
s t ruc t ion  of cytochrome P-450.  This protec t ive  effect  of 3 ,4-benz(a)pyrene is actual ly  due to the antioxidant 
p r o p e r t i e s  of its hydroxylat ion products ,  and not to compet i t ion for  sources  of reducing equivalents  in the 
NADPH-depeadent  e l e c t ron - t r ans po r t  chain. This  conclusion can be drawn f r o m  the following expe r imen t s .  
On incubation of hepatocytes  in the absence  of F e + + - A D P ,  but in the p r e sence  of iNADPH (10 -4 M) very  little 
accumulat ion of MDA was observed  in the cel ls  (0.20 �9 0.11 nmoles /10  ~ cells) ,  and cy tochrome P-450 was 
cor respondingly  s tabi l ized (Fig. 2). After  addition of F e + + - A D P  (5 �9 10 -5 M) to the hepatocyte suspension,  
ne i ther  accumulat ion of MDA nor des t ruc t ion  of cytochrome P-450 took place during the next 30 rain (Fig. 2). 
In suspension without benz(a)pyrene and without F e + + - A D P ,  but with I~ADPH, MDA accumulatiorL during the f i r s t  
30 rain was the s ame  as in the s y s t e m  with addition of benz(a)pyrene,  but in the 30 rain a f t e r  addition of Fe + + -  
ADP the MDA content inc reased  by 1.5 t imes  under these  conditions. 

Thus antioxidants of phenolic type,  both exogenous and hydroxylat ion products  fo rmed  as a r e su l t  of oxi-  
dative metabo l i sm of hydrophobic subs t r a t e s ,  a re  effective p ro t ec to r s  of cytochrome P-450 in l iver  cel ls  against  
des t ruc t ion  due to  lipid peroxidat ion.  
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Exposure  for  shor t  per iods  to high or low t e m p e r a t u r e s  is followed by the development  of t r a c e  reac t ions  
[6]. There  is evidence of last ing morphological  and physiological  changes in animals  af ter  exposure  to hypo-  
and h y p e r t h e r m i a  [1, 4]. Profound and last ing changes a f te r  exposure  to br ie f  but ex t r eme  cold have been de-  
sc r ibed  also at the level  of the ef fec tor  m e c h a n i s m s  of chemica l  t e m p e r a t u r e  regulat ion [7]. However ,  it is not 
yet  known whether  a f te re f fec ts  of exposure  to high or low t e m p e r a t u r e s  a re  p r e s e r v e d  at  the level  of cent ra l  
mechan i sms  of t e m p e r a t u r e  regulat ion.  An impor tan t  ro le  in the regulat ion of body t e m p e r a t u r e  is played by the 
se ro ton inerg ic  s y s t e m  of the bra in  [8]. The pr incipal  enzyme par t ic ipat ing in sero tonin  ca tabol i sm is mono-  
amine oxidase (MAC), whose act ivi ty de te rmines  the intensi ty  of serotonin  des t ruc t ion  and can regula te  its level  
in synaptic  endings [2]. 

The a im of this investigation was to study the effects  of exposure  to different  t e m p e r a t u r e s  on the act ivi ty 
and catalyt ic  p r o p e r t i e s  of MAC. 
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Fig. i. Brain mitoehondrial MAO activity (in 
nmole ammonia/2 mg protein/min) on deamination 
of serotonin in rats at different times after short- 
term hypothermia. Ordinate, MAO activity. Fig- 
ures above columns denote serotonin concentra- 
tion in incubated sample (in mM): i) control, 2) 
1 h, 3) 24 h, 4) 4 days after hypothermia. *P < 
0.05 compared with control, * *P < 0.01, ***P < 
0.001. 

