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more t h a n  90%. To conf i rm the  na tu re  of the  der iva t ive  
of pheny le thy l ene  glycol w i th  bu ty lboron ic  acid, mass  
spec t ra  were carried carried ou t  by  using an L K B  9000 
i n s t r u m e n t  a t  the  following condi t ions  : ion source t empe-  
ra ture  290~ ionizat ion energy  70 eV; t r ap  cu r r en t  60 btA. 
Sample  in t roduc t ion  was carr ied out  e i ther  by di rect  inlet  
sys t em (DIS) or by  GC at  the  condi t ions  descr ibed above,  
excep t  for the  use of hel ium ins tead  of n i t rogen  as carr ier  
gas. The 2 mass  spect ra  were comparable .  The enzymic  
ac t iv i ty  of epoxide hydrase  was expressed in nmoles  of 
diol fo rmed per  min of incuba t ion  per  mg of microsomal  
protein .  The spon taneous  hyd ra t i on  of s tyrene  epoxide 
occurr ing in our condi t ions  was lower t h a n  5% wi th  re- 
spect  to the  enzymat i c  and i t  was subs t r ac t ed  for the  
calculat ion of enzymat i c  act ivi ty .  P ro te in  concen t ra t ion  
was de t e rmined  by  the  me thod  of Lowry*~. 
Results and discussion. The table  summar izes  the  effects 
of the  tr icyclic drugs and the i r  epoxides  on the  ac t iv i ty  
of epoxide hydrase .  Only cyp rohep tad ine  epoxide  had  a 
marked  inh ib i to ry  effect  on the  enzyme,  while cyloben-  
zaprine and its epoxide showed a slight s t imu la to ry  effect.  
On the  o ther  hand ,  cyproheptad ine ,  ca rbamazep ine  and 
ca rbamazep ine  epoxide did no t  show any  influence on the  
ac t iv i ty  of the  enzyme.  As shown in the  figure, cypro-  

hep tad ine  epoxide  is a compet i t ive  inhibi tor  of epoxide  
hydrase ;  the  a p p a r e n t  K,-value  is 0.75 mM. I t  m a y  be 
suggested t h a t  s ty rene  epoxide  and cy p ro h ep t ad i n e  epoxide  
are subs t ra tes  for t he  same enzymes,  a l though  to  da te  
there  is no evidence t h a t  cy p ro h ep t ad i n e  epoxide is me t ab -  
olized to the  co r r e spondan t  diol ~5. 
The significance of these  in vivo f indings remains  to be 
establ ished.  However ,  the  hypo thes i s  m a y  be ad v an ced  
t h a t  cyp rohep t ad ine  epoxide could interfere  wi th  the  bio- 
t r ans fo rma t ion  process of some carcinogenic agents  by  
affect ing the  degrada t ion  of the i r  epoxides  into me tabo-  
lites devoid of toxic  effects. Conversely,  it  m a y  be sug- 
gested on the  basis of da t a  f rom studies  in progress  t h a t  
tr icyclic agents  m a y  also affect  the  fo rmat ion  of the  
epoxides  of carcinogenic agents .  Therefore,  it  seems pos- 
sible to modula te  the  accumula t ion  of epoxides  f rom such 
agents,  pe rmi t t i ng  us to assess the  significance of epoxide  
format ion  in chemical  carcinogenesis.  
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Summary. A simple and rapid me thod  is repor ted  for p repa ra t ion  and par t ia l  pur i f ica t ion of colostrokinin f rom bovine 
colostral  whey.  The act ive subs tance  ob ta ined  at  the  descr ibed stage of pur i f icat ion appears  to be a basic po lypep t ide  
of low molecular  weight.  This pept ide  proved  to be undes t royed  by  pepsin, only  par t ia l ly  by t ryps in  and comple te ly  
by  papain.  

