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ABSTRACT 

The p r e s ent i nvent i on r e l a t e s  t o  a pharmaceut i c a l  compo s i t i o n  o f  

t op i ca l app l i ca t i on for the t reatment o f  a l ope c i a ,  t h e  

c ompos i on comp r i s i ng p o l yme r i c  nanopart i cl e s , pre f e rab l y  

nanocapsu l e s , cont a i ning two act p r i n c i p l e s , f i n a s t e r i de and 

minoxi d i l ,  and pharmaceut i c a l l y  acceptab l e  a dd i t i ve s  and 

The invent i o n  further i n c l udes a me thod for prepa r i ng 

p o l yme r i c  f in a s t e ri de and minox i d i l  nanopart i c le s , p r e f e ra b l y  

nanocap s ul e s , s u i  t ab l e  for a compo s i  t i on o f t op i c a l  app l i ca t i o n  

f o r  t h e  t r e a tment o f  a l op e c i a ,  a s  we l l  a s  t he u s e  o f  s a i d  

nanocap s u l e s  f o r  prepa ring a pharma ceut i c a l  compo s i t i on .  

#1273612 
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POLYMERIC FINASTERIDE AND MINOXIDIL NANOPARTICLES, METHOD FOR 

PREPARING SAME, AQUEOUS SUSPENSION CONTAINING SAME, 

PHARMACEUTICAL COMPOSITION AND USE THEREOF 

The pre s ent 

F I EL O 

c omp o s  ion f o r  t op i c a l  

T H E  I NVENT 

r e l a t e s  t o  a pharma ceut i c a l  

app l i c a t i on f o r  t h e  t r eatment o f  

a l opec i a ,  s a i d  comp o s i t i o n  comp r i s ing p o l yme r i c  nanopart i c l e s ,  

p r e f e ra b l y  nanocap s o i ds , a s  h e r e i n  de f i ned , cont a i ning two 

a c t ive i ngredi ent s ,  f i n a s t e r i de and minox i di l ,  and 

pharma ceu t i c a l l y  a cceptab l e  addit ives and veh i c l e s . The 

i nvent i on further i n cl udes a proce s s  for t h e  preparat i on o f  

p o l yme r i c  nanop a r t i c l e s ,  p r e f e rabl y  nanocap s o ids o f f i n a s t e ri de 

and minoxidi l ,  s u i t ab l e  for a t o p i c a l  app l i ca t i o n  compo s i t ion 

for t h e  t reatment o f  a s  we l l  a s  the use o f  s a i d 

nanocap s o ids f o r  the ion o f  a pharmaceut i c a l  

c omp o s i t ion . 

the I nvent ion 

l o s s, a l s o  ca l l e d  a l opec i a ,  can man i f e s t  s e l f  i n  

many f o rros . I t  c a n  be i rreve r s i b l e  in c a s e s  c l a s s i f i e d a s  

s c a r r i ng a l op e ci a  where there i s  t h e  de s t ruct i on o f  ha i r  

f o l l i c l e s ; o r  reve r s ib l e  i n  non - s carre d  c a s e s  whi ch have s eve r a l  

c a u s e s  a n d  may o r ig i nate f rom pha rma c o l og i c a l  t reatment s ,  d i e t , 

phys i o l og i c a l  o r  p s ycho l og i c a l  s t re s s , fung a l  i nf e c t i ons , 

chemothe rapy o r  g e ne t i c  inhe r i t ance . Becau s e  o f  t hi s ,  s eve r a l  

p h a rma c o l og i c a l  a n d  non-pharma c o l og i c a l  t r eatment s ( impl ant s and 
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l a s e r  app l i cat i ons) a r e  be ing u s ed i n  an a t t empt t o  reve r s e  t h i s  

s i tuat i on . 

I n  cap i l l ar y  t h e r ap y f  i n  o rde r f o r  a drug t o  have the 

de s i re d  a c t i o n f is  nece s s a ry for to reach the h a i r  

f o l l  ( in the epidermi s )  f whe re t he e n z yme re spons i b l e  f o r  

t r i gg e r i n g  t he d i s e a s e  i s  l o ca t e d f  w i t hout p e rme a t i n g  t h e  b l ood 

c ap i l l a r i e s  whi ch supp l y  the p i l ous f o l l i c l e  ( avo i d i n g  a 

s y s t emi c a c t i o n ) . T hu s f f o r  a formu l at i o n  t o  be e f fect i s  

n e ce s s a r y  f o r  i t  t o  be ab l e  to promot e  pene t r at i on and retent i on 

o f the drug a t  s s o f act ion ( DRAKE f L .  et a l . ;  " The 

e f fe c t s of f in a s t e r i de on s ca l p  s ki n  and s e rum androgen l eve l s  

i n  men w i t h  androgenet i c  a l op e c i a . "  Journal o f  the Ame r i can 

Academy o f  Derma t o l o g y f  1 9 9 9 f  vol . 4 1 f  no . 4 f  p .  5 5 0 - 5 5 4 ) .  3 0 . 

Androgeni c  a l ope c i a  i s  t he t rans f o rmat ion o f  mature ha i r  

f o l l i c l e s  ( t e rmina l )  t o  immature f o l l i c l e s  ( ve l l u s ) t hrough 

s u c c e s s i ve cap i l l a ry c y c l e s  with a short ening of the anagen 

pha s e  t ime . Thus f due t o  the reduct i o n  i n  t ime o f growth and 

deve l opment o f  the s h a f t f it become s progre s s iv e l y  s h o rt e r f  

t h inne r and o ft e n  w i thout c o l o r  ( INU i f  S . ; I TAM i f S . ; "Mo l e c u l a r  

b a s i s  o f  androgenet i c  a l opeci a :  From androgen t o  p a r a c r ine 

med i a t o r s  t hrough de rma l pap i l l a . "  Journa l o f  De rma t o l o g i c a l  

S c i ence f 2 0 1 1 f  vo l . 6 1 f  p . 1 - 6 ) . T h i s i s  the mo s t  c ommon t yp e  o f  

a lope c i a  and 

f a c t o r s f t o  the 

s ma i n l y  men f  

regu l at ion o f  

be i ng r e l a t e d f  among o t h e r  

s e x  hormon e s . A g r e a t e r  

unde r s t anding o f  androge n i c  b a l dn e s s  carne from t h e  studi e s  o f  

Hami l t o n  ( 1 9 4 2 )  w h o  de s c r ibed t h e  pattern o f ha i r  l o s s  and the 

phys i o l ogy a s  a p r o ce s s  l i n ke d  to a genet i c  predi s po s i  t i on o f 

the f o l l i c l e  that occur s unde r t he i n f l uence o f  androgens 

( T rueb f RM ; " M o l e cu l a r  me chani sms o f  androgene t i c  a l op e ci a . "  

Exp e r imen t a l  Ge ront o l o g y f  2 0 0 2  v .  3 7 f no . 8 - 9 f  p .  9 8 1 -
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9 9 0 )  . Howeve r f t h e re i s  no corr e l a t i o n  between androg e n i c  

a l opeci a  a n d  t e s t o s t e rone f f r e e  t e s t o st e rone a n d  b i oa va i l ab l e  

t e s t o s te rone l e ve l s . I t  i s  probab l e  t hat the pathogen i c  b a s e s  

o f  ba l dne s s  a r e  me diated t h rough lular s i ng the 

hair f o l l i c l e  ( INUI f S . ; I TAM I f S . ; "Mol ecul a r  ba s i s  o f  

androgene t i c  a l ope c i a : F r om androgen 

t h roug h  de rma l papi l l a . "  Journ a l  o f  

2 0 1 1 f vol . 6 1 f  p . 1 - 6 ) . 

to  paracr ine med i a t o r s  

Derma t o l og i ca l  S c i e nce f 

Through the a ct i on o f  5�- reducta s e  e n z yme f t e s t o s t e rone i s  

conve r t e d  t o  a mor e  powe r ful hormone dihydrot e s t o s t e rone 

( DHT ) . It is be l i eved t hat s act i on i s  g r e a t e r  t han that o f  

t e s t o s t e rone f o r  two ma i n  r e a s ons : ( i )  DHT cannot b e  conve r t e d  

i n t o  e s t r ogen by a roma t a s e s f ma int a i n i ng on l y  i t s  pur e l y  

androg e n i c  a c t i  vi  t y  f ( i  i )  i n  v i  t r o  s t u d i e s  demo n s t r a  t e  that DHT 

binds wi th mor e  a f f i ni ty to  the androgen receptor t ha n  

t e s t o s t e rone ( L I U f  S . ; YAMAUCH i f  H . ; "D i f fe rent p a t t e rns o f  5�

r e duc t a s e  expr e s s i on f  c e l l u l a r  d i s t r i but i o n f  and t e s t o s t e rone 

metabol i sm in h uman f o l l i cu l a r  de rma l pap i l l a  ce l l s . "  

B i o chemi c a l  and B i ophys i c a l  Re s e arch Commun i ca t ions f 2 0 0 8  f 3 6 8 

p . 8 5 8 - 8 6 4 ) . The a ct i on o f  the se androgen hormon e s  occurs  by 

t he i r  d i s s eminat i o n  through the cell  membrane w i t h  the purp o s e  

o f to the intracellular androgen or. As a resul t 

o f  t h i s b i nd i ng f  the hormone- receptor c omp l ex unde rg o e s  

c o n f o rma t i ona l chang e s f  t h u s  b i nd i ng the comp l ex w i t h  the 

p r omote r s i n  t h e  DNAf t r igg e r i ng the p roduc t i o n  of me s s eng e r  

RNAs that wi l l  t ra n s cr ibe t h e  genet re sponse ( INU i f  S . , 

I TAMi f  S . ; " Mo l e cu l a r  ba s i s  o f  androgenet i c  a l op e c i a : From 

androg en t o  p a r a c ri n e  medi a t o r s  t h rough de rma l papi l la . "  Journ a l  

o f  De rma t o l og i c a l  S c i ence f 2 0 1 1 f vol . 6 1 f  p . 1 - 6 ) . W i t h  the 

b i nd i ng of DHT to the androgen receptor p r e s ent in the ha i r  

f o l l i c l e f  the r e s p o n s e  i s  t he de c r e a s e  i n  the anag en pha s e  o f  
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the h a ir gr owth , t hus moving the hair to the e ar l y  t e l ogen 

p has e (E l l is ,  JA ; Harr ap , SB ; " The gene t i cs o f  andr ogene t i c  

a l op e c i a . "  C l i n i cs i n  Derma t o l ogy , 2 0 0 1 ,  vol . 1 9 ,  p .  1 4 9 - 1 5 4 ) .  

Andr o g e n i c  a l op e c i a  s a pattern in r l oss , w h i c h  

1 the d i agnos is and eas i l y  dist inguis h es it  fr om o t h er 

t yp es . By de fau l t , i n i t i a l  l oss o f  the hair shaft occurs on the 

fr ont a l  p ar t  or only on t he vertex , and may expand to other 

r e g i ons . The degr e e  o f  a l op e c i a  can be det e rmined by t h e  

N orwood- Hami l t on s c a l e . This sca l e  ident i f i es t hr e e  t ypes o f  

h a ir l oss p a t t erns : ver t ex p a t t ern (wher e  the l oss o f  t h e  s h a f t  

s t ar ts at the b a c k ) , fr ont p a t t er n  (wher e  the l oss o f  the s h a f t  

s t ar ts a t  t h e  fr ont ) a n d  the norma l p a t t ern (beginning w i t h  l oss 

a t  b o t h  t h e  fr ont and the ba c k ) , w i t h  a l l  p a t t er ns b e i ng d i v i de d  

i n t o  s e ven s t a ges o f  h a ir l oss ( S in c l a ir ,  RD ; "Ma l e  andr ogene t i c  

a l op e c i a . "  T h e  Jour n a l  o f  Men ' s  Hea l t h  & Gende r ,  2 0 0 4  v .  1 ,  no . 

4 ,  p .  3 1 9 - 3 2 7 ) .  

Curr ent l y ,  a l op e c i a  tr eatment can be both t op i c a l  and 

s yst emi c .  Among t h e  drugs appr oved by ANV I SA ( Br a z i l ) ,  t h e  

f o l l owing can b e  c i  t e d : ( i ) as s ys t emi c ,  t h e  medic ine made o f 

f inas t er i de ( 1 mg ) for or a l  us e ,  mar ke t e d  under t h e  br and name 

Pr op e c i a®, whi c h  a cts as a b l o c ker o f  DHT hormone ; and ( i i )  as 

t op i c a l : ( a ) a dr ug w i t h  a minoxi d i l  base , mar ke t e d  under the 

br and name Re g a i n®/Rog a i n® mouss e w i t h  2%  ( f or wome n ) and 5 %  

( for men )  and (b ) a dr ug based on a lphaestr a di o l , mar ke t e d  under 

the br and name Avie is® in the form o f  a 0 . 0 2 5 %  s o l ut i o n . 

The act i ngredi ents and minoxi di l )  s ent 

s ever a l  s t ab i l i t y ,  bio ava i l ab i l ity and formu l a t i o n  d i f f i c u l t i es ,  

t h a t  r es u l t  fr om their phys i cochemi c a l  and 

b i o l og i ca l /p h ys i o l og i c a l  pr op ert . To  s ol ve or r e duce t he 

nega t i ve char a c t er i s t i cs o f  the act ive ingredients , a l t ernat i ves 
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wer e  r e s e ar ched t o  "pr o t e ct t hem 

" i ncr e a s e  t h e ir s olubi l i t y . " 

degr a da t i o n "  or t o  

T h e  deve l opment o f  new dr ug de l i  ver y  s y s t ems h a s  been t h e  

t ar g e t  o f  improveme n t s  dir e c t e d  t owards t h e  enhanceme nt o f  t h e ir 

t her apeut i c  e c a c y  and s a f e t y  o f  us e ,  by changing 

pharma c o k i ne t i c  and pharma codynamic a sp e c t s .  Among t h e  co l l oi d a l  

dr ug de l i ver y s y s t ems , t her e ar e t h e  p o l ymer i c  nanopar t  s and 

l ip o s ome s (Avn e s h  Kumar i ,  Sude s h  Kumar Yadav , Subha s h  C .  Yadav , 

B i o degr a da b l e  p o l ymer i c  nanop ar t i c l e  b a s e d  dr ug de l i ver y 

s y s t ems , C o l l o ids and Sur f aces B :  B i o i n t er fa ce s ,  Vo l ume 7 5 ,  

I s s ue 1 ,  J a nuar y  1 ,  2 0 1 0 ,  Pages 1 - 1 8 ; Vladimir P .  Tor c hi l i n ,  

RECENT ADVANCES WITH L I POSOMES A S  PHARMACEUT I CAL CARRI ERS , 

NATURE REV I EWS , VOLUME 4 ,  FEBRUARY 2 0 0 5 , p 1 4 5 ) . Because o f  

t h e ir t her apeu t i c  p o t ent i a l  and impr oved s t ab i l it y  dur ing 

s t or a ge and up on cont act wi th b i o l og i c  f luids , p o l ymer i c  

nanopar t i c l e s  formed b y  b i odegr adable p o l ymer s have a t tr a c t e d  an 

i n cr e a s e d  attention o f  r e s ear cher s  when comp ar e d  to l ip o s ome s 

( SCHAFFAZ I C K ,  S H ,  e t  a l . ;  " Char a c t er i zat i o n  and phys i co chemi c a l  

s t ab i l i t y  o f  nanopar t  p o l ymer i c  s y s t ems f or drug 

de l iver y . " New Chemi s tr y ,  2 0 0 3 ,  Vo l . 2 6 ,  no . 5 ,  p .  7 2 6 - 7 3 7 ) . 

Po lymer i c  nanopar t i c l e s  ar e c o l l o i dal drug carr i er s y s t ems 

wh i ch have d i amet er s  be tween 1 0  and 1 0 0 0  nm and ar e d i  v i d e d ,  

a ccording t o  t h e ir s upr amol e cul ar ar chi t e c t ur e s , i n  t o  ve s i c l e s  

or matr i ce s . Nanocap s u l e s  (ve s i c u l ar )  have a n  o i l y  c or e  

s urr ounded b y  a p o l ymer matr i x , a l l owing t h e  dr ug t o  b e  

d i sp er s e d  i n  t h e  cor e  and/ o r a d s orbed i n  t h e  p o l ymer i c  

w a l l .  Nanospher e s  (matr i ce s ) d o  not have a n  o i l y  cor e , o n l y  a 

p o l ymer i c  s tructur e ,  s o  the dr ug ma y be adsorbed or i n  

the p o l ymer matr i x . Nanopar t i c l e s  made o f  bi odegr adab l e  p o l ymer s 

have been pr e ferr ed s ince they have gre a t er ther apeut i c  
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potent i a l , and h i gh s t ab i l i  t y  in b i o l og i c a l  and dur ing 

s t or a g e  ( S C HAFFAZ I C K ,  S H , et a l . ;  " Char a ct er i z a t i on and 

phys i cochemi c a l  s t a b i l i t y  of nanopar t i c l e  p o l ymer i c  s yst ems f or 

drug de l iver y . " New Chemis tr y ,  2 0 0 3 , Vol . 2 6 ,  no . 5 ,  p .  7 2 6 -

7 3 7 )  . 

