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Fig. 2. Regression line demonstrating the relationship between tlle 
mean serotonin concentration (/~gfg mueosa), and the number of 
argentaffin cells throughout the gastrointestinal tract of the normal 

rat. t, 4.446; P <  0.001; r, + 0.80. 
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Fig. 3. Regression line demonstrating the relationship between the 
mean serotonin concentration (/zg/g mueosa), and the number of 
argentaffin cells throughout the gastrointestinal tract of the sulfa- 

merazine pretreated rat. t, 5.335; P < 0.001 ; r, + 0.85. 

groups  are ind ica ted  in t he  Table.  Mean values  and  the  
range  are  p r e sen t ed  because  of the  small  n u m b e r  of ra t s  
in each group. 

The  re la t ionships  b e t w e e n  the  m e a n  AG cell counts ,  
and  the  f luorometr ica l ly  de t e rmined  se ro ton in  values  for 
each of the  t issues are ind ica ted  in Figures  2 and 3 for the  
un t rea ted ,  and  the  su l fameraz ine  p r e t r e a t e d  ra ts  respec- 
t ively.  Fo r  t he  u n t r e a t e d  contro l  r a t s  the  p lo t  has  a 
corre la t ion coeff icient  r = + 0.80, which  is s ta t i s t ica l ly  
s ignif icant  ( t - - 4 . 4 6 6 ,  d.f. II ,  P < 0.001), and  in the  
su l fameraz ine  t r e a t e d  ra t s  the  curve  has a corre la t ion 
coeff icient  r = +0 .85 ,  which  is s ta t i s t ica l ly  s ignif icant  
(t = 5.335, d.f. I I ,  P < 0.001). These da t a  are  in keeping 
wi th  t he  suggest ion t h a t  sero tonin  is the  mate r ia l  s tored  
wi th in  the  AG cell granules.  I n  compar ing  the  slopes of 
the  2 lines, the re  was no s ignif icant  difference be tween  
them.  

F r o m  this  r epo r t  the re  is some suggest ive  evidence  t h a t  
the  increased se ro ton in  concen t ra t ions  r epor ted  in some 
in tes t ina l  areas  following su l fameraz ine  9 could be due  to  

a h igher  level of serotonin/cel l ,  and  a larger  popu la t i on  
of visable  AG cells a,. 

Zusammen/assung. Eine  d i rekte  Kor re l a t i on  zwischen 
Serotoninspiegel  und  der  Zahl der  a rgen ta f f inen  Zellen 
im gas t ro - in tes t ina len  T r a k t  no rma le r  R a t t e n  und  solcher,  
die nach  Su l f ameraz inbehand lung  e inen h6heren  Sero- 
toninspiegel  aufweisen,  wird  festgestel l t .  

J .  H .  T H O M P S O N  a n d  L .  t3.  C A M P B E L L  

Department o/Pharmacology, University o/ Cali/ornia 
School o/Medicine, Center/or Health Sciences, Los 
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14 This research was supported by research grants from the National 
Science Foundation, (No. GB 6105), and from the American 
Medical Association Education and Research Foundation awarded 
to J. H. TItOMPSOH. Dr. M. A. VERtTY kindly prepared the slides. 

T h e  Ef fec t  of  R e s e r p i n e  u p o n  G a s t r o i n t e s t i n a l  
S e r o t o n i n  in  the  S p r a g u e - D a w l e y  Ra t  

I t  is well k n o w n  t h a t  reserpine  causes  a release of 
se ro ton in  f rom the  gas t ro in tes t ina l  t r a c t  1-~, however ,  
there  are cer ta in  discrepancies  in t he  l i t e ra ture  concern ing  
its degree.  In  t he  p r e sen t  s tudy ,  the  effects  of reserpine  
were  observed  on 14 areas of t he  ra t  gas t ro in tes t ina l  t r a c t  
to  de t e rmine  the  degree of response  to reserpine  f rom one 
ana tomica l  area to  another .  

