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Pasicinone, 81). alkaloid from Adhatode rseiee Iieee, 
having &on, potent broncrhodilator act iviQ,  wa8 inWetigetOd 

f o r  i t 6  su i tab l l i% to  farnulation. 
oheracterietioe o t  major eigaifioaaoe i n  prefornulation 
etudiee such as, solubilify, intrineic dioeolutioa rote, @a 
and parti t ion coefficient were ekrdied, the zeeulte o f  wbioh 
are intended t o  aelsiet the develoment of a superior produot 
design. 

'phe physico-ahemid 

INTROD UCTIOH 

Prefornulation studies t o  determine the physico-chemical 
parameters of vasicinone were undertaken as a sequel t o  its 
isolation from Bdkiatoda vaeica Nees, characterisation a& the 
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756 BHALLA 

2harmacological screening. The investigations have proved 
i t s  usefulness as a potential  bronchodilator, comparable i n  
i t s  , ac t iv i ty  t o  aminophylline . 1 -4 

Solubili ty,  dissolution r a t e ,  pKa and par t i t ion 
coefficient of  the compou%i were studied, the results being 

intended t o  provide an objective and rational basis fo r  
subsequent aesign of tne drug jmoduct md development of a 

suitable analytical  frame Worko 

bo  quantitative dzta being available about the solubi l i ty  
of vasicinone i n  aqueous o r  organic solvents, studies were 
therefore necessiated t o  ascertain i t s  solubi l i ty  i n  water, 
methanol, ethanol, isopropyl-alcohol, chloroform, ethyl 
acetate,  n-butanol and n-octanol. ikperiments were a l s o  

performea t o  deternine the means of increasing the solubi l i ty  
of the base, such an objective being attempted by formation of 

hrdrochloride of vasicinone, use of solubi l i ty  enhancing 

agents Zrui lyopki l l isat ion of  the hydrochlori5e s a l t .  l’he 
solubi l i ty  of the base and i t s  hydrochloride salt was a l s o  

studied i n  various buffer solutions having p3 values ranging 

from 1.2 t o  8 .  

The dissolution being a fimction of solubi l i ty ,  it was 
f e l t  imperative to determiae the i n t r i n s i c  dissolution rate 
prof i les  of the base as w e l l  ae of its hydrochloride. 

i n t r i n s i c  dissolution r a t e s  of pe l l e t s  of vasicinone and its 
hydrochloride w e r e  therefore determined in simulated gastric 
fluid.  The f ac t  that  vasicino-ne hydrochloride has low water 

aolubi l i ty  and gives a very low pff (1.7) on dissolution, 
coupled with i t s  anticipated use i n  asthmatic conditions, may 
necessitate the presence of buffers i n  i ts  t a b l e t  formulat- 

ions and i t  was therefare f e l t  necessary t o  acquire data 
r e l a t ing  to  the effect  of the buffering agents on the diss- 
olution rate of vasicinone hydrochloride in the phygsiologicd 

of pH. 
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VASIC INONE 757 

In addi t ion t o  data  on so lub i l i t y  and dissolut ion 
p ro f i l e s ,  preformulation s tudies  on a n e w  drug necessi ta tee  
o ther  re la ted  information suoh as i t s  pKa and pa r t i t i on  
between aqueous an6 l i p o i a a l  phase, both of which may be of 
considerable consequence i n  the development of a superior 
product designo 5 9 6  

H a  value which could be u t i l i z e d  i n  assessing the p e e  

meability poten t ia l  of the compound and i n  indicz.ting the 
absorptive areas  f o r  the drug was determined by spectrophoto- 
metric method. 

%be oil/water( pa r t i t i on  r a t i o  forms an inportant  para- 
meter in p a r t i t i o n  theory. Systems w h i c h  can neasure this 

process have been developed and studied by Doluisio and 
Swintosky and by Perrine8 O f  the  d i f fe ren t  systems reported 
for the measurement of the oil/water p a r t i t i o n  correlating t o  
-- in-vivo drug absorption, a water/octanol system was employed 
f o r  the determination of this parameter of vasicinone hydro- 
chloride * 

7 

EIIEXUip;NTU 

A. SOIJBILI!t!Y STUDIES 

i) So lub i l i t y  of Vasicinone in Various Solventst 

Vasicinone recrys ta l l i sed  from ether-alcohol was powdered 
and passed through sieve # 60. About 1 g of the  drug was 

shaken with 20 mL each of d i s t i l l e d  water, methanol, ethanol, 
isopropanol, acetone, chloroform, e thyl  ace ta te ,  n-butanol 
and n-octanol i n  quick f i t  neutral  glass stoppered flasks a t  
25 3 1.C f o r  a period of 4 hours on a mechanical shaker. 
C a r e  nas taken t o  ensure the presence o f  an excees of unciiss- 
olved drug during shaking with the  various solvents. The 
f l a sks  nere then allowed t o  stand for 1 hour. 
withdrawn and the  supernatent f i l t e r e d .  
the resultant solut ion was su i tab ly  d i lu ted  with S / l O  HC1 and 

lChvnplee were 
In the ca6e of water, 
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7 58 BHALLA 

assayed by deternining the absorbance a t  233 nu. 