D i f f erent phys i cochemi c a l  processes may be emp l oyed f or t h e  

prepar a t i on o f t hes e nanopar t i c l e  s ys t ems ,  s u c h  as : ( i )  

i n t er f a c i a l  depos i  t ion o f pr e forme d p o l ymers , (b ) s a l  t i ng - out , 

and ( c )  emuls i f i c a t i on-di f fus i on . Among the ma in te chniques for 

nanocaps u l e  ion , t h e  . depos ion o f  pre formed 

p o l ymers pr opos e d  by Fess i et al in 19 89 shou l d  be h i gh l i gh t e d  

( FE S S I , H . ; e t  a l ; " Nanocaps u l e  forma t i on by i n t er fa c i a l  p o l ymer 

depos f o l l owing s o l vent displa cement . "  I nt er na t i on a l  

Jour n a l  o f  Pharmaceut i cs ,  19 89 , vol . 5 5 ,  no . 1 ,  p .  R 1 - R4 ) , 

wher e i n  t h e  po l ymer is disso lved in t h e  or gan i c  s o l vent t o g e th er 

w i t h  t h e  o i l y  component , t h e  l ipophi l i c  sur fa c t ant and t h e  drug 

or act ive ingr e d i ent t o  be encapsu l a t ed . T h is or ganic/ o i l y  phase 

is i nj e c t ed under modera te a g i  t a t ion , over an aqueous phas e , 

wh i c h  is composed o f  water and a hydr ophi l i c sur fa c t ant . This 

mixtur e  spontaneous l y  y i e l ds nanocaps u l es w i t h  average d i ame t ers 

between 2 0 0  and 5 0 0  nm. Fina l l y ,  the or ganic s o l vent and excess 

wa t er ar e r emoved . 

Mos t t op i c a l  pr oducts l ab l e  for t h e  tr e a tment of 

a l op e c i a  ar e f ormu l ated w i t h  the act ive ingr e d i e nts diss o l ve d  i n  

a w a t er - a l coho l s o l ut i on . However , due to t he l ow p erme ab i l i  t y  

o f  some drugs t hr ough the ker a t i n  , o n l y  a fra c t ion o f  the 

a pp l i e d  dose r e a c h es the s i  te o f  a c t i on , pen e tr a t i n g  the por es 

and h a ir f o l l i c l es (TSUJIMOTO , H .  e t  a l . ;  " Eva lua t i on o f t h e  

permeab i l i t y  o f  h a ir gr owing ingre dient encaps u l a t e d  PLGA 

nanospher es t o  hair f o l l i c l es and t h e ir h a ir gr owing 



CA 02883998 2015-02-26 

7 

e f fe c ts . " & Med i c i n a l  Chemistr y L e t t ers, 2 0 0 7, v o l . 

1 7, p .  4 7 7 1 - 4 7 7 7 ) . As a res u l t, ha i r  growth us ing t hes e p roducts 

does not exceed consume r expect a t i ons, l ea d i ng t o  l a c k  o f  

adherence t o  t re a tment . Re cent studies have conf irme d t h e  

hypothes is that nanopart i c l es can penetra t e  e f fe c t i  ve l y  i n  t h e  

p i l ous f o l l i c l es ( Lademann, J . , et a l . ;  " Nanop a rt i c l es An 

e f f i ci ent for drug de l i n t o  t h e  h a ir 

f o l l i c l es . " European Journa l o f Pharmaceut i cs and 

B i opharma ceut i cs, 2 0 0 7, vol . 6 6, no . 2 ,  p .  1 5 9 - 1 6 4 ) r e a ch i n g  

deep funct i on a l  st ructures wher e i n  t h e y  s t or e d  for a few 

days . In the c ase of non-p a r t i cu l ate subs t ances, such l ong t erm 

e f fe cts have not been obs e rved in p i l ous f o l l i c l es or in the 

s t r a t um co rneum . I n  the stratum corneum l a c ks t h e  

r es e rvo i r  charact e r is t i c  for t op i ca l l y  app l i e d  subst ances s i nce 

t hes e s ubs t ances r emai n  l o ca l i z e d  on the sur face of t h e  s ki n  or 

i n  t h e  upper c e ll ( wh i ch ar e cont inuous l y  removed by 

p e e l i n g ) . Ther e fore, p i l ous f o l l i c l es become, in l ong t erm, t h e  

on l y  r es e rvo i rs f or non-p a r t i c u l a t e  substances o f  t op i ca l  us e .  

T hes e observa t i o ns show that p i lous f o l l i c l es ar e impor t ant 

t ar g e ts f o r  drug de l ivery, since they a r e  surr ounded by a dens e  

netwo r k  o f  b l ood cap i l l a r i es a n d  d endr i t i c  ce l ls ( Langerhans 

c e l ls )  ; 

For examp l e, the e f fect o f  nanospher es o f  p o l y ( co-

g l ycol i de ) ( PLGA) cont a i ning t hree di f ferent acti ve ingredi ents 

( Hino i o l, g l ycyrrhe t i n i c  a c i d  and 6 -ben z y l aminopur ine ) f or 

h a ir g r owth was assess ed vivo ( T SU JIMOTO, H . , e t  a l . ;  

" Eval uat ion o f  the p erme ab i l i t y  o f  ha i r  growing ingr e d i ent 

encaps u l a t e d  PLGA nanospheres to h a i r  f o l l i c l es and t h e ir ha i r  

gr owing e f fects . " B i o o rganic & Med i c i n a l  Chemis tr y Let t e rs, 

2 O O 7 , v o l .  1 7 , p . 4 7 7 1 - 4 7 7 7 ) . Ana 1 y z i n  g t h e f 1 u o r es c e n c e 

i t y  o f thes e  act ingredients in human s c a lp b i ops i es, 
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the aut h o r s  found that t he nanosphe r e s  had a p e rmeab i l i t y  e f fe c t  

i n  t h e  p o r e s  2 t o  2 . 5  t ime s higher when compared t o  t h e  cont r o l  

g roup o f  the s ame a c t ive ing redi ent s i n  a b u f f e r  s o l ut i on 

( PB S ) .  I t  was a l s o  p o s s ib l e  t o  see an increase t h e  c ap i l l a r y  

a c t ivi t y ,  who s e  c y c l e  i s  pas sed f rom t he r e s t  pha s e  t o  t h e  

g rowth pha s e ,  s ugg e s t ing t h a t  PLGA nanospheres ma y be p romi s i ng 

f o r  drug s  i n  f o l l i c l e s . 

To  dat e ,  t h e r e  a r e  few p ap e r s  i n  t he l i t erature t ha t  r ep o r t  

the c a r r y i ng o f  f in a s t e r i de i n  nanop a rt i c l e  s ys t ems . Document 

US 200 60 20 4 5 8 8, owned by E l an Pha rma I n t e rnat i on a l  L imi t e d ,  

d i s c l o s e s  a p h a rma ceut i c a l  comp o s i t ion cont a i n i ng 

nanop a r t i cu l a t e  f i n a s t e r i de ( having average s i z e l e s s  t han 

2 0 0 0 nm )  and at l e a s t  one surface stabi l i z e r  whi ch may be 

ads o rbed by or  a s soc i a t e d  with the s u r f ace o f  the a c t i ve 

i ng redi ent . As t o  t he method o f preparat i on o f the 

nanop a rt i cu l at e  f i n a s t e r i de f o rmu l at i on ,  t h i s  met hod c on s i s t s  in 

d i sp e r s i ng f i n a s t e r i de i n  a l i qu i d  di sp e r s ion medium,  and 

me c h an i c a l l y  reduc i ng i t s  p a rt i c l e  s i z e . 

Pat ent 

C o rp o r a t i o n ,  

app l i o n  US20 1 10 1 1 70 4 5, owned by Fuj i lm 

is a p roduct based on p ro t e i n  nanop a rt i c l e s  

cont a i ning a n  act i v e  ingredient f o r  ha i r  t reatment ; t h e  p roduct 

cons i s t s  of nanop a r t i c l e s  p roduced from p ro t e i n  ( s uch as c a s e i n ,  

c o l l ag e n , g e l at i n ,  albumi n ,  among othe r s ) which a l s o  cont a i n s  an 

a c t i ve i ng redi ent t hat p romotes ha i r  g r owt h ,  and i n c l ude s 

f i n a s t e r i de and minox idi l a s  one o f  t h e s e  act ive i ng re d i e nt s . 

D ocument W0200 5000 2 5 8, owned by Amorep a c i  c C o rp or t a t i on , 

de s c r ibes s e l f - a s s embl ed p o l yme r i c  nanop a rt i c l e s  c omp r i s i ng an 

amp h ip h i l  p o l ymer and a phys i o l og i ca l l y  a c t i ve i ng redi ent ; 

whe r e i n  the amphip h i l i c  p o l yme r c omp r i s e s  p o l yc ap ro la ct one and 

p o l ye t h y l ene g l yc o l  a s  a hydrophob i c  and hydrop h i l i c  b l o c k ,  and 
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the phys i o l og i c a ll y  a c t ive i ng redi ent i s  comp r i s e d  b y  s a id 

amphip hi l i c  p o l yme r . The phy s i o l og i ca l l y  a c t i  ve i ng redient c a n  

be f i n a s t e r i de ( a s spe c i f i e d  i n  c l a im 1 0 ; s e e  a l s o  examp l e s  45-

4 7 ) o r  mi noxidi l ( s e e  p age 8 ,  l i ne s 8 - 1 8 ) . The mot i va t i o n  of the 

c l a imed imp roveme nt s ,  i . e . , the use o f  an amphiphi l i c  p o l yme r i n  

t h e  f o rma t i o n  o f  nanop a rt i c l e s  cont a i ning a n  act ive i ng re d i ent , 

i s  t o  reduce t h e  c o l l o ida l i n s t ab i l i t y  which caus e s  t he 

p re c ip i t a t i on or  f l o c cu l at i o n  t hat occurs when a hydrophob i c  

p o l yme r i s  u s e d  i n  the preparat ion o f  nanopa r t i c l e s . 

Howeve r ,  i t i s  de s i rabl e  t o  u s e  a homop o l yme r wh i c h  i s  

t e c hn i ca l l y l e s s  c omp l e x  and s imp l e r  to obt a i n  t han a cop o l yme r 

w h i c h  i s  a c t ua l l y  a structure in p o l ymer b l o c k s , wher e i n  the 

r a t i o  o f  the hydrop h i l  and l ipophi l p o r t i o n s  is d i f f i cu l t  to 

c o nt ro l ,  thus cau s i ng p robl ems in the subsequent f o rmat i o n  of 

nanop a rt i c l e s , e sp e c i a l l y nanocap s u l e s . 

Fur t h e rmore , t he u s e  o f  b l o c k  cop o l yme r s  which a r e  p rep a r e d  

i n  a 1: 1 r a t i o  o f  the hydrophi l i c and l ipop h i l i c  p o r t i on s  cau s e s  

a l a c k  o f  f l exib i l i t y  i n  t he hydrophi l e - l ip op h i l e  b a l a n c e  ( HL B ) 

whi ch can 1 t he qua l  i t y  o f nanotechno l og i c a l  f o rmu l a t i o n . 

The p o s s ib i l i t y  o f  varying the concent r a t i on o f  s t abi l i z e r  

( hydroph i l i c emu l s i fi e r  or  sur fact ant ) i s  a n  adva ntage i n  

p rep ar ing nanop a r t i c l e s. Lipop h i l i c  homop o l yme r s  can be 

f o rmu l at e d  a s  nanop a rt i c l e s  by emp l o y i ng s t ab i l i z e r s  i n  v a r y i ng 

p r op o r t i o n s  i n  t h e  formu l at ion , a l l owing a n  opt imi z at i on o f  

phys i c a l  s t ab i l i ty o f  the nanotechn o l og y  col l oids . 

SUMMARY O F  THE INVENT I ON 

The p re s ent i nvent i o n  a ims to p rovi de a n  e f fect ive 

p h a rma ceut i c a l  comp o s i t i on f o r  top i ca l  t r e a tment o f  a l ope c i a ,  

s a i d  comp o s i t i on comp r i s  p o l yme r i c  nanop ar t i c l e s , p re fe r ab l y  
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nanocap s o i ds cont a i n i ng ster i de and minoxi di l ,  a 

p h a rmaceut i ca l l y  a ccep t ab l e  vehi c l e ;  and opt i ona l l y  addi t i  ve s . 

The i nvent ion a l s o  i nc l ude s the pr ep ar a t i o n  o f  p o l yme r i c  

nanop a r t  s ,  p re ferab l y  f i n a  a n d  mi noxi d i l  

nanocap s o i ds , 

comp o s i t i on . 

whi c h  a r e  comp r i sed by said pharma ceut i c a l  

A embodiment of the invent ion r e l at e s  t o  a t op i ca l  

pha rmaceut i c a l  c omp o s i t ion comp r i s i ng a t her ap eut i c a l l y  

e f f e c t ive amount o f  p o l yme r i c  nanop ar t i c l e s , pre fer ab l y  

nanocap s o i ds , cont a i ning and minox i di l ,  s t a b l y  

d i sp e r s ed i n  a pharma ceut i c a l l y  acceptable veh i c l e ; and 

opt i o na l l y  cont a i n i ng addit i ve s . 

I n  a s econd embodiment , s a i d  p o l ymer i c  nanop a rt i c l e s , 

p r e f er ab l y  nanocap s o i d s  a r e  formed by p r epar ing t h e  o rg a n i c  and 

aqueous pha s e s ,  whe r e i n : 

- The org a n i c  p h a s e  comp r i s e s : ( a )  a hydrophob i c  p o l yme r ,  

( b )  a f i xe d  1, (c ) a t  l e a s t  one l ow HLB l ipophi l i c  s u r f a ct ant , 

( d )  a s o lvent , ( e )  a c o - s o l vent and ( f ) f i n a s t e r i de ; and 

- The a queous phase comp r i s e s : ( a )  at l e a s t  one hydrop hi l i c  

su rf actant , ( b )  minoxidi l and ( c )  wat e r . 

I n  a t h ir d  embodiment ,  the i nvent i on compr i s e s  the u s e  o f  

p o l yme r i c  nanop a r t i c l e s ,  pre f e r ab l y  nanocap s oids , for t h e  

p r ep a r a t ion o f  a p h a rmaceut comp o s i t i on for the t re a tment o f  

a l op e c i a .  

The p r o ce s s  f or pr ep a r i ng the c omp o s i t i on o f  the invent i on 

c omp r i s e s  two s .  The f i r s t  concerns t h e  p r epa r a t i on 

o f  p o l yme r i c  nanop a rt i c l e s ,  pre ferab l y  the nanocap s o i ds the 
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inven t i on f  compr i s e s  the s t eps o f: ( i ) prepar in g  t h e  or gan i c  

pha s e  b y  d i s s o l  v in g  t h e  hydr ophob i c  p o l ymer and f in a s  ter i d e  f a 

f i xe d  o i l f  a t  l e a s t  one l ow HLB surf a c t ant f in an or gan i c  

s o l  ven t  and a co- s o l  vent ; ( i  i )  pr epar ing t he aque ous pha s e  b y  

di s s o l vin g minox i d i l f  a t  l e a s t  on e hydr ophi l i c  s ur fa c t an t f 

pre fer a b l y  neutr a l  f in water ; ( i i i ) inj e c t ing t h e  or gan i c  p h a s e  

i n  t h e  a queous pha s e  t o  a l l ow f ormat i on o f  t h e  pr imar y emu l s i on 

o f  n an opar t i c le s  on the in ter face o f  the two p ha s e s f t he mixtur e  

be in g  ma in t a in e d  un der s t irrin g for a t ime s u f f i c i en t  f or 

adequ a t e  enc apsu l a t i on o f  the act ive s ;  r emoving 

at  l e a s t  on e or gan i c  so l ven t and r e cover in g  t h e  aqueous pha s e  

con t a in in g  the n an o c ap s u l es . 

A f t er pr epar a t i on o f  the n anopar t i c l e s f t h e y  ar e s u s pended 

in a s u i t ab l e  vehi c l e f  opt ion a l l y  con t a in ing a dd i t i ve s  such as 

d i s per s an t s f 

s e que s t er in g  

l i ke .  

mo i s t ur iz er s f  emo l l i en t s  agen t s f 

pr e s ervat ive s f  ant i oxi dan t s f  

BRIEF OF THE DRAWINGS 

t h i c ken er s f  

an d t h e  

Fi gur e  1 shows a compar i s on o f  t h e  phys i c a l  pr o f i l e  o f  t h e  

f in a s t er i de n an o c ap s o i ds O .  2 0% and minoxidi l O .  2 0% (n = 3 )  [Fi gur e  

1] and nano c aps oids o f fin a s teride O .  25% (n=3) [Graphic 2] . 

Fi gur e  2 s hows a tr an smi s s i on e l ectr on mi cr o s copy of t h e  

0 . 1 % f in a  n an o c ap s o ids . 

F igur e  3 s hows photogr aphs o f  t he an ima l s  on day 1 (phot o 

1 )  f day 1 5  (photo 2 )  and day 2 3  (photo 3 )  o f  tr eatment f or t h e  

gr oups t w i  t h: (A ) nanocap s u l e s  o f  f in a s  t er i de O .  25% ( B )  

n an o c ap s o i ds o f  f in a s t er i de 0 . 2 0% f  minox i di l 0 . 2 0% and (C ) 

P i l e x i l ® .  
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4 i l l u s t ra t e s  the hi st opat h o l o gi c a l  an a l ysi s  o f  the 

s kin r emoved f r om the back of  t he anima l s  a ft e r  23 days of 

t re a tment wi th (A)  nanocap s oids o f  f in a s t e r i de O .  2 0% f minoxi d i l  

0 . 2 0% and ( B )  Pi l e xi l® .  

