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ABSTRACT 

a n a p h t h a q u i n o n e  of n a t u r a l  o r i g i n  

w i t h  r e p o r t e d  o n c o l y t i c  a c t i v i t y .  However,  e a r l i e r  

an  ti tumor s t u d i e s  were i n h i b i  ted b y  i n a d e q u a t e  b l o o d  

l e v e l s ,  a l l e g e d l y  d u e  to  f o r m u l a t i o n  d i f f i c u l t i e s .  

T h i s  p r e s e n t  s t u d y  shows t h a t  water s o l u b i l i t y  

is markedly  i n f l u e n c e d  b y  pH, v a r y i n g  from 1 . 5  Ug/mL 

a t  pH 4.0 to 5 mg/mL a t  p H  1 0 . 0 .  

E v a l u a t i o n  o f  mixed s o l v e n t  s y s t e m s  

d e m o n s t r a t e d  t h a t  up t o  30 mg/mL c o u l d  be d i s s o l v e d  

i n  p o l y e t h y l e n e  g l y c o l  (PEG) 400. Aqueous PEG 400 

s o l u t i o n s  o f  lapachol were s t a b l e  a t  r e f r i g e r a t o r  

t e m p e r a t u r e s  b u t  d e t e r i o r a t e d  when exposed  t o  l i g h t  

o r  a u t o c l a v i n g .  Aqueous e thano l  or p r o p y l e n e  g l y c o l  
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1 7 6 4  L U I  ET AL. 

a r e  r e a l i s t i c  a l t e r n a t i v e  s o l v e n t  systems f o r  

i n j e c t a b l e  lapachol s o l u t i o n s  t h a t  may be s t e r i l i z e d  

by a u t o c l a v i n g .  
P h o s p h a t i d e  s t a b i l i z e d  t r i g l y c e r i d e  e m u l s i o n s  

a r e  b r o k e n  down by lapachol, s u g g e s t i n g  a n  

i n t e r f a c i a l  i n t e r a c t i o n  be tween  the p h o s p h a t i d e  a n d  

the lapachol i n  the a q u e o u s  phase. 

I NT RODUC T I  ON 

L a p a c h o l  is a well-known n a p h t h a q u i n o n e  f o u n d  

i n  s e v e r a l  p l a n t  species of the  f a m i l y  B i g n o n i a c e a e  
u s e d  to  t r e a t  c a n c e r  i n  S o u t h  A m e r i c a  a n d  

I n d i a ( 1 ' 2 ' 3 ) .  L a p a c h o l  a n d  related compounds h a v e  

d e m o n s t r a t e d  a n t i m a l a r i a l ,  a n t i b a c t e r i a l  a n d  

a n t i t r y p a n o s o m a l  a c t i v i t y  ( 4 '  5 ' 6 ) .  L a p a c h o l  shows 

a n t i t u m o r  a c t i v i t y  i n  the Walker -256 ,  Murphy-Sturn 

a n d  Sarcoma-180 tumor s y s t e m s  a n d  i n  KB c e l l  c u l t u r e :  

re la ted n a t u r a l l y  o c c u r r i n g  compounds and  lapachol 

d e r i v a t i v e s  a re  a c t i v e  i n  other tumor 

sys  tems ( 7' 8). 
a c t i o n  f o r  lapachol i n c l u d e  u n c o u p l i n g  of o x i d a t i v e  

p p h o s p h ~ r y l a t i o n ( ~ ) ,  i n h i b i t i o n  o f  g l y o x a l a s e  

m e  tab0 1 i s m  a n d  i n h i b i t i o n  o f  p y r i m i d i n e  

bi  o s y n  thes i s 
O n  the bas i s  o f  i t s  s t r o n g  a c t i v i t y  i n  the 

Walker-256 tumor s y s t e m ( 3 )  , lapachol e n t e r e d  the 

N a t i o n a l  C a n c e r  I n s  ti t u t e  c l i n i c a l  t e s t i n g  

program (12).  

a d m i n i s t r a t i o n  c a u s e d  n a u s e a  a n d  v o m i t i n g .  

P r o t h r o m b i n  t i m e  p r o l o n g a t i o n  was a lso o b s e r v e d ,  b u t  

c o u l d  be c o u n t e r a c t e d  w i t h  v i t a m i n  K a d m i n i s t r a t i o n .  