The first  repor t  abou t  some proper t ies  of colostrokinin 
dates  f rom 1959 by  Guth  1. The crude subs tance  was ob- 
t a ined  by  incuba t ing  kallikrein from urine or saliva wi th  
colostruln 2,a. A me thod  for colostrokinin p repa ra t ion  
wi th  a 15-20fold pur i f icat ion was later  pe r fo rmed  by  
Werle and Trau tscho ld  4, who found some biological and 
biochemical  differences be tween  colostrokinin and plasma-  
kinins,  bu t  concluded t h a t  the  2 types  of kinins  were 
chemical ly  and pharmacologica l ly  ve ry  closely related.  
Abou t  10 years  later, th is  subjec t  of research drew the  
a t t en t i on  of some Japanese  invest igators ,  who proposed  a 
m e t h o d  for isolat ion and pur i f icat ion of colostrokinin 
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Fig. 1. Gel filtration pattern of crude colos- 
trokinin (step 3), prepared from 2000 ml of 
natural bovine colostrum, on a Sephadex 
G-25 fine column (5.5 em• cm), equili- 
brated with 0.1 M ammonium acetate buffer 
(ph 5). Flow rate 125 ml]h. Fraction size 25ml. 
Void volume measured with Blue Dextran 
2000. Shaded area represents the presence of 
biological activity. The separation pattern 
was recorded at 278 nm. 
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Table 1. Summary of the parameters followed for colostrokinin purification 

EXPERIENTIA 33/4 

Fractions Dry weight Protein content Biological activity 
obtained (d.w.) mg b (p.c.) nlg~ Rat uterus Guinea-pig ileum 

~zg as Purification Purification [zg as Purification Purification 
bradykinin a factor on d.w. factor on p.e. bradykinin a factor on d.w. factoronp.e. 

At step 2 34,300 15,240 10.6 1 1 33.4 1 1 
At step 3 832.5 344.9 9.07 35 • 38 • 32 39 • 42 • 
At step 4 53 34.5 8.03 490 • 335 • 21.8 422 • 288 • 
At step 5 2.2 0.397 2.88 4,236 • 10,438 • 1.25 583 • 1,436 • 

~All data are referred to 1,000 inl of natural bovine colostrum, bArfer drying in vacuo at 100~ for 24 h. ~ from quantitative 
aminoacid analysis, a Synthetic bradykinin kindly supplied by Sandoz Ltd. 

f rom bovine co los t rum and descr ibed some of its p roper -  
ties~, ~. They  showed t h a t  colost rokinin  had  some bio- 
logical proper t ies  in c o m m o n  witt l  b radykin in ,  b u t  dif- 
fered in hav ing  a s t ronger  ac t iv i ty  in increasing capi l lary 
pe rmeab i l i ty  in guinea-pigs and  in eliciting vasodi la t ion  
in dogs. More recent ly  Be re t t a  e t  al.7 repor ted  t h a t  t h ro u g h  
various kinds of biological assays,  colostrokinin revealed 
some features  which clearly d i f fe rent ia te  i t  f rom b rady-  
kinin. Since all these  results  have  been ob ta ined  wi th  less 
or more  purif ied p repa ra t ions  of the  kinin, the  ques t ions  
abou t  its ident i f ica t ion still r emain  and can be answered 
only wi th  comple te ly  purif ied p repara t ions  of it, or be t t e r  
wi th  the  syn the t i c  compound .  For  this  reason, we have  
now t r ied  a new and  a l t e rna t ive  procedure  to prepare  and 
pur i fy  colostrokinin f rom bovine  colostral  whey,  the  first  
s teps  of which are repor ted  in th is  paper .  
Materials  and methods. 1. Bovine  colos t rum was collected 
wi th in  24 h af ter  del ivery  and s tored a t  -20~ 2. Bio- 
logical assays:  ovar iec tomized  and oest rogenized ra t ' s  
uter i  and guinea-pig 's  flea suspended  in v i t ro  in Tyrode  a t  
30~ ill the  presence  of a t rop ine  (l~xg/ml) and BOL (D-2- 
bromolysergic  acid d ie thy lamide ;  1 ~g/ml) and in Tyrode  
at  37~ respect ively.  The biological act ivi t ies  of the  
samples  have  been expressed by  using syn the t i c  b rady-  
kinin (Sandoz Ltd)  as a reference s tandard .  3. E n z y m a t i c  
t r e a t m e n t s :  t r y p t i c  digest ion was per fo rmed  in 0.24 M 
phospha t e  buffer  dur ing  a 24 h con tac t  per iod at  27~ 
and p H  8.3; pept ic  and papain ic  digest ions dur ing equal  

