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al'ready been reduced by about 8 hours from 
that originally required, and a further de- 
crease is anticipated by using higher-pressure 
systems and optimizing operating parameters 
such as tempwature and elution gradient. 

The capability of the system we have 
described is limited to the analysis of ultra- 
violet-absorbing constituents of urine; how- 
ever, it could be extended by incorporation 
of additional detection systems. For example, 
if the ninhydrin colorimetric detection sys- 
tem ( 13 ) and a carbohydrate colorimetric 
technique recently developed by Green ( 14) 
could be integrated into the present analyzer 
(while using the same separation system) , 
the resulting instrument would be able to 
detect a much larger number of compounds. 
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The physiological role of the pineal gland 
has long been a mystery, but numerous re- 
ports have appeared during the last ten years 
regarding the status of this gland. According 
to Wurtman et a Z ( l )  the pineal is an endo- 
crine gland and secretes the hormone me- 
latonin which affects the reproductive system, 
primarily in females. Pinealectomy in the 
immature rat produced ovarian hypertrophy 
( 2,3) while administration of pineal extracts 
caused ovarian atrophy(3,4). It was then 
shown by Wurtman et aZ(5) that the effects 
produced by pinealectomy were similar to 
those produced by exposure to constant light, 
but these were not additive. The ability of 
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the rat pineal gland to synthesize melatonin 
was reported to be markedly reduced by ex- 
posure to light(6) and enhanced by constant 
darkness(7,g). It would thus appear that 
melatonin depressed the precocious develop- 
ment of the ovary; and light, by depressing 
melatonin secretion, stimulates the gonado- 
trophic hormones and ovarian development. 

The possible relation of the pineal gland 
and melatonin to other endocrine gland func- 
tions requires study. Evidence indicating a 
relation to thyroid gland weight ( 9 ) ,  adrenal 
gland(8,10,11,12,13,14) and the pituitary 
gland(3,lS) has been presented. Kitay and 
Altschule ( 16) summarized the literature on 
the relation of pinealectomy to the thyroid 
gland citing references indicating hypertrophy 
or no change. Malm et aZ( 17) reported that 
pinealectomy stimulated the growth of rats 
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up to the 14th week. Ishibashi et aZ(18) 
pinealectomized immature rats and noted a 
5.77% increase in feed consumption and a 
11.8% increase in thyroid hormone secretion 
rate (TSR). Injection of 40 pg/day of 
melatonin depressed feed consumption 12 "/o ; 
whereas, 20 pg/day depressed TSR 16%. 

In a continuation 'of our studies on the ef- 
fect of various hormones and physiological 
factors on the thyroid hormone secretion rate 
(TSR) , and feed consumption, the present in- 
vestigations were undertaken to study the 
effect of increasing doses of melatonin oa 
TSli of  female rats of increasing age and on 
feed intake and endocrine gland weight at  
the end of the experiment. 

Materials and methods. The thyroid hor- 
mone secretion rate (TSR) of 57 f e d e  
rats, of the Sprague-Dawley-Rolfsmeyer strain 
(25 days of age, with an average weight of 
55 g) was determined by the methold de- 
scribed previously by Grosvenor and Turner 
(19). The TSR, as estimated by this proce- 
dure, will be slightly higher than the actual 
TSR of the animal, because the find level of 
thyroxine which blocks the release olf 
thyroidal 1131 must be in slight excess of the 
animal's own secretion of the thyroid hor- 
moiies. Secondly, as the level of thyroxine is 
increased by 0.25 pgJ100 g bw every 48 hours, 
and the dose previous to the final one does 
not completely block the release of thyroid 
I l3I ,  the error must be less than 0.25 pg/lOO 
g bw. The rats were then divided into! 3 sub- 
groups, each having the same mean TSR. 
Groups I and 11, of 15 rats each, were con- 
trols, Group I being untreated while Group 
I1 was injected sJc with 0.5 ml of normal 
saline/day from a week before the start of 
TSR, until the TSR was estimated. Rats of 
Group I11 received SJC 50 pg dose of me- 
latonin/day dissolved in 10.5 ml of physiolo- 
gicid saline/rat, and this treatment was con- 
tinued from a week before the start of TSR 
estimation until the TSR of that animal was 
estimated. TSR estimation of the 3 groups 
with treatments as outlined above was 
started when the rats were 55 days of age. 
TSR of the 3 groups was again estimated at  
monthly intervals, starting at  the age of 85 
days and 11 5 days respectively, after a similar 

treatment of various groups as of 55 days 
of age, except that the dose of melatonin was 
increased to 75 pg/rat at 85 days and 100 
pg,/rat when they were 115 days of age at  
the start of TSR determination. 

