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t he  b o t t o m  laye r  (A) of t h e  s y s t e m  n - B u O H - E t O H - H 2 0  
(5: 1:8) ,  N a O H  was  a d d e d  to  p H  3.2 a n d  t he  so lu t ion  was 
e x t r a c t e d  w i t h  t h e  t o p  l aye r  (B) of t h e  s ame  sys tem.  
E v a p o r a t i o n  of t h e  s o l v e n t  l e f t  a c r u d e  re s idue  ( X V I I )  
t h a t  was  d issolved in  A a n d  m a d e  bas ic  w i t h  N a O H  to  
p H  11. Af t e r  3 h HC1 was  a d d e d  t o  p H  3.2 a n d  t h e  so lu t ion  
e x t r a c t e d  w i t h  B.  E v a p o r a t i o n  of t h e  s o l v e n t  le f t  a 
res idue  of c rude  p e p t i d e  7 w h i c h  was  e lu ted  f rom D E A E -  
S e p h a d e x  ( O H - )  w i t h  1 M  (NH,)2CO s buf fe r  s. A f u r t h e r  
pu r i f i ca t i on  was ach i eved  b y  c o u n t e r - c u r r e n t  d i s t r i b u t i o n  
in  t h e  s y s t e m  n - B u O H - E t O H - H 2 0  (5 :1 :8 ) .  Af t e r  de-  
i on i za t i on  on  A m b e r l i t e  CG 50 (H +) t h e  so lu t ion  was 
e v a p o r a t e d  in v a c u o :  t h e  res idue  ( X V I I I )  (m.p. 224-226  ° 
dec . ;  [x]~0 _ 26 ° ' c 1, D M F ;  E~. 8 = 0.43 Glu ;  El .  9 = 0.53 
Cys (SO3H). Anal. Calcd. for  C~sH~sNlsO,1S2: C 51.5; 
H 5.4; N 13.5. F o u n d  C 51.3; H 5.7; N 13.1) was  found  
h o m o g e n e o u s  a n d  showed  t h e  s ame  e l ec t rophore t i c  a n d  
c h r o m a t o g r a p h i c  p roper t i e s ,  t h e  s a m e  b e h a v i o u r  t o w a r d s  
c h y m o t r y p s i n ,  sub t i l i s in  a n d  t h e  s a m e  d e g r a d a t i v e  p a t t e r n  
a n d  biological  p rope r t i e s  ~ of n a t u r a l  caerule in ,  t h u s  con-  
f i rming  t h e  f o r m u l a  deduced  f rom d e g r a d a t i v e  exper i -  
mentslO, l l  

Riassunto. Viene  r i p o r t a t a  la  s in tes i  del la  p i rog lu tami I -  
g l u t a m i n i l - a s p a r t i l - t i r o s i l ( O - s o l f a t o ) - t r e o n i l - g l i c i t - t r i p t o -  
f an i l -me t ion i l - a spa r t i l - f en i l a l an inamide ,  u n  p e p t i d e  iden-  
r ico p e r  p r o p r i e t ~  ch imiche ,  f is iche e b io logiche  al la  
caeru le ina .  

L. BIgRNARDI, G-. BOSlSm, 
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Electrophoretie analysis reveals that the residue contains caerulein, 
de-sulphated caerulein and polisulphated caerulein (probably 
mixed anhydrides aspartic acid -SOs). 

8 We are indebted to Dr. A. ANASTASi for these purification pro- 
cedures. 
We are indebted to Prof. V. ERSPA~Z for these assays. 

x0 We wish to thank Dr. B. CAMERI~¢O, Director of this Research 
Institute, for his interest in this work. 

n The synthesis of a number of fragments and analogues of caerulein 
is currently under way. 

P h a r m a c o l o g i c a l  A c t i o n s  of  C a e r u l e i n  x 

T h e  d a c a p e p t i d e  cae ru le in  ( n a t u r a l  cae ru le in  f rom 
Hyla caerulea sk in  z a n d  s y n t h e t i c  cae ru le in  3) d i sp layed  a 
n u m b e r  of pha rmaco log i ca l  ac t ions  on  v a s c u l a r  a n d  e x t r a -  
v a s c u l a r  s m o o t h  musc les  as well  as on  some  e x t e r n a l  
secret ions .  

