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Melatonin was detected i n  the c i r cu la t i on  of the near-term rhesus monkey 
(+mulatta) and baboon (Papio paplo) fetus. We determined whether the 
source c m  the mother b studying placental t ransfer  o f  melatonin i n  
the rhesus monkey. When [3~$melatonin was administered 1.v. t o  the mother i t  

mptly appeared i n  the fe ta l  c i r cu la t i on ;  the rates of disappearance o f  
Hlmelatonin i n  the mate nal and f e t a l  c i r cu la t i ons  were pa ra l l e l .  The rap id  fp 

decr ase i n  c i r c u l a t i n g  [SH]melatonin was associated w i th  a rap id  accumulation 
of [g~]melatonin-metabolites i n  the maternal and feta l  c i rcu lat ions.  Although 
the pat tern o f  a earance o f  metabolites was s im i la r  i n  both c i rcu lat ions,  
r e l a t i v e l y  less f5Hlmelatonin-metabolites appeared i n  the feta l  c i r cu la t i on .  

Acute changes i n  t o t a l  maternal plasma melatonin, experimentally produced 
by g i v ing  a 20 min in fus ion o f  melatonin, were rap id l y  ref lected i n  the fetus. 
This suggests t h a t  a d a i l y  rhythm i n  maternal melatonin would generate a s im i la r  
rhythm i n  the fetus. 

The fe ta l  monkey pineal was found t o  have the two enzymes necessary f o r  the 
conversion o f  serotonin t o  melatonin. I t  is ,  however, not  known whether f e t a l  
melatonin synthesis i s  rhythmic o r  the extent t o  which i t  could contr ibute t o  
c i r c u l a t i n g  melatonin leve ls  a t  t h i s  o r  e a r l i e r  stages o f  gestation. 

SPECULATION 

Prompt placental t rans fe r  o f  melatonin could r e s u l t  i n  a maternally 
generated d a i l y  melatonin rhythm i n  the fetus. This comnunication may introduce 
the developing fetus t o  a 24-hr chemical p e r i o d i c i t y  and coordinate ce r ta in  
fe ta l  functions w i th  the p reva i l i ng  environmental l i g h t i n g  cycles. 

INTRODUCTION 

The existence of placental t ransfer  o f  melatonin, the putat ive pineal 
homne,  has ra ised the p o s s i b i l i t y  t h a t  a d a i l y  maternal rhythm i n  melatonin 
could generdte a s im i la r  rhythm i n  the fetus. Placental t ransfer  o f  melatonin 
has been documented i n  the r a t  and sheep (8.10). but not  i n  a primate. I n  
addit ion, i t  i s  no t  known whether the ra te  o f  placental t ransfer  o f  melatonin 
i s  su f f i c ien t  t o  t ransmit  rap id  changes i n  maternal plasma melatonin o r  i f  i t  
w u l d  damp ou t  such changes. 

For these reasons, we have determined whether placental t rans fe r  o f  
melatonin ex is ts  i n  the rhesus monkey and if rap id  changes i n  t o t a l  maternal 
melatonin are ref lected i n  the f e  a1 c i r cu la t i on .  The presence o f  melatonin i n  
fe ta l  plasma, the appearance o f  [SH]melatonin-metabolites i n  the fetus, and the 
enzymatic capacity of the near-term f e t a l  pineal gland t o  synthesize melatonin 
were a lso studied. 

MATERIALS AND METHODS 

Animals were obtained from the NIH primate colony and given Purina Monkey 
Chow and water ad l i b i tum,  u n t i l  the overnight f a s t  p r i o r  t o  surgery. L ight ing 
was a u t o m a t i c a l ~ c o n r r o l l e d  (LO 12:12) w i th  the l i g h t s  on from 0600 h r  t o  
1800 hr. 

Plasma was col lected a t  the t ime o f  Caesarean section (1000 h r  t o  1200 h r )  
from blood obtained from the umbi l ica l  vessels o f  eleven rhesus monkeys (Macaca 
mulatta) a t  term gestat ion and the umbi l ica l  ve in o f  four  premature b a b o o n s  
(Pa-; 78% t o  82% gestation). Plasma samples f o r  each species were 
p&, and dupl icate samples (400 u l )  from each pool were analyzed f o r  
melatonin by radioimnunoassay (RIA). 

