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important for the process of prostatic involution which 
occurs periodically in several animal species 18. The enzy- 
matic changes in our study became evident before changes 
in the weight of the prostate were noticed. This may be 
considered as an indication that lowering of the prostatic 
weight may be secondary to the increase in the activity 
of 3a-HSO. The mechanism by which MEL is capable of 
changing the activity of 3a-HSO is at present unknown. 
However, results from our laboratory ~6 on 6 ventral pros- 
tates of rats to which MEL was added in vitro in increasing 
concentrations and which show the same increase of 
3a-HSO suggest that it does not involve an increase in 
protein biosynthesis, since initiation of protein synthesis 
requires considerably more time. 
The existence of a direct stimulatory action of MEL on 
the prostatic 3a-HSO could also be of interest for the 
accumulation of DHT in the prostatic tissue which has been 
observed in the hyperplastic prostate of man ~9. It has also 
been shown that this process seems to be associated with 
a fall in the 3a-HSO and a change in the 3a-androstane- 
diol/DHT ratio. 
The steroid-biochemical changes seen in this study are 
comparable with changes in steroid metabolism observed 
in rodents with intact pineal glands kept under short 
photoperiod, in constant darkness or blindness because 
under these conditions MEL is elevated 1s,2~ 
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Hormonal levels and protein variations during sexual maturation of Schistocerca gregaria; effect of rearing 
temperature 
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Summary. As a result of the decrease of diurnal rearing temperature from 33 to 28 ~ the following phenomena were 
induced in adults of Schistocerca gregaria: a) In females, a delay in the appearance of maximal levels of JH III and 
ecdysteroids in the hemolymph, a slowing down of oocyte growth, and an accumulation of hemolymph proteins; b) in 
males, a decrease of hemolymphatic JH III levels without changes in protein levels. 

The decrease of diurnal rearing temperature from 30 to 
28 ~ seriously disturbs the reproduction of Schistocerca 
gregaria. The results of such a change during the 5th larval 
instar are a decrease of hemolymph JH III levels in the 
larva 1, and of the number of functional ovarioles in the 
adult 2. Rearing of adults at 28 ~ suppresses reproduction: 
the spermatogenesis is disturbed and the males are 

.~.4 sterile' ; in the females, oocyte resorptions are numerous 
and laid eggs do not develop; under these conditions, 
neurosecretory products accumulate in the pars intercere- 
bralis and the secretory activity of the corpora allata and 
corpora cardiaca slows down \  The following study de- 
scribes the effects of a low temperature on the levels of 
proteins and hormones during sexual maturation. 
Material and methods. The insects were reared in groups 
under following conditions: 12 h light/day; diurnal tem- 
perature 33 or 28 ~ nocturnal temperature 20 ~ 30-35% 
relative humidity. Assay for proteins was performed by the 
biuret method on hemolymph cleared of hemocytes by 
centrifugation (9600 • g; 20 rain; 4 ~ 
Radioimmunoassay of JH III was carried out on 100-200-gl 
samples of hemolymph obtained from 2-3 females at the 
same stage of oocyte development. Extraction and RIA 

1 6  procedures were previously described ' . 
Radioimmunoassay of ecdysteroids was performed on 
hemolymph and ovaries. Ovaries and eggs were crushed in 

