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Summary. To investigate the effects on the central nervous system of severe 
cold stress with and without chlorpromazine, guinea pigs were treated with 
chlorpromazine or 0.9% NaC1 and exposed to -20°C or +23°C for 1 h. 
Hypothalamic noradrenaline (NA), dopamine (DA), 5-hydroxy-tryptamine 
(5-HT), 3-methoxy-4-hydroxyphenyl ethylene glycol (MHPG), homovanil- 
linic acid (HVA) and 5-hydroxy-indoleacetic acid (5-HIAA) were determined 
by high-performance liquid chromatography. Serum, urinary and vitreous 
fluid catecholamines, muscle and liver glycogen, and blood glucose were 
also measured. Chlorpromazine caused distinct hypothermia at -20°C and 
slight hypothermia at +23°C. The rise in hypothalamic MHPG, 5-HIAA 
and MHPG/NA and in 5-HIAA/5-HT ratios in the cold indicate increased 
noradrenergic and serotonergic activity. The latter was inhibited by chlor- 
promazine and a drug-induced inhibition of noradrenergic neurons could 
not be ruled out. Chlorpromazine increased the turnover of DA at room 
temperature and the same tendency was seen in the cold. The hypothermic 
animals had low serum catecholamines, indicating diminished sympathetic 
activity. The chlorpromazine-treated cold-exposed animals did not react 
to the environmental stress by sympathetic activation, as urinary NA and 
adrenaline were not elevated, but DA was excreted by all the drug-treated 
animals. Vitreous fluid NA and DA were elevated as an indicator of cold 
stress, and no drug effect was seen in this fluid. 

Key words: Severe cold stress - Hypothermia - Chlorpromazine, hypo- 
thermia 

Zusammenfassung. Um die zentralen Auswirkungen eines schweren Kglte- 
stresses unter und ohne Einflu6 yon Chlorpromazin zu untersuchen, wurden 
Meerschweinchen mit Chlorpromazin oder 0,9%igem NaC1 behandelt und 
ftir eine Stunde entweder bei einer Umgebungstemperatur yon -20°C oder 
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+23°C gehalten. Die Konzentrationen an hypothalamischen NA, DA, 5- 
HT, MHPG, HVA and 5-HIAA wurden mit HPLC bestimmt. Die Katekol- 
amine im Serum, dem Urin und dem Glask6rper, das Muskel- und Leber- 
glykogen sowie Blutzucker wurden auch bestimmt. Chlorpromazin ver- 
ursachte eine deutliche Hypothermie bei -20°C und eine geringe Hypo- 
thermie bei +23°C. Der Anstieg der hypothalamischen MHPG, 5-HIAA 
and MHPG/NA sowie 5-HIAA/5-HT in der K~ilte indiziert eine noradren- 
ergische und serotonergische Aktivit~it. Letztgenannte wurde durch Chlor- 
promazin gehemmt und eine Hemmung von noradrenergischen Neuronen, 
verursacht dutch die Medikamente, konnte nicht ausgeschlossen werden. 
Chlorpromazin erh6hte den Umsatz von DA unter +23°C und dieselbe 
Tendenz war unter K~ilteeinfluB festzustellen. Die hypothermischen Tiere 
hatten niedrige Katecholaminwerte im Serum, was eine verminderte sym- 
pathische Aktivit~it indiziert. Die mit Chlorpromazin behandelten Meer- 
schweinchen mit Kglte-Exposition reagierten auf den K~iltestrel3 nicht mit 
sympathischer Aktivierung; denn NA und Adrenalin wiesen im Urin keine 
erh6hten Werte auf. DA wurde von allen Chlorpromazin behandelten Tie- 
ren ausgeschieden. NA- und DA-Werte im Glask6rper waren als ein Indi- 
kator von Kfiltestreg erh6ht und ein Arzneimitteleinflug konnte in dieser 
Fliissigkeit nicht nachgewiesen werden. 

Schliisselw6rter: K~iltestrel3 - Hypothermie - Chlorpromazin, Hypothermie 

Introduction 

There are experimental and clinical data available on chlorpromazine and hypo- 
thermia [1, 2], but not much attention has been paid to this neuroleptic in con- 
nection with extreme cold. Chlorpromazine can be expected to cause a rapid 
drop in core temperature followed by death in severe cold, as the drug is a 
potent central nervous system depressor and hypothermic agent. 

At ordinary ambient temperatures, chlorpromazine is a potent vasodilator 
because of its alpha-receptor-blocking effect on blood vessels, or it may de- 
crease the sensitivity of the midbrain vasomotor center [3]. In severe cold, its 
vasodilatory action and the consequent increase in heat loss may not as a whole 
play a significant role, because severe cold itself is a potent stimulus of vasocon- 
striction, but vasodilation caused by the drug may lead to rapid heat loss during 
the initial phase of cold exposure [1]. 

