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Materials and methods. Our  e x p e r i m e n t s  were pe r fo rmed  
in h u m a n  e m b r y o n i c  k i d n e y  cell cu l tu res  in fec ted  w i t h  an  
a d a p t e d  s t r a in  Z of Herpesvirus hominis. The  cells were 
grown in mi lk  bo t t l e s  w i t h  0.5% l a c t a l b u m i n  in H a n k s '  
b a l a n c e d  sa l t  so lu t ion  w i t h  10% b o v i n e  s e rum a n d  100 
I U / m l  of penic i l l in  a n d  s t r e p t o m y c i n  (growth med ium) .  
A t  t h e  t i m e  of t h e  e x p e r i m e n t  t h e  bo t t l e s  c o n t a i n e d  
a p p r o x i m a t e l y  2.5 mi l l ion  cells in  a monolayer .  P rev ious  
to t he  in fec t ion  t h e  cells were w a s h e d  w i t h  saliiie (0.85% 
NaC1). The  ceils g iv ing  50% C P E  48 h a f te r  in fec t ion  
were in fec ted  w i t h  I ml  v i r a l  suspens ion  a n d  9 ml  of t he  
m a i n t e n a n c e  m e d i u m  (0.5% l a c t a l b u m i n  in H a n k s '  
b a l a n c e d  sa l t  so lu t ion  w i t h o u t  p h e n o l  red  a n d  1% calf 
s e rum and  usual  doses of an t ib io t ics )  a n d  i n c u b a t e d  a t  
37~ On t he  d a y  a f te r  in fec t ion  t h e  v i rus  t i t e r  in  t h e  
t issue cu l tu re  m e d i u m  was 2 logl0/ml. Fo r  each  as say  of 
enzymes  2 bo t t l e s  h a v e  been  used. 

The  samples  of t he  cells a n d  t h e  t i ssue  cu l tu re  f luids  
were col lected a t  t he  t i m e  of t h e  in fec t ion  ( t ime 0), 4, 8, 
24 a n d  44 h a f te r  t h e  infect ion.  E a c h  expe r ime i i t  was  
r epea t ed  5 t imes .  

3 0 0 - -  
250 

= 20C 
*o 

~ 150 

100 
._ 
& 50 

25 
",5 213 

= 15 

5 

0 

/ X. 
/ k- \  

Culture fluid 
�9 " / "  of infected cells %~.~ 

Cell 
,,, ."k control! 

Virus infected cells 

0 ~i 8 2~4 4~4h 

Fig. 1. The activity of cathepsin C in human embryonic kidney cells 
and in culture fluid after infection with herpes simplex virus. 
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Fig. 2. The activity of cathepsin C in chicken embryonic fibroblasts 
infected with herpes simplex virus. 

The  t i ssue  cu l tu re  f luids f rom 2 bo t t l e s  were pooled a n d  
t h e  cells w a s h e d  w i t h  a double  a m o u n t  of saline.  T h e n  
t he  cells were f rozen a t  - 2 0 ~  a n d  t h a w e d  a t  r oom 
t e m p e r a t u r e .  The  cells were s c rapped  f rom t h e  glass 
surface  w i t h  a r u b b e r  po l iceman.  The  samples  of t h e  cells 
washed  in dis t i l led w a t e r  were pooled  a n d  homogen ized  
in a P o t t e r - E l v e j h e m s  homogenizer .  Th i s  suspens ion  a n d  
t he  t i ssue  cu l tu re  f luids col lected were a s sayed  as 'en-  
zymes ' ,  

The  a c t i v i t y  of t h e  enzymes  was  assayed  in t h e  cells 
a n d  in t he  t i ssue  cu l tu re  fluids. N o r m a l  con t ro l s  were 
t r e a t e d  b y  t he  same  m e t h o d  a n d  assayed  s imul t aneous ly .  
The  a c t i v i t y  of cathepsi l lS was m e a s u r e d  b y  Ansons  m e t h -  
od us ing  h e m o g l o b i n  as s u b s t r a t e  11. The  c a t h e p s i n  un i t s  
were e v a l u a t e d  accord ing  to t h e  d i lu t ion  of t h e  samples .  
D e t e r m i n a t i o n s  were car r ied  ou t  w i t h  a n  U N I C A M  
500 SP  s p e c t r o p h o t o m e t e r  a t  625 nm.  