methanol and ecdysteroids were then extracted by a series 
of butanol-water partitions 7'8. Butanol extracts were evapo- 
rated to dryness and used in RIA as well as hemolymph 
extracts, according to the procedure previously described 7-9. 
Results. Whatever the rearing temperature was, vitellogene- 
sis started in females when oocytes achieved the length of 
1.4-1.6 mm. When the diurnal temperature was lowered 
from 33 to 28 ~ the following was observed: a 5-6-day 
delay in the onset of vitellogenesis, a 20-day delay in the 
laying of the 1st ootheca and a reduction of the size of the 
oocytes at the time of laying (fig. 1, A). 
1. Hemolymph protein levels. Immediately after the imagi- 
nal moult of females, until the 6th day at 33 ~ and the 10th 
day at 28 ~ the protein levels diminished and the oocytes 
were smaller than 1 ram. This was followed by a rise in 
protein level. At 33 ~ the blood protein level quickly 
increased during the 14th and 15th day (oocyte length: 
1.6-2.2 mm); until the ovulation, 6 or 7 days later on, the 
protein concentrations were almost stable (70 mg/ml) 
(fig. 1, B). At 28 ~ the increase of protein level was accen- 
tuated near the 19th da)[, at the onset of vitellogenesis, and 
continued for 10 days, the mean values reaching 157 mg/ml 
(oocyte length 4-5 mm). In spite of a slight decrease during 
the end of previtellogenesis of penultimate oocytes, the 
level of proteins remained very high until ovulation 
(fig. l, B). 
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In the males, maintained at both temperatures, after a 
decrease during the 1st 5 days, a return to the initial values 
was observed (fig. 2). At 33 ~ these values were stable from 
the 15th to the 25th day; at 28 ~ they temporarily in- 
creased between the 15th and the 20th day (80 mg/ml) and 
then decreased (fig. 2). 
2. J H  I I I  hemolymph levels. In the female reared at 33 ~ 
JH III levels were rather low or null when the oocytes were 
smaller than 1 mm. JH III level increased immediately 
before the onset of vitellogenesis and the curve showed a 
peak on the 13th day (oocyte length: 1.5 mm). A 2nd period 
of high values, from the 18th day to the 21st day, coincided 
with the end of vitellogenesis in terminal oocytes 
(5.5-7 ram). The levels of JH III rapidly decreased at the 
time of ovulation (fig. 1, C). At 28 ~ high hormonal levels 
(92-143 ng/ml) were observed in 25% of females before the 
deposit of the yolk (oocytes smaller than 1 mm). The 
number of high values reached a first maximum at the 
beginning of vitellogenesis (oocyte length: 2 to 3 mm) in 
females older than 20 days. A 2nd period of such high 
levels of JH III occured at the end of vitellogenesis (oocytes 
4-6 mm). During the ovulation, JH III levels were low; 
mean and maximal values (250 ng/ml)  were of the same 
order at both temperatures (fig. 1, C). 
JH III levels in males reared at 33 ~ were low (3 ng/ml) 
for some days after the imaginal moult; they slowly in- 
creased until the 8th day and markedly from the 8th day to 
the 15th day; high values were frequent until the 25th day 
in sexually mature animals (fig.2). At 28 ~ the hemo- 
lymph of males was poor in JH III until the 8th day, then 
the number of high values increased and remained high 
from the 12th to the 22nd day, and diminished thereafter 
(fig.2). Higher individual values varied between 235 and 
377 ng/ml at 33~ and were of the same order 
(200-325 ng/ml) but rather rare at 28 ~ Mean and indi- 
vidual levels were higher in males than in females. At 
28 ~ gonadotropic hormone appeared later, disappeared 
more quickly and was generally lower than at 33 ~ 
3. Ecdysteroid levels. Ovaries contained low quantities of 
ecdysteroids as long as the terminal oocytes were smaller 
than 4 mm, their ecdysteroid content increased when the 
oocytes became longer than 5 mm. After ovulation, ecdys- 
teroids were present in the oocytes removed from the 
oviducts (table). 
The ecdysteroid level in the hemolymph of adults reared at 
33~ first increased slowly (day 14-day 18) and then 
quickly (day 18-day 21) reaching finally maximal values 
immediately before ovulation (600-1000 ng/ml); after the 
ovulation no more immunoreactive ecdysteroids were 
detected in the hemolymph (fig. 1, C). At 28 ~ the levels of 
ecdysteroids in the hemolymph were nearly the same as at 
33 ~ however, individual values (400-600 ng/ml) were 
generally smaller than in animals reared at 33 ~ (fig. 1, C). 
Discussion. It is well established in Locusts that the ovarian 
development requires the synthesis of vitellogenic proteins 
by the fat body l~-m and their entry into the oocytes 13-15 in 

The levels of ovarian ecdysteroids in relation to the size of the 
terminal oocyte (UD, undetectable) 

Oocyte size (mm) pg equiv, ecdysterone/mg dry weight 
28 ~ 33 ~ 

1-1.9 UD UD 
2-2.9 23.5 + 2.5 UD 
3-3.9 30.5 +_ 5.5 UD 
4-4.9 52.5 + 5.5 70.5 + 25 
5-5.9 726 + 24.6 214.5 +- 99.5 
6-6.9 7034+ 1849 6100+_ 568 

