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of each  cu l tu re  for  4 days.  A t  t h e  end  of t he  exposure  to  
t he  precursor ,  t h e  m e d i u m  was w i t h d r a w n  a n d  t he  cells 
homogenized .  A smal l  a l iquo t  of t he  ce l l -homogena te  was 
t a k e n  for  p ro t e in  de t e r m i na t i on .  Ce l l -homogena te  a n d  

Radioactivity of each fraction expressed as percentage 4- SD of the 
total eluted 

Fraction number Epithelium Fibroblasts Endothelium 

1 7.6 • 2.5 2.7 • 0.1 5.7 • 1.1 
2 1.1 4- 0.3 1.9 4- 0.7 0.2 4- 0 
3 6.6 4- 0.7 4.3 4- 0.7 4.9 4- 0.6 
4 - -  - -  - -  

5 68.0 • 3.2 33.2 4- 3.5 69.5 4- 4.1 
6 13.9 4- 0.6 46.4 4- 3.1 15.3 4- 3.9 
7 2.6 4- 0.3 11.4 4- 1.3 4.1 4- 0.7 

Total protein 
of cultures 
(~xg4- SD) 933 4- 25 361 4- 44 504 :L 43 

CP~ of total eluted 
(cpm• ~4-SD) 98 4- 8 124 4- 31 204 4- 41 

The data are calculated from 3 cultures of each cell type. 
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GAG-fractionation-pattern from one culture of each cell type. W x 
represents the missing radioactivity in the first wash, indicating that 
0.05% CPC does not elute GAG. 

m e d i u m  were recombined ,  d iges ted  w i t h  p ronase  a n d  
t h o r o u g h l y  dialyzed.  Af te r  t r e a t i n g  w i t h  t r i ch lo race t i c  
acid and  ether ,  t h e  i n f r a n a t a n t  con ta in ing  t he  GAG was 
lyophil ized.  The  powder  was redissotved in a smal l  
vo lume  0.02 M NaC1/1% c e t y l p y r i d i n i u m  chlor ide  (CPC) 
and  added  to a W h a t m a n  cellulose co lumn.  GAG-frac-  
t ions  were e lu ted  w i t h  7 specific so lven t s  of increas ing  
ionic s t r e n g t h  accord ing  to SVEJCAR a n d  ROBERTSON 7 
and  CONRAD s, 0 respect ively .  B y  th i s  me thod ,  t h e  GAG 
are sepa ra t ed  in to  CPC-soluble  G A G  (fract ion 1) a n d  
CPC-insoluble  G A G  (fract ions 2-7). B e t w e e n  each  frac-  
t ion,  t he  co lumn  was  washed  w i t h  0 .05% CPC. Th i s  CPC- 
c o n c e n t r a t i o n  does n o t  e lu te  a n y  GAG. 

Results and discussion. The  resu l t s  d e m o n s t r a t e  t h a t ,  
in  t i ssue  cul ture ,  all t h r ee  cell t ypes  of t h e  r a b b i t  co rnea  
are able  to  syn thes ize  G A G  (Figure  a n d  Table) .  In-  
t e r e s t ing ly  t he  f r a c t i o n a t i o n - p a t t e r n s  of t h e  ep i the l ia l  
and  t h e  endo the l i a l  G A G  are a l m o s t  ident ica l .  The  e lu ted  
G A G  f rom b o t h  cell t ypes  h a v e  t h e i r  h ighes t  p e a k  of 
r a d i o a c t i v i t y  in  f r ac t ion  5. On t he  o the r  h a n d ,  t he  rad io-  
a c t i v i t y  of t he  f ib rob las t i c  G A G  is h ighes t  in  f rac t ion  6. 
Accord ing  to  CONRAD 9, t he  degree of su l fa t ion  increases  
f rom f rac t ion  3 to  f r ac t ion  7. There fore  t he  f rac t io l la t ion-  
p a t t e r n s  ind ica te  t h a t  t h e  e p i t h e l i u m  and  t h e  e n d o t h e l i u m  
syn thes ize  p r e d o m i n a n t l y  G A G  w i t h  a lower degree of 
sulfa t ion,  whereas  t h e  f ib rob las t s  p roduce  more  h i g h l y  
su l fa ted  GAG. Obvious ly  t h e  e p i t h e l i u m  and  t h e  endo-  
t h e l i u m  produce  G A G  which  are n o t  in  c o m m o n  w i t h  t h e  
ones syn thes ized  b y  f ibroblas ts .  However ,  t he  endo the l i a l  
ceils and  t he  f ib rob las t s  possess some s imi lar i t ies :  B o t h  
are of m e s o d e r m a l  origin and,  re fer red  to  t h e  t o t a l  p ro t e in  
of cu l tu res  as a measu re  of t h e  cells i nvo lved  in syn thes i s ,  
t h e y  inco rpora t e  a b o u t  t he  same a m o u n t  of su l fa te  in to  
GAG, whereas  t he  i nco rpo ra t i on  r a t e  is cons ide rab ly  lower 
in t h e  ec tode rma l  ep i the l ium.  

