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line alone (Table 1). The protective ac- 
tion seen with pargyline is consistent 
with the notion that the metabolism of 
dopamine by monoamine oxidase plays a 
significant role in the cytotoxic mecha- 
nism, but further studies are required to 
verify such an interpretation. 

A direct comparison between the con- 
centrations of MPTP effective in the 
monkey model in vivo and those used in 
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Our results show that the relative in- 
sensitivity of rat brain in vivo to MPTP 
administered parenterally cannot be as- 
cribed to failure of the tissue to produce 
a toxic metabolite. Embryonic rat mes- 
encephalon in organotypic culture 
showed a marked loss of dopamine cell 
bodies and outgrowths, comparable to 
changes observed in vivo with monkeys. 
Organotypic cultures provide a good ex- 
perimental model for the study of MPTP 
and its toxic properties on nigrostriatal 
neurons. 
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Brain Factor Control of Sex Pheromone Production in the 
Female Corn Earworm Moth 

Abstract. Sex pheromone production in the female corn earworm moth Heliothis 
zea is controlled by a hormonal substance produced in the female's brain. It is 
present in the brain in scotophase as well as photophase, but it is released into the 
hemolymph to stimulate pheromone production only in the scotophase. The stimula- 
tory activity was also detected in the brains of male corn earworm moths and of other 
moths. 

The female corn earworm moth He- 
liothis zea (Boddie) produces a sex pher- 
omone during scotophase from a glandu- 
lar area at its abdominal tip to attract and 
sexually activate a mate (1). We report 
the discovery of a hormonal substance in 
the brain of H ,  zea that controls produc- 
tion of the sex pheromone in the female. 
When females were ligated between 
head and thorax, causing isolation of the 

Table 1. Effect of ligation and subsequent 
injection of nervous tissue homogenates on 
the extractable sex pheromone in female He- 
liothis zea. Females were ligated with cotton 
thread between the head and thorax 1 hour 
after emergence. Means followed by the same 
letter are not statistically different from one 
another according to Duncan's new multiple 
range test (P = 0.05). BR, brain; CA, corpora 
allata; CC, corpora cardiaca; TG, thoracic 
ganglion; Z- I 1-HDAL, (Z)- 11 -hexadecenal. 

Z- I I-HDAL 
Treatment (3 ng per female 

2 S.E.M.) 

Unligated* 122.93 t 14.17 b 
Ligated* 0.57 2 0.15 e 

brain from the rest of the body, they 
were incapable of pheromone produc- 
tion. However, ligated females could be 
stimulated to produce pheromone by in- 
jection of a saline extract of the adult 
insect's brain. The stimulatory sub- 
stance was found in brains of females in 
both the scotophase and the photophase, 
but it was detected in hemolymph only 
during the scotophase. Results indicate 
that the hormonal factor is a peptide 
produced in the female's brain and re- 
ieased under photoperiodic control into 
the hemolymph, thereby stimulating the 
pheromone gland to produce sex phero- 
mone. This stimulatory activity is not 
restricted to extracts of the female brain; 
extracts of the male corn earworm brain 
and those of other moth species also 
triggered pheromone production in the 
female gland. 

Earlier efforts to elucidate physiologic 
factors that control female sex phero- 
mone production in insects indicated 
that, in cockroaches, the corpora allata 
(CA) played some role (2), and studies of 
two species of moths were inconclusive 

+ 30 p1 of saline* 0.93 0.09 e (3). 1; a study of the gypsy moth Lyman- + BR* 
+ BR and CC* 

131S5 26.55 tria dispar (L.) removal of the brain in 
139.27 k 19.73 b 

+ BR (tissue-free)? 189.74 23.13 a the pupal stage was reported to prevent 
t C C ~  13.56 F 1.87 c pheromone release in 100 percent of the 
+ TGt 3.43 2 0.52 d resulting females, but 79 percent of the 
+ CAT OS2 0.06 brain-deficient females were observed to 

* n  = lo. t n  = 5 .  "call" (that is, to extend the terminal 
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Table 2. Evidence of pheromone gland-activating hormone in brains of female Heliothis 
phloxiphaga and both sexes of Heliothis zea moths in scotophase and photophase and its 
release into hemolymph during scotophase. The (Z)-11-hexadecenal (2-1 1-HDAL) values are 
means of five replicates. Means followed by the same letter are not statistically different from 
one another according to Duncan's new multiple range test (P = 0.05). F,  female; M, male. 

