH activity. During the stress-re- 
covery period, the corticosterone levels 
remained elevated over control val- 
ues, which suppressed the mechanism 
for ACTH production. The relation- 
ship of zinc to ACTH as illustrated in 
Fig. 1 strongly suggests some type of 
physiological or coupling action on the 
part of zinc during stress. The control 
values for zinc of 150 [tg/100 ml were 
within the normal range for rat serum, 
as given by Luecke et al., of approxi- 
mately 147 jug/100 ml (4). The re- 
maining three trace elements, calcium, 
copper, and magnesium, showed little 
relationship to ACTH responses in 
stress. 

The discussion by Sandstead et al. 
of the Egyptian dwarfs did not clearly 
define any role for zinc in ACTH (1). 
Zinc, as Zn3(PO4)2 or Zn(OH)2, has been 
found, however, to increase and pro- 
long the physiological action of ACTH 
(5). In the Trace Element Center, a 
relatively high zinc level was found in 
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The hypothalamus controls the re- 
lease of luteinizing hormone (LH) and 
follicle-stimulating hormone (FSH) 
(1). The work of various investigators 
clearly demonstrated that there are, in 
hypothalamic extracts of animals, in- 
cluding man, substances, or one sub- 
stance, capable of stimulating release of 
LH and FSH from the pituitary (1, 2). 
Much evidence also exists that sex 
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two commercial ACTH preparations 
(6). Whether the role is functional or 
passive, zinc does appear to be linked 
with the rise of ACTH, which strongly 
correlates with a stress situation. None 
of the other three elements determined 
(calcium, copper, or magnesium) re- 
lated to the changes in the adenohypo- 
physeal-adrenal cortex function and 
stress. Further studies are needed to 
unravel this correlation and zinc's as- 
sociation with ACTH. 

ARTHUR FLYNN 
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steroids are involved in this regulation. 
Initially, it was thought that two differ- 
ent substances designated luteinizing 
hormone-releasing hormone (LH-RH) 
and follicle-stimulating hormone-releas- 
ing hormone (FSH-RH) were responsi- 
ble for stimulating release of LH and 
FSH, respectively (1). However, it be- 
came necessary to question this belief 
when porcine LH-RH, obtained in a 

SCIENCE, VOL. 173 

steroids are involved in this regulation. 
Initially, it was thought that two differ- 
ent substances designated luteinizing 
hormone-releasing hormone (LH-RH) 
and follicle-stimulating hormone-releas- 
ing hormone (FSH-RH) were responsi- 
ble for stimulating release of LH and 
FSH, respectively (1). However, it be- 
came necessary to question this belief 
when porcine LH-RH, obtained in a 

SCIENCE, VOL. 173 

Gonadotropin-Releasing Hormone: One Polypeptide Regulates 
Secretion of Luteinizing and Follicle-Stimulating Hormones 

Abstract. A polypeptide isolated from porcine hypothalami stimulates the 
release of both luteinizing hormone and follicle-stimulating hormone from the 
pituitaries of several species. This polypeptide has been structurally identified as 
(pyro)Glu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 and synthesized. The na- 
tural and synthetic materials share biological properties. It appears that this pep- 
tide represents the hypothalamic hormone regulating the secretion of both lutein- 
izing hormone and follicle-stimulating hormone. 
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high state of purity, stimulated release 
of both LH and FSH in rats, chimpan- 
zees, and human beings (3-5). Furth- 
ermore, after the addition of purified 
porcine LH-RH to an incubation system 
in vitro in which pituitaries of male 
rats were used, LH and FSH were re- 
leased simultaneously with superimpos- 
able time courses (3). Stimulation of 
LH release by this material was also 
unequivocally established in sheep (6) 
and rabbits (7), but because of the 
unavailability of specific radioimmuno- 
assays, it was difficult to test for the 
effect on FSH secretion in these two 
species. 

It was not clear at first whether this 
FSH-releasing activity of porcine LH- 
RH was an intrinsic property of its 
molecule or whether it was due to a 
contamination with FSH-RH. Chemical 
or enzymatic inactivation of LH-RH 
was always accompanied by loss of 
FSH-releasing activity (3, 4). More- 
over, during the fractionation of pig 
hypothalamic extracts, the location of 
FSH-RH activity always coincided with 
that of LH-RH (8). After porcine LH- 
RH was isolated in an essentially homo- 
geneous state by a combination of 12 
different purification steps or by coun- 
tercurrent distribution, it was found that 
it too stimulated the release of FSH in 
vivo and in vitro in doses smaller than 
1 ng (8). Further fractionation by parti- 
tion chromatography in ten differ- 
ent solvent systems (8) did not re- 
sult in separation of the LH-RH ac- 
tivity from the FSH-RH activity. In 
addition to stimulating the release of 
both LH and FSH, the pure natural 
LH-RH/FSH-RH significantly aug- 
mented the synthesis of these two pitui- 
tary hormones in tissue cultures (9), an 
effect that had been obtained with LH- 
RH of lesser purity (10). 

