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generation of hydroxyl radicals, depending on the ratio 
of chelator to iron salt concentration, another chelator, 
deferoxamine, was investigated and was found to be a 
powerful inhibitor of hydroxyl radical generation at any 
concentration 19. Though it was studied in three concen- 
trations, the results were the same as those for DETA- 
PAC, and 100 mg/kg DFO tended to increase the ulcero- 
genicity of DDC. 
On the basis of the present findings, it appears that the 
superoxide radical and hydrogen peroxide play a more 
important pathogenetic role in DDC-induced antral ul- 
cer in the rat than does the hydroxyl radical. 
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Summary. Histamine content in the rat hypothalamus was lower at 4 ~ and higher at 31 ~ compared to that at 21 ~ 
Pretreatment with c~-fluoromethylhistidine, a 'suicide' inhibitor of histidine decarboxylase, attenuated both the 
increased level of hypothalamic histamine and rat adaptive behavior at 31 ~ Increase of histamine content in the 
hypothalamus appears to be an important factor contributing to rat adaptive behavior to high environmental 
temperature. 
Key words. Histamine; hypothalamus; environmental temperature; adaptive behavior. 

To adapt to high environmental temperature, rats de- 
crease food intake and ambulation, and increase water 
intake t -3.  These behavioral changes help to maintain 
their body temperature ~ - 3. Administration of histamine 
into the rat central nervous system has been shown to 
increase water intake 4, 5, decrease food intake 6, and low- 
er body temperature 7, s. Although these findings suggest 
that brain histamine may contribute to the adaptation of 
the rat to a heated environment, the function of brain 
histamine in adaptation to environmental change in tem- 
perature is still obscure. The present experiment was 
aimed at investigating the relationship between hypotha- 
lamic histamine and behavioral adaptation to high envi- 
ronmental temperature. 

Materials and methods 
Subjects. Mature male Wistar King A rats, 270-320 g, 
were used. They were in a sound-proof room illuminated 

daily from 08.00-20.00 h (a 12:12 h light-dark cycle) 
with humidity at 45 _+ 5%. Room temperature was 
maintained at 21 _+ 1 ~ unless otherwise described. The 
rats used were reared under these conditions from the 
prenatal period. 
Analytical procedure for histamine and catecholamines in 
the brain. Rats were sacrificed by decapitation at 19.00 h. 
The hypothalamus and frontal cortex were isolated and 
homogenized 9. The homogenates were centrifuged at 
10,000xg, and the histamine content in the clear 
deproteinized supernatants was assayed using high- 
performance liquid chromatography (HPLC) 1~ Cate- 
cholamines in the supernatant were also analyzed in a 
fully automated HPLC-fluorometric system (Model 
HLC-8030 Catecholamine Analyzer, Tosoh, Japan) us- 
ing the diphenylethylenediamine condensation meth- 
od ~1. Samples were taken from 9 rats maintained at 
21 • 1 ~ room temperature as the control group, from 
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8 rats at 4 _  1 ~ and from 9 rats at  31 _+ l ~ The 
lower and higher temperatures  were mainta ined for 11 h 
after the shift f rom 21 ~ Addi t iona l  samples were taken 
at 31 ___ 1 ~ f rom 9 rats  pre t reated with an intraperi-  
toneal  injection of  100 mg/kg a-f luoromethylhis t idine 
( F M H )  8 h before sampling. The da ta  were evaluated by 
the Welch test. 
Behavior and rectal temperature. A rat  in a 
30 x 25 x 25 cm testing chamber,  equipped with a pellet- 
sensing eatometer,  a dr inkometer  and photosensing 
counters to measure ambula t ion  (Astec Co. Ltd,  Japan),  
was allowed free access to s tandard  pellet rat  chow (mean 
weight, 46.3 -t- 0.3 mg) and tap water  (mean drople t  vol- 
ume, 43.1 _ 0.3 gl). F o o d  pellets and water  droplets  con- 
sumed, and ambula t ion ,  were automat ica l ly  recorded in 
a computer  12. a a. Cumulat ive food intake and ambula to-  
ry activity were measured at 24 h intervals. The rat io of  
24-h cumulat ive water  intake to food intake (ml/g) was 
calculated. Rectal  temperature  o f  the rat  was measured 
at  13.30 h. These da ta  were recorded at  21 + l ~ for two 
successive days.  After  recording,  the room temperature  
was raised to 31 _ 1 ~ at 08.00 h. Matched  on the basis 
of  the da ta  at  21 ~ 16 rats were equally divided into two 
groups. One g r o u p  was injected int raper i toneal ly  with 
100 mg/kg  F M H  at 11.00 h on the first day after eleva- 
t ion of  r oom temperature  to 31 _+_+ l ~ Another  was 
injected at  the same time with 0.15 M saline as controls.  
Ten addi t ional  rats at  21 _+ l ~ were injected with the 
same doses of  F M H  or saline. Statistical evaluat ion o f  
the da ta  was based on two way analysis o f  variance with 
replications in which or thogonal  decomposi t ion for lin- 
ear  compar ison  was carried out. 