Sursical technique: 

The placental t rans fe r  studies were performed w i th  three pregnant rhesus 
monkeys between 150 d and 153 d o f  gestat ion (90% t o  93% term). The surgical 
and experimental techniques have been reported i n  d e t a i l  (5). B r ie f l y ,  a f t e r  
ketamine hydrochloride premedication and under NzO-02-halothane anesthesia. 
abdominal laparotomy was performed and the uterus was exposed. After the 
myometrium, decidua, and chorion, but not  the amnion, were incised, a s i l a s t i c  
T-tube cannula was placed i n  an interp lacenta l  f e t a l  vessel, thereby a l lowing 
continuous f low through the vessel and sequential sampling o f  f e t a l  blood 
(0.5 ml t o  1.0 ml ). The fetal-maternal-placental c i r cu la t i ons  were maintained, 
and the'amniotic sac remained in tac t .  The f e t a l  and maternal samples were 
obtained between 0930 h r  and 1130 hr. Maternal blood (1.0 ml) was sampled 
fnom a cannula placed i n  the i n f e r i o r  vena cava the saphenous vein. 
Amniotic f l u i d  (1.0 ml) was sampled from a catheter  introduced through the 
an te r io r  wal l  o f  the lower u te r ine  segment. During the experiments, fe ta l  
and maternal blood pH. pop. pCO . and cardiovascular indices were monitored; 
they remained w i th in  n o w 1  l im?ts.  

A t  the completion o f  the experiments, the fetus was k i l l e d  w i th  i n t r a -  
venously administered barbituates, removed from the mother, and exsanguinated. 
Samples o f  cerebrospinal f l u i d  (CSF) from the c i s te rna l  subarachnoid space and 
bladder u r ine  were removed from the fetus, as was the pineal gland; these 
samples were frozen on s o l i d  C02 and stored a t  -20°C u n t i l  analysis. 

Experimental protocols: 

1. r 3 ~ 1 ~ e l a t o n i n 1  i n j e c t i o n  studies: 

The un id i rec t iona l  placental t rans fe r  of [3H]melatonin from the mother t o  
fetus was studied i n  a l l  three animals. The homogeneity o f  C3Hlmelatonin. 
(N-acetyl-5-meth~xytr~ptamine-2-aminoethyl-2-3H, speci f ic  a c t i v i t y  = 36.4 
C i l m o l ;  New England Nuclear Corp., Boston, MA) was 99% as judged by one- 

1[3H]Melatonin refers both t o  the rad io i so top ica l l y  l abe l led  compound tha t  
was in jec ted  and t o  the radioact ive compound t h a t  was chloroform-extractable 
and co-migrated w i th  authentic melatonin i n  one-dimensional t h i n  layer  
chromotagraphy (see Mater ia ls  and Methods). 

dimensional t h i n  l aye r  chromatography. Imnediately before in jec t ion ,  the [3H]- 
melatonin stock solu ion (28 uM; ethanollwater. 99:l) was d i l u t e d  w i th  s t e r i l e  S sal ine (1.5:100). [ HIMelatonin (1.0 ug; 150 uCi) was in jec ted  i n t o  the 
maternal vena cava over a 20 sec period. This amount o f  melatonin, based on 
studies I n  the sheep (25). was expected t o  elevate melatonin t o  normal high 
n igh t  values for  a short per iod o f  time. Maternal and f e t a l  blood and amniotic 
f l u i d  were simultaneously withdrawn i n t o  heparinized syringes a t  timed in te rva ls  
over a 30 min period. Amniotic f l u i d  was stored a t  -20°C u n t i l  analysis. 
Blood samples were stored a t  4'C f o r  2 hrs; plasma was then col lected by cen t r i -  
fugation, frozen on s o l i d  C02, and kept a t  -20°C u n t i l  analysis. I n  separate 
experiments, [3H]melatonin added t o  monkey plasma was found t o  be stable f o r  
24 h r  a t  4'C. 

