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MAZURKIEWICZ-KWILECKI, I M AND P BADDOO Bram histamine regulation following chronic dtazepam treat- 
ment and stress PHARMACOL BIOCHEM BEHAV 24(3) 513-517, 1986--Chronic dtazepam treatment (5 mg/kg 
mtragastncally, twice daily for 14 days) did not influence either hypothalamic, mldbram or cortical h~stamme (HA) levels or 
hlstldme decarboxylase (HD) activity m male Sprague-Dawley (200-220 g) rats However, a small but significant decrease 
in hypothalam~c HA concentration and s~gnificantly increased HD actw~ty was seen following dmzepam withdrawal Air 
blast stress reduced a significant elevation in hypothalamlc HA levels and HD activity m vehicle-treated controls, 
dlazepam-treated and diazepam-wlthdrawn rats, but the change tn HD actlwty was sigmficantly greater m the last group 
The latter group also displayed the greatest elevation in plasma cortlcosterone levels in response to stress Hence, 
diazepam withdrawal in rats results m some changes m the basal hypothalamlc HA regulation and may influence the 
hypothalam~c HA and cortlcosterone response to stress 

Histamine Brain Hypothalamus Dlazepam Stress Rat 

T H E  identification o f  specific central  H1 and H2 receptors  in 
the brain of  several  species [1, 7, 17, 18, 35-37, 39, 40, 50] 
supported the suggested role of  htstamine (HA) as a central  
neurot ransmlt te r  or neuromodula to r  [5, 6, 15, 26, 48-51, 53, 
61, 63] Ascending central  hls tamlnergic pa thways  possibly 
involved  m the control  o f  sleep and wakefulness  were  re- 
ported I l l ,  12, 47] and ci rcadmn varmtions m hypothalamic  
H A  levels  [34] which were  inversely related to spontaneous  
locomotor  act ivi ty and tempera tures  were  demons t ra ted  
[29] 

His tamine  has been found to influence A C T H  release 
[33,46] and changes m plasma cor t icos terone  levels  were  re- 
por ted to affect hypothalamlc  H A  regulation [25] The signif- 
icance o f  H A  in hypothalamlc  funct ion has been recent ly 
rev iewed [43] 

Hypotha lamus  is known to play an important  role in re- 
sponse to stress [10] Our prevtous studies on rats had indi- 
ca ted  that "p la t fo rm s t ress"  or  air-blast exposure  resulted in 
significant changes m hypothalamlc  H A  regulation [23, 28, 
30] Because  of  the strong emotional  componen t  of  these 
s tressors ,  which was ref lected in a very slgmficant plasma 
cor t lcos terone  elevat ion,  we invest igated the anxtolytlc ef- 
fects of  diazepam pre t rea tment  [24] Acute  d tazepam admin- 
istration did not affect basal regional brain HA levels,  but 
a t tenuated "p la t fo rm s t ress"  induced e levat ion in hypotha-  
lam~c H A  concent ra t ions  H o w e v e r ,  al terations in H A  regu- 
lation following air blast exposure  remained not affected 
[24] It was therefore  of  interest  to explore  in thRs investlga- 

tlon whether  chronic d lazepam treatment  could influence the 
basal regional brain HA regulation and whether  such treat- 
ment  would affect air-blast-reduced changes in hypothalamtc  
H A  levels  

METHOD 

Male Sprague-Dawley rats (200-220 g) were  housed in 
plastic cages (3 rats per  cage) m a temperature  control led 
room (22°C) with control led light (7 a m - 7  p m ) The 
animals were  treated with d iazepam (5 mg/kg) 
lntragastrically twice a day for 14 days Vehicle treated rats 
served as controls  The  vehicle consisted of  lactose,  corn 
starch and magnesium stearate,  generously supplied along 
with d lazepam by Hoffman La  Roche  L t d ,  Montreal  Vehi- 
cle or  d lazepam chronical ly- t reated rats were exposed  to 15 
rain of  air blasts, 18 hr after the last t rea tments  The animals 
were  placed individually in a plastic cage (20 5×26 5x  14 5 
cm) and exposed to blasts o f  compressed  air dehvered  from a 
nozzle  placed 10 cm above the cage The blasts were  o f  1 
second durat ion and were apphed at different t ime intervals 
at a rate of  5/mln [23,62] The last blast was always del ivered 
at the end of  the exper imenta l  period of  time, 1 e , at 15 rain 
Dlazepam or vehicle chronical ly- t reated rats subjected to the 
same handling but not  exposed to air blasts served as con- 
trols 