The  f i rs t  f r ac t ion  should  c o n t a i n  k e r a t a n  sul fa te  wh ich  
is t he  on ly  CPC-soluble  GAG. The  low r a d i o a c t i v i t y  in  th i s  
f r ac t ion  makes  i t  l ikely t h a t  on ly  smal l  a m o u n t s  of 
k e r a t a n  sul fa te  are syn thes ized  b y  cu l tu red  corneal  cells. 
Th i s  is in  accordance  w i t h  CONRAD and  DORFMAN 1~ who  
found  t h a t  e m b r y o n i c  ch ick  co rnea  s tops  syn thes i z ing  
k e r a t a n  su l fa te  a f t e r  48 h of cul ture .  

I n  a r ecen t  c o m m u n i c a t i o n  4, we h a v e  d e m o n s t r a t e d  b y  
e n z y m e  assay  t h a t  f r ac t ion  3 a n d  5-7 of t h e  ep i the l ia l  
and  f ib rob las t ic  G A G  compr ise  chief ly  c h o n d r o i t i n  sul- 
fates.  

j .  ~VEJCAR and W. 13. VAN ROBERTSON, Analyt. Biochem. 78, 333 
(1967). 

s G. W. CONRAD, Devel. Biol. 27,292 (1970). 
9 G. W. CONRAD, Devel. Biol. 21, 611 (1970). 

10 G. W. CONRAD and A. DORFMAN, Exp. Eye Res. 18, 421 (1974). 

Dopamine-fl-Hydroxylase Activity in Serum of Developing Rats 

H. KuzuYA, T. IKENO, K. IKENO, T. KATO 1 and  T. ~'AGATSU 1 

Department o/ Biochemistry, Tohdku Dental University, Koriyama 963 (Japan), and Department o/Biochemistry, School 
o/Dentistry, Aichi-Gakuin University, Nagoya 464 (Japan), 27 July 7975. 

Summary. After  b i r th ,  t h e  a c t i v i t y  of dopamine - f l -hydroxy lase  in r a t  s e rum increased  up  to  14 days  m a x i m a l  level  
and  decreased  g r adua l l y  to  r each  a low level  a t  42 days  w h i c h  was a b o u t  14% of t h e  a c t i v i t y  of m a x i m a l  a c t i v i t y  a t  

14 days.  

Dopamine - f l -hydroxy la se  (DBH) is re leased in to  t h e  in  h u m a n  se rum was  r epo r t ed  to  increase  m a r k e d l y  for  
b lood s t r e a m  f rom the  s y m p a t h e t i c  n e r v e  t e r m i n a l s  in  t he  f i rs t  2 or 3 years  of life r each ing  a h igh  c o n s t a n t  level  
s y m p a t h e t i c a l l y  i n n e r v a t e d  o rgans  and  f rom t h e  adrenals ,  d u r i n g  a d u l t h o o d  a, 4. 
and  the re fore  s e rum D B H  a c t i v i t y  m a y  ref lect  to  some On t h e  o the r  h a n d ,  i t  h a s  been  f o u n d s  t h a t  s e r u m  D B I {  
e x t e n t  s y m p a t h e t i c  n e r v e  a c t i v i t y  2. T he  a c t i v i t y  of D B t I  ac t iv i t i e s  b o t h  in s p o n t a n e o u s l y  h y p e r t e n s i v e  (SH) r a t s  ~ 
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and n0rmotensive Wistar-Kyoto rats, from which the SH 

rats originate were relatively high at 3 weeks of age 
decreasing markedly with age during development, The 
serum DBH activities in SH rats after 6 weeks of age 
were not significantly different from those in Wistar- 
Kyoto rats, but  at 3 weeks of age about 2-fold higher 
serum DBH activi ty in SH rats was observed as compared 
with the act ivi ty in normotensive Wistar-Kyoto rats. 