It is known that chlorpromazine alters the concentrations of central mono- 
amines and interactions with noradrenergic [4]; dopaminergic [5] and sero- 
tonergic [6] neurons have been reported in connection with thermoregulatory 
functions. On the other hand, stress-induced activation of central catecholamine 
metabolism has been documented in many studies [7]. 

The autopsy findings in hypothermia deaths are usually typical of severe 
stress, e.g., gastric mucosal bleeding and elevated urinary catecholamines [8], 
but in certain fatalities these signs are not present and thus the diagnosis of 
hypothermia can remain only speculative. As potent central nervous system de- 
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pressors,  neuro lep t i c  drugs may  modify  the stress responses  of an o rgan i sm 

even  if the e n v i r o n m e n t a l  condi t ions  are severe,  as in ex t reme cold stress, and  

in this way these drugs may  complicate  the d e t e r m i n a t i o n  of the cause and  man-  
ne r  of death.  Accord ing  to this hypothesis  we s tudied the effects of severe cold 
stress and  ch lo rp romaz ine  on  hypo tha lamic  m o n o a m i n e  me tabo l i sm in order  to 

f ind out  if the co ld- induced act ivat ion of m o n o a m i n e r g i c  ne u r ons  was modif ied  
by the drug. A t  the same t ime,  we tr ied to f ind out  to what  extent  the sym- 

pathet ic  ne rvous  system can react  by s tudying the se rum and  u r ina ry  and  vitre- 

ous fluid ca techolamines  u n d e r  these condi t ions .  

Materials and methods  

Thirty-two male guinea pigs weighing 415-870 g were used in the experiments. The animals 
were housed at +22 + I°C and allowed free access to food pellets, vegetables and water. They 
were divided into four groups of eight each and treated in the following ways: group I received 
20 mg/kg chlorpromazine (Largactil, Rhone-Poulenc) i.p. and was then immediately exposed 
to -20°C in a cold chamber for i h; group III received the same dose of chlorpromazine and 
the animals were kept at +23°C for 1 h. 

Groups II and IV served as controls and received a corresponding volume 0.9% NaC1 i.p. 
relative to body weight and were also exposed to -20  ° or +23°C, respectively. The animals 
were put in a box built of hard plastic and equipped with metal pins that restricted their move- 
ments, thus allowing continuous temperature measurements, but no extra discomfort. 

Colon temperature was measured continuously during the experiments by inserting a ther- 
mistor probe (Ellab) 6 cm into the colon, which was fixed by adhesive tape. Temperature 
readings were recorded every 5 min. The ear skin temperature was also measured continu- 
ously by fixing a thermistor probe to the ear lobe by adhesive tape, and the readings were 
recorded every 5 min. At - 20°C, in both groups the ear lobes of the guinea pigs were frozen 
at the end of the experiment. Ear lobe temperature measurements were regarded as unneces- 
sary in these groups, as pilot experiments showed that freezing occurred rapidly at -20°C. 

Biogenic amines and their metabolites in the hypothalamus 

The hypothalamus was quickly removed and weighed and homogenized in ice-cold 0.1M 
HC104: 50gl of preservation solution containing 0.02M Na2S205 and 0.01M EDTA was 
added to the homogenate. The homogenate was centrifuged for 20 rain by 20000 g at +4°C. 
Perchloric acid was added to each mg wet weight of hypothalamus, so that 20 gl homogenate 
represented lmg tissue content. The supernatant of the hypothalamus homogenate was 
diluted with H20 1:4 for biogenic amines and 1:2 for amine metabolites and these dilutes 
were used as final samples for measurements. The whole 50 gl sample loop was used as a sam- 
ple size. 

Serum, urinary and vitreous fluid catecholamines 

The blood samples were placed in tubes containing 5 gl of 1 M Na2S205 and cooled. They were 
then centrifuged for 8 min at 3000 g and the serum stored at -70°C until analyzed. The urine 
samples were taken by needle from the bladder of each animal that had enough urine; 300 ~tl 
urine was acidified with 20 gl 1 M HC1 and the samples stored at -70°C until analyzed. 

Serum and urine catecholamines were purified by an A1203 extraction procedure. The 
catechols were extracted at pH 8.60 from 30 gl of serum or urine into 30 mg A1203 in 5 ml con- 
ical test tubes with dihydroxybenzylamine (DHBA) and isoprenaline (ISO) as internal stan- 
dards. After washing four times with 2ml H20, the catechols were released into 100 gl of 
0.2M HC104; 50 gl or less was injected into the chromatograph. The ratio of peak height of 
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each catecholamine to the average peak heights of the internal standards were used as the 
basis for the concentration calculations. 