2. Melatonin in fus ion  studies: 

Melatonin (Regis Chemical Co., Chicago, IL; 8 ug120 ml normal sal ine)  was 
intravanenously infused (0.4 uglmin) f o  20 min i n t o  two o f  the mothers. The 
infus ion was star ted 30 min a f t e r  the [SH]melatonin in jec t ion .  This ra te  o f  
i n fus ion  was chosen because i t i s  approximately equal t o  the estimated ra te  
o f  pineal secretion o f  melatonin a t  n igh t  i n  sheep (25). Maternal and feta l  
blood samples were simultaneously withdrawn i n t o  heparinized syringes a t  
i n te rva ls  over a 50 min period. The plasma was col lected and frozen on s o l i d  
CO2 and stored a t  -20°C u n t i l  analysis. Plasma samples (50 u l )  were analyzed 
f o r  melatonin by RIA. 

Assay procedures: 

1. Analysis o f  r3H]melatonin: 

To determine the amount of [3~ lme la ton in  i n  a sample. 100 u l  was extracted 
w i th  5 volumes o f  water-sat rated chloroform. The queous laye r  was removed 
and saved fo r  analysis of [Y~lmelatonin-metabolitesq. The chloroform laye r  
was washed sequent ia l ly  w i th  100 u l  of 0.1 M sodium bicarbonate. pH 10.0. and 
then water. One-half the volume of chloroform ex t rac t  was taken to dryness i n  
a s c i n t i l l a t i o n  v i a l  by vacuum. and the r a d i o a c t i v i t y  was quant i f ied as 
described (21). This procedure was found t o  extract  94% o r  more of [3H1- 
melatonin added t o  f e t a l  plasma, maternal plasma, amniotic f l u id ,  o r  fe ta l  
cerebrospinal f l u i d .  

The r a d i o a c t i v i t y  i n  pools o f  chloroform extracts from maternal and fe ta l  
plasma and urine, amni t i c  f lu id.  and fe ta l  cerebrospinal f l u i d  f o r  each animal 
was authenticated as ~ 3 ~ 1 m e l a t o n i n  by one-dimensional t h i n  l aye r  chromatography 
(chloroform: methanol: acet ic  acid. 90:lO:l; s i l i c a  gel )  (Figure 1). as 
previously described (21). We found t h a t  88% t o  96% o f  the r a d i o a c t i v i t y  
i n  these pools was [3~lmelatonin.  The reported values were not corrected 
for  t h i s  loss. 

2. Analysis of [3Hlmelatonin-metaboli tes: 

[3~l~elatonin-metabolites were estimated by counting the water-soluble 
r a d i o a c t i v i t y  remaining i n  a sample af ter  chloroform extract ion.  One-half o f  
the volume of extracted sample was dissolved i n  Nuclear Chicago So lub i l i ze r  
(AmershamISearle Co.. Ar l ington Height. IL) ,  counting f l u o r  was added, and the 
sample was counted. 

This aooears t o  be a v a l i d  estimation o f  r3Hlmelatonin-metabolites because 
the major metabolites o f  melatonin (6-hydroxymilatonin. the su l fa te  and 
glucuronic ac id conjugates o f  6-hydroxymelatonin) are not ext ractable i n t o  
chloroform a t  neutra l  o r  a l ka l i ne  pH (21). 

3. Melatonin RIA: 

The method o f  Rollaa and Niswender (24) was used as modif ied (221. The 
extract ion eff iciency wa; 80%; the reported'values have not  been corrected 
for  t h i s  loss. This technique i s  v a l i d  and r e l i a b l e  fo r  measuring melatonin i n  
monkey plasma (22). Maternal and f e t a l  plasma samples were determined i n  the 
same assay run. The within-assay coe f f i c ien t  o f  va r ia t i on  was 12%. The 
l i m i t s  o f  s e n s i t i v i t y  var ied from 0.3 pgltube t o  0.5 pgltube. 

4. Pineal enzyme analysis: 

Fetal pineal glands were sonicated i n  0.1 M sodium phosphate buf fer ,  pH 6.8 
(1 gland1100 u l ) ,  and the resu l t i ng  homogena'te was used f o r  enzyme assays. 
Pineal gland p ro te in  was measured by the Lowry method (16). 