Tissue 

Photoperiodic phase Pheromone titer 

Donor Recipient (f ng of Z-1 1-HDAL 

(unligated) (ligated) per female t S.E.M.) 

Heliothis zea 
Brain (F) Photophase Scotophase 145.05 -+ 7.81 a 
Hemolymph Scotophase Scotophase 21.50 -+ 4.76 c 
Hemolymph Photophase Scotophase 1 .442  0.17d 
Brain (M) Scotophase Scotophase 177.56 + 33.61 a 

Heliothis phloxiphaga 
Brain (F) Scotophase Scotophase 105.21 t 12.61 b 

abdominal segments and display the 
pheromone gland) (4). However, wheth- 
er the calling females produced sex pher- 
omone was not established. In contrast, 
our findings with H. zea indicate that the 
CA do not act directly in controlling sex 
pheromone production and show conclu- 
sively that female sex pheromone pro- 
duction in this species is regulated by a 
substance produced in the insect's brain. 

The sex pheromone in H. zea females 
is secreted from glandular cells in the 
intersegmental membrane between the 
eighth and ninth abdominal segments (5). 
(Z)-11-Hexadecenal is the major constit- 
uent (-92 percent) of the sex pheromone 
of this species (6). The (Z)-11-hexade- 
cenal titer of the pheromone glands of 
individual females was determined by 
open-tubular capillary chromatography 
with the internal standard method of 
quantitative analysis (7). 

Maximum pheromone titer in the fe- 
males was observed in the third scoto- 
phase (54 hours after emergence), and 
glands were extracted at this time. Liga- 
tion of a female immediately after emer- 
gence or within 2 hours of the extraction 
caused approximately 98 percent reduc- 
tion in the extractable pheromone (8) 
relative to the pheromone titer of unligat- 
ed females of the same age (Table 1). 
Injection of a brain homogenate (9) from 
a 50-hour-old virgin female restored the 
pheromone titer of ligated females to the 
normal amount. A tissue-free brain ex- 
tract (9)  injected into ligated females 
caused an increase in the pheromone 
titer that was significantly higher than 
that obtained by unfiltered brain homog- 
enates. This higher titer may be attribut- 
ed to the absence of catabolic activit~ 
that may reside with brain tissue frag- 
ments. Injection of homogenates of brain 
and corpora cardiaca (CC) also increased 
the pheromone titer in the pheromone 
glands of ligated females, but the amount 
was not significantly different from that 
in the glands of females injected with 

unfiltered brain homogenate alone. Only 
a small increase in the pheromone titer 
was observed after the injection of CC 
homogenate. Injection of thoracic gangli- 
on homogenate caused an even smaller 
increase, and the CA homogenate did 
not cause any increase. A hormonal fac- 
tor produced by the brain was therefore 
responsible for the control of sex phero- 
mone production in female H. zea, and 
continuous presence of this stimulatory 
factor was essential to sustain phero- 
mone production. 

Because H ,  zea females normally pro- 
duce the pheromone during the scoto- 
phase, we tested brain homogenates 
from females in photophase and hemo- 
lymph from females obtained either at 
the third scotophase or third photophase 
after eclosion (10). The results (Table 2) 
indicated that the hormonal activity was 
present in the brains of females during 
photophase and was significantly greater 
than that of the brains from females of 
comparable age during scotophase. This 
suggests that the hormonal substance is 
stored in the brain during the photophase 
and is released only during the scoto- 
phase. This interpretation was supported 
by results showing that the stimulatory 
activity was absent in hemolymph from a 
female during photophase but was pres- 
ent in hemolymph from a female during 
scotophase. The low response obtained 
from the injection of hemolymph com- 
pared to brain homogenate from females 
in scotophase can be attributed to the 
hormone's being diluted by the total vol- 
ume of hemolymph circulating in the 
insect's body. 