volumes (5 mt; of 2.11 other  samples except those i n  n-octanol 

and n-butanol were evaporated, the residue f ron  each was 
extracted with 29 id., of I i / l O  i i C 1 ,  s u i t ab ly  d i lu teZ and absorb- 

ance recorded a t  233 ma. 

n-octanol and n-butsnol so lu t ion  was extracted with t i / l O  H C 1 ,  

su i tab ly  d i lu t ed  anc i t ' s  absorbance recorded a t  233 nm. The 

content of vasicinone i n  ezch so lu t ion  ca lcu la ted  by taking 
1264 a s  the value of LiScm a t  uax 233 nm of vzsicinone i n  

Leasured 

A measured quant i ty  (5  aiLj of each 

L T / 1 0  ZC1. 

i i )  Preparat ion of Vasiciiione Xydrochloride: 

deighed amount of base was &issolved i n  dry solvent e the r  

i n  a dry  f l a s k  and f r e sh ly  generated moisture f r ee  hyaro- 

ch lo r i c  acid gas was bubbled through it. 
hydrochloride c rys t a l s  formed <map. 227O-228OC) were recovered 

and r ec rys t a l l i zed  f rou  alcohol. 

i i i )  So lub i l i t y  of Vasicinone iiydrochloride i n  ha te r  - Zffect  

of Polyethylene Glycol 400: 

Xixtures of d i s t i l l e d  water and polyethylene ;;lycol 

The vasicinone 

con tz in iw  10, 20 uld 40 percent of PEG400 were prepared. 

Samples of vasicinone hydrocNorihe, each weighing about 1 g 

were added to  20 mt each of water, and water-€'% mixtures 

grepared as above. The systems were equ i l ib ra t ea  as out l ined 
e a r l i e r .  The samples were f i l terea and then su i t ab ly  d i lu t ed  
with d i s t i l l e d  water and absorbance of each so lu t ion  was noted 
a t  225 nm aga ins t  sd t s .o ly  d i lu t ed  respect ive solvent blanks. 

The concentration of vasicinone hydrochloride i n  tes t  solut ion 
was calculated fron standard curve of vasicinone hyxirochloride 

i n  water. 

i v )  Freeze d r y i w  of Vasicinone EIydrochloride - Effec t  on 
Solubi l i ty:  

k s a p l e  of vasicinone hydrochloride of known s o l u b i l i t y  
was dissolved i n  water and d r i ed  i n  an Ydward-lab model 
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VASICINONE 7 59 

lyophi l izer  using phospnorous pentoxide a s  the iiesdicant. 

The so lub i l i t y  of the dr ied samples i n  d i s t i l l e d  water was 
then determined as described e a r l i e r  by record iw the absorb- 
ance of su i tab ly  d i lu ted  solut ion a t  225 nu. 

v) Solubi l i ty  of Vasicinone and i t s  Hyclrociiioride in Buffer 
Solutions: 

Excess of vasicinone and i t s  hydrocnloride s a l t  were 
t r ea t ed  separately with buf fer  solution@ (pH range 1.2 t o  
8.0) as i n  e a r l i e r  experiments. Aliquots were s e r i a l l y  a i l -  
uted with water a d  tine absorbance of solut ions noted a t  233 
nrc abainst  a proper blank. ?he concentration of each drw i n  
t e s t  solut ions WBS calculated from t h e i r  s td .  curves prepared 

by noting the absorbance a t  233 nm of solut ions containing. 1 
t o  10 5cg of the respective drug/& i n  water. 

duf fer  solut ions used were USP X V I I I  standard buffers  except 

f o r  pli range 3 t o  5 for whioh the following buf fers  were usedo 
Gi t r i c  acid buffer  rrFI. 3 .O Wcllvaiiie standard buffer. 

Acetate buffer  piI 4.2 ;nd 5.0 To 50 nL of 0.21i sodium ace ta te  
so lu t ion  was added de f in i t e  volume of 0.2i.i a ce t i c  acid solu- 
t i on  t o  obtain the desired -&. Volume mzde t o  200 mL with wzter. 