Another  group of  chronical ly d lazepam-trea ted  rats was 
wi thdrawn from t rea tment  for 2 days and subjected to 15 mm 
air blasts in an identical manner ,  as descr ibed above  All 
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experiments were carried out between 8 30 a m and I 1 30 
a m when plasma corttcosterone was at a relatively low 
level [29] 

Experimental rats were sacrificed Immediately after the 
stressful procedures Control non-stressed animals were de- 
capitated at the same time Following decapitation, blood 
was collected from the severed neck blood vessels into 
heparln-contalning tubes for cortlcosterone determination 
The brains were rapidly removed, washed with ice-cold 
saline, blotted and placed on glass plates kept on ice Differ- 
ent brain regions were dissected according to the modified 
method of Glowlnski and Iversen [14] 

Histamine Detetmtnatum 

The tissues were assayed for their histamine content ac- 
cordmg to a modification of the double Isotope technique of 
Taylor and Snyder [60] This procedure depended on the 
methylatlon of endogenous histamine m the tissues by added 
hlstamme methyltransferase, using S-adenosyl-L- [methyl-~4C] 
methtonine (56 mCt/mmole, New England Nuclear) as the 
methyl donor A trace amount of (3H)-hlstamine (5-10 
Cl/mmole, New England Nuclear) was added to correct for the 
varying degree of h~stamme methylation in d~erent  samples 
Endogenous S-adenosylmethiomne was destroyed by boiling 
the tissue, a procedure which also served to precipitate protein 

The (~C)-(3H)-methylhlstamme and (14C)-methylhlstamine 
were separated from S-adenosyl-L-[methylJ4C] methlonme 
and (3H)-histamme by extracting into chloroform from a salt 
saturated alkaline solution The chloroform was evaporated 
and the residue was taken up into ethanol and scintillation fluid 
(Econofluor) and counted m a Beckman LS 8100 liquid scintil- 
lation spectrometer 

Htsttdme Decarboxylase A ssay 

The histldlne decarboxylase assay was performed by a 
modification of the method of Blelkiewtcz [27,28] The tissue 
samples were homogemzed in 10 mM phosphate buffer (pH 
7 0) and mcubated for 1 5 hr at 37°C under nitrogen The 
composition of the incubation mixture was similar to that 
reported previously [32] and consisted of 0 3 ml of bomoge- 
hate. histamine dihydrochloride (10 -4 M) in 10 mM phos- 
phate buffer (pH 7 0), pyrldoxal-5'-phosphate (10 -e M). 
ammoguanIdme (10 -6 M) and 0 4 p.CI of ~4C-hlsttdlne (55 
mCI/mmole, Amersham) Blanks contained the same incu- 
bation mixture except that homogenates were substituted by 
phosphate buffer (pH 7 0) At the end of the incubation 
period, L-hlstldlne (100 p.g) was added as a carrier The in- 
cubation was stopped after 1 5 hr by adding 50/~1 of 1 N 
perchloric acid The samples were then centrifuged for 10 
rain at 10,000 g Part of the supernatant was counted for total 
radioactivity in a Beckman LS 8100 hquld scintillation spec- 
trometer Another part of the supernatant was subjected to 
high voltage electrophoresis (1500 V) in acetate formate buf- 
fer (pH 1 9) for 1 5 hr in order to separate "C-histamine from 
~4C-L histidlne Standard non-labelled histamine and 
L-histidlne were used as markers and identified with 
ninhydrln Electrophoretlc strips of the corresponding la- 
belled compounds were cut off, eluted with 1 5 ml of water, 
and after addition of 10 ml of Aquafluor (New England Nu- 
clear) counted for radioactivity The data are reported in 
terms of nmol of t4C-histamine per gram of wet tissue formed 
within 1 5 hr of incubation period 
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HYPOTHALAMUS -- MIDEIRAIN CORTEX 