S i g n i f i c a n t  a n t i n e o p l a s t i c  e f f e c t s  were a b s e n t .  I t  

P r o p o s e d  mechanisms o f  an  ti tumor 

(11) 

I n  human t r i a l s ,  o r a l  lapachol D
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FORMULATION PROPERTIES OF LAPACHOL 1765 

was observed t h a t  desp i t e  o r a l  doses of up t o  50 
mg/kq/day, plasma l eve l s  o€ lapachol never reached 

the l eve l  of 30 g/mL ca lcu la ted  t o  be c r i t i c a l  f o r  

a n t i  tumor a c t i v i t y  . Inadequate plasma concentrat ions 

were ascr ibed t o  lapachol ' s  low water s o l u b i l i t y  and 

t o  possible  de f i c i enc ie s  i n  human i n t e s t i n a l  

absorption of  the  drug (12).  The formulation 

d i f f i c u l t i e s  posed by lapachol were never resolved, 

and the  compound was dropped from the  c l i n i c a l  

t e s t i n g  program. Further complicating l apacho l ' s  

formulation p r o f i l e  i s  i t s  i r r i t a b i l i t y  during 
s torage ,  r e su l t i ng  from the conversion of 1-apachol t o  

dehydro-a-lapachone following exposure t o  l i g h t  and 
a i r '  13). 

the formulation p rope r t i e s  of t h i s  p o t e n t i a l l y  usefu l  

compound. 

T h i s  present inves t iga t ion  re-examines 

MATERIALS AND METHODS 

Lapachol: Aldrich,  Milwaukee, Wisconsin, l o t  number 

545816-3. 

I n  addi t ion ,  commercial mater ia l  prepared by 

the  Laboratorio Farmaceutico do Estado de Pernambuco, 

Braz i l ,  was supplied by D r .  N .  R .  Farnsworth (Program 

f o r  Col laborat ive Research i n  t h e  Pharmaceutical 

Sciences) a s  capsules containing 250 mg lapachol 

d i lu t ed  with lac tose .  Lapachol was recovered by 

removal of l ac tose  with water, f i l t r a t i o n  and 
r e c r y s t a l l i z a t i o n  from absolu te  ethanol.  Pu r i ty  and 

i d e n t i t y  of the compound was confirmed by standard 

melting poin t ,  mixed melting po in t ,  in f ra red  and 

u l t r a v i o l e t  spec t r a ,  alone and mixed, and NMF and 

mass spec t ra  methods using au thent ic  lapachol a s  a 

reference mat e r  i a 1. 
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L U I  ET A L .  1 7 6 6  

S o l v e n t s :  p o l y e t h y l e n e  g l y c o l  ( P E G )  400, g l y c e r o l ,  

and  p r o p y l e n e  glycol ,  Fisher  S c i e n t i f i c ,  I tasca, 

I l l i n o i s  u s e d  a s  r e c e i v e d .  A b s o l u t e  alcohol was 
o b t a i n e d  from Aaper Alcohol and  C h e m i c a l ,  

S h e l b y v i  l l e  , Kentucky.  W a t e r / s o l v e n  t s y s  t e m s  were 

made by volume. 
Water was t r i p l e  g l a s s  d i s t i l l e d .  B u f f e r  

s y s t e m s  were p r e p a r e d  from 0 . 1  M c i t r i c  a c i d  w i t h  

appropriate  amounts  o f  0.2 M d i s o d i u m  phosphate u s i n g  

a g l a s s  e l e c t r o d e  p H  meter, F i s h e r  Model # 8 1 5  MP. 

Food q r a d e  soybean  o i l :  D o m i n i c k ' s ,  C h i c a g o ,  

I l l i n o i s ,  l o t  number 73630-01550. 

A n a l y s i s :  U l t r a v i o l e t  a b s o r p t i o n  c u r v e s  were 
recorded b y  s c a n n i n g  be tween 185-370 nm u s i n g  a 
Perk in-Elmer  model  200 spectrophotometer a t tached t o  

a c h a r t  recorder. S t a n d a r d  c u r v e s  were prepared 

u s i n g  known amounts  o f  lapachol i n  the appropriate  

s o l v e n t  system. T h e  a b s o r b a n c e  was measured  a t  276 
nm. Unknowns were a n a l y z e d  b y  r e f e r e n c e  to the 

s t a n d a r d  c u r v e s .  A l l  s t a n d a r d  s o l u t i o n s  were s t o r e d  

protected from l i g h t  i n  the r e f r i g e r a t o r  p r io r  to u s e  

and  were u s e d  w i t h i n  f o u r  h o u r s  o f  p r e p a r a t i o n  t o  
minimize  the i n f l u e n c e  o f  a n y  possible d e t e r i o r a t i o n .  

