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ABSTRACT 

We have developed a s p e c i f i c  r ad io imunoassay  f o r  N-ace ty lsero tonin .  
Cross - r eac t iv i ty  of 2 3  r e l a t e d  o r  s e l e c t e d  compounds is l e s s  t han  1 p e r c e n t ;  
s e n s i t i v i t y  is  10 t o  25 picograms per  tube ;  w i t h i n  assay  c o e f f i c i e n t  of 
v a r i a t i o n  i s  7.5 t o  8.4Z;and between a s say  c o e f f i c i e n t  of v a r i a t i o n  i s  from 
7 . 1  t o  11.1%. S a t i s f a c t o r y  p a r a l l e l i s m  has  been demonstrated f o r  r a t ,  hamster  
and r a b b i t  serum, rat and hamster  serum e x t r a c t  and r a t  b r a i n  r e t i n a  and p i n e a l  
e x t r a c t .  An e x t r a c t e d  sample of r a t  serum gave one peak on HPLC which cor responded 
t o  a u t h e n t i c  N-ace ty lsero tonin .  Daytime l e v e l s  of  N-ace ty lsero tonin  have been  
e s t a b l i s h e d  f o r  each  of t h e  t i s s u e s  s t u d i e d .  This radioimmunoassay p rov ides  a 
s e n s i t i v e  and s p e c i f i c  method f o r  de t e rmina t ion  of N-ace ty lsero tonin  l e v e l s  i n  
b i o l o g i c a l  t i s s u e s .  

* Presen t  addres s :  Department of Physiology 
Un ive r s i ty  of Hong Kong, HONG KONG 
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264 PANG ET AL. 

INTRODUCTION 

N-acetylserotonin, a derivative of serotonin and the precursor of melatonin, 

was first demonstrated in the pineal (1). Treatment with N-acetylserotonin 

inhibited compensatory ovarian and adrenal hypertrophy in mice (2, 3) and lowered 

TSH levels in rat serum (Tang and Pang, unpublished results). 

a N-acetylserotonin-bovine serum albumin conjugate, produced antiserum against 

melatonin and N-acetylserotonin (4), decreased serum testosterone, prolactin and 

corticosterone levels but elevated serum TSH levels in rats (5, 6, 7). These 

findings, together wlth the fact that the circadian rhythm of serum N-acetylserotonir 

in rats (8) was significantly lowered by pinealectomy (9), suggested that N-acetyl- 

serotonin may be a pineal hormone. N-acetylserotonin was also demonstrated in the 

retina and brain of rats (10 - 19) and its concentrations were not lowered by 
pinealectomy (13, 17). Thus, it has been proposed that N-acetylserotonin may be 

a neurotransmitter, a neuromodulator, and/or a hormone. 

Immunization with 

In the past, N-acetylserotonin was quantified by fluorometric assay (18, 201, 

radioenzymatic assay (21, 22) and gas chromatography-mass spectrometry (19, 23, 24) 

which had one or a number of drawbacks, namely: low sensitivity, non-specificity 

and inefficiency. Previously, our laboratory developed a N-acetylserotonin radio- 

immunoassay (12). However, the antiserum used bound equally well with melatonin and 

N-acetylserotonin ( 4 ) ,  which is not totally satisfactory. In this report, 

a more sensitive and more specific radioimmunoassay for  N-acetylserotonin is 

documented and used for the determination of N-acetylserotonin concentrations in 

pineal, retina, brain and serum samples. 

MATERIALS AND METHODS 

Preparation of the Hapten and Conlugate 

The hapten, 1-(p-carboxy)benzyl-N-acetylserotonin (NAS-PCB), was synthesized 

by the phase-transfer catalytic alkylation method (25) and conjugated to give l-(p- 

carboxy) benzyl-N-acetylserotonin-bovine serum albumin (NAS-PCB-BSA) using 

ethylcarbodiimide (ECDI; l-ethyl-3(3-dimethyl-aminopropyl) carbodiimide HCI; 

Sigma). 

water and the solution added slowly to 4 ml of methanol containing 5.1 mg of NAS-PCB. 

The mixture was adjusted to pH 6.5 with dilute NaOH, rotated by Roto-Torque 

(Model 7637, Cole Parmer) for 4 h at room temperature (23 t l0C) and dialysed in 

Briefly, 16.3 mg BSA and 20 mg ECDI were dissolved in 16 ml of deionized 
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RADIOIMMUNOASSAY FOR N-ACETYLSEROTONIN 265 

20132 of dialysis tube (union Carbide) overnight in running tap water. 

resulting conjugate was evaluated by W spectrometry (Spectrophotometer model 

25, Beckman) as having a molar ratio of 21 to 1 of NAS-PCB to BSA. 