Fi gure 5 s hows the me an number of  ma ture f o l l i c l e s  ana l yz e d  

by h i s t o l ogi c a l  specimen ( n 1 2 ) anima l s  t re a t e d  wi t h : ( A )  

n an o cap s u l e s  o f  f in a s t e r i de 0 . 2 5% f  ( B )  nanocap s oi d s  o f  

f in a  0 . 2 0% f  minoxi di l  0 . 2 0% an d ( C )  Pi lexi l® .  

DETA I L E D  P T I ON OF T H E  INV ENT I ON 

The p r e s ent inventi on r e l a t e s  t o  a pharma ceut i c a l  

campos i on e f fe c t i ve for the topi c a l  t reatment o f  a l op e ci a ,  

s a i d  comp o s i  tion comp r i s ing nanop a r t i c u l a t e  s ys t ems f pre ferab l y  

c on t a in in g  the n anocap s oids o f  f in a s t e r ide an d min o x idi l ,  a 

pharmaceut l y  a ccept ab l e  veh i c l e ; and opt i on a l l y  con t a in in g  

a ddi ti ve s .  

The t e rm n an o c a p s oi d f  a s  u s e d  herein f mean s p o l yme r i c  

n an o c ap s u l e s  prepa red by a n anoencapsulati on proce s s  in whi c h ,  

i n  t h e  organi c pha s e f  a s o l ven t an d a co- s o lvent a r e  emp l oye d . 

T he inven t i on a l s o  in c l ude s a pr oce s s  for the preparati on 

o f  p o l yme ri c  n anoparti c l e s , p r e f e rab l y  nanocap s o i ds o f  

f in a s t eri de an d min o x i di l f which are comp ri s e d  by s a i d  

comp o s i t i on .  

Fin a s t e r i de i s  a s ynthet i c  az o s t e r o i d  wi t h  potent s e l ec tive 

ant a goni s t  act i on on 5a:-r e ducta s e  t ype 2 enz yme s .  Fin a s t e r i d e  

a c t s  b y  i rreve r si b l y  b indin g t o  t h e  enzyme f p reventing the 

c onve r si on o f  t e s t o s t e rone t o  i t s  active met a b o li t e f 

d i h ydro t e s t o s t er on e  ( DHT ) . The use o f f in a s  t e r  i de was in i t i a l l y  
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approved for the reduct ion o f  s i z e  as w it h  

u r i n a r y  obs t ruct i o n  ( be n i gn pros t at i c  hyperp l as i a ) , s i nce DHT i n  

men ,  a l t hough respons ib l e  f o r  pros t a t e  deve l opment , c a n  b e  

i nvo l ved i n  deve l opme nt o f hyper p l as Howeve r ,  i t h as b e e n  

obs e rved t h a t  p a t i ents tak ing t h is drug a lso pres e n t e d  a 

r e ve rs a l  i n  a l opec i a  s ympt oms . For t h is reas o n , the deve l opment 

of s t u d i es to i nves t  t he potent i a l  of f i nas t e r i de i n  the 

t re a tment of b a l dness had begun ( S i nc l a i r ,  RD, 11Mal e  

androgene t i c  a l opec i a :  P a r t  I I .  11 The Journa l o f Men ' s H e a l  t h  & 

Gende r ,  2 0 0 5 ,  vol . 2 ,  no . 1 ,  p .  3 8  4 4 ) . A s tudy b y  Kaufmann et 

al ( 2 0 0 8 ) w it h  1 5 5 3  men aged 1 8  to 4 1  years eva l u a t e d  the a c t i o n  

o f  f i nas t e r i de i n  dos es o f  1 mg da i l y  a g a i ns t  p l acebo f o r  f ive 

y e a rs . The resu l t  o f  t reatment w i th l e d  t o  a 

de c r e ase i n  the p robab i l i  t y  o f vis ib l e  hai r  1 oss , c omp a r e d  t o  

t h e  increas e d  l i ke l i hood o f  vis ib l e  hai r  l oss i n  p a t i ents 

t re a t e d  w i  t h  p 1 acebo . I n  t h is s tudy , at  the end o f the f i  ve 

ye a rs ,  7 5% o f p1 a cebo -t r e a t e d  p a t i ents deve l oped b a 1 dness and 

only 1 0% of p a t i ents t re a t e d  w ith f inas t e r i de deve l oped the 

disease. A o f  t h e  and e of s t e r i de us e 

for t re a t ing androgenic a l op e c i a  i n  women show e d  i n  con c l us i on 

t h a t  t h is drug c a n  be us ed s a f e l y  and e f fect i ve l y  in c as es 

w h e re i n  t op i c a l  t reatment w i th minox i d i l is not e f fe c t i ve 

( S t out , SM ; STUMP F ,  JL; " Finas t e r i de T r e a tment o f  H a i r  Loss i n  

Women . 11 The Annals o f  Pharma cotherap y ,  2 0 1 0 ,  vol . 4 4 ,  no . 6 ,  p. 

1 0 9 0 - 1 0 9 7 ) . 

M i noxi d i l  was i n t r oduced as the the rapy i n  the t r e a tment o f  

h ype r t e ns i on i n  1 9 6 5 ; how eve r , i t  was obs erved t h a t  o ra 1 l y  

au.llL�.u�s t e red minox i d i l  caus e d  hyper t r i chos is . Res u l t ing f rom t h e  

e v i dence f r om t h is a n d  subsequent studies ,  minox i di l w as 

approved b y  the Food and Drug Adminis t rat i o n  ( FDA ) f o r  t re a tment 

of androgen i c  a i n  ma l es ( at a concent r a t ion o f  5% ) and 
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women ( at a conc e n t r at ion of 2 % ) . Howeve r ,  a l t hough t he t op i c a l  

so l u t i on o f  minox i d i l  p r e s e n t s  proven s a f ety a n d  e f fect ivene s s f  

adve r s e  e f f e c t s ma y o c cur w i t h  i t s  u s e . F r i e dman and c o l l e a gue s 

( 2 0 0 2 )  reported c a s e s  o f contact a l le rgy f which inc luded 

p r u r i t us , e r yt hema and dryne s s  o f  the s ca lp. Some pat i e n t s 

s h owed s e n s i  t i  vi t y  t o  minoxidi l ,  but ma i n l y  t o  t he p ropylene 

g l ycol c omponent p r e s ent i n  the s o lu t i on a s  a co - s o l vent 

and a b s o rp t i on enhancer ( Fri e dman f E S f  

de rmat i t i s  t o  t op i c a l  minox i d i l  

t r eatment . "  Journa l o f  t he 

2 0 0 2 f vo l . 4 6 f  no . 2 f  p .  3 0 9 - 3 1 2 ) . 

et a l ;  "Al l e r g i c  contact 

s o lut i o n : E t i ol og y  and 

Academy o f  De rmat o l o g y f  

T h e  p r e s ent i nvent i o n  avoids t he d i s advantages a n d  a dve r s e  

e f fe c t s  a s s oc i at e d  w i t h  t h e  s ys t emi c admi n i s t ra t i on o f  

f i n a s t e r i de a n d  t op i c a l  minoxidi l a n d  p ropo s e s  a t op i c a l  

app l i cat ion compo s i t i on of  f i n a s t e r i de a n d  mino x i d i l  f o r  the 

t rea tment of a l ope c i a  with reduced s i de e f f e c t s  caused by t h e s e  

t w o  a c t i ve ingredient s .  

The i nvent i o n  

s f  p r e  

i s  b a s ed on the p repa rat i on o f  p o l yme r i c  

nanocaps oids f o f  f i n a s t e r i de and 

minox i d i l f by me ans o f a n  int e r f a c i a l  depos i on o f p r e f o rmed 

po l yme r ,  wher e i n  i t is f i r s t l y  made the d i s s o lu t i o n  o f 

f i n a s t e r i de f o f a hydrophobi c  p o l yme r ,  o f a f i x e d  o i l  and a t  

l e a s t  one l o w  H L B  s u r f a c t ant ( Hydroph i l i c  L ipoph i l i c  B a lance ) i n  

a n  o r g a ni c  s o l vent a n d  a c o - s o l vent , 

and d i s s o l ut i on o f  minoxid i l f and 

to form t h e  o r g a n i c  pha s e ; 

at l e a s t  one hydroph i l i c  

s ur fa c tant , 

pha s e . 

f e r ab l y  neutra l ,  i n  wat e r ,  t o  f o rm the aqueous 

Al t hough nanop a rt i c l e s  f a t e rm which i n c l ude s nanosphe r e s ,  

nanocaps u l e s  and nanocaps o i ds , can be advant ageous l y  produced b y  

the p r e s e nt i nvent i o n , the invent ion i s f  pre f e r ab l y ,  
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p ar t i cu l arl y d ir e ct e d  t o  the ion of nanocap s o ids f 

pr e fer a b l y  carr i e d  out by the i n t er fa c i a l  depo s i t i o n  met h o d . 

How ever f i t s h o u l d  be c l e ar that ot her rnet hods c a n  be u s ed t o  

pr oduce t h e  nanocap s u l e s  o f  the i nvent ion . 

S a i d  p o l yrner i c  nanopart i c l e s f pr eferab l y  nanocap s oi ds ar e 

formed fr om t h e  or gan i c  and aqueous pha s e s f a s  f o l l ow s : 

- The orga n i c  pha se compr i s e s : ( a )  a hydr ophob i c  pol ymer f 

( b )  a f ix e d  o i l f ( c )  at l e a s t  one l ow HLB l ipoph i l i c  s ur fa c tant f 

( d ) a s o l ve n t f ( e )  a c o - s o l vent and ( f ) f ina s t er i de ; and 

The aqueous pha s e  compr i s e s : ( a )  a t  l e a s t  one hydr op h i l i c  

( b )  minox i d i l  and ( c )  w a t er . 

S a i d  p o l yrner u s e d  t o  encap s u l a t e  f i n a s ter i de i s  a 

hydrophobi c  p o l yrner s e l e ct e d  from the group c on s i s t ing o f  v i n y l  

p o l ymer s f  p o l ye s t er s f  pol yamide s f p o l yur ethanes and 

polycar b on a t e s . Pr e ferabl y  f the hydrophob i c  p o l yme r u s e d  i s  a 

b i o degr adabl e  pol yrner fr om t he gr oup o f  p o l ye s t er s  having a 

rne l t i n g  p o i nt o f  l e s s  than 1 2 0  °C. M ore pre f er a b l y f  t he 

b i o de gr adabl e hydr ophob i c  p o l yrner i s  fr om the gr oup o f  

p o l ye s t er s  f i s  a pol y  ( lact i de ) f a p o l y  ( g l yco l ide ) f copo l ymer s 

o f p o l y  ( l act i de - c o - g l yc o l i de ) f a p o l ycapr o l a ctone f a copo l yrn er 

o f p o l ycapr o l actone w i  t h  p o l ye s t er f wi th p o l yamide f wi t h  

p o l yur e t hane or w i t h  a vinyl p o l yrner f and rno st pre f er a b l y f  i t  i s  

t h e  po l y ( E- capr o l a ct one ) .  

S a i d  f ix e d  o i l  u s ed i n  t he or gan i c  pha s e  o f  the prepar a t i o n  

o f  pol ymer i c  nanopar t i cl e s  of  t h e  inven t i on i s  s e l e ct e d  fr om t h e  

gr oup con s i s t i n g  o f  cano l a  l f  s o ybean o i l f o l ive o i l  and 

me dium- c h a i n  tr i g l ycer i des ; wi th medi um- c h a i n  tr i gl ycer i de s 

b e i ng pre f erabl y u s e d . Arnong the medium- c h a i n  tr i g l ycer i de s 
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s e l e c t ed fr om t h e  group of tr i g l ycer ide s of capr i c  and capr y l  

a c i d ,  pr opylene g l yc o l  d i c apr y l ocapr at e ,  macr ogo l g l ycer i de s o f  

o l e yl , l aur e o l a  and l ino l e oyl. S t i l l  mo re p r e f e r ab l y ,  the u s e  a s  

a f ixed o i l , o f  medium- chain tr i g l ycer i de s ,  ar e t h e  

tr i g l yc e r ides o f  capr i c  a n d  capr yl a c i d . 

The l ipoph i l i c  s u rfact ant used in s a i d  or gan i c  pha s e  o f  

pr epar a t i o n  o f  p o l yme r i c  nanopar t  s o f  t h e  i nvent i on i s  a 

sur fact ant o f  low HLB , pr e f er ab l y  having a value i n  t h e  r ange o f  

3 t o  6 ,  b e i n g  s o l i d  or l i qu i d ,  pre fe r a b l y  s o l i d ,  s e l e ct e d  fr om 

t h e  gr oup con s i s t in g  o f  s or b i t a n  mon o s tear ate , s or b i t an 

d i s t e ar a t e , s or b i t a n  tr i s t e a r at e ,  capr y l o c apr oyl 

ma cr o go l g l ycer i de s , pr opylene g l ycol l a ur at e s , pr opyl e n e  g l yc o l  

capr y l at e , gl ycer y l  mon o s t e ar a t e , p o l ygl ycer y l  o l e at e ,  or 

mixtur e s  ther e o f . Pr e fer ab l y ,  the l ipophi l i c  s ur factant u s e d  in 

t h e  or gan i c  pha s e  of  t h e  in ven t i on i s  s o rb i t a n  mono s t e ar a t e . 

The s o l vent u s e d in t he o rgan i c  pha s e  o f  pr epa r a t i on o f  the 

p o l ymer i c  n anopar t i c l e s  o f  the pr e s ent i nvent i o n  

s o lvent s e l e c t e d  fr om t he gr oup cons i s t i ng 

i s  a n  or gani c  

o f  a c e t one , 

dime t h y l s u l f o x i de , dimethyl f ormami de , N -met hylpyrr o l i done , 

d i oxane , a c e t o n i t  met h y l  e t h y l  ketone , or ot her s o lvent 

which pre s ent s phys i cochemi c a l  proper t i e s  of int e rmo l e c u l ar 

i n t er a c t i on w i t h  water . I n  a pr e ferr ed embodiment o f  the 

i nvent i on ,  the or g a n i c  s o l vent is pre ferabl y  a ce t one . 

S a i d  c o - s o l ven t u s ed i n  t he organic phase o f  pr epa r a t i on o f  

t h e  p o l ymer i c  nanopar t i c l e s  o f  the p r e s e nt i nvent i on i s  s e l e c t e d  

f r om t h e  gr oup con s i s t ing o f  methanol , et hano l ,  propano l , a n d  

i s opr opan o l  or  o t h e r  a l coho l , mono - ,  di - ,  t r i - o r  

p o l yhydroxyl a t e d ,  gl ycer o l , sorbit o l , p o l ye t h y l e n e  g l yco l , 

ma n n i  t o l  o r  propyl ene g l y co l . I n  a pr e embodiment o f t h e  

invent i o n ,  t h e  c o - s o l vent i s  pre f er a b l y  e t h an o l . The u s e  o f  
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ethanol i n  t h e  or ganic pha se as a c o - s o lvent pr omo t e s  the 

forma t i on of nanocaps o i ds w i t h  unexpected nanotechno l o g i c a l  

qua l i t y 1  s i nce t h e  p o l ymer p o l y  (E-capr o l a ctone ) i s  i n s o l ubl e  i n  

me thanol or ethano l . However , t o  have nano s copi c  gr anul ometr y ,  

t h e  component s of  t he or gan i c  pha se should b e  water s o l ub l e  and 

emp l oyed be l ow the s a t ur a t i o n  concentr a t i o n . 

The aqueous pha se cont a i n s  at l e a s t  one hydrophi l i c  

s ur fa c t ant for t h e  pr epar a t i on o f  t h e  nanopar t i c l e s  o f  the 

i nvent i o n 1  pr e f erab l y  b e i n g  an emu l s i fi er such a s  p o l yoxygenat e d  

p o l ymer s , o r i o n i c  s ur factants s uc h  as l e c i  t h i n  or a neutr a l  

s ur fa c t ant s e l e c t e d  fr om t h e  group c on s i s t i ng o f  p o l y s orba t e  2 0 ,  

6 0  or 8 0 1  macr o g o l  s t e arat e 1  ma crogol c e t o s t ear y l  ether ,  

macr o g o l  e t h er 1 macr o g o l  o l e yl ether 1 macr o g o l  o l e at e 1  

p o l yoxyl c a s t or o i l 1  hydr ogenated pol yoxyl c a s t or o i l , or 

mixtur e s  t here o f .  Pr e fer abl y  1 p o l y sorbate i s  emp l oyed 1  and more 

pr e fer ab l y ,  p o l y s orbate 8 0 1  for the aqueous pha s e  o f  t h e  

pr epar a t i o n  o f  t h e  nanopar t i c l e s  o f  the i nvent i o n . 