S o l u b i l i t y :  Lapachol was powdered and  added  i n  
e x c e s s  to  a p p r o x i m a t e l y  3 mL of the appropriate  

s o l v e n t  p r ior  to  s o n i c a t i o n  i n  a H e a t  

S y s t e m s - U l t r a s o n i c s ,  I n c .  u l t r a s o n i c  ba th  f o r  1 

h o u r .  The s u s p e n s i o n ,  protected from l i g h t ,  was t h e n  
shaken  a t  25.OoC (+0.5O) - f o r  24 h o u r s  i n  an  
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FORMULATION PROPERTIES OF LAPACHOL 1 7 6 7  

Eberbach water bath shaker. The sample was 
centrifuged and the supernatant assayed 

spec tropho tometrica l l y  a s  described. 

S t a b i l i t y :  The s t a b i l i t y  of lapachol so lu t ions  was 

evaluated by comparing the U.V. absorbance spec t ra  of 

the so lu t ions  with t h a t  of appropriate  cont ro ls .  

S o l u t i o n s  were exposed to autoclaving i n  sealed g l a s s  

ampules a t  121OC for  20  minutes. 

a l s o  evaluated a t  ambient laboratory temperature 

(25OC): so lu t ions  were e i t h e r  protected from l i g h t  

o r  exposed t o  l i g h t .  

S t a b i l i t y  was 

Emulsions: Triglycer ide emulsions were prepared by 

30 seconds sonicat ion of the following formulation, 

u s i n g  a Branson Model Soni f ie r  350. 
Lapacho 1 0.06 g 

Soybean o i l  10.0 g 

(Hepar I n d u s t r i e s ,  l o t  number EY10284) 1 . 2  g 

Glycerol 2 .5  g 

P u r  i f i ed  egg phospha ti des 

Water to 100 mL 

Two formulations were made by ad jus t ing  the  pH 

of the emulsion t o  pH 6.0 and 8.5, respec t ive ly  using 

0.1M hydrochloric acid and sodium hydroxide so lu t ions  

a s  required. 

RESULTS 

Solubi li t i e s  . 
The s o l u b i l i t y  curve fo r  lapachol i n  aqueous 

buffer  systems i s  shown i n  F i g .  1 and i s  
representa t ive  of a typica 1 salt-forming mater ia l .  
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I 2  3 , 4  5 6 7 8 9 I 0 1 1 1 2  

PH 

F I G U R E  I 

Aqueous s o l u b i l i t y  of lapachol  a t  25OC vs. pH.  
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FORMULATION PROPERTIES OF LAPACHOL 1 7 6 9  

TABLE 1 

S a t u r a t e d  S o l u b i l i t i e s  o f  Lapachol a t  25OC 
i n  V a r i o u s  S o l v e n t s  

S o l u b i  li t y  (mg/mL) 

Water ( p H  5 .0 )  
(PH 8.0) 

E t h a n o  1 

G l y c e r o  1 

PEG 400 

P r o p y l e n e  G l y c o l  

Soybean O i l  

0.002 
1.1 

16.0 

0.06 

31.0 

4.4 

6.9  

S a t u r a t e d  s o l u b i l i t i e s  o f  lapachol i n  v a r i o u s  
s o l v e n t s  are shown i n  Table 1. 

I n  g e n e r a l ,  aqueous  s o l v e n t  m i x t u r e s  
( 1 4 )  d e m o n s t r a t e d  the H i  l deb rand-Sco  t t  

semilogari thmic r e l a t i o n s h i p  be tween s o l v e n t  

c o n c e n t r a t i o n  and  c o n c e n t r a t i o n ,  Yalkowsky e t  

a 1. (15). 

However, g l y c e r o l / w a t e r  and  p r o p y l e n e  g l y c o l / p H  7.4 
b u f f e r  s y s t e m s  d i d  n o t  f i t  t h i s  r e l a t i o n s h i p .  T h e  

r e s p e c t i v e  s o l u b i l i t y  c u r v e s  a re  shown i n  F i g .  2 .  