FIG I The effect ot chronic vehicle treatment, chromc dlazepam 
administration or diazepam withdrawal on hypothalamlc, mldbram 
and corucal histamine concentration of rats exposed to air blasts for 
15 rain Non-stressed slmdarly treated animals served as controls 
The data represent the mean_+S E M of 15 experiments m each 
group *Indicates statistical significance when tested by t-test in 
reference to respective non-stressed controls in each case 
Dmzepam-wlthdrawn non-stressed rats had significantly lower hy- 
pothalamic HA levels (Duncan s multiple comparison among 
groups) 

Plasma Cornco~terone A sJa~ 

Plasma cortlcosterone concentraUon was determined by a 
modification of the method of Gtvner and Rochefort [13] 
which Is based on the capabthty of cortlcosterone to 
fluoresce in sulfuric acid The data are reported as ~g per 100 
ml of plasma (~g%) All data were analysed by Student's 
t-test followed by Duncan's  post hoc test (c~=0 05) to de- 
termine statistically different groups 

R E S U L T S  

Vehicle or dlazepam-treated non-stressed rats did not dif- 
fer in their basal hypothalamlc HA concentration, however, 
Duncan's  multiple comparison among groups revealed that 
dxazepam-wlthdrawn non-stressed animals displayed slgmfi- 
cantly lower hypothalamlc HA levels as compared to vehicle 
or dlazepam treated animals (Fig 1) Mtdbram and cortical 
HA concentrations were unaffected by chronic dlazepam 
treatment or dlazepam withdrawal (Fig 1) 

Vehicle diazepam treated or dlazepam withdrawn animals 
responded to air blasts (Fig 1) with a significant elevation m 
hypothalamlc HA levels when compared to their respective 
non-stressed controls Mldbraln and cortical HA levels were 
unchanged by stress exposure (Fig 1) 

Although basal hypothalamlc HD activity of vehicle or 
diazepam-treated non-stressed rats was unaffected by 
chronic dlazepam treatment (Fig 2). Duncan's  multiple 
comparison between groups revealed that dlazepam with- 
drawn rats d~splayed a significant Increase in the hypotha- 
lamic HD activity Midbram and cortical HD activity of 
non-stressed rats remained unchanged 

Air blast stress induced a significant mcrease In hypotha- 
lamic HD activity in all groups of animals (Fig 2) Multiple 
comparison among groups revealed that dlazepam with- 
drawn stressed rats had significantly higher HD activity than 
vehicle or diazepam-treated not withdrawn-stressed rats 
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~o~ o oo FIG 3 The effect of chronic diazepam treatmeut and dlazepam 
~o2t withdrawal on plasma cortlcosterone concentration The data repre- 

sent the mean+_S E M of 15 experiments in each group *Indicates 
HYPOTHALAMUS MIOBRAIN CORTEX 

FIG 2 The effect of chronic dlazepam treatment and dlazepam 
withdrawal on hypothalamlc, midbrain and cortical histldlne decar- 
boxylase activity The data represent the mean+_S E M of 7 exper- 
iments in each group *Indicates statistical significance when tested 
by t-test in reference to respective non-stressed controls in each 
case Diazepam-wlthdrawn rats had significantly higher hypotha- 
lamlc HD activity than vehicle or diazepam treated not withdrawn- 
rats Dlazepam withdrawn stressed rats had significantly higher HD 
activity than dlazepam or vehicle treated stressed rats (Duncan's 
multiple comparison among groups) 

Basal plasma cortlcosterone concentration (Fig 3) was 
not slgmficantly changed following chronic vehicle admlms- 
tratlon, chronic dlazepam treatment or dlazepam with- 
drawal Air blast stress induced significant elevation in 
plasma cortlCOsterone levels in all groups of ammals, Dun- 
can test indicated that dmzepam withdrawn stressed rats had 
slgmficantly higher plasma cortlcosterone levels than 
chronic-vehicle or chronic-dmzepam-treated stressed 
animals 