The assay procedure for  N-acetyltransferase (NAT) a c t i v i t y  was a modifica- 
t i o n  (18) o f  the method o f  Oeguchi and Axelrod (6). The a c t i v i t y  was analyzed 
by adding 20 u l  of the gland homogenate t 80 u l  of phosphate buffer containing 
1 umol o f  tryptamine HC1 and 50 umol o f  [P4C]acetyl CoA (SA = 1 Cilmol). This 
solut ion was incubated a t  37'C f o r  20 min. 

Hydroxyindole-0-methyl transferase (HIOMT) a c t i v i t y  was analyzed by adding 
20 u l  o f  the gland h mo enate t o  80 u l  o f  0.1 M sodium phosphate buffer. pH 7.9. 
containing 10 nmol [!4C!S-adenosyl methionine (SA.51.8 Cilmol) and 100 ml o f  
N-acetyl serotonin. The solut ion was incubated a t  37'C f o r  30 min, and the 
enzyme a c t i v i t y  was determined as described (3). Fetal cerebral cor tex t issue 
(1 mg) a lso was assayed f o r  t h i s  enzyme i n  the same manner. 

5. S t a t i s t i c a l  analysis: 

Data i n  the t e x t  i s  given as e i the r  i nd iv idua l  values o r  as the m a n  
(5 SE) o f  three values. 

RESULTS 

Melatonin i n  f e t a l  primate plasma: 

Radioimnunoassayable melatonin was i d e n t i f i e d  i n  the pooled plasma samples 
from the term rhesus monkey and feta l  baboon; the melatonin concentrations 
were 45 pglml and 40 pglml respectively. 

Maternal and fe ta l  plasma leve ls  o f  melatonin i n  the rhesus, ten minutes 
p r i o r  t o  the [3H]melatonin in ject ion,  were 100 pglml and 32 pglml respect ive ly  
i n  animal 922, and 40 pglml and 16 pglml i n  animal 592. 

Placental t ransfer  of [3~ lme la ton in  (Fig. 21: 

The disappearance o f  [3H]melatonin from the maternal c i r cu la t i on  fo l lowing 
an i n j e c t i o n  was rap id  and mult iphasic. T h i r t y  min a f te r  the in jec t ion ,  the 

2[3H]~elatonin-metabolites refers t o  the non-chloroform-extractable 
r a d i o a c t i v i t y  remaining i n  the aqueous phase (see Mater ia ls  and Methods). 



maternal plasma leve l  o f  [3H]melatonin was 18.7 2 1.67% of the peak (one min) 
1 eve1 . 

[3H]Melatonin r a  i d l y  crossed t h e  placenta; w i t h i n  the f i r s t  three min 
a f t e r  the i n j e c t i o n  [ jHlmelatonin leve ls  i n  f e t a l  plasma were 84% t o  90% 
o f  t h a t  i n  maternal plasma i n  animals 606A and 922A. I n  animal 592. the f e t a l  
plasma [3H]melatonin leve l  a t  one min was 27% o f  the corresponding maternal 
plasma level ;  a t  three min. i t  was 63%. Thereafter, i n  a l l  three animals the 
ra tes  o f  maternal and f e t a l  disappearance o f  [3H]melatonin appeared pa ra l l e l .  
T h i r t y  min a f t e r  the in jec t ion .  the f e t a l  plasma leve l  was 66 5 5.5% o f  the 
corresponding maternal value. 

[3H]~elatonin was f i r s t  detected i n  amniotic f l u i d  three t o  e igh t  min 
a f t e r  the maternal i n j e c t i o n  and increased over the 30 min sampling per iod 
w i t h  a value o f  17.3 2 2.67% o f  the maternal plasma leve l  occurring a t  30 
min a f t e r  the in jec t ion .  

Feta l  CSF obtained a t  de l i ve ry  (90 min a f  e r  the [3Hlmelatonin in jec t ion )  5 was found t o  have a s im i la r  concentration o f  [ Hlmelatonin as simultaneously 
o ta ined f e t a l  plasma; i n  animal 922A CSF melatonin was 1.0 nCi1ml (plasma 
[gH]melatonin was 1.3 nCiIml) and i n  animal 606A the values f o r  both plasma 
and CSF were 1.1 nCiIml. 

