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MENS, W. B.J . ,  F. I,ACZI, J . A . D . M . I ' O N N A E R ,  E. R. t)l K L O E T A N D T J .  B. ' .~N WIMERSMAGREIDANUS.  
V~t~opl'e.~ ~in tltld o~)'loc itl c~ltltetlt itl ccrcl~ro~pitlttl f l ldd ol in ill v~tt'iolt~ I~r~litt areo.~ ~(]t('t" admini.~lrotiott  qJ'hi.~l~tmiptc {ttld 
peptt.vh'nctctra-ol. PHARMACOI, B[OCHEM BEHAV 19(4) 587-591, 1983.--The content of vasopressin IAVP) and 
oxytocin (OXI) in the septurn, hippocarnpus, hypothalarnus and cortex was determined at 5 rnin and 24 hr after peripheral 
q intraperitoneal) administration of histamine 120.0 rng,kg) and pentylenetetrazol (45.0 rng,'kg) and in the cerebrospinal fluid 
at 24 hr after pentylenetetrazol treatment. At 5 min after administration of histamine the AVP content in the septurn was 
increased whereas the OXT level in the various areas was not changed. At 24 hr, neurohypophyseal peptide contents were 
unaffected in the brain regions analyzed. Pentylcnetetrazol did not alter AVP content at 5 rnin after its administration, 
however, the ()XT level in the septurn and the cortex was diminished. At 24 hr after administration of pentylenetetrazol a 
decreased AVP content in the hippocarnpus and in the cortex was observed. In contrast, OXT content in the cortex was 
increased at this time. AVP and OXT levels in CSF were not changed at 24 hr following pentylenetetrazol treatment. The 
present results suggest that the levels of neurohypoph'rseal hormones can be differentially altered in particular brain 
regions at short- 15 rnin) and long- (24 hr) term intervals after treatment with histamine or pentylenetetrazol. Long-term 
changes in AVP and (_)X'I" levels after pentylenetetrazol may be implicated in the amnesic properties of this convulsive 
drug. Furthermore. the present findings point to a possible relationship with previously reported pentylenetetrazol-induccd 
changes in peptide levels in the CSF. 

Vasopressin Oxytocin Cerebrospinal f l u i d  B r a i n  Histamine Pentylenetetrazol 

A R G I N I N - 8 - V A S O P R E S S I N  (AVP)  and oxy toc in  (OXl ' )  
or ig inat ing from the supraopt ic  nuc leus  (SON)  and the 
pa raven t r i cu l a r  nuc leus  (PVN)  of  the h y p o t h a l a m u s  are 
t r a n s p o r t e d  toge the r  wi th  the i r  a ssoc ia ted  n e u r o p h y s i n  (N P) 
via the h y p o t h a l a m o - n e u r o h y p o p h y s e a l  t rac t  to the pos te r io r  
lobe of  the pi tui tary 125, 26. 30, 31]. O t h e r  AVP, O X ' I  and 
N P  con ta in ing  p a t h w a y s  have  been  t raced  as well, such  as 
p ro jec t ions  f rom the PVN towards  the dorsal  and ven t ra l  
h i p p o c a m p u s ,  the amygda lo id  nuclei ,  subs t an t i a  nigra and 
subs t an t i a  grisea,  nuc leus  t rac tus  sol i tar ius ,  nuc leus  am- 
biguus  and  to the subs t an t i a  ge la t inosa  of  the spinal cord  [6, 
7. 29, 351. In addi t ion ,  n e u r o n s  con ta in ing  A V P  and its spe- 
cific NF' have  been  found runn ing  from the sup rach i a sma t i c  
nuc leus  (SCN)  towards  the lateral  s ep tum,  the  medial  dorsa l  
t ha l amus ,  the lateral h a b e n u l a r  nuclei ,  the d iagonal  t ract  nu- 
clei tof  Broca) ,  to the pos te r io r  h y p o t h a l a m u s  and the inter- 
p e n d u n c u l a r  nuc leus  16, 7, 28,291.  