As a result of the foregoing studies, 
we postulated that the isolated poly- 
peptide represents the hypothalamic 
hormone that controls the secretion of 
both LH and FSH from the pituitary 
(8). However, we could not exclude 
the possibility, even by the use of most 
advanced fractionation methods, that 
two peptides with an identical amino 
acid composition and molecular weight 
but with a different amino acid se- 
quence were present in this material, 
which we had assumed to be homo- 
geneous. This final doubt was removed 
as a result of the recent determination 
of the structure of the hypothalamic 
polypeptide with both LH-RH and 
FSH-RH activities, but only one amino 
acid sequence: (pyro) Glu-His-Trp-Ser- 
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Table 1. The effect of natural and synthetic LH- and FSH-releasing hormones (LH-RH/FSH- 
RH) on the stimulation of release of FSH from rat pituitaries. Ten pituitary halves of male 
rats were incubated in 10 ml of Krebs-Ringer bicarbonate medium for 6 hours (14). The FSH 
released was measured by bioassay (13), and it is expressed in terms of NIH FSH-S-4 units. 

Group Addition Dose Ovarian weight . FSH Group Addition // 
(ng/ml) (mg ? S.E.) (ng/ml) 

1 Control 45.0 ? 2.6 19.7 
2 Natural LH-RH/FSH-RH 2 77.9 ? 6.9 .005 29.7 
3 Synthetic LH-RH/FSH-RH 2 71.4 ? 10.2 .05 27.2 
4 Natural LH-RH/FSH-RH 8 93.6 ? 11.4 .005 35.9 
5 Synthetic LH-RH/FSH-RH 8 86.8 ? 9.4 .005 33.4 

* Student t-test. 
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Fig. 1. Effect of an intravenous adminis- 
tration of an equivalent of 1.5 fog of syn- 
thetic LH-RH/FSH-RH in plasma LH 
concentrations in a woman who had been 
treated for 15 days with the oral contra- 
ceptive preparation Lyndiol. Plasma LH 
concentrations were measured by radio- 
immunoassay (16) and are plotted as 
milli-international units (mIU) of the 2nd 
IRP-HMP (second international research 
preparation of human menopausal gona- 
dotropin) per milliliter of serum. 

Tyr-Gly-Leu-Arg-Pro-Gly-NH. (11, 12). 
This structure was confirmed by syn- 
thesis (12). When the synthetic LH- 
RH/FSH-RH was tested for its effect 
on the release of LH and FSH in vivo 
and in vitro, it showed the same spec- 
trum of biological activities as the pure 
natural material. Thus, synthetic LH- 
RH/FSH-RH raised the concentration 
of LH in the plasma in ovariectomized 
rats that had received prior treatment 
with estrogen and progesterone (8, 12). 
Synthetic LH-RH/FSH-RH increased 
plasma FSH levels, as well as LH, in 
castrated male rats pretreated with tes- 
tosterone propionate. A direct effect on 
the anterior pituitary gland was proven 
by stimulation of FSH and LH release 
in vitro from the pituitaries of male 
rats (8, 12). An example of these re- 
sults is shown in Table 1. The FSH re- 
leased was measured by the Steelman- 
Pohley assay (13). This system is con- 
sidered at present the most specific for 
measuring stimulation of FSH release 
by hypothalamic materials (14). Fur- 
thermore, synthetic LH-RH/FSH-RH 
stimulated both the release and syn- 
thesis of FSH, as well as LH, in tissue 
cultures of rat pituitaries (9, 10). Pre- 

liminary results indicate that synthetic 
decapeptide also increased the plasma 
LH and FSH in humans (15). The 
response of one of these subjects can be 
seen in Fig. 1. 

In summary then, it appears that 
the natural material purified from por- 
cine hypothalami and the synthetic sub- 
stance with the same structure repre- 
sent a polypeptide that exerts a specific 
and profound effect on the pituitary se- 
cretion of hormones regulating the re- 
productive cycle. The overall control 
of FSH and LH secretion and the pre- 
ferential release of one or the other of 
these gonadotropins may be mediated 
by the interplay of the hypothalamic 
polypeptide and sex steroids. 

The availability of this hypothalamic 
hormone and its analogs should prove 
useful for studies on the enhancement 
or inhibition of fertility. 
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T. W. REDDING, R. M. G. NAIR 
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storage of information. 

