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Uperole in  was d e m o n s t r a t e d  to occur also in the  60% 
e thanol  e luate  ob ta ined  f rom an a lumina  co lumn loaded 
wi th  ari ex t r ac t  of t he  skin of Uperoleia marmorata (130 
adnl t  specimens  = 8 g dr ied skin). 

In  addi t ion  to  uperolein,  Uperoleia marmoraXa skin 
conta ined  ano the r  physa laemin- l ike  pept ide ,  closely re- 
la ted to, bu t  no t  ident ical  with,  uperolein,  which emerged  
main ly  in the  30 ~o e thanol  eluate.  On high vol tage electro- 
phoresis,  it showed the  same electrical  mobi l i ty  as 
physa laemin  (E,. s = 0.43 Glu; no mobi l i ty  a t  p H  5.8). 

A physa laemin- l ike  pep t ide  d i f fe rent  f rom uperolein 
also appeared  in 40 and 30% e thanol  eluates  of the  
U. rugosa ext rac t ,  bu t  it  is no t  known  whe the r  th is  
second pep t ide  is ident ical  wi th  the  second pep t ide  found 
in the  30% e thanol  eluate of U. marmorata. Eluc ida t ion  
of the  s t ruc tures  of these  pep t ides  is in progress.  

Riassunto. Gli es t ra t t i  metanol ic i  di pelle degli anfibi  
austra l iani  Uperoleia rugosa e Uperoleia marmorata 
contengono  due  0 t re  po l ipept id i  f isaleminosimili .  I1 
pith i m p o r t a n t e  di  essi, l 'uperoleina,  & s ta to  isolato allo 
s ta to  di purezza  e al l 'analisi  sequenziale 6 r i su l ta to  essere 
l ' endecapep t ide  Pro2-Ala~-fisalemina. 
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Inhibition of Catecholamine and 5-Hydroxytryptamine Induced Enzyme Secretion from 
the Guinea-Pi~ Submandibular Gland by 2-Bromo-D-Lyser~ic  Acid Diethylamide ~ 

5 - H y d r o x y t r y p t a m i n e  (5-HT, serotonin)  has recent ly  
been shown to enhance  enzyme secret ion f rom the  ra t  and 
r abb i t  pa ro t id  glands 2, ~, as well as f rom the  guinea-pig  
submand ibu l a r  gland 4, 5 In  t he  la t t e r  gland,  the  secre tory  
effect  of 5-HT can be abol ished by  b o t h  e- (phenoxy-  
benzamine)  and /9- (propranolol) adrenergic  b locking 
agents  in v i t roK Fur the rmore ,  the  amylase  secre tory  
response  of 5-t-IT, in jec ted  i . v  into rabbi ts ,  can be pa r t l y  
(45%) inhib i ted  by  init ial  t r e a t m e n t  of the  animals  wi th  
p rop rano loP .  The exac t  mode of act ion,  however ,  of th is  
biogenic monoamine ,  as well as the  presence  of a specific 
5-1-IT recep tor  in m a m m a l i a n  sa l ivary  glands  has no t  been 
establ ished.  In  addi t ion ,  5-HT marked ly  enhances  fluid 
secret ion f rom the  abdomina l  sa l ivary  gland of the  
blowfly,  and  it has  been  suggested t h a t  th is  effect  is 
med i a t ed  via cyclic AMP 6, v. 

2-bromo-D-lysergic acid d ie thy lamide  (BOL 148) is an 
effect ive 5-HT-blocker  in var ious  t issues s -n .  In  the  
p resen t  invest igat ion,  t he  effect  of BOL 148 on 5-HT, 
dopamine ,  noradrenal ine ,  adrenal ine  and  d ibu ty ry l  cyclic 
AMP- theophy l l ine - induced  peroxidase  and  amylase  secre- 
t ion  f rom the  guinea-pig submand ibu l a r  gland was s tudied  
in vitro.  

