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Significant differences in neurotransmitter uptake at 08.00 h and 20.00 h 
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Neurotransmitter Region Uptake (as median tissue/medium ratio) Significance ~ (p) 
08.00 h 20.00 h 

Male rats (n = 14) 
DA Hypothalamus 17.6 15.8 < 0.05 
DA Striatum 65.2 52.2 < 0.01 
NA Hypothalamus 19.6 17.3 < 0.05 
5HT Hippoeampus 16.8 13.8 < 0.05 

Ovariectomized female rats (n = 14) 
DA Cortex 16.0 10.3 % 0.05 
DA Striatum 62.5 52.5 < 0.01 
DA Midbrain 14.5 13.0 < 0.05 

Regions investigated: Cortex, hypothalamus, thalamus, midbrain, striatum, hippoeampus, ports and medu!Ia. ~ Wilcoxon test for paired values. 

5HT and  NA m a x i m a  are no t  s imple effects of the  ex te rna l  
t empera tu re ,  a l though  th is  is con t r ibu to ry .  Seasonal  
r h y t h m s  occur in m a n y  ve r t eb ra t e s  p r imar i ly  in re la t ion 
to  endocr ine  funct ions .  Such a seasonal  adap t ive  capac i ty  
migh t  be expec ted  to have  an i m p o r t a n t  selective 
value which  is re ta ined  even in l abora to ry  animals  kep t  
under  control led  condit ions.  

R h y t h m i c  p h e n o m e n a  in the  me tabo l i sm of the  mono-  
amines  m a y  have  far - reaching consequences .  For  ex- 
ample ,  per iodic i ty  is a weIl-establ ished charac ter i s t ic  of 
manic-depress ive  illness, w h e t h e r  it  be  i ts  cyclic na ture ,  
whe the r  the  c i rcadian mood  changes  of ten  associated wi th  

18 M. N. E. HARRI, Comp. gen. Pharmac. 3, 11 and 101 (1972). 
10 Symposium Bel-Air III Gengve, 1967; Cycles bioIogiques et 

psychiatric (Masson, Paris 1968). 
~0 Medical Research Council Brain Metabolism Unit. Lancet 7777, 

573 (1972). 
2~ I thank IV[. LICKTSTEINER and H. SCHNEIDE~ for their willingness 

to work at odd hours of the day, and E. HACKMANN, H. F~ER and 
W. KONO for helpful discussions. 

a l te ra t ions  of s leep-waking p a t t e r n s  and cor t icosteroid 
r h y t h m s ,  or the  seasonal  increase in depress ions  in 
a u t u m n  and ear ly  spr ing 19. Metabolic  r h y t h m i c i t y  of 
the  amines  t h o u g h t  to be involved  in the  aet iology of 
depress ion ~~ may  be one of the  factors  causing periods of 
increased suscept ibi l i ty .  

Zusammen/assung. Eine  s ignif ikante  h6here Neuro- 
t r a n s m i t t e r - A u f n a h m e  um 08.00 h als um 20.00 h 
wurde  ffir D o p ami n  im S t r i a t u m und  H y p o t h a l a m u s ,  
Noradrena l in  im H y p o t h a l a m u s ,  und  Serotonin  im 
H i p p o c a m p u s  yon mgmnlichen R a t t e n  gefunden,  abe t  
keine VerXnderung der  GABA-Aufnahme .  Nhnl iche 
Unte r sch iede  wurden  fiir D o p a m i n  im Cortex,  S t r i a t nm 
und  lVlittelhirn yon ova rek tomie r t en  IRatten gefunden.  
Ausse rdem wurde  eine gegenl~ufige j a h r e s r h y t h m i s c h e  
Ver~inderung der  D o p ami n -  und  Se ro ton in -Aufnahme  im 
S t r i a tum beobach te t .  

ANNA WIRZ-JUSTICE ~t 

Psychiatrische Universitdtsklinik, Wilhelm-Klein- 
Strasse 27, CH-4025 Basel (Switzerland), 7d May 7974. 