L3HlMelatonin-metabolites i n  the maternal and f e t a l  c i r cu la t i ons  (Fig. 3): 

[3~]~elatonin-metabo1ites i n  the maternal c i r c u l a t i o n  rap id l y  increased 
w i th in  the f i r s t  10 min t o  15 min a f t e r  the in jec t ion ,  and then remained 
r e l a t i v e l y  constan over the remainder of the sampling period. The pat tern 
o f  appearance o f  [SHlmelatonin-metabolites i n  the f e t a l  c i r c u l a t i o n  was 
somewhat s im i la r  t o  the maternal pat tern but  d i d  not  e x h i b i t  a plateau w i th in  
the experim n t a l  period. Further, the amounts were not  s imi lar .  A t  30 min 
a f te r  the [g~]melatonin in jec t ion ,  the fe ta l  [3~]melatonin-metabolite plasma 
leve l  was 50 + 6.3% o f  the corresponding maternal plasma level .  

[3H]Melato i n  metabolites appeared i n  amniotic f l u i d  a t  three min t o  e igh t  
min a f te r  he [QH]ielatonin i n j e c t i o n  and increased over the 30 min sampling 
period. [SHlMelatonin-metabolites represented 32% t o  48% of the t o t a l  radio- 
a c t i v i t y  i n  amniotic f l u i d  a t  the 30 min sampling period. Analysis o f  maternal 
and f e t a l  u r ine  90 min a f t e r  the maternal i n j e c t i o n  (922A. 592) indicated t h a t  
a higher percentage (37% and 30%) of the r a d i o a c t i v i t y  i n  feta l  u r ine  was [3H]- 
melatonin as compared t o  maternal urine, i n  which only 3% and 5% was 1 3 ~ 1 -  
melatonin. 

Melatonin in fus ion  studies (Fig. 4): 

A t  10 min a f t e r  the s t a r t  of the infusion, melatonin i n  the maternal c i rcu-  
l a t i o n  had increased 29- and 16-fold and t h a t  i n  the f e t a l  blood 12- and 21-fold 
above baseline values. A f te r  the in fus ion  was stopped, melatonin disappeared 
from both the maternal and f e t a l  c i r cu la t i ons  a t  s im i la r  rates. T h i r t y  min 
la te r ,  melatonin i n  both the maternal and f e t a l  plasma was 260 pglml t o  280 
pglml. This represented 20% and 29% o f  the concentration of plasma melatonin 
a t  the termination o f  the in fus ion  i n  the mother and 66% and 54% o f  tha t  i n  
the fetus. 

Fetal pineal enzymes (Table 12: 

The a c t i v i t i e s  of two pineal enzymes required f o r  melatonin synthesis, NAT 
and HIOMT. were detected i n  the pineal glands from two fetuses (922A. 592). 
No HIOMT a c t i v i t y  was detected i n  f e t a l  cerebral cortex. 

DISCUSSION 

The resu l t s  o f  our study can be d iv ided i n t o  two major areas; one having 
t o  do w i th  the source, existence, and fate of melatonin i n  the monkey fetus. 
and the second bearing on the question of whether a maternal rhythm i n  
melatonin can generate a s im i la r  rhythm i n  the fetus. These areas w i l l  be 
discussed sequential ly. 

Our study shows t h a t  there are two po ten t ia l  sources o f  f e t a l  la tonin.  
On one hand, the detect ion of rap id  t rans fe r  o f  both authentic and  HI- 
melatonin across the primate placenta from mother t o  fetus indicates tha t  the 
maternal c i r c u l a t i o n  could be the source o f  c i r c u l a t i n g  f e t a l  m la ton in .  This 
i s  consistent  w i th  placental transfer studies i n  pregnant r a t s  and pregnant 
sheep (8.10). Rapid placental transfer o f  melatonin i s  probably a r e f l e c t i o n  
o f  the l ipophyl ic ,  nonionized nature o f  t h i s  small molecule (mol. wt. 232). 