The g l y c e r o l  may a f f e c t  the a p p a r e n t  p H  o f  t h i s  

s o l v e n t  s y s t e m  i n  a n o n l i n e a r  f a s h i o n  which would 

a c c o u n t  f o r  the c u r v a t u r e  o b s e r v e d .  T h e  c o n s i d e r a b l e  

enhancement  o f  s o l u b i l i t y  i n d u c e d  b y  p r o p y l e n e  g l y c o l  

i n  water b u f f e r e d  a t  p H  7 .4  i s  s u f f i c i e n t  f o r  the  

s o l u b i  li t y  t o  exceed  the s a t u r a t e d  p r o p y l e n e  g l y c o l  

Parameters are  shown i n  Table 2 .  
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I0 ,OOO 

so00 

I000 

F I G U R E  2 

Solub i l i t y  of lapachol a t  25OC i n  water o r  aqueous 
buf fer  pH 7.4/glycerol  and* water o r  aqueous b u f f e r  pH 
7.4/propylene g lyco l  systems. 

Key: A --A water-glycerol 

x - x aqueous bu f fe r  pH 7.4/glycerol 

0 - 0  water - propylene g lycol  

0 -e aqueous buf fer  p H  7.4/propylene g lycol  
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FORMULATION P R O P E R T I E S  OF LAPACHOL 1771 

TABLE 2 

Lapachol H i  l d e b r a n d - S c o  t t  S o l u b i  li t y  
P a r a m e t e r s  f o r  Mixed S o l v e n t  S y s t e m s  a t  25OC 

Log y = log a -t b x  

where y = c o n c e n t r a t i o n  o f  lapachol 
a = i n t e r c e p t  
b = slope ( s o l u b i l i t y  parameter) 
x = c o n c e n t r a t i o n  o f  s o l v e n t  i n  water 

S o l v e n t  Sys t e m  

PEG 4 0 0 / w a t e r  

E t h a n o  1/ w a  t e r  

P ropy l e n  e g lyco 1/ water 

G l y c e r o l / p H  7 .4  b u f f e r  

( a ) +  ( b )  

1.0 0.10 

7.6 0.08 

0 .7  0.09 

205.0  0 .02  

r 2 *  

1.0 

0.99 

1.0 

1.0 

+ r e p r e s e n t s  s o l u b i l i t y  i n  water ( v a r i a b l e  a c c o r d i n g  
to p H ,  F i g .  1) 

* c o e f f i c i e n t  of d e t e r m i n a t i o n  

s o l u b i  l i  ty .  T h i s  enhancemen t  a c c o u n t s  f o r  the 

d e v i a t i o n  f rom l i n e a r i t y  e x p e r i e n c e d  i n  t h i s  case. 

S tabi li ti es . 
The r a t i o  o f  the a b s o r b a n c e  a t  276 nm a n d  254 

nm f o r  c o n t r o l  a n d  tes t  s o l u t i o n s  was a c o n v e n i e n t  

i n d i c a t o r  of s t a b i l i t y .  D a t a  a re  shown i n  Tables 3 
t h r o u g h  6 .  I t  i s  e v i d e n t  t h a t  w i t h i n  the o b s e r v e d  
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1 7 7 2  

TABLE 3 

L U I  ET A L .  

Absorbance Ratios (Test:Control) at 254 and 276 nrn 
for Lapachol Solutions Stored in the Dark Under 

Refrigerator Conditions (4-5OC) for 
48 and 164 Hours 

Solvent Sys tern 

PEG 400 

PEG 400:water 50:50 
Propylene glycol 
Propylene glyco1:water 50:50 
E thano 1 
Ethano1:water 50:50 
Glycerol 
Glycero 1 : water 50 : 50 
Buffer pH 7.7 

Wavelength 254 nm 
48 hours 164 hours 

1.00 1.04 
0.99 
0.98 
0.98 
0.93 
1.02 
1.03 
0.94 
1.02 

1.02 
1.01 
0.96 
1.14 
1.04 
1.04 
0.92 
1.03 

Solvent Sys tern 

PEG 400 

PEG 400:water 50:50 
P ropylen e g lyco 1 
Propylene glycol: water 
Ethanol 
Ethanol : water 50 : 50 
Glycerol 
Glycero1:water 50:50 
Buffer pH 7 . 7  

Wavelength 276 nm 
48 hours 164 hours 

1.01 0.99 
0.98 0.98 
1.00 1.02 

50:50 0.96 0.96 
1-09 0.83 
1-01 1.06 
1.08 1.05 
1.00 1.01 
1-01 1.01 
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FORMULATION PROPERTIES OF LAPACHOL 1 7 7 3  