Vitreous fluid was aspirated from both eyes with a syringe, centrifuged at 5000g and the 
supernatant stored at -70°C until analyzed; 200 gl of the supernatant was taken for A1203 ex- 
traction as described above. 

LC-EC method for biogenic amines and their metabolites 

The modified liquid chromatographic electrochemical detection (LC-EC) method of Taylor et 
al. [9] was used for the determination of noradrenaline (NA), adrenaline (A), dopamine 
(DA) and 5-hydroxytryptamine (5-HT). For the metabolites 3-methoxy-4-hydroxyphenyl 
ethylene glycol (MHPG), homovanillinic acid (HVA) and 5-hydroxyindoleacetic acid (5- 
HIAA) the method of Scheinin et al. [10] was used. 

The chromatograph consisted of a M-45 pump (Water Associates, Milford, MA, USA), a 
Rheodyne 7125 injector with a 50 gl sample loop, an Ultrasphere ODS 5 ~tl (150 x 4mm) re- 
versed phase analytical column (Beckman Instruments, Berkeley, Calif., USA) protected 
with a guard column (50 × 2 mm) filled with Vydac RP (30-40 gin), a LC-4B amperometric 
detector (Bioanalytical Systems Inc., West Lafayette, Ind., USA) with glassy carbon working 
electrode and an Ag/AgC12 reference electrode. An oxidation potential of 0.6V was used. 
The chromatograms were recorded on a double channel recorder (Kipp & Zonen, Delft, 
Netherlands) and the peak heights used as the basis for the concentration calculations. 

Liver and muscle glycogen; blood glucose 

Liver and muscle glycogen were measured using the phenolsuphuric acid colorimetric method 
of Lo et al. [11]. An enzymatic test kit (Gluco Rapid Test, F.Hoffmann-La Roche, Basel, 
Switzerland) was used for blood glucose determinations. 

Statistics 

Statistical analysis was performed by computer using a one-way analysis of variance. Where 
the F-value indicated overall significance at the P < 0.05 level or greater, Bonferroni's modi- 
fied t-test was used for the individual group comparisons. 

Results 

A drop  in colon t empera tu re  was seen in bo th  ch lorpromazine- t rea ted  groups as 
c o m p a r e d  with their  control  groups.  This drop was 9 . 2 ° +  0.6°C after l h of  
severe cold in the drug- t rea ted  animals,  which was a significantly higher  drop 
than in their controls ,  whose  t empera tu re  d ropped  5 . 6 ° +  1.0°C (P  < 0.01). A t  
r o o m  tempera tu re ,  the ch lorpromazine- t rea ted  animals had a smaller drop 
(1.7 ° + 0.3°C),  but  this, too,  was significantly greater  than in the cor responding  
controls ,  whose  colon t empera tu re  remained  a round  the same level t h roughou t  
the exper iment  (P  < 0.01). There  were  no statistically significant differences in 
the initial colon t empera tu res  be tween  groups  (Figs. 1,2).  

Ea r  lobe t empera tu res  in the guinea  pigs kept  at r o o m  tempera tu re  were  
higher  in the drug- t rea ted  animals in the initial phase  of  the experiments ,  but  
not  significantly so. Af te r  10-15 min the ch lorpromazine- t rea ted  animals still 
had a higher  ear- lobe  t empera tu re ,  but  the difference did not  reach the level of  
significance. The  value for  these two groups  then came closer to each o ther  to- 
wards the end of  the exper iments  (Fig. 3). 
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Fig. 1. Colon temperature of 
guinea pigs treated with chlor- 
promazine (20rag. kg -1 i.p.) or 
0.9% NaC1 and exposed to -20°C 
for i h; P < 0.01, Bonferroni's test 

Hypothalamic NA, DA, 5-HT and their metabolites 
MHPG, HVA and 5-HIAA 

Hypothalamic NA and MHPG.  The two cold-exposed groups had significantly 
lower hypothalamic NA concentrations than the corresponding groups kept  at 
room temperature  (P < 0.01), while the concentrations were lower in the cold- 
exposed chlorpromazine-treated animals than in the cold-exposed controls. 
Here ,  though, the difference did not reach the level of significance. The drug- 
treated animals had a significantly lower hypothalamic NA concentration than 
their controls at room temperature  ( P <  0.05). The mean NA concentrations 
with statistical comparisons are presented in Table 1. 

