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representing thyroid cells. If 89.0 mg of 
thyroid wet weight contains 470 p g  DNA, 
then 805 pg DNA represents 152.5 rng mt 
weight wh0n cell size remains constant. Since 
this is not the case with methimazole treat- 
ment, Ithe additional Itthyroid weight (224.9 
mg total minus 152.5 mg due to cell multi- 
plication) is due (to inlcrease in cell size. Upon 
calculating, one finds that 152.5 + 224.9 = 
0.68 or that 68% of the inweas& thyroid 
gland wet weight is due to cell multiplioa- 
tion (hyperplasia) and that 72.5 + 224.9 = 
0.32 or 32% of the {inorease is due to enlarge- 
ment of the cells (hypertrophy). 

When these alculations are extended to 
the thyroid gllands afiter 60 days of methima- 
zole, the vdues are 5770 of the increase in 
weight is due to cell multiplication and 43% 
is due to tincrease in cell size. Similarly, the 
90 days of mebhimwole treatment results 
in a 42% incease in cell multiplication and 
a 5870 inorease abtribuhble to an enlarge- 
ment of the cells. 

These absemations indicate that cell mul- 
tiplication is the major =use of the increase 
in thyroid weight (6870) after goitrogen 
treatment of 30 days unlder the stimulus of 
increased secretion of TSH. After 60 days, 
cell multiplication accounts fur 57y0 of the 
increase and after 90 days for 42%. 

Hi&ologicd abslervations af thyroid glands 
after goitrogen treatment show the lumen of 
the follicles free of colloid and the height 
and presumably the volume of the cells in- 
creased. These data indicate that cell size 
increases markedly with continued goitrogen 
treabment. 

Summary. Mature male fowls were di- 
vided into 4 groups of equlal TSR. One group 

served as controls whereas the other 3 groups 
were injected daily with 0.5 mg tapmle/lOO 
g bw/day for 30, 60 and 90 days. The mean 
wet thFoid gland weight of the control p u p  
was 134.8 mg. After 30 diays, the thyroid 
weight increased 66.80J0, after 60 days, the 
increase was 187.9%, and after 90 days the 
increased weight was 136.570 (above the con- 
trols. The determination of the total DNA 
of eauh group of bhyroid glands indicated 
the extent of cell multiplication involved and 
from these data i t  was possible to estimate the 
proportion of the weight increase which was 
due to cell multiplication and tlhe increase 
due to cell size. 

After 30 days the cell multiplication ac- 
counted for 6870 and cell size for 3270 of 
the increase, after 60 days 57% to cell mul- 
tiplication and 43% tu cell size and after 
90 days 4270 due tu  cell multiplication and 
58% due to cell size. 
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Endocrine Effects of Pineal Gland and of Melatonin. (32468) 

M. MOTTA, F. FRASCHINI AND L. MARTINI 
Department of Pharmacology, University of Milan, Milan, Ztaty 

It has been proposed recently that the melakonlin or 5-methoxy-N-acetyl-tryptamine 
pineal gland exerts an inhibitory influence (1). Support for this hypothesis comes from 
on the gonads and Ithat this inhibition is studies which have demonstrated that the 
mediated by a specific newrohumm called weightt of the pineal gland (2),  and the activ- 
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iity of hydroxy-indole-0-methyl-transferase 
(HIOXIT) (an enzyme which is essentiial 
for the biosynthesis of melatonin and which 
is found only in the pineal gland(3)) are sig- 
nificantly decreased in situations (for in- 
stance, the exposure to constant light) which 
result in an enhanced activity of the gonads 
and in a constant estrous syndrome(4). 

However, it is not certain whether all the 
effects exerted by the pineal gland on the 
reproductive system can be explained by the 
secretion of melatonin, nor has it been clari- 
fied at  which level of the hypothalamo-pitui- 
tary-gonadal axis pineal gland principles 
exert their blocking activity: in addition, the 
study of the endocrine pharmacology of mela- 
tonin is still in its preliminary phases. The 
study reported here was undertaken to clarify 
some of these points. Experiments were per- 
formed both in male and female rats; how- 
ever, particular emphasis was given to studies 
in male animals. The reasons are: the litma- 
ture regarding the effects of pinealectomy and 
of melatonin administration in female animals 
is ample and rather uniform in its conclusions 
( l , S ) ,  while that regarding studies in males 
is scanty and controversial; moreover, in 
male animals it is easier to evaluate whether 
pinealectomy and treatment with melatonin 