Eroduc t ion of Antiserum 

The 

'The conjugate NAS-PCB-BSA (50  up) was mixed with complete Freund's adjuvant 

(Difco)  and injected subcutaneously into two rabbits at 2 sites over the hips. 

Then, subcutaneous booster injections of 25 iig NAS-pcb-BSA i n  saline were given 

monthly. Antisera were harvested 10-14 days after eachboostrr injection. The 

antiserum used in these studies washarvested 6 months after the first injection. 

Preparation of S a m p l e s  

Blood samples were collected in the light period after decapitation of rats 

and hamsters or  by venepuncture of rabbits. 

1-16 h. Serum samples were obtained after centrifugation at 4000 x g for 20 min 

and stored in a freezer at -20°C until assay or extraction. 

The samples were kept at 0-4OC for 

Extraction of serum samples was achieved by addition of one volume of serum 

to five volumes of petroleum ether. The mixture was swirled and centrifuged at 

4000 g for 20 min,the organic phase discarded and the purified serum 

collected. Then, one volume of the purified serum was mixed with ten volumes of 

methanol, swirled again and centrifuged (4000 g for 10 min.). The supernatant 

was transferred to another centrifuge tube, dried under nitrogen and stored at 

-2OOC. 

Other tissue samples from rats killed in the light period were dissected out 

immediately after decapitation, frozen on dry ice and stored at -2OOC. On the day 

of extraction, the tissues were weighed and homogenized in 3 to 10 ml of methanol. 

The homogenate was centrifuged at 40,000 g f o r  30 min, the supernatant collected, 

dried under nitrogen and stored at -2O'C. 

Before assay, the appropriate amount (0.5-2 ml) of gelatin-phosphate buffer 

was added, the tube vortexed and centrifuged at 40,000 g for 20 min, the super- 

natant collected and 10-500 p 1  used for radioimmunoassay (RIA). 

Gelatin Phosphate Buffer pH 6.5 

In about 800 ml deionized water was dissolved sodium phosphate dibasic, 

anhydrous (Fisher) (0.01M); sodium chloride (Baker Analysed) (0.15 M); EDTA, 

disodium salt (Baker Analysed) (0.025M) and Thimerosal (Sigma) @.lg). The pH 
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266 PANG ET AL. 

was adjusted to 6 . 5  with 10N NaOH and the volume t o  1 litre, and the buffer was 

stored at 4OC for a maxisum of one month. 

heated slightly t o  dissolve gelatin powder, USP (Baker Analysed) (lg/l). 

Radioactive N-Acetyl-Serotonin 

3 

Immediately prior to use, it was 

( 2 ,  4 ,  6- H) acetyl serotonin, 35 Ci/mmol, was obtained from Amersham 

(stable fo r  9 months at -2OOC in ethanol: 

a working solution of 2000 cpml50 p i  in gelatin phosphate buffer, 

freshly immediately prior to use.  

Standard N-Acetyl-Serotonin: (Sigma) 

water solution ( 9 8 : 2  v/v)) and used to make 

prepared 

A stock solution of 10pg/50u1 NAS in absolute ethyl alcohol (Consolidated 

Alcohols Ltd.), was stable at -2OOC for 4-6 weeks and 100~1 was diluted t o  lml 

with buffer (i.e. $g/5Oul) immediately prior t o  use. It  was serially diluted 

with buffer to give 500, 250, 100, 50, 20 and 10 pg/5h1. 

Ant I-NAS : 

Rabbit antiserum (R228 9/6 /80)  raised against NASPCB-BSA, as described 

above, diluted 1:200 in buffer containing carrier normal rabbit serum ( l p e / d ) ,  

was stable for at least 1 month at -2OOC. 

of endogenous antigen from this antiserum by three different procedures (26 - 28) 

made little difference to binding when compared to the untreated antiserum. 

The ethanol and NaI procedures did not remove NAS added to the antiserum while 

urea treatment removed NAS but did not enhance binding. 

Attempted removal (stripping) 

Amnonium Sulfate Solution (Saturated): 

Sufficient ammonium sulfate (Baker Analysed) was added, with constant 

stirring, to deionized water to assure 100% saturation and the pH adjusted to 

7.0 with NaOH. After filtration through a millipore type SM 5.0 um filter, 

the solution could be stored indefinitely at room temperature in a polyethylene 

bottle . 