Marihuana has been shown to have 
deleterious effects on human memory 
(1). The actual process by which this 
occurs, however, has not as yet been 
determined. For instance, marihuana 
may interfere with either acquisition of 
information, or storage of acquired in- 
formation, or retrieval of stored ma- 
terial, or any combination of these 
processes. An earlier study (2) failed 
to detect any effect of marihuana on 
retrieval, thereby suggesting that acqui- 
sition or storage processes were being 
affected. The following studies were 
designed to investigate this possibility. 

The first of the present studies con- 
stitutes a replication and extension of 
work by Abel (2) wherein marihuana 
was found to have no significant ef- 
fect on the retrieval of information al- 
ready present in memory. Forty-nine 
adult males and females served as 
either marihuana, placebo, or control 
subjects. Assignment of subjects was 
similar to that previously described (2), 
the only provision being that subjects 
that had not used marihuana previous- 
ly were placed in either the control or 
the placebo condition. Subjects that 
were familiar with the effects of mari- 
huana were allocated to any of the 
three test conditions. 

The design of the study was simi- 
lar to that used by Cohen (3). Eighteen 
ten-item lists of words were read aloud 
at a rate of approximately 1.5 sec- 
onds per word. One minute was al- 
lowed for spoken free recall of a list 
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similar to that previously described (2), 
the only provision being that subjects 
that had not used marihuana previous- 
ly were placed in either the control or 
the placebo condition. Subjects that 
were familiar with the effects of mari- 
huana were allocated to any of the 
three test conditions. 

The design of the study was simi- 
lar to that used by Cohen (3). Eighteen 
ten-item lists of words were read aloud 
at a rate of approximately 1.5 sec- 
onds per word. One minute was al- 
lowed for spoken free recall of a list 
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immediately after its presentation. Af- 
ter completion of the initial free recall 
of the last list, the subject was pre- 
sented with a list containing 60 words, 
30 of which had appeared on the first 
three lists of the prior test, along with 
30 new items, or "lures." The sub- 
ject was asked to circle all those he 
thought were on the prior lists, and for 
each item circled he was to indicate 
how confident he felt about the accu- 
racy of his response, using a 5-point 
scale similar to that used by Murdock 
(4). This task lasted approximately 
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Fig. 1. Free recall as a function of serial 
position; IFR, initial free recall; DFR, 
delayed free recall. 
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8 to 10 minutes, and will be referred 
to as the immediate recognition test. 

Upon completing the task, subjects 
in the marihuana group were allowed 
to smoke one marihuana cigarette, the 
tetrahydrocannabinol content of which 
had not been determined. Subjects in 
the placebo group were given a ciga- 
rette containing ordinary tobacco, but 
were told that it had been dipped in 
tetrahydrocannabinol, the active in- 
gredient in marihuana, and that as a 
result it would "taste and smell like 
tobacco, but the psychological effect 
will be like that of smoking mari- 
huana." The smoking period lasted ap- 
proximately 5 to 10 minutes. Control 
subjects were left undisturbed during 
this period. 

Immediately after the smoking 
period, the experimenter made a pre- 
tense of testing "concept formation" 
and administered the Block Design 
Test and the Picture Arrangement Test 
-two subtests of the Wechsler-Belle- 
vue Intelligence Test (5). These tests 
were conducted for purposes of occu- 
pying the subjects with some distract- 
ing task in the time period between 
the end of the initial free recall test 
and the start of the next phase of the 
study. Twenty-five minutes after the 
initial free recall test, subjects in the 
marihuana and placebo conditions were 
given a 10-point rating scale and were 
asked to rate how "high" they felt at 
that moment (1, not high at all; 3, 
slightly high; 5, moderately high; 8, 
very high; 10, extremely high). The 
subjects were then given 5 minutes 
to write out as many words as they 
could remember from the prior lists 
(this task being delayed free recall). 
After this, a second recognition task 
was administered (delayed recognition). 
The test lists in this second recogni- 
tion test contained 300 items, 150 
items from the last 15 lists and 150 
lures, none of which had been used 
in the first recognition test. 

Only marihuana subjects who rated 
themselves at 5 or more were included 
in the analysis of the data. The mari- 
huana subjects were then matched by 
inspection with an equal number of 
subjects in the control and placebo 
groups on the basis of their scores on 
the initial free recall test (N = 13 for 
each group). The words used in the 
initial free recall and recognition tests 
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Marihuana and Memory: Acquisition or Retrieval? 

Abstract. Two experiments were conducted to determine the means by which 
marihuana affects human memory. The results of these studies indicated that 
marihuana did not affect retrieval of information in memory when the method 

of free recall was used, but did affect recognition processes such that subjects 
were less able to discriminate between items that had been presented previously 
and items that had not appeared a short time before. With respect to initial 
learning, marihuana was shown to affect acquisition processes involved in the 
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