Male and  female  Sprague-Dawley  ra ts  f rom the  Charles 
R iver  Labora tor ies  (breeding shed 1), ranging  in we igh t  
f rom 200-300 g were  m a i n t a i n e d  on normal  Pur ina  r a t  
chow, wi th  a t r y p t o p h a n  c o n t e n t  of 0.22%. The  ra ts  were  
housed  in colony cages and  exposed  to  a regular  24 h 

l igh t /da rk  cycle (l ight:  05.00-19.00). In  order  t o  avoid 
any  possible  c i rcadian influences on bowel  serotonin ,  the  
ra t s  were a lways  killed be tween  08.00 and  09.00 on the  
day  of assay by  decap i ta t ion .  The  t issues s ampled  are 
ind ica ted  in F igure  3. In  the  e x p e r i m e n t s  on the  dose and 
t ime response  to  reserpine,  only  uppe r  je juna l  samples  
were  taken .  U p p e r  j e j u n u m  was  selected because  of the 
ease of removal ,  t he  avai labi l i ty  of dupl ica te  samples ,  

1 A. PLETSCHER, P. A. Suona and B. B. BRODIE, Science 722, 574 
(1955). 

2 V. ERSPAMER, Experientia 12, 63 {1956). 
8 R. K. SAN'eAL and G. B. WEST, J. Physiol. Lond. ldd, 525 (1958). 
4 K. S. K~M and P. A. SHORE, J. Pharmac. exp. Ther. 7d7, 321 

(1963). 
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and the nar row range  in var iab i l i ty  be tween  one segment  
to the  next .  Sero tonin  was assayed by  the  m e t h o d  of 
BOGDANSKI, PLETSCHER, BRODIE and UDENlVRIEND ~, and 
the results  expressed a s / zg /g  mucosa,  we t  weight .  E x a c t  
details of our  expe r imen ta l  me thods  and thei r  efficacy, 
have  been publ ished previous ly" .  

In jec t ions :  the  rats  were r a n d o m l y  d iv ided  into  2 
groups, and in jec ted  i.p. wi th  e i ther  reserpine (Serpasil  ®, 
Ciba Pharmaceu t i ca l s  Ltd.)  or  normal  saline. Reserp ine  
was in jec ted  in doses rang ing  f rom 0.5-20.0 mg]kg  (see 
individual  exper iments)  while all doses of saline Were 2.0 
ml/kg. Fas t ing  has  been  shown to e leva te  bowel  mucosa l  
serotonin Ievels~, and as ra ts  t r ea ted  wi th  reserpine fail  
to ea t  or  d r ink  due  to  sedation,  t h e  saline in jec ted  control  
animals  were  isolated f rom bo th  food and  wa te r  fol lowing 
injection.  

Jejunal mucosal serotonin levels following reserpine as a 
/unction of time. The dose of reserpine mos t  c o m m o n l y  
Used to produce  'Maximal '  serotonin  dep le t ion  in rabb i t  
brain s,,, r abb i t  bowel x, guinea-pig  d u o d e n u m  ~0, and ra t  
bowel ~,s, has been 5.0 mg/kg.  Using this  dosage, the  con- 
centra t ion of j e juna l  mucosa l  serotonin  as a func t ion  of 
t ime is indica ted  in Figure  1. Maximal  deple t ion  is seen 
to develop a t  4 h in bo th  sexes reaching  values  of 59% 
and 58% deple t ion  respec t ive ly  in male  and female  
animals. PLETSCHER et  al. x or iginal ly  demons t r a t ed  in the  
rabbi t  small  bowel, t h a t  m a x i m a l  serotonin deple t ion  
(75% approximate ly) ,  developed 16 h fol lowing reserpine, 
5.0 mg/kg.  Thus,  no t  only  the  degree, b u t  also the  t ime  of 
Onset of m a x i m a l  serotonin  deple t ion  differs be tween  
rabbi ts  and  rats.  However ,  mos t  of the  exper iments  in 
rats  concerning the  effects  of reserpine upon serotonin  
bowel stores~,~,n and /or  func t ion  ~, h a v e  been  pe r fo rmed  
at  16-24 h a f te r  d rug  in jec t ions:  a t i m e  period (presumably  
based on t h e  original  work  of PLETSCHER et  al.x in rabbi ts)  
When amine  levels are  67% (male), and 70% (female), of  
control  levels  (Figure 1). Thus,  SA~YAL and  \~rEST~ 
asserted t h a t  reserpine deple ted  ra t  bowel serotonin,  b u t  
these au thors  do no t  give a n y  ac tua l  t issue levels, nor  do 
they  indica te  t he  t ime  lapse involved.  E~SPAMER ~ noted  
a 30% amine  deple t ion  a t  16 h, which is s imilar  to  t h a t  
repor ted  here, while MORAN and WESTERHOLM n found 
reserpine to be w i thou t  effect  a t  24 h. 