influence separately the secretion of the dif- 
ferent pituitary gonadotropins (FSH and 
ICSH-LH), the modifications of the weight 
of the testes providing a good indication on 
the amount of FSH being secreted(6) and 
the changes in the weight of the prostates 
and of the seminal vesicles being a good 
index of the release of ICSH-LH(6); in 
addition, in male animals estrogens are not 
an interfering factor. I t  has been re- 
ported that pinealectomy increases(7) and 
pineal extracts decrease ( 7 ) hypophyseal 
weight in female animals; since it has been 
proved that pituitary weight is influenced 
by estrogens(8) the effect of pineal principles 
on this parameter might be due to action on 
the secretion of estrogens, rather than to a 
primary effect on the hypophysis. 

Materkls and methods. Sexually mature 
male rats (initial body weight 245 t 8 g) 
were pinealectomized following the technique 
of Kitay and Altschule( 9) .  Sham-operated 
animals were used as controls. Both pineal- 
ectomized and sham-operated animals were 
killed 12 days following the opration. 

Melatonin was injeoted subcutaneously for 
21 days into prepuberal male and female ani- 
mals (daily dose: 200 pg/rat). Treatments 
were initiated when females were 2 2  days old 

TABLE I. Effect of Pinealectomy on Weights of Endocrine Structures in Male Rats. 

Seminal 
Final body Pituitary Testes vesicles Prostates 

Groups* wt, R wt, mg wt, g wt, mg wt1 mg 

Sham-olperated (20) 263.7 & 7.2 7.7 -1- 3 4  2.82 & .21 290.5 L 11.3 184.8 +- 15.2 
Pinealectomized (15) 238.3 & 5.4 8.1 2 .49 3.24 3Z .19 330.7 2 18.11 274.1 2 17.0t 

Values are Means & SE 
* No. of rats in parentheses. 
t P 1 . 0 0 1  

TABLE 11. Effect of Systemic '4dministration of Melatonin on Weights of Endocrine Structures 
in Male Rats. 

Seminal 
Body Pituitary Testes vesicles Prostates 

Groups* wt, R wt, mg wt, R wt1 mg wt, mg 

Controls ( 1 2 )  initial 96 3Z 1 

Melatonin (12 ) 
final 22.3 & S i..$ & .50 2.5.1 t .29 240..3 t 10.6 167 k 11.0 

200 pg/rat initial 97 ? 4 
final 2 2 7  L 7 6.9 2 .42 2.69 & .31 190.1 & 15.Of 1.34 +_ 10.0t -- S.C. 

Values are Means & SE. 
* No. of rats in parentheses. 
t P 4.02 
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and males 30 days old. Controls were simi- 
larly treated with saline. All animals were 
killed 24 hours afiter the last injection. 

Results and discussion. Pinealectomy per- 
formed in sexually mature male rats does not 
modify pituitary weight. Testicular weight is 
enhanced, altihough not significantly. A very 
significant increase in the weights of the pros- 
tates and of the seminal vesicles is obtained. 
No relevant changes in body weight are ob- 
served following the operation (Table I ) .  

Treatment of 3Q-day-old male rats (for 
3 weeks) with a rather high dose of mela- 
tonin resulsts in the following changes in 
endocrine structure, the weights of the pitu- 
iltary glands and of the #testes are unmodified; 
the prostates and the seminal vesicles are 
significantly atrophied (Table 11). 

In prepulberal female rats ( 2 2  days old), 
admlinlisbration of mellaitonin for 3 weeks re- 
sults in a significanlt retardation of the canal- 
ization of the vagina. This indicates that 
puberty has been retarded by the treatment. 
Pituitary weighlt is signlificantly decreased 
following treatment, as are the weights of the 
ovaries and of the uteri (Table 111). There 
was a small reduction in body growth in 
female animals treated with melatonin. This 
effect was not observed in males. 