P l a s m a  E n z y m e  Act iv i t i e s  in Rats  w i t h  D i e t - I n d u c e d  A l t e r a t i o n s  in Liver  E n z y m e  Act iv i t ies1  

A var ie ty  of in t racel lu lar  enzymes  can be found in 
minu te  quan t i t i e s  in the  b lood2  The p lasma  level of an 
enzyme  clearly depends  upon  the  ra te  of its loss f rom 
t issues and  the  ra te  of its c learance f rom plasma.  However ,  
a lack of specific in fo rmat ion  on th is  topic  and the  
va r i e t y  of organs  possess ing a par t i cu la r  enzyme,  make  
i t  diff icul t  to e s t ima te  the  basic d e t e r m i n a n t s  of the  
ac t iv i ty  of an enzyme in the  plasma.  

Table 1. Diet composition (% by weight) 

20P 45P 

Casein 20.0 45.0 
Sucrose 63.7 38.7 
Corn Oil 10.0 10.0 
Salts Mix 3.8 3.8 
Vitamin Mix 2.5 2.5 

Caloric density 4.11 cal/g 4.11 eal/g 

Phys ica l  t ra in ing  leads to an increase in the  res t ing  
level of lactic dehydrogenase  (LDH) in the  p lasma  of 
man  a, and of g lu tamic-oxalace t ic  t r ansaminase  (GOT) in 
the  p lasma,  and skeletal  and  cardiac  muscle of ra t s  4. 
The increased res t ing  levels of p l a sma  enzyme  ac t iv i ty  
following t ra in ing  could resul t  poss ib ly  f rom ei ther  an  
increase in the  level of the i r  ac t iv i ty  in cer ta in  tissues, or 
the  r epea ted  loss of t issue enzyme  dur ing the  exercise 
compr iz ing  the  physical  t ra ining.  This l a t t e r  mechan i sm 
seems unl ikely since H ~ T ~ R  and CRITZ ~ have  found  t h a t  
in man  the  e levat ion  of p l a sma  L D t t  occurr ing dur ing  
max i ma l  exercise was e l imina ted  by  physicM tra ining.  
This  suggests  then,  t h a t  the  a m o u n t  of t issue ac t iv i ty  of 
an enzyme  could be an i m p o r t a n t  d e t e r m i n a n t  of the  
p lasma  ac t iv i ty  of t h a t  enzyme.  

1 This study was supported, in part, by a grant from the Medical 
Research Council of Canada. 

2 R. F. SKAW, C. M. PEARSON and S. R. CHOWDHURY, Enzym. Biol. 
Clin. 6, 10 (1966). 
J. B. HUNTER and J. B. CRITZ, J. appl. Physiol. 31, 20 (1971). 
J. A. WAGNER and J. B. CRITZ, Physiologist 73, 332 (1970). 
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Table II. Body, liver, liver/body weight ratio, and haematoerit 

EXPERIENTIA 30111 

Group Body weight (g) Liver weight (g) Liver/body weight ratio (%) Haematocrit (%) 

20 P 225 Jc 3 10.01 :k 0.42 4.02 4- 0.12 40.5 4-4- 0.7 

45 P 235 4- 2 b, e 9.08 4- 0.33 4.29 4- 0.17 41.4 4- 0.9 

Values are means 4- SEM. ~ Significantly different (p < 0.05, p < 0.001). 

ZIMMERMAN et  al. 5 obse rved  a good cor re la t ion  be tween  
t he  t i ssue  a n d  se rum levels  of GOT and  g l u t a m i c - p y r u v i c  
t r a n s a m i n a s e  (GPT) in 6 species of ve r t eb ra t e s .  I n  
p a r t i c u l a r  t h e  l iver  a n d  se rum ac t iv i t i e s  a p p e a r e d  well  
corre la ted .  I n  v iew of the  r e l a t ive ly  large size of t he  l iver,  
i ts  h igh  r a t e  of p r o t e i n  t u r n o v e r ,  a n d  i ts  h i g h  level  of 
e n z y m e  ac t iv i ty ,  i t  seemed a r easonab le  hypo thes i s  t h a t  
t he  l iver  m a y  be  a p r inc ipa l  source of several  se rum 
enzymes .  