The aqueous sus pens ion o f p o l ymer i c  nanopar t i c l e s  

compr i s e s : 

The or gan i c  pha s e  ( a )  from 0 . 0 0 1 %  t o  8 0 . 0 % ( w / w )  o f  

f i n a s t er ide , ( b )  fr om 0 . 0 1 %  t o  3 0 . 0 % ( w / w )  o f  a hydrop hobi c  

p o l ymer , ( c )  fr om O .  0 1 %  t o  5 0 . 0 % ( w / w )  o f  a fixed o i l  ( d )  fr om 

O .  0 1 %  t o  5 0 . 0 %  ( w  / w )  o f at l e a s t  one l ipophi l i c  s ur fa c t ant o f 

l ow HLB 1 pr e f er a b l y s o l i d  ( e )  fr om 1 0 %  t o  8 0 %  ( w /w ) o f  or gani c  

s o l vent , and ( f ) 0 . 0 0 1 %  t o  5 0 %  ( w/w ) o f  a c o - s o lvent ; and 

The aqueous pha s e  ( a )  from 0 . 0 0 1 %  t o  8 0 . 0 % ( w / w )  o f  

minoxi di l ,  ( b )  fr om O .  05 % t o  2 0 . 0 % ( w/ w )  o f  a t  l e a s t  one 

hydr ophi l i c  sur fa c t ant , ( c )  1 0 %  t o  9 0 %  ( w/ w )  water . 
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I n  a pr e f err ed formu l a t i on of t he aqueous suspens i o n , the 

p o l ymer i c  nanopar t i c l e s , pr e f erabl y  nanocap s o ids , compr i s e : 

- i n  the or gan i c  pha s e  ( a )  fr om 0 . 0 05 %  t o  5 0 . 0 % ( w / w )  o f  

f i n a s t er i de ; ( b )  fr om O .  05 % t o  2 0 . 0 %  ( w / w )  o f  a hydr ophob i c  

p o l ymer , pre f erab l y  pol y  ( capr o l actone E ) ; ( c )  fr om 0 . 05 %  t o  

2 0 . 0 % ( w / w )  o f  a f ixed o i l , pre f erably me dium- c h a i n  

tr i g l yc er i de s ; ( d )  fr om O .  05 % t o  2 0 . 0 % ( w / w )  of  at  l e a s t  one 

l ipophi l i c s ur fa c tant , pr e f era b l y  s orbi t an mon o s t e ar at e ; ( e )  

fr om 1 0 %  t o  8 0 %  ( w / w )  o f  an or gani c  s olvent , pr e f er abl y acetone ; 

and ( f ) 0 . 0 0 1 %  t o  5 0 %  ( w /w ) o f  a c o - s o lvent , pr e f er a b l y  e t hanol ; 

and 

i n  

minoxidi l ;  

t h e  

( b )  

aqueous phase ( a )  fr om 

fr om 0 . 05 %  to 2 0 . 0 % 

0 . 0 05 %  t o  5 0 . 0 % ( w / w )  

( w / w )  o f  at  l e a s t  one 

hydr oph i l i c  s ur fa c t ant , pr e f er a b ly p o l y s orba t e ; and ( c )  fr om 1 0 %  

t o  9 0 %  ( w /w ) water . 

The pharma c e ut i ca l  comp o s i  t i on for t he tr eatment o f 

a l ope c i a  c o n t a in s : ( A )  nanocapsó i ds o f  t h e  pre s ent i nvent i o n ,  

c ompr i s in g  ( a )  fr om O .  0 1 %  t o  2 .  5 %  ( w /w ) o f  f i n a s t er i de ; ( b )  fr om 

0 . 0 1 %  t o  1 0. 0 %  ( w / w )  minoxidi l ;  ( c )  from 0 . 1 % t o  1 0 . 0 %  ( w / w )  o f  

a hydr ophob i c  p o l ymer , pr e f er a b l y  p o l y  ( E- capr ol a c t one E )  ; ( d )  

fr om O . 1 % t o  5 .  O %  ( w / w )  o f  a fi xed o i l , pr e f er a b l y  medi um-cha i n  

tr i g l yc er i de s ;  ( e )  0 . 1 % t o  5 . 0 % ( w / w )  o f  at  lea s t  o n e  l ow HLB 

l ipoph i l i c  sur fa c tant , pr efer a b l y  s orbi t a n  mono s t e ar a t e ; ( f ) 

fr om 0 . 0 0 1 %  t o  1 0 %  ( w / w )  o f  a hydr oph i l i c  sur factant , pr e fer a b l y  

p o l y s orbate 8 0 ;  and ( B )  a pharmaceut i c a l l y  a c cep t a b l e  

wher e i n  the amount s o f  the nanocaps o i d  component s ar e a 

per c e n t a g e  o f  the formulat ion and said nanocap s o i d s  ar e 

di sper s e d  i n  s a i d  pharma ceut i ca l l y  a cceptable vehi c l e . 
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A p r e fer r e d  comp o s i t  for t reat ing 

a l ope c i a  o f  the p r e s ent i nvent i on comp r i s e s  f rom O .  0 1  t o  1 .  0 %  

( w / w )  o f  f in a s t e r ide and O .  0 1  t o  2. 0 %  ( w / w )  o f  mino x i d i l  i n  t h e  

f o rm o f  p o l yme ri c  nanopart i p r e f e rab l y  i n  t h e  f o rm o f  

nanocap soids , di s p e r s ed i n  a pharmaceut i c a l l y  acc ep t ab l e  

veh i c l e . 

The 

a l op e c i a  

pharma ceut i c a l  compos f o r  t h e  

op t i onal l y  con t a i n s  addi t i ves such a s  

t reatment o f  

di spe r s ant s ,  

s u r f a c t ant s ,  mo i st u r iz i ng agent s ,  emollients a ge nt s , t h i c kene r s , 

s eque s t e r i ng agent s ,  p r e s e rvat s ,  ant iox i dant s ,  fragrances and 

the l i ke .  

The f o l l owing are spec i f i c  embodime n t s  o f  t h e  

invent i on . Howeve r ,  i t s h o u l d  be unde rst ood t h a t  s u c h  examp l e s  

a r e  p r ovide d  i l lu s t r a t i  v e  purp o s e s  onl y ,  a n d  t h a t  v a r i o u s  

mod i f i cat i on s  o r  change s ,  i n  li ght of  t h e  h e r e i n  d i s c l o s ed 

emb odime nt s , wi l l  b e  sugge s t i  ve t o  s t s  i n  the a r t  and 

mus t  be i n c l uded w i t h i n  the s p i r i t  and s cope o f  thi s di s c l o s u r e  

and the s cope o f t h e  accompanying c l a ims . 

EXAMPLE 1: Preparation of nanocapsoids of the invention 

containing finasteride 0.20% and minoxidil 0.20% 

Example 1.1: P r ep a ra t i on o f f i n a s t e r i de and mino x i d i l  

T h e  suspensi ons o f  nanocaps o i ds o f  f ina s t e r i de were 

p re p a r e d  from an organi c  s o l ut ion o f  a mixture of  a c e t one and 

ethanol cont a i n i n g  poly ( � - c ap r o l a ct one ) , medi um chain 

t ri g l yc e r i de s  ( t ri g l yc e r i de s  of cap r i c  and capryl i c  a c i ds ) , 

s orbi t a n  mon o s  t e a r  a t e  and f inas t e r  i de emp l oying t h e  c ompo s i  t i on 

de s c r ibed in Table 1 .  
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Table 1: C omp o s  i on of the s u spen s i ons o f  p o l y  ( c - capr o l a ctone ) 

nanocaps o i d s  cont a i n i n g  f i n a s t er i de 0 . 2 0 %  and mi nox i d i l  0 . 2 0 %  

b a s e d  on t h e  f i n a l  formu l a t i o n  

' 

Orqanic Phase .. 

T r i g l y ce rides o f c ap r i c  

cap r y l i c  a c i ds 

Sorb i t an monost e a r a t e  

Pol y ( e - c aprolactone ) 

Acetone 

E th a nol 

Fi naste r ide 
. · .. ' !!· ·· . •  

AqueosPhase 

Pol isorba t e  

M i nox idi l 

!.;. 

8 0  

D i st i l l ed Wat e r  

·. . ' 

' 

and 

!·' .!• 

" ! 

. ·
' 

Quantity 

3 . 30 ml 

7 70 mg 

1000 mg 

200 ml 

50 ml 

200 mg 

·· .
. 

, ·•'·•·.•:. <: 

Quantity 

7 7 0  mg 

200 mg 

500 ml 

The p o l ymer ( po l y  (c - capr o l actone ) )  wa s s o l ubi l i z ed i n  t h e  

or gan i c  p h a s e  a l ong w i t h  f in a s t er i de ,  tr i g l ycer i de s  o f  capr y l i c  

and capr i c  a c i d ,  and t he l ow HLB sur factant ( s or b i t an 

mon o s t e ar a t e ) under moder a t e  heat i ng between 2 0  °C and 4 0  °C 

pr e fer a b l y  at 4 0  ° C ,  emp l oying acetone a s  the solvent and 

ethanol a s  t h e  c o - s olvent . The neutr a l  sur fa ctant ( po l ys orbate ) ,  

and minox i d i l  wer e  d i s so l ve d  i n  water t o  form the a queous 

pha s e . After s o l ub il i z a t i on of a l l  component s of the or gan i c  and 

aqueous pha s e s ,  the or gani c  pha s e  wa s i n j e c t e d ,  u s i n g  a funne l ,  

on the a queous pha s e . 
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A f t er t h e  f orma t i o n  o f  t h e  pr imar y emu l s i o n  o f  nanocap s o i ds 

o f  the i nvent i o n ,  it was ma i n t a ined under moder a t e  a g i t a t i o n  f or 

1 0  minut e s , and t h e n  concentrated t o  a f i n a l  volume o f  1 0 0  ml i n  

a r o t ar y  evapor a t or under reduced pr es sure i n  a thermo s t a t i c  

b a t h  i n  t he evapor a t ion f l a s k  between 1 0  ° C  and 8 0  °C , 

pr e fer a b l y  betw e e n  3 0  °C and 4 5  °C to  e l iminate the or gan i c  

s and c o - s o l  vent and ex c e s s  w a t er ,  t o  a d j  ust the f i n a l  

concentrat i o n  o f  f i na s t e r i de a n d  minoxi dil . 

Example 1.2: Chara c t er iz a t ion o f  the Formul a t i on 

De t ermi nat o f  pH w a s  per f ormed 

c a l ibr a t ed w i  t h  a bu f fer o f  pH 4 .  O and 

in a potent i omet er 

7 .  O ,  dir e c t l y  i n  t he 

s u spens ions , by the average o f  three repet it ions . 

i ndex by mult i pl e  l i ght scatter ing . 

F or the determin a t i on o f  t he diamet er and p o l ydi sper s i t y  i n dex 

o f  nanopar t  s u spens i o n  by dynami c l i ght t h e  

Z e t a s iz er® nano-devi ce model Z EN 3 6 0 0  Z S ,  M alver n ,  U SA w a s  u s ed . 

For both , t he s ample s w e re di luted in M ill iQ® w a t e r  ( f i l  t er e d  

t hr ough a O .  4 5  m i cr o n  f i l t er ,  M i ll M i l l ex - H P ) 5 0 0  t s a t  

r oom t emper a t ur e  and the r e s u l t s  w er e  determi ne d  b y  the aver a g e  

o f  t hr e e  r epet i t i on s . 

di f f r a c t ome tr y 

T o  a s s e s s  w h e ther ther e i s  a concomi t ant pr e s ence o f  

mi cr ome t er popu l at i o n ,  a n a l ys e s  o f  par t i c l e  s i z e wer e  per f orme d 

by l a s er d i f fr a ction (Ma s t e r s izer 2 0 0 0, M a l ve rn , U K ) . Ana l y s e s  
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we r e  c a r r i e d  out b y  adding a o f  the f o rmu l at i o n  i n  the 

a c c e s s o r y  d i s pe r s i on cont a ining about 1 0 0  ml  o f  d i s t il l ed 

wa t e r . The amount added t o  that was enough t o  a c h i eve 

obscurat between O .  02 and O .  1 0 . To prevent i nt e r f e rence o f  

t h e  b a c kground s igna l ( from the water )  i t  w a s  mea s ur e d  be f or e  

addi t i on o f  t he s amp l e . 

D .  Z e t a  potent i a l  

The z e t a  potent o f  t he nanopart suspen s i on was 

det ermi n e d  b y  e l e c t rophore s i s  met h odo logy with the Z e t a s i z e r® 

nano - Z S  mode l ZEN 3 6 0 0  dev i ce ( M a l vern f U SA ) . The de t e rmi n a t i on 

was car r i ed out us 5 0 0  t ime s d i l ut i on in 10 mM N aC l  s o l ut i on 

1 t e r e d  t h r ough a O .  4 5 micron f i l  t e r  f M i l l ip o r e  M i l l ex -H P )  f 

and r e s u l t s  obt a ined were the average o f  three determi nat ions . 

E .  V i s c o s  i t y  

The v i s c o s i t y  o f  t he s uspens i ons wa s mea s ured u s i ng a 

vibrat i on a l  v i s come t e r  ( SV - 1 0 f  A & D Company f Japan ) . To  a c h i eve 

t h i s f  the s c o s i t y  was mea s ured di rect l y  in the suspen s i ons f o r  

3 0  s e c onds w i t h  dat a  c o l l e ct i on eve ry 5 seconds at a t empe rature 

of  25 ± 1 . 0  °C . 

F o r  the a s s a y o f  the susp en s i on o f  p o l yme r i c  

nanopar t i cl e s  wa s tr eated w i t h  a c e t on i t r i le i n  u l t r a s s o n  ( fo r  3 0  

min )  r e s u l  t i ng i n  the ext ract i on o f  t he drug f rom the 

f o rmu l a t i o n . The drug a s s a y  was then perf ormed b y  h i gh 

p e r f o rmance l i qu i d  chromatography ( H PLC ) . 

The ana l ys i s  wa s p e r f o rmed on the P e r k i n  Elme r chromat o gr a ph 

S er i e s  2 0 0 f  us i n g  u l t ra vi o l et- vi s ib l e  de t e c t o r  ( wi t h  � 2 1 0  nm 
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f o r  t h e  ) ,  Li Chrospher 1 0 0  RP- 1 8  c o l umn (5pm, 25 0 x 4 

mm) p r e - c o l umn o f  t h e  s ame mat e r i a l  (5 um ) and i s o c rat i c  mob i l e  

pha s e  o f  aceton i t r i l e : w a t e r  ( 7 5 : 25 ) , f l ow o f  1 mL m i n  - 1 ,  

i n j e c t i o n  vo l ume o f  1 0 0  

G .  A s s a y  o f  M i nox i d i l  in the formu l a t i on 

The a s s a y  o f  minox i d i l  w a s  c a r r i e d  out i n  a 

spect rophotome t e r . For both , the p o l yme r i c  nanopart i c l e  

s u s pe n s i on w a s  t re a t e d  w i t h  methanol 

minut e s ) r e s u l t i n g  i n  the ext ra c t i on 

u l t r a s s o n  ( fo r  3 0  

o f  the pharma c o l o g i c a l  

f o rmu l a t i o n . Short l y  a ft e r  t hi s ,  t h e  s amp l e s  w e re r e a d  i n  a 

s p e c t rophot ome t e r ,  at a w ave l ength o f 2 4 8 nm, u s i n g  a 

f o rmu l a t i on o f  w h i t e  nanocap s o ides a s  a r e fe rence beam ( p repared 

i n  the s ame manner w i thout the pre s ence o f  drugs ) . 

H .  C h e c k i n g  f o r  the pre s ence o f  crystal s  

T o  ve r i f y  any 

d i spe r s e d  i n  t h e  

f r e s h l y  p repared 

s imul taneous pre sence of 

aqueous pha s e )  quant i f i c a t i o n  

f o rmul a t  o f  the drug 

c r y s t a l s  

b y  H PLC 

w a s  i n i t  

( drug 

of a 

l y 

p e r f o rme d . A f t e r  t h i s  formu l a t ion w a s  divide d  into two s amp l e s : 

t h e  f i r s t  w a s  a ll ow e d  t o  be s t i l l  and the s e c ond w a s  s t i r r e d  

b e f o r e  t h e  a s s ay ,  

t h e  s amp l e  w h i ch 

w h i ch w a s  p e r f o rmed a g a i n  a f t e r  30 days . F rom 

w a s  kept s t i l l ,  o n l y  one a l i quot o f  t h e  

s upe rnatant ( p reve n t i ng any movement ) w a s  c o ll e ct e d . F rom t h e  

o t he r ,  a n  a l i quot ( co r r es ponding t o  2 0 %  o f  the s up e r na t a n t ) w a s  

c o l l e c t e d  a f t e r  vortex ing for 15 seconds . 
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The t e ch n i que used wa s a mod i fi c a t i on of the 

de s c r ibed by M ati a s  et al ( 1 9 8 9 ) f approved by t h e  E t h i c s  

Commi t t e e  o f  t h e  F e de r al Unive r s i t y  o f  R i o  Grande d o  Sul . 

For t h e  experime nt s f  B 6CBAF1 hybri d fema l e  wer e  u s e d  f r om 

vivari um o f  the Univer si t y  o f  V a l e  do I t a j aí ( UN IVAL I ) .  The 

anima l s  we r e  unde r s t andard conditions o f  t emperature and 

r e l a t i ve humi d i t y  dur i ng the wi th li ght and dar k  

c y c l e s  o f 1 2  h o u r s  e a ch . All animal s recei ved a s ubcutaneous 

i nj e c t i o n  of 1 %  t e s t o s t e rone di spe r s ed i n  a mixture o f  

-1 
p o l y s o rbate 8 0  in w a t e r  ( 1 0 0  mg . mL ) at a do s e  o f  1 mg per da y .  

T h e r e  we re f ive i n j e cti o n s  per wee k  for 4 w e e k s . 