The increase in weight of the testes and 
of the testosterone-dependent structures 
(prostates and seminal vesicles) following 
pinealectomy clearly indicates that the abla- 
tion of this gland induces simul~tanmusly an 
increase of the secretion of FSH and ICSH- 
LH. This would be cormistent with the hy- 
pothesis that the inhilbitory action exerted 
by the pineal @and on the gonads is not 

TABLE 111. Effect of Systemic Administration 

due to a peripheral effect, but rather to a 
block of gonadotropin secretion; an effect 
of the pined gland on gonadotropin secretion 
is supported also by data from our labora- 
tory which indicate that pinealectomy in 
mature male rats is followed by a dramatic 
increase in pituitary LH( 10) and FSH stores 
(Mess, unpublished observations). The inhi- 
bition of gonadotropin secretion might take 
place either directly at the pituitary level 
or on Ithe neural structures involved in the 
control of pituitary function; this second 
hypothesis seems more probable, since other 
studies performed in this labomtory have 
indicated that brain implants of pineal tlisue 
significantly reduce LH secretion( 10). 

Melatonin, even when used in rather liarge 
doses, does not counteract completely sthe 
effects of the removal of the pineal gland. 
Melatonin significantly reduces the secretion 
of ICSH-LH (as inldkated by the reduced 
weights of prostates and seminal vesicles), 
but apparently does not modify the secre- 
tion of FSH (as indlicated by the normality 
of )testes weight). Pinealectomy does not 
modify pituitary weight in male rats; this 
result indicates that the increase in pitui- 
tary weight in pinealectomized females, re- 
ported by previous authors(7), is not a pri- 
mary effect of the ablation of the gland, but 
prwbably the consequence of the increased 
estrogen levels which a c c m p n y  the con- 
stant estrus situation induced by the opera- 
tion. This is confirmed by the observation 
that melatonin reduces pituitary weight mly  
in female rats. That estrogen secretion is 
reduced following melatonin administration 
is indicated also by the reduced weights of 

of Meliatonin on Pubertv and on Weights of 
Endocrine Structures in Female Rats. 

Groups* 

Vaginal 
Body Pituitary Ovary Uterus opening 
wt, wt, mg wt, mB wt, mg (days) 

Controls (12)  initial 63 k 3 

Melatonin (12)  
final 141 5 6 6.1 k .42 39.5 -c 4.1 185.2 k 15.7 37.1 k 1.3 

200 pg/rat initial 64 2 3 
S.C. final 134 f 5 4 6 k .18$ 28.6 -+ 2.5t 100.5 5 39.7: 42.2 k .8t 

Values are Means i- SE. 
*No.  of rats in parenthescs. 
t P r.01 
$ P 6 . 0 0 1  
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the uteri; all these data can be explained 
as being due to an inhibitory effect of mela- 
tonin on LH secretion. 

The demonstration that melatonin does not 
counteract all the effects of pinealectomy, 
and in particular that the compound does 
not reduce FSH secretion, suggests that the 
pineal gland inhibits FSH secretion through 
a mechanism independent from melatonin. 
Although the hypothesis of direct neural in- 
fluences cannot be disregarded, it appears 
more logical that pineal inhibition of FSH 
secretion is humoral in nature (through the 
secretion of other indole compounds, like 
hydroxy-tryptophol and 5-methoxy-trypto- 
phol, or of proteins and peptides( 11,12)). 

The suggestion proposed here, that the 
pineal gland controls the secretion of both 
FSH and LH, while melatonin reduces only 
the secretion of LH, is supported by a few 
data obtained in other laboratories. There 
is general agreement that pinealectomy re- 
sults in enlarged seminal vesicles and ventral 
prostrates( 13,14) ; teslticular hypertrophy fol- 
lowing pinealectomy has also been reported 
(13,15,16,17), although others have denied 
it(14). A role of the pineal gland in con- 
trolling the secretion of FSH is also s u p  
ported by the observation that pinealecto- 
mized hamsters do not undergo as great or as 
rapid testicular atrophy in winter( 18) or 
following e-xposure to constant dark periods 
or removal of both eyes( 19) as do normal 
controls. In addition, pinealectomy enhances 
testicular compensatory hypertrophy follow- 
ing unilateral castration (20). That melatonin 
reduces the weight of testosterone-dependent 
structures, leaving unmodified FSH-depen- 
dent phenomena, like spermatogenesis ( 2 1 ) 
and testicular weight(22,23,24), has also 
been shown before; on the other hand, crude 
pineal extracts have been shown to inhibit 
the release of FSH both in vitro(22) and 
in V&I( 25) .  