When ligated females were injected 
with homogenates of brains from H. zea 
males, a high pheromone titer was gener- 
ated (Table 2), and significant increases 
were also obtained when brain homoge- 
nates from female H ,  phloxiphaga and 
moths of five other species (11) were 
injected into ligated H. zea females. 
Whether the stimulatory activity in these 

brain extracts is due to the same sub- 
stance that is recoverable from the fe- 
male corn earworm remains to be deter- 
mined. We know, however, that the hor- 
monal factor in the female H. zea brain is 
a peptide (12) and that the regulation of 
female sex pheromone production is 
linked directly to this product of the 
insect brain. 
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Intrahippocampal Septa1 Grafts Ameliorate Learning 
Impairments in Aged Rats 

Abstract. Grafts offetal septal tissue rich in cholinergic neurons were implanted 
as a dissociated cell suspension into the depth of the hippocampal formation in aged 
rats with severe impairments in spatial learning abilities. After 2% to  3 months, the 
rats with grafts, but not the controls, had improved their performance in a spatial 
learning test.  Their improvement was due, at least in part, to  an increased ability to  
use spatial cues in the task. In all animals the grafts had produced an extensive 
acetylcholinesterase-positive terminal network in the surrounding host hippocampal 
formation. Thus, the action of cholinergic neurons in the graft onto elements in the 
host hippocampal circuitry may be a necessary, but perhaps not suflcient, prerequi- 
site for the observed functional recovery. 

Brain aging is associated with both 
behavioral impairments and structural 
and biochemical alterations in discrete 
neuronal subsystems. Both aged rats and 
aged humans can exhibit severe deficits 
in cognitive abilities ( 1 ,  2). Regional 
analyses of neuronal cell losses (3) and 
decrements in glucose utilization (4, 5) 
have suggested that the age-related de- 
cline in cognitive performance may be 
related to dysfunction or degenerative 
changes in specific limbic or cortical 
neuronal circuitries. In particular, recent 
studies (2, 6) have shown that the degree 
of cognitive impairments in humans is 
highly correlated with degeneration or 
atrophy of the basal forebrain choliner- 
gic projection system, which provides 
major cholinergic afferent inputs to both 
the hippocampal formation and the neo- 
cortical mantle. Decline in cerebral cho- 
linergic function is seen also with aging 

Fig. 1. Graft survival and AChE-positive fiber 
outgrowth into the host hippocampal forma- 
tion of an old impaired rat with grafts whose 
improvement in escape latency represented 
the median of the whole treated group. (A) 
Composite schematic drawing of AChE- 
stained sections of transplant survival and 
transplant-derived fiber outgrowth through- 
out the entire host hippocampal formation, 
represented in six equally spaced coronal 
planes. (B) Photomicrograph of the AChE- 
positive, graft-derived fiber plexus in the host 
dorsal hippocampus rostral to the implanta- 
tion sites. (C) Photomicrograph of hippocam- 
pus stained with cresyl violet at the site of the 
rostral graft (G)  placement. (D) Photomicro- 
graph of an AChE-stained section adjacent to 
the one in (C), showing the rostral graft place- 
ment and the extent of AChE-positive fiber 
outgrowth into the host hippocampus from 
the graft ( G ) .  

in rodents (2, 7), and since the age- 
related decline in learning and memory is 
reminiscent of the deficits seen after 
lesions to the septo-hippocampal system 
in rats, decrements or degenerative 
changes in the septo-hippocampal cho- 
linergic projection system may play a 

role in the development of such deficits. 
In young rats with surgical lesions of 

the septo-hippocampal connections, we 
have previously shown that grafts of fetal 
septal tissue, rich in cholinergic neurons, 
can partly compensate for impairments 
in spatial learning in several maze tasks 
(8, 9). We now report that grafts of 
neuronal cell suspensions, obtained from 
the septal-diagonal band area of rat fe- 
tuses and injected into the depth of the 
hippocampal formation in aged rats, can 
improve severe age-dependent deficits in 
spatial learning in a place navigation test. 

Female Sprague-Dawley rats (Antici- 
mex, Stockholm, Sweden) were used. 
Aged rats were obtained as retired 
breeders at 9 to 1 1  months of age. They 
were housed in groups of four to six rats 
in a clean, controlled environment for an 
additional year before the experiment 
started. Young control rats were bought 
at 2 months of age and were allowed 3 
weeks to adapt in the new environment. 

Behavioral testing was conducted in 
the Morris's water maze task (10) 1 week 
before and 2% to 3 months after trans- 
plantation surgery. The experiment was 
carried out on two batches of rats. Batch 
1 consisted of 53 aged rats (21 to 23 
months old) and 10 young controls (3 
months old), and batch 2 of an additional 
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