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Dopamine fl@Iydroxylase and Tyrosine Hydroxylase Activities in Spontaneously 
Hypertensive Rats after:/NaCl Administration 

I t  was  fo u n d  1,2 t h a t  s e r u m  d o p a m i n e  f l -hydroxy lase  
(DBH)  a c t i v i t y  of 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  3 is e leva ted  on ly  when  t h e y  are v e r y  young ,  t h e n  
decreases  du r ing  t he  d e v e l o p m e n t  of h y p e r t e n s i o n  to a 
level s imi la r  to t h a t  of n o r m o t e n s i v e  W i s t a r - K y o t o  ra ts ,  
b u t  increases  aga in  s ign i f ican t ly  w h e n  the  blood p re s su re  
is increased  r ap id ly  by  NaC1 a d m i n i s t r a t i o n .  

In  order  to i n v es t i ga t e  the  origin of e leva ted  d o p a m i n e  
f l -hydroxylase  in s e r u m  of SH ra t s  a f te r  NaC1 a d m i n i s t r a -  
t ion,  t h e  D B H  a c t i v i t y  in 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  
t i ssues ,  such  as mesen t e r i c  vessels  and  vas  deferens,  as 
well as in ad rena l  g lands ,  ha s  been e x a m i n e d  w i th  SH  
ra t s  a f t e r  NaC1 a d m i n i s t r a t i o n  and  c o m p a r e d  w i th  t h a t  
of con t ro l  SH r a t s  w i t h o u t  NaC1 a d m i n i s t r a t i o n .  Ty ros ine  
h y d r o x y l a s e  (TH) ac t iv i ty ,  wh ich  is k n o w n  to be increased  
when  D B H  a c t i v i t y  is increased 4, ha s  also been  m e a s u r e d  
in t h e  mesen te r i c  vessels ,  va s  deferens,  ad rena l  g l a nds  
and  b ra in  s tem.  

D B H  and  T H  ac t iv i t ies  in the  t i ssues ,  f rom the  s a m e  
SH r a t s  as r epor t ed  in our  p rev ious  p a p e r  -~ h a v e  been 
e x a m i n e d .  NaC1 was  a d m i n i s t e r e d  to SH r a t s  by  s u p p l y i n g  
1% NaCl - aq u eo u s  so lu t ion  for d r i nk ing  in s t ead  of t a p  
wa te r  a f te r  10 weeks  of age for 4 weeks  ~. R a t s  were 
decap i t a t ed ,  a n d  mesen te r i c  vessels ,  va s  deferens,  ad rena l  
g lands ,  an d  b ra in  were qu ick ly  r emoved ,  weighed,  f rozen 
on d ry  ice, an d  s to red  a t  80~ 'Mesenter ic  vessels '  con- 
s is t  of superior ,  inferior  and  coeliac mesen te r i c  a r te r ies  
and  ve ins  p lus  connec t ive  t i s sues  a f te r  r e m o v i n g  fa t  
f rom th e  m e s e n t e r y .  D B H  and  T H  were i so la ted  by  
a m m o n i u m  su l fa te  f r ac t iona t ion  as descr ibed before4, 5 
Th e  frozen t i s sues  were homogen i zed  in 2-4  ml  of 0.1 M 
p h o s p h a t e  buffer  (pH 7.5). The  h o m o g e n a t e  was  cent r i -  
fuged  a t  100,000 •  for 30 min .  T H  was  isolated f rom the  
s u p e r n a t a n t  b y  f r ac t i ona t i ng  it  w i th  a m m o n i u m  su l fa te  
(0 -40% fraction).  D B H  was  solubil ized f rom the  par t ic -  
u la te  f rac t ion  w i th  a d e t e r g e n t  C u t s c u m  and  s epa ra t e d  
wi th  a m m o n i u m  sul fa te  (80% sa tu ra t ion) .  T H  a c t i v i t y  
was  d e t e r m i n e d  b y  t he  f o r m a t i o n  of ~4C-dihydroxyphenyl -  
a lan ine  f rom L-14C-tyrosine 6. The  i n c u b a t i o n  m i x t u r e  
(total  v o l u m e  1.0 ml) con t a ined :  200 ~xmol of ace t a t e  
buffer ,  p H  6.0, 0.1 btmol of L- tyrosine  con t a in ing  8.0 • 104 
d p m  of L-EU-14C~tyrosine, 100 ptmol of m e r c a p t o e t h a n o l ,  
1.0 txmol of 6 , 7 - d i m e t h y l t e t r a h y d r o p t e r i n ,  1.0 btmol of 
FeSO 4, an d  an  a p p r o p r i a t e  a m o u n t  of the  e n z y m e  
p repa ra t ion .  I n c u b a t i o n  was  carr ied ou t  a t  30~ for 15 
min .  N o n i n c u b a t e d  zero- t ime b l a n k  was  t a k e n  as control .  
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D B H  a c t i v i t y  was  d e t e r m i n e d  b y  sens i t ive  dua l -wave -  
l e ng th  s p e c t r o p h o t o m e t r y  u s ing  t y r a m i n e  as s u b s t r a t e L  
The  i n c u b a t i o n  m i x t u r e  ( total  v o l u m e  1.0 ml) c o n t a i n e d :  
400 al of e nz yme ,  200 pmml of s o d i u m  ace ta te ,  p H  5.0, 
10 txmol of N - e t h y l m a l e i m i d e ,  1 n m o l  of CuSO4, 10 btmol 
of s o d i u m  f u m a r a t e ,  10 btmol of ascorbic  acid, 1 b~mol of 
pargy l ine ,  1500 un i t s  (50 btg) of ca ta lase ,  a nd  20 btmoI of 
t y r a m i n e .  I n c u b a t i o n  was  carr ied  ou t  a t  37 ~ for 45 min .  
A s a mp le  of boiled (95 ~ 5 min i  e n z y m e  p r e p a r a t i o n  was  
used  as b lank.  