The small  bu t  def ini te  increase in serotonin  levels seen 
in bo th  sexes 30 min  af ter  reserpine is no t  s ignif icant ly  
different f rom values  a t  zero t ime  and is p robab ly  an 
ar t i fact  associated wi th  differing degrees of reserpine 
absorption.  Cer ta in ly  low concent ra t ions  of reserpine 
Strongly inhib i t  the  spontaneous  release of ca techolamines  
from isolated chromaff in  cell granules  z*, and increase 
rabbit  s tomach  fundal  serotonin  ~. 

Jejunal mu~osal serotonin conaentration as a function o/ 
reserpine dose. The  je juna l  mucosal  serotonin  concent ra-  
tions 4 h fol lowing graded doses of reserpine are indica ted  
in Figure  2. As there  was no difference be tween  the  male  
and female  values  t he  resul ts  were pooled.  Max ima l  sero- 
tonin  dep le t ion  developed wi th  2.5-5.0 mg/kg,  a dose 
similar to  t h a t  r epor ted  for rabb i t  bowel  x. 

The topographical distribution o[ serotonin throughout the 
gastrointestinal tract following reserpine. The  topographica l  
d is t r ibut ion of serotonin t h roughou t  the  gas t ro in tes t ina l  
t rac t  4 and 16 h fol lowing reserpine 5.0 mg/kg  is indicated 
in Figures 3 and 4. I n  each case the  drug  t rea ted  animals  
are compared  to  saline injected,  fasted control  rats.  A t  bo th  
t ime periods, s ignif icant  serotonin  deple t ion  is appa ren t  
in all tissues assayed wi th  the  excep t ion  of the  s t o m a c h  
IUndus and body  a t  4 h. The  values  ob ta ined  for the  16 h 
fasted animals  are s imilar  to those a l ready  publ ished ~, 
and indicate  the  impor tance  of fas t ing the  saline in jec ted  
control rats.  If  the  d a t a  f rom Figures  3 and 4 are re- 

g rouped  as % deple t ion  of the  control  values  (Table), the  
bowel  t issues can be d iv ided  ana tomica l ly  in to  3 regions. 
Deple t ion  is g rea te r  in the  s tomach  and colon (with the  
except ion  of the  t ransverse  colon), a t  16 h, while in the  
small  bowel  and append ix  m a x i m a l  deple t ion  develops  a t  
4 h. P r e sumab ly  this dissociated effect  be tween  the  
s t omach  and colon on the  one hand,  and the  small  bowel  
on the  other,  depends  upon differ ing rates  of serotonin  
synthesis  a f t e r  reserpine induced  deplet ion.  Certainly,  t he  
half  l ives  of serotonin  in the  s tomach  (17 h), and  in tes t ines  
(11 h), of rabbi t s  are  d i f ferent  14. 
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Fig. 1. Upper jejunal serotonin concentration in /~gJg mucosa in 
male (o), and female (o) rats following reserpine 5 mg]kg i.p. Each 

point represents the mean i 1 S.E. for 10-15 animals. 
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Fig. 2. Upper jejunal serotonin concentration in /~g/g mucosa in 
male and female rats at 4 h following graded reserpine dosage. 
Values are represented as mean i 1 S.E. The number of rats in each 

group is indicated in brackets. 
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Fig. 3. Mean values ~: I S.E. for stomach fundus (SF), stomach 
body (SB), pylor ic ant rum (PA), upper and lower duodenum (UD, 
LD),  upper and mid je junum (U J, M J), terminal i leum (TI), appendix 
(A), cecum (C), ascending, transverse and descending colon (AC, 
TC, DC), and prox imal  rectum (R), serotonin 4 h fol lowing reserpine, 
or saline injections in male and female Sprague-Dawley rats. Each 
point  is the mean of 15-20 animals. P values are indicated: NS, 

non-signif icant; x x, < 0.001; x×, < 0.0];  x, < 0.05. 