On the other hand, our data ra ises the p o s s i b i l i t y  t h a t  the fe ta l  pineal 
gland may also be a source of c i r c u l a t i n g  f e t a l  melatonin. This i s  i n  sharp 
contrast  w i th  the r a t  (9.30). which develops the capacity t o  synthesize 
melatonin one week a f t e r  b i r t h ,  but  i s  s im i la r  t o  f e t a l  sheep (8). which have 
the capacity t o  synthesize melatonin during the l a s t  tr imester. 

The r e l a t i v e  importance o f  the f e t a l  pineal a t  t h i s  gestation stage as a 
source o f  melatonin i s  d i f f i c u l t  t o  assess. Although the two pineal enzymes 
necessary f o r  the conversion o f  serotonin t o  melatonin are present i n  the f e t a l  
monkey pineal, i t  i s  not  c lea r  whether t h i s  system can be act ivated on a 
c i rcadian basis t o  generate a rhythm i n  melatonin, as i s  seen i n  the adu l t  (23). 
The generation o f  t h i s  rhythm i n  the r a t  not  only  requires the presence o f  
melatonin synthesizing enzymes, but  a lso requires the complete developnent of a 
neural c i r c u i t  from the hypothalmus t o  the pineal gland (11); the presence and 
func t ion  o f  t h i s  c i r c u i t  i n  the primate have not  been proven. 

Concerning the existence o f  melatonin i n  the f e t a l  primate c i rcu lat ion.  
our data c l e a r l y  shows t h a t  endogenous melatonin i s  present i n  the plasma o f  
monkey fetuses during l a t e  t h i r d  t r imester  pregnancy. The endogenous feta l  
melatonin leve ls  t h a t  we detected i n  the rhesus monkey were approximately 40% 
of t h a t  i n  the maternal c i r cu la t i on .  Assuming a dominant maternal contribu- 
t i o n  t o  these fe ta l  melatonin levels, the d i f ferences i n  f e t a l  and maternal 
l eve ls  could be a function of differences i n  albumin binding. I n  r a t s  and 
humans, 70% of the melatonin i n  blood i s  bound t o  albumin (4). Thus. high 
leve ls  of albumin o r  a speci f ic  melatonin binding p ro te in  i n  the mother, 
r e l a t i v e  t o  the fetus, could decrease the f r a c t i o n  o f  t o t a l  melatonin i n  the 
maternal c i r c u l a t i o n  free t o  cross t o  the fetus. Another p o s s i b i l i t y  fo r  
t h i s  d i f ference i s  increased t issue uptake o f  m l a t o n i n  i n  the fetus. Higher 
ra tes  of metabolism of melatonin by the fetus, r e l a t i v e  t o  mother, appears an 
un l i ke l y  explanation as w i l l  be discussed. 

Concerning the fate o f  melatonin i n  the primate fetus. It appears from our 
r e s u l t s  tha t  the monkey fetus has a lower ra te  o f  metabolism o f  melatonin 
r e l a t i v e  t o  mother. Se era1 l i n e s  o f  evidences support t h i s  conclusion. F i r s t ,  
the concentrations of [YH]melatonin-metabolites i n  the f e t a l  c i r cu la t i on  were 
markedly lower (17% tg  30%) than the corresponding maternal plasma leve ls  a t  
the t ime when fe ta l  [ Hlmelatonin p lasm leve ls  were almost equal t o  tha t  i n  
stimultaneously obtained maternal plasma. Second, our data indicates t h a t  the 

feta l  kidney excretes a la rge r  percentage of the t o t a l  rad ioac t i v i t y  as 
melatonin as compared t o  the mother. 

Conversely, the [3~]melatonin-metabolite i n  the fe ta l  c i r c u l a t i o n  may be 
simply a re f l ec t ion  o f  c i r c u l a t i n g  maternal [S~]mela$nin-metabolites v i a  
placental transfer w i t h  l i t t l e  o r  no metabolism of [ Hlmelatonin by t h f i e t u s .  
Since the major metabolites o f  c i r c u l a t i n g  melatonin. 6-hydroxymelatonin and 
i t s  conjugates (12.13.21). are r e l a t i v e l y  more polar  than melatonin i t  would 
appear t h a t  on t h i s  basis [3H]melatonin-metabolites may be transferred across 
the placen a a t  a slower rate.  However. the extent  of the contr ibut ion of 
maternal [fH]melatonin-metabolites t o  c i r c u l a t i n g  f e t a l  l eve ls  i s  d i f f i c u l t  t o  
assess from these studies. 