There  were no statistically significant differences in hypothalamic M H P G  
concentrations between the chlorpromazine-treated groups and their controls. 
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Fig. 2. Colon temperature of 
guinea pigs treated with chlor- 
promazine (20mg. kg 1 i.p.) or 
0.9% NaC1 and kept at +23°C for 
i h; P < 0.01, Bonferroni's test 
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Fig. 3. Ear-lobe temperature of 
guinea pigs treated with chlor- 
promazine (20rag. kg -1 i.p.) or 
0.9% NaC1 and kept at +23°C for 
l h  
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Table 1. Hypothalamic NA, MHPG and MHPG/NA ratio in guinea pigs kept in severe cold or 
at room temperature and treated with chlorpromazine (CPZ) 20 mg • kg- ~ or 0.9% NaC1 i.p. 

Group NA (ng. rag- 1) MHPG (ng. mg- I) MHPG/NA 

I (CPZ, -20°C) 932.0 + 139.5" 422.2 + 131.7' 0.450 _+ 0.132' 
(n = 8) (n = 7) (n = 7) 

II (NaC1, -20°C) 1109.3 + 214.7"* 416.9 + 81.8'* 0.400 + 0.144"* 
( .  = 8) ( .  = 8) (n = 8) 

III (CPZ, +23°C) 1349.2 + 243.0*** 3.8 + 6.5 0.003 + 0.006 
(n = 7) (n = 6) (n = 6) 

IV (NaC1, + 23°C) 2022.2 + 472.9 6.7 _+ 14.2 0.012 _+ 0.004 
(n = 8) (,, = 8) (n = 8) 

Values are means + SD. Statistical significance: * P < 0.01 compared to CPZ group kept at 
+ 23°C; ** P < 0.01 compared to NaC1 group kept at + 23°C; *** P < 0.05 compared to NaC1 
group kept at + 23°C; Bonferroni's test 

After  1 h at room tempera ture ,  the drug-treated guinea pigs and their controls 
had only very small amounts of M H P G  in the hypothalamus.  Both groups ex- 
posed to the cold had hypothalamic M H P G  concentrations that were several 
hundred times higher than the controls (Table 1). 

The hypothalamic M H P G / N A  ratio was similar and high in both cold- 
exposed groups. The ratio was very low in the animals kept  at room tempera-  
ture, the difference being significant in comparison with the animals t reated the 
same way and kept  in severe cold (P < 0.01 for both  pairs) (Table 1). 

Hypothalarnic DA and HVA. The hypothalamic D A  concentrations in both 
groups exposed to severe cold were about  the same, as were those in the two 
groups kept  at room temperature .  D A  was higher in the chlorpromazine- 
t reated cold-exposed animals than in the corresponding group kept at room 
temperature ,  although the difference was not significant. The NaCl-treated 
cold-exposed animals also had higher hypothalamic D A  concentrations than the 
corresponding groups kept  at room tempera ture ,  the difference being statisti- 
cally significant (P < 0.05). These results are presented in Table 2. 

Both chlorpromazine-treated groups had practically the same hypothalamic 
H V A  concentrations, and there were also no statistically significant differences 
between the two NaCl-treated groups. H V A  concentrations were higher in the 
cold-exposed chlorpromazine-treated animals than in their cold-exposed con- 
trols, but not significantly so. The drug-treated animals kept  at room tempera-  
ture had significantly higher H V A  concentrations than their NaC1 controls 
( P <  0.01). The hypothalamic H V A / D A  ratio did not differ significantly be- 
tween the groups (Table 2). 

Hypothalarnic 5-HT and 5-HIAA. There  were no statistically significant differ- 
ences in hypothalamic 5-HT concentrations between groups (Table 3), but the 
chlorpromazine group exposed to severe cold had a significantly lower amount  
of 5 - H I A A  in the hypothalamus than their controls (P < 0.05) whereas there 
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Table 2. Hypothalamic DA, HVA and HVA/DA ratio in guinea pigs kept in severe cold or 
at room temperature and treated with chlorpromazine (CPZ) 20 mg • kg- 1 or 0.9% NaC1 i.p. 

Group DA (ng. mg- 1) HVA (ng. rag- 1) HVA/DA 

I (CPZ, -20°C) 234.2 _+ 60.9 334.3 + 79.5 1.399 _+ 0.502 

(n = 8) (n = 7) (n = 7) 

II (NaC1, - 20°C) 241.5 _+ 54.2* 290.4 + 89.7 1.217 _+ 0.285 

(n  = 8)  (n = 8)  (n  = 8)  

III (CPZ, +23°C) 182.3 + 32.7 340.5 + 37.6** 1.939 + 0.157 
(n = 7) (n = 7) (n = 7) 

IV (NaC1, + 23°C) 166.6 _+ 31.8 211.8 _+ 74.6 1.355 _+ 0.606 

(n = 8)  (~ = 8)  (~  = 8)  

Values are means + SD. Statistical significance: * P < 0.05 compared to NaC1 group kept at 
+ 23°C; ** P < 0.01 compared to NaC1 group kept at + 23°C; Bonferroni's test 

Table 3. Hypothalamic 5-HT, 5-HIAA and 5-HIAA/5-HT ratio in guinea pigs kept in severe 
cold or at room temperature and treated with chlorpromazine (CPZ) 20 mg• kg- 1 or 0.9% 
NaC1 i.p. 