7 15,758_+ 3324 

the presence of gonadotropic hormone produced by corpo- 
ra allata. 
In Schistocerca gregaria, the gonadotropic hormone is ex- 
clusively JH III 16'r7. It is likely that JH levels change 
considerably during a very short period of timelS']9; all the 
assays performed revealed in the 2 sexes reared at 28 and 
33 ~ a great individual heterogeneity for the same age- 
group of insects. JH III levels in the hemolymph of females 
were generally of the same order at 33 and 28 ~ 
The maximal JH III levels were recorded in animals reared 
a t  28 and 33 ~ when vitellogenesis started in the terminal 
oocytes and then at the end of development in the same 
oocytes and/or at the beginning of the development of 
penultimate oocytes. These fluctuations could be related to 
the overlapping of consecutive ovarian cycles and may 
result from the intensive synthetic activity of the corpora 
allata at the end of the previtellogenetic period of succes- 
sive oocytes 19. However, high values were recorded about 
10 days later in animals reared at 28 ~ In a small number 
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Figure 1. A Development of terminal oocytes in adult females. 
�9 -" 33 ~ O --- O 28 ~ Arrow: The onset of ovulation (and 
the size of terminal oocytes at this stage). B Age-dependent 
fluctuations of hem�9 protein levels in adult females. �9 �9 
33 ~ �9 --- �9 28 ~ C Age-dependent fluctuations of ecdysteroid 
and JH III levels in adult females. Ecdysteroids, 0----O 33 ~ 
�9 - - -  �9 28 ~ JH III, �9 �9 33 ~ /X - - - / x  28 ~ Bars: SEM.  
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of  females reared at 28 ~ at the beginning of  the imaginal  
life, hormonal  levels were relatively high; this phenome-  
non,  not observed at 33 ~ remains unexplained.  
At 28 ~ a delay in the post- imaginal  evolution of the fat 
body was also observed 12'2~ Nevertheless, the hemolymph 
protein level increased abnormally.  Incorporation of vitel- 
logenic precursors into oocytes was very much slowed 
down. These facts are in a good agreement with preceding 
results 2, showing that during the 2 last larval instars, tissue 
growth is reduced at 28~ in spite of high levels of 
hemolymph proteins. Thus, decrease of fertility in females 
reared at 28 ~ which also lay smaller eggs, appears to be 
due to a slow uptake of proteins by the ovaries, rather than 
to a lack of proteins. Because of the necessity of a gonado- 
tropic hormone for the uptake of vitellogenin 21-23, the low 
JH III levels during the 1st 20 days of imaginal  life could 
lead to a weak incorporation of vitellin precursors into the 
eggs, in spite of a longer stay in the ovary. 
The follicular cells were shown to produce ecdysone in 
Locusta rnigratoria 24-2~. In  Schistocerca gregaria, oocyte 
development  is accompanied by an increase of  ecdysteroids 
levels in the ovary too. The delay of  ovarian maturat ion 
and the storage of  neurosecretory material in the pars 
intercerebralis were accompanied by a delay in the produc- 
tion of ecdysteroids at 28 ~ 
At both temperatures, the levels of  ecdysteroids in hemo- 
lymph increased during sexual maturat ion and decreased 
quickly at egg-laying. Maximal concentrations observed 
(10 -6 M) may be well related with the biological activity of 
circulating ecdysteroids in females. High quantities of  ec- 
dysteroids appear at the moment  when rapid decrease of 
JH III in the hemolymph occurs. This result agrees with a 
hypothesis of  inhibit ing activity of  ecdysone or 20-OH- 
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Figure 2. Age-dependent levels of JH III and proteins in hemo- 
lymph of adult males. Proteins, �9 .... �9 33 ~ � 9 1 4 9  28 ~ 
JHIII, Q-----Q 33~ O - - - O  28~ Bars: SEM. 

hydroxyecdysone on  the corpora allata 29'3~ The increase of  
protein level was recorded before that of  the ecdysteroids, 
and the decrease of ecdysteroid production did not corre- 
spond to that of  proteins. These facts seem to exclude a 
direct action of ecdysteroids on the control of  vitellogenin 
synthesis by the fat body. 
Temperature decrease from 33 to 28 ~ caused male sterili- 
ty 3'4, and a 50% reduced production of gonadotropic hor- 

m o n e .  This result corroborates previous observations which 
indicated a low activity of the corpora allata in males 
reared at 28 ~ 5. 
The decrease of rearing temperature has important  effects 
on reproduction of Schistocerca gregaria. In males, these 
effects paralleled a decrease of gonadotropic hormone;  in 
females a delay in the appearance of maximal  hormonal  
levels appears to be sufficient for disturbing vitellogenesis. 
It seems that well controlled levels of  endocrine secretions 
during a short period of time could affect the animal 's  
fertility 31. 
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