Scintillation Cocktail: 

With constant shaking 12.Og PPO (Fisher) and 0.25g Bis MSB (New England 

Nuclear) were dissolved in 2 E Toluene (Fisher) in a 4 E amber bottle and 1 E 

Triton XlOO (Rohm & Haas Canada Inc.) added with shaking. 

Scintillation Vials: 

Plastic Minivids 6 d  (Wheaton). 
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RADIOIMMUNOASSAY FOR N-ACETYLSEROTONIN 267 

Procedure for  Radioimmunoassay: 

Appropriate  amounts of 0.1% g e l a t i n  phosphate b u f f e r ,  pH 6.5 and sample o r  

s t anda rd  (50 t o  500 p l )  t o  g ive  a f i n a l  volume of 650 p l  were placed i n  1 2  x 75 

b o r o s i l i c a t e  t ubes  and 50 p 1  3H NAS and 100 p 1  anti-NAS ( d i l u t e d  1:1300)  were 

added. The tubes  were shaken and incubated 40 h a t  4 O C .  S a t u r a t e d  ammonium 

s u l f a t e  (pH 7.01, 650 p l ,  w a s  added wi th  an Oxford p i p e t t o r  (Model R ) ,  t h e  t u b e s  

were vortexed g e n t l y  and incubated a t  h°C f o r  a fu r the r  1 h. 

cen t r i fuged  a t  2800 g f o r  20 minutes a t  4 O C  (Beckman 56 Model, Bucket r o t o r  JS  

5.2). 

p e l l e t .  The tubes  were vortexed vigorously and 500 p 1  volumes of t h e  mixture  

were t r a n s f e r r e d  t o  p l a s t i c  m i n i v i a l s ,  t o g e t h e r  w i th  5ml of  s c i n t i l l a t i o n  c o c k t a i l .  

Each v i a l  was  counted f o r  10  min (Beckman LS 7000). To ta l  count  t ubes  (500 ~1 

deionized wa te r  and 50 p l  3H l a b e l ) ,  non-specif ic  b ind ing  t u b e s  (600 p l  b u f f e r  

p lus  50 u1 l a b e l ) ,  s t anda rd  curve,  c o n t r o l s  and unknown samples were run i n  

dup l i ca t e .  

They were then  

The supe rna tan t  w a s  decanted,  and 550 u l  deionized wa te r  added t o  t h e  

Cross - r eac t iv i ty  of  Anti-N-acetylserotonin Serum: 

Twenty-three indo le s  r e l a t e d  t o  N-acetylserotonin o r  s e l e c t e d  b iogen ic  

amines were eva lua ted  (Table  I ) .  

s i g n i f i c a n t  i n h i b i t i o n  of b ind ing  i n  t h e  a s say  were c a l c u l a t e d  as t h e  concen t r a t ion  

which d i sp laced  50% of  s p e c i f i c  binding i n  t h e  zero s t anda rd  t u b e s .  

The po tenc ie s  of t h o s e  compounds wi th  

Recovery : 

20,000 cpm of 3H NAS w a s  added to t i s s u e  o r  serum p r i o r  to e x t r a c t i o n .  

Recovery of r a d i o a c t i v i t y  determined for fou r  samples of ench w a s  r a t  pineal  

89.2 t 0.8%,  r a t  r e t i n a  103.5 t 1 .3%,  rat  b r a i n  90.1 f 1.1%, rat serum 

96.4 f 0.3% and hamster serum 97.5 f 3%. 

HPLC: - 

One m l  of r a t  serum w a s  e x t r a c t e d  a s  f o r  t he  radioimmunoassay procedure.  

The frozen e x t r a c t  w a s  d i s so lved  i n  100 p 1  of b u f f e r  and sepa ra t ed  by r eve r se -  

phase HPLC us ing  a procedure f o r  s epa ra t ion  of i ndo le s  (29) .  Th i s  i nvo lves  

s e p a r a t i o n  of t h e  compounds w i t t  a Waters C18 liBondapak cclumn (300 mm x 3.9 mm 

I . D . ,  10 pm average p a r t i c l e  s i z e )  (Waters Assoc. Mil fo rd ,  MA, USA) us ing  a 

b u f f e r  which was 65% 0.01 M sodium a c e t a t e ,  pH 4.25, and 35% methanol.  The 
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268 PANG ET AL. 

