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Inhibition of liver micros�9 epoxide hydrase by cyproheptadine epoxide 

J. Pachecka  ~, M. Sa lmona  ~, G. Belvedere,  L. Cantoni ,  E. Mussini and S. Gara t t in i  
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Summary .  Cyprohep tad ine  epoxide is a compet i t ive  inhib i tor  of ra t  liver microsomal  epoxide  hydrase  wi th  an ap p a ren t  
Ki-valne  of 0.75 mM. Cyclobenzapr ine  and  i ts  epoxide s t imula te  in vi tro the  ac t iv i ty  of th is  enzyme,  whereas  cypro-  
hep tad ine ,  carba lnazepine  and ca rbamazep ine  epoxide have  no effect.  

There  is increasing evidence t h a t  labile epoxides  formed 
dur ing  me tabo l i sm of m a n y  chemicals  m a y  p lay  an im- 
p o r t a n t  role in carcinogenesis  3-~. The concen t ra t ion  of 
these  epoxides  in the  body  is the  resul t  of a balance be- 
tween  the  a m o u n t  formed and  the  a m o u n t  metabol ized  
t h rough  various metabol ic  processes6, 7. A key enzyme  for 
ca tabol i sm of epoxides  is the  epoxide  hydrase  (EC 4.2.1. 
64)~ Therefore,  it  is obviously of in teres t  to know which 
factors  m a y  affect  the  ac t iv i ty  of this  enzyme.  I t  has  been 
shown t h a t  some epoxides,  e.g. cyc lo-hexane  epoxide and 
t r i ch loropropene  epoxide,  are able to decrease the  ac t iv i ty  
of epoxide  hydrase  s; however,  the  effect  of o ther  epoxides,  
and in par t i cu la r  those  formed dur ing  the  metabo l i sm o! 
some drugs, has  no t  been studied.  In  previous  s tudies  we 
have  found  t h a t  several  tr icyclic drugs including car- 
bamazepine ,  cyp rohep t ad ine  and  cyc lobenzapr ine  are 
metabo l ized  to form 10, 11-epoxides, which  can be detec-  
t ed  in blood and urine 9,~~ This communica t ion  summa-  
rizes our  recent  f indings concerning the  effects of these  
epoxides  as well as the i r  pa r en t  compounds  on the  
ac t iv i ty  of epoxide hydrase  in ra t  l iver microsomes.  

Effect of some tricyclic drugs and their epoxides on epoxide hydrase 
activity 

Drug added Concentration Specific activity Activity 
of the drugs (nlnoles phenyl- ~ 
(raM) ethylene glycol 

mg protein 1 
min-1) 

None - 5.42 ~_ 0.22 100 
Cyproheptadine 1 5.63 4- 0.15 104 
Cyproheptadine epoxide 0.75 4.10 • 0.10" 76 
Carbamazepine 1 5.20 -t- 0.05 96 
Carbamazepine epoxide 1 5.53 4- 0.08 102 
Cyclobenzaprine 1 6.30 4- 0.28** 116 
Cyclobenzaprine epoxide 1 6.13 4- 0.29** 113 

The substrate (styrene epoxide) concentration was always 0.5 raM. 
The figures represent the mean value ~ SE of 4 i~dividual ex- 
periments. *p % 0.01; **p < 0.05. 

- Ki 0,57 0.75 1.5 rnM 

Inhibitor concentration 

Dixon plot of the inhibitory effect of cycloheptadine epoxide on the 
activity of epoxide hydrase. The concentration of the substrate 
(styrene epoxide) utilized were 0.5 mM (�9 �9 and 0.75 mM (O--Q). 
V is given as nmoles of phenylethylene glycol formed mg protein -t  
rain -1. 

Materials and methods. The liver microsomes  y~,ere p repa red  
from Charles River  CD male ra t s  (body weight  150-180 g) 
according to the  me t h o d  of K a t o  11, wi th  sl ight  modif ica t ion 
in the  composi t ion  of the  solut ion util ized for liver homo-  
genizat ion which consis ted of Tris-HC1 buffer  0.05 M, p H  
7 .4conta in ing NaC10.15 M and  MgC125 mM. Carbamazep ine  
was a k ind gift  of Ciba-Geigy, ca rbamazep ine  epoxide was 
dona ted  by  I talseber,  Milan�9 cyp rohep tad ine  and cyclo- 
benzapr ine  were ob ta ined  by  Merck Sharp  and Dohme,  
while the i r  epoxides were synthes ized  as previously  des- 
cribed 10,12. The ac t iv i ty  of epoxide hydrase  was deter-  
mined  by  util izing s ty rene  epoxide as a subs t ra te .  The 
enzymat i c  react ion was carr ied out  as follows: 4.3 ml 
buffer  was added  to 0.1 ml  me thano l  solut ion of the  com- 
pound  in order  to ob ta in  a final concen t ra t ion  ranging  
f rom 0.35 to  2 mM. At  the  same t ime  0.5 nil of a liver 
micros�9 suspension conta in ing  abou t  5 mg of p ro te in  
were added.  Af ter  15 min O f p re incuba t ion  at  37~ 0.1 ml 
of an acetone solut ion of s ty rene  epoxide  (Merck) was 
added  to obta in  a final subs t r a t e  concen t ra t ion  of 0.5 mM 
or 0.75 mM. The react ion was s topped  af ter  5 min by  the  
addi t ion  of 1 ml of 0.6 M NaOH.  The samples  were im- 
media te ly  ex t r ac t ed  twice wi th  5 ml of e thy l  acetate .  The 
combined  ex t rac t s  were dr ied under  vacuum a t  room 
t empera tu r e .  In  order  to  measure  pheny le thy lene  glycol, 
the  diol formed dur ing the  enzymat i c  reaction,  a s imple 
gas ch roma tograph ic  m e t h o d  was  developed.  The diol was 
quan t i t a t i ve ly  de t e rmined  t h r o u g h  an esterif icat ion pro-  
cess wi th  bu ty lboron ic  acid 13. 5 txl of bu ty lboronic  acid 
(100 mg/ml  in d ime thy l fo rmamide)  were added to the  
sample  residue dissolved in 200 ~tl of an acetone solut ion 
of m-d in i t robenzene  (0.5 ~xg/tzl) used as an in ternal  s t and-  
ard. i bd of th is  solut ion was  in jec ted  in a Model GI gas 
c h r o m a t o g r a p h  appa ra tus  (Carlo Erba,  Milan�9 equipped  
wi th  a hydrogen  f lame ionizat ion detector .  The s t a t iona ry  
phase  was OV-17 3% on Gas Chrom Q (100-200 mesh) 
packed into a 2.5 m glass co lumn (internal  d iamete r  2 mm, 
ex te rna l  d iamete r  4 mm).  The flow rate  of the  carrier  gas 
(nitrogen) was 30 ml /min  and  the  co lumn t empera tu r e  
was 170~ The recovery  of pheny le thy l ene  glycol was 
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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. 