TABLE 4 

Absorbance Ratios (Test:Control) at 254 and 276 nm 
for Lapachol Solutions Stored at Ambient Room 

Temperature ( 25OC) Protected From Light 
for 48 and 164 Hours 

Solvent Sys tem 

PEG 400 
PEG 400:water 50:50 
Propylene glycol 
Propylene glycol :water 50 : 50 
E thano 1 
Ethano1:water 50 :50 
Glycerol 
Glycero1:water 50:50 
Buffer p H  7.7 

Solvent Sys tem 

PEG 400 
PEG 400:water 50:50 
Propylene glycol 
Propylene glyco1:water 50:50 
Ethanol 
Ethano1:water 50:50 
Glycerol 
Glycero1:water 50:50 
Buffer pH 7.7 

Wavelength 254 nm 
48 hours 164 hours 

1.03 
1.01 
1.05 
1.02 
1.07 
1.01 
1.04 
ND 
0.98 

0.99 

0.97 
1.02 
1.00 
1.09 
0.94 
1.05 
0.85 

1.03 

Wavelength 276 nm 
48 hours 164 hours 

0.99 0.94 
1.00 0.95 
1.07 1.04 
1.01 0.96 
0.97 0.94 
1.00 1.05 
1.05 1.10 
ND 1.12 
1.01 1.01 

ND = not determined 
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TABLE 5 

Absorbance Ratios (Test:Control) at 254 and 276 nm 
for Lapachol Solutions Stored at Ambient Room 

Temperature Exposed to Light for 48 and 164 Hours 

So lven t Sys tem 

PEG 400 
PEG 400:water 50:50 
Propylen e g lyco 1 
Propylene glycol :water 50 : 50 
E thano 1 
Ethano1:water 50:50 
Glycerol 
Glycerol: water 50 : 50 
Buffer pH 7.4 

So lven t Sys tem 

PEG 400 
PEG 400:water 50:50 
Propylene glycol 
Propylene glyco1:water 50:50 
E thano 1 
Ethano1:water 50:50 
Glycerol 
Glycerol :water 50 : 50 
Buffer pH 7.4 

Wavelength 254 nm 
48 hours 164 hours 

0.95 
0.86 
0.98 
0.94 
1.05 
0.81 
0.96 

0.91 
1.02 

Wavelength 276 
5 hrs 48 hrs 

1.05 
0.97 
1.05 
0.97 
1.00 
1.00 
0.97 
1.00 
1.00 

1.10 
0.88 
0.99 

1.03 
0.93 
1.13 
1.41 
1.06 
1.01 

0.84 
0.54 
0.90 
0.80 
0.90 

0.84 
0.88 
0.74 
1.03 

nm 
164 hrs 

1.24 
0.58 
0.91 
1.07 
0.84 

1.07 
1.92 
1.18 
1.01 
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FORMULATION PROPERTIES OF LAPACHOL 1 7 7 5  

TABLE 6 

Absorbance Ratios ( T e s t : C o n t r o l )  a t  276 nm for  
Au t oc l aved  Lapachol S o l u t i o n s  

( 1 2 1 O C  f o r  20 minutes )  

So lven t  Sys t e m  R a t i o  a t  276 nm 

PEG 400 0.34 

PEG 400:water 50:50 0.36 

Propylene Glycol  1 .0  

Propylene Glyco1:water 50:50 1.05 
Glyce ro l  0.97 
Glycero1:water 50:50 0.97 

Buffer  pH 7.4 1.04 

r e p e a t a b i l i t y  of bet ter  than 10% for t h e  a s s a y ,  
l apacho l  s o l u t i o n s  a r e  s t a b l e  under m o s t  c o n d i t i o n s .  

However, a marked s p e c t r a l  s h i f t  i s  seen  f o r  

unbuffered  aqueous and non-aqueous s o l u t i o n s  when 

exposed t o  d a y l i g h t  s u g g e s t i n g  d e t e r i o r a t i o n .  PEG 

400 s o l u t i o n s  a l s o  appeared  t o  d e t e r i o r a t e  fo l lowing  

a u t o c l a v i n g ,  as  shown i n  F ig .  3. 

Emulsions. 