Materials and methods. Male guinea-pigs,  3 m o n t h s  of 
age, weighing roughly  300 g, were used. The an imals  
were s t a rved  overn igh t  before being anes the t i zed  by  an 
i.p. in ject ion of sodium pen toba rb i t a l  (Mebumal | ACO, 

Sweden).  The submand ibu l a r  glands of 2 animals  were 
rap id ly  excised and ex t rag landu la r  t issue r emoved  under  
a s tereomicroscope.  The glands were cut  into small  
f r agment s  and  r a n d o m l y  d i s t r ibu ted  a m o n g  the  incubat ion  
vessels. The basal  med i u m used was a Krebs -R inge r  
b i ca rbona te  buffer  (pH 7.4) supp lemen ted  wi th  pyruva te ,  
g lu t ama te  and fumara t e  ~2 and  also conta in ing  a lbumin  
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Table I. Peroxidase release. In vitro effects of BOL 148 on the secretion of peroxidase from guinea-pig submandibular gland 

Secretagogues No. of experiments Non-stimulated 
secretion 

Control Test Difference 
(stimulated secretion) Secretagogue + (test-control) 

BOL 148 (2 x 10 -4 M) 

DBcAMP (1 mM) + 
theophylline (5 raM) 5 1.6 ~ 0.14 10.7 d~ 3.28 14.8 ~ 4.07 q- 4.1 ~ 3.80 
Noradrenaline (10 -5 M) 5 1.1 -b 0.14 14.9 ! 3.10 0.84 q- 0.15 --14.0 z~ 3.16 * 
Adrenaline (10 -5 M) 5 1.3 ~ 0.20 6.2 -t- 1.17 0.74 i 0.09 -- 5.4 q- 1.21 c 
5-HT (10 -4 M) 5 1.1 -t- 0.14 9.6 i 1.07 ~ 1.8 ~= 0.35 -- 7.8 ~= 1.13 b 
Dopamine (10 -4 M) 4 1.7 -4- 0.11 17.8 • 2.03 1.8 ~ 0;46 --16.1 ~ 2.17 b 

After a preincubation period of 30 rain at 37 ~ the specimens were incubated in a supplemented Erebs bicarbonate buffer for 60 rain with 
listed concentrations of secretagogues. BOL 148 (2 x 10 -4 M) was present during both the preincubation and incubation periods. The enzyme 
release is expressed as percentage of the total peroxidase activity in tissue and medium. Mean values (%) n~ S.~I.M. for indicated number of 
experiments. ~P < 0.001; bp < 0.01; op < 0.05. 
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Table II. Amylase release. In vitro effects of BOL 148 on the secretion of amylase from guinea-pig submandibular gland 

Secretagogues No. of experiments Non-stimulated Control Test Difference 
secretion (stimulated secretion) Secretagogue + (test-control) 

BOL 148 (2 x 10 4 M) 

DBcAMP (1 mM) 
theophylline (5 mM) 5 14.0 q- 3.47 36.4 :J= 6.08 42.2 -4- 8.00 + 5.8 =tz 7.31 
Noradrenaline (10 -5 M) 5 6.1 dc 0.85 29.9 • 2.16 8.2 ~ 1.15 --21.7 q- 3.00 b 
Adrenaline (10 -5 M) 5 16.5 -4- 1.21 40.3 ~ 2.58 15.8 q- 2.13 --20.4 q- 3.15 b 
5-HT (10 -a M) 5 6.1 ~ 0.85 17.8 -4- 2.35 6.6 ~ 0.76 --11.2 ~ 2.64 ~ 
Dopamine (10 -4 M) 4 13.7 -- 4.47 44.3 -- 2.26 27.1 -- 3.87 17.2 -- 3.43 

The measurements were performed on the same samples as used for the peroxidase analyses (Table I). The amylase release is expressed as 
percentage of the total amylase activity in tissue and medium. Mean values (%) ~ S.E.M. for indicated number of experiments.~ P < 0.001 ; 
bp < 0.01; ~ < 0.05. 

(5 rag/m1) a n d  glucose (0.6 mg/ml) .  A p r e i n c u b a t i o n  per iod  
of 30 mil l  p receded  t he  i n c u b a t i o n s  w i t h  var ious  secreta-  
gogues and  B O L  148 (2-bromo-D-lysergic acid d ie thy l -  
amide)  as descr ibed in t h e  Tables .  The  5 -HT a n t a g o n i s t  
was also p r e sen t  du r ing  the  p r e i n c u b a t i o n  period.  

P r e i n c u b a t i o n  as well  as i n c u b a t i o n  was car r ied  ou t  in  
3 m l  of m e d i u m  a t  37~ u n d e r  a c o n t i n u o u s  f low of 
O~-CO~ (95:5) as p rev ious ly  descr ibed  18. Af te r  60 m i n  of 
i n c u b a t i o n  t h e  spec imens  were s epa ra t ed  f rom t he  incuba-  
t i on  m e d i a  a n d  were homogen ized  ill 3 ml  of 50 m M  
p h o s p h a t e  buf fe r  (pI-I 6.9) us ing  a n  U l t r a - T u r r a x  homoge-  
nizer  ( J a n k e  u n d  K u n k e l  K.G.,  S taufen ,  Ge rmany) .  The  
h o m o g e n a t e s  were cen t r i fuged  a t  3,000 •  for 5 rain.  
B o t h  i n c u b a t i o n  med ia  and  s u p e r n a t a n t s  were assayed  for 
pe rox idase  and  amylase .  

