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Myocardial (left ventricle) concentrations (~zmol/g wet weight) of ATP, ADP, ATP + ADP, creatine (Cr), creatine phosphate (CrP) and Cr + CrP 

Spezies n ATP ADP ATP + ADP ATPIADP 

Mini-pigs 6 4.51 ~ 0.34 0.94 ~ 0.20 5.44 ~ 0.35 5.10 • 1.22 
Dogs 8 6.15 ~ 0.67 0.85 ~ 0.16 7.02 • 0.81 7.61 ~ 1.14 
p < 0.0005 > 0.15 < 0.0005 < 0.0025 

Spezies n CrP Cr CrP + Cr CrP/Cr 

Mini-pigs 6 10.70 ~= 1.17 10.84 ~ 1.59 21.57 ~- 1.90 1.03 :k 0.23 
Dogs 8 14.09 • 1.74 11.52 • 2.67 25.68 • 2.72 1.37 ~2 0.51 
p < 0.0025 > 0.25 < 0.005 < 0.05 

Data from 6 mini-pigs (23 biopsies) and 8 dogs (23 biopsies). The mean values of each ventricle were used for the statistical analysis with 
an unpaired t-test 2~, Values in the table are ~ i sx. 

AT]? 12, CrP la, A D P  1~ and  Cr 15 were de t e rmined  accord- 
ing to  publ i shed  methods .  All enzymes,  coenzymes  and  
subs t ra tes  were f rom Boehr inger  and sons. 

Results and discussion. The resul ts  ob ta ined  in 6 mini-  
pigs (23 biopsies) and  8 dogs (23 biopsies) are compiled 
in t he  Table.  The Concentra t ions  in t he  dog h e a r t  agree 
well wi th  results  pub l i shed  by  others  under  comparab le  
condi t ions  S-9,x~,17. High  levels of CrP 5-7 are corre la ted 
wi th  a low oxygen  consumpt ion  of the  hea r t  e, 7. W i t h  the  
except ion  of A D P  and Cr all values differ s ignif icant ly  in 
the  two  species. Species differences and  possible analyt ica l  
errors have  been  r epea t ed ly  reviewed 4, 9, ~7-~. We  do no t  
know if the  d i f ferent  coefficients ( A T P / A D P  and  CrP/Cr) 
are due to t he  anaesthesia .  An average value of 6.24 for 
A T P / A D P  is com m on ly  found in dogs under  aerobic 
condi t ions  ~. However ,  NK~LE et al. 2~ and K/iBI~R 7 did 
no t  f ind a change  in to ta l  ereat ine  (CrP + Cr) dur ing  
i schemia  and anoxemia  las t ing 1 h. According to  SPI]~CKER- 
MA1;N ~, the  sum of t he  adenine  nucleot ides  is ident ica l  in 
p e n t o b a r b i t a l  and  ha lo than  anaes the isa  and  the  concen- 
t r a t ions  of A T P  are equal  in pen t r ane  and pen toba rb i t a l  
anaesthesia .  We  believe therefore  tha t ,  assuming ident ical  
coefficients of A T P / A D P  and  o f  CrP/Cr in b o t h  species, 
all metabo l i t es  have  a lower concen t ra t ion  in the  mini-  
pig. 
Using a t- test  to  analyse differences of pa i red  samples  ~4, 
the  concen t ra t ions  of all me tabo l i t e s  in the  m o s t  d is ta l  
(apex) biopsies were compared  wi th  those  of the  mos t  
p rox imal  ones. No s ignif icant  differences could be found  
a t  a conf idence level of P < 0.05. A r a n d o m  d is t r ibu t ion  
of ATP,  CrP  and  lac ta te  in left ventr ic les  of dogs under  
aerobic condi t ions  has been repor ted  by  BRAASCH et al. 6, ~5. 