As r epor t ed  in our  p r e v ious  p a p e r  2, the  blood p re s su re  
of con t ro l  SH ra t s  w i t h o u t  NaC1 a d m i n i s t r a t i o n  increased  
f rom 170 • 3 m l n H g  (at 10 weeks) to 189 • 3 m l n H g  
(at 14 weeks),  whereas  t h a t  of SH ra t s  wi th  NaC1 a dmin i s -  
t r a t i on  was  increased  f rom 173 • 2 m m  H g  (at 10 weeks) 
to 204 • 5 m m  H g  (at 14 weeks).  Inc rease  in blood p ressu re  
in SH r a t s  w i th  NaC1 a d m i n i s t r a t i o n  was  s ign i f i can t ly  
h ighe r  t h a n  t h a t  in control  SH ra t s  w i t h o u t  NaC1. The  
blood p ressu re  of Wis~car-Kyoto r a t s  a t  14 weeks  was  
123 :k 7 m m  Hg.  

D B H  a nd  T H  ac t iv i t ies  in t i s sues  of n o r m o t e n s i v e  
W i s t a r - K y o t o  ra ts ,  f rom w h i c h  s t r a in  S H R  were bred  2, 
a t  14 weeks  a nd  those  of SH r a t s  a t  14 weeks  w i t h o u t  and  
w i th  NaC1 a d m i n i s t r a t i o n  are s h o w n  in the  Table.  

Mean  D B H  a nd  T H  ac t iv i t i es  in ad rena l s  of SH  r a t s  
w i t h o u t  NaC1 were a b o u t  2-fold h igher  t h a n  t hose  of 
W i s t a r - K y o t o  rats .  Th i s  agrees  w i th  our  p rev ious  resu l t s  
showing  increased  D B H  a nd  T H  ac t iv i t ies  in ad rena l s  of 
SH  r a t s  as c o m p a r e d  wi~h those  of n o r m o t e n s i v e  W i s t a r  
rats~, 5. The  increase  in a d r e na l  T H  ac t iv i t ies  of SH ra t s  
c o m p a r e d  w i th  those  of W i s t a r - K y o t o  r a t s  was  s t a t i s t i ca l ly  
s igni f icant .  However ,  because  of v a r i a t i o n  in ad rena l  
D B H  act ivi t ies ,  t he  increase  in ad rena l  D B H  ac t iv i t ies  in 
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Dopamine fl-hydroxylase and tyrosine hydroxylase activities of spontaneously hypertensive (SH) rats 

Enzyme activity Wistar-Kyoto rats SH rats without NaC1 SH rats with NaCI 
(nmol/min/g ~ SEMI 

Dopaniine fl-hydroxylase 
Sermn a 0.19 ~- 0.04 (6) 0.19 • 0.03 (6) 0.30 ~ 0.07 (10) " 
Adrenals 12.4 ~_ 3.3 (3) 21.3 • 8.6 (6) 28.0 i 6.2 (10) 
Mesenterievessels 0.12 • 0.01 (3) 0.24 ~ 0.07 (6) 0.66 -]- 0.15 (4) o 
Vasdeferens 1.26 • 0.45 (3) 1.39 ~ 0.25 (6) 1.53 ~ 0.16 (10) 