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  were  c a r r i e d  out  on male  W i s t a r  r a t s  weighing 180-230 g. Animals  of one group were  ex -  
posed  to  s h o r t - t e r m  cooling in expe r imen t a l  cons t ra in ing  cages  in a r oom with an a i r  t e m p e r a t u r e  of -15~  
Cooling of the an imals  for  1 h was accompanied  by a fal l  of r e c t a l  t e m p e r a t u r e  ca average  to 25~ Rats  of the 
other  group were  exposed  to a high ambient  t e m p e r a t u r e :  38~ for  1 h.  The i r  r e c t a l  t e m p e r a t u r e  was r a i s e d  
on average  by 0.7~ Af te r  the end of exposure  to the d i f ferent  t e m p e r a t u r e s  the r a t s  were  r ep l aced  in a r oom 
with an a i r  t e m p e r a t u r e  of 19-22~ and decap i t a t ed  a f te r  va r ious  t ime  in t e rva l s .  A to~al mi tochondr ia l  f r ac t i on  
was obtained by d i f fe ren t i a l  centr i fugat ion f rom a homogenate  of the b ra in  s t e m  [11] and MAO ac t iv i ty  in i t  was 
de t e rmined  by a method based  on m e a s u r e m e n t  of a m m on i a  se t  f ree  dur ing enzymic  deamina t ion  of a s u b s t r a t e  
in an incubated s amp le  [3]. Enzyme p r e p a r a t i o n s  were  incubated with the subs t r a t e  in 0.1 M Na,K-phosphate  
buffer,  pH 7.4, at 37~ for  30 min.  Act iv i ty  of the enzyme was e x p r e s s e d  in nmoles  a m m o n i a / m g  p r o t e i a / m i n .  
The p ro te in  concent ra t ion  in the homogenate was de t e rmined  by Lowry ' s  method.  Serotonin (serotonin  erea t in ine  
sul fa te ,  f r om Reanal ,  Hungary) was used as the s u b s t r a t e .  The apparent  Miehael i s  constant  (Km) was ca lcu la ted  
f rom values  of enzyme ac t iv i ty  in the p r e s e n c e  of d i f ferent  se ro ton in  concent ra t ions  (six d i f ferent  concent ra t ions  
f rom 0.05 to 1 mM were used) [5]. The max ima l  r e a c t i o n  ve loc i ty  was de t e r m i ne d  in a s a tu ra t ing  concent ra t ion  
of 3 mM sero ton in .  

E X P E R I M E N T A L  R E S U L T S  

The e x p e r i m e n t s  showed that  a s ingle  shor t  exposure  to cooling, accompanied  by hypo thermia ,  led to  p r o -  
longed changes in the ac t iv i ty  and ca ta ly t i c  p r o p e r t i e s  of MAO. Af te r  the  end of exposure  to  a low t e m p e r a t u r e  
MAO ac t iv i ty  i n c r e a s e d ,  and i n c r e a s e d  ac t iv i ty  of the enzyme in the r eg ion  of low concent ra t ions  of se ro ton in  
p e r s i s t e d  for  4 days or  more  (Fig.  1). Changes a l so  were  obse rved  in the kinet ic  p a r a m e t e r  of the reac t ion :  
the value of K m fel l .  The g r e a t e s t  d e c r e a s e  in K m was obse rved  1 h a f t e r  hypo thermia :  to 0.087 =~ 0.013 mM 
(Kin in the control  group of r a t s  was 0.16 • 0.019 raM, P < 0.01). The value of Km was s t i l l  low a f t e r  24 h 
(0.101 • 0.023 raM, P < 0.05). Af te r  4 days K m was cons ide rab ly  r e s t o r e d  but had not r eached  the control  level  
(0.125 • 0.015 raM, P > 0.1). The max ima l  r eac t i on  veloci ty  was unchanged in a l l  c a s e s .  