To t e s t  t h i s  hypo thes i s ,  t he  p l a s m a  a n d  l iver  ac t iv i t i e s  
of 4 enzymes  were assayed  in 2 groups  of r a t s  fed on  d ie ts  
of d i f fer ing p ro t e in  c o n t e n t  and  iden t ica l  caloric dens i ty .  
The  a c t i v i t y  of m a n y  l iver  enzymes  is in f luenced  to a 
g rea t  e x t e n t  b y  t he  a m o u n t  of d i e t a r y  pro te in ,  such  t h a t  
several- fold  d i f ferences  in  t h e i r  a c t i v i t y  m a y  arise~. 

The  enzymes  we chose to exam i ne  were : 1. GPT,  found  
p r e d o m i n a n t l y  ill t h e  l iver  b u t  w i t h  some a c t i v i t y  p r e s e n t  
in  t he  k idney,  card iac  and  ske le ta l  musc le ;  2. GOT, w i t h  
h igh  a c t i v i t y  in  liver,  card iac  muscle,  ske le ta l  muscle  and  
e r y t h r o c y t e s ;  3. c rea t ine  p h o s p h o k i n a s e  (CPK), wh ich  is 
found  m a i n l y  in neura l  and  muscu l a r  t issue, d e m o n s t r a t -  
ing v e r y  l i t t le  a c t i v i t y  in  o the r  t issues,  and  4. LDH,  
c o m m o n  in card iac  muscle,  ,k idney,  ske le ta l  muscle,  l iver  
and  e ry th rocy te s .  

Experimental methods. Male ra t s  of t he  Sprague  
Dawley  s t ra in ,  in i t ia l  we igh t  149 g, were r a n d o m l y  
ass igned in to  2 groups.  Af te r  1 week on  a d ie t  of s t a n d a r d  
l a b o r a t o r y  r a t  chow and  w a t e r  ad  l i b i t um,  groups  were 
fed d ie ts  c o n t a i n i n g  e i t he r  20 (20 P), or  45% (45 P) casein 
(Table  I) a n d  al lowed b o t h  d ie t  a n d  w a t e r  ad  l i b i t um.  

Two weeks later ,  an ima l s  were a n a e s t h e t i z e d  w i t h  
sod ium p e n t o b a r b i t a l  (35 mg/kg) .  Blood (5-10 ml) was 
o b t a i n e d  b y  i n t r aca r d i ae  p u n c t u r e ,  hepar in ized ,  cent r i -  
fuged,  a n d  t h e  s epa ra t ed  p l a s m a  re f r igera ted  a t  4~ 
The  h a e m a t o c r i t  was  de t e rmined .  A n y  h a e m o l y z e d  
samples  were discarded.  

The  l iver  was  qu ick ly  r emoved ,  weighed,  a n d  a smal l  
po r t i on  (150-200 mg) homogen ized  (1:100 w/v)  in  cold 
0.1 M p h o s p h a t e  buffer  (pH 7.4), cen t r i fuged  a t  10,000 g 
for 10 min,  a n d  t h e  s u p e r n a t e  s to red  a t  4~ for l a t e r  
analysis .  

E n z y m e  d e t e r m i n a t i o n s  were car r ied  ou t  on  the  p l a s m a  
a n d  t he  l iver  superna te .  C P K  was assayed,  w i t h i n  2 h of 
o b t a i n i n g  t he  samples ,  accord ing  to  t he  m e t h o d  of 
OLIVEaL All o the r  enzymes  were assayed  w i t h i n  48 tl. 
GOT a n d  G P T  were d e t e r m i n e d  accord ing  to  t he  m e t h o d s  
of KARMEN 8 a n d  WROBLENSKI a n d  L A D u z  9 respect ively .  
To ta l  L D H  was assayed  fol lowing t he  m e t h o d  of BABSON 
and  PHILLIPS 10. 