Group 5-HT (ng. mg- 1) 5-HIAA (ng. mg- 1) 5-HIAA/5-HT 

I (CPZ, -20°C) 386.3 + 72.8 96.1 + 33.4" ** 0.251 + 0.067 
(n = 8) (n = 7) (n = 7) 

II (NaC1, - 20°C) 455.8 + 96.2 149.6 + 22.7*** 0.340 + 0.082 
(n  = 8)  (n  = 8) (n = 8) 

III (CPZ, +23°C) 481.2 + 145.5 48.7 +_ 18.2 0.120 _+ 0.040 
(n = 7) (n = 7) (n = 7) 

IV (NaC1, +23°C) 514.1 _+ 88.9 53.4 _+ 20.9 0.103 + 0.035 
(n = 8)  (n  = 8) (n  = 8)  

Values are means + SD. Statistical significance: * P < 0.05 compared to NaC1 group kept at 
- 20°C; ** P < 0.01 compared to CPZ group kept at + 23°C; *** P < 0.01 compared to NaC1 
group kept at + 23°C; Bonferroni's test 

was no  difference at r o o m  tempera tu re .  The  cold-exposed ch lorpromazine-  
t rea ted  animals  had  a significantly higher  5 - H I A A  concen t ra t ion  t han  those 
t rea ted  with the drug and  kept  at r oom t empera tu re  (P  < 0.01), and  the same 
s i tua t ion prevai led  in the cold-exposed and  r o o m  t empera tu re  NaCl - t rea ted  

groups (P  < 0.01) (Table  2). 

Serum, urinary and vitreous fluid catecholamines 

Serum, NA and A. There  were no  statistically significant  differences in se rum 
N A  concen t ra t ions  be tween  the ch lo rpromaz ine- t rea ted  groups and  their  con- 
trols. The  cold-exposed ch lo rpromaz ine- t rea ted  animals  had significantly lower  
se rum N A  concen t ra t ions  than  those t rea ted  with the drug and  kept  at r oom 
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Table 4. Serum catecholamines NA and A in guinea pigs kept in severe cold or at room 
temperature and treated with chlorpromazine (CPZ) 20 mg• kg- 1 or 0.9% NaC1 i.p. 

Group I Group II Group III Group IV 
(CPZ, - 20°C) (NaC1, - 20°C) (CPZ, + 23°C) (NaC1, + 23°C) 

Serum NA 28.7 -+ 8.0* 23.8 + 13.7"* 66.8 -+ 27.6 57.3 _+ 28.3 
(ng. ml- 1) (K/ = 7) (n = 8) (n = 8) (n = 8) 

Serum A 12.2 + 9.0*** 32.8 _+ 15.7 71.4 _+ 69.8 105.7 _+ 80.4 
(ng-ml 1) (n = 7) (n = 8) (n = 8) (n = 5) 

Values are means + SD. Statistical significance: * P < 0.05 compared to CPZ group kept at 
+ 23°C; ** P < 0.05 compared to NaC1 group kept at + 23°C; *** P < 0.05 compared to NaC1 
group kept at -20°C; Bonferroni's test 

Table 5. Urinary catecholamines NA, A and DA in guinea pigs kept in severe cold or at room 
temperature and treated with chlorpromazine (CPZ) 20 mg • kg- 1 or 0.9% NaC1 i.p. 

Group I Group II Group III Group IV 
(CPZ, - 20°C) (NaC1, - 20°C) (CPZ, + 23°C) (NaC1, + 23°C) 

Urinary NA 33.8 + 25.9 59.4 + 38.9 28.0 _+ 37.2 17.4 + 6.5 
(ng-  m l -  1) (n = 5) (n = 5) (n = 6) (n = 5) 

Urinary A 12.5 + 8.7* 171.4 + 73.7** 33.3 + 46.6 11.2 + 7.3 
(ng. ml- 1) (n = 5) (n = 5) (n = 6) (n = 6) 

UrinaryDA 8.2_+ 7.9 1.6_+2.2 5.5_+ 4.9 0.8-+2.1 
(ng. ml- 1) (n = 5) (n = 5) (n = 5) (n = 6) 