Af t e r  s h o r t - t e r m  exposure  to  a high t e m p e r a t u r e ,  which was accompanied  by modera t e  hype r the r rn ia ,  a d e -  
c r e a s e  in MAO ac t iv i ty  was found. The g r e a t e s t  d e c r e a s e  in enzyme ac t iv i ty  was obse rved  4 days  af te r  h y p e r -  
t h e r m i a .  This was followed by gradua l  r e c o v e r y  of MAO ac t iv i ty ,  but in the reg ion  of a se ro ton in  concentra t ion  
of 0.1 mM ac t iv i ty  of the  enzyme was s t i l l  r educed  a f t e r  7 days (Fig.  2). A s m a l l  (not s t a t i s t i c a l l y  s ignif icant)  
i n c r e a s e  in Km was found in the p o s t h y p e r t h e r m i e  per iod :  Km in the control  was 0.153 • 0.031 raM, 1 h a f t e r  
h y p e r t h e r m i a  it was 0.218 • 0.046 raM, and a f t e r  24 h it was 0.223 • 0.038 mM (P > 0.1). The m a x i m a l  r eac t i on  
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Fig. 2. Brain mitochondrial MAO activity (in 
nmole ammonia/rag protein/rain) on deamina- 
tion of serotonin in rats at different times after 
short-term hyperthermia: i) control, 2) I h, 3) 
24 h, 4) 7 days after hyperthermia. Remainder 
of legend as to Fig. I. 

veloci ty  was changed in only one group of an imals ,  namely  24 h a f te r  hyper the rmia :  f r o m  5.6 • 0.15 nmole 
a m m o n i a / m g  p r o t e i n / m i n  in the control  to  6.4 • 0.26 nmole  a m m o n i a / m g  p r o t e i n / m i n  in the exper iment  (P < 
0.05). After  s h o r t - t e r m  hype r the rmia  changes were  thus found in MAO act ivi ty in the opposite d i rec t ion  to those 
observed  a f te r  s h o r t - t e r m  hypothermia ,  and they  were  dis t inguished by an even longer  a f te ref fec t .  

Consequently,  a f te r  a s h o r t - t e r m  exposure  to both hypo thermia  and hype r the rmia ,  even though the body 
t e m p e r a t u r e  was r e s t o r e d  and r ema ined  at a s teady level  t he rea f t e r ,  changes were observed  in the act ivi ty and 
catalyt ic  p rope r t i e s  of MAO which pe r s i s t ed  for  s e v e r a l  days.  However ,  unlike s h o r t - t e r m  hypothermia ,  a f te r  
the end of which the p r o c e s s e s  of sero tonin  ca tabo l i sm intensified, to r e a c h  a peak  a f te r  1 h, and subsequently 
they remained  high for  1-4 days,  a f te r  the end of s h o r t - t e r m  h y p e r t h e r m i a  MAO act ivi ty continued to fall ,  to 
r each  a min imum af te r  4 days,  and only a f te r  that  was gradual  r e c o v e r y  of MAO act ivi ty  observed .  In the r e -  
gion of the 0.1 mM concentrat ion of serotonin,  reduced act ivi ty  of the enzyme was st i l l  p r e s e r v e d  af ter  7 days.  
By cont ras t  with the pos thypothermic  per iod,  in which affinity of MAO for  sero tonin  was inc reased ,  in the pos t -  
h y p e r t h e r m i c  per iod some  d e c r e a s e  in e n z y m e - s u b s t r a t e  affinity evidently was observed,  leading to a dec rea se  
in sero tonin  deaminat ion in the region of low, near -phys io log ica l ,  serotonin  concentra t ions .  Hence a shor t  ex -  
posure  to both hypo thermia  and hype r the rmia  induces long- las t ing  changes,  but in different  d i rec t ions  and with 
different  durat ions ,  in the s y s t e m  of serotonin  ca tabol i sm in the bra in .  In the pos t -hypo the rmic  per iod changes 
in MAO act ivi ty are d i rec ted  toward inc reased  des t ruc t ion  of serotonin,  and they are  evidently assoc ia ted  with 
the need to a b o l i s h t h e  effect  of sero tonin  as a fac tor  inhibiting heat  product ion in the body [10]. A rapid  and con-  
s iderable  inc rease  in enzyme act ivi ty is produced by an inc rease  in the affinity of MAO for  serotonin .  The r e -  
sponse  to h y p e r t h e r m i a  is cha rac te r i zed  by opposite changes.  Under the influence of high ambient  t e m p e r a t u r e s  
act ivat ion of the se ro ton inerg ic  s y s t e m  evidently takes  place ,  accompanied  by a dec r ea se  in bra in  MAO act ivi ty,  
which leads to potentiat ion of fl~e effect  of sero tonin  on heat  e l iminat ion p r o c e s s e s  [11]. Changes in the act ivi ty 
and catalyt ic  p rope r t i e s  of MAO, which deamina tes  serotonin,  d i scovered  a f te r  a shor t  exposure  to both low and 
high ambient  t e m p e r a t u r e s  a r e  probably  a component of the t r ace  reac t ions  which a r i s e  in the t e m p e r a t u r e  r e -  
gulating s y s t e m  and they evidently lead to  i nc reased  r e s i s t ance  of the body to  subsequent  exposu res  of the s ame  
type to high or low t e m p e r a t u r e s .  
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R E G U L A T I O N  O F  T H E  E X C I S I O N  R E P A I R  S Y S T E M  