Zusammen/assung. Die Gewebskonzen t r a t ionen  an 
ATP,  ADP,  A T P  + ADP,  Krea t i nphospha t ,  IKreatin und  
K r e a t i n p h o s p h a t  + Krea t i n  s ind un te r  verg le ichbaren  
Bed ingungen  im l inken Vent r ike l  yon  Mini-p ig-Herzen 
kleiner als im Hundeherzen .  Die Unte r sch iede  in den  
Koeff iz ien ten  ( A T P / A D P  und  K r e a t i n p h o s p h a t / K r e a t i n )  
diirfen na rkosebed ing t  sein. S~mtl iche Messgr6ssen sind 

n ich t  mi t  dem E n t n a h m e o r t  der  Biopsien (apikal, basal) 
korreliert .  
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Effect of L i t h i u m  o n  the B l o o d  and I n te s t in a l  S e r o t o n i n  Content s  of Rat s  

L i t h i u m  salts  are widely  used as a specific r e m e d y  for 
manic  s ta tes  1. Recen t ly  t h e y  have  been  repor ted  to  ac- 
celerate  t h e . s y n t h e s i s  ra te  of sero tonin  in the  brain2, 3. 
Ea r ly  side effects c o m m o n l y  associa ted wi th  l i t h ium 

t r e a t m e n t  are a var ie ty  of gas t ro- in tes t ina l  d iscomfor ts ,  
such as nausea,  vomi t ing ,  d ia r rhea  and  s t o m a c h  pa in  4. I t  
seemed possible  t h a t  these  s y m p t o m s  were associa ted 
w i t h  d i s tu rbance  of serotonin  me tabo l i sm in t he  blood and  
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a l imen ta ry  t ract ,  so we examined  the  levels of serotonin  
in the  blood and in tes t ine  a f te r  l i t h ium t r e a t m e n t .  

Materials and methods. Male Sprague-Dawley  rats ,  
weighing 220-250 g were used. Food  was wi thhe ld  for 
18 h before exper iments .  L i t h i u m  was admin i s t e red  per  
os as an isotonic solut ion of l i t h ium chloride, p repa red  by  
dissolving l i th ium ca rbona te  in an equiva len t  a m o u n t  of 
hydrochlor ic  acid. Animals  were given a dose of 5 m e q  of 
l i t h ium/kg  body  wt.  and were sacrif iced 1, 3, and 6 h later.  
Control  ra ts  were t r e a t e d  w i t h  t he  same volume of saline. 
Animals  were decap i t a t ed  be tween  13.00 h and  15.00 h 
and  5-HT in t he  blood, s tomach ,  d u o d e n u m  and j e j u n u m  
was assayed f luoromet r ica l ly  by  the  m e t h o d  of BoG- 
DA~SKI et  al. 5. P l a sma  5 -HIAA was assayed  by  t h e  
m e t h o d  of UDENVRIEND et al. 6. S y m p t o m s  af ter  l i t h ium 
admin i s t r a t i on  were eva lua ted  in animals  receiving 
normal  food. 

Results. The  Figure  shows the  concen t ra t ions  of blood 
5-HT and p lasma  5 -HIAA af ter  l i t h ium adminis t ra t ion .  
The blood 5-HT level 1 h af ter  l i t h ium t r e a t m e n t  was 
3 t imes  the  contro l  level, and  i t  r e tu rned  to the  contro l  
level 6 h a f te r  l i t h ium t r e a t m e n t .  The p l a sma  5 -HIAA 
level increased gradua l ly  reaching  220% of t he  contro l  
level 6 h af ter  l i t h ium t r e a t m e n t .  S tomach  5-HT con ten t  
did no t  change s igni f icant ly  af ter  l i t h ium t r e a t m e n t  
(Table). However ,  the  d u o d e n u m  and  j e j unum 5-HT 

Effects of lithium administration on the contents of 5-HT in the 
stomach, duodenum and jejunum in rats 