Values are means + SD. Statistical significance: * P < 0.01 compared to NaC1 group kept at 
- 20°C; ** P < 0.01 compared to NaC1 group kept at + 23°C; Bonferroni's test 

t e m p e r a t u r e  (P  < 0.05),  and  the  N a C l - t r e a t e d  gu inea  pigs e x p o s e d  to  severe  
cold  also had  s ignif icant ly  l ower  s e r u m  N A  concen t r a t i ons  than  the i r  coun te r -  
par t s  k e p t  at  r o o m  t e m p e r a t u r e  (P  < 0.05).  T h e s e  and  o t h e r  d i f fe rences  be -  
t w e e n  the  groups  are  p r e s e n t e d  in T a b l e  4. 

S e r u m  A concen t r a t ions  were  s ignif icant ly  lower  in the  c h l o r p r o m a z i n e -  
t r e a t e d  c o l d - e x p o s e d  an imals  than  in the i r  con t ro l s  (P  < 0.05) and  were  also 
lower  in the  d r u g - t r e a t e d  g roup  k e p t  at  r o o m  t e m p e r a t u r e  than  in the  corre-  
spond ing  cont ro ls ,  bu t  no t  s ignif icant ly  so. The  c o l d - e x p o s e d  d r u g - t r e a t e d  ani- 
mals  also had  a lower  m e a n  se rum A concen t r a t i on  than  the  d r u g - t r e a t e d  ani-  
mals  k e p t  at  r o o m  t e m p e r a t u r e ,  bu t  this  d i f fe rence  was no t  s ignif icant ,  and  a 
s imi lar  nons ign i f ican t  r e l a t ionsh ip  ex i s ted  a m o n g  the  an imals  rece iv ing  NaC1 
(Tab le  4). 

Urinary NA, A and DA. D A  a p p e a r e d  in d e t e c t a b l e  amoun t s  in eve ry  chlor-  
p r o m a z i n e - t r e a t e d  an imal  bu t  in on ly  some  o f  the  cont ro ls ,  the  a m o u n t  be ing  
sl ightly h igher  in the  c o l d - e x p o s e d  indiv iduals .  N o  s ignif icant  d i f fe rences  were  
seen  b e t w e e n  the  g roups  (Tab le  5). T h e r e  were  no  s ignif icant  d i f fe rences  in uri-  
na ry  N A  concen t r a t i ons  b e t w e e n  groups ,  bu t  u r i na ry  A was s ignif icant ly  lower  
in the  c o l d - e x p o s e d  c h l o r p r o m a z i n e - t r e a t e d  an imals  than  in the i r  con t ro l s  
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Table 6. Vitreous fluid eatecholamines NA and DA in guinea pigs kept in severe cold or at 
room temperature and treated with chlorpromazine (CPZ) 20 mg • kg- 1 or 0.9% NaC1 i.p. 

Group I Group II Group III Group IV  
(CPZ, - 20°C) (NaC1, - 20°C) (CPZ, + 23°C) (NaC1, + 23°C) 

Vitreous fluidNA 3.0 + 1.1" 2.8 + 1.6"* 0.3 + 0.3 0.4 + 0.1 
(ng. ml- a) (n = 7) (n = 5) (n = 8) (n = 7) 

Vitreous fluid DA 24.7 + 15.1"** 11.9 + 6.3**** 4.8 + 1.3 3.9 + 0.6 
(rig. ml- 1) (n = 7) (n = 5) (n = 8) (n = 7) 

Values are means + SD. Statistical significance: * P < 0.01 compared to CPZ group kept at 
+ 23°C; ** P < 0.01 compared to NaC1 group kept at + 23°C; *** P < 0.05 compared to CPZ 
group kept at +230C; **** P < 0.05 compared to NaC1 group kept at +23°C; Bonferroni's 
test 

(P  < 0.01), although no significant differences were seen at room temperature .  
There  was also no significant difference between the two chlorpromazine- 
t reated groups. The cold-exposed NaCl-treated guinea pigs had significantly 
higher urinary A concentrations than the corresponding group kept  at room 
tempera ture  (P < 0.01) (Table 5). 

Vitreous fluid catecholamines. Both cold-exposed groups had some N A  in the 
vitreous fluid, more  than the corresponding groups kept  at room temperature ,  
the difference being significant between both the two chlorpromazine groups 
(P < 0.01) and the two NaC1 groups (P < 0.01). There  were no significant differ- 
ences between the drug-treated groups and their controls. Vitreous fluid D A  
concentrations were also significantly higher in both  the drug-treated and NaC1- 
treated cold-exposed groups (P < 0.05 in both cases) than in the corresponding 
guinea pigs kept  at room temperature .  No differences were seen between the 
drug-treated animals and their controls (Table 6). There  was no detectable 
adrenaline in the vitreous fluid of  any animal. 