Action on systemic blood pressure. T h e  i.v. i n j e c t i o n  of 
cae ru le in  caused  in  t h e  dog  a p ressu re  fal l  wh ich  was  
sa t i s f ac to r i ly  p r o p o r t i o n a l  to  t h e  dose, especia l ly  in i t s  
d u r a t i o n .  I t  l a s ted  co ns i de r ab l y  longer  t h a n  t h a t  caused  
b y  b r a d y k i n i n  or p h y s a l a e m i n .  T a c h y p h y l a x i s  was  e i t he r  
l ack ing  or  m o d e r a t e .  T h e  t h r e s h o l d  i.v. dose of caeru le in  
r a n g e d  b e t w e e n  0.01 a n d  0.1 #g/kg,  b u t  e v e n  doses of 
100-1000 /~g/kg could be  t o l e r a t ed  a n d  r e c o v e r y  was  
comple te .  T h e  t h r e s h o l d  dose b y  i.v. in fus ion  was 5-20 
n g / k g / m i n .  Cons ide rab ly  la rger  doses were r equ i r ed  b y  
s.c. route .  

T h e  p o l y p e p t i d e  lowered  t he  b lood  p ressu re  also in 
h u m a n s  a n d  in t h e  r a b b i t .  In  t h e  ca t  i t s  ac t ion  was  
erra t ic ,  tess i n t ense  a n d  t h e r e  was o f t en  t a c h y p h y l a x i s ;  
in  t h e  r a t  i t  gene ra l ly  caused  a h y p e r t e n s i v e  or  b iphas i c  
response .  

B y  i n t r a d e r m a l  i n j ec t ion  i n t o  t h e  h u m a n  f o r ea rm  
caeru le in  increased  t h e  cap i l l a ry  p e r m e a b i l i t y  a n d  caused  
a r eac t i on  wh ich  was  a p p r o x i m a t e l y  ha l f  as i n t ens e  as  
t t l a t  caused  b y  b r a d y k i n i n .  T h e  po lypep t ide ,  however ,  
was 5000 t imes  less ac t ive  t h a n  b r a d y k i n i n  on  t he  pe rme-  
ab i l i ty  of t he  skin  capi l lar ies  of t he  guinea-pig.  

Action on extravascular smooth muscle. Caeru le in  
genera l ly  d i sp layed  a poor  s t i m u l a n t  ac t ion  on  isola ted 
p r e p a r a t i o n s  of i n t e s t i n a l  a n d  u t e r ine  s m o o t h  muscle .  
The  m o s t  i m p o r t a n t  excep t ion  was  t he  i so la ted  gall  
b ladder .  T h a t  of the  gu inea-p ig  was c o n t r a c t e d  b y  con-  
c e n t r a t i o n s  of caerule in  as low as 1 ng /ml ,  t h a t  of t h e  
r a b b i t  a n d  t h e  sheep  b y  c o n c e n t r a t i o n s  as low as 0.2 
n g / m l  a n d  0. I ng /ml ,  respec t ive ly .  

T h e  in s i tu  gall  b l a d d e r  of t h e  gu inea -p ig  was  t r e m e n -  
dous ly  sens i t ive  to  caeru le in ,  t h e  i.v. t h r e s h o l d  dose  b e i n g  
0 .2-0.6  ng/kg.  T h e r e  was  a n  exce l l en t  dose / response  

r e l a t i onsh ip  a n d  the re  was  no  sign of t a c h y p h y l a x i s ,  even  
over  long  per iods  of t ime.  One/~g cae ru le in  was  equ iac t i ve  
to  40-50  I v y  dog un i t s  of cho lecys tok in in ,  i.e. to  7-15 #g  
of pu re  c h o l e c y s t o k i n i n - p a n c r e o z y m i n  4. 

L ike  t h a t  of t h e  guinea-pig ,  t h e  in s i tu  gall  b l a d d e r  of 
t h e  dog  was  p o t e n t l y  c o n t r a c t e d  b y  caeru le in ,  t h e  t h r e s h -  
old dose be ing  a p p a r e n t l y  of  t h e  o rde r  of a few ng/kg .  
I n  n o r m a l  h u m a n s ,  caeru le in  p r o d u c e d  a c o n t r a c t i o n  of 
t he  gall  M a d d e r  a t  i .v. doses  as low as 1 -2  n g / k g  (BRAI- 
BANTI e t  al., pe r sona l  c o m n m n i c a t i o n ) ,  

A n o t h e r  a spec t  of t he  s t i m u l a n t  ac t ion  of cae ru le in  on  
t he  in  s i tu  g a s t r o i n t e s t i n a l  s m o o t h  muscle  was  repre-  
sen ted  b y  emesis  a n d  d i a r r h o e a  as seen in t h e  i n t a c t  
conscious  dog  a f t e r  a d m i n i s t r a t i o n  of t he  po lypep t ide .  
The  t h r e s h o l d  emet i c  dose was a p p r o x i m a t e l y  0.5/~g a n d  
2 I*g/kg, b y  i.v. a n d  s.c. route ,  respec t ive ly .  