IN H U M A N  C E L L S  C U L T U R E D  IN V I T R O  BY M E A S L E S  

V I R U S E S ,  D E P E N D I N G  ON T H E I R  A T T E N U A T I O N  
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Viruses  may have a modifying effect on the excision repa i r  sys tem,  either suppress ing it [1, 2] or s t im-  
ulating individual s tages  of this p rocess .  The effect of attenuated measles  virus  on the repa i r  p rocess  is of 
p rac t ica l  as well as theore t ica l  interest ,  because vaccination with attenuated virus is ca r r ied  out annually on 
tens of thousands of children. 

Accordingly,  this paper  descr ibes  the resul ts  of a comparat ive study of the effect  of "wild-type n and a t -  
tenuated s t ra ins  of measles  virus on different s tages of excision repa i r  induced by UV irradiat ion.  Dete rmina-  
t ion of activity of the sys tem repair ing DNA injuries produced by this mutagen is important  because UV rad ia -  
tion is an ecologic factor  to whose action vaccinated children are  constantly exposed. Moreover ,  most  chemical 
mutagens have an action of UV type, i .e. ,  DNA repa i r  requi res  involvement of basical ly the same enzyme s y s -  
t ems .  Consequently, information obtainedwith the use of UV radiation may be cor rec t  to some degree also for 
chemical  substances of UV type which a re  widespread in the external  environment.  

E X P E R I M E N T A L  M E T H O D  

Exper iments  were car r ied  out on a transplantable culture of human cells of line L-41.  Two strains  of 
meas les  virus were  used: vaccine s t ra in  L-16 and the "wild-type" Edmonston s t ra in .  Cells were  infected in 
suspension and the multiplicity of infection was 0.01-0.1 TCDs0 per  cell. As the source of UV radiation, two 
BUF-15 lamps (254 rim) were used. Activity of the initial stage of excision repa i r  was investigated by a r ad io -  
chromatographic  method [5], whereby the number of thymine d imers  formed during UV-radiat ion and their  "ex-  
cision" could be determined under postradiat ion conditions of incubation. With this aim, cells growing in a 
monolayer  were i r rad ia ted  24 h after  infection in a dose of 20 J / m  2. The content of thymine d imers  in the cell 
DNA was determined immediately af ter  i r radia t ion and after  12 and 24 h of postradiat ion incubation. The num-  
ber of thymine d imers  was calculated by the equation: 

Number of d imers  = Count in region of thymine dimers  (in cpm) 
Count in region of thymine (in cpm) • 100%. 

Reparat ive  DNA synthesis  activated by UV radiation was studied by a liquid scinti l lation method based on 
incorporat ion of [3tt]thymidine into the total mass  of cells,  with suppress ion of replicat ive DNA synthesis  by 
hydroxyurea .  The intensity of repara t ive  synthesis  was judged f rom the value of the st imulation index (SI), which 
is the ratio between the radioactivity counts (in cpm) in the irradiated cells to the radioactivity count in unir- 
radiated cells. 
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