Although l a p a c h o l  was t h e o r e t i c a l l y  present  a t  

a l e v e l  s u f f i c i e n t  t o  be comple t e ly  s o l u b l e  i n  t h e  

t r i g l y c e r i d e  phase ,  b o t h  the pH 6.0 and  the pH 8.5 

e m u l s i o n s  had p a r t i a l l y  cracked wi th in  a few hour s  of 

p r e p a r a t i o n .  I n  a d d i t i o n ,  t h e  color of t h e  aqueous 

phase demonst ra ted  t h a t  l a p a c h o l  was p r e s e n t  i n  t h e  

water  component of  t h e  emulsions.  These o b s e r v a t i o n s  
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F I G U R E  3 

Absorbance  spectra of lapachol s o l u t i o n s  i n  PEG 400 
(100%). 

A b e f o r e  a u t o c l a v i n g  

B a f t e r  a u t o c l a v i n g  
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FORMULATION PROPERTIES OF LAPACHOL 1777 

s u g g e s t  t h a t  the compound may i n t e r f e r e  w i t h  the  

i n  t e r f a c i a  1 s t a b i l i z a t i o n  mechanism promoted  b y  the 

p h o s p h a t i d e s  (16) 

DISCUSSION 

A l t h o u g h  lapachol has a water s o l u b i l i t y  c u r v e  

t y p i c a l  of a compound w i t h  a n  i o n i z a b l e  h y d r o x y l ,  the 
s o l u b i l i t y  a t  p h y s i o l o g i c a l  p H  7 .4  is l o w  (“0.1 

mg/mL) and c a n n o t  be improved s u f f i c i e n t l y  b y  
b u f f e r i n g  to p H ’ s  acceptable f o r  i n t r a v e n o u s  

i n j e c t i o n .  A l though  p h y s i o l o g i c a l l y  acceptable 

s o l v e n t s  i n c r e a s e  the s o l u b i l i t y  c o n s i d e r a b l y ,  when 

s o l u t i o n s  o f  lapachol i n  these s o l v e n t s  a re  d i l u t e d  

i n  water the compound is p r e c i p i t a t e d  o u t  as  coarse 

c r y s t a l s .  However, i f  the d i l u t i o n  i s  made i n t o  

aqueous  b u f f e r  a t  p H  7 .4  the compound s t a y s  i n  

s o l u t i o n ,  s u g g e s t i n g  t h a t  there s h o u l d  be n o  

p r e c i p i t a t i o n  d u r i n g  i n t r a v e n o u s  a d m i n i s t r a t i o n .  

The optimum s o l v e n t s  a re  p r o p y l e n e  g l y c o l  or  
e t h a n o l  admixed w i t h  aqueous  b u f f e r ,  a l l o w i n g  a 

c o n c e n t r a t i o n  c o n t a i n i n g  ’10 mg/mL to be p r e p a r e d  f o r  

t r a n s p o r t .  T h e  d r u g  would be a d m i n i s t e r e d  t o  the 

p a t i e n t  b y  slow i n t r a v e n o u s  d r i p  u s i n g  s a l i n e  o r  
d e x t r o s e  a s  a d i l u e n t .  

A h i g h e r  c o n c e n t r a t i o n  o f  lapachol may be 

o b t a i n e d  by  u s i n g  aqueous  b u f f e r e d  PEG 400 

s o l u t i o n s .  However, the  l a b i l e  n a t u r e  of the 

compound i n  t h i s  s y s t e m  s u g g e s t s  t ha t  a s t e r i l e  

f i l t r a t i o n  process and  d o u b t f u l  s t a b i l i t y  may be 

concomi t t a n  t d i s a d v a n t a g e s .  

Organ t a r g e t i n g  b y  the a d m i n i s t r a t i o n  o f  
lapachol dispersed i n  an i n t r a v e n o u s  emul s ion  
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1 7 7 8  L U L  ET A L .  

sys  t e m  (16) i s  possible  a l t h o u g h  t h e  lapachol 

i n t e r f e r e s  w i  t h  t h e  i n t e r f a c i a l  s tabi  l i z a  t i o n  of t h e  

e m u l s i o n .  However,  a d d i t i o n  of lapachol to a 

s t e r i l e ,  p r e f o r m e d ,  emulsion would appear to be 

f e a s i b l e  a n d  requires f u r t h e r  e v a l u a t i o n .  A d d i t i o n a l  

e m u l s i o n  s t a b i l i z e r s  may a l s o  improve  the  s y s t e m .  
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