The experiments in which it was shown 
that melatonin retards puberty in female 
animals and reduces ovarian and uterine 
weights are confirmatory of those of Wurt- 
man(see 1 for references), who found that 
all these effects can be obtained with smaller 
doses of melatonin than we used. This indi- 

cates that LH secretion is more sensitive to 
the effect of melatonin than might appear 
from our results. 

I t  has not been attempted to explain why 
chronic treatment with melatonin results in 
retarded vaginal opening. The demonstration 
prevented in this and in another paper( lo) ,  
that ithe primary mode of action of melatonin 
is the suppression of 'the secretion of LH 
(and consequently of estrogens), provides 
an explanation for this effect. It has been 
reported that the onset of puberty is accom- 
panied by significant changes in the E r e -  
tion of pituitary LH and of the hypothala- 
mic LH-Releasing Fmtor (LH-RF) (26) ; 
exogenous estrogens have been shown to ad- 
vance puberty either when given systemically 
(27) or when implanted in the median emi- 
nence region(28) and to advance prepubertal 
modifications of synthesis and release of LH 
and LH-RF(27). It is possible that mela- 
toniin stops all these events because it s u p  
presses, as shown by the experiments reported 
here, the estrogen-LH interplay which is es- 
sential for initiating puberty. This interpre- 
tation is supported by the data of Adams 
et d( 29), which indliate that melatonin, 
administered M o r e  puberty, inhibilts the 
drop of pituitary LH which is usually ob- 
served at the time of vaginal canalization. 

Summary. 1. Pinealectomy when performed 
in male rats results in a significant increase 
in weight of the testes, the prostates and the 
seminal vesicles. This suggests that the pi- 
neal gland usually inhibits the secretion of 
LH and of FSH. 2. Melatonin administered 
to male rats diminishes the weights of 
prostates and of seminal vesicles, but does 
not change testicular weight, indicating that 
exogenous melatonin suppresses the secretion 
of LH, but does not inlterfere with FSH 
release. 3. In prepulberal female rats mela- 
tonin retards puberty and decreases pituitary 
weight as well as the weights of the ovaries 
and the uteri, confirming that melatonin re- 
duces LH secretion. 4. I t  is suggested that 
the pineal gland exerts an anti-FSH effect 
through compounds different from melatonin. 
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Depression of Reticuloendothelial Phagocytic Activity by 
Phytohemagglutinin. (32469) 

BISMARCK B. LOZZIO (Introduced by Amoz I. Chernoff) 
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Phytohemagglutinin (PHA) is an extract 
of the red kidney bean Phaseolus vulgaris 
which effects a remarkable mitogenic acltion 
on leukocytes in vitro( 1). PHA also causes 
the agglutination of human erythrocytes as 
well as those from several animal species ( 2 ) .  
Many studies have been coaductd on the 
in vitro action of PHA on lymphocytes. (Re- 
cently reviewed in reference 1.). In contrast, 
only a limited number of studies have been 
performed in humans and in laboratory ani- 
mals. Conflicting reports have appeared about 
the effect of PHA in the treatment of human 
hypoplwtic or aplastic anemias (3,4).  While 
PHA has been shown to stimulate the mitotic 
activicty of bone marrow cells in young rats 
(S), the injection of PHA did not produce 
significanlt changes in the hematocrit, total 
white b l d  cell count, serum gbbulins olr 

in the histologic pattern of the lymphrrreticu- 
liar system (6). The adlminiutration 04 PHA 
suppresses antibody productitm in rats( 7 )  
when given in appropriate dosages and at 
a specified Itimle before exposure to an antigen. 

I t  !has been reported (that the changes which 
develop in mouse spleen cells after the in 
vivo administration of PHA( 8) resemble 
those obtained following the addition of PHA 
to cells in tissue culture( 1). I t  seemed Tea- 
sonable, therefore, to w u m e  that similar 
alterations could occur in other reticuloendo- 
thelial cells which might lead to an alltera- 
tion of their function. The present study 
was undertaken to test this hyptheisis and 
thus to determine the effect of PHA on reticu- 
loendlothellal system ( RES) phagocytic func- 
tion. 

Materials and methods. The animals used 