The  e n z y m e  ac t iv i t i e s  of t h e  p l a s m a  a n d  l iver  were 
expressed  in  IU/1 p l a sma ,  a n d  pe r  g r a m  of wet  t i ssue  
(IU/g),  respect ive ly .  8 p l a s m a  samples  were o b t a i n e d  
f rom each  group.  All  o the r  d e t e r m i n a t i o n s  on  each  group 
were m a d e  on  11 animals .  Compar i son  be tween  t he  m e a n s  
of each  group  was m a d e  us ing  t he  S t u d e n t  t- test .  

Results and disc~ssion. R a t s  fed t h e  45 P d ie t  showed  a 
larger  b o d y  weigh t  gain (Table  II) .  The  l iver  : b o d y  we igh t  
r a t io  was t he  same for each  group,  t h u s  changes  in 
e n z y m e  a c t i v i t y  pe r  g r a m  of l iver  ref lec ted  s imi la r  
changes  in t o t a l  l iver  e n z y m e  a c t i v i t y  as re la ted  to  b o d y  
weight .  

P l a s m a  levels of GOT (PGOT) were h igher  in 45 P r a t s  
(Table  I I I ) .  The re  was a co r re spond ing  di f ference in l iver  
a c t i v i t y  w i t h  45 P ra t s  d e m o n s t r a t i n g  60% more  a c t i v i t y  
t h a n  20 P. W i t h  the  h igher  level  of d i e t a ry  pro te in ,  
s ign i f i can t ly  h ighe r  p l a s m a  levels of G P T  (PGPT)  were 
obse rved  (Table  I I I ) .  C o m p a r e d  w i t h  20 P r a t s  t he  l iver  
ac t iv i t i e s  of G P T  in 45 P r a t s  were over  20Q~ o greater .  
The re  was a wide r ange  of a c t i v i t y  of L D H  in t h e  p l a s m a  
( P L D H )  of b o t h  groups,  w i t h  no  s ign i f ican t  di f ference 
b e t w e e n  groups  (Table  I I I ) .  The  l iver  L D H  a c t i v i t y  
was t he  s ame  in b o t h  45 P a n d  20 P rats .  The  P C P K  

a H. J. ZIMMERMAN, C. A. DUJOVNE and R. LEVY, Comp. Biochem. 
Physiol. 25, 1081 (1968). 
R. T. SCm~KE, J. biol. Chem. 237, 459 (1962). 
L. T. OLIVER, Biochem. J. 61,116 (1955). 

a A. KAR~m~, J. clim Invest. 3a, 131 (1955). 
F. WROBLEWSKI and J. S. LADUE, ProP. SoP. exp. Biol. Med. 91, 
569 (1956). 

10 A. L. BABSON and G. E. PHILLIPS, Clin. ehim. Acta 12, 210 (1965). 

Table III. GOT, GPT, LDH, arid CPK activity in plasma (IU/1) and liver (IU/g) ~ 

Plasma Liver 

20 P 45 P 20 P 45 P 

GOT 42.1~: 2.0 57.0•  b 52.1~= 2.0 86.2-t- 6.5 b 
GPT 1 9 . 2 i  0.8 23.34-0.8 b 108 • 9 262 4-20 ~ 
LDH 66.0 4- 7.2 54.6 4- 7.1 258 ~: 22 209 4-4- 18 
CPK 105 :~= 18 110 -4- 5 -- -- 

For superscripts see Table II. 
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a c t i v i t y  was va r i ab l e  w i t h  no dif ference be t w een  20 P and  
45 P ra ts .  No C P K  a c t i v i t y  could be  d e m o n s t r a t e d  in t he  
l iver.  