Tyrosine hydroxylase 
Adrenals 7.95 ~- 0.80 (3) 15.3 -k 2.6 (6) b 16.0 =t- 1.8 (10) 
Mesenteric vessels 0.14 ~_ 0.02 (3) 0.1.9 ~ 0.01 (6) 0.40 • 0.05 (8) 
Vas deferens 2.94 i 0.02 (3) 3.92 i 0.29 (6) b 3.70 ~_ 0.25 (10) 
Brain stem 0.75 • 0.06 (3) 1.08 • 0.09 (3) 0.89 • 0.03 (3) 

�9 Reported ill the previous paper 2. b Differs from control (Wistar-Kyoto rats), p < 0.01. o NaC1 was administered from 10 weeks of age for 
4 weeks. Differs from control (SH rats without NaCI adnfinistration), p < 0.05. 
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S H R  was  no t  s ta t i s t ica l ly  significant .  T H  ac t iv i ty  in vas 
deferens  of SH ra ts  was also higher  t h a n  t h a t  of Wis ta r -  
K y o t o  rats:  D B H  act ivi t ies  in mesenter ic  vessels and  vas  
deferens  and  T H  act ivi t ies  in mesenter ic  vessels and  b ra in  
were n6t  s ta t i s t ica l ly  d i f ferent  be tween  W i s t a r - K y o t o  
ra ts  and  SH ra ts  w i thou t  NaC1 adminis t ra t ion .  

W h e n  NaC1 was admin i s t e red  to  SH rats,  D B H  and  
T H  act ivi t ies  in mesenter ic  vessels were increased signif- 
i can t ly  abou t  2-3 fold. In  contras t ,  the  increase in b o t h  
enzyme act iv i t ies  in adrenals  and vas deferens  was no t  
s ta t i s t ica l ly  significant .  These results  suggest  t h a t  the  
e leva ted  se rum D B H  ac t iv i ty  af ter  NaC1 m a y  be ma in ly  

8 We thank Professor K. OKAMOTO and Dr. Y. YAMORI (Kyoto 
University, Kyoto) for spontaneously hypertensive rats and 
"*Vistar-Kyoto rats and Miss M. SUZUKI and Miss N. YAMADA for 
technical assistance. This work was supported by a grant from 
'Science and Technology Agency', Japan. 

o Present address, Department of Oral Biochemistry, T5hoku 
Dental College, KSriyama, Japan. 

der ived f rom the  blood vessels,  and  are cons is tent  wi th  
the  concept  t h a t  s y m p a t h e t i c  nerve  ac t iv i ty  m a y  be 
increased in blood vessels dur ing  the  rap id  increase of 
blood pressure  by  NaC1 admin i s t r a t i on  in SH ratsS. 

Zusammen/assung. Nachweis ,  dass  Dopamin- /%Hydro-  
xylase-Akt iv i t / i t  und  Tyros in -Hydroxy la se -Ak t iv i t g t  in 
Mesenterialgef/ issen s p o n t a n  h y p e r t o n e r  R a t t e n  nach  
Kochsa lzgaben  im Tr inkwasser  e rh6ht  sind. 
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G e w e b e k u l t u r e n  aus  A l k a l o i d p f l a n z e n  IV. 1 Macleaya microcarpa ( M a x i m . )  Fedde  

T i s s u e  Cul tures  of A lka lo id  P lants  IV. 1 Macleaya microcarpa ( M a x i m . )  Fedde  

Die Papave racee  Macleaya microcarpa enth/ i l t  wie die 
nahe  v e r w a n d t e  M. cordata die Haupta lka lo ide  P ro t o p i n  
und  Al lokryp top in  sowie das gef/~rbte Sanguinar in  2. Diese 
Alkaloide werden  s u c h  in isolierten Kalli  yon  M. cordata- 
E x p l a n t a t e n  gebi ldet  und  sind dor t  in einzelnen, gelb 
gef/ i rbten Zellen angere icher t  3,~. Eine  l~berft ihrung des 
Kal lusgewebes  in Dauerku l tu r  erfolgte b isher  nicht .  
Es  ist aber  wesent l ich  zu prtifen, ob die F/ihigkeit  zur 
Alkaloidbi ldung bei for t laufender  Subkul t iv ie rung er- 
ha l t en  bleibt .  Wi r  ber ich ten  daher  fiber Un te r suchun g en  an 
mehrj / ihr igen Gewebekul tu ren  yon M. microcarpa. 