I n  a n  a n a e s t h e t i z e d  dog p r o v i d e d  w i t h  a d e n e r v a t e d  
fund ic  pouch,  caeru le in  p roduced  c o n t r a c t i o n  of t h e  
gas t r ic  m u s c u l a t u r e  a t  i .v. doses as low as 2-6  ng/kg.  

Action on secretions associated with the digestive tract. 
(a) Gastric secretion. I n  consc ious  dogs p r o v i d e d  w i t h  de-  
n e r v a t e d  fund ic  pouches ,  t h e  s.c. i n j ec t i on  of cae ru le in  
s t i m u l a t e d  b o t h  t h e  acid f low a n d  t h e  v o l u m e  of gas t r i c  
juice.  T h e  t h r e s h o l d  dose  was  0.1-0.5 /~g/kg a n d  t h e  
m a g n i t u d e  of t h e  r e sponses  was  p r o p o r t i o n a l  to  t h e  dose  
admin i s t e r ed .  T h e  effects  p r o d u c e d  b y  a s ingle s.c. dose 

1 Supported by grants from the Consiglio Nazionale delle Rieerche, 
Roma. 

2 A. ANASTABI, V. ERSPAMER and R. E~D~A~, Experientia 23, 
699 (1967). 

a L. BIgRNARDI, G. BoslsIo, R. DE CASTIGLIONE and O. GOFI.'REDO, 
Experientia 23, 700 (1967). 

4 A generous sample of synthetic human gastrin-I was kindly set at 
our disposal by Dr. R. C. SHEPPARD, The Robert Robinson 
Laboratories, University of Liverpool, and generous samples of 
pure seeretin and of pure cholecystokinin-pancreozymin by Prof. 
E. JORPES, Department of Chemistry, Karolinska Institutct, 
Stockholm. 
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lasted 90-150 rain. As well as the effects mentioned, the 
s.c. injection of 0.5-1 #g/kg of caerulein caused a large 
output  of pepsin. 

Because of the close structural similarity between the 
H. caerulea peptide and gastrin, the effect of caerulein on 
gastric secretion of the dog was not  unexpected. On a 
weight basis, caerulein was approximately 3 times as 
active as human gastrin-I 4. 

In  the perfused stomach preparation of the rat, caeru- 
lein produced a conspicuous increase in the total  acid 
output  measured over 20 min periods, The threshold dose 
was 15-25 ng/kg by the i,v. route and approximately 
5/zg/kg by the s.c. route. For i.v. doses ranging between 
20 and 200 ng/kg there was a good dose/effect relationship. 

If, during the i.v. infusion of histamine at  a rate itself 
ineffective or poorly effective on acid flow, caerulein is 
injected i.v., a conspicuous potentiat ion of the magnitude 
and an even greater potentiat ion of the durat ion of the 
secretory response to the polypeptide were observed. The 
histamine liberator compound 48/80 strongly reduced acid 
flow whilst aminoguanidine, an inhibitor of diamine- 
oxidase, increased it markedly. 

On a weight basis, caerulein was 10-50 times as potent  
as human gastrin-I and 15-20 times as potent  as carba- 
chol. 

Similar results were obtained when the rat  stomach 
with ligated pylorus was used. 

Preliminary experiments revealed that  caerulein con- 
spicuously increased the active transport  of chloride by  
the isolated gastric mucosa of Ra~za esculenta. The 
threshold concentration was of the order of 0.003-0.01 
ng/ml. On a weight basis, human  gastrin-I was at  least 
300-1000 times less active (PESENTE et al., to be pub- 
lished). 

(b) -Pancreatic secretion. The administration of caerulein 
to anaesthetized dogs with the main pancreatic duct can- 
nulated resulted, in each case, in a prompt increase in the 
volume of pancreatic juice. Unlike the juice produced by 
secretin bu t  like tha t  produced by pancreozymin, the 
juice produced by caerulein was rich in enzymes (amylase) 
and dry residue. The threshold dose was 3-6 ng/kg by 
rapid i.v. injection, 0.3-0.6 ng/kg/min by i.v. infusion and 
100 ng/kg by the s.c. route. The magnitude of the response 
was directly related to the dose administered, and even 
at shock levels of blood pressure stimulation of pancreatic 
secretion could be observed. 

If increase in volume flow only was considered, 1 #g 
caerulein was equiactive to 35-40 ~ug human gastfin-I, 

1-3 Jorpes clinical units of secretin or 10-20 /,g pure 
cholecystokinin-pancreozymin. 