con tac t  t imes in 0.1 M glycine-HC1 buffer  a t  37~ and 
p H  2 and  respect ive ly  in 0.1 M a m m o n i u m  aceta te-ace t ic  
acid buffer  conta in ing  5 mM E D T A  in the  presence  of 
cys te ine  a t  37 ~ and  p H  6.1. Tile e n z y m e : s u b s t r a t e  ratio 
was 1:10 (w/w) on the  basis of the  subs t r a t e ' s  prote ic  
conten t .  
Results .  The pur i f ica t ion procedure  was carried ou t  by  
the  following s teps :  2000 ml of bovine  colos t rum were 
cent r i fuged at  11,000 x g for 30 min. The colostral  whey  
ob ta ined  (middle layer) was b ro u g h t  to  p H  3 wi th  5 N 
HC1, warmed  at  37 ~ for 5 min wi th  st irr ing,  ad jus ted  to 
p H  5.5 wi th  N N a O H  and  t h e n  dialyzed agains t  dist i l led 
H~O for 24 h a t  2~ After  dialysis the  sample  was  ad- 
jus t ed  to p H  7 wi th  N N a O H  and incuba ted  for 5 min  a t  
37~ under  k ind st i rr ing wi th  kall ikrein (Padut in |  - 
phil ized vials, Bayer ,  Leverkusen,  B R D )  0.5 F rey  Uni t s  
for each ml of original colostrum. A t  the  end of th is  in- 
cuba t ion  period,  the  solut ion was ad jus t ed  to p H  4.5 
wi th  5N acetic acid, cooled and  then  lyophil ized (step 1). 
Tile lyophil ized powder  was ex t rac ted  wi th  2 N acetic 
acid and then  lyophil ized (step 2). This lyophil ized ma- 
terial  ob ta ined  was fu r ther  ex t r ac t ed  wi th  glacial acetic 
acid and the  acidic s u p e r n a t a n t  was b rough t  to 89% con- 
cen t ra t ion  of e thy l  ether .  The prec ip i ta te  formed dur ing  a 

7 C. Beretta, G. Gallina, P. Ormas and R. Faustini, Pharm. Res. 
Commun. 4, 87 (1972). 
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Fig. 2. Ion exchange chromatography at 50~ of 40 mg of the fraction of step 4 on Aminex A-5. The column (1 • 25 cm) is equilibrated 
with 0.2 M pyridine-acetic acid buffer (ph 3.1). Gradient to pH 5 starts at tube 1 with a 2-flask-mixing apparatus (250 ml of 0.2 M 
pyridine-acetic acid buffer pH 3.1 + 250 ml of 2 M pyridine-acetic acid buffer pH 5.0), Step 85 ml of 2 M pyridine at tube 87. Fraction 
size 5.5 ml. Flow rate 30 ml/h, The separation pattern (--) was recorded at 570 nm (ninhydrin test after alkaline hydrolysis). ---, pH. 
Shaded area represents the presence of biological activity. 
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3-h-period at  20~ was f i l tered on a Buchner  funnel,  
washed twice wi th  e thy l  e ther  and dried.  This dr ied 
mater ia l  was ex t r ac t ed  overn igh t  wi th  200 ml of 70% 
(v /v )EtOH,  and the  s u p e r n a t a n t  ob ta ined  by  centr i -  
fugat ion was evapora t ed  to dryness  under  reduced pres-  
sure a t  30-35 ~ (step 3). 
This residue was successively ex t r ac t ed  wi th  33 ml of 
0.1 M a m m o n i u m  ace ta te  buffer  (pH5) and the super-  
n a t a n t  collected was f rac t iona ted  on a Sephadex  G-25 
fine co lumn (figure 1). The act ive f ract ion (shaded 
area) was lyophilized (step 4). An a m o u n t  of this  mater ia l  
(corresponding to 800 ml of initial colostrum) was chro- 
m a t o g r a p h e d  on a p repa ra t ive  pep t ide -ana lyze r  by  em- 
ploying Aminex  A-5 (Bio-Rad Laborator ies)  under  the  
condi t ions  descr ibed in figure 2. The separa t ion  p a t t e r n  
(n inhydr in  tes t  a f ter  alkaline hydrolys is  according to 
Moore and  Stein s in order  to avoid interference due to 
e luent  buffers) was recorded at  570 nm. The act ive frac- 
t ion was lyophil ized (step 5). The fract ions ob ta ined  at  the  
poin ts  s tep  2, 3, 4 an 5 have  been tes ted  biologically, and 
the  results  a t t a ined  listed in table  1 wi th  the  respect ive  
values of their  dried weights  and proteic  contents .  The 

Table 2. Enzymatic digestion of a partially purified coIostrokinin* 

Sanlple Per cent activity** 

Control 100 
Pepsin digested 100 
Papain digested 2- 3 
Trypsin digested 38 42 

*Biological activity on rat uterus in vitro. **Per cent residual 
activity referred to control considered 100. 