Results and discussion. The  resu l t s  (Figure  1) show 
changes  of ca theps i i i  C a c t i v i t y  in  t he  h u m a n  e m b r y o n i c  
k i d n e y  cell cu l tu res  a n d  cu l tu re  f luids in fec ted  w i t h  
Herpesvirus hominis. The  e n z y m e  a c t i v i t y  of in fec ted  ceils 
c o m p a r e d  w i t h  un in fec t ed  cells seems to be  increased.  
Th i s  increase  is m a r k e d  in t he  cells a t  t he  24 th  h a f t e r  
infect ion.  The  level  of c a t h e p s i n  is h igh,  especia l ly  in t he  
cu l tu re  f luids of in fec ted  cells. Because  in our  e x p e r i m e n t s  
we could no t  de t ec t  c a t h e p s i n  C a c t i v i t y  in  t he  t i ssue  cul- 
t u r e  f luids of n o r m a l  cells, we bel ieve  t h a t  i t  caii be  
p o s t u l a t e d  t h a t  a f t e r  t h e  in fec t ion  t he  a c t i v i t y  of t he  
enzymes  increases  f i rs t  i n t r ace l lu l a r ly  a n d  l a t e r  in  t he  
t i ssue  cu l tu re  fluids. 

Th i s  increased  a c t i v i t y  of c a t h e p s i n s  could n o t  be  
de t ec t ed  (Figure  2) in  f ib rob las t s  of ch ick  e m b r y o s  
in fec ted  w i t h  our  s t r a i n  of Herpesvirus hominis. This  
could be  p a r t l y  expla ined,  as in  t h i s  cell s y s t e m  the  
s t r a i n  used does no t  repl icate .  

Our  e x p e r i m e n t s  i nd i ca t e  t h a t  increase  of ca theps i i i  
C a c t i v i t y  and  c y t o p a t h o g e n i c  changes  in our  e x p e r i m e n t a l  
s y s t e m  could be  associated.  

Zusammen/assung Die Akt iv i t&t  des K a t h e p s i n s  C 
is t  in  m e n s c h l i c h e n  e m b r y o n a l e n  Nierenzel le i i  n a c h  
I n f e k t i o n  m i t  Herpes simplex Virus  e rh6h t .  E b e n s o  
is t  die Meiige des K a t h e p s i n s  C in a l len Z e i t p u n k t e n  
n a c h  II I fekt ion sehr  gross im i ibe rs te t l enden  Medium.  
Dagegeii  b l i eb  die Akt ivi tS. t  des Ka theps i i i s  unver~tnder t  
in  Zellen, in  denen  keiiie V e r m e h r u n g  voii  He rpesv i ru s  
s t a t t f i nde t .  Es  is t  m6gl ich,  dass  in  u i i serem Versuch-  
s y s t e m  K a t h e p s i n  C e inen  der  ve r a i i twor t l i chen  F a k t o r e n  
Iiir die C y t o p a t h o g e n i t ~ t  dars te l l t .  
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Cold Exposure: Effects on Hepatic Tryptophan Oxygenase and Tyrosine Aminotransferase, 
Plasma Tryptophan and Tyrosine, and Brain Monoamines 

The  ac t iv i t i es  of t r y p t o p h a i i  oxygei iase  a n d  ty ros ine  
a m i n o t r a n s f e r a s e  are a f fec ted  b y  p r o t e i n  or food inges- 
t ion  1, 2 ad rena l  h o r m o n e s  8, ~ e n v i r o n m e n t a l  regimensa ,  G, 
or d i e t a r y  a m i n o  acids 7. R e c e n t  i nves t i ga t i ons  h a v e  been  
d i rec ted  t o w a r d  d e t e r m i n i n g  t h e  r e l a t ionsh ip  of the  
a c t i v i t y  of these  enzymes  to t he  c o n c e n t r a t i o n s  of t r y p t o -  
p h a n  a n d  tyrosi i ie  as well  as serotoi i in  a n d  n o r e p i n e p h r i n e  