* 9 

10 

2.  DISSOLUTLOiU RAT3 STUDISS: 

Vasicinone and i ts  hydrochloride 40/45 mesh powders were 

compressed i n t o  pe l l e t s  ( U i a  t 8 mm, and weight 200 mg) on a 
2 Unimek s ingle  punch t a b l e t  press a t  a pressure of 2500 k g / c m  . 

i'he d isso lu t ion  r a t e  of the pellets were determined i n  an US1 
X V f I I  d i sso lu t ion  apparatus.' 600 mIc simulated b2s t r ic  f l u i d  

USP (without pepsin) pH 1.2 was employed as the  dissolut ion 
medium and the speed of ro t a t ion  adjusted t o  100 r.p.m., 5 mL 
of the samples were withdrawn a t  regular  i n t e rva l s  and made 
the  replacement of equal volume a f t e r  each w i t h d r a w l .  The 
samples were f i l t e r e d  and 2 mL of a l iquot  was di lu ted  t o  50 mL 
i n  a volumetric f lask ,  The concentration of each drug i n  t e s t  
sample was determined as noted e a r l i e r  by recording the absor- 

bance a t  233 nm against  an appropritrte blank. 
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7 60 B€iALT.lA 

2 .  SPECTllOPHOTOiZTIUC 3hTd3MIUTION OF PKa OF V ~ L S I C I N O ~ ~ :  

Suitably r ec rys t a l l i s ed  and d r i ed  drug was dissolved i n  

i i s t i l l e d  water t o  prepaxe tne stock so lu t ion  (50 clcg/mL). 
the 0.Ogi.i potassium cyior idc - hycirochloric acid buffer solu- 
t i on  of pH values 1.6, 1.8, 2.0, 2.2 and 2.4 were wepared. 
'Ti'lle stock so lu t ion  of the drug was then d i i u t e i  with each 
buffer so lu t ions  t o  obtain a final concentration of 5 mcg ,of 
vasicinone/nl. 
then determined on hlico D i b i t a l  Pr; meter ( a d e l  L I - 1 2 0 ) .  

W absorption spec t ra  of each so lu t ion  agkinst  a proper blank 
waa recarded on Zi tachi  made Spectrophotoneter (model-200). 

The exact @ vaiue of d i lu t ed  so lu t ions  was 

%'he 

The ana ly t i ca l  wave length  was found t o  be 222 rn and the  

readings Zor the &a determination were t u e n  at this wave 

length  on a Gar1 oe i s s  model V S U 2 - P  spectrophotometer. 

Water 

Methanol 

Ethanol 

lsopropand 

Acetone 

Chbroforrn 

Ethyl Acetate 

nB ut on01 

ROC t anol 

*..... iII 
"XI...... I= 

I .  . . . .  . . . .  > 

0 2 4 6 8 1 0 1 2 1 4  
Solubility rng/mL 

FIGIWE - 1 
Solubi l i ty  of Vasicinone i n  Vasious Solvents 
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VASICINONE 761 

ri saturated solut ion of aruc, was prepared i n  d i s t i l l e d  
water and assayed spectrophatozetr ical ly  bj noting the  sbuorb- 
ance a t  225 nine 

were then t ransferzec to  i separat ing funnel anc! tne system 
was agi ta ted  by inversion at regular  i n t e rva l s  until the sys- 
tem gained equ i l ib r iw .  The ayatein was then allowed t o  stand 
f o r  the  separation of the aqueous ard n-octanol layers .  
drug concentration i n  tile aqueous layer  was d i r e c t l y  d e t e r  
&ned by not ing tne absorbance 02 the appropriately d i lu ted  
sanple at 225 nm. ?he drug concentration i n  n-octanol was 
deteruined by extractini; 5 IPL saiaple with su f f i c i en t  10 id 

portions of O.liT 9C1 and s e r i a l l y  d i lu t ing  it before noting 
the  absorbance a t  233 nm. The pa r t i t i on  coef f ic ien t  of the 
drug was dlS0 determined as ri function of @I. Tne &.rug was 
dissolved i n  an aqueous phase at pi2 t.2 and its di f fus ion  
throu$h n-octanol t o  an aqueous phase at pi1 7.2 was noted. 

10 mt of the  so;l.rltion an& 10 & of  n-octanol 

The 

The so lub i l i t y  of the vsskcinone base i n  various solvents 
experinented w i t h  (li'i&xre 1) was fauna t o  be i n  the following 
ascending order  with the percent solut ions (w/v) fozfned 
reeortied i n  parathesis. 
d i s t i l l e d  water (0.16), etbl  acetate (o.?7), acetone (0 .29) ,  

n-buknol (0.3?), ethanol (0.34), m a e t h s n o l  (0.66) and a o r o -  
form (3.33). 
compound i s  very PQW. Vasicinoms h3rdpochlori&e was fo& t o  
ham superior aqueous soLubiPity (I  .o@ in water) which c d d  

be fu r the r  increased on freeze dryjng tbe sample to %.66& 
The use af polyethglene pj3ycol-400 ta enhance the so lub i l i t y  
of  the hydrochloride i n  water yielded posi t ive results 

