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ABSTRACT 

The r e l a t i o n s h i p  between t h e  o f f s e t  r a t e  o f  
a c t i o n  and physicochemical p r o p e r t i e s  o f  azidomor- 
ph ines  w a s  i nves t iga t ed .  The o f f s e t  r a t e  o f  a c t i o n  
o f  1 2  compounds w a s  measured i n  i s o l a t e d  prepara- 
t i o n s  o f  guinea-pig ileum, Physicochemical proper- 
t i e s  o f  azidomorphines were c h a r a c t e r i z e d  by t h e i r  
hydrophobicity parameters,  determined by reversed- 
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2074 VALKO ET AT.,. 

phase high-performance l i q u i d  chromatography and 
by t h e i r  a c t i v i t y  i n  lowering sur face  tension. 

d e r i v a t i v e s  i n  guinea-pig ileum proved t o  be in- 
v e r s e l y  r e l a t e d  t o  t h e i r  hydrophobicity,  as shown 
by c o r r e l a t i o n  ana lys i s .  

developed which appears t o  be s u i t a b l e  f o r  t h e  es- 
t i m a t i o r ,  o f  t h e  o f f s e t  ra,te o f  a c t i o n  o f  azidomor- 
phines. 

The o f f s e t  rate o f  a c t i o n  of aeidomorphine 

A reversed-phase chromatographic system w a s  

INTRODUCTION 

The i n v e s t i g a t i o n  o f  q u a n t i t a t i v e  r e l a t i o n -  

s h i p s  between b i o l o g i c a l  a c t i v i t y  and physic ochem- 

i c a l  p r o p e r t i e s  o f  drugs /l/, /2 /  can h e l p  i n  t h e  

understanding of t h e  mechanism o f  pharmacological 

a c t  ion. 

The azidomorphine d e r i v a t i v e s  synthe t ized  by 

Rogngr and Makleit /3/  have advantageous pharma- 

c o l o g i c a l  e f f e c t s  i n  c e r t a i n  t e s t s  /4/, /5/ .  The 

r e l a t i o n s h i p  between t h e  chemical s t r u c t u r e  and 

pharmacological a c t i v i t y  of t h e  d e r i v a t i v e s  has  al- 

ready been s tudied  / 6 / .  It h a s  been shown by Fried- 

mann and k n o l l  /7/  t h a t  3-ethoxy-N-cyclopropylmeth- 

yl-azidomorphine e f i i b i t  s an extremely slow o f f s e t  

o f  i n h i b i t o r y  a c t i o n  i n  t h e  i s o l a t e d  myenteric 
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AZIDOMORPHINES IN GUINEA-PIG ILEUM 2075 

plexus-longitudinal muscle s t r i p  of t he  guinea-pig 

ileum. 

Kos te r l i t z  e t  al.  /8/ demonstrated t h e  ro l e  of 

hydrophobicity i n  the  r a t e  o f  o f f se t  of t h e  ac t ion  

of d i f f e r e n t  narcot ic  analgesics.  Herz and Tesche- 

macher /9/  and Mister and Herz /lo/, /11/ demon- 

s t r a t e d  t h e  importance o f  surface tension-lowering 

a c t i v i t y  o f  loperamid, an opiate- l ike an t id i a r rhea l  

agent,  i n  i t s  extremely long l a s t i n g  ac t ion  on t h e  

guinea-pig ileum. 