Results 
Contents  o f  histamine, noradrenal ine  and adrenaline in 
the hypotha lamus  at three different environmental  tem- 
peratures are shown in the table. His tamine content  was 
significantly decreased by cooling the environmental  
temperature  f rom 2J ~ to 4 ~ (t = 2,4, p < 0.05). The 
histamine level at  the higher temperature  o f  31 ~ was 
significantly higher than that  at 21 ~ (t = 2.3, p < 0.05). 
Noradrer ia l ine  and adrenal ine levels did  not  change 
when the temperature  was changed. His tamine level in 
the cortex was not  different at the three different environ- 

Histamine, noradrenaline, and adrenaline contents of the rat hypothala- 
mus at 19.00 h. Mean • SEM; n = number of rats tested; i.p, infusion 
into peritoneum. 

Environmental Histamine Noradrenaline Adrenaline 
temperature (nmol/g) (nmol/g) (nmol/g) 

No pretreatment 
21 _+ 1 ~ (n = 9) 3.89 _+ 0.29 6.84 + 0.18 0.090 • 0.006 
4 _+ l ~ (n = 8) 2.98 _ 0.22" 6.59 • 0.97 0.088 _ 0.004 

31 • I~ (n=9) 4.70+_0.32 a 7.01___0.26 0.092 • 0.005 
Pretreatment with c~-fluoromethylhistidine (100 mg/kg, i.p.) 
31 _+ 1 ~ (n = 9) 2.63 _+ 0.17 b 6.95 • 0.29 0.090 • 0.005 

~p < 0.05 vs appropriate values at 21 ~ bp < 0.01 vs values in the 
controls at 31 ~ 