in pe r iphe ra l  a n d  cen t r a l  t i ssues  s-l~ Hydroco r t i sone  
i n d u c t i o n  of hepa t i c  ty ros ine  a m i n o t r a n s f e r a s e  decreased 
b o t h  p l a s m a  and  b r a i n  tyrosine1% b u t  d id  n o t  a l t e r  t he  
level  of b r a i n  I Iorep inephr ine  or serotoi i in.  A l t e rna t ive ly ,  
CuI~ZON a n d  GREXN d e m o n s t r a t e d  t h a t  immob i l i z a t i on  
s t ress  12 or hyd roco r t i sone  admin i s t r ado i i13  induced  
h e p a t i c  t r y p t o p h a n  oxygenase ,  a n d  conc luded  t h a t  
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decreased bra in  serotonin  was closely re la ted  to  th is  
induct ion.  Recent ly ,  FERNSTROM and WI:RTMAN~4 
repor ted  t h a t  b ra in  serotonin  m a y  be affected by  phys-  
iological changes  in p lasma  t r y p t o p h a n  levels. 

We  have  documen ted  increased act ivi t ies  of b o t h  
hepa t ic  t r y p t o p h a n  oxygenase  and tyros ine  amino-  
t ransferase  in mice exposed to acute  and  chronic cold 
stress 6. Accordingly,  we hypo thes i zed  t h a t  cold exposure  
would offer an ideal expe r imen ta l  condi t ion  for inves t iga t -  
ing and clarifying the  re la t ionships  be tween  hepat ic  
enzymes,  p la sma  subs t r a t e  levels, and concen t ra t ions  of 
cent ra l  monoamines .  

Materials  and methods. Adult ,  male (30-35 g) mice 
(Charles River,  Wi lmington ,  MA) were  used in all studies.  
Control  animals  were housed  in stainless steel, wire- 
b o t t o m  cages (4 per  cage) in cons t an t  t e m p e r a t u r e  
(21-22~ windowless  rooms wi th  a l t e rna t ing  l ight  
(06.00-18.00 h) and dark  (18.00-06.00 h) periods.  All 
animals  had  access ad l ib i tum to Charles River  Chow and  
fresh wa te r  t h roughou t  the  exper iment .  Cold exposed 
(2-4 ~ animals  were housed  singly. 

Sample  collection. AU animals  were unanes the t i zed  and  
were sacrificed at  e i ther  08.00 or 20.00 h. Blood was 
collected in hepar in ized  tubes  by  cardiac puncture ,  
centr i fuged,  and the  p l a sma  frozen and s tored for later  
assay. P l a sma  assays were pe r fo rmed  in t r ip l ica te  f rom 
al iquots  of pooled samples  collected f rom at  least  5 
animals.  Whole  bra ins  and l ivers were removed,  frozen by  
immers ion  into l iquid ni t rogen,  weighed, and s tored  at  
- -20~  for subsequen t  assay: Sta t i s t ica l  analyses were 
pe r fo rmed  by  S tuden t ' s  t-test .  

Assays .  T r y p t o p h a n  oxygenase  was de te rmined  by  the  
m e t h o d  of KNox  and  AU~RBACH 1~ as modif ied by  SEGL~N 

11 ,y // 
l J  ;T  mryptophan oxygenase 
09 ~ *,,, , ~  J ~ . . .  . activity 

.o 1 6 0 ~ n e  aminotransferase 
activity 

~c,. 1400 
12oo ~ ~ . ,  
1000 t ~l 

t i t  I 4oo8~176176176 ~ i"4. . . . . .  .v / ' L " - . L - -  - I  

200 
i i L i i i 

1 2 4 5 6 7 '~' 1'4 " 21 28days 
Iime of exposure 

Fig. 1. Effect of acute and chronic cold exposure on hepatic trypto- 
phan oxygenase (upper figure) and tyrosine amino transferase 
(lower figure). Each point represents the mean value ~ S.E. for at 
least 5 animals. Broken line denotes activity from mice exposed to 
cold (2-4~ solid line connects control (21-22~ values. Specific 
activity units are in terms of txmoles kynurenie acid formed per hour/g 
liver wet weight for TO and [xmoles P-hydroxybenzaldehyde ~ormed 
per hour]g liver wet weight for TAT. All animals were sacrificed at 
08.00 h except those at 0.5, 1.5, and 2.5 days, which were sampled at 
20.00 h. The 0 values correspond to the specific activity (mean) of a 
group of six mice sacrificed at 08.00 h on the first day of the experi- 
ment. 

and ]ERVEL16; hepat ic  ty ros ine  amino- t ransfe rase  af ter  
DIAMONDSTONE 17. T r y p t o p h a n  and  tyros ine  were assayed 
according to DENCKLA and  DEWEY is and  WAALKES and  
UDENFRIEND 19 respect ively.  The monoamines  se ro ton in .  
and  norep inephr ine  were q u a n t i t a t e d  by  the  procedures  
of MAICKEL et  al.~0 and CHANG 21. 

