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A B S T R A C T  

Two nonionic  s u r f a c t a n t s  (S imulso l  9 8  and Simulsol  OL 50) a l o n e  

and 1:1 m i x t u r e s ,  corn  o i l - u n d e c y l e n i c  a c i d  and water formed emuls ions ,  

o i l y  i s o t r o p i c  l i q u i d  phases ,  lamellar and hexagonal  l i q u i d  c r y s t a l  

phases ,  The optimum release of undecylen ic  a c i d  from t h e s e  phases  

were c o n t r o l l e d  m i c r o b i o l o g i c a l l y .  

a c i d ,  i s  r e l e a s e d  more from emulsion systems c o n t a i n i n g  l i q u i d  

c r y s t a l s  t h a n  o n l y  l i q u i d  c r y s t a l l i n e  and o i l y  i s o t r o p i c  l i q u i d  phases .  

The a c t i v e  i n g r e d i e n t  undecylen ic  

I N T R O D U C T I O N  

The emulsion systems prepared  from corn  o i l -undecylen ic  acid-wa,ter 

and two nonionic  e m u l s i f i e r s  (S imulso l  98  and Simulsol  OL 50) were compared 

wi th  t h e  o t h e r  r e g i o n s  observed i n  t h e  phase diagram by m i c r o b i o l o g i c a l  method, 
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a48 BULUT ET AL. 

The aim of t h i s  i nves t iga t ion  was, t o  f ind  the  a rea  which optimum 

re l eases  the  a c t i v e  ingredien t ;  undecylenic ac id ,  an an t i fungal  agent ,  The 

r e s u l t s  were discussed i n  terms of the  e f f e c t  of the  phys ica l  p rope r t i e s  of 

an a rea  ( i n  t h i s  case, o i l y  i so t rop ic  l i q u i d ,  emulsion p lus  l i qu id  c r y s t a l l i n e  

and only l i qu id  c r y s t a l l i n e  a reas)  on the  r e l ease  of undecylenic ac id  by 

microbiological determination. 

E X P E R I M E N  T A L  

Mater ia l s  

Simulsol OL 50 : Castor o i l  - (O-CH2-CH2)40 

Simulsol 98 

Ethoxylated cas to r  

: Oleyl alcohol - (O-CH2-CH2)20 

o i l  and ethoxylated o l e y l  alcohol have been used 

a s  received. 

Corn o i l  : (Adayar Ltd. Turkey, T.S, 888) w a s  used as received. Corn 

o i l  has a s p e s i f i c  g rav i ty  

Acid, saponi f ica t ion  and iod ind ices  were found t o  be 0,22, 190.0 and 120.75, 

r e spec t ive ly ,  I R  and W spec t r a  were a l s o  taken. 

of 0.9170 and r e f r a c t i v e  index 1.4735 a t  25OC. 

Undecylenic ac id  : (Sigma Chem. Co. England) Liquid form was used as 

received. The s t r u c t u r e  is, 

CH2 = CH(CH2) 8COOH 

It i s  not  so luble  in  water,  It is a l ready  misc ib le  with chloroform, 

a lcohol ,  e t h e r ,  benzene and v o l a t i l e  and non-vola t i le  o i l s .  Its s p e c i f i c  

g rav i ty  and r e f r e c t i v e  index a t  25OC were 0.9102 and 1.4486 respec t ive ly .  

D i s t i l l e d  water: Deionized and d i s t i l l e d  in  g l a s s  ves se l s  and 

has a sur face  tens ion  of 72,6 mNm-l a t  2OoC. 

Acetone : Used a s  received 

Sabourraud dext rose  agar : Prepared i n  the  labora tory .  

Sabourraud dext rose  bro th  : Prepared i n  the  labora tory .  