D I S C U S S I O N  

Chronic dlazepam treatment did not change the basal 
plasma cortlcosterone levels or the increase in plasma cort~- 
costerone concentration in response to air-blast stress This 
finding is in hne with the reported lack of dlazepam effects 
on pre-stress plasma corticosterone levels or on corttcoste- 
rone elevation reduced by 30 mm footshock or 60 min lm- 
moblhzatton stress in rats [2,20] 

In the present investigation, the basal regional brain HA 
concentration and HD activity were not altered by chronic 
dlazepam administration However,  dlazepam-wtthdrawn 
rats displayed small but significant decrease m the basal hy- 
pothalamlc HA levels (Fig l), longer dmzepam treatment 
may possibly be needed to obtain more striking changes 
Since changes m hypothalamlc HA levels of dlazepam with- 
drawn rats were in opposite direction to stress-induced 
changes, the significance of this alteration remains to be 
elucidated The decrease in hypothalamlc HA levels of 
dtazepam withdrawn rats was associated with a significant 
increase in HD actwtty which suggests an ~mbalance be- 
tween HA synthesis and HA metabolism and/or release It is 
possible that the increased HD activity may ind~cate a cen- 
tral compensatory mechanism in response to decreased hy- 
pothalamlc HA levels 

The stgmficant elevation m hypothalamlc HA concentra- 
tion and HD activity observed in the control rats following 15 

statistical s~gnlficance when tested by t-test in reference to the re- 
spective non-stressed controls in each case Dlazepam withdrawn 
stressed rats had slgmficantly higher plasma corticosterone levels 
than chronic-vehicle or chronic diazepam-treated stressed animals 
(Duncan's multiple comparison amoung groups) 

mm air blast exposure is in agreement with our previous 
studies [23, 28, 30] and suggests an increased HA synthesis 
Dlazepam chronically-treated or dlazepam withdrawn rats 
responded to air blast stress by a similar increase in bram 
HA levels (Fig l) Apparently the significant increase in HD 
activity noted in dlazepam withdrawn stressed rats (Fig 2) 
was not adequate to influence hypothalamlc HA levels Al- 
ternatively, a certain plateau in the increase in HA concen- 
tration could have been already reached In all of the stressed 
groups testes The present observations are not readily com- 
parable with those of others because, to our best knowledge, 
similar stress studies involving dlazepam were not reported 

The absence of the attenuating effects of dlazepam on 
hypothalamlc HA response to stress may suggest that either 
higher doses or a more prolonged treatment is needed It is 
also possible that dlazepam, which has been found not to 
displace aH-mepyramine from the binding sites in the brain 
" in  vi tro" studies [50] may not interact with central HI re- 
ceptors, the latter seemed to be involved in air-blast induced 
changes in hypothalamic HA regulation as suggested by our 
previous investigation [28] 

In contrast to the extensive studies, which indicated the 
significant involvement of GABA m the mechanism of action 
of  benzodlazeplnes [3, 9, 16, 19, 52, 56-58], the role of cen- 
tral hlstamlnergtc system was not extensively investigated 
[59] 

Recent receptor binding studies in membranes prepared 
from several brain regions of the rat indicated that c~metidme 
Inhibited aH-musclmol and enhanced aH-flunltrazepam bind- 
ing, but in cortical membranes the effect on both GABA and 
benzodlazepme binding sites was specdic for lmldazole- 
derived H2-receptor antagonists and not observed with either 
several H1 receptor antagonists or histamine [21] Although 
clmetldme and pyrdamme, H2 and HI antagomsts 
were reported to competitively antagonize benzodtazepme 
binding to human cerebral receptors in "m  vitro" studies, 
this inhibition was not specific for benzodiazepme receptor 
because antihistamines also antagonized the binding to 
GABA, opiate and muscarmlc acetylchohne receptor [55] 