TABLE I 

Cross-react iv i  t y  o f  Related and Selected Compounds i n  the N-acety lserotonin 
Radioimnunoassay. 

- C o m e  

N-ace t y l  serotonin (Sigma) 

*N-acetyl serotoni  n-PCB ( V.  Sni eckus) 
*Melatonin-PCB ( V .  Snieckus) 

6-hydroxymel a ton in (Sigma) 

0-acetyl-5-methoxytryptophol (Dr .  S i  lman) 
*N-acetyl tryptamine ( V .  Snieckus) 

Melatonin (Sigma) 

y-ami no-n-butyric ac id  (Sigma) 

5-me t hoxy t r y p  tami ne ( S i  gma ) 

5-methoxy-NN -DMT (Sigma) 

Serotonin c rea t i n ine  sulphate (Sigma) 

N-acetyl tryptophan 
5-methoxytryptophan 

5-methoxytryptophan (Sigma) 

5-methoxytryptophol 
N-methyl tryptaixine (Sigma) 

Tyrarni ne (Sigma) 
L-tryptophan (Sigma) 

5-methoxy - 3 - indoleacet. ic a c i d  ( A l d r i c h )  

Tryptamine (Sigma) 

Epinephrine (Sigma) 

Metanephrine (Sigma) 
Tyrosine (Sigma) 

*N-propionic ac id  melatonin ( V .  Snieckus) 

Binding- Equivalence t o  NAS 

100 
100 

0.5 
0.5 

0.3 
0.2 

0.12 

0.02 

0** 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

* 
** 0 c r o s s - r e a c t i v i t y  i s  l ess  than 0.001% 

these compounds are n o t  known t o  e x i s t  i n  nature 

eluace was co l l ec ted  i n  0 . 5  m l  f rac t ions ,  F i f ty  p 1  of each fraction was assayed 

d irec t ly  i n  the radioimmunoassay. 

blank were assayed and contained undetectable N-acetylserotonin. 

prof i l e  of authenic N-acetylserotonin was determined separately us ing  fluorometric 

detect ion.  

Fractions from the chromatography of a water 

The e lu t ion  
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RADIOIMMLINOASSAY FOR N-ACETYLSEROTONIN 

RESULTS -__ 

Binding C h a r a c t e r i s t i c s  of t h e  Assay: 

A t y p i c a l  s t anda rd  curve  f o r  N-ace ty lsero tonin  is  shown i n  F igure  1. The 

va lues  gene ra t ed  i n  a Sca tchard  p l o t  of t he  d a t a  were 1 )  e q u i l i b r i u m  c o n s t a n t  

(k): 0.6  x L.mol and b ind ing  capac i ty :  4.8 x lo-' mol. L-'. 

269 

P r e c i s i o n  and S e n s i t i v i t y :  

?he w i t h i n  and between assay  v a r i a b i l i t y  were as ses sed  by i n c l u s i o n  

of  q u a l i t y  c o n t r o l  samples (unex t r ac t ed  rat  serum and /o r  r a b b i t  serum) i n  r o u t i n e  

a s says  (30) .  The r e s u l t s  are as shown (Table 1 1 ) .  The s e n s i t i v i t y  of t he  a s s a y ,  

based on t he  dose  of N-ace ty lsero tonin  producing  12% ( twice  t h e  s t anda rd  

d e v i a t i o n  of t h e  b inding  a t  ze ro  concen t r a t ion )  i n h i b i t i o n  of b ind ing  w a s  10-25 

pgf tube .  

S p e c i f i c i t y :  

?here were s i g n i f i c a n t  c r o s s - r e a c t f v i t i e s  f o r  NAS-PCB (100%).  melatonin-PCB 

(0.5%), 6-hydroxymelatonin (0 .5%),  0-acetyl-5-methoxytryptophol ( 0 . 3 % ) ,  

N-ace ty l t ryptamine  (0 .2%) .  mela tonin  (0.12%) and y-amino-n-butyric a c i d  

(0.02%) whi l e  16  o t h e r  compounds had no obse rvab le  c r o s s - r e a c t i v i t y  (Table I ) .  