I n  the wee k the anima l s  o n l y  i n j  ect o f 

t e s t o s te rone . On t he fi r s t  da y o f  the s e cond wee k o f  t h e  

exper iment 1 a l l  a nima l s  h a d  t h e  h a i r  removed from the ir b a c k s  

wit h  V e e t® depil a t o ry c re amf for t h e  t o t a l  remov a l  o f  ha i r . A f t e r  

r emova l o f hai r, da i l y  i n j  e c t i ons o f t e s t o s t e rone were 

maint a i ned 1 and a da i l y  topical appl i cat i on of the f ormul a t i o n  

was added to t h e  t reatme nt 1 depending on t he t re atment g roup 

( p l a c ebo 1 t reatme n t f cont r o l ) .  For t he t re atment groupsl the 

optimi z e d  f o rmul a tion conta i n ing the nanocap s oi d s  of  the p r e s ent 

invention w a s  u s ed f wh i c h  wa s compared w i t h  t h e  re s u l t s  of the 

f o rmu l at i on o f  f i n a s t e r i de 0 . 2 5% d i s c l o s e d  i n  the co-pending 

p a t e n t  appl i ca t i on of the s ame App l i cant of the p r e s ent patent 

app l i c a t i on. The f o rmul a tion f o r  top i c a l  t reatment of androgen i c  

alope ci a f  comme r c i al l y  available under t he b rand n ame P i  1® 

( S erenoa s er rul a t a  extract 2 2 . 0 % f  V a l eant ) wa s a l s o  t e s t e d . 

T o  moni t o r  t he g rowt h o f  f photographs were t a ke n  on days 

1 f 1 5 1  and 2 3 . On the 2 4 t h day the anima l s  were s a c r i fi c e d  by 

c er v i ca l d i s l ocat i on . A s ampl e  o f  s ki n  f rom the b a c ks of  4 
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a n ima l s  of e a ch gr oup wa s removed and e va lu a t e d  

mi cr o s c op i ca l l y . T o  t h i s  end , t h e  s l ides wer e  s e n t  t o  the Z an o l  

l abor a t or y ,  w h i c h  wer e pr epar e d  a n d  s t a i ne d  w i  t h  hematox y l i n 

e o s i n . Then w e  pr o c eeded t o  t he i s  w i t h  a l i ght mi cr o s cope 

( Z e i s s  Pr imo S t ar coup l e d  to t he camer a Canon Power Shot , 

P C 1 25 0 )  t o  determine which gr owth st age the h a ir was i n. 

( MAT IAS , J R ,  et a l . ;  "Anima l mode l s  o f  androgen-dependent 

d i s or der s of t he p i l o sebaceous apparatus . 1 .  The 

andr ochronogenet i c  a l op e c i a  ( AGA ) mouse a s  a mode l for ma l e 

b a l dne s s . Ar chi ve s o f Derma t o l o g i c a l  Re s e ar c h ,  v .  2 8 1 ,  

p .  2 4 7 - 25 3 ,  1 9 8 9 ) . 

T o  quant i fy the data obt a ined by hi s t o l o g y ,  i t wa s pr oceeded 

t h e  coun t i ng of mat ure f o l l  s ( wi t h  p i gment a t i o n  and i n s er t e d  

i n  t h e  a d i p o s e  t i s  s u e ) o f each of  t h e  h i s t o l og i c a l  s l i d e s  fr om 

e a ch gr oup . Thus , we a na l y z ed 4 s l i de s  per gr oup , and t he count 

was b a s e d  on 3 di f fer ent foci o f  the s ame s l ide , t o t a l i n g  12 

f i e l ds ana l y z e d  p er gr oup . For a compar i son between the gr oups ,  

s t a t i s t i c a l  a n a l y s i s  by ANOVA ( �  = 0 . 05 )  was made . 

The a na l ys e s  wer e  per forme d w i t h  a tr an smi s s ion e l e ctr on 

mi cr o s cope ( JEOL , JEM 1 2 0 0  Ex l l ,  E l ectr o n  M i cr o s copy Center -

U FRGS ) oper a t ing at 8 0  kV . The di luted suspens ion s  wer e  

dep o s i t e d o n  t he carbon s uppor t  f i lm i n  gr ids , nega t ive l y  

s t a i n e d  w i t h  ura n y l  a c e t a t e  s o lu t i on ( 2 %  w / v ) a nd obs erved u s i n g  

a magn i t ude o f  2 5 0 , 0 0 0  t ime s . 

EXAMPLE 1.3: Phy s i c o chemi c a l  char a c t er i z at i on o f  the nanocap s o i d  

f ormu l a t i on 
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Table 2 shows the d i ame t e r  va lue s ( fo r  mul t i ple l i ght 

s ca t t e r i ng ) , pol yd i s pe r s i on i ndex , z e t a  potent i a l , pH and 

v i s co s i t y  f o r  t he nanocap s o i ds f ormul a t i on o f  the i nvent i o n  

cont a i n i n g  the c omb i na t ion o f  f i n a s t e r i de a n d  minoxi d il . 

Table 2. Phy s i cochemi cal cha r a c t e r iz a t i on o f  the nanocap s o i d s  

f o rmu l a t i o n  cont a i n i ng t h e  combinat i on o f  f i na s t e r i de and 

minoxi d i l  ( f i n a s t e r i de 0 . 2 0 %  and minoxi d il 0 . 2 0 % )  of t h e  

i nvent i o n ,  c omp a r e d  w i t h  t h e  cha r a ct e r iz a t i on o f  the f o rmu l a t i o n  

o f  f i n a s t e r i de 0 . 25 %  ( a s d i s c l o s ed in appl i ca t i on co-pending 

f r om the s ame App l i cant of the pre sent appl i ca t ion ) 

Analysis 

Ave rage diarne t e r  

( nm )  

Pol ydi s persion i ndex 

Zeta pot e n cial ( rnV )  

p H  

V i s cos i t y  ( rnPa . s )  

For.mulation 0.20% 

finasteride and 

0.20% minoxidil 

2 5 5  ± 2 

0 . 2 2 ± 0.02 

- 1 1 . 7± 1.2 

6.4 ± 0. 1 

1.25 ± 0 . 1 9  

Formulation 0.25% 

finas ter ide 

2 2 1  ± 3 

0.1 4  ± 0.03 

- 1 4 . 9  ± 2 . 7  

4 . 6  ± 0. 1 

1 . 2 1 ± 0 . 07 

T h i s  f o rmu l a t i o n  cont a i n i ng the two a c t  i n g r e d i e nt s ,  

f i n a s t e r i de and 

c h a r a ct e r i s t i c s  c l o s e  

minoxi d il , 

t o  t h o s e  

pre sented phys i co chemi c a l  

o f  t h e  formulat i on cont a i n ing 

o n l y  f i n a s  t e r  i de ( nanocap s u l e s  o f pol y  ( E-cap r o l actone ) 

cont a i n i n g  0 . 25 %  o f  the a c t i ve i ngredi ent ) ,  a s , f o r  examp l e , t he 

d i ame t e r  and the z e t a  potent i a l . Howeve r ,  the pH was s hown t o  be 

clo s e r  t o  the neut r a l  value , probab l y  due t o  the p r e s ence o f  the 

minox i d i l  s o l ut i on in the e x t e rnal a que ous pha s e . 
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F i gure 1 s hows a compari son granu1ome t rypr o  

o f  t h e  nanocap s o i d s  o f  f i na s t e r i de and minox i d i l ( fi n a s  t e r  i de 

0 . 2 0 %  and mi nox i d i l  0 . 2 0 % ) o f  the i nvent ion and o f  t h e  

nanocaps u l e s  o f  f i n a s t e r i de O .  25% ) . As not ed , t h e  

nanocap s o i ds o f  t h e  i nvent ion cont a i ning the comb i nat i on h a v e  a 

s l i gh t l y  de crea s e d  mi crome t e r  populat i o n  compared t o  the 

nanome t e r . To  fa c i l  this view , t h e  pro f i l e s  o f  the 

t r ip l i ca t e  o f  e a ch formu l a t i on lot were p r e s ented separate l y  in 

F i gu r e  1 .  

For a b e t t e r  eva luat i on o f t he mo rpho l o g i c a l  

c h a r a c t e r i s t i c s  o f  t h e  f o rmu l a t ion , ana l ys i s  o f  t r ansmi s s ion 

with e l e ct ron m i c r o s copy a s  shown in Figure 2 wa s p e r f o rmed . 

Examp l e  1 .  4: A s s a y  f o r  det ermining t he cap i l l a r y  recovery 

c a p a c i t y  o f  t he nanocapso ids 

i nve n t i on 

fina s t e r i de and minox i d i l o f  t h e  

The improveme nt in e f f i c i ency o f  the cap i l l a r y  re covery 

by u s e  of  t he nanocaps o i d  f o rmu l a t i on con t a i n i ng t h e  

c omb i n a t i on o f  t h e  drugs f i n a s t e r ide a n d  minoxid i l  o f  t h e  

i nvent i on ,  wa s a s s e s s e d  w i t h  an in v i v o  a s s ay w i t h  t h i s  

f o rmu l a t i o n ,  a n d  wa s compa red t o  t h e  r e s u l  t s  u s ing the 

nanocapsule formulation containing 0 . 2 5% f i n a s t e r i de and t h e  us e 

o f  a f o rmu l a t i on ava i l ab l e  i n  the ma r ket hav i ng ant i androgen 

a c t i on i n d i c a t ed for t he t reatment o f  a l ope c i a : P i l e x i l® 

( V a l e a n t ) ,  w i t h  t h e  a c t i ve i ngredi ent Serenoa s e r ru l a t a  extract . 

T o  p e r f o rm t h e  t e s t , anima l s  o f the B 6CBAF 1 l ineage were 

t re a t e d  f o r  a wee k w i t h  s ubcut aneous inj e c t i o n s  t e s to s t e r one , 

and i n  t h e  s e cond wee k ,  had the bac k dep i l at e d  f o r  t re atment and 

det e rminat i on ,  t hu s , the cap i l 1 a r y  recove r y  capac i t y  of t h e  

t e s t e d  formulations. 3 shows the comp a ri s on o f  t r e atme n t s  
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t h r ough the 

group on days 1 ,  

o f  the 

15  and 2 3 ;  

repre sentat ive anima 1 s  f r om each 

t re a t e d  wi  t h  (A )  the nanocap s u l e  

formu l a t i o n  conta i n i n g  

c o -pending appl i c a t ion 

app l i c a t i o n ;  ( B )  the 

O .  2 5 %  f i n a s t e ri de , a s  d i s c l o s e d  i n  t h e  

o f  t h e  s ame App l i cant o f  t h e  p r e s ent 

f o rmu l a t ion of t he i nvent ion cont a i n i n g  

nanocap s o i ds comp r i s ing f in a s t e r ide O .  2 0 %  a n d  minoxidi l O .  2 0 % ; 

and ( C )  P i l ex i l® .  

As n o t e d ,  t h e  f o rmu l a t i on o f  the p r e s ent i nve n t i on 

p r e s en t e d  a v i s u a l  r e s u l  t we l l  s upe r i o r  t o  t he product i n  t h e  

mar ke t  f o r  the t r eatment o f  androgenet i c  a l op e c i a  ( P i lexi l®) . 

When c omp a r e d  w i t h  the formu l a t i on o f  nanocap s u l e s  

conta in i ng f i n a s t e r ide 0 . 2 5 % ,  t he r e s u l t  wa s s l i gh t l y  

h i g he r . Thi s r e s u l t  can b e  b e s t  obs e rved when a l l  t h e  anima l s  o f  

t h e  group s w e r e  ana l yz ed t ogether . One c a n  obs e rve a mor e  

c omp l e t e  cover i ng o f  ha i r  on a l l  t h e  anima l s  t re a t e d  w i  t h  t h e  

f o rmu l a t i on o f  t h e  pres ent i nvent i o n . In  t u r n , i n  the g roup 

t re a t e d  wi th the f o rmu l at i o n  o f nanocap s u l e s  conta i ning O .  25 % 

f i n a s t e r i de ,  some anima l s  s t i l l  s howed some a r e a s  wi t hout ful l  

cove rage b y  the new coat o f  ha i r . 

The h i s t opa t h o l o g i ca l  analys i s ,  s hown Figure 4 ,  and c e l l  

count s ,  s hown i n  Figure 5 ,  f rom t h e  s l i de ima g e s  s howed 

s i gni cant d i f fe r e n c e s  between t he groups (ANOVA, a �  0 . 0 5 ) . 

The nanocap s o i d  f o rmu l a t i on w i t h  a comb i na t i on o f  the drugs 

f i n a s t e r i de and mi noxid i l  o f  t h e  p r e s ent i nvent i on exh i b i t e d  a 

numb e r  o f  f o l l i c l e s  per f i e l d  s i gni f i cant l y  h i gh e r  than t h a t  o f  

t h e  P i  1 ®  f o rmu l a t ion , b e i n g  s imi l a r  t o  t h a t  s hown by t h e  

f o rmu l a t i on o f  nanocap s u l e s  c on t a i n i ng 0 . 2 5 %  f i n a s t e r i de ( ANOVA, 

a � O. 0 5 )  . 
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Al t hough the v i s ua l  r e s u l t s ,  t hr ough the a c companying 

phot ogr aphs , o f h air gr owth us ing the nanocap s o i d s  f ormu l a t i o n  

cont a i n i n g  minox i d i l  a n d  f i n a s t er i de o f  t h e  pr e s ent i nvent i on 

have been s l ight l y  h i gher compar ed t o  those pre s en t e d  by the u s e  

o f  t h e  nanocap s u l e  formu l a t ion conta i n i ng 0 . 25 %  f i n a s t er i de , t h e  

r e s u l  t s  o f the ce l l  coun t s  showed s imi l ar i t y  betwe e n  t h e s e  two 

f ormu l a t i on s . Thus , can be concluded t hat the addi t i on o f 

minox i d i l  a s s i s t s  i n  a c c e l er a t i ng the gr owt h of  the hair 

(revi va l )  wi  t hout f avori ng however the deve l opment (matur a t i o n )  

ther e o f .  That i s ,  minox i di l acceler a t e s  t h e  gr owth o f  h a ir , but 

doe s  not r e ver s e  the c ap i l lar y  i nvo l ut i on t ha t  occurr i n g  i n  

androgeni c  a l op e c i a ;  t h i s  rever s a l  i s  pr ovided b y  fin a s t er ide . 

EXAMPLE 2: Pharmaceutical composi tions comprising minoxidil and 

finasteride nanocapsoids 

Example 2.A - Formu l a t ion i n  the form o f  t op i c a l  s o l ut i on 

Nanocap s o ids o f  f i n a s t er i de and minox i d i l  ar e pr epared a s  

de s cr ibed i n  Examp l e  1 . 1 . The topical s o l u t i o n  i s  pr epared 

r e s u l t i n g  i n  the formu l a t i on in Tab l e  3 .  

Table 3: Formu l at i on i n  form o f a top i c a l  s o l ut i on cont a i ning 

the nanocap s o ids s u spen s i on cont a ining 0 . 025% f ina s t e r i de a n d  

0 . 20 % minox i di l . 

' 

Componehts ' . . . Percentage 

T r i gl y c e r ides o f cap r i c  and 
3.23 

capryli c a c i ds 

S o r b i t a n  monost e a r a t e  0.77 

Po l y ( e- cap rolactone ) 1 .  0 0  

F i nas t e r  i de 0 . 0 25 
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Pol i sorbate 80 0. 7 7  

Minoxidi l 0 . 20 

D i s t i l l ed wat e r  9 4 .005 

Example 2.B - For.mulation in the for.m of topical gel 

Nanocaps o i ds o f  

des c r ibed i n  Examp l e  1 . 1 .  

and mi noxidi l are prepared as 

The nanocaps o i d  suspens i ons , prepared as des c r ibed i n  

Examp l e  2 . A , were t h i c kened w i t h  0 . 2 % C a rbopol® 9 4 0 . 

T r i ethano l amine qs was added t o  obt a i n  a s u i t a b l e  v is c os i t y  f o r  

t o p i c a l  app l i ca t i o n . T h e  r es u l t i ng gel  has t h e  f o rmu l a t i on shown 

in T ab l e  4 .  

Table 4: Formulat i on f o rm o f  a t opi c a l  g e l  cont a i n i ng t h e  

nanocaps o i d  suspens i on of 0 . 0 5 %  finas t e r i de a n d  0 . 2 5 %  minoxidi l .  

cómponents 

T r igl yceride s o f cap r i c  

capry l i c  acids 

Sorbitan monos t ear ate 

Pol y ( E- caprolactone ) 

F i nas t e  r i de 

Pol i sorbate 80 

Carbopol 9 40 

Di s t i l l ed wat er 

Tri e thanolami ne 

' 

and 

' ' :Pê:Ccenbilg� 

3 . 2 3 

0.77 

1 .  00 

0 . 05 

0.7 7  

0 . 20 

9 3 . 7 3 

qs 
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3 1  

EXAMPLE 2. C : Formu l at ion in f o rm o f  a top i c a l  l o t i on 

I n i t i a l l y ,  phas e 1 is p repared as des cr ibed Examp l e  2 .  A ,  

and the compos i t i o n  was empl oyed f rom phas e  1 i n  T a b l e  

5 .  Separat e l y ,  t h e  components w e r e  me rged f rom phas e  2 i n  a 

wat e r  bath a t  5 0  ° C  and removed f rom heating a fus i on . Next , 

add phas e  3 t o  phase 1 and disperse unde r constant ma gnet i c  

s t i r r i ng . Add t h is mixture o f  phases 1 and 3 i n  t h e  mo l t e n  phas e  

2 a n d  c o o l  t o  4 0  ° C  unde r mode rate me chan i c a l  a g i t at i on t o  avo i d  

a i r  i n c o rpor a t i on . 