Liver and muscle glycogen and blood glucose 

There  were no differences in liver glycogen concentrations between the cold- 
exposed drug-treated animals and their controls or between the room tempera-  
ture animals and their controls. The cold-exposed animals had lower liver glyco- 
gen concentrations than those kept at room tempera ture ,  but no statistically sig- 
nificant differences were seen between groups. Muscle glycogen concentrations 
were also lower in the cold-exposed groups, but no statistically significant differ- 
ences existed. Blood glucose was higher in both  chlorpromazine-treated groups 
than in the control groups, the difference being statistically significant at room 
tempera ture  (P < 0.01), but not in severe cold. The cold-exposed NaCl-treated 
guinea pigs also had significantly higher blood glucose than the NaCl-treated 
animals kept  at room tempera ture  ( P < 0 . 0 5 ) .  The chlorpromazine-treated 
cold-exposed animals had a significantly higher blood glucose concentration 
than the room tempera ture  group treated with the drug (P < 0.01) (Table 7). 
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Table 7. Liver and muscle glycogen and blood glucose in guinea pigs kept in severe cold or at 
room temperature and treated with chlorpromazine (CPZ) 20 mg • kg- 1 or 0.9% NaC1 i.p. 

Group Liver glycogen Muscle glycogen Blood glucose 
(mg. g- 1) (mg. g 1) (mmol. 1 1) 

I CPZ, -20°C) 7.51 + 5.65 1.69 _+ 1.19 12.63 + 1.04"* 
(n = 8) (n = 8) (n = 7) 

II (NaC1, - 20°C) 11.63 + 13.81 1.55 _+ 1.13 10.76 _+ 2.20* 
(n = 8) (n = 8) (n = 8) 

III (CPZ, +23°C) 22.83 + 9.94 2.21 _+- 1.64 9.99 + 1.44"** 
(n = 8) (~ = 8) (~ = 8) 

IV (NaC1, +23°C) 24.06 + 21.03 2.46 _+ 1.95 7.40 + 0.68 
(n = 8) (n  = 8) (n  = 8) 

Values are means _+ SD. Statistical significance: * P < 0.05 compared to NaCl-treated group 
kept at +23°C; ** P < 0.01 compared to CPZ-treated group kept at +23°C; *** P < 0.01 
compared to NaCl-treated group kept at + 23°C; Bonferroni's test 

Autopsy findings 

Gastric mucosal bleeding was seen in all except one of the guinea pigs exposed 
to severe cold for i h and t reated with chlorpromazine.  The corresponding 
NaCl-treated animals did not have any bleeding. Only one drug-treated animal 
had gastric mucosal bleeding after 1 h at room temperature ,  whereas none of 
their NaC1 controls had any bleeding. 

Discussion 

As expected, the chlorpromazine-treated animals became obviously hypother-  
mic after i h at - 20°C .  The drop in colon tempera ture  in the control animals 
kept in the cold may at least partly be because of restraint. At  room tempera-  
ture restraint did not cause any alterations in the colon tempera ture  during the 
experiment,  as seen in the constant tempera ture  curve. The hypothermic effect 
of chlorpromazine could already be seen after 1 h at room temperature ,  which 
is in agreement  with earlier observations [1, 2]. 

The relatively high dose of chlorpromazine did not cause any apparent  vaso- 
dilation at room tempera ture ,  although the ear-lobe tempera ture  was slightly 
higher in the drug-treated group during the first 10-15 min. A very rapid initial 
vasodilation may have taken place in the drug-treated animals immediately 
after the i.p. injection, as repor ted with ethanol in rats [12], but this was not ob- 
served here. 

The higher hypothalamic M H P G  concentrations and lower N A  concentra- 
tions in both cold-exposed groups, as compared  with the animals kept at room 
temperature ,  indicate a cold-induced increase in the activity of noradrenergic 
neurons in this brain region. An elevated M H P G  concentration is a useful indi- 
cator of increased noradrenergic neuronal  activity [13]. The rise in the M H P G /  
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NA ratio in the hypothalamus, which was clearly observable in the present cold- 
exposed groups, is also thought to be consistent with increased activity of 
noradrenergic neurons [14]. Chlorpromazine had no significant effect on the 
cold-induced activity of noradrenergic neurons in the hypothalamus, as no 
differences were seen in the hypothalamic NA and MHPG. It is possible, how- 
ever, that it may have stimulated the extraneuronal metabolic pathway of NA, 
leading to an accumulation of normetanephrine, as reported in rats by Westerink 
[5]. In other words, cold increased the release of NA and its metabolism to 
MHPG, but the NA receptor blockade caused by chlorpromazine may have had 
an inhibitory effect on this metabolic pathway. 