Results.  Figure 1 i l lus t ra tes  t he  effects of cold exposure  
on the  specific act ivi t ies  of hepa t ic  t r y p t o p h a n  oxygenase  
(TO) and tyros ine  amino t rans fe rase  (TAT) in mice. In  the  
cold s t ressed animals  (broken line), d i s tu rbances  in the  
dai ly periodici t ies  of TO occurred pr imar i ly  as a resul t  of 
increases in t he  normal ly  low AM (08.00 h) values. On 
day  4, TO ac t iv i ty  r emained  s ignif icant ly  above control  
levels (p < 0.01), bu t  by  day  7 differences were no t  
s ta t i s t ica l ly  di f ferent  (p > 0.05). Tyrosine amino t rans -  
ferase d isp layed  a grea ter  sens i t iv i ty  to this  env i ronmen ta l  
stress wi th  increased r h y t h m i c  oscillations (p < 0.02 on 
day  28). 

In  Figure 2 is depicted,  as pe rcen t  change  f rom respect i-  
ve control  values, the  effect  of cold exposure  on p lasma  
t r y p t o p h a n  and  tyros ine  concent ra t ion .  Mean control  
t r y p t o p h a n  levels 4- SEM were 17.6 4- 0.7 ~g/ml a t  
08.00 h (n = 8) and 20.1 4- 1.3 [zg/ml a t  20.00 h (n = 3); 
ty ros ine  concen t ra t ions  measured  21.4 ~ 1.5 Fg/ml a t  
08.00 h (n = 8) and  21.2 • 2.2 ~g/ml a t  20.00 hours  
(n = 3). 

In  Figure  3 are p lo t t ed  the  resul ts  for bra in  serotonin  
(solid line) and norep inephr ine  (broken line). The mean  
concen t ra t ion  of norep inephr ine  =k SEM in all control  
samples  was 0.37 ~= 0.02 ~g/g at  08.00 h (n : 46) and  
0.40 4- 0.03 ~g/g a t  20.00 h (n = 16); for serotonin,  
0.59 • 0.02 ~g/g at  08.00 h (n = 46) and 0.64 4- 0.03 ~g/g 
at  20.00 h (n ~ 17). Overall,  b o t h  d isp layed  similar 
pa t t e rns ,  i.e., ini t ial ly gradual  increases dur ing  the  ve ry  
early s tages of cold exposures  followed by  s ight  decreases ; 
thereaf ter ,  bo th  of these  cons t i t uen t s  r emained  wi th in  
4- 10% of contro l  levels. 

Discussion.  MOlR and  ECCLESTON Z2 d e m o n s t r a t e d  t h a t  
in t raper i tonea l  admin i s t r a t i on  of t r y p t o p h a n  rap id ly  
increased b o t h  p lasma  and  bra in  t r y p t o p h a n  levels, and  
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to a lesser ex t en t  b ra in  serotonin.  Other  workers  n-~8 
corre la ted  the  effects of hepa t ic  enzyme  induc t ion  wi th  
cent ra l  monoan l ine  levels. More recent ly ,  CURZON et al. ~ 
r epor ted  t h a t  immobiI iza t ion  stress increased the  levels 
of bra in  t r y p t o p h a n  and 5-hydroxyindoly lace t ic  acid 
while bra in  sero tonin  was unaf fec ted ;  however ,  food 
depr iva t ion  increased the  levels of all th ree  const i t -  
uents .  