Table 5 :  Formu l a t i o n  i n  form o f  a t opi c a l  l ot i on cont a i ning t h e  

nanocaps o i d  

minoxidi l .  

i on cont a i n i ng 0 . 1 % f inas t e r i de and 0 . 3% 

, ', C::omponents Phase 1 

Tri g l y c e r ide s o f 

capry l i c  a c ids 

Sorb i t a n  monos t e ar a t e  

Pol y ( E-caprol actone ) 

F i n a s t e  r i de 

Pol i sorb a t e  8 0  

M i nox idi l 

D i s til l ed water 

, ' , C()mponents Phase , 2 

Coconut o i l  

Prop ylparab en 

Methylparab e n  

<
h

< ; 

a nd 

, ,', 

�Perc,�ntage 

3 . 2 3  

0.77 

1 .  00 

0 . 1 0  

0 . 7 7  

0 . 3 0  

8 9. 5 3  
,
'

, 

... ,
, 

;; 
Percentage 

2 . 0  

0 . 2 

0 . 1 

; , , ' 
(% ) 

(% )  
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3 2  

' 

Component:s Phase 3 Percentage ( % )  

S a l care S C 9 1  ( I N C I : 

P o l y a c r y l amide and C 1 3 - 1 4  2 . 0  

I s opara f f i n  a n d  Laureth- 7 )  

Al l publ i ca t i ons and pat ent app l i ca t ions ment i oned in t h i s  

s pe c i f i c a t i o n  a r e  indicat ive o f  t h e  l eve l o f  t h o s e  s ki l l e d  i n  

t h e  a r t  t o  which t h e  i nvent r e l a t e s . Al l publ i c a t i on s  and 

patent app l i ca t i on s  a r e  incorporated herein by re fe rence t o  the 

s ame extent a s  i f  each individu a l  pub l i c a t i on o r  patent 

appl ion were e a ch l y  and individua l l y  i n d i c a t e d  t o  

be incorporated f o r  e a s e  o f  re f e rence . 

A l though c e r t a i n  embodiment s have been de s c r ibed , t h e y  a re 

p r e s e n t e d  i n  an exemp l a r y  mode onl y ,  and are not int ended t o  

l imi t the s cope o f t he i nvent ion . In fact , t he new embodiment s 

d e s c ri b e d  h e r e i n  ma y be impl emented i n  a var i e t y  o f  o t h e r  f o rms ; 

mo r e  t h a n  t h a t , v a r i ou s  omi s s i ons , s ub s t i t u t i ons and changes i n  

t h e  f o rm o f  t h e  embodiment s de s c r ibed herein may b e  made w i t h out 

diverging f rom the s p i r i t  of the i nvent ion . The c l a ims and the i r  

s t h i s  des i o n  a r e  c o n s i d e r e d  to 

cover s uch forms o r  modi f i cat ions a s  they may be w i t h i n  the 

s cope and s p i r i t  of the i nvent i on . 
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POLYMERIC FINASTERIDE AND MINOXIDIL NANOPARTICLES f METHOD FOR 

PREPARING SAME f AQUEOUS SUSPENSION CONTAINING SAME f 

PHARMACEUTICAL COMPOSITION AND USE THEREOF 

The p r e s ent 

c ornp o s i  t i on f o r  

FIELD O F  T H E  I NVENT I ON 

i nvent i on r e l a t e s  

t op i c a l  app l i ca t i on 

t o  

f o r  

a 

the 

pharrnaceut i c a l  

t re a trnent o f  

a l ope c i a  f s a i d  c ornp o s  i o n  cornp r i s i ng p o l yrne r i c  nanopar t i c l e s  f 

p r e f e ra b l y  nanocaps o i ds f a s  he r e i n  de f i ned f cont a i ning two 

a ct ive ingredient s f  f i n a s t e r i de and rninoxidi l f  and 

pha rrna ceut i c a l l y  accept able addi t ives and veh i c l e s . The 

invent i o n  further i n cl ude s a proce s s  for the prepa r a t i on of 

p o l yrne r i c  nanopar t i c le s f  p r e f e rabl y  nanocap s o ids of f in a s t e ri de 

and rninox i di l f s u i  t a b l e  for a t o p i c a l  app l i ca t ion c ornpo s i  t i on 

f o r  the t r eatrnent of a l ope c i a f a s  we l l  a s  the use o f  s a i d  

nanocap s o i ds f o r  t he prepa rat ion o f  a pharrna c e ut i c a l  

c ornpo s i t i on . 

Ha ir l o s s ,  

rnany f o rrns . I t  

Fundarnent s o f  the I nven t i on 

a l s o  

can 

c a l led a l opec i a ,  

b e  i r reve r s i b l e  

c a n  rnan i f e s t  

i n  

i t s e l f  

s c a r r ing a l ope c i a  where t h e r e  i s  t h e  

c a s e s  c l a s s i f i e d  

de s t ruction o f  

i n  

a s  

h a i r  

f o l l i c l e s ;  o r  reve r s ib l e  i n  non- s ca r r e d  c a s e s  wh i ch have s e ve r a l  

c a u s e s  and rnay o r i ginate f rorn pharrna c o l o g i c a l  t re atrnent s f  d i e t f 

p hy s i o l og i c a l  o r  p s ycho l o g i c a l  s t r e s s f  fung a l  i n f e ct i ons f 

c herno t h e rapy or gene t i c  inhe r i t ance . Because o f  t hi s ,  s e ve r a l  

pharrna c o l o g i c a l  a n d  non-pharrna c o l og i c a l  t reatrnent s ( irnpl ant s and 

l a s e r  app l i cat i o n s ) are being u s ed i n  an a t ternpt t o  r e ve r s e  t h i s  

s i t u a t i o n . 

1 
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I n  1 i n  arder f o r  a drug t o  have t h e  

des i red a c t i o n f  i t  i s  necess a r y  for i t  t o  r e a ch t h e  h a i r  

f o l l i c l e  ( i n t h e  epidermis ) f whe r e  t h e  en z yme respons i b l e  f o r  

t r i gg e r i n g  t h e  dis e ase is l o c a t e d f  wi thout perme a t i ng t h e  b l ood 

capi l l a r i es wh i ch supp l y  the p i l ous fol l i c l e  ( avo i d i n g  a 

s ys t emi c act i on ) . Thus f  f o r  a formu l a t i on t o  be e f fect ive f i t  is 

ne cess a r y  f o r  

o f  t he drug a t  

t o  b e  ab l e  t o  promot e  pene t r a t i on a n d  retent i o n  

i ts s i  te  o f a c t i on ( DRAKE f L .  e t  a l . ; " T he 

e f fects o f  f i nas t e r i de on scalp s ki n  and se rum androgen l e v e ls 

i n  men w i t h  androge net ic a l op e c i a . "  Journal o f  t h e  c a n  

Academy o f  D e rma t o l o g y f  1 9 9 9 f  vol . 4 1 f  no . 4 f  p .  5 5 0 - 5 5 4 ) .  3 0 . 

Androge n i c  a l op e c i a  is the t rans format i on o f  mat u r e  ha i r  

f o l l i c l es ( t e rmina l ) t o  imma ture fol l i cles ( ve l l us )  through 

s uccess i ve c ap i l l a r y  cyc l es with a shortening 

phas e  t ime . Thus f due to t he r e duct ion i n  t ime 

deve l opment o f  t h e  shaft f i t  becomes progress 

t h i nner and o ft e n  w i t hout c a l o r  ( INU i f  S . ; I TAM i f  

o f  t h e  anagen 

of growth and 

ly short e r f 

S . ; " Mo l e c u l a r  

b as is o f  androgenet i c  a lopec i a : From androgen t o  p a r a c r i ne 

med i a t o rs t hrough de rma l papi l l a . "  Journa l o f  Derma to l o g i c a l  

S c i e nce f 2 0 1 1 f  vo l . 6 1 f  p . l - 6 ) . This is t h e  mos t common t ype o f  

a l ope c i a  a n d  i t a f f ects ma i n l y  men f 

f a c t o rs f  t o  t h e  i o n  o f  

being r e l a t e d f  among o t h e r  

s e x  h o rmone s .  A g r e a t e r  

unders t anding o f  androgenic b a ldness carne from the studies o f  

Hami l ton ( 1 9 4 2 ) who des c r ibed t h e  p a t t e rn o f  ha i r  loss and t h e  

phys i o l og y  as a process l in ked t o  a i c  predispos i on o f  

t h e  h a i r  f o l l i c l e  that occurs unde r the i n fluence o f  androgens 

( T rueb f RM ; 

Exper iment a l  

9 9 0 ) . Howeve r f  

" Mo l e cu l a r  mechanisms 

Geront o l o g y f  2 0 0 2  v .  

o f  androgene t i c  

3 7 f no . 8 9 f 

t h e r e  is no corr e l a t i o n  between 

a l op e c i a . "  

p .  9 8 1 -

androgen i c  

a l op e c i a  a n d  t es t os t e rone f free tes t os t e rone and bi oava i l ab l e  

t es t os t er o ne l evels . I t  is probab l e  t hat t h e  pathoge n i c  b ases 

2 
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o f  b a l dne s s  a r e  me diated t h rough i n t r a ce l lu l a r  s i gna l ing in t h e  

h a i r  f o l l i c l e  ( I N U I  f S .  ; I TAMI f S . ; " M o l e c u l a r  ba s i s  o f 

androgene t i c  a l opec i a : From androgen 

t hrough de rma l pap i l l a . "  Journa l of  

2 0 1 1 f  v o l . 6 1 f  p . 1 - 6 ) . 

to p a r a c ri n e  medi a t o r s  

De rma t o l o g i c a l  

Through t h e  a c t i on o f  5�- re duct a s e  e n z yme f t e s t o s t e rone i s  

conve r t e d  t o  a more powe r f u l  h o rmone dihydrot e s t o s t e r one 

( DHT ) . It  is  be l i eved t hat i t s  act ion is  g r e a t e r  t han t h a t  o f 

t e s t o s t e rone f o r  two ma in rea sons : ( i )  DHT cannot be conve r t e d  

i n t o  e s t r ogen by a r omat a s e s f ma intaining o n l y  i t s  pure l y  

androg e n i c  a c t i  v i  t y  f ( i  i )  i n  v i  t ro s tudi e s  demons t ra t e  t hat DHT 

b i nds wi  th mor e  a f f ini ty to the androgen re cept o r  t han 

t e s t o s t e rone ( L I U f  S . ; YAMAUCH i f  H . ; " Di f fe rent p a t t e rn s  o f  5�

r e duc t a s e  expr e s s i on f  ce l lu l a r  d i s t r ibut ion f and t e s t o s t e rone 

me tabo l i sm in human f o l l i c u l a r  de rma l papi l l a  ce l l s . "  

and B i ophys i c a l  Re s e a rch Commun i ca t ions f 2 0 0  8 f 3 6 8  

p . 8 5 8  8 6 4 ) . The a ct i on o f  t h e s e  androgen h o rmon e s  occurs  b y  

t he i r  di s s eminat i o n  t hrough the ce l l  memb rane w i  t h  t he purp o s e  

o f  b i nding t o  the intrace l lu la r  androgen recept o r . A s  a r e s u l  t 

o f  t h i s  binding f the hormon e - re cept or comp l ex unde r go e s  

c o n f o rmat i on a l  change s f  t hus b i nding t he comp l e x  w i t h  t h e  

promo t e r  s i t e  i n  the DNA , t the production o f  rne s s enger 

RNAs that w i l l  t ra n s c r ibe the genet i c  r e sponse ( IN U i f S . , 

I TAM i f S . ; " Mo l e c u l a r  ba s i s  o f  androgenet i c  a l op e ci a : F rom 

androgen t o  p a r a c r ine medi a t o r s  through de rma l papi l la . "  Jou r n a l  

o f  De rma t o l o g i c a l  S c i ence f 2 0 1 1 f  vol . 6 1 f  p . 1 - 6 ) . W i t h  the 

b i nding o f  DHT t o  t he androgen receptor p r e s ent i n  t h e  h a i r  

f o l l  the re sponse i s  the dec r e a s e  i n  anagen pha s e  o f  

the h a i r  growth c yc l e f  t hu s  moving the hai r t o  the e a r l y  t e l ogen 

pha s e  ( E l l i s ,  JA ; Ha r rap f S B ; " The genet i c s  of androgenet i c  

a l op e c i a . "  C l  in De rma t o l ogy f 2 0 0 1 f  vol . 1 9 f  p .  1 4 9 - 1 5 4 ) . 

3 
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Androgeni c  s a i n  ha i r  l o s s ,  w h i c h  

f a c i l i t a t e s the d i a gno s i s  a n d  e a s i l y  d i s t i n gu i s h e s  it  f r om other 

t ype s . By de fau l t , i n i t i a l  l o s s  o f  the hair sha ft occurs on the 

f ront a l  part o r  only on t he verte x ,  and may e xpand t o  other 

r e g i ons . The degree o f  a l opec i a  can be det e rmined by t h e  

N o rwood-Hami l t on s c a l e . Thi s s c a l e  ident i fi e s  t h r e e  t yp e s  o f  

h a i r  l o s s  p a t t e rns : vertex ( where t he loss of the s h a f t  

s t a r t s  a t  t h e  bac k ) , f ront pattern ( where t h e  l o s s  o f  the s h a f t  

s t a r t s  a t  t h e  f r ont ) a n d  t h e  norma l p a t t e r n  ( be g i nning w i t h  l o s s  

a t  both the f r ont a nd the bac k ) , with a l l  patterns b e i n g  d i v i de d  

i n t o  s even s t ages o f  h a i r  l o s s  ( S inc l a i r ,  R D ;  " Ma l e  androgene t i c  

a l op e c i a . "  The Jou rna l o f  Men ' s  H e a l t h  & Gende r ,  2 0 0 4  v .  1 ,  no . 

4 ,  p .  3 1 9 - 3 2 7 ) .  

Current l y ,  a l op e c i a  t reatment can be both t op i c a l  and 

s y s t emi c . Among the drugs approved by ANV I SA ( Br a z i l ) ,  t h e  

f o l l owing can be c i t e d : ( i )  a s  s ys t emi c ,  the medi c ine made o f  

f i n a s t er i de ( 1 mg ) f o r  o r a l  us e ,  ma r ke t e d  under t h e  brand name 

P rope c i a®, which a c t s  as a b l o c ke r  o f DHT hormone ; and ( i  i )  a s  

t op i ca l : ( a )  a drug w i  t h  a minox i di l ba s e ,  ma r keted under t h e  

b rand name Rega in®/Ro g a i n® mou s s e  wi th 2 %  ( for  women ) a n d  5 %  

( for  men ) and ( b )  a drug b a s ed on a lpha e s t r a di o l , mar keted under 

the b r a nd name Avi e i s® i n  t h e  f o rm o f  a 0 . 02 5 %  s o l ut i o n . 

The act i n g redi ent s ( f i n a s t e r ide and minox i di l )  p r e s ent 

s e ve r a l  s t ab i l it y ,  b i oava i l ab i l i ty and f o rmu l a t ion rli f f i cu lt i e s , 

t h a t  r e s u l t  from the i r  phy s i c ochemi c a l  and 

b i o l og i c a l /phy s i o l o g i c a l  propert i e s . To  s olve or reduce t h e  

nega t i ve charact e r i s t i c s  o f  t he act i ve ingredi ent s ,  a l t e rnat ive s 

were r e s e a r ched t o  " p r o t e ct t hem a g a i n s t  degrada t i o n "  or  t o  

" i n c r e a s e  t he i r  s o l ub i l i t y . "  

4 
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The deve l opmen t  o f new drug de l i  very sys t ems h a s  been t h e  

t a rget o f  improvemen t s  di rected towards the enhancement o f  t he i r  

the rapeut i c  e f f i ca c y  and s a fe t y  o f  u s e , b y  changing 

p h a rma c o  and pharmacodynami c a s p e ct s . Among the co l l o ida l 

drug de l i very s y s t ems , t here are the p o l ymer i c  nanop a rt i c l e s  and 

l ip o s ome s ( Avne s h  Kuma r i , Sude sh Kumar Yada v ,  S ubha sh C .  Yada v , 

B iodegra dab le po l yme r i c  nanopart b a s ed drug de l iv e r y  

s y s t ems , C o l l o i ds a n d  S u r f a c e s  B :  B i o i n t e r f a ce s ,  Vo l ume 7 5 ,  

I s s u e  1 ,  Janu a r y  1 ,  2 0 1 0 ,  Page s 1 - 1 8 ; V l ad imi r P .  T o r c h i l i n ,  

RECENT ADVANCES W I TH L I POSOMES AS PHARMACEUT I CAL CARR I ERS , 

NAT URE REVIEWS , VOLUME 4 ,  FEBRUARY 2 0 0 5 ,  p 1 4 5 ) . Because o f  

t h e i r  the rapeut i c  pot ent i a l  and improved s t ab i l i t y  dur in g  

and u p o n  cont a ct with b i o l o g i c f l u i d s , po l yme r i c  

nanopart i c l e s  f o rmed by b i odegradab l e  p o l yme rs have att r a c t e d  an 

i n c r e a s e d  a t t en t i o n  of r e s ea r c h e r s  when comp a r e d  to l ip o s ome s 

( S CHAFFAZ I C K ,  S H ,  et a l . ;  " Charact e r i z a t i o n  and p h y s i coch emi c a l  

s t ab i l i t y  o f  n anopa r t i c l e  p o l yme r i c  s ys t ems f o r  drug 

de l iv e r y . "  New Chemi s t r y ,  2 0 0 3 ,  Vo l . 2 6 ,  no . 5 ,  p .  7 2 6 - 7 3 7 ) .  