The  effects  of  var ious  stimuli on n e u r o h y p o p h y s e a l  hor- 
mone  re lease  into the per iphera l  c i rcu la t ion  are well es tab-  
l ished.  H o w e v e r ,  only  a few s tudies  have  inves t iga ted  the 
effect  of  these  st imuli  on A V P  and O X T  con t en t  in var ious  
regions  of  the  brain.  A V P  levels  were  found to be most ly  
dec rea sed  in hypo tha l amic  nuclei ,  the med ian  e m i n e n c e ,  and  
the o rganum v a s c u l o s u m  lamina te rmina l i s  af ter  3 and 7 days  
of  wa te r -dep r iva t ion  I 13,231. H a w t h o r n e  et ~d. 1151 desc r ibed  
a dec rea sed  A V P  con t en t  in the h y p o t h a l a m u s  and in the 
pi tui tary gland af ter  48 hr of  dehydra t i on ,  whe rea s  in o the r  
a reas  of  the brain  u n c h a n g e d  or  inc reased  A V P  levels were 
found.  F u r t h e r m o r e ,  Russel l  1271 repor ted  an inc reased  syn- 
thes is  of  AVP and O X T  in the PVN and SON af ter  water-  
depr iva t ion .  

His tamine  and pen ty l ene t e t r azo l ,  a convu l s ive  agent ,  
have  been  shown  to increase  the re lease  of  A V P  and OXT 
into the per iphera l  c i rcula t ion  111, 19, 201. In addi t ion ,  al- 
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though neither the AVP nor OXT content of  the CSF was 
altered shortly after the administration of  histamine, the 
OXT content of  CSF was increased by pentylenetetrazol, 
whereas levels of AVP were unaltered [19[. It was suggested 
that histamine preferentially influenced the release of AVP, 
whereas pentylenetetrazol mainly affected that of OXT. 
Therefore, it was deemed of interest to investigate the effect 
of histamine and pentylenetetrazol on brain content of AVP 
and OXT at different times after their administration. Fur- 
thermore, levels of AVP and OXT in the CSF were deter- 
mined 24 hr after administration of pentylenetetrazol in order 
to investigate whether or not changes in brain content of 
these two peptides at this time point were retlected in the 
CSF. 

MI'TfHOD 

Male rats of  an inbred Wistar strain, weighing 200-220 g, 
were used. The animals were maintained in a temperature 
controlled environment (23± I°C) on a 14 hr light and 10 hr 
dark schedule of  illumination, with fiee access to food and 
w a t e r .  

In order to collect CSF a pcrmanent stainless steel can- 
nula was implanted in the cisterna magna. The details of the 
surgical and the implantation technique are described 
elsewhere 15,22]. Using this method aliquots of 70 to 100 p,I 
of CSF could be withdrawn repeatedly from freely moving 
rats. 

l-.rlwrimental l)usi~,,n 

Twenty mg/kg histamine (Histamine phosphate. B.H.D. 
Chemicals l,td. Poole, England) or 45.0 mg/kg pentylenete- 
trazol (Amsterdamsche Chininefabriek. The Netherlands) 
were applied intraperitoneally tIP) to rats and 24 hr later CSF 
was collected for the determination of  AVP and OXT levels. 