Trycophyton rubrum : provided from Hacettepe Univer r i ty ,  I n s t i t u t e  

of Microbiology, 
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ANTIFUNGAL ACTIVITY OF UNDECYLENIC A C I D  EMULSIONS 849 

The microbiological method used f o r  determining the  an t i fungal  

a c t i v i t y  was a modified version of the  method used by Pate1 e t  a l , ( l ) ,  Here, 

p e t r i  d i shes  containing Sabourraud dextrose agar were inoculated with a 

cu l tu re  of Trycophyton rubrum. The inoculated p l a t e s  were inculated a t  

ambient room temperature of 20-26OC f o r  one month, 

Mater ia l s  t e s t ed  f o r  an t i fungal  a c t i v i t y  included four regions of 

the  t r i angu la r  phase diagram (Figure 1). These systems were appl ica ted  i n  

two ways; one a f t e r  s to r ing  overnight a t  37OC k l0C thermostated water bath 

and the o ther  a f t e r  s to r ing  f o r  two months a t  37OC k l 0 C  water ba th ,  These 

regions were, o i l y  i so t rop ic  l i q u i d ,  emulsion with lamellar and hexagonal 

phase l iqu id  c r y s t a l s  and only lamellar phase l i qu id  c r y s t a l l i n e  a reas  on 

the  t r i angu la r  phase diagram, 

Plugs of agar containing mycelial growth were cu t  out using a 

s t e r i l e  t r ans fe r  loop with an outs ide  diameter of 0.6 cm and an ins ide  diameter 

of 0 , 5  c:m. Each plug was immediately t ransfer red  t o  a t e s t  tube containing 

5 m l  ( X  5 concentration of the  compound) ma te r i a l .  'Pes t  tube was agit.ated 

by vortexing f o r  two minutes and the plug was transEerred t o  a t e s t  t:ube 

containing 10 m l  s t e r i l e  sabourraud dext rose  bro th ,  'This tube was ag i t a t ed  

s l i g h t l y  f o r  a period of th ree  minutes t o  f r e e  the  mycelia of any so1.uble or 

miscible 

10 m l  of a 30 Z aqueous acetone so lu t ion  where it  war; kept f o r  5 minutes t o  

remove any t r aces  of adhering an t i fungal  compound, The plug was t ransfer red  

to  a t e s t  tube of s t e r i l e  Sabourraud dextrose broth f o r  a two minutes period 

in order t o  remove any t r aces  of acetone, F ina l ly  t h i s  plug was removed from 

the  broth and placed cu l tu re  s ide  down on the sur face  of a s t e r i l e  s l a n t  of 

Sabourraud dextrose agar contained in  a t e s t  tube. The inoculated s l a n t s  were 

incubated a t  a temperature of 28OC f o r  13 days. Ten t e s t s  f o r  each o f  the 

system were run, Controls (systems not  containing an t i fungal  agent) were run 

along with each region being t e s t ed .  

mater ia l  the  plug was then t ransfer red  t o  a t e s t  tube containing 
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850 BULUT ET AL. 

Corn o i l  + Undecylenic acid 

FIGURE 1. 
Phase equi l ibr ium diagram of Simulsol OL 50 and Simulsol 9 8  (1:I)- 

water-corn o i l  and undecylenic ac id  a t  3 7 O C .  

L- Oily i so t rop ic  l i qu id  phase 

LC - Hexagonal l i q u i d  c r y s t a l l i n e  phase alone. 

L C z -  Lamellar l i qu id  c r y s t a l l i n e  phase alone 

L + L C  - Oily i so t rop ic  l i qu id  phase p l u s  lamellar l i q u i d  c r y s r a l l i n e  

1 

2 

phase. 

L+LC + L C  - Oily i so t rop ic  l i q u i d  phase plus hexagonal and lamel la r  1 2  
l i q u i d  c r y s t a l l i n e  phase. 