The question arose whether t h e  o f f s e t  r a t e  o f  

ac t ion  of t h e  inves t iga ted  azidomorphines could be 

explained so le ly  by t h e i r  hydrophobic charac te r  

and surface a c t i v i t y  o r  o ther  spec i f i c  interac-  

t i o n s  at t h e  receptor  should a l s o  be invoked, 

In t h e  present study t h e  r a t e  of o f f s e t  of 

t h e  inh ib i tory  ac t ion  w a s  measured i n  t h e  i so l a t ed  

preparat ion o f  guinea-pig ileum, Hydrophobicity o f  

t h e  se lec ted  azidomorphine der iva t ives  was carac- 

t er ized  by reversed-phase high-performance l i q u i d  

chromatographic (a-HPLC) r e t en t ion  da ta  as they 

a r e  of ten used i n  t h e  l i t e r a t u r e  ( /12 /#  /13/, /14/) 

according t o  eq. 1 

l o g  K = a log k’ + b 
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2076 VALKO ET AL. 

where 42. i s  t h e  p a r t i t i o n  c o e f f i c i e n t  of a compound, 

- k 9  i s  t h e  c a p a c i t y  r a t i o  measured i n  a given 

RP-HPLC system, and 2 and 9 a r e  cons t an t s .  

The s u r f a c e  tension-lowering e f f e c t s ,  AQ, o f  

t h e  compounds were c h a r a c t e r i z e d  by t h e  d i f f e r e n c e  

of t h e  su r face  t e n s i o n  o f  t h e  pure b u f f e r  and t h e  

drug s o l u t  i o n c  

The r e l a t i o n s h i p  between t h e  b i o l o g i c a l  and 

physicochemical d a t a  w a s  t e s t e d  by c o r r e l a t i o n  a- 

n a l y  s i s. 

MATERIALS AND METHODS 

The chemical s t r u c t u r e s  of t h e  compounds 

s tud ied  a r e  shown in Table 1, 

The r a t e  of o f f s e t  o f  i n h i b i t o r y  a c t i o n  was 

measured on myenteric p lexus- longi tudina l  muscle 

prepared accord ing  t o  Paton and V i z i  /15/. The mus- 

c l e  s t r i p  w a s  suspended i n  a 5 m l  organ ba th  (Krebs 

so lu t ion )  and w a s  f i e l d  s t imu la t ed  by 0.1 Hz supra- 

maximal square wave p u l s e s  o f  1 msec du ra t ion  v o l t -  

age, The Krebs s o l u t i o n  had t h e  fo l lowing  composi- 

t i o n  (mlY): N a C l  113, KC1 4.7, C a C 1 2  2.5, KH2P04 1.2, 

NaHCOg 25,  g lucose  11.5, MgS04 1.2. 
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AZIDOMORPHINES IN GUINEA-PIG ILEUM 207 7 

Serial 
number 

TABU3 1. 

CHEMICAL STRUCTUm OF SOME AZIDOMORPHINX 
DERIVAT IVL S 

R1 R2 R3 *4 
-- 

1. Azidomorphine CH3 Kg OH 

OCH3 CH3 N3 

4, Azidoethylmorphine OC2B5 CH3 N3 

2. Azidocodeine 

3. N-cyclopropylmethyl- 
az idomorphine OH C H 2 d  N3 

5. N-phenylethyl-nzido- 

6. N-phenylethyl-azido- 

7. Acetylazidomorphine OCOCH 

8. Norazidoethylmorphine OC2H5 H 

9. N-cyclopropylmethyl- 

et hylm o rphin e OC2H5 CH2CH2-Ph IT3 

morphine OH CH2CH2-Ph N3 

3 CH3 N3 

3 

azidoethylmorphine OC2H5 C H 2 d  N3 

3 10. Norazidomorphine OH H 1; 

1 1, J!T o rm o rp h in e GH H OH 

12 ,Morphine OH CH3 OH 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

double 
bound 
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2078 VALKO ET AL. 

A l l  t h e  inves t iga ted  compounds exhibited opi- 

a t e  agonist  a c t i v i t y ,  The o f f s e t  r a t e  o f  ac t ion  w a s  

character ized by t h e  t value, which ind ica t e s  

t h e  time needed f o r  t h e  65-75 percent i nh ib i t i on  

caused by t h e  compound t o  decrease t o  one-half aft- 

e r  washout with 100 m l  Xrebs solution, P a i r s  o f  

compounds 

t e s t e d  on t h e  preparation, The logarithm o f  t h e  

1/ 2 

(one o f  them always azidomorphine} were 

tlI2 values r e l a t i v e  t o  azidomorphine were used i n  

co r re l a t ion  ana lys i s  (log t1/2X ). 
The chromatographic r e t en t ion  da ta  were meas- 

ured on a LiChrosorb FP-18 (250 mm I D  4.6 mm dp 10 

p, Chromatronix) column. The p a r t s  o f  t h e  HPLC 

equipment a r e  l i s t e d  i n  Table 2. 