In order to see whether or not the decrease in serum 
DBH activi ty during development is a general phenom- 
enon in the rat, we have examined in detail the develop- 
mental changes of serum DBH act ivi ty  in another non- 
hypertensive Wistar strain. 

Material and methods: Nonhypertensive adult male and 
female rats of Wistar strain were obtained from Shiibashi 
Co. in Tokyo. Male or female rats which were born from 
the adult rats in our laboratory were used for the exper- 
iments. Blood samples were obtained from rats by 
decapitation and exanguination into a test tube kept in 
ice. Serum was removed after centrifuging at 10,000 x g 
for 10 rain. 

The enzyme act ivi ty was assayed by the method of 
NAGATSU and UDENFRIEND 7 as modified by KATO et a l . .  8 

The assay is based Oil the spectrophotometric measure- 
ment of p-hydroxybenzaldehyde resulting from periodate 
oxidation of octopamine formed by DBH from tyramine. 
Octapamine (2.0 nmol) was added to a blank incubation 
as internal standard. The act ivi ty was expressed as octo- 
pamine formed, nmol/ml/min serum�9 To prove that  the 
assay of DBH activity was not disturbed as a result of 
formation of endogenous inhibitors in serum during de- 
velopment, a sample of pure DBH from bovine adrenal 
glands was added to a serum sample as internal enzyme 
standard�9 

Protein was measured by the method of LOWRY et al. 9, 
using bovine serum albumin standard. 

Results and discussion. Changes in body weight, serum 
protein and DBH act ivi ty  during development of rats 
are shown in the Table. Body weight was increased slowly 
up to 14-21 days after birth and rapidly thereafter. 

The concentration of serum protein changed only 
slightly after birth during the development, and there- 
fore changes in serum DBH act ivi ty  based on protein 
(nmol/mg protein/rain) were also essentially similar to 
those based on the serum volume (nmol/ml serum/rain). 

Serum DBH activi ty was found to be fairly high at 1 
day after birth, and decreased slightly up to 4 days. I t  
then increased up to 14 days to reach a maximal level, 
which was about 3-fold higher than the level at 1 day. 
The act ivi ty  decreased gradually after 14 days of age to 
reach a low level at 42 days which was about 40% of the 
act ivi ty at 1 day and about 14% of the maximal act ivi ty 
at 14 days. 

1 Department of Biochemistry, School of Dentistry, Aiehi-Gakuin 
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Rats were examined without selection of sex. However, 
at 42 days of age, there was not any significant difference 
in serum DBH activi ty between male and female rats. 

The recovery of a pure DBH preparation from the 
bovine adrenal medulla tha t  was added to incubation 
mixture was similar (95%) with each serum sample of 
various ages. This confirms that  the observed develop- 
mental changes in rat serum DBH activity is not due to 
formation of endogenous inhibitors or activators in rat  
serum. 

DBH activity in the brain was reported to increase 
progressively with maturation ~0. DBH activi ty in periph- 
eral sympathetic nerves may also increase in a similar 
way as in the brain. In contrast, increase in body weight 
is slow during the first weeks and rapid after 2-3 weeks of 
age. 

Developmental changes in serum DBH activity may 
be determined by the ratio between the rate of develop- 
ment of the sympathetic nerves and the rate of increase 
of the blood volume. The rapid increase in serum DBH 
activity up to 14 days may suggest that  the development 
of sympathetic nerves after birth may be rapid up to 

14 days as compared with the increase in the blood volume. 
Gradual decrease in DBH activi ty after 14 days of age 
may indicate that  the rate of development of the peri- 
pheral sympathetic nerves in rat  may become slow as 
compared with the increase of blood volume or serum 
protein after 14 days of age. 

These results agree with our previous results in SH 
rats and Wistar-Kyoto rats in tha t  serum D B t t  activities 
are relatively high only when they are young and decrease 
with age during development. Therefore, the elevation 
of serum DBH activity in young animals and its decrease 
during their development appears to be general phenomena 
in rats, and not t o  be specific for ~vVistar-Kyoto rats and 
SH rats. 

Since serum DBH level can be determined as a steady 
state level between the rate of secretion from the sym- 
pathetic nerves and the rate of inactivation during circula- 
tion, the possibility of changes in the rate of inactivation 
of serum DBI t  during development must be also consid- 
ered. This remains for further investigation. 

10 j .  T. COYLE and J. AXELROD, J.  Neurochem. 79, 449 (1 '2). 