The similar HVA concentrations in the NaCl-treated guinea pigs kepts in 
the cold and at room temperature can be interpreted as suggesting that the 
hypothalamic dopaminergic neurons are not activated by cold; this is also true 
of the similar HVA/DA ratios in these groups. HVA is the main central meta- 
bolite of DA, and its concentration in the brain tissue should be an indicator of 
dopaminergic neuronal activity. A review of the literature on this has been pub- 
lished by Scheinin [10]. The elevated DA concentration in the cold-exposed ani- 
mals may reflect increased synthesis of this compound, which could be used as 
a precursor of NA. 

Chlorpromazine had no significant effect on hypothalamic DA either at 
room temperature or in severe cold, but it did increase the amount of HVA. 
This is in accordance with earlier studies in experimental animals, in which a 
chlorpromazine-induced increase in cerebrospinal fluid HVA has been reported 
[15]. This increase is interpreted as implying that the drug-induced DA receptor 
blockade increases the turnover of DA. The same tendency was seen here in 
severe cold. 

According to the literature review of Scheinin [15], the concentration of 5- 
HIAA in the cerebrospinal fluid and brain tissue is an indication of the activity 
of the serotonergic neurons and is not affected by antipsychotic drugs. Increased 
serotonergic activity in the hypothalamus was seen in the present study in both 
cold-exposed groups and is probably also reflected by the higher 5-HIAA/5-HT 
ratios observed after cold exposure. Chlorpromazine did not cause any changes 
in serotonergic neurotransmission at room temperature, whereas in severe cold 
hypothalamic 5-HIAA was lower in the drug-treated animals than in the NaC1- 
treated ones, indicating diminished serotonergic activity in the hypothalamus. 
On the other hand, this could not be seen in the 5-HIAA/5-HT ratios. The high 
5-HIAA concentration indicates, however, that there is an increase in the 
serotonergic neuronal activity in the hypothalamus, which was inhibited by 
chlorpromazine. 

The observation that serum NA and A were lower in both cold-exposed 
groups than in the corresponding groups kept at room temperature points to a 
sympathetic "switch-off" phenomenon [16] or exhaustion of the sympathetic 
nervous system. The relatively low concentrations of urinary NA and A in the 
cold-exposed chlorpromazine-treated guinea pigs show that the excretion of 
these catecholamines was not at a high level at any time during cold exposure. 
That is probably because of the strong tranquillizing effect of chlorpromazine, 
which was potentiated by the rapid stunning effect of severe cold. A cold- 
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induced rise in urinary A was seen in the cold-exposed NaC1 group, whereas no 
notable rise in NA was observed. The high serum glucose concentration in the 
cold-exposed NaCl-treated animals indicates A-induced glucose mobilization. 
The drug-treated cold-exposed animals also had high serum glucose in spite of 
relatively low serum and urinary A values, probably as a consequence of other  
hormone effects, e.g., increased cortisol or decreased insulin, or else glucose 
uptake into the cells may have otherwise been reduced. Chlorpromazine 
seemed to liberate D A  from peripheral sources, as urinary excretion was mostly 
seen only in the drug-treated guinea pigs. The significance of this finding re- 
mains obscure. 

Gastric mucosal bleeding is a frequent finding in humans dying of hypo- 
thermia, and the same kind of bleeding was generally present in the drug- 
treated cold-exposed group of guinea pigs. Although urinary catecholamines 
did not show any stress response, the stomach was indicative of severe stress 
conditions, which remained unaffected by a sedative drug. 

The rise in NA and D A  in the vitreous fluid also proved to be an indicator 
of cold stress, as reported earlier by Lapinlampi and Hirvonen [17]. As no drug- 
induced changes in vitreous fluid catecholamine content were seen in the pre- 
sent work, this fluid could be worth analyzing in forensic cases in order  to con- 
firm general cold stress. 

In conclusion, the current study indicates that hypothalamic noradrenergic 
and serotonergic neurons are activated by severe cold and that chlorpromazine 
has an inhibitory effect on serotonergic neurons in severe cold and may also re- 
duce cold-induced noradrenergic activity. Chlorpromazine increased the turn- 
over of D A  in the hypothalamus, and this tendency was also observed in a cold 
environment.  A peripheral release of DA was induced by chlorpromazine. 
Vitreous fluid catecholamines proved to be a useful indicator of cold stress with- 
out any observable drug effects, whereas urinary catecholamines were not ele- 
vated because of the strong tranquillizing effect of chlorpromazine combined 
with an anaesthetizing effect of severe cold. 
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