Twenty-four rats, 12  each from Groups I1 
and I11 above, were housed in individual 
metabolism cages for determination of their 
feed consumption, for a period of 1 2  days, 
when they were 115 days old. Group I1 was 
injected s/c with 10.5 ml of physiological 
saline/rat/day during the period of deter- 
mination of feed consumption. 

Group 111 was injected s/c with 100 pg 
of melatonin in 0.5 ml physiological saline/ 
ratJday during a 12-day period of feed con- 
sumptioa determination. 

Three days were allowed for adjustment to 
feeding and watering conditions in individual 
rodent metabolism cages so constructed as to 
prevent coprophagy and feed wastage before 
the start of food consumption measurementst 
A weighed quantity of an excess of grolund 
Purina Lab Chow was provided for each rat 
and the residue weighed back, every other 
day. Thus, feed consumption every 2 days 
was measured for 12  consecutive days and 
an average/day was estimated/rat as well 
as/lOO g ibw. A record of the body weights of 
the individual rats was maintained in ad- 
dition to the feed consumed by each rat. 
Average weight of each rat for the 12-day 
period was taken into account in calculating 
the feed consumptioln/day/lNl g bw. 
Drinking water was supplied to rats ad 
libitum. 

At the end of the final TSR estimatioa 
which was started when the rats were 115 
days of age, the 3 groups were killed, their 
pituitaries, ovaries and the adrenals were 
removed and immediately weighed. 

Results. The mean TSR of Groups I, I1 
and I11 were respectively 1.21 pg L-T4/100 g 
bw, 1.23 ,ug/lOO g bw, and 0.95 pgJ1010 g bw, 
when the estimation was started in rats at 55 
days of age, thus showing a highly significant 
(P<.O25) reduction of 22.8% in TSR with 
a 50 pg dose of melatonin given a week before 

$ Manufacted by Actme Mebad PnolduotS, I x . ,  
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TABLE I. Effect of Melatonin on TSR of Female Rats of Increasing Age. 

No. of 
surviving Age Mean body Mean TSR/100 g Reduetion 

Group rats (days) wt (g) bw (pg 5 S.E.) i n  TSR (%) 

I - C o n t r o l  14 
II-Control (.5 ml saline) 15 

26 

I-Con trol 14 
II-Control ( 5  ml saline) 15 

25 

I-Control 14 
II-Control (.5 ml saline) 13 

23 

111-50 pg  melatonin in  .5 ml 
saline 

111-75 pg melatonin i n  .5 nil 
saline 

111-100 pg melatonin in .5 ml 
sahne 

55 
55 
55 

85 
85 
85 

115 
115 
115 

166 
166 
163 

203 
203 
2 12 

228 
218 
231 

1.21 * .08" 
1.23 2 .llb 
.95 2 .07' 22.8 

1.12 * -10 
1.08 L- .05d 
.92 k .04" 14.8 

.88 2 s o  

.88 -+ .13 

.80 k .07 9.1 

S.E. = Standard errar of mean. 
Student "t" probability: a vs c, P <.025; 

and during the TSR estimation (Table I ) .  
TSR of the same groups of rats when 

started at  the age of 85 days was respectively 

bw and 0.92 p g  L-T4/100 g bw for Groups 
I, I1 and I11 thus showing a highly significant 
(P<.Ol) reduction of 14.8% in the melato- 
nin-treated rats over those injected SJC with 
the same volume of physiological saline. The 
dose of melatonin was 7 5  pg/rat at this age 
(Table I). 

When started at  the age of 1 1 5  days, the 
respective TSR of the Groups I, I1 and I11 

g bw and 0.80 pg L-T4J100 g bw. The dose 
of melatonin at  this age was increased to 100 
pg/rat, which showed a non-significant re- 
duction of 9.1% in TSR (Table I ) .  