mental  temperatures  (2J ~ 0 . 2 5 _  0.02 nmol/g, 4~  
0.23 ___ 0.0l nmol/g,  31 ~ 0.24 + 0.01 nmol/g)  (not 
shown in table). 
The table shows the effect o f  F M H  on the content  of  
hypotha lamic  histamine. Elevat ion of  hypotha lamic  his- 
tamine at 31 ~ was significantly a t tenuated by F M H  
pret reatment  (t = 5.6, p < 0.0l).  F M H  did not  affect hy- 
po tha lamic  contents o f  noradrenal ine  and adrenaline.  
The figure indicates the effects of  F M H  on changes in 
ingestive behavior  and rectal temperature  at  3J ~ F o o d  
intake decreased with elevation of  the environmental  
temperature  (F(3,56) = 32.2, p < 0.01), and this was sig- 
nificantly a t tenuated by decrease of  hypothalamic  his- 
tamine due to F M H  (F(J,56) = 11.1, p < 0.0l).  The at- 
tenuat ion was observed on the first day after injection 
(F(1,56) = 71.3, p < 0.0l) .  F M H  also decreased the rat io 
of  water  intake to food intake at 31 ~ on the first day  
after the t reatment  compared  to that  in the untreated 
controls  (F(1,56) = 5.6, p < 0.05). The rat io increased in 
both  groups on the second day after elevation to 31 ~ 
compared  to that  at 21 ~ (F (1 ,56 )=  19.4, p < 0.01). 
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Effects of ~-fluoromethylhistidine (FMH) on changes in ingestive behav- 
ior, ambulation, and rectal temperature in environmental temperature 
elevated from 21 ~ to 31 ~ Environmental temperature was 21 _ 1 ~ 
on days 1 and 2, and 30 • 1 ~ on days 3 and 4. Closed circles, rats 
treated with 100 mg/kg FMH at Ii.00 h on day 3. Open circles, rats 
treated with the same volume of 0.15 M saline at the same time. 
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Ambu la to ry  activity was decreased by elevation of  room 
temperature  (F(3,56) = 7.0, p < 0.01), but  no difference 
was found between the F M H  and control  groups 
(F(1,56) < 1, n.s.). Rectal  temperature  increased signifi- 
cant ly in the F M H  group at 31 ~ on the first day  after 
injection compared  to that  in the control  group 
(F(1,56) = 21.9, p < 0.01). F M H  had no effect on inges- 
tive behavior  or rectal temperature  at  21 ~ room tem- 
pera ture  (not shown in figure). 

Discussion 
The present s tudy demonst ra ted  an increase in histamine 
content  in the rat  hypo tha lamus  at  an elevated environ- 
menta l  temperature.  F M H  is known to be a specific 'sui- 
cide' inhibi tor  of  histidine decarboxylase and to decrease 
neuronal  histamine content,  specifically and selective- 
ly 14, 15, Both previous studies 16,17 and the current  s tudy 

of  the sal ine-treated rats demonst ra ted  that  rats can 
adap t  to a change in environmental  temperature  from 
21 ~ to 31 ~ Adapt ive  behavior  of  rats to 31 ~ envi- 
ronmenta l  temperature  was a t tenuated during decrease 
of  endogenous hypotha lamic  histamine by F M H .  These 
findings imply that  increase o f  hypotha lamic  histamine 
content  may  be impor tan t  in ra t  adapt ive  behavior  at  
high environmental  temperature.  
Our  previous studies demonst ra ted  that  neuronal  his- 
tamine acted through HI- recep tors  in the hypotha lamus  
to suppress food intake, and changes in hypotha lamic  
histamine content  might  modula te  daily f luctuation o f  
food intake 1 s-21.  Together with these findings, the pres- 
ent results verify one of  the physiological  functions mod-  
ulated by bra in  histamine. 
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Summary. The effect of  cold or  isolat ion stress on mor ta l i ty  rate and bra in  virus level were investigated in mice 
infected with West Nile virus (WNV). Exposure  of  mice for 5 min /day  to cold water  (1 + 0.5 ~ for 8 - 1 0  days 
resulted in 92 % mor ta l i ty  as compared  to 47 % in control  mice (p < 0.001). Mice housed in individual  cages (isolation 
stress) were also more susceptible to W N  viral infection, as shown by increased mor ta l i ty  rate reaching 85 % as 
compared  to 50% in mice housed 6 per cage (p < 0.01). Cold or  isolat ion stress increased b lood brain  and spleen 
virus levels as early as 2 days after inoculat ion.  After  8 days of  isolat ion or cold stress, mice inoculated with W N V  
had 8.9 and 9.0 log10 plaque forming units in the brain,  respectively, as compared  to 6.9 in the control  (p < 0 .01 -  
0.001). Fur thermore ,  lymphoid  organs such as spleen and thymus showed severe mass loss. These da ta  suggest that  
physical  or non-physical  stress si tuations enhance W N V  encephalit is by accelerating virus prol i fera t ion and increase 
mor ta l i ty  in mice. 

Key words. West Nile virus; stress; isolat ion;  cold stress; encephalitis.  