P o l yme r i c  nanopart s are co l l o i da l  drug c a r r i e r  s y s t ems 

which have d i amet e r s  betwe e n  1 0  and 1 0 0 0  nm and a r e  d i v i d e d ,  

a c co r d i ng t o  t he i r  supramo l ecu l a r  archi tecture s , i n  t o  ve s i c l e s  

o r  ma t r i ce s . s ( ve s i c u l a r ) have an o i l y  c o r e  

s u r r ounded by a p o l yme r mat r i x , a l l owing t h e  drug t o  be 

d i spe r s e d  in the core and/ o r  ads o rbed i n  the p o l yme r i c  

wa l l . Nano sphe r e s ( mat r i ce s ) d o  not have a n  o i l y  c o r e , onl y a 

p o l yme r i c  s t ructure , s o  the drug ma y be a d s o rbed o r  r e t a ined i n  

the po l yme r mat r i x . Nanopart i c l e s  made o f  b i odegradabl e  p o l yme r s  

have b e e n  pre f e r r e d  s ince they have greater the rapeut i c  

p o t e nt i a l , a n d  h i gh s t ab i l i t y  i n  b i o l og i c a l  f l u i d s  a n d  dur in g  

s t o rage ( S CHA F FAZ I C K ,  S H ,  e t  a l . ;  " Charact e r i z a t i on a n d  

phy s i coc hemi c a l  o f  nanopart p o l yme r i c  s y s t ems for 

5 
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drug de l i ve r y . "  New Chemi s t r y ,  2 0 0 3 ,  Vol . 2 6 ,  no . 5 ,  p .  7 2 6 -

7 3 7 ) . 

Di f f er e nt phy s i c o chemi c a l  proc e s s e s  ma y be emp l oyed f o r  t h e  

preparat o f these nanopa r t i c l e  s ys t ems , such a s : ( i )  

i n t e r  depo s i  t i on o f preformed p o l ymers , ( b )  s a l  t i ng- out f 

and ( c )  emu l s i f i ca t i on-di f fu s i on . Among the ma in t e chn i que s f o r  

nanocap s u l e  prepa rat ion , depos ion o f  p r e f o rmed 

p o l yme rs proposed by Fe s s i  et al in 1 9 8 9  shou l d  be h i gh l i gh t e d  

( FE S S i f H . ; e t  a l ; " Nanocap s u l e  f o rmat ion by i nt e r f a c i a l  p o l yme r 

depo s it i o n  f o l l ow i n g  so l vent d i s p l a c ement . "  I n t e r n a t i o n a l  

Journa l o f  P h a rmaceut i c s , 1 9 8 9 f  vo l .  5 5 ,  no . 1 ,  p .  R 1 - R4 ) , 

whe r e i n  the p o l yme r i s  di s s o lved in the organ i c  s o lvent t o g e t h e r  

w i t h  t h e  o i l y  c omp onent f the l ipoph i l i c  s u r fact ant and t h e  drug 

or act ingredi ent t o  be encap s u l at e d . T h i s  or gani c / o i l y  pha s e  

i s  i n j e c t e d  unde r moderate 

which is c omp o s ed of wat e r  

agi t a t i on f ove r an aqueou s p h a s e  f 

and a hydroph i l i c  s u r f a ct ant . T h i s 

mixture spontaneou s l y  y i e l ds nanocap s u l e s  with ave r a ge d i ame t e r s  

between 2 0 0  and 5 0 0  nm . Fina l l y f  the organ i c  s o l vent and exce s s  

w a t e r  a r e  removed .  

Mo s t  t opi c a l  products ava i l ab l e  for the t reatment o f  

a l ope c i a  a r e  f o rmu l at e d  with t he act i ve ingredi ent s di s s o lve d  i n  

a wat e r - a l coho l so l ut i on . However f due to the l ow p e rmeab i l i  t y  

o f  s ome drugs t hr ough t h e  ke r a t i n  l ayer f o n l y  a f r a c t i o n  o f  the 

app l i e d  do s e  r e a c h e s  the si t e  o f  act ion , penet rat ing the pore s 

and ha i r  f o l l i c l e s  ( T S U JIMOTO , H .  et a l . ;  " Eva l u a t i on o f  the 

p e rmeab i l i ty of ha i r  growing ingredi ent encap s u l a t e d  PLGA 

nanosph e r e s  t o  h a i r  fo l l i c l e s  and the i r  ha i r  growing 

e f f e ct s . "  B i oorganic & Med i c i n a l  Chemi s t r y  Lette r s f 2 0 0 7  f vo l . 

1 7 f  p .  4 7 7 1 - 4 7 7 7 ) . As a r e s u l t ,  h a i r  growth us ing the s e  produc t s  

doe s n o t  exceed consumer expe ctat ions , l e ading t o  l a c k  o f  
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adherence t o  t re a tment . Re cent s tudi e s  have con f i rmed the 

hypothe s i s  that n a nopar t i c l e s  can penet rate e f fe ct i ve l y  i n  the 

p i l ou s  f o l l i cl e s  ( La demann , J . , et a l . ;  " Nanop a r t i c l e s  An 

e f f i c i ent c a r r i e r  f o r  drug de l ivery i n t o  the ha i r  

f o l l i c l e s . "  European Journal o f  Pharma ceut i c s  and 

B i op h a rmaceut i c s , 2 0 0 7 , vo l . 6 6 ,  no . 2 ,  p .  1 5 9 - 1 6 4 ) r e a c h i ng 

deep f un c t i o n a l  s t r u c t u r e s  whe r e i n  they rema i n  s t o r e d  f o r  a few 

days . In the case o f  non-part i cu l a t e  s ubs tance s ,  s u c h  l on g  t e rm 

e f fe c t s have not b e e n  obse rved i n  p i l o u s  f o l l i c l e s  o r  i n  the 

s t r a tum corneum . In  p r i n c ip l e , the s t ratum c orneum l a c ks the 

r e s e r vo i r  charact e r i s t i c  for t op i c a l l y  app l i ed s ub s t a n c e s  s ince 

t h e s e  s ub s t an c e s  r ema i n  l o ca l i z e d  on t he surface of the s ki n  or 

in t h e  upper c e l l  ( wh i c h  a r e  cont i nuou s l y  removed b y  

pee l ing ) . T h e r e f o r e , p i l o u s  f o l l i c l e s  become , i n  l ong t e rm,  t h e  

onl y  r e s e r vo i r s  f o r  non-pa rt i cu l a t e  sub s t an c e s  o f  t op i c a l  u s e . 

The s e  obs e rva t i o n s  s how that p i l o u s  f o l l i c l e s  a r e  important 

t a rg e t s  for drug d e l i v e r y ,  s ince they are s u r r ounded by a den s e  

netwo r k  o f  b l ood c ap i l l a r i e s  and dendr i t i c  ce l l s  ( Langerhans 

ce l l s ) . 

For examp l e , t he e f fect o f  nano sphe r e s  o f  p o l y ( l a ct i de -co

g l y c o l i d e )  ( PLGA ) cont a i n i ng t hree d i f fe rent · acti ve ingredients 

( H i no ki t i o l , g l yc y r r h e t i n i c  a c i d  and 6 -ben z y l aminopu r i ne ) f o r  

h a i r  growth w a s  a s s e s sed in vivo ( T SU JIMOT O ,  H . , e t  a l . ;  

" Ev a luat i o n  o f  t h e  perme ab i l i t y  o f  ha i r  

e n c ap s u l at e d  PLGA nano sphe r e s  t o  ha i r  f o l l  

growing e f fe c t s . "  B i oo rgani c  & Medi c i n a l  

2 0 0 7 , v o l . 1 7 ,  p .  4 7 7 1 - 4 7 7 7 ) .  Ana l y z ing 

growing i ng r e d i ent 

and t he i r  h a i r  

Chemi s t r y  Lette r s , 

t h e  f luores cence 

i n  tens i ty o f t he s e  act ingredi ent s i n  human s c a l p  b i op s i e s , 

the a u t h o r s  found that t he nano sphe r e s  had a p e rmeab i l i t y  e f f e c t  

i n  the p o r e s  2 t o  2 . 5  t ime s h i ghe r when compared t o  the co n t r o l  

group o f  t h e  s ame act ive i ngredient s i n  a b u f f e r  s o lut i o n  

7 
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( PBS ) . I t  wa s a l s o  po s s ib l e  t o  see an s e  i n  the cap i l l a ry 

a c t i v i t y ,  who s e  cycle i s  pas sed from the rest pha s e  t o  t h e  

g rowth pha s e , s ugge st ing t hat PLGA nano s phe r e s  may be promi s i ng 

drugs in r f o l l  s .  

T o  date , t h e r e  a r e  few papers i n  t he l it e rature that report 

the c a rr yi n g  o f  f i n a s t e r i de in nanopart i c l e  s ys t ems . Document 

U S 2 0 0 6 0 2 0 4 5 8 8 ,  owned by E l an Pha rma Inte rnat ional L imit e d ,  

d i s c l o s e s  a 

nanop a rt i c u l a t e  

2 0 0 0 nm)  a n d  a t  

a d s o rbed by o r 

ingredient . A s  

pharmaceut i c a l  compo s i t ion cont a in i ng 

f i n a s t e r i de ( having average s i z e  l e s s  than 

s t  one surface s t ab i l i ze r  whi ch may be 

a s s oc i at e d  with the s u r f a ce of the a c t i ve 

t o  the met hod o f 

nanop a rt i cu l a t e  

di s p e r s i n g  f i na s t e r i de i n  

formu l a t i o n ,  

a l i qu i d  

prepa r a t i on o f  the 

thi s method cons i s t s  i n  

d i spe r s i on medi um , and 

mechan i c a l l y  reduc i n g  its part i c l e  s i z e . 

P a t ent appl ion U S 2 0 1 1 0 1 1 7 0 4 5 ,  owned by Fuj i f i lm 

C o rporat i on ,  i s  a product b a s e d  on prot e i n  nanopar t i c l e s  

cont a ining an act i v e  ing redient f o r  h a i r  t reatment ; the p roduct 

cons i s t s  of nanop a r t  produced from p r o t e i n  ( s uch a s  c a s e i n ,  

c o l l agen , ge l a t i n ,  a lbumi n ,  among others ) which a l s o  cont a i n s  a n  

a c t ive i ngredi ent that promotes h a i r  growt h ,  a n d  inc l ude s 

and minoxi d i l a s  one o f  t h e s e  a c t i ve ingredient s . 

Do cument W02 0 0 5 0 0 0 2 5 8 , owned by Amorepaci Corport a t i o n ,  

de s cr ib e s  s e l f- a s s emb l e d  p o l yme r i c  nanopa rt i c l e s  comp r i s ing a n  

amphiphi l  p o l yme r and a phys i o l og i ca l l y  act ive ingredient ; 

whe r e i n  the amphi p h i l i c  p o l yme r comp r i s e s  pol ycap r o l a c t one and 

p o l yethyl ene g l yc o l  a s  a hydrophobi c  and hydroph i l i c b l o c k ,  and 

the phys i o l o g i ca l l y  act ive i s  comp r i s e d  by s a id 

amph iph i l i c  p o l yme r . The phys i o l o g i ca l l y  a c t i  ve ingredient can 

be f i n a s t e r ide ( a s spe c i f i ed in c l a im 1 0 ;  see a l s o  examp l e s  4 5 -

8 
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4 7 )  or  minoxidi l ( s ee page 8 ,  l i nes 8 - 1 8 ) . The mot i va t i on o f  t h e  

c l a imed improvement s ,  i . e . , t h e  u s e  o f  an amphiph i l i c  p o l yme r in 

the f o rma t i on of nanopart i c l e s  cont aining an a c t ive ingredient , 

i s  t o  reduce t h e  c o l l o i da l  i n s t ab i l i t y  wh i c h  caus e s  t h e  

p r e c i p i t a t i on o r  f l oc c u l a t ion t h a t  occurs when a h ydrophob i c  

p o l yme r i s  u s e d  i n  t h e  prepa rat i on o f  nanopa r t i c l e s . 

Howeve r ,  i s  de s i rable t o  u s e  a homop o l yme r whi ch i s  

t e chni c a l l y  l e s s  c omp l e x  and s impl e r  t o  obt a i n  t han a c op o l yme r 

whi c h  i s  a c t ua l l y a s t ructure i n  p o l yme r b l o c k s , whe r e i n  t h e  

rat i o  o f  the hydrophi l i c a n d  l ipoph i l i c  port i ons i s  d i f f i cu l t  t o  

cont r o l , t h u s  caus i n g  prob l ems in the s ubs equent f o rma t i o n  o f  

nanopa r t i c l e s ,  e sp e c i a l l y  nanocap s u l e s . 

Fur t h e rmo r e , t h e  u s e  o f  b l o c k  copo l yme rs which a re prepared 

i n  a 1 : 1  ratio of  t h e  hydroph i l i c  and l ipophi l i c  portions cau s e s  

a l a c k  o f  f l e x ib i l i t y  i n  t h e  hydroph i l e - l ipophi l e b a l ance ( HLB ) 

w h i ch can l imi t t he qua l i t y  o f nanote chno l o g i c a l  f o rmu l a t ion . 

The pos s ib i l i t y  o f  varying t he concent ra t i on o f  s t ab i l i z e r  

( hydroph i l i c  emu l s i f i e r  o r  surfa ct ant ) i s  an a dvantage i n  

p re p ar i ng nanop a rt . Lipoph i l i c  homopo l ymers c a n  b e  

f o rmu l at e d  a s  nanopart i c l e s  by emp loying stabi l i z e r s  in varying 

p ropo r t i on s  i n  the f o rmu l a t i on , a l l owing a n  opt imi z at i on of 

phys i c a l  s t abi l i t y  of the nanote chno l ogy c o l l o i ds . 

SUMMARY OF THE INVEN T I ON 

The p r e s ent invent i on a ims t o  provide an e f fe c t ive 

pharma c e ut i c a l  comp o s i t ion for top i c a l  t reatment of a l ope c i a ,  

s a i d  c omp o s i  t i on c omp r i s i ng p o l yme r i c  nanop a r t i  s ,  p r e f e r ab l y  

nanocap s o i ds con t a ining f i na s ter i de and minoxi di l ,  a 

p h a rma ceut i c a l l y  a ccept able veh i c l e ;  and opt i ona l l y  addi t i  ve s . 

The invent i on a l s o  i n c lude s the prepar a t i on o f  p o l yme r i c  
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n anopart i c l e s f 

nanocap s o i d s f 

compo s i t i on . 

p r e f e r ab l y  and minox i d i l 

whi ch a r e  comp r i sed b y  s a i d  pharma ceut i c a l  

A f i r s t  embodiment o f  the ion r e l a t e s  t o  a t op i c a l  

p h a rma c e ut i c a l  c omp o s i t ion comp r i s ing a the rapeut i c a l l y  

e f fe ct ive amount o f  p o l yme r i c  nanopart i c l e s f p r e f e r a b l y  

nanocaps oids f con t a i n i ng and minox i d i l f s t ab l y  

di spe r s e d  i n  a pharmaceut i ca l l y  a cceptab l e  vehi c l e ; and 

opt i ona l l y  c on t a i ni n g  addi t i ve s . 

I n  a s e cond embodiment f s a i d  p o l yme r i c  nanopart i c l e s ,  

p r e f e ra b l y  nanocap s o ids are formed b y  p reparing the orga n i c  and 

a queous pha s e s , whe r e i n : 

( i )  

p o l yme r , 

The o r g a n i c  

( b )  a f i xe d  1 ,  

pha s e  

( c )  

c omp r i s e s : ( a )  a hydrophob i c  

a t  l e a s t  one l ow HLB l ipoph i l i c 

s u r fa c t ant , ( d )  a s o l  vent , ( e )  a c o - s o l  vent and ( f ) f i n a s  t e r  i de ;  

and 

( i  i )  The aqueous 

hydroph i l i c  s u r f act ant , 

pha s e  compr i s e s : ( g )  at 

( h )  minox i d i l and ( i )  wat e r . 

l e a s t  one 

In a t h i rd embodiment , the i nven t i on compr i s e s  t he use o f  

p o l yme r i c  nanopa r t i cl e s , p r e f e r ab l y  nanocap s o i d s f f o r  the 

prep a r a t i o n  o f  a pharmaceut i ca l  compo s it i on f o r  the t rea tment o f  

a l opec i a . 

The p r oc e s s  f o r  p reparing the compo s it ion o f  the i nvent i o n  

c omp r i s e s  two s t ag e s . The f i r s t  s t age concerns the p r e pa r a t i o n  

o f  p o l yme r i c  nanopart i c l e s f  p r e f e r a b l y  t h e  nanocap s o i ds o f  t h e  

i nvent i on f  c omp r i s e s  t h e  o f :  ( i )  prepar i ng t h e  o r g a n i c  

p h a s e  b y  d i s s o l  v i n g  the hydrophobi c  p o l ymer a n d  f i n a s t e r i de , a 
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f i xe d  oi l ,  at l e a s t  one l ow HLB s u r f a c t ant , i n  an o r g a n i c  

s o l  v e n t  a n d  a co - s o l  vent ; ( i  i )  prepa r i ng t he aqueous pha s e  b y  

d i s s o l ving minoxi d i l ,  a t  l e a s t  one hydrophi l i c sur f a c t ant , 

pre rab l y  neut ra l , i n  wa t e r ; ( i i i )  i n j  e c t i ng the o rgani c  pha s e  

i n  the a queous pha se t o  a l l ow forma t i on o f  the p r imar y  emu l s i on 

o f  nanopart i c l e s  on t he i n t e r face o f  the two pha s e s , the mixture 

be i n g  mai n t a i ne d  unde r s t i r r i ng for a t ime s u f f i c i ent for 

adequa t e  encap s u l a t i o n  o f the act i  ve i ngredient s ; ( i  v )  removing 

a t  l e a s t  one o r ga n i c  s o lvent and recove ring t he aqueous p h a s e  

conta i n i n g  t h e  nanocapsu l e s . 