To investigate the influence of histamine and pen- 
tylenetetrazol on AVP and OXT content in certain brain re- 
gions the following four experiments were performed. Either 
histamine (20.0 mg/kg) or pentylenetetrazol (45.0 mg/kg) was 
administered IP and either at 5 min or 24 hr after injection 
rats were sacrificed by decapitation between 8.(~) and 9.00 
a.m. Animals that received saline (0.25 ml or 0.5 ml, respec- 
tivcly) were used as controls in each of the four diffcrent 
experiments. Immediately after decapitation the skull was 
opened and the brain removed and phtccd on a polyvinyl 
chloride plate. The following 5 brain areas were dissected: 
the septum, hippocampus, hyl:x)thalamus, and cortex cerebri 
Ifor details of the dissection method see [14]). Tissues were 
homogenized, using a Plytron lrrf 10 OD Kinematical GMBH 
(Lucerne, Switzerland) in 1.0 ml ice-cold 1.0 N HCI and 
subsequently i.0 ml of buffer containing 67 mM NazHPO~ 
and 67 mM KH,.,PO2 was added. The pH was adjusted to 4.0 
with 1.0 N NaOH. A 100 p,I aliquot of the homogenate was 
kept for determination of the protein content 1181. The re- 
sidual homogenate was then centrifuged (10 rain, 9,000 cpm 
4°C) and the supernatant was divided into two equal portions 
for the measurement of AVP and OXT. For the extraction of 
AVP and OXT activated Vycor glass powder (25/xl,/sample) 
was added to the supernatants. After extraction and subse- 
quent centrifugation (20 min, 3,000 cpm 4°C) the supernatant 
was aspirated and discarded. The pellets were then washed 
with 0.5 ml aqua dest. Subsequently, the samples were re- 
suspended and shaken for 30 rain with 0.5 ml of aqueous 
acetone to elute AVP and OXT fi'om the glass powder. Alter 
centrifugation (20 min, 3,000 cpm 4°C) the supernatant was 
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FIG. I. CSF levels of AVP and t)XI at 24 hr after admini,,tration of 
pent) Icnetetrazol. l,eveb, of A VP and OXT are cxprc,,,,ed in pg ml. 
Each point represents the mean -gEM. The number in the bar refer,, 
Io the number of samples. 

evaporated at 55°C under a nitrogen stream. The residues 
were redissolved in 120 ~1 of RIA-assay buffer 1121 that was 
adjusted to pH 8.0 for the determination of AVP and to pH 
9.0 for OXT. Two samples of 50 #1 were taken from these 
solutions to determine the amount of neurohypophyseal 
peptides. In the case of hypothalamic tissues, appropriate 
dilutions were made. 

For the determination of AVP and of OXT in the CSF the 
procedures used have been described previously I12,221. 

AVP and OXT wcrc determined in duplicate by radioim- 
munoassay (RIA). The details of the assay procedure have 
been described elscwhefc [12.22]. The antiscrum used for 
the determination of AVP was highly specific. The cross- 
reactivity with OXT was less than 0.1~ and with argininc- 
vasotocin (AVT) 12.4C4. The detection limit of the a,~say was 
0.5 pg/ml. 

The OXT antiserum was also highly specific. Thc cross- 
reactivity with AVP was less than 0.3oN and with AVT ap- 
proximately 1.554. The limit of detection was 1.0 pg:ml. 

('~d~tdutiott.s and Data Ana/y.~i.~ 

The data are given in pg peptide per mg protein and ex- 
pressed as mean~-SEM. The results fiom the RIA's were 
calculated on a Hewlett Packard 104 calculator programmed 
with a Iogit curve fitting program. Statistical significance was 
evaluated by unpaired Student's t test. A difference between 
drug-treated and saline-treated controls within each of the 
four different experiments of p< 0.05 was considered as sig- 
nificant. 

RE,~U l. 'fS 

CS/"" I,ur~'ls oJ'A VP und 4)X7 24 hr A.l?ur 
Penlylen~'l~'lr~lzol Adnlinislrutioll 

The onset of Ihe pentylenetetrazol-induced convulsion, 
with a duration of about 10 sec, was observed between 60 
and 80 sec after the administration. Neither AVP nor ()XT 
levels in CSF, as determined 24 hr after treatment, were 
different from those of saline treated controls (Fig. I). 
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T A B I . E  I 

AVP AND ( ) X I  CONTEN'I Cpg.mg PROTEIN) 1N VARIOUS BRAIN REGIONS AT 5 MIN AFTER ADMINISTRA'I ION 
OF HISTAMINI- 120.1.) mgkg)  

AVP OXT 

saline hb, taminc saline histamine 

Sept`urn 11.4 ' 0.4 14.3 , 0.5* -25.2':;; 12.7 L 3.3 15.7 - 2.3 .23.6'; 
HypothalamtJs 16694 L 1248 15223 "_ 2862 8.8c; 1157 2 220 1464 • 226 • 26.3'%: 
Itippocampur, 7.3 - 1.6 5.2 : 0.8 28.6"; 2.3 ~ 11.6 2.8 "_ 11.7 ;21.7"; 
Cortex 4.4 = 0.8 4.1 '_ 0.7 8.9~; 1.4 : I).2 1.2 - 0.3 .- 14.3c/ 