Dlazepam w~thdrawn rats seemed to be more sensitive to 
stress as indicated by small but significantly greater plasma 
cortlCOsterone response than that seen in non-withdrawn 
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s t r e s sed  rats  (Fig 3) i t  ~s of  In teres t  tha t  increased  excl ta-  
b ihty  and  wi thdrawal  s y m p t o m s  upon  sudden  cessa t ion  of  
ch ron ic  d m z e p a m - t r e a t m e n t  has  been  repor ted  m chnlca l  
s tudies  [41,42] 

The  m e c h a n i s m  of  the  p resen t ly  o b s e r v e d  increased  sen- 
Sltlv~ty and  its phys lo log tca l  s ignif icance is not  c lear  at the 
p re sen t  t tme but  it may  sugges t  some  r e b o u n d  p rocess  It is 
poss ible  tha t  ce r ta in  c h a n g e s  in H A  regula t ion and /or  
d i a z e p a m  recep to r s  did occur ,  but  were  suppres sed  dur ing 
ch ron ic  d l a z e p a m  t r e a t m e n t  and b e c o m e  ev iden t  only  upon  
wi thd rawa l  of  the  drug  Chron ic  admin i s t r a t ion  of  ben-  
z o d m z e p l n e s  was r epo r t ed  not  to inf luence  aH-dlazepam re- 
c e p t o r  b inding in severa l  b ram regions  o f  the rat  [32] and  lack 
of  changes  in b e n z o d l a z e p l n e  r ecep to r s  or  a p p a r e n t  affintty 
was  found  in ra t  fo rebra ln  m e m b r a n e s  fol lowing d tazepam 
wt thd rawa l  af ter  ch ron ic  t r e a t m e n t  [4] H o w e v e r ,  o thers  re- 
po r t ed  a s ignif icant  dec rea se  m the aH-d lazepam b m d m g  in 
rat  cor tex  fol lowing chron ic  f lu razepam admin i s t r a t ion  
[8,45], but no  change  m binding affinity The  d i sc repancy  In 
the above  repor t s  could  have  occu r red  because  of  different  
doses ,  route of  admin i s t r a t i on  and dura t ion  of  t r e a t m e n t  
The  d i f ferences  in the n u m b e r  of  benzod l azep i ne  recep tors  
may  be of  physiological  s ignif icance If the la t te r  even t  took 
place in our  s tudies ,  changes  in sensi t iv i ty  to s t ress  could 

have  ensued  upon  d l a z e p a m  wi thdrawal  It ~ ot in teres t  that  
Mauds ley  reac t ive  rat ,  bred  with high degree  of  fearfulness ,  
has  been  found to have  signif icantly fewer  cent ra l  ben-  
z o d l a z e p m e  recep tors  w h e n  c o m p a r e d  wi th  Maudsle~ non- 
reac t ive  rat  se lected for low fearfulness  [44] In addi t ion,  
d e p e n d m g  on the type of  s t ress ,  the numbeJ of  ben-  
zod lazep lne  r ecep to r s  may increase  (e lec t roconvu l s lve  
shock [31,38] or cold wa te r  swim [54]) or  decrease  fol lowing 
foo t shock  or exposu re  to confl ic t  s i tuat ion [22] 

In conc lus ion ,  the p re sen t  da ta  indicate  tha t  d l azepam 
wi thdrawal  f rom chronica l ly  t rea ted  rats  resul ts  in small  but  
s lgntf icant  a l te ra t ions  In the basal  hypo tha lamlc  HA regula- 
t ion and In an mcreased  H D  act ivi ty and slightly increased  
p l a sma  co r t t cos t e rone  r e sponse  to s t ress  Al though,  under  
p r e sen t  expertmen~al  cond i t ions ,  changes  in the basal  (pre- 
s t ress)  HA levels c f  d l a z e p a m  wi thd rawn  rats  were small,  
they suggest  tha t  c h r o m c  d i azepam t r ea tmen t  may affect 
cen t ra l  h l s tamlnerg lc  sys t em m rats  
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