Perozidase assay. Samples  of t i ssue  e x t r a c t  and  incuba-  
t ion  med ia  were added  to  16.7 m M  pyroga l lo l  in  200 m M  
sod ium p h o s p h a t e  buf fe r  (pH 6.0) in  a t o t a l  vo lume  of 
3.0 ml. H 2 0  ~ was added  to a f ina l  c o n c e n t r a t i o n  of 
1.67 raM,  a n d  t he  pe rox idase  a c t i v i t y  was ca lcu la ted  f rom 
t i le  in i t i a l  r a t e  of increase  in a b s o r b a n c e  a t  400 Ilm and  
re la ted  to t h e  t i ssue  wet  weight .  Pe rox idase  release was 
expressed as pe rcen tage  of t i le t o t a l  pe rox idase  a c t i v i t y  
in t issue a n d  med ium.  

Amylase  assay. Samples  of t i ssue  ex t r ac t s  a n d  incuba-  
t ion  med ia  were a p p r o p r i a t e l y  d i lu ted  w i t h  50 m M  
p h o s p h a t e  buffer  (pH 6.9) and  assayed  for amylase  us ing  
a mic ro -modi f i ca t ion  of t he  3, 5-d in i t rosa l icy la te  m e t h o d  
w i t h  2~o soluble s t a r c h  as s u b s t r a t e  la. Amylase  release 
yeas expressed as pe rcen tage  of t he  t o t a l  amylase  a c t i v i t y  
ill t i ssue  a n d  med ium.  

Statisticdl. evaluation. The  s ta t i s t i ca l  p r o b a b i l i t y  t h a t  
t he  effect  of add i t ives  to  t he  i n c u b a t i o n  med ia  was due  to 
chance ,  was  e s t i m a t e d  f rom t he  m e a n  difference be tween  
t e s t  a n d  con t ro l  i ncuba t i ons  in a series of iden t i ca l  b u t  
sepa ra te  exper imen t s .  

Chemicals. Soluble  s ta rch ,  3, 5-dini t rosal icycl ic  acid and  
pyrogal lo l  were o b t a i n e d  f rom E. Merck  E.G.,  D a r m s t a d t ,  
Ge rmany ,  L-noradrena l ine  b i t a r t r a t e  was  pu rchased  f rom 
K o c h - L i g h t  Labora to r i e s  Ltd . ,  Colnbrook,  Bucks ,  Eng-  
land.  5 - H y d r o x y - t r y p t a m i n e  c rea t in ine  su l fa te  (5-HT), 
3 -hyd roxy ty ramine -HC1  (Dopamine)  a n d  L-adrenal ine  
b i t a r t r a t e  were p u r c h a s e d  f rom S igma  Chemica l  Co., 
St, Louis,  Mo., USA.  Theophy l l i ne  was f rom M a n n  
Resea rch  Labora to r i e s  Inc. ,  New York,  N.Y.,  USA.  
N6_2_O-dibutyryl-adenosine 3 ' :5 ' - cyc l i c  m o n o p h o s p h a t e  
was o b t a i n e d  f rom C.F. Boehr inge r  u n d  S6hne  G.m.b .H. ,  
M a n n h e i m ,  Ge rmany .  T he  5 -HT a n t a g o n i s t  2-bromo-D- 
lysergic acid d i e t h y l a m i d e  (BOL 148) was k ind ly  d o n a t e d  
b y  Sandoz  A.G., Basel ,  Switzer land.  