Die~holesterin-7a~Hydroxylase-Aktivit~it2den Rattenleber nachtHypophysektomie und nach/Sub- 
s tit u t~Y m~r f Hyp~hys  e n ~  

Cholesterol 7~Hydroxy lase  Activity of the Rat Liver after Hypophysectomy and Administration of 
Hypophyseal Hormones 

H .  SCHRII~FERS u n d  W .  W A G N E R  1 

Institut [g'tr Physiologische Chemic der Universitiit Essen, Hu[elandstrasse 55, D-43 Essen (Bundesrepublih Deutsch- 
land, BRD) und Sektion [i2r Gastroenterologie tier Universittit Ulm, Steinhdvelstrasse 9, D-79 Ulm (Bundesmpublik 
Deutschland, BRD),  26.August 1975. 

Summary. In order to elucidate the role of the hypophysis in the regulation of cholesterol 7 c~-hydroxylase activity, 
male and female rats hypophysectomized on day 50 of life were treated with different hypophyseal hormones and 
tested on day 85 of life. Only a crude extract  from human hypophysis and ovine prolactin was able to enhance the en- 
zyme activity, thereby restoring the level of intact controls. 

Nach tIypophysektomie erlischt der circadiane Rhyth-  
mus der Cholesterin-7 e-Hydroxylase-Aktivit~Lt; sie bleibt 
auf ihrem in den Vormittagsstunden liegenden Tiefstwert 
stehen ~,s. GI~LEN e t  al) ,  4 fiihren die Folgen der Hypo- 
physektomie auI einen Ausfall der Nebelmierenrinden- 
funktion zuriick, geben aber zu bedenken4, dass <~other 
factors might also control this enzymic activity~>. Auf der 
Suche nach solehen Faktoren wurdeI1 die Auswirkungen 
der Zufuhr verschiedener Hypophysenhormone auf die 
Cholesterm-7 e-Hydroxylase-Aktivit~t hypophysenloser 
Tiere studiert. 

Material und Methoden. Den hypophysektomierten 
Ratten (SPF-Stamm Chbb: THEM, Operation am 50. 
Lebenstag) wurde eins der folgenden Hormone bzw. 
Hormonpr~parationen verabreicht: GH (human growth 
hormone, Preparation Dr. Schleyer, Ulm) 25 vg i.p. 
t~Lglich, 9 Tage lang; P R L  (ovine prolactin, Pr~parat 
N I H - P - S l l )  125 ~g s.c. 2 • t~glich, 11 Tage lang; TSH 
(bovine thyroid stimulating hormone, Thyreostimulin | 
40 m l U  s.c. t~Lglich, 16 Tage lang; ACTH (adrenocortico- 
tropic hormone, ACTH-Depot-Schering | 2 IU i.m. 
t~glich, 10 Tage lang; PMS (pregnant mare's serum 
gonadotropins, Anteron | 100 IU i.m. t/iglich, 6 Tage 
lang; CG (human chorionic gonadotropin, Primogonyl | 
einmalige i .m.-Injektion yon 100 IU 6 Tage vor T6tung 
der Tiere; H H E  (human hypophyseal extract, PrAparation 

Dr. Schleyer, Ulm) 0,1 ml (gqulvalent 50 ~g GH) i.p. 
t~glich, 9 Tage lang. T6tung der Tiere am 85. Lebenstag, 
24 h nach der letzten Injektion, 8 Uhr vor.mittags. 

Zusammensetzung des Testansatzes in Anlehnung an 
MAYER et al.5:0,1 ml Substrat-Puffer-Gemisch, pH = 
7,4 (0,2 ~Ci [4-14C]-Cholesterin, Phosphat-Puffer 100 mM, 
Cysteamin 35 mM), 0,05 ml "vVasser mit  den Komponen- 
ten eines NADPH-generierenden Systems (Glucose-6- 
phosphat 50 mM, NADP 5 mM, Glucose-6-phosphat- 
Dehydrogellase 0,035 IU) und 0,02 ml Mikrosomensus- 
pension ~iquivalent 5 mg Leber in 0,25 M Saccharose. 
Preparation des Substrat-Puffer-Gemisches: Zusatz yon 
Tween 20 (0,16 mg/~Ci) zum in Benzol gel6sten Substrat ,  
Entfernung des Benzols im Vakuum unter N2, Zugabe 
yon Puffer-Cysteamin-L6sung (0,5 ml/~Ci). Start  der 

1 Diese Arbeit wurde im Rahmen des Sonderforschungsbereiehes 
Endokrinologie (SFB 87) yon der Dentschen Forschungsgemein- 
sehaft gefSrdert. 
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