*Different  f rom ' ,a l ine- t rea ted  animal ' ,  *p. 0.05. 
; P e r c e n t a g e  decrea~,e ( -- ) or  increa ' ,e  ( • ) o f  hb, a m i n e - t r e a t e d  an ima l s  vernu,,  ,qdinc- t realed animab,  ( 100"; ). 
Each  "~alue represent , ,  lhe m e a n  • S l iM f rom 8-14  an imals .  

T A B L E  2 

AVP ANt) OXT ('ON'I EN'I (pgmg PROTHNI  IN VARIOUS BRAIN REGIONS A'I 24 HR AFTER ADMINIS'fRA'I I()N 
OF I l lS ' fAMINE 120.0 mg.kg) 

AVP OXT 

saline histamine saline histamine 

Scptum 9.0 ; 1.1 12.9 7 2.4 -43.3% :~ 17.1 _+ 3.11 17.8 = 2.6 .4.1%:* 
H~,pothalamus 13797 - 11121 I(X172 , 1124 27.0';~ 11163 , 102 1109 ' 148 -~ 4.35, 
Hippocampus 22.~,' 4.1 24.3 ". 3.1 • 7.5'; 4 .8"  1.2 5 . 0 '  1.5 44.0C; 
Cortex 5.6 - 0.6 5.3 - 1.0 5.4'; 2.5 ~ (1.3 2.6 _- 0.4 • 4.IX;,: 

*Percentage decrease I I or increw, e ( , } of histamine-lreulcd animals vcr',u', saline-lrealcd animals 
( lilY:,: ). 

Each value repre,,cntsthe mean • SEM from 8-14 animal',. 

A I 'P aml  OA'I ( o n t c n l  in i'ari, m.~ Brain Arca.~ 

AVP conten t  in the brain areas s tudied was highest in the 
hypotha lamus  fol lowed by the h ippocampus ,  septum and 
cor tex  (Tables I-4). The highes( amount  of  OXT was also 
tbund in the hypo tha lamus ,  fol lowed by seplum,  h ippocam- 
pun and the cor tex  (Tables I-4). 

l.cvc/.s +~/A I 'P and  0 . \ 7  in V,ri+m.~ Brain Rc.-ion~ A / i c r  
Admin i s l ra t ion  ~ l  Ili.~tamim" 

AVP content  in the septum was increased 5 rain after 
adminis t ra t ion of  his tamine Cl'able 1). In none of  the o the r  
areas  analyzed was the amount  of  A V P  significantly at: 
fected.  No significant changes  in OXT levels in the various 
brain areas were obse rved  (Table I). 

At 24 hr after adminis t ra t ion of  h is tamine,  AVP or  OXT 
conten t  in the various brain areas was not changed signifi- 
cantly (Table 2). 

l.cvel.~ ~d' A VI' and OX7 in Vario..~ Itrain Area.s A l icr  
,4dminis lral ion ~[  Pcnlylem'Iclrtlcol 

A V P  levels were  not significantly changed  in any of  brain 
regions 5 min after adminis t ra t ion of" penty lene te t razo l  (Ta- 
ble 3). In cont ras t  OXT levels in the septum and the cor tex 
were markedly dec reased  at 5 min after the onset  o f  the 
convuls ion  (Table 3). 

Diminished levels o f  AVP in the h ippocampus  and the 

cor lex were  measured  24 hr after the adminis t ra t ion of pen- 
iy lenete t razol  (Table 4). A significant rise in the amount  of  
OXT in the cor tex  was found 24 hr after thin t rea tment ,  
whereas  the levels of  this peptide in the sep lum,  hypolhala-  
mus and h ippocampus  were  not significantly ahered.  