A non-significant reduction of 8.76% in 
feed consumption of the melatonin-treated 
rats (Group 111) was observed, based on the 
average of 1 2  days feed consumption/rat/l00 
g bw (Table 11). 

The ovary and the pituitary weights of 
the melatonin-treated (Group 111) rats 

1.12 pg L-T,/100 g bw, 1.08 pg L - T / l O  g 

W ~ S  0.88 pg L-T4/100 g bw, 0.88 pg L-T4/100 

b vs c, P <.025; d vs e, P < . O l .  

showed a highly significant reduction of 
30.1% (P<.OO5) and 34.6% (P<.oo11) re- 
spectively, per 1 0 0  g bw as compared to those 
injected s/c with the same volume of physio- 
logical saline (Group 11) for the same period. 
The adrenals, however, showed a highly sig- 
nificant increase of 22.7% (P<.W5) per 100 
g bw over those of the control group (Table 
111). 

Discussion. There is sufficient evidence in 
the literature to indicate that melatonin 
satisfies the criteria of a hormone( 1 ) .  In ad- 
dition to the effect of pineal extracts and 
melatonin on gonad function, especially in 
young immature female rats, the thyroid and 
the adrenals have been thought to be in some 
way influenced by the pineal( 16).  They sug- 
gested also that the effect of pineal extracts 
on the gonads might be mediated by the 
adenohypophysis. Injection of pineal extracts 
were reported to produce histologic changes 
in the thyroid gland, suggestive of depression 
of thyroid function( 20). Baschieri et aZ( 9) 
found that the thyroid weight in animals 
treated wilth 150 pg of melatonin every day 

TABLE 11. Effect of MelatorLin on  Feed Consumption of Female Rats ( a t  End  of Experiment). 

Avg daily feed Reduction i n  
Avg body wt  Avg daily feed Range of feed consumption feed consump- 

No. of for 12-day consumption/rat consumptian/rat / lo0  g body wt tion/100 g 
Group rats period (g)  2 S.E. (g )  (g)  (g)  body wt 

I1 

I11 
Normal saline 12 218.50 13.22 2 .48 11.52-16.04 6.015 + .5 

Melatonin, 12 232.4 12.82 -f- .28 11.1 1-14.35 5.52 2 .3 8.7670 
100 Pug 
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TABLE 111. Effect of Melatoiziii o n  Adrenal, Pituitary and Ovary Weights in  the Female Rats. 

Change due Signifi- 
t o  melato- cance 

Group I Group I1 Group I11 nin (%) level 

No. of surviving rats 
Avg body wt 
Ovarian wt- 

Per  r a t  
Per  100 g bw 

Per r a t  
Per  100 g bw 

Pituitary w t- 
Per r a t  
Per  100 g bw 

Ad r e n d  wt- 

14 
227 g 

82.6 mg f 3.4 
36.4 ” k 1.7 

35.7 ” 2 1.6 
15.7 ” +- .8 

11.1 ” & .5 
4.9 ” 2 .2 

13 
219 g 

83.7 mg -L 2.6 
38.2 ” f 3.2 

36.7 ” k 1.8 
16.7 ” & .8 

11.4 ” 2 .5 
5.2 ” 2 .2 

23 
230 g 

61.4 nig + 2.1 -26.64 P < . O O l  
26.7 ” .09 -30.1 P <.Om05 

47.2 1 9  I+ 2.1 +2a.6 P <.ooi 
2t0.5 ” k .9 +22.8 P <.005 

7.8 ” .2 -31.6 P < . O O l  
3.4 ” .ll -34.6 P <.O,Ol 

for 10 days was markedly lower (23.5%) than 
that of the control group. The present in- 
vestigation is in full conformity with the 
above findings and establishes a quantitative 
effect of melatonin on TSR. The results 
further indicate that the greatest effect of 
melatonin on TSR is in the immature rats of 
55 days of age (22.8% reduction in TSR), 
compared to the older rats of 85 days of age 
(14.8% reduction in TSR) or 115 days of 
age (9.1% reduction in TSR) even though the 
dose was increased from 50 pg to 75 pg and 
100 pg/day/rat, respectively on the 85th and 
1 15th day of age. 

In  the previous study (18) it was shown 
th$at pinealectomy of immature rats increased 
feed cotmumpition 5.8 % whereas 40 &day 
depressed feed consumption 12%. The non- 
significant reduction of 8.76% in the feed 
consumption at the end of the experimenit 
may be due to the reduced effectiveness of 
melatonin with increasing age. 