Detection w a s  c a r r i ed  out a t  280 nmo The tempera- 

t u r e  was 22 OC $ 2 OC, The f l o w  r a t e  o f  t h e  eluent 

w a s  1.51 ml/min. Pressure was 3 - 5 x 10 5 Nm-2. 

The r e t en t ion  time values  o f  compounds and t h e  

dead times were measured at l e a s t  a t  t h r e e  d i f f e r e n t  

concentrat ions o f  a c e t o n i t r i l e  i n  t h e  eluent,  Sodi-  

um n i t r a t e  w a s  used t o  determine t h e  dead time, The 

eluent  consis ted o f  5 t o  80% a c e t o n i t r i l e  and 0,05M 

phosphate buf fer ,  pH 2. A t  t h i s  pH value compounds 

were i n  ca t ion ic  f o r m ,  Sodium-butylsulphonate 

(Aldrich Milwauice Wisc, USA) w a s  applied as counter 
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AZIDOMORPHINES I N  GUINEA-PIG ILEUM 2079 

TABLE 2, 

HPLC EQUIPMENT 

I n j e c t o r :  Rheodyne Model 7010 Sample I n j e c t i o n  Valve 

Detector:  ISCO Model 226 Absorbance Monitor 

Pump: Labormim Liquopmp Model 312 

I n t e g r a t o r :  Chinoin Dig in t  Model 24 

Recorder: Endim Model 621,Ol 

Calcu la t ions :  Apple 11+ microcomputer 

i o n  i n  0,005 M concen t r a t ion  i n  t h e  e luent ,  Under 

such circumstances symmetric peaks were obtained 

a f t e r  20 pl i n j e c t i o n  o f  about 0.01% s o l u t i o n s  o f  

t h e  drugs i n  t h e  e luent .  The logar i thm o f  t h e  ca- 

p a c i t y  ra t ios  ( l o g  k') w a s  c a l c u l a t e d  a t  d i f f e r e n t  

concen t r a t ions  o f  a c e t o n i t r i l e  i n  t h e  e luen t  (OP%). 

The d a p e  and i n t e r c e p t  ( l o g  k:) o f  t h e  l o g  k' v s a  

OP% s t r a i g h t  l i n e s  were a l s o  considered as charac- 

t e r i s t i c  o f  hydrophobic prope:-tles o f  drugs on t h e  

b a s i s  o f  an e a r l i e r  s tudy  /16/ ,  which showed good 

c o r r e l a t i o n  between t h e  1-octa.nol/water p a r t i t i o n  

c o e f f i c i e n t  and Rp-HPLC r e t e n t i o n  d a t a  f o r  d i f f e r e n t  

t y p e s  o f  compounds, 

The r e g r e s s i o n  a n a l y s i s  y i e lded  t h e  s lope  and 

t h e  i n t e r c e p t  ( l o g  k:) o f  t h e  fo l lowing  equation: 
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2080 VALKO ET AL. 

l o g  k '  = ' s lope '  Oi?% + l o g  k; ( 4  
T o  measure s u r f a c e  t ens ion ,  compounds were 

d i s so lved  a t  M concen t r a t ion  i n  0.067 M phos- 

pha te  b u f f e r ,  pH 7.4, p repared  f r o m  KH2P04 and NaOH. 

The s u r f a c e  t e n s i o n  o f  t h e  b u f f e r  and t h e  drug 

s o l u t i o n s  w a s  measured i n  a Traube stalagmometer. 