f ract ion of the  s tep  5 was moreover  s u b m i t t e d  to the  
enzymat i c  t r e a t m e n t s  descr ibed and t h e n  t e s t ed  for its 
biological ac t iv i ty  on ra t  u te rus  prepara t ions .  The results  
ob ta ined  are l isted in table  2. 
Discussion. The s teps  of pur i f ica t ion of colostrokinin now 
proposed  only  par t ia l ly  over lap those  descr ibed by  
Yamazak i  and  Moriya 5. The shor t  t ime  of enzyme-  
subs t r a t e  con tac t  was selected according to previous  re- 
sults by  Bere t t a  and  Ornlas 9. The 2 successive acetic acid 
ex t rac t ions  (2 N and glacial) allow a good separa t ion  of 
the  kinin f rom the  high molecular  weight  compounds  (i.e. 
proteins,  nucleic acids, etc.) while the  prec ip i ta t ion  wi th  
an excess of e thy l  e ther  removes  the  lipids still p resen t  in 
the  mens t ruum.  The elut ion Kd  from the  Sephadex  G-25 
column suggests  t h a t  the  act ive f ract ion is charac ter ized  
by  a mol .wt  be tween  1000 and 2000. The successive purifi-  
ca t ion on Aminex  A-5 reveals its basic proper t ies .  This 
last  f inding is conf i rmed by  the  lack of biological ac t iv i ty  
showed by  the  papa in - t r ea t ed  p repa ra t ions  (table 2). 
Since the  ac t iv i ty  of the  kinin has been no t  damaged  by  
pepsin  and  only  par t ia l ly  by  t ryps in  (enzymes p resen t  in 
the  an imal  gas t ro in tes t ina l  t ract) ,  it  can be suggested t h a t  
when  released by  sal ivary kallikrein, colostrokinin m a y  
pass un in ju red  th rough  the  gastr ic  e n v i r o n m e n t  and be 
hydro lyzed  only  wi th in  the  duodena l  t rac t ,  where,  how- 
ever, t r yps in  migh t  exer t  no t  only  a kininase-l ike bu t  also 
a kininogenase- l ike ac t iv i ty  4. On account  of the  purif ica-  
t ion factors  calculated,  this  new procedure  appears  to be 
simple and rapid  enough to allow the  p repa ra t ion  of rel- 
a t ive ly  large amo u n t s  of the  kinin conta in ing  material .  
Studies  on its chemical  and biological proper t ies  are now 
in process in our laboratories .  

8 S. Moore and W. H. Stein, J. biol. Chem. 211, 907 (1954). 
9 C. Beretta and P. Ormas, Proceedings of Scientific Conference of 
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Summary. In  concen t ra t ions  t h a t  p roduced  synap t ic  blockade in the  squid giant  synapse,  sod ium pen toba rb i t a l  
p roduced  a dose-related,  reversible decrease of the  'calc ium spike'  of the  p resynap t i c  te rminal .  

Barb i tu ra t e s  block synap t ic  t ransmiss ion  at  lower con- 
cen t ra t ions  t h a n  they  block conduc t ion  along nerves  ~-6. 
These lower concen t ra t ions  are more re levan t  to the  
general  anes the t ic  concen t ra t ions  in man,  and the  pos t -  
synapt ic  m e m b r a n e  is affected in this  concen t ra t ion  
range 7-9. There has  been considerable  debate ,  however ,  
as to whe the r  ba rb i tu ra t e s  also have  p resynap t i c  effects.  
For  example ,  a ba rb i tu ra t e - induced  decrease in quan ta l  
con ten t  has  been d e m o n s t r a t e d  in cat  mo toneu rons  10, 
and ba rb i tu ra t e s  have  been shown to inh ib i t  depolar iza-  
t ion- induced  calcium uptake  in ra t  synap tosomes  n and in 
s y m p t a t h e t i c  ganglia12; bu t  ba rb i tu ra tes  cause no 
change or an increase in quan ta l  con ten t  a t  the  frog 
neuromuscula r  junctionT, la. There  have  been  few in t ra-  
cellular s tudies  of d i rect  p resynap t i c  effects of ba rb i tu ra t e s  
because of the  di f f icul ty  of working wi th  p resynap t i c  
terminals .  The squid g iant  synapse  is unusual  in t h a t  
b o t h  the  pre- and the  pos t synap t i c  t e rmina ls  can be 
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