A marked reduction in ovarian weight in- 
duced by the administration of a pineal ex- 
tr,act in the immature rat was reported by 
Kitay and Altschule(4), Wurtman et al(3,l)  
arid Adams et aZ( 15). Wurtman et aZ( 3) re- 
ported also that pineal extracts produced a 
decrease in pituitary weight and larger doses 
caused a significant reduction in adrenal 
weight. The pituitaries of melatonin-treated 
r a h  were smaller and contained a higher 
ccrncentration of lutehizing hormone ( 15). 
Furell(  10) reported that extracts of cattle 
pineal glands stimulated aldosterone secretion 

in decerebrated dogs witholut affecting the se- 
cretion of cortisol. The rats in the present ex- 
periment were sacrificed at  about 1301 days 
of age. The increase in adrenal weight ob- 
served, in contrast to the observations of 
Wurtman et aZ(3), may be due to the matu- 
rity of the animals. 

Summary. TSR estimation of Spxague- 
Dawley-Rolfsmeyer strains of rats a t  55 and 
85 days of age was found to be highly sig- 
nificantly reduced by 22.8% and 14.8% 
respectively with subcutaneous injection of 
50 g mlatoain/rat at 55 days, and 75 pgJ 
rat at 85 days but not by 100 pg/rat at 115 
days of age. These results indicate that 
melatonin depresses TSR but the effect ap- 
pears to be reduced with advaancing age. 
Feed consumption was reduced 8.76%, a non- 
significant reduction, in 1 1 5-day-old rats in- 
jected s/c with 100 pg melatonin/day/rat 
for a period of 12 days. The effect may be 
cumulative due to increasing doses of 
melatonin during each TSR estimation at 
monthly intervals. At the end of the experi- 
ment, the mean ovarian weight sholwed a 
highly significant reduction of 30.1% and the 
pituitary weight of 34.6% in comparison with 
the control group. In  contrast, the mean 
adrenal weight showed a highly significant 
increase of 22.7%. 
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Lipoprotein lipase (Clearing Factor) is a 
lipolytic enzyme (EC 3. 1. 1. 3.)  which ap- 
pears in the plasma after intravenous in- 
jection of heparin. The presence in the normal 
rat heart of an enzyme identical with 
Clearing Factor has been demonstrated ( 1). 
It was shown that the increase in the Clearing 
Factor concentration of plasma after heparin 
injection was correlated with the depletion of 
this enzyme in the heart tissue( 1) .  

Lipolytic activity similar to lipoprotein 
lipase was also reported in kidney( 2), liver 
( 3 ) ,  lung(4), adipose tissue( 5 )  and lactating 
mammary gland( 13). In the plasma the 
presence of an endogenous lipoprotein lipase 
was reported in rats(7) and in a small per- 
centage of people( 1 2 )  ; a heat stable mono- 
glyceridase( 8)  was also reported. A hormone 
sensitive p-monoglyceridase in adipose tissue 
was reported by Steinberg et al(  6) .  The state 
of the tissue lipases after heparin injection, 
however, has not been investigated. 

* This research was supported by USPHS grant 
R01 HE 02823-10. 

The work presented in this paper demon- 
strates the relationship of the tissue lipases 
to the plasma Clearing Factor that appears 
after injection of heparin. Evidence is also 
presented that all tissue lipases and lipo- 
protein lipases are the source of the posthepa- 
rin plasma Clearing Factor enzymes. Particle 
bound P-monoglyceridase of adipose tissue 
is demonstrated to be markedly affected by 
heparin injections. 

Methods and materials. Rat tissues were 
prepared from Holtzman rats (150-250 g) 
which were killed by etherization. Five rats 
were sacrificed for each assay and the tissues 
were washed thoroughly with cold physiologi- 
cal saline to remove the blood. Pooled tissues 
were homogenized in a Waring blendor for 3 
minutes with 1510 ml of acetone at  -15OC. 
The contents were vacuum filtered and 
acetone powders were stored under vacuum at 
-15°C. 

The enzyme was prepared by extracting 
tissue acetone powders (50 mg per ml in the 
final incubation mixture) with 0.25 M am- 