The mass o f  60 drops o f  drug soluti .on (mx) w a s  meas- 

ured and compared t o  t h e  mass o f  60 drops o f  d i s -  

t i l l e d  water (mw),  The s u r f a c e  t e n s i o n  (Gx) o f  t h e  

given s o l u t i o n  was c a l c u l a t e d  according t o  eq. 3: 

m 
6 

W mw 

where t h e  G, i s  t h e  s u r f s e e  t e n s i o n  o f  d i s t i l l e d  

w a t e r  (72.57 ml'T/m). Measurements were c a r r i e d  out 

a t  24.6 OC. 

The s u r f a c e  tension-lowering a c t i v i t y  

o f  compounds w a s  expressed as t h e  d i f -  W p € k 7  4) 
f e rence  i n  GX v a l u e s  o f  t h e  drug and t h e  b u f f e r  so- 

l u t  i o n s  * 

Severa l  compounds were insoluble i n  t h e  b u f f e r  

a t  lom3 M conccn t r a t ion ,  t h e r e f o r e  s u r f a c e  tens ion-  

lowering a c t i v i t y  o f  t h e  compounds was a l s o  meas- 

ured i n  0.05 M KH2P04 (pH=4.6) s o l u t i o n s ,  i n  which 

a l l  i n v e s t i g a t e d  compounds d isso lved .  The d i f f e r -  
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AZIDOMORPHINES IN GUINEA-PIG ILEUM 2081 

ences o f  t h e  su r face  t e n s i o n  (A6 pH=4.6) 'Or the 

drug and t h e  KH2P04 s o l u t i o n s  were a l s o  used i n  t h e  

c o r r e l a t i o n  a n a l y s i s ,  

A l l  o the r  chemicals were reagent  grade prepa- 

r a t i o n s  obtained f r o m  REANAL (Hungary), A c e t o n i t r i l e  

was p u r i f i e d  by u s  f o r  chromatographic purposes. 

IiESULTS AND DISCUSSION 

The b i o l o g i c a l  and physicochemical d a t a  ob- 

t a i n e d  for t h e  1 2  compounds a r e  l i s t e d  i n  Table 3, 

Table 4 shows t h e  c o r r e l a t i o n  c o e f f i c i e n t  f o r  

each p a i r  o f  v a r i a b l e s .  

Since washing o f  t h e  ileum p r e p a r a t i o n  f a i l e d  

t o  z b o l i s h  t h e  i n h i b i t o r y  a c t i o n  o f  compounds 5 and 

9 ( tl/2 7 1 2 0  rnin), t h e s e  t w o  compounds were omitted 

f r o m  t h e  c o r r e l a t i o n  ana lys i s .  

Our f ind ing  t h a t  t h e  a c t i o n  o f  drugs 5 and 9 

was completely mitagonized by naloxone excluded t h e  

p o s s i b i l i t y  t h a t  t h e  extremely l o n g - l a s t i n g  e f f e c t  

o f  t h e  t w o  compounds was due t o  cova len t  b inding  t o  

o p i a t e  r e c e p t o r  s i t e s ,  The f a c t  th3;t subsequent 

waPhing o f  t h e  p r e p a r a t i o n  (removal o f  naloxone) 

r e s t o r e d  i n h i b i t i o n  showed t h a t  t h e  drugs were 

s t i l l  p re sen t  i n  t h e  p r e p a r a t i o n  n e a r  t h e  r ecep to r ,  
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TABLE 3. 

VALKO ET AL. 

T H E  B I O L O G I C A L  AND PRYSICOCHEMICAL DATA OF 
AZIDOMORPHINE D E R I V A T I V E S  

1. 

2. 

3. 

4, 

5. 

6. 

7. 

8. 

9, 

10. 