Va l ida t ion :  

A. P a r a l l e l i s m  

P a r a l l e l  i n h i b i t i o n  curves  were demonst ra ted  f o r  ra t ,  hamster  and r a b b i t  

serum, f o r  r a t  and hamster serum e x t r a c t  and f o r  ra t  b r a i n ,  r e t i n a  and p i n e a l  

e x t r a c t  w i th  the  s t anda rd  i n  the  radioimmunoassay. Typica l  r e s u l t s  a r e  shown in  

F ig .  2 .  I n  rats,  hamsters and r a b b i t s  20 u 1  of serum are r e a d i l y  assayed .  

B.  = P r e s s u r e  L iqu id  Chromatography (HPLC) 

An e x t r a c t e d  sample of  ra t  serum was chromatographed on HPLC, and r ad io -  

immunoassay o f  t h e  e l u a t e s  gave only  one peak cor responding  to a u t h e n t i c  N-acetyl-  

s e r o t o n i n .  

Concen t r a t ions  of N-ace ty lsero tonin  i n  B i o l o g i c a l  T i s s u e s :  

?he concen t r a t ions  of N-ace ty lsero tonin  i n  the  ra t  t i s s u e s  ob ta ined  i n  

the  day time is shown i n  Table 111. There i s  a t en  f o l d  v a r i a t i o n  i n  the  serum 

c c n c e n t r a t i o n  of NAS among the  s p e c i e s  t e s t e d .  
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Figure 2 

Para l l e l  Inhibit ion Curves of A) Rat Serum and Rat Serum Extract 

and B) Rat ret ina ex trac t ;  ra t  brain ard rabbit serum with the standard in 

the N-acetglserotonin radioimmunoassay. 
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TABLE I1 

Prec i s ion  of t he  N-acetylserotonin Assax 

PANG ET AL. 

pg/ tube 

Control A 285.6 

Control B 142 .O 

Control c 160.6 

Within Assay Between Assay Number of Assays 

CV% CVX 

7.5 

8.4 

7.7 

11.1 

7.7 

7.1 

17 

15 

12 

TABLE 111 

Levels of N-acetylserotonin i n  B io log ica l  Tissues  
mean 2 standard e r r c r  (Number of samples) 

Unextracted samples 

Rat serum 2.59 % 0.45 ng/ml ( 8 )  

Hamster serum 0.95 2 0.15 ng/rnl ( 8 )  

Rabbit serum 9.69 5 1.06 ng/ml (6) 

Extracted samples 

Rat serum 

Rat p inea l  

Rat r e t i n a  

Rat bra3n 

Hamster serum 

3.58 k 0.55 ng/ml (6) 

371 k 62 pg/pineal  (6)  

203 

340 55 pg/g (6 )  

0.92 -f 0.1 nglml (8) 

62 pg lpa i r  of r e t i n a  (5)  

DISCUSSION 

In 1970, Mi l l e r  and Maickel (20) used the  r e a c t i o n  of o-phthaladehyde 

with N-acetylserotonin which yielded a h igh ly  f luo rescen t  compound t o  s tudy 

the l e v e l  of N-acetylserotonin i n  the ra t  p inea l .  hypothalamus, medulla and 

mid-brain and i n  the dog p i n e a l  and hypothalamus. 

detected only i n  the rat and dog pineal .  

in t he  r a t  p i n e a l  by radioenzymatic assay (21, 22) o r  gas  chromatography-mass 

spectrometry ( G M S )  (23, 24). However, using an immunohistochemical technique,  

N-acetylserotonin w a s  demonstrated in t he  cerebellum and b r a i n  stem of r a t s  

(10. 11) and Naraslmhachari and co*orkers (18) have r e c e n t l y  confirmed its 

N-acetylserotonin could be 

N-acetylserotonin was l a t e r f o u n d  
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presence  i n  the  r a t  hypothalamus us ing  o-phthalaldehyde. 

has  a l s o  been i d e n t i f i e d  and q u a n t i f i e d  by GCMS i n  t i s s u e s  pooled from 

s e v e r a l  r a t s  (19) b u t  q u a n t i f i c a t i o n  of t he  amount of N-ace ty l se ro ton in  i n  

b r a i n  t i s s u e s  remains a problem, r e q u i r i n g  more s e n s i t i v e  techniques .  