Results similar to those described above for anaesthe- 
tized dogs were obtained if anaesthetized cats were used. 

(c) Biliary secretion. In  anaesthetized dogs caerulein 
elicited a powerful contraction of the gall bladder and 
apparently increased tile flow of hepatic bile. 

An evident increase in the rate of biliary flow occurred 
in the anaesthetized rat  after administrat ion of eaerulein. 

The threshold i.v. dose was 1 #g/kg, Single doses of 2-5 
#g/kg caused, over an approximately 2 h period, a 20-30% 
increase in the volume of bile produced. The dry residue 
content  and cholesterol content  of caerulein-bile was as 
high, or higher than the dry residue and cholesterol con- 
tent  of control-bile. With repeated doses the effect was 
more intense and could be sustained for 4-6 h. 

On a weight basis, human  gastrin-I showed 2% of the 
activity of caerulein. 

From the above data, it  can be seen that  the relatively 
small molecule of caerulein possesses an astonishingly 
versatile and powerful pharmacological activity. At the 
same time, it mimics many  of the effects of bradykinin,  
gastrin and cholecystokinin-pancreozymin. 

The study of one natural  and several synthetic caeru- 
lein-like polypeptides is in progress. 

Full  reports and discussions of the experiments and 
results described in this paper will be published elsewhere. 

Riassunto. La caeruleina, nonapeptide att ivo della pelle 
di Hyla caerulea, possiede un insieme di potenti  azioni 
farmacologiche sulla muscolatura liscia vasale ed extra- 
vasale e sulle secrezioni del tubo digerente. La caeruleina 
provoca una relativamente prolungata caduta della pres- 
sione del sangue nel cane e nel coniglio, contrae potente- 
mente la muscolatura in situ deUo stomaco, dell ' intestino 
e soprattutto della cistifellea, stimola poderosamente la 
secrezione gastrica, la secrezione pancreatica e, in misura 
minore, la secrezione biliare. In  queste sue multiformi 
azioni farmacologiche la caeruleina risulta pit] potente 
rispett ivamente della bradichinina, delia gastrina e della 
colecistochinina-pancreozimina. 

V. ERSPAMER, G. BERTACCINI, G. DE CARO, 
R.  ENDEAN and M. IMPICCIATORE 

Istituto di Farmaoologia, Universith di Parma (Italy), 
and Zoology Department, University o/ Queensland, 
Brisbane (Australia), 77th May 7967. 

Isolation and Structure of 2,4-Dihydroxy-3, 5,6- 
Trimethylbenzoic Acid from 

Mortierella r a m a n n i a n a  

We have isolated a highly substi tuted 6-methylsalicylic 
acid derivative from the fungus Mortierella ramanniana 
vat. angulispora (Naumov) Linnemann and have deter- 
mined its structure to be 2, 4-dihydroxy-3, 5, 6-trimethyl- 
benzoic acid (I). The fungus was grown with agitation 
and aeration for 5 days in a medium composed of glucose 
(3%), ammonium acetate (0.2%), sodium sulfate (0.1%), 
potassium acid phosphate (0.075%), potassium chloride 
( 0.03 % ), magnesia m acetate tetrah ydrate ( 0.01% ), ferric 
Chloride hexahydrate (0.002%) and protein hydrolyzate 
(0.1%), The metabolite was recovered from the culture 

filtrate by solvent extraction and was purified by silica 
gel chromatography using benzene-ethyl acetate (4:1). 
Pure 2, 4-dihydroxy-3, 5,6-trimethylbenzoic acid (I), m.p. 
192-193 °, crystallizes from ethyl acetate-hexane. Anal. 
(C10H1204): C, 60.68; H, 6.28; O, 31,84; M + = 196 (mass 

~MeOH spectrmn); [~]~ 4- 0; "max (e) 264 (11,950) and 310 nm 
(4410); alkali shifted the maxima to 256 (6940) and 302 
nm (5000); vK~B r 1620, 2860 (ArCO,H) and 3500 cm -1 
(ArOH) ; nmr  (D,-DMSO), 7.92 (2x ArCHs), 7.60 (ArCHa) , 
0.83 T (broad 3 × OH, exch.). The presence of 2 phenolic 
hydroxyls and a carboxyl was shown by facile formation 
of a diacetate, m.p. 151-155°; Anal. (Cx4H18Oe) : C, 59.78; 

KBr H, 6.13; Wax 1690 (ArCO,H), 1775, 1785 cm -1 (Ar- 
OCOCH~), nmr  (CDCIB) 7.72 and 7.65 v (2 × ArOCOCH3), 