0,000 

0,294 

0.468 

0,642 

>1 

0.734 

0.060 

0.641 

?1 

0.009 

11, -0.523 

12. -0.229 

-0.0311 

-0.0064 

-0.0056 

-0,0088 

-0,0250 

-0.0150 

-0,0080 

-0.0106 

-0,0194 

-0,0271 

-0.0277 

-0.0298 

0,975 

0,499 

0,358 

0.862 

2.164 

1,124 

0,594 

0,880 

1.644 

0.851 

0,344 

0.467 

-0,259 

0 , 188 

0.078 

0.501 

>O.  6 

0.527 

0,272 

0.454- 

> 0.6 
-0,202 

-0,705 

-0.653 

'A6 v a l u e s  a r e  given i n  mN/m, 

values  could n o t  be measured f o r  t h e s e  pH=7 4 §a@ 

compounds because they  were i n s o l u b l e  i n  t h e  b u f f e r  
(pH=7.4) a t  M concentrat ion,  
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AZIDOMOWHINES I N  GUINEA-PIG ILEUM 2083 

TABLE 4. 

CORRELATION COEFFICIENTS OF PAIRS OF VARIABLES 

‘ s lope’  l o g  k: log k’ AG 
40 pS=4,6 

It can be seen f rom Table 4 t ha t  t h e  v a l u e s  o f  

l o g  tTI2 show good c o r r e l a t i o n  w i t h  t h e  logar i thm 

o f  t h e  capac i ty  r a t i o s  measured at 407; a c e t o n i t r i l e  

i n  t h e  e luen t  ( l o g  kio) as  descr ibed  by eq, 4: 

(4) 
x l o g  tli2 = 0.843 l o g  k i o  + 0,192 

(1,8 p=o. 95) =5* n=10 Fk0.925 ~ = 0 . 1 6 8  F=47,3 F 

where 2 i s  t h e  number o f  compounds considered i n  

t h e  c a l c u l a t i o n s ,  & i s  t h e  c o r r e l a t i o n  c o e f f i c i e n t ,  

- s i s  t h e  s tandard  e r r o r  of t h e  es t imate ,  and 2 i s  

t h e  F- tes t  value. 

The o f f s e t  r a t e  o f  acetylazidomorphine (com- 

Pound 7) w a s  n e a r l y  t h e  same as t h a t  o f  azidornor- 
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2084 VALKO ET AL. 

phine (number l), although t h e i r  hydrophobic charac- 

t e r s  d i f f e r e d  markedly. Consequently, t h e r e  were 

g r e a t  d i f f e r e n c e s  between t h e  measured and calcu- 

l a t e d  (by eq. 4) l o g  tTj2 v a l u e s  f o r  ace ty l az ido -  

morphine. An explana t ion  of t h i s  phenomenon may be 

t h a t  acetylazid.omorphine was hydrolyzed t o  azido- 

morphin? by t h e  t i s s u e ' s  c h o l i n e s t e r a s e s .  

O m i s s i o n  o f  i t s  d a t a  f r o m  t h e  c a l c u l a t i o n s  i n  

eq. 4 gave s i g n i f i c a n t l y  b e t t e r  c o r r e l a t i o n s  (Fig. 

1.) . 
l o g  t y /2  = 0.900 l o g  kio + 0.230 

n=9 s=0,103 R=0.976 F=137.7 P (1,7 p=0.95) =5.6 

The l o g  k '  v a l u e s  of compounds measured on 

reversed-phase chromatographic columns a r e  usually 

t aken  t o  be p r o p o r t i o n a l  t o  t h e  l o g a r i t h  of par- 

t i t i o n  c o e f f i c i e n t s  o f  t h e  compoud i n  t w o  immisc- 

c i b l e  s o l v e n t s  /12 / ,  /13!, /14/. Riley  e t  a l .  /13/ 

under l ined  t h e  r e l e v a c e  o f  l i q u i d - l i q u i d  d i s t r i -  

bu t ion  phenomena o f  s o l u t e  r e t e n t i o n  i n  ion-pa i r  

l i q u i d  chromatographic q-ste-ns as wel l ,  Thus, t h e  

s i g n i f i c a n t  r e l a t i o n s h i p  between l o g  t" 

l o g  k i o  sugges t s  t h a t  t h e  ha l f - t ime  o f  t h e  o f f s e t  

o f  t h e  i n v e s t i g a t e d  compoimds i n  guinea-pig ileum 

depends on t h e j r  hydrophobic cha rac t e r .  

and 
2 
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, 

0.5 

0 

-0. 