N-ace ty lsero tonin  

The presence  of N-ace ty lsero tonin  i n  the  p i n e a l  (12, 20 - 23) sugges t5  

t h a t  N-ace ty lsero tonin  is  n o t  metabol ized  comple te ly  i n t o  mela tonin  and may be  

a p i n e a l  hormone (12) .  This  is suppor ted  by the  f i n d i n g s  of a c i r c a d i a n  

rhythm of serum N-ace ty lsero tonin  i n  r a t s  (8, 32) which is  s i g n i f i c a n t l y  lowered 

by pinealectomy (9 ) .  Add i t iona l ly ,  t he  demonst ra t ion  of N-ace ty lsero tonin  i n  

the  cerebe l lum,  t r i gemina l  r o o t s  and the  r e t i c u l a r  format ion  s u g g e s t s  a neuro- 

modulator o r  neu ro t r ansmi t t e r  r o l e  (10, 11, 13) .  

A s e n s i t i v e  and s p e c i f i c  method f o r  t h e  de t e rmina t ion  of N-ace ty lsero tonin  

l e v e l s  i n  b i o l o g i c a l  t i s s u e  would be of va lue  and w a s  p a r t i a l l y  achieved  by a 

previous  radioimmunoassay f o r  N-ace ty lsero tonin  (12) which enabled  t h e  

q u a n t i t a t i o n  o f  N-ace ty lsero tonin  i n  the  p i n e a l ,  r e t i n a ,  b r a i n  and serum samples  

of r a t s  and ch ickens  (8, 12 ,  1 3 ,  1 4 ) .  However, the  assay  r e q u i r e d  p r i o r  

removal of mela tonin  from the  sample (8, 13 ,  14)  o r  a mathemat ica l  deduc t ion  

of  i t s  l e v e l .  Furthermore,  the  assay  lacked  s e n s i t i v i t y .  

The p r e s e n t  radioimmunoassay of N-ace ty lsero tonin  overcomes some 

of  t he  problems. Cross - r eac t iv i ty  s t u d i e s  wi th  23 r e l a t e d  and s e l e c t e d  

compounds ind ica t ed  t h a t  the  an t i se rum i s  very  s p e c i f i c  f o r  N-ace ty lsero tonin  

and only  f o u  p o t e n t i a l l y  impor tan t  compounds (6-hydroxymelatonin,  O-acetyl-  

5-methoxytryptophol,  mela tonin  and y-amino-n-butyric a c i d )  c r o s s - r e a c t  

s i g n i f i c a n t l y  i n  o u r  assay  system. However, they  would have t o  be P resen t  

a t  concen t r a t ions  100 - 100,000 times h ighe r  t han  the  l e v e l  of N-ace ty l se ro ton in  

t o  i n t e r f e r e .  

The wi th in  and between a szay  CV were s a t i s f a c t o r y  and the  p a r a l l e l i s m s  

demonstrated between the  i n h i b i t i o n  cu rves  f o r  t he  s t anda rd  and e x t r a c t e d  or  

unex t r ac t ed  samples sugges t  t h a t  an unbiased e s t i m a t i o n  o f  N-ace ty lsero tonin  

l e v e l s  i n  b i o l o g i c z l  t l s s u e s  can be ob ta ined .  Add i t iona l  v a l i d a t i o n  w a s  

provided by HPLC wi th  the  s i m i l a r  e l u t i o n  p r o f i l e  of a u t h e n t j c  N-acetyl-  

s e r o t o n i n  and the e x t r a c t e d  sample of ra t  serum sugges t ing  t h a t  N-ace ty lseroronin  

is be ing  measured and the  a s say  system is s p e c i f i c  f o r  N-ace ty lsero tonin .  
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The l e v e l s  of N-acetylserotonin i n  ra t ,  hamster and r a b b i t  t i s s u e s  were 

determined by t h i s  radioimmunoassay with no e x t r a c t i o n  o r  fol lowing r e l a t i v e l y  

simple methods of e x t r a c t i o n  by petroleum e t h e r  and methanol.  The h ighe r  l e v e l  

of N-acetylserotonin d e t e r m i n d  i n  rat  serum by t h i s  assay as compared with 

reports (8, 9 ) *  mY p a r t i a l l y  r e f l e c t  a low recovery f o r  t he  e x t r a c t i o n  

method employed. The l e v e l s  of N-acetylserotonin i n  o t h e r  ra t  t i s s u e s  a r e  

comparable to those r epor t ed  p rev ious ly  (12 - 1 4 ,  21 - 24).  

While the r o l e  of N-acetylserotonin as a p o t e n t i a l  hormone, neu ro t r ansmi t t e r  

and neuromodulator (31) remains t o  be e l u c i d a t e d ,  t he  development of the  p re sen t  

radioimunoassay should f a c i l i t a t e  f u r t h e r  i n v e s t i g a t i o n s  (32) .  
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