E + L C 2 -  Emulsion plus lamellar l i q u i d  c r y s t a l l i n e  phase 

I M  - Inso luble  Material .  
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ANTIFUNGAL ACTIVITY OF UNDECYLENIC A C I D  EMULSIONS 851 

Since the aim of t h i s  study was t o  inves t iga t e  ofw type of undecylenic 

acid emulsions, primarily emulsion reg ions ,  observed in the phase equilibrium 

diagrams, were chosen ( F i g , l ) ,  Emulsion plus l i qu id  c r y s t a l l i n e  phase were 

a l s o  inves t iga ted  because the  emulsions were not observed alone in  the phase 

equilibrium diagrams, The r e l ease  of undecylenic acld from l iqu id  c rys t a l s  

and o i l y  i so t rop ic  phases were inves t iga ted  t o  compare i t s  r e l ease  from 

emulsion systems, The samples s tored  f o r  overnight and the  samples stored 

fo r  two months, were studied t o  inves t iga t e  the  e f f e c t  of storage time on 

the r e l ease  of undecylenic ac id .  

R E S U L T S  

1. Simulsol OL 50 

The compositions of the  systems obtained by S8imulsol OL 50-Corn o i l -  

Undecylenic acid and water shown in Table 1. These systems which ares 

investigated microbiologically a r e  equi l ibra ted  a t  37°C, The microbj.ologica1 

t e s t  r e s u l t s  of samples s tored  overnight and 2 months a r e  shown in  Table 2 .  

TABLE 1 

The Compositions of Systems Prepared by Simulsol 01. 50 

S imul s o 1 Corn o i l  Undecylenic D k t  .water I Systems I OL 5 0 ( % )  (%) ac id  ( X )  

L - Oily i so t rop ic  l i qu id  phase 

E 4- LC2 - Emulsion p lus  lamellar l i qu id  c r y s t a l l i n e  phase. 

- Lamellar l i qu id  c r y s t a l l i n e  phase alone, LC2 
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a52 

Systems 

L 

E + LC2 

Lc2 

BULUT ET AL. 

Number of tubes  e x h i b i t i n g  growth a f t e r  13 days 

S tored  Overnight S t o r e d  2 months 

4 9 

1 7 

10 7 

TABLE 2 

L 

R e s u l t s  of Fungic ia1  T e s t i n g  Using Simulsol  OL 50 

60 25 5 10 

E LC1 

E f LC2 

LC, 

L 

E + LC2 

- Oily i s o t r o p i c  l i q u i d  phase 

- Emulsion p l u s  lamellar l i q u i d  c r y s t a l l i n e  phase. 

- Lamellar  l i q u i d  c r y s t a l l i n e  phase alone.  Lc 2 

20 15 5 60 

10 25 5 60 

70 5 5 20 

TABLE 3 

Compositions of The Systems Prepared by Sknulso l  98 

i-i- Systems 

L - Oily  i s o t r o p i c  l i q u i d  phase 

E -I- LC1 

E LC2 - Emulsion p l u s  l a m e l l a r  l i q u i d  c r y s t a l l i n e  phase 

- Emulsion p l u s  hexagonal l i q u i d  c r y s t a l l i n e  phase 

- Lamellar  l i q u i d  c r y s t a l l i n e  phase alone. Lc2 
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ANTIFUNGAL ACTIVITY O F  UNDECYLENIC A C I D  EMCLSIONS 

Systems 

L 

E + LC1 

E + LC2 

Lc2 

853 

- 
S h u l s o l  OL 50: Simulsol  98 Corn Undecylenic  Dist.Water 

60 I 30 

I:1 ( X )  o i l ( S )  a c i d  (Z) 