* 7  

11 
b 

‘0.6 -0.4 -0.2 0 0.2 l o g  kio 

F I G U R E  1, 

a THE RZLATION OF log k’ VALUES TO THE log tl 
V A L U E S  ACCORDING TO EQ. 5, 

/ 2  

The whole s e t  o f  con ipowds  could be analyzed 

only when 40 - 50% a c e t o n i t r i l e  w a s  used i n  t h e  

e luen t ,  A t  lower concen t r a t ions  o f  a c e t o n i t r i l e  hy- 

t rophobic  compounds (No. 5, 6, 4, 8 and 9)  c o u l d  

no t  be e lu t ed ,  whereas at h i g h e r  a c e t o n i t r i l e  con- 
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cen t  r a t i o 3  more hydroph i l i c  compounds (No, 12, 11, 

1) had no r e t e n t i o n  on t h e  c o l l m n .  A t  40% aceto- 

n i t r i l e  conceEtrn t ion  only t w o  compounds could no t  

be e lu t ed ,  No. 5 and 9,  t h e  ones t h a t  could l?ot be 

washed out f r o m  t h e  ileum p repa ra t ion .  
z The r e l a t i o n s h i p s  between l o g  tl/2 and l o g  kio 

v a l u e s  (eq. 4 and 5) s r e  s i g n i f i c a n t  according t o  

t h e  F-test ,  These r e s u l t s  i n d i c a t e  t h a t  a well-de- 

f i n e d  reversed-phase chromatographic system can 

provide  a u s e f u l  means t o  e s t ima te  t h e  r a t e  o f  o f f -  

s e t  of  azidomorphine d e r i v a t i v e s  i n  t h e  i s o l a t e d  

guinea-pig ileum. 

Bowever, one may qILestion t h e  u s e  o f  log k’ 

va lues  as t h e  measure o f  hydrophobicity when l o g  k’ 

VS, OP% s t r a i g h t  l i n e s  ai-e no t  p a r a l l e l  for a l l  

compounds, r a t h e r  t h e y  i n t e r s e c t  each o t h e r ,  I n  

such cases  d i f f e r e n t  r anks  o f  l o g  k’ va lues  c a n  3e  

obtained a t  d i f f e r e n t  p e re  en t  age s o f  ac e t  o n i t  r i l  e 

i n  t h e  e luen t ,  It w a s  po in t ed  o u t  e a r l i e r  /16/ t h a t  

i n  such i,nstances t h e  hydrophobic p r o p e r t i e s  o f  

compounds ca2  be c h a r a c t e r i z e d  by t h e  s lope  and 

t h e  i n t e r c e p t  ( log k:) o f  t h e  .Log k’ vs ,  OP% 

s t r a i g h t  l i n e ,  
- I n  case  o f  t h e  compounds i n v e s t i g a t e d  t h e  OP% 

vso l o g  k’ s t r a i g h t  l i n e s  i n t e r s e c t e d  each o t h e r  as 

can be seen i n  Fig, 2,  
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0 e 3  . 

0.1 . 

-0.3 10 30 50 70 90 OP% 

Numbers r e f e r  t o  t h e  compounds in  Table  1. 

FIGURE 2. 