The  d i f fe ren t  d i e t a r y  levels of p r o t e i n  resu l ted  in 
v a r i a t i o n s  in  t he  l iver  ac t iv i t i e s  of L D H ,  G P T  a n d  GOT 
s imi la r  to  those  descr ibed  b y  SCHI~I{E 6. I n  an i m a l s  on  a 
h igh  p ro t e in  diet ,  an  increase  in t he  a c t i v i t y  of t h e  l iver  
t r a n s a m i n a s e s  is p a r t  of a b iochemica l  a d a p t a t i o n  
associa ted  w i t h  increased  a m i n o  acid  me tabo l i sm.  
Likewise,  t he  lower  l iver  a c t i v i t y  of L D H  in these  r a t s  
p r o b a b l y  coincides  w i t h  a decrease  in  t he  u t i l i z a t i on  of 
t he  g lycolyt ic  p a t h w a y .  

A l t h o u g h  t h e  h igh  p r o t e i n  d ie t  i nduced  m u c h  la rger  
increases  in l iver  G P T  t h a n  in l iver  GOT, • dif ferences  
in P G O T  and  P G P T  were of oppos i te  m a g n i t u d e .  This  
m i g h t  be  due  to t h e  v a r y i n g  cel lular  loca t ions  of t he  
enzymes ,  or to  t he i r  d i f fe ren t  p l a s m a  ha l f  lives. 

T h e r e  is a poss ib i l i ty  t h a t  e n z y m e  ac t iv i t i e s  in  o t h e r  
t i ssues  were modi f ied  b y  t he  a m o u n t  of d i e t a r y  pro te in .  
However ,  i t  is l ikely t h a t  t he  h igher  levels of P G O T  and  
P G P T  in t he  45 P r a t s  were r e l a t ed  in pa r t ,  to  t he  h ighe r  
l iver  ac t iv i t i e s  of these  enzymes .  

EGGLESTON a n d  KREBS 11 h a v e  found  2 to 3-fold 
differences  be tween  t h e  l iver  ac t iv i t i e s  of 3 g lycolyt ic  

enzymes  in 4 s t r a ins  of r a t s  (3 W i s t a r  der ived  ; 1 Sprague  
Dawley)  fed t he  same  diet .  Such  a p p a r e n t  in t r ins ic  
s t r a i n  di f ferences  in  e n z y m e  ac t iv i ty ,  t o g e t h e r  w i t h  
v a r i a t i o n s  i nduced  b y  diet ,  could  resu l t  in wide ly  v a r y i n g  
ac t iv i t i es  of m a n y  enzymes  in b o t h  t h e  l iver  a n d  p lasma.  
W e  feel, therefore ,  t h a t  cons iderab le  c au t i on  is w a r r a n t e d  
in  t he  compar i son  of d a t a  on p l a s m a  e n z y m e  ac t iv i t i e s  
o b t a i n e d  in d i f fe ren t  labora tor ies .  

Zusammen/assung. Die Kor r e l a t i on  yon  L e b e r e n z y m e n  
m i t  e n t s p r e c h e n d e n  P l a s m a w e r t e n  wird  d i sku t ie r t .  

C. P. BOLTER I2 a n d  J .  t3. CRITZ Ia 

Department o/ Physiology, The University o/ Western 
Ontario London 72 (Canada), 7 Apri l  7974. 

u L. V. EGGLESTON and H. A. KREBS, Biochem. J. 114, 877 (1969). 
r~ Present Address : Department of Physiology, Faculty of Medicine, 

2075 Wesbrook Place, University of British Columbia, Vancouver, 
B.C. V6T 1W5, Canada. 

la Present Address: South Bend Center for Medical Education, 
University of Notre Dame, Notre Dame, Indiana 46556, USA. 