DISC'USSI()N 

In the hypotha lamus ,  the h ippocampus  and the cor tex the 
amount  of  rad io immunoassayab le  A V P  exceeded  (hal o f  
OXT. Similar ratios of  AVP versus OXT in brain regions 
have been found by o thers  I I0l, al though the authors  meas- 
ured lower amounts  of  OXT as compared  to AVP in the 
septum.  The marked variation found in the individual exper-  
iments be tween  the levels o f  AVP and OXT of  the saline- 
t reated animals,  especial ly in the 24 hr group of  Table 2, 
seems  to make these  data difficult to in terpreta te ,  t Jowever .  
in the course  of  these studies it was d i scovered  that AVP 
levels in particular brain regions are sensi t ive to a variety of  
envi ronmenta l  stimuli, such as the condi t ions  of  housing. 
handling of  the animals prior to the exper iment  and even  the 
time o f  the year  l [ .aczi ,  submitted) .  Similar observa t ions  
have been made for the levels of  neu rohypophysea l  hor- 
mones  in plasma and CSF  116, 17, 351 and daily changes  in 
AVP CSF  concen t ra t ions  have been found 121, 24, 251. In 
addit ion,  it is known that in these s tudies  generally high var- 
iations in ho rmone  levels in brain regions and CSi" are found 
[24,251. 
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T A B L E  3 

AVP AND OXT CONTENT (pg/mg PROTEINt  IN VARIOUS BRAIN REGIONS AT 5 MIN AF'FER ADMINISTRATION 
OF P E N T Y L E N E T E T R A Z O I ,  t45.0 mg,'kgl 

AVP OXT 

pentylene- pentylene- 
saline tetrazol saline tetrazol 

Septum 12.7 , 2.2 19.0 , 4.4 449.6~; ~ 31.8 ~_ 6.9 17.4 ,- 2.1" - 45.3~; 
Hypothalamus 19366 ,:_ 3360 16740 ~ 2690  -13.6~2; 11117 ± 189 1216 , 397 ~ 9.8~;,: 
Hippocampus 14.9 -_ 2.11 15.8 ± 1.3 + 6.1Y:¢ 5.2 ~ 1.7 3.9 ± 1.3 -25.1~4 
Cortex 8.2 ,- 1.7 5.9 ~- 0.6 28.0';; 2.0 ~-. 0.1 1.3 2 0.2~: -35.{E~; 

*Different from saline-treated animals, *p<0.05 ~p'-0.02. 
~Percentage decrease ( - I or increase I ~ ) of pentylenetetrazol-treated animals versus saline-treated animals 

Each value represents thc mcztn ± SEM fiom 8-14 animals. 

T A B L E  4 

A V P A N D  O X T C O N T E N T ( p g / m g  PROTEIN) IN VARIOUS BRAIN REGIONS AT 24 HR AFFER ADMINISTRATION 
OF P E N T Y L E N E T E T R A Z O I .  145.0 mg;kgl 

AVP OXT 

pentylene- pent ylene- 
saline tetrazol saline tetrazol 

Septum 4.4 ,_ 0.6 4.9 ± 0.8 • 12.0cA : 14.8 _4. 2.8 9.4 ,- 1.5 - 36.5~?; - 
Hypothalamus 5901 = 1110 7262 ~_ 1638 423.1~ 1237 _~ 72.9 1260 : 73.2 1.8q', 
Hippocampus 13.5 ± 2.1 7.3 + 0.9* -45.9'?; 2.4 * 11.5 2.0 z 0.5 16.7f~. 
Cortex 1.7 '- 0.2 I.I .~- 0.1" -35.3":.~ 1.8 , 0.2 3.7 -_ 0.3:1: +I05.Y;.; 

*Different from saline-treated animals. *p--:0.05; ~:p-: 0.01. 
~, Percentage decrease ~ ) or increase I ÷ J of pentylenetetrazol-treated animals versus saline-treated animals 

t 100¢Y; ). 
Each value represents the mean ~ SEM from 8-14 animals. 