THE OP% VS. l o g  k’ STRAIGFIT LINES FOR FIVE AZIDO- 

MOWBINE DERIVATIVES 

Therefore,  t h e  s t a t i s t i c a l  p a r m e t e r s  o f  t h e  r e l a -  

t i o n  o f  hydrophobicity t o  t h e  o f f s e t  r a t e  were also 

c a l c u l a t e d  from t h e  ’slope’ and l o g  ki values  o f  

c omp o m d  s : 

x log tll2 = 29.906’slope’ +- 0,908 l o g  k i  + 0,087 (6) 

Q= 1 0  R=0.931 ~=0,172 P=22,8 F (2 ,7  p=o. 95) =4’ 

The c a l c u l a t e d  and measured l o g  t” 

acetylazidomorphine were again d i f f e r e n t ,  Omitting 

va lues  o f  1/2 
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2088 VALKO ET AL. 

t h i s  compound f r o m  eq, 6 we obta ined  eq, 7; 

3 log t1I2 = 33.~90’s lope’  + 0.862 l o g  k; + 0.219 ( 7 )  

n=9 s=O.112 R=O.975 F=57,9 F (2,6 ~ ~ 0 . 9 5 ) -  -5.1 

Considering eqc 1 aad 2, it car1 be der ived  /16/ 

t h a t  t h e  quot ie r , t  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t  

r e f e r r i n g  t o  t h e  ’ s lope’  and l o g  kE, v a l u e s  i n  eq, 7 

g i v e  t h e  concen t r a t ion  o f  a c e t o n i t r i l e  i n  t h e  elu- 

en t  (OP%) a t  which t h e  b i o l o g i c a l  p a r t i t i o n  system 

can be b e s t  modelled, A s  it equals  38.7%, it i s  

conceivable why l o g  k’ v a l u e s  r e f e r r i n g  t o  40% 

a c e t o n i t r i l e  concen t r a t ion  showed good c o r r e l a t i o n  

with l o g  t* values.  1/ 2 
Wuster m d  Herz /lo/, /12/ have poin ted  out 

t h a t  s u r f a c e  a c t i v i t y  ol o p i a t e s  can be an impor- 

t a n t  f a c t o r  i n  t h e i r  accumulation i n  i s o l a t e d  

organs, Therefore,  we have d s t  ermined t h e  su r face  

t ension-lowering a c t i v i t y  o f  azidomorphines a t  t w o  

d i f f e r e a t  pH values.  A t  near -phys io logica l  hydro- 

gen-ion concen t r a t ion  none o f  t h e  compounds showed 

s i g n i f i c a n t  s u r f  ace  t ension-lowering a c t i v i t y .  The 

h ighes t  va lue  w a s  only 5.32 ( see  Table 3) f o r  com- 

pond 9. A s  t h i s  compound exh ib i t ed  a l s o  a very s l o w  

o f f s e t  r a t e  o f  a c t i o n ,  some tendency f o r  t h e d 6 -  vs. 

l o g  t T / 2  r e l a t i o n s h i p  cannot be completely excluded, 
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AZIDOMORPHINES I N  GUINEA-PIG ILEUM 2089 

TheA6  va lues  o f  every compound could be measured a t  

pH 4.6, but t h e s e  va lues  d i d  not  show c o r r e l a t i o n  

e i t h e r  with l o g  tW 

va lues  measured i n  t h e  t w o  b u f f e r s  d i d  not c o r r e l a t e  

e i t h e r ,  which sugges ts  t h a t  t h e  degree o f  protona- 

t i o n  o f  t h e  compounds markedly i n f l u e n c e s  t h e i r  

s u r f  ac e a c t  i v i t y  . 

or with l o g  k ’  values.  The A @  1/2 

I n  conclus ion ,  it can be s t a t e d  t h a t  t h e  hy- 

drophobic p r o p e r t i e s  o f  azidomorphines p lay  an i m -  

p o r t a n t  r o l e  i n  t h e  ha l f - t ime o f  o f f s e t  o f  a c t i o n  on 

l o n g i t u d i n a l  muscle o f  guinea-pig ileum. On t h i s  

b a s i s  a well-defined chromatographic system w a s  

e s t a b l i s h e d  by which t h e  o f f s e t  o f  a c t i o n  i n  guinea- 

p i g  ileum can be estimated. 
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