Hours after lithium treatment 

Control I 6 

Stomach 2.56 ~: 0.11 2.51 :~ 0.48 2.55 :t: 0.11 

Duodenum 6.65 ~: 0.12 5.08 ~ 0.10 ~ 4.05 • 0.30 b 

Jejunum 4.13 ~ 0.09 3.44 ~: 0.12 ~ 2.29 4- 0.29 b 

Values are ~g 5-HT/g tissue (wet wt.) and are means j :  S.E. of 
those in 4 to 5 experiments. �9 Significantly different from control 
level (P < 0.01). b Significantly different from control level (P < 
0.001). 
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Effect of lithium administration on the levels of blood 5-HT and 
plasma 5-HIAA in rats. The blood 5-HT level at zero time was 
0.25 :[: 0.02 [ig/inl. The plasma 5-HIAA level was 0.22 :~ 0.01 ~g/ml. 
Points and vertical bars show means :t: S.E. of values in 5 animals. 
* Significantly different from control level (P < 0.01). 

con ten t s  decreased s ignif icant ly  by  23% and  17%, 
respect ively ,  af ter  1 h, and  39% and  45%, respect ively,  
a f ter  6 h. W i t h i n  1 h af ter  l i th ium admin is t ra t ion ,  the  
animals  receiving food showed increased defecat ion of 
s l ight  d iarrhea .  

Discussion. WOOLEY et al. 7 r epo r t ed  t h a t  on cont inuous  
t r e a t m e n t  w i t h  5-HT, in jec ted  as 5 - h y d r o x y t r y p t o p h a n ,  
mice developed severe diarrhea.  These workers  showed 
t h a t  the  d ia r rhea  induced  by  5 - H T P  could be comple te ly  
p r even t ed  by  pr ior  t r e a t m e n t  of the  animals  wi th  p o t e n t  
an t i -5 -HT compounds .  HAVERBACH and  DAVIDSON s also 
observed enhanced  in tes t ina l  mot i l i ty  in h u m a n  subjec ts  
on t r e a t m e n t  wi th  5-HTP,  and  its inh ib i t ion  by  2-bromo- 
D-lysergic acid d i e thy lamide  (BoL-148). So, d ia r rhea  in 
these  cases seems to  be a d i rect  resul t  of an abnormal ly  
h igh  level of c i rculat ing 5-HT. 

In  th is  work  we observed t h a t  l i t h ium admin i s t r a t i on  
induced  p ronounced  increase in the  b lood 5-HT level 
(Figure), and  a s ignif icant  decrease in t he  d u o d e n u m  and  
j e j u n u m 5-HT con ten t s  (Table). These resul ts  suggest  t h a t  
l i t h ium ion acts  on the  s torage s i te  of 5-HT in the  intes-  
t ine, causing i ts  release in to  t he  blood. Therefore,  i t  seems 
l ikely t h a t  d ia r rhea  induced  by  l i th ium is due to a t r an -  
s ient  e levat ion  of t he  level of c i rculat ing 5-HT, due  to  i ts  
release f rom the  in tes t ine .  

In  suppor t  of th is  idea, there  is some evidence t h a t  
gas t ro- in tes t ina l  d i scomfor t s  m a y  be induced  by  h igh  
amo u n t s  of c i rcula t ing 5-HT. For  example ,  cases wi th  the  
d u m p i n g  s y n d ro me  9 show epigastr ic  d iscomfor t ,  nausea,  
vomi t ing ,  abdomina l  b loa t ing  and  cramp,  and  hyper -  
per is tals is  w i th  diarrhea.  I t  has  been  repor ted  10 t h a t  these  
s y m p t o m s  are due to  release of d u o d e n u m  5-HT and  
e levat ion  of b lood 5-HT. Thus  it is concluded t h a t  the  
early side effects of l i th ium t h e r a p y  depend,  a t  least  in 
par t ,  on e levat ion  of the  level of c i rcula t ing 5-HT. 

Zusammen[assung. Nachweis ,  dass  der  Blutspiegel  des 
Serotonins  bei  R a t t e n  1 h nach  oraler Gabe yon  5 m E q / k g  
L i t h i u m  anst ieg,  w~ihrend der  Sero ton in-Gehal t  im 
J e j u n u m  und  D u o d e n u m  ab n ah m.  
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