Material und Methoden. Stengel  (2~ 3-8 mm) yon  M. 
microcarpa-Pflanzen im K n o s p e n s t a d i u m  wurden  nach  
Steri l isieren mi t  ges/ i t t igter  Chlorkalkl6sung (30 min) in 
1,0-1,5 cm lange Stticke geschni t t en  und  auf den m i t  
Agar  (8 g/l) verfest. igten N~thrmedien la,  l b  und  2 
(Tabelle) bei  25~ und  12 h /Tag  Fluoreszenzl icht  (1000- 
1200 Lux) gehal ten.  Nach  9 Wochen  wurden  die gebilde- 
t en  Kall i  r u m  E x p l a n t a t  ge t r enn t  und  se lbs tgndig  
kul t ivier t .  In  A b s t g n d e n  yon  3 Wochen  erfolgte eine 13ber- 
t r agung  auf neues  Nghrmed ium.  

Die Alka lo idex t rak te  aus Gewebe- und Pf l anzenmate r i a l  
wurden  in i iblicher Weise gewonnen  und  gereinigt.  Zur 
Er fassung  ausgeschiedener  Alkaloide wurden  die N/ihr- 
med ien  homogenis ier t ,  alkalisiert  und  ersch6pfend mi t  
Chloroform ext rah ie r t .  DC der  gereinigten E x t r a k t e  
erfolgte an Kieselgel G (Merck)-Schichten mi t  Benzol /  
Methano l  (8:2). Zur kombin ie r t en  q u a n t i t a t i v e n  Allo- 
k r y p t o p i n / P r o t o p i n - B e s t i m m u n g  wurden  die entspre-  
chenden,  u n b e h a n d e l t e n  DC-Zonen isoliert. Lage und  
Gr6sse der  Al lokryptopin-  und  Pro top in -F lecke  wurden  

durch  Be t r ach t en  un te r  U V -L i ch t  und  m i t  Hilfe ange- 
f~irbter Verg le ichssubs tanzen  auf demse lben  DC ermi t te l t .  
Die a lkaloidhal t igen Kiese lge lproben wurden  durch  
Zugabe yon  Kieselgel G auf  ein Gewicht  yon 500 mg 
gebrach t  und  mi t  0,3 ml  Essigs~iure (99%ig) versetz t .  
Nach  Auffiillen mi t  konzen t r i e r t e r  Schwefels~iure zu einem 
Gesamtvo lumen  yon  jeweils 10 ml  wurden  die P roben  
60 min  bei 80~ im Wasse rbad  gehal ten  und  bei 534 n m  
gegen eine Nul lprobe mi t  500 mg alkaloidfreiem Kieselgel 
G vermessen.  Von j edem Material  wurden  P roben  m i t  
un terschied l ichen  Alka lo idmengen  zur Messung gebracht .  
Da das Verh~iltnis yon  P ro t o p i n  zu Al lokryptop in  n ich t  
genau b e k a n n t  war, w u r d e n  nur  Messungen, deren  
E x t i n k t i o n e n  im Schn i t tbe re ich  der  E ichkurven  beider  
Alkaloide lagen, ausgewert .  

Die l i ch tmikroskopischen  U n t e r s u c h u n g e n  erfolgten an 
H a n d s c h n i t t e n  yon  Gewebekul turen ,  die in erka l tende  
Agarl6sungen (2-5% ig) bei  48 ~ e ingebe t t e t  wurden.  Als 
F~illungsreagenz fiir Alkaloide d iente  J o d - J o d k a l i um 
(Mandel-Reagenz,  10%ig). 
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Zusammensetzung der verwendeten N/ihrmedien 

Mineralstoffe Vitamine und Aminos~iuren Vitamin B1 2.4-D IES Kinetin Gibberellinsfiure ApfelsAure 
nach KOBLITZ und HAGEN 7 (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

la .  MURASHIGE und SKOOG 5 + 

lb. 2~[URASHIGE und SKOOG 5 + 
2. HELLER 6 @ 

0,3 1,0 -- 0,2 0,1 50 
0,3 -- 10,0 0,4 0,1 50 
0,3 -- 2,0 0,2 0,1 50 