We also observed the rap id  appearance o f  [3H]melatonin and [3H]melatonin- 
metabolites i n  amniotic f l u id .  Fetal renal clearance w i th  susequent mictura- 
t i o n  i s  an un l i ke l y  explanation fo r  t h i s  because of the remarkably rap id  r a t e  
a t  which these compounds appeared. Other routes o f  entry  i n t o  amniotic f l u i d ,  
both feta l  and maternal i n  o r ig in ,  are probably operative. 

The second major purpose o f  t h i s  invest igat ion,  t o  determine whether the 
ra te  of t rans fe r  o f  melatonin across the placenta was s u f f i c i e n t  t o  t ransmit  
rap id  changes i n  maternal melatonin t o  the fetus. i s  i n te res t ing  because i n  
adu l t  mamnals, inc luding the rhesus monkey, there i s  a l a r  e d a i l y  r h y t h  i n  
c i r c u l a t i n g  melatonin w i th  h igh values occurring a t  n igh t  ?7,22). Placental 
t ransfer  o f  melatonin could transmit t h i s  rhythm t o  the fetus. We attempted 
t o  simulate na tu ra l l y  occurring d iurnal  changes i n  maternal melatonin w i th  an 
infus ion o f  melatonin. This resul ted i n  increases i n  both maternal and fe ta l  
melatonin; dur ing t h i s  experiment the feta1:maternal plasma melatonin r a t i o  
remained constant. These observations support the conclusion tha t  placental 
t ransport  i s  su f f i c ien t  and rap id  to r e f l e c t  acute maternal plasma melatonin 
changes i n  the f e t a l  c i r cu la t i on .  

It should be pointed out, however, t h a t  the ra te  and amount o f  melatonin 
infused, which was based on data provided by studies using sheep (25). ra ised 
melatonin i n  the mother t o  values which were 5- t o  100-fold higher than 
reported peak values of melatonin i n  primates (1.2,7,15,20.22.26.28.29). This 
large va r ia t i on  i n  published c i r c u l a t i n g  melatonin values may i n  p a r t  be a 
r e s u l t  o f  va r ia t i on  i n  methodology. I n  any case. i t  would appear tha t  our 
peak values were higher than those which occur physio logical ly .  Accordingly, 
we are re luc tan t  t o  conclude from t h i s  data alone tha t  physiological changes 
i n  maternal me1 ton in  are re f l ec ted  i n  the fetus. However, i n  our i n j e c t i o n  
studies using [~Hlmelatonin, we found t h a t  the t o t a l  amount of melatonin i n  
maternal plasma increased only 3- t o  6-fold w i th in  one minute fo l lowing the 
in ject ion.  This increase, which i s  s im i la r  t o  t h a t  seen physio logical ly  a t  
night, caused a rap id  increase i n  f e t a l  melatonin. On t h i s  basis, and i n  
view o f  the resu l t s  o f  the in fus ion  studies, we fee l  i t  i s  h ighly  probable 
t h a t  d a i l y  changes i n  maternal plasma melatonin generate a rhythm i n  f e t a l  
plasma melatonin. 

The experiments ou t l i ned  i n  t h i s  paper were performed on acute su rg ica l l y  
prepared animals. Thus, the possible e f f e c t  o f  anesthetic agents, and 
surgical and anesthetic s t ress on the resu l t s  o f  our observations cannot be 
ignored. The endogenous maternal plasma melatonin concentrations found p r i o r  
t o  the placental t ransfer  studies but  obtained af ter  anesthetic induct ion are 
i n  the range o f  n ight t ime plasma melatonin leve ls  found i n  the adu l t  rhesus 
monkey. These somewhat elevated maternal melatonin leve ls  could have resul ted 
from the e f f e c t  o f  ketamine. This compound has been found t o  have st imulatory 
effects upon the sympathetic nervous system (14). Since the rhythmic production 
o f  melatonin by the pineal i s  f e l t  t o  be contro l led by changes i n  the release o f  
neurotransmitter from the sympathetic nerves t h a t  innervate the pineal. then i t  
i s  conceivable t h a t  ketamine could increase melatonin production a t h i s  
mechanism. Stress per= appears un l i ke l y  as a cause o f  these elevated levels. 
since i t  has been shown t h a t  presynaptic sympathetic nerve terminals i n  the 
pineal p ro tec t  t h i s  gland from the effects o f  increased leve ls  of c i r c u l a t i n g  
catecholamines induced by st ress (19). Also, anesthetic s t ress does not  appear 
t o  elevate c i r cu la t i ng  melatonin leve ls  i n  humans (27). F ina l l y ,  reduced feta l  
o r  maternal blood flow during these studies could a l t e r  the t rans fe r  o f  
melatonin across the placenta. However, these reductions would l i m i t  transfer 
and r e s u l t  i n  hypoxia and metabolic acidosis; t h i s  d i d  not  appear t o  occur. 