1Bh 
• Fasted 
o Reserpine 

I 

T 

t+ 

' + t !  
* ¢ 

¢ 
+¢ + 

, , , . . . . . . . . . . . .  d 
SF SB PA UD LD UJ HJ TI A 6 AC E D[; R 

Inlestinal tissues 

Fig. 4. IVlean values =~ 1 S.E. for stomach fundus (SF), stomach body 
(SB), pyloric antrum (PA), upper and lower duodenum (UD, LD), 
upper and mid jejunum (U J, M J), terminal ileum (TI), appendix (A), 
cecum (C), ascending, transverse and descending colon (AC, TC, DC), 
and proximal rectum (R), serotonin 16 h following reserpine, or 
saline injections in male and female Sprague-Dawley rats. Each 
point is the mean of 15-20 animals. P values are indicated: xXx , 

< 0.001; xx, < 0.005; x, < 0.01. 

The resul ts  p re sen ted  in th is  pape r  d e m o n s t r a t e  t h a t  
reserpine  is a p o t e n t  dep le to r  of bowel  sero tonin  in the  
rat ,  which  is in ag reemen t  wi th  E R S P A M E R  ~, and  SANYAL 
and  WEST3. The  failure of some inves t iga tors  to  demon-  
s t ra fe  a dep le to ry  effect  of reserpine  on bowel  amine  
levels is a lmos t  ce r ta in ly  due to  the  failure to  assay the  
se ro ton in  a t  t he  t ime of max ima l  deplet ion.  There  are 
several  in te res t ing  differences b e t w e e n  the  degree and  
ra te  of se ro ton in  deple t ion  and  recovery  in t he  bowel  and  
brain.  Af te r  reserpine,  a b o u t  90% of the  bra in  se ro ton in  

Percentage depletion of mucosal serotonin following 5 mg/kg reser- 
pine compared to saline injected control rats at 4 and 16 h post 

injection. Data has been regrouped from Figures 3 and 4. 

Tissue 4 h 16 h Depletion 
time (h) 

Stomach fundus 22 54 16 
Stomach body 0 37 16 
Pyloric antrunl 25 46 16 

Upper duodenum 38 18 4 
Lower duodenum 42 37 4 
Upper jejunum 59 17 4 
Mid jejunum 57 32 4 
Terminal ileuin 65 49 4 
Appendix 55 51 4 

Cecum 43 53 16 
Ascending colon 27 36 16 
Transverse colon 49 32 4 
Descending colon 54 60 16 
Rectum 44 58 16 

d i sappears  s, whi le  only  60% disappears  f rom the  bowel  
(Figure 1). Moreover,  brain  se ro ton in  declines rap id ly  
(about  75% deple t ing  wi th in  30 rain), and  af ter  ma x i ma l  
deple t ion  is reached  a t  4 h, r ecovery  is slow% while in the  
bowel  a sha rp  peak  of dep le t ion  is ev iden t  (Figure 1), 
and  recovery  is more  rapid.  P re sumab ly ,  t he  failure to  
deple te  bowel  se ro ton in  more  t h a n  609/0 is due  to  t he  fac t  
t h a t  a grea te r  pe rcen tage  of t he  amine  is bound .  No da t a  
is avai lable  a t  p r e s e n t  on this  p o i n t  for the  ra t .  However ,  
GAL, DREWES and  BARRACLOUGH 15 could only  p roduce  a 
60% deple t ion  of bowel  sero tonin  in ra t s  by  combin ing  a 
t r y p t o p h a n  def ic ient  d ie t  and  reserpine  1~. 

Zusammen/assung. Der Se ro ton ingeha l t  der  Schleim- 
h a u l  yon  14 gas t ro in tes t ina len  Geweben  von  Sprague-  
Dawley  I{a t t enm/ innchen  und  -weibchen  wurde  nach  i.p. 
In j ek t ion  yon  Rese rp in  spek t ropho to f luo r ime t r i s ch  ge- 
messen.  Die Ver te i lung  von Sero ton in  im M a g e n d a r m -  
kana l  4 und  16 h nach  der  Rese rp in in j ek t ion  zeigte, dass 
Magengewebe  und  Kolongewebe  nach  16 h m e h r  en t leer t  
waren  als nach  4 h, w~thrend D i i n n d a r m  und  A p p e n d i x  
nach  4 h mehr  en t leer t  waren  als nach  16 h. 

j .  H .  T H O M P S O N  a n d  L .  B .  C A M P B E L L  

Department o/Pharmacology and E2perimental 
Therapeutics, UCLA School o[ Medicine, Los 
Angeles (Cali/ornia 90024, USA), 27st March 1967. 
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