Adminis t ra t ion  of  penty lene te t razo l  results  in increased 
OXT levels in the C S F  within 5 min after its peripheral  ad- 
minis t rat ion 119]. In the present  s tudy it was shown that at 
this t imepoint  OXT levels in the sep tum and in the cor tex 
were  significantly dec reased .  Ne i ther  the A V P  levels in the 
C S F  119] nor  those in the brain were  altered by penty lene te-  
trazol t rea tment  at this t ime-point .  This suggests  a relation- 
ship be tween  the increased OXT levels in the C S F  and the 
dec reased  OXT con ten t  in the septum and the cor tex.  This is 
suppor ted  by the finding that 5 min after  the adminis t ra t ion 
of  h is tamine the levels o f  OXT in the various brain areas 
were  not changed and no concomi tan t  change in OXT con- 
centra t ion in the C S F  was obse rved  [191. 

At 24 hr af ter  adminis t ra t ion of  penty lene te t razol  C S F  
levels o f  A V P  and OXT were  unchanged.  At the same time 
increased OXT levels in the cor tex  and decreased  A V P  
levels in the cor tex  and the h ippocampus  were  observed .  
Therefore ,  it s eems  that under  these  exper imenta l  condi t ions  
changes  in brain con ten t  o f  neu rohypophysea l  pept ides  are 
not ref lected in the CSF.  

His tamine  and penty lene te t razo l  enhance  the release of  
AVP and OXT from the pos te r io r  lobe of  the pituitary into 

the peripheral  circulation II1, 19, 20]. The present  data 
demons t r a t e  that his tamine has little effect on AVP or OXT 
conten t  o f  various brain regions at 5 rain or 24 hr after its 
adminis t ra t ion.  In contras t ,  penty lenete t razol  induced 
changes  in OXT conten t  in various brain regions which were  
generally oppos i te  to its effects  on AVP. In particular,  24 hr 
after adminis t ra t ion of  penty lene te t razol  opposi te  effects  on 
the A V P  and OXT content  o f  the septum and cor tex were 
obse rved .  

These  generally opposi te  changes  in A V P  and OXT levels 
in various brain regions are of  interest  with respect  to the 
pen ty lene te t razo l - induced  deficit in memory  function, which 
is expressed  24 hr after its adminis t ra t ion 12,8] and the op- 
posi te  effects  of  A V P  and OXT on memory  function.  AVP 
affects  memory  p roces ses  by facilitation of  both storage ~md 
retrieval o f  information II, 26, 32J. whereas  OXT has an 
oppos i te  effect  and posses ses  amnesic  proper t ies  13]. Since 
the effects  o f  A V P  and OXT on memory  function are 
media ted  by a central  action it is conceivable  that a change in 
the ratio in A V P  versus OXT, as obse rved  in the brain after 
pen ty lene te t razo l  adminis t ra t ion,  may contr ibute  to the dis- 
t r ibuted memory  function o f  these  rats. This assumpt ion  is 
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f u r t h e r  s u p p o r t e d  by  t he  f i n d i n g  t ha t  a d m i n i s t r a t i o n  o f  
l y s i n e - v a s o p r e s s i n  r e s t o r e s  t h e  p e n t y l e n e t e t r a z o l - i n d u c e d  
i m p a i r m e n t  in b e h a v i o r  [4]. 

In c o n c l u s i o n  t h e  p r e s e n t  d a t a  s u g g e s t  t ha t  the  l eve l s  o f  
n e u r o h y p o p h y s e a l  h o r m o n e s  c a n  be  a l t e r e d  d i f f e r e n t i a l l y  in 

p a r t i c u l a r  b r a i n  r e g i o n s  at s h o r t -  ~5 rain) a n d  long-  124 hr)  
t e r m  i n t e r v a l s  a f t e r  a d m i n i s t r a t i o n  o f  h i s t a m i n e  o r  p en -  
t y l e n e t e t r a z o l .  L o n g - t e r m  c h a n g e s  in A V P  and  O X T  leve l s  
a f t e r  p e n t y l e n e t e t r a z o l  m a y  be  i m p l i c a t e d  in t he  a m n e s i c  
p r o p e r t i e s  o f  th i s  c o n v u l s i v e  a g e n t .  
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