Decreased Synthesis  of 'Secreted' Proteins in Chick 
Treated by Estradiol-17-/3 

A decrease  of--all n o r m a l  s e rum c o m p o n e n t s  accompa-  
ny ing  a s t r i k ing  increase  of l ive r -p roduced  yolk  p ro t e in s  
t akes  place in t h e  l ay ing  hen  or in  b o t h  sexes fol lowing 
t r e a t m e n t  w i t h  es t rogen  ~. Since chick  e m b r y o  l iver  
p r i m a r y  cu l tu res  are able  to  p roduce  and  secrete  in to  
s u r r o u n d i n g  m e d i u m  b o t h  s e rum pro te ins  2 and,  a f te r  
estradiol-17-/5 s t imu la t i on ,  a yo lk  p ro te in ,  p h o s v i t i n  3, we 
h a v e  e x a m i n e d  w h e t h e r  a s imi la r  effect  can  be obse rved  
in vi t ro .  W e  h a v e  the re fore  s tud ied  t he  syn thes i s  of t o t a l  
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Embryo Liver Cultures 

' secre ted '  p ro te ins  b y  t he  estradiol-17-fi  t r e a t e d  l iver  
cells a f te r  42 h a n d  66 h in v i t ro  i.e. d u r i n g  t he  per iod  of 
p h o s v i t i n  syn thes i s  i n d u c t i o n  a. 14-day-old chick  e m b r y o  
l iver  cu l tures  are pe r fo rmed  as p rev ious ly  descr ibed 3. 
Tes t  cu l tu res  are suppl ied  w i t h  n u t r i e n t  c o n t a i n i n g  500 7 
of es t rad ioL17-$  (Merck; 50 y/gl dissolved in  p ropy l ene  
glycol) for 18 h. Media  are t h e n  replaced  a n d  2 indepen-  
den t  sets  of e x p e r i m e n t s  are car r ied  out .  I n  the  f irst  
e x p e r i m e n t  b o t h  cont ro l  a n d  h o r m o n e  t r e a t e d  cu l tu res  
are suppl ied  w i t h  t he  n u t r i e n t  c o n t a i n i n g  10 i~Ci/culture 
of L-(aI-I)leucine (New E n g l a n d  Nuc lea r  Corpora t ion ;  
specific a c t i v i t y  38.58 Ci /mmole) ;  in t h e  second one w i t h  
the  n u t r i e n t  c o n t a i n i n g  1 bLCi/culture of L-(14C) ser ine 
(New E n g l a n d  Nuc lea r  Corpora t ion ;  specific a c t i v i t y  
0.154 Ci/mmole) .  Af te r  col lec t ion a n d  cen t r i fuga t ion  
(50 g/lO min) cu l tu re  med ia  are p r e c i p i t a t e d  b y  10% 
t r i ch loroaee t ic  acid, washed  twice  w i t h  5 % TCA, m e t h a -  
no l -e thy l i c  e the r  (1/1, v /v)  and  e ther .  P rec ip i t a t e s  are 
t h e n  dissolved in a b o u t  1 ml  of a p ro t e in  solubi l izer  
(soluene, P a c k a r d  I n s t r u m e n t  Co. Inc.)  a n d  mixed  w i t h  
10 ml  of spec t ra f lu0r  P P O - P O P O P  sc in t i l l a t ion  fluid 

i O. A. SCHJ~IDE, in The Cher~istry a/ Fats and Other L@ids (Eds. 
R. T. HOLMAN, W. O. LUNDBERG and T. ]~[ALKIN; Pergamon 
Press, Oxford 1963), vol. 6, p. 251. 

2 p. CARINCI, P. LOCCI and M. A. Booo, Proe. 3rd European 
Anatomical Congress, Manchester 1973. 

a p. CARINel, P. Locci, M. A. BODO and A. CARUSO, Experientia 
30, 88 (1974). 
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Effect of the administration of estradiol-17-/~ on the incorporation 
of aH Ieucine (A) and I4C serine (B) into the total secreted proteins 
in theliver cultures. Each point represents the mean of determinations 
of 3 cultures; the vertical bars indicate the minimum and maximum 
values observed. 0 represents the experimental starting point 
(24 h after plating) dotted arrow the moment of estradioI-17-/~ ad- 
ministration and solid line the moment ot hormone removal. 