Our expe r imen t s  d e m o n s t r a t e  tha t ,  a l though  exposure  
of mice to acute  cold stress results  in a rap id  induc t ion  
of hepa t ic  TO and TAT, there  are no general  correlat ions 
be tween  increased ac t iv i ty  of these  catabol ic  enzymes  
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% . " - - - '  Tryptophan 
50 . . . .  Tyrosine s~  

40 ~ / ~,, 
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Fig. 2. Effect of acute and chronic cold exposure (2 4 ~ on plasma 
levels of tryptophan (solid line) and tyrosine (broken line) in mice. 
Each point represents the mean percent change from control values 
of a pool from at least 5 samples. All animals were sacrificed at 08.00 h 
except those at 0.5, 1.5, and 2.5 days, which were sampled at 20.00 h. 
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Fig. 3. Effect of acute and chronic cold exposure (2 4 ~ on the levels 
of brain serotonin (solid line) and Ilorepinephrine (broken line) in 
mice. Each point represents the mean percent change from controI 
values ~ S.E.M. of at least 5 samples. All animals were sacrificed 
at 08.00 h except those at 0.5, 1.5, and 2.5 days, which were sampled 
at 20.00 h. 

and  reduced levels of p la sma  t r y p t o p h a n ,  tyrosine,  and  
bra in  norep inephr ine  and  serotonin.  Al though  we did 
no t  measure  the i r  turnover ,  o ther  s tressors  are effect ive 
in increasing the  t u rnove r  ra tes  of cent ra l  monoami -  
nes 24 27, par t icu lar ly  norepinephr ine .  Our results  indicate  
t h a t  if the  ra te  l imi t ing  enzymes  in sero tonin  and nore-  
p inephr ine  biosynthesis ,  t r y p t o p h a n  and  tyros ine  hy-  
droxylases  respec t ive ly  2s, are s t imula ted  by  cold stress 29, 
t h e n  homeos ta t i c  condi t ions  are ma in t a ined  by  increased 
levels of catabol ic  act iv i ty .  

The increases no ted  in p lasma  levels of t r y p t o p h a n ,  and 
par t i cu la r ly  tyrosine,  dur ing  cold exposure  m a y  be 
re la ted  to t he  process of cold accl imat iza t ion.  Non-  
shiver ing thermogenes is ,  increased food consumpt ion ,  
pro longed survival  in le thal  cold, and  a u g m e n t e d  
r eac t iv i ty  to  norep inephr ine  admin i s t r a t i on  are charac ter -  
istic of b o t h  mice 8~ and ra ts  31 when  cont inuously,  cold- 
exposed 3~. M a x i m u m  sens i t iv i ty  to exogenous norepine-  
phr ine  is achieved wi th  comple t ion  of the  process  of cold 
accl imat izat ion,  ap p ro x i ma t e l y  28 days,  which in our 
expe r imen t s  coincides w i th  the  decline o~ e levated  
ty ros ine  levels. 

In  conclusion, our resul ts  d e m o n s t r a t e  s ignif icant  
effects of cold exposure  upon  hepa t ic  enzyme act iv i ty ,  
in spi te  of which we were unable  to d e m o n s t r a t e  the  
hypo thes i zed  corre la t ions  be tween  such ac t iv i ty  and  
p lasma  amino  acid levels or cent ra l  monoamine  concent ra-  
t ions.  Very  recent ly ,  F~RNSTRO~ and  WURT~AN88 
have  repor ted  t h a t  b ra in  sero tonin  co n t en t  is p r imar i ly  
regula ted  by  the  ra t io  of t r y p t o p h a n  to  o the r  p la sma  
neu t ra l  amino acids compe t ing  for up take  in to  the  brain.  
Hence,  it  is possible t h a t  in our expe r imen t s  the  concent ra-  
t ion of o ther  p la sma  neu t ra l  amino acids m a y  have  
con t r ibu ted  to t he  lack of re la t ionship  be tween  p lasma  
t r y p t o p h a n  and  tyros ine  levels and  bra in  sero tonin  and 
norepinephr ine .  

Rdsumd. L 'expos i t ion  des souris & une basse temp6ra-  
tu re  a about i  & la p roduc t ion  rapide  de t r y p t o p h a n e  
oxyg6nase et  de ty ros ine  aminot rans i6rase .  Malgr6 
l ' a u g m e n t a t i o n  de l 'ac t iv i t6  enzymat ique ,  les n iveaux  
p l a sma t iques  de t r y p t o p h a n e  et  de tyros ine  fu ren t  
augment6s  d ' une  mani6re s ignif icat ive p e n d a n t  le 
t e m p s  de l 'exposi t ion.  Les n iveaux  de norepin6phr ine  et  
de s6rotonine du cerveau n ' en  on t  c e p e n d a n t  pas  6t6 
affect6s. 
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