70 15 5 

50 1 5 5 

10 2 I) 5 

60 I) 5 

_._ 

TABLE 4 

R e s u l t s  of F u n g i c i d a l  T e s t i n g  Using Simrilsol 98 

Number of t u b e s  e x h i b i t i n g  growth a f t e r  1 3  days 
Sys tems 

N . G . :  No Growth 

L - Oily  i s o t r o p i c  l i q u i d  phase 

E + LC1 

E + LC2 

- Emulsion p l u s  hexagonal l i q u i d  c r y s t a l l i n e  phase 

- Emulsion p l u s  l a m e l l a r  l i q u i d  c r y s t a l l i n e  phase 

- Lamellar  l i q u i d  c r y s t a l l i n e  phase a l o n e ,  Lc2 

TABLE 5 

Compositions of The Sys temslnves t iga ted  M i c r o b i o l o g i c a l l y  

L - O i l y  i s o t r o p i c  l i q u i d  phase 

E f LC1 

E i- LC2 

- Emulsion p l u s  hexagonal  l i q u i d  c r y s t a l l i n e  ph,ase 

- Emulsion p l u s  l a m e l l a r  l i q u i d  c r y s t a l l i n e  phase 

- Lamellar  l i q u i d  c r y s t a l l i n e  phase a lone .  LC2 
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a54 

Systems 

L 

E 4- LC1 

E 4- LC2 

Lc2 

TABLE 6 

Number of tubes  e x h i b i t i n g  growth a f t e r  13  days 

S tored  overn ight  Stored 2 months 

N . G .  6 

N , G .  N.G. 

N.G. N.G.  

1 1 

Results of Fungic ida l  T e s t i n g  

BULUT ET AL. 

N . G , :  No Growth, 

L 

E -b LC1 

E + LC2 

- Oily  i s o t r o p i c  l i q u i d  phase 

- Emulsion p l u s  hexagonal l i q u i d  c r y s t a l l i n e  phase 

- Emulsion p l u s  l a m e l l a r  l i q u i d  c r y s t a l l i n e  phase 

- Lamellar l i q u i d  c r y s t a l l i n e  phase a lone ,  Lc2 

2 .  Simulsol  9 8  

Tes t  composi t ions and t h e  microbio logica l  t e s t  r e s u l t s  of the  systems 

obta ined  us ing  Simulsol  98 a r e  shown i n  Tables  3 and 4 r e s p e c t i v e l y .  

3 .  Simulsol  OL 50: Simulsol  98 (I:I) 

The compositions and the  microbio logica l  test r e s u l t s  of t h e  systems 

obta ined  us ing  1:1 mixtures  of Simulsol  OL 50 and Simulsol  98 a r e  shown i n  

Tables  5 and 6 r e s p e c t i v e l y .  

D I S C U S S I O N  

I n  an o i l / w a t e r  emulsion, t h e  f a c t o r  l i m i t i n g  t h e  r e l e a s e  v e l o c i t y  

of an o i l  s o l u b l e  drug in i t s  r e l e a s e  v e l o c i t y  from t h e  o i l .  The s t r u c t u r e  

of t h e  i n t e r f a c i a l  f i l m  through which t h e  subs tance  has  t o  d i f f u s e  has  a l s o  

an in f luence  on t h e  r e l e a s e  v e l o c i r y  of t h e  o i l  s o l u b l e  drug ( 2 ) .  
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ANTIFUNGAL ACTIVITY OF UNDECYLENIC A C I D  EMULSIONS 855 

'The s u r f a c t a n t  molecules  by t h e i r  amphiphi l ic  s t r u c t u r e s  e f f e c t  t h e  

(drug a c t i v i t y  ( 3 ) .  In g e n e r a l ,  t h e  h i g h e r  s u r f a c t a n t  c o n c e n t r a t i o n s  have a 

tendency t o  reduce t h e  r e l e a s e  of t h e  a c t i v e  ingrecli.ent ( 4 ) ,  whereas t h e  

lower s u r f a c t a n t  c o n c e n t r a t i o n s  o f t e n  favour  t h e  r e l e a s e .  I n  t h i s  i n v e s t i g a t i o n ,  

t h e  r e l e a s e  of undecylen ic  a c i d ,  when s u r i a c t a n t s  were used a lone  and/or  

1:l m i x t u r e ,  was a l s o  reduced a t  h i g h e r  s u r f a c t a n t  c o n c e n t r a t i o n s ,  a s  shown 

i n  Tables  2,4 and 6. 