It i s  not  known whether the pregnant rhesus monkey exh ib i t s  a d iurnal  
melatonin rhythm. However, t h i s  seems l i k e l y  because the d iurnal  rhythm i n  
c i r c u l a t i n g  melatonin i n  adu l t  humans pers i s t s  unaltered throughout pregnancy 
(17). The resu l t s  o f  our experiments show t h a t  a d iurnal  rhythm i n  c i r c u l a t i n g  
maternal melatonin i s  probably ref lected i n  the c i r cu la t i on  o f  the fetus. I n  
addit ion. t h i s  maternally generated melatonin rhythm i s  probably a lso re f l ec ted  
i n  f e t a l  CSF. This i s  supported by our detect ion o f  maternally derived  HI- 
melatonin i n  feta l  CSF 90 min a f te r  the maternal i n jec t ion .  This f i nd ing  i s  
consistent w i th  published data i n  the adu l t  monkey which shows tha t  the d a i l y  
r h y t h  i n  c i r c u l a t i n g  melatonin i s  re f l ec ted  i n  CSF (22). Thus, a maternally 
generated melatonin rhythm i n  the f e t a l  c i r c u l a t i o n  and CSF could provide two 
routes of de l i ve ry  o f  t h i s  rhythm t o  the f e t a l  CNS. Through e i the r  of these 
routes, the developing fetus might be introduced t o  24-hr p e r i o d i c i t y  which 
might possibly synchronize ce r ta in  fe ta l  functions w i t h  the mother. 
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Fetal Monkey Pineal Enzyme Activity 

Animal 
Enzyme activity (pmol/min/mq protein) 
N-acetyl- Hydroxyindole-O-methyl- 
transferase transferase 

922A 

pineal 150.0 

cerebral cortex 66.8 

592 

pineal 99.0 

*Radioactive counts (dpms) were not significantly different from back- 
ground. 
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Fiqure 1. One-dimensional TLC o f  chloroform-extractable rad ioac t i v i t y  from 
4 pools. A f te r  chromatographic development sixteen 1 x 5 cm para l le l  sections 
of gel were analyzed f o r  rad ioac t i v i t y .  Fraction numbers represent the 
distance (+ 0.5 un) o f  each f rac t ion  from the or ig in.  The locat ion of 
authentic melatonin, dark horizontal bar, i s  compared t o  the rad ioac t i v i t y  
i n  the corresponding fractions. The recovery standard, dark ve r t i ca l  bar, 
represents the t o t a l  rad ioac t i v i t y  applied t o  the p late before chrcinato- 
graphic development. 
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F i  ure 2. Maternal plasma, f e t a l  plasma, and amniotic f l u i d  [3Hlmelatonin 
co:centrations a f t e r  maternal [3H]melatonin in ject ion.  
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Fiqure ;. [3H]Melatonin-metabolite levels i n  f e t a l  plasma. maternal plasma, 
and amn o t i c  f l u i d  a f te r  maternal [3H]melatonin in ject ion.  
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Figure 4. Melatonin i n  maternal and feta l  plasma before, during, and a f te r  
an infusion o f  authentic melatonin t a  the mother. Tine -15 min i s  15 min 
a f te r  the [3H]melatonin maternal in ject ion.  Zero time i s  30 min a f t e r  the 
[3H]melatonin in ject ion.  
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