' Results  and discussion. The  release of b o t h  pe rox idase  
a n d  amylase  was s t i m u l a t e d  b y  a c o m b i n a t i o n  of D B c A M P  
and  theophy l l ine ,  no rad rena l ine ,  adrena l ine ,  d o p a m i n e  as 
well  as b y  5 -HT (Tables I and  II) .  All  c o n c e n t r a t i o n s  of 
t h e  var ious  amines  were chosen  so as to  elicit  a m a x i m u m  
secre tory  response4,5.1~. The  a d d i t i o n  of B O L  148 
(2-bromo-D-lysergic acid d ie thy lamide) ,  a 5 -HT an tago-  
nist ,  d id  no t  affect  t h e  D B c A M P - t h e o p h y l l i n e  induced  
enzyme  release. The  d rug  a lone  ha s  no effect  on  basa l  
amylase  secre t ion  (7.4 ~ 2 .61%;  n ~ 5) as c o m p a r e d  to  
s imu l t aneous  con t ro l  i n c u b a t i o n s  (9.9 4- 2.93~o). B O L  148 
to t a l l y  abo l i shed  t he  5-IIT induced  pe rox idase  and  
amylase  secret ion.  Moreover ,  e n z y m e  d ischarge  caused  
b y  noradrena l ine ,  ad rena l ine  a n d  d o p a m i n e  was also 
b locked  b y  th i s  compound .  B O L  148 was equa l ly  effect ive 
in  an t agon i z ing  t he  secre tory  effects of t he  d i f fe ren t  
ca t echo lamines  as in t he  case of t he  5 -HT- induced  e n z y m e  
discharge.  

I n  t he  p re sen t  inves t iga t ion ,  B O L  148 was used as a 
5 -HT a n t a g o n i s t  ill a n  effor t  to  d i f f e ren t i a t e  se lect ively  
be tween  se ro ton in  recep tors  a n d  adrenerg ic  receptors .  
However ,  B O L  148 inh ib i t s  no t  on ly  e n z y m e  secre t ion 
induced  b y  5 -HT b u t  also no rad rena l ine ,  d o p a m i n e  and  
ad rena l ine  secre tory  effects. On t h e  o the r  h a n d ,  t he  d rug  
has  no  effect  w h a t s o e v e r  on  e n z y m e  release p rovoked  b y  
d i b u t y r y t  cyclic A M P  in c o m b i n a t i o n  w i t h  theophyl l ine .  
The  l a t t e r  f ind ing  would  seem to exclude  a non-specif ic  
in te r fe rence  w i t h  t he  secre tory  process.  Also ill o the r  
secre tory  cell sys tems  (e.g, t he  p a n c r e a t i c  betacel l)  a 
p roposed  specific se ro ton in  an t agon i s t ,  me thyse rg ide  
malea te ,  abol ishes  no t  on ly  t he  effect  of 5 -HT b u t  also 
t h a t  of n o r a d r e n a l i n e  a n d  d o p a m i n e  15,16. Moreover,  b o t h  
a- a n d  /~-adrenergic b lock ing  agen ts  i n h i b i t  5-HT- 
induced  enzyme  secre t ion f rom s u b m a n d i b u l a r  g land  5, 
and  t a k e n  t o g e t h e r  these  f indings  m i g h t  ind ica te  a close 
r e l a t ionsh ip  be tween  t he  p o s t u l a t e d  recep to r  of 5 -HT a n d  
t h a t  of t he  ca techolamines .  In  conclusion,  our  resul t s  
ind ica te  t h a t  B O L  148 c a n n o t  be cons idered  a specific 
5 -HT a n t a g o n i s t  in  sa l iva ry  g lands ;  w h e t h e r  or no t  a 
se ro ton in  (5-HT) recep to r  rea l ly  exis ts  in  these  g lands  
r ema ins  to  be  e lucidated .  
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Zusammen/assung. [sol ier te  Submandibu la r i sd r i i sen  des 
Meerschweinchens  wurden  in physio logischer  Puffer-  
16sung mi t  sekre t ionss t imul ie renden  Subs tanzen  in- 
kubiert .  Dopamin ,  Noradrenal in ,  Adrena l in  und  5-HT 
induzieren  die Sekre t ion  yon  Pe roxydase  und  Amylase ,  
w~hrend der  Se ro ton inan tagon i s t  BOL 148 (2-Bromo-D- 
LysergsSmre Die ty lamid)  eine be inahe  vo l l s t ind ige  Sekre- 
t i o n s h e m m u n g  hervorruf t .  BOL 148 ha t  sich also n ich t  

als spezifisch 5 - H T - h e m m e n d  an der  Meerschweinchen-  
speicheldri ise erwiesen. 
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D i s s o c i a t i o n  of  E r y t h r o c y t e  C a t a l a s e  in to  S u b u n i t s  

Catalase (E.C. 1.11.1.6.) of var ious  origin has been  
shown to consis t  of 4 ident ica l  subuni t s  w i th  a molecular  
weight  of app rox ima te ly  60,0001-a. The dissociat ion of th is  
o l igomer-enzyme into  d imer  and  m o n o m e r  par t ic les  
proceeds  slowly when kep t  a t  neu t ra l  p H  in di lute  solu- 
t ion 4. However ,  th is  decompos i t ion  can be accompl ished 
wi th in  a few minu tes  in concen t r a t ed  urea solut ion or by  a 
shif t  of pt-I (below 4 or above 11, 5,s). Unde r  appropr i a t e  
expe r imen ta l  condi t ions ,  th is  in te reonvers ion  is reversible,  
t hus  p e r m i t t i n g  a s t u d y  of the  decompos i t ion  of the  
catalase  molecule as well as its re-associa t ion f rom sub- 
units.  