( F i g u r e  2). is seen from the  Pi'igure, RLG400 i n  a 2% cone- 
e n t r a t i a  gape optimum increase i n  so lub i l i t y  ( t  .;6@ approx- 
imately double i ts  n o d  aqueous solubi l i ty .  A I@ solut ion 

n-Octanol (0.?6), isopropanol (O.16,, 

f t  i s  evident t ha t  the aqueous solubil iw of the  
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762 BHALLA 

0 10 20 30 40 

percent PEG 400 

FIGURE - 2 

Effect of P E G  on dater Solubility of Vasicinone 
Hydrochloride 

of PE;C-400 could a l s o  appreciably enhance the water solubility 

t o  1.64s. 
with the assay procedure. 

The presence of this co-solvent a i d  not interfere 

The study o f  the effect  of @ on the solubility of 
vasicinone and i ts  hydrochloride i n  different pH buffer solu- 
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VASICINONE 763 

t i ons  as presentea graphically (Mi;ure 3) shows a graded 
increase i n  so lub i l i t y  w i t h  t i e  decrease of $I. These results 

also show a considerable increase i n  the water so lub i l i t y  of 

the vasicinone base and i t s  hydrochloride i n  the presence of 
bufrer  so lu t ions ,  brought about probably due to  & situ 
formation of some very soluble salts. 

40 

35 

30 

25 

2 

2 

p 20 

u 
a 

15 

10 

5 

0 

0-0- VASICINONE 

A-A- V A S I C I N O N E  HYDROCHLORIDE 

0 1 2 3 4 FB 5 6 7 8 

FIGURE - 3 
Solubi l i ty  of Vasicinone and Vasicinone Hydrochloride 
i n  Buffer Solutions 
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VASICINONE 

0-a  

765 

F I G U R E  - 5 
Spectrophotometric Determination of pKa of Vasicinone 
(Spectra8 at Different pX to Find Out Analytical 
'rlavel ength) # 

No disintegration of the compressed pellets was observed 
during tie intrinsic dissolution rate studies indiczting 
suitable compression pressure. Further, as expected it was 
observed that the vasicinone hydrochloride displayed a m u c h  

faster dissolution rate, 60 per cent of it being dissolved in 
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VASICINONE 767 

l e s s  than 5 minutes in simulated gastr ic  f l u i d  i n  contrast t o  
vasicinone which required over 2 hours t o  effect  dissolution 
of 60 per cent of i t  (Figure 4). Total dissolution of vasi- 
cinone hydrochloride and vasicinone pel le ts  was seen t o  take 
place i n  about 25 minutes and 6 hours respectively. 

The spectrophotmetric method was employed for the deter- 
milnation of pKa, since it  i s  more suitable for  spsrin@y 
soluble substances and a l s o  for  work at extremely high and 
low pII value#.’’ 222 nm was shown t o  be the wave length 
which ehows greatest  difference between the absorbance of the 
two species (Figure 5 ) ,  0.2M NaOH (optical density 0.72) a d  
0.a A C 1  (optical  density 0.485) were found suitable t o  give 
a neutral molecule and cation respectively. The pKa as 

determined by this method was found t o  be 1.91 3 0.03 (Table 

1). 
ionisation i n  low Ea value and also i t s  superior solubi l i ty  
i n  acid solution. 

The low pfa value found for  vasioinone indicates i t  Mgh 

Vasicinone i n  d i s t i l l e d  water shows  ma^^ a t  225 nm and 
Bowever the absorbance at  233 i n  acidic solution a t  233 11111. 

nm was found t o  be independent of pB of solution. 

I n  our study f o r  par t i t ion coefficient,  two aqueoua 
phases employed simulsting pH of gut and blood were buffer 
solutions of pH 1.2 and 7.2 and l i p i d  partitioning vas done 
by Droctanol. 
pH 1.2 buffer 1 n-octanol t pa 7.2 buffer was found in app- 
roximate r a t i o  of 3 3 8 1 ,  while between uates 1 n-octanol, it 
wa8 found to be i n  r a t i o  of 312. The resu l t s  are indicative 
of there being no permeability limited absorption as it has 
solubi l i ty  i n  both aqueous and l i p i d  phases. 

The distribution of the drug i n  the system 

A comparatively high proportion of drug being present in 
low #I value buffer solution i B  indicative of higher ionizat- 
ion a t  lower pH value, the results being in agreement with i t e  
low pKa, As a small change in pFI can cause a large CheDge in 
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the r a t i o  of ionised t o  unionised molecule and consequently a 
large change i n  the  l ipid/water  s o l u b i l i t i e s ,  the  absorption 
of vasicinone hydrochloride may be expected t o  improve as it  

t r ave l s  from stomach t o  the duodenum. 
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