This  w a s  a l s o  seen  i n  emulsion sysLems c o n t a i n i n g  two t y p e s  of l i q u i d  

c r y s t a l s  hexagonal  and l a m e l l a r  p h a s e s ,  The r e l e a s e  of undecylen ic  a c i d  was 

reduced i n  hexagonal  phase l i q u i d  c r y s t a l s  where t h e  s u r f a c t a n t  c o n c e n t r a t i o n  

was h igh .  The r e d u c t i o n  i n  t h e  r e l e a s e  c h a r a c t e r i s t i c s ,  could be  r e l e a t e d  t o  

t h e  ent.rapment of t h e  a c t i v e  i n g r e d i e n t  hi t h e  m i c e l l e s  above the  CMC ( 4 , 5 ) .  

When emulsion,  i s o t r o p i c  and l i q u i d  c r y s t a l l i n e  r e g i o n s  i n  t h e  phase 

diagram were compared, i t  was found t h a t  t h e  r e l e a r c  c h a r a c t e r i s t i c s ,  were 

i n c r e a s e d  i n  t h e  emulsion systems t h a n  t h e  i s o t r o p i c .  and only  l i q u i d  

c r y s t a l . l i n e  phases .  This  could a l s o  be r e l a t e d  t o  tile i n c r e a s e  i n  t h e  

s u r f a c t a n t  c o n c e n t r a t i o n  and t o  t h e  e x i s t a n c e  of ordered  p a r a c r y s t a l l i n e  

region:;. 

This  r e l a t i o n s h i p  could be suppor ted  by F r i b e r g ' s  i n v e s t i g a t i o n s  ( 6 ) .  

Less growth was observed i n  system c o n s i s t i n g  of emulsion p l u s  l i q u i d  

c r y s t a l l i n e  phases  than  t h e  o t h e r  r e g i o n s  i n  t h e  phase diagram (Tables  2 , 4 , 6 ) ,  

This  may be due t o  t h e  more f l e x i b l e  and f l u i d  c h a r a c t e r i s t i c s  of l . iqu id  

c r y s t a l s  when they  are i n  t h e  emulsion system, and a l s o  t o  t h e  low s u r f a c t a n t  

concenit r a t i o n ,  

S u r f a c t a n t s  showed b e t t e r  r e s u l t s  when they  were used a s  1:1 mixtures  

They could  r e l e a s e  t h e  a c t i v e  i n g r e d i e n t  more e a s i l y  because of t h e  

f l e x i b l e  s t r u c t u r e ,  t h a t  could be e s t a b l i s h e d  by t h e  d i f f e r e n t  e t h y l e n e  

oxide  unic  (S imulso l  OL-50, 40 E O ;  S imulso l  98, 20 PiO) they  c o n t a i n .  

When t h e  e f f e c t  of s t o r a g e  on t h e  r e l e a s e  of undecylen ic  a c i d  from 

d i f f e r e n t  phases  were i n v e s t i g a t e d  i t  w a s  shown t h a t  t h e  r e l e a s e  was 
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decreased i n  t h e  only  l i q u i d  c r y s t a l l i n e  phases ,  This  decrease  in t h e  

r e l e a s e  c h a r a c t e r i s t i c s  could be r e l a t e d  t o  t h e  entrapment of the  a c t i v e  

i n g r e d i e n t  i n s i d e  t h e  m i c e l l a r  s t r u c t u r e s .  The i n c r e a s e  in t h e  r e l e a s e  could 

be due t o  t h e  change in t h e  arrangement of t h e  ordered  s t r u c t u r e s .  

According t o  t h e  i n  v i t r o  microbio logica l  r e s u l t s ,  newly prepared  and 

2 months s t o r e d  emulsion systems c o n s i s t i n g  of 10 % 1:1 Simulsol OL-50 and 

Simulsol  98, 25 % corn o i l ,  5 % undecylenic  a c i d  and 60 % d i s t i l l e d  water ,  

performed t h e  a n t i f u n g a l  a c t i v i t y .  This  needs t o  be suppor ted  by i n  v ivo  

i n v e s t i g a t i o n s .  
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