In  order  to get  more  ins ight  into the  forces ac t ing  
be tween  subuni ts ,  bo th  react ions  have  been  followed. 
This is fac i l i ta ted  by  the  fact  t h a t  only the  ca ta la t ic  
ac t iv i ty  - b u t  no t  the  peroxida t ic  ac t iv i ty  - of th is  
enzyme  is lost  a f ter  its dissociat ion into subuni ts .  Fu r the r -  
more, ant igenic  d e t e r m i n a n t s  specific for the  t e t r a m e r  
par t ic le  d i sappear  upon dissociat ion.  This  dissociat ion - 

100  ~ .  �9 �9 � 9  

9 0  C a t a l a a e  act iv i ty  (%) 

8 0  �9 b u f f e r  
m 4 M urea  
A 6 M u r e a  

70  �9 8 M urea  

6 0  

5 0  

4 0  

3 0  

I J0  

5 10 15 
T i m e  (minutes)  

Fig. i. Inactivation of human erythrocyte catalase in a final con- 
centration of 4 M urea (D -- []) ; 6 M urea ( A -- A ) ; 8 M urea (�9 -- �9 ; 
control in 0.1 M phosphate buffer pH 7.2. ( � 9  

and  T h e i r  R e - a s s o c i a t i o n  

re-associat ion process  pe rmi t s  a direct  follow-up of 
a l te ra t ions  in bo th  enzymat i c  and  ant igenic  proper t ies  
of the  par t ic les  involved.  The ra te  of re-associat ion can be 
inf luenced by  o ther  pro te ins  in the  solution. 

Materials and methods. H u m a n  e ry th rocy te  cata lase  
was isolated f rom normal  blood by  the m e t h o d  of 1V[ORI- 
KOFER et al. v and AEBI e t a l .  4. The effector  p ro te ins  used 
were Bovine se rum albumin,  h u m a n  IgM (gift f rom Prof.  
BARA~DUN) and  the  IgG fract ions  of the  a n t i - h u m a n  
e ry th rocy te  cata lase  ant ibodyS.  

Inac t iva t ion  of catalase was achieved essential ly by  the  
m e t h o d  of SI~PITSBER~ s. Samples  conta in ing  5.6 mg /ml  
catalase  were b rough t  to  an 8, 6 and 4 M urea-concent ra-  
t ion by  using a 10 M urea solut ion ad jus ted  to  p H  7 wi th  
HC1. The catalase in urea was  left a t  20~ for t ime  per iods  
f rom a few sec up to 15 min.  Inac t iva t ion  was s topped  by  
di lut ing the  samples  wi th  0.1 M phospha t e  buffer  p H  7.2 
to a 3 M urea-concent ra t ion .  

Re-ac t iva t ion  s tudies  were pe r fo rmed  wi th  samples  
conta in ing  16.3 mg /ml  catalase,  which  had  been in- 
ac t iva ted  wi th  urea for 3 rain a t  20 ~ (final concent ra-  
t ion  8 M). The samples  were then  d i lu ted  to a 3 M urea- 
concen t ra t ion  by  the  addi t ion  of 0.1 M p h o s p h a t e  buffer  
p H  7.2, or by  the  same buffer  con ta in ing  10 m g / m l  final 
concen t ra t ion  of var ious  proteins .  Re-ac t iva t ion  was  
achieved by  open dialysis of 1-2 ml  samples  in an ice- 
b a t h  agains t  500 ml of the  1)hosphate buffer  for up to  8 h 
wi th  a change of buffer  af ter  6 h. The samples  in the  
dialysis bags were mixed  prior  to  the  removal  of a l iquots  
for analysis  a t  var ious t ime  intervals .  

Catalase ac t iv i ty  was de te rmined  spec t ropho tomet r i ca l -  
ly by  direct  m e a s u r e m e n t  of the  decrease of l ight  absorp-  
t ion at  240 rim, caused by  the  decompos i t ion  of hydrogen  
peroxide  by  catalase  9,1~ Urea  concen t ra t ion  was mea-  
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