A f t e r  prep a r a t i on o f  the nanopart i c l e s , they a r e  s u s pended 

in a sui t a b l e  veh i c l e , opt iona l l y cont aining addi ti v e s  s uch a s  

d i s p e r s a nt s ,  

s eque s t e r i n g  

l i ke .  

moi s t ur i z e r s , 

p r e s ervat i ve s , 

emo l l i e n t s  agent s ,  t h i c kene rs , 

ant i o x i dant s ,  f ragrances and the 

THE DRAW INGS 

Figure 1 s hows a c ompar i s on o f  t he phys i c a l  pro f i l e  o f  the 

f i nas t e r  ide nanocaps o i d s  O .  2 0 % and minoxidi l O .  2 0 %  ( n= 3 ) [ Figure 

1 ]  and nanocap s o i d s  o f O .  2 5 %  ( n=3 ) [ Grap h i c  2 ]  . 

Figure 2 s hows a t ransmi s s i on e l ect ron micros copy o f  the 

0 . 1 % f i n a s t e r i de nanocaps o i ds . 

Fi gure 3 s hows photographs o f  the anima l s  on day 1 ( photo 

1 ) , day 15  ( photo 2 )  and day 23  ( photo 3 )  o f  t reatment f o r  t he 

group s  t re a t e d  wi  t h : ( A )  nanocap s u l e s  f i n a s  t e r  i de O .  2 5 %  ( B )  

nanocap s o i d s  o f  f in a s t e r i de 0 . 2 0 % ,  minox idi l 0 . 2 0 %  and ( C )  

P i l ex i l® . 

1 1  
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Figure 4 i l l u s t r a t e s  the h i st opatho l o g i c a l  ana l ys i s  o f  the 

s ki n  r emoved f rom the b a c k  o f  t he anima l s  after 23  days of  

t re a tment wi  t h  (A )  nanocaps o i ds o f  f i n a s t e r i de O .  2 0 %  f minox i di l 

0 . 2 0 %  and ( B )  P i l ex i l® .  

5 s hows t h e  me an number mature f o l l i c l e s  ana l yz e d  

b y  h i s t o l og i c a l  s p e c imen ( n  1 2 ) anima l s  t re a t e d  wi t h : ( A )  

nanocap s u l e s  o f  f i n a s t e r i de 0 . 2 5 % f  ( B )  nanocap s o i ds o f  

f i na s t e r i de 0 . 2 0 % f minoxidi l 0 . 2 0 %  and ( C )  P i l e x i l® .  

DETA I L E D  DES CRI P T I ON OF THE INVENT I ON 

The p r e s ent i nvent ion r e l a t e s  t o  a pharmaceut i c a l  

c omp o s i t i o n  e f fect f o r  t h e  t o p i c a l  t re a tment o f  a l op e c i a f  

s a i d  comp o s i  t i on comp r i s ing nanop a r t i c u l a t e  s ys t ems f p r e f e rabl y 

cont a ining the nanocaps o i d s  o f  f i n a s t e r ide and minoxi di l f  a 

p h a rmaceut i c a l l y  a veh i c l e ; and opt iona l l y  cont a in i n g  

addi t ive s . 

The t e rm nanocap s o i d f  a s  u s e d  here i n f  means p o l yme r i c  

nanocap s u l e s  prepa r e d  b y  a nanoencap s u l a t i on proce s s  i n  whi c h f  

i n  t h e  organic pha s e f  a s o lvent and a co- s o lvent a r e  emp l oyed . 

The i nvention als o include s a proc e s s  f o r  t he prepa rat i o n  

o f  po l yme r i c  nanopart i c l e s f p r e f e r a b l y  nanocap s o ids comp r i s ing 

f i n a s t e r i de and minoxidi l f  which are c omp r i s e d  by s a i d  

c omp o s i t i on . 

F i na s t e r i de i s  a s ynthe t i c  a z o s te r o i d  w i t h  potent s e l e c t ive 

antagon i s t  a ct i on on 5cx- reducta s e  t ype 2 e n z yme s . Fina s t e r i de 

a c t s by i rreve r s ib l y  b inding t o  the e n z yme f p re vent i n g  the 

conve r s i on of  t e s t o s t e rone to i t s  act ive met abo l i t e f  

d i h ydro t e s t o s t e rone ( DHT ) . The use o f f i n a s  t e r  i de w a s  i n i  t i a l l y  
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approved f o r  t he reduct i on o f  p r o s t at e  s i z e a s s oc i a t e d  w i t h  

u r i n a r y  ob s t ruct i on ( benign p r o s t a t i c  hyp e rp l a s i a ) , s ince DHT i n  

men ,  a lt hough re spon s ib l e  for p r o s t a t e  deve l opment , can b e  

i nvo l v e d  i n  deve l o pment o f hype rp l a s  Howeve r ,  h a s  been 

obs e rved that pat i e n t s  ta k i ng this drug a l s o  p r e s ent e d  a 

r e ve r s a l  i n  a l ope c i a  s ympt oms . For t h i s  rea s o n f the deve l opment 

o f  t o  inve s t  the potent o f  f i n a s t e r i de i n  the 

t rea tment o f  b a l dne s s  had begun ( S i nc l a i r f  RD , " Ma l e  

androgenet i c  a l op e ci a : Part I I . "  The Journa l o f Men ' s H e a l  t h  & 

Gende r f  2 0 0 5 f  vo l . 2 ,  no . 1 ,  p .  3 8  4 4 ) . A s tudy by Kau fmann e t  

a l  ( 2 0 0 8 ) w i t h  1 5 5 3  men aged 1 8  t o  4 1  yea r s  eva l uated the act i on 

o f  f i n a s t e r ide i n  d o s e s  o f  1 mg da i l y  a g a i n s t  p l a cebo f o r  f ive 

yea r s . The r e s u l t  of t reatment with f i n a s t e r i de l e d  to a 

de c r e a s e  i n  the probab i l i  t y  o f vi s ib l e  h a i r  l o s s  f comp a r e d  t o  

t h e  i n c r e a s e d  l i ke l i hood o f  v i s ib l e  h a i r  l o s s  in  p a t i ent s 

t re a t e d  wi th p l acebo . I n  t h i s  s tudy f at the end o f the f i  ve 

y e a r s ,  7 5 %  o f p l a cebo-treated p a t i e n t s  deve l oped b a l dne s s  and 

o n l y  1 0 %  of p a t i e nt s  t r eated with f i n a s t e ri de deve l oped the 

d i s e a s e . A o f  the s a f e t y  and e f f i ca c y  o f  f i n a s t e r i de u s e  

f o r  t r eat ing androgen i c  a l op e c i a  in women s howe d i n  c on c l u s i on 

that t h i s  drug c a n  be u s ed s a f e l y  and e f fe c t i ve l y  i n  c a s e s  

whe r e i n  t op i c a l  t r eatment w i t h  minox i d i l i s  n o t  e f fe c t ive 

( Stout , SM ; STUM P F ,  JL ; " Fi n a s t e r i de T r e a tment of Ha i r  L o s s  i n  

Women . "  The Ann a l s  o f  Pharma cothe rapy , 2 0 1 0 ,  vol . 4 4 ,  no . 6 f  p .  

1 0 9 0 - 1 0 9 7 ) . 

M i n ox i d i l was i n t r oduced a s  the therapy i n  the t re a tment o f  

h yp e r t e n s i o n  i n  1 9 6 5 ;  howeve r ,  i t  was obse rved that o ra l l y  

aulll�.u� s te re d  minox i d i l  c a u s e d  hype r t r ichos . Re s u l t i n g  f r om t he 

evi dence f rom t h i s  and s ub s equent s tudie s ,  minox i di l was 

approved by t he Food and Drug Admi n i s t ra t i on ( FDA ) f o r  t re a tment 

of andr o g e n i c  i n  ma l e s  ( at a concent rat i on o f  5 % ) a n d  
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wome n ( a t a concent ra t i on o f  2 % ) . Howeve r ,  a l though t h e  t op i c a l  

s o lut i o n  o f  minox i d i l  p r e s e n t s  p roven s a f e t y  and e f f e c t i vene s s ,  

a dve r s e  e f fe c t s  ma y occur w i t h  i t s  u s e . Fr i e dman and c o l leagues 

( 2 O 0 2 ) reported cases  o f cont a c t  a l l e r g y ,  which i n c l uded 

p r u r i tus , e r ythema and dryne s s  of the s c a lp . Some p a t i ent s 

s howed s e n s i t i  v i  t y  t o  minoxidi l ,  but ma i n l y  t o  t he propylene 

g l yc o l  c omponent p r e s ent in the t opi c a l  s o lut i on a s  a co- s o l vent 

and ab s o rp t i on enha n c e r  ( Fr i edman f  ES f 

de rma t i t i s  t o  t op i c a l  minox i d i l 

t rea tment . "  Journ a l  o f  t he Ame r i c a n  

2 0 0 2 f  v o l . 4 6 f  no . 2 f  p .  3 0 9 - 3 1 2 ) . 

e t  a l ;  

s o l ut i on : 

"Al l e r g i c  contact 

E t i o l og y  a n d  

Academy o f  De rma t o l o gy f 

The p r e s ent i nvent ion avoids t he d i s a dvantages and a dve r s e  

e f  s a s  with the s ys t emi c admi n i s t r a t i on o f  

f i n a s t e r i de and t op i c a l  minoxi d i l  and p ropo s e s  a t op i c a l  

app l i ca t i on compos i t ion o f  f i na s t e r i de and mi noxi d i l  f o r  t h e  

t r e a tme nt o f  w i t h  reduced s i de e ff e c t s  caused by t h e s e  

t w o  a c t i ve ingredient s . 

The i nven t i o n  i s  b a s ed on the p repa r a t i on o f  p o l yme r i c  

nanop a rt s ,  p r e f e r ab l y  nanocaps o i ds f o f f i n a s t e r i de and 

minox i d i l f by mea n s  o f an i nt e r f a c i a l  depo s i  t i on p r e f o rmed 

p o l yme r f wher e i n  i t is f i r s t l y  made t he di s s o l ut i on o f 

f in a s t e  o f a hydrophob i c  p o l yme r f o f  a f i xed o i l  and a t  

l e a s t  one l ow HLB s u r f a c t ant ( Hydrophi l i c  Lipoph i l i c  B a l ance ) i n  

an o r g a n i c  s o l vent a n d  a co- s o lvent , t o  form t h e  o r g a n i c  pha s e ; 

and d i s s o l ut i on o f  minoxidi l f  and a t  l ea s t  one hydroph i l i c  

s u r f a c tant f p r e f e r a b l y  neut r a l  f i n  wa t e r  f t o  form t h e  aqueous 

pha s e . 

Al t hough nanopa r t i c l e s  f a t e rm which i n c lude s nanosph e r e s f 

nanocap s u l e s  and nanocap s o ids f can be advantageou s l y  p roduced b y  

t h e  p r e s ent i nvent ion f t he i nvent ion i s f  p r e f e r ab l y f  
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pa r t i cul a r l y  d i r e c t ed t o  t he prepar a t i on o f  nanocap s o i d s f 

p r e f e r a b l y  c a r r i e d  out by the 1 depo s it i on met h o d . 

However f i t shou l d  be c l e a r  that other met hods can be u s ed t o  

p r o duce the nano cap s u l e s  o f  t he i nvent i on . 

S a i d  p o l yme r i c  nanopart i c l e s f p r e f e r a b l y  nanocap s o i d s  a r e  

f o rmed f rom t h e  o r g a n i c  and aqueous pha s e s f a s  f o l l ows : 

( i )  The o r g a n i c  pha s e  compr i s e s : ( a )  a h ydrophob i c  p o l yme r f 

( b )  a f i xed o i l f ( c )  at l ea s t  one l ow HLB l ipoph i l  s u r f act ant f 

( d )  a so l vent f ( e )  a c o - s o l vent and ( f ) f in a s t e r i de ; and 

( i  i )  The aqueous 

h ydroph i l i c  s u r f a c t ant , 

pha s e  comp r i s e s : ( g )  a t  

( h )  minoxi d i l  a n d  ( i) wat e r . 

l e a s t  one 

S a i d  p o l yme r u s e d to encap s u l a t e  f in a s t e r i de is a 

hydrophobi c  p o l yme r s e le c t e d  f rom the g roup cons i s t ing o f  vinyl 

p o l yme r s , p o l ye s t er s ,  po lyami de s ,  p o l yurethanes and 

p o l y c a rbonate s .  P r e f e rabl y  f t he hydrophobi c  p o l ymer u s e d  i s  a 

b i odegradab l e  po l yme r f rom t he group o f  p o l ye s t e r s  having a 

me l t i n g  point o f  l e s s  than 1 2 0  ° C .  More pre f e rab l y ,  t he 

b i odegradab l e  hydrophobi c  p o l ymer i s  f rom t he group o f  

p o l ye s t e r s  f i s  a p o l y  ( l a ct i de ) ; a p o l y  ( g l y c o l i de ) ; copo l yme r s  

o f  p o l y  ( l a c t i de - co - g l yc o l i de ) ; a p o l yc ap r o l a c t one ; a copo l yme r 

o f p o l ycap r o l a ctone wi  th p o l ye s t e r  f wi t h  p o lyamide f wi t h  

p o l yurethane o r  w i t h  a v i n y l  p o l yme r ;  a n d  mo st pre f e r ab l y f  i t  i s  

the p o l y ( s- capr o l a c t one ) .  

S a i d  f i xe d  o i l  u s ed i n  t he organ i c  pha s e  o f  t he p repa rat i on 

o f  po l yme r i c  nanop a rt i c l e s  o f  the invent i o n  i s  s e l e c t e d  from t he 

group cons i s t i n g  o f  cano l a  o i l f  s o ybean o i l ,  o l ive o i l  and 

med i um- c h a i n  t r i g l yc e r i de s ;  

be i n g  p r e f e rabl y  u s e d . Among 

with 

t he 
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s e l e c t e d  f rom the g roup o f  t r i g l ycerides o f  capr i c  and capry l i c  

a c i d ,  propyl ene g l ycol di capryl o caprat e , macrogo l g l yc e r i d e s  o f  

o l e yl , l au r e o l a  a n d  l i nol eoyl . S t i l l  mo re pre f e r ab l y f  t h e  u s e  a s  

a f i xe d  oi l f  o f  medium-ch a i n  t r i g l yc e r i de s , a r e  the 

t r i g l yc e r i d e s  o f  capr i c  and capryl i c  ac i d . 

The l ipophi l i c  sur f a ct ant u s e d  i n  s a i d  organi c pha s e  o f  

p repa rat i o n  o f  po l yme r i c  nanopart o f  the i nvent i on i s  a 

s u r f a c tant o f  low HLB , p r e f e rab l y  having a value i n  the range o f  

3 t o  6 f  be i ng s o l i d  or  l i qu i d f  p r e f e r a b l y  s o l id ,  s e l e ct e d  f rom 

the gr oup con s i s t i ng of s o rb i t an mono s t ea r at e ,  s o rb i t a n  

d i s t e a ra t e , s o rb i t a n  t r i st e arate , caprylocaproyl 

mac r o g o l g l yc e r i de s  f propyl ene g l yc o l  l aurat e s ,  propyl e n e  g l ycol 

capr y l a t e f  g l yc e r y l  mono s t e a r a t e , p o l ygl yceryl o l e at e ,  or  

mixt u r e s  t h e r eo f . P r e f e r ab l y ,  the l ipophi l i c  s u r fact ant u s e d  in 

the o r g a ni c  pha s e  of  the i nvent i o n  i s  s o rb i t an mono s t e a rate . 

The s o l vent u s e d  in the o rgani c  pha se o f  prepa rat i o n  o f  the 

p o l yme r i c  nanopa r t i c l e s  o f  the p r e s ent invent i on i s  a n  organi c  

s ol vent s e l e c t e d  f r om t he group con s i s t i ng o f  acetone , 

dime t hyl s u l f o x i de f dimet hyl formamide , N-methylpyr r o l i done f 

d i oxane , a c e t o n i t r i l e , methyl ethyl ketone , or  o t h e r  so l vent 

wh i ch pre s e nts physicochemi c a l 

i nt e ra c t i o n  w i t h  wat e r . I n  a 

prope r t i e s  o f  i n t e rmo l e c u l a r  

pre f e r re d  embodiment o f  t h e  

i nvent i o n ,  t h e  o r g a n i c  s o lvent i s  p r e f e r a b l y  acetone . 

S a i d  co - s ol vent u s e d i n  the organ i c  pha s e  o f  prepa r a t i on o f  

t h e  p o l yme r i c  nanopart i c l e s , pre fe rent i a l l y  nanocap s o ids f o f  the 

p r e s ent i nvent i on is se f rom the group con s i s t i n g  o f  

me t hano l ,  e t hano l , propano l ,  and i s opropano l o r other a l coho l , 

mon o - f di - ,  t o r pol yhydrox y l a t e d ,  g l yc e ro l , s o rbi t o l , 

p o l yethyl ene g l y co l ,  manni t o l  or propylene g l yco l . I n  a 

p r e f e rr e d  embodiment o f  t h e  i nvent i o n , the c o - s o lvent i s  
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pre ethano l . The u s e  o f  ethanol i n  the o r g a n i c  pha s e  a s  a 

c o - s o l vent promo t e s  the f o rma t i on o f  nanocap s o i ds w i t h  

unexp e c t e d  nanot e chno l o g i c a l  qua l i t y ,  s i nce t h e  p o l yme r p o l y  ( r 

capr o l a c t one ) i s  methano l o r  ethano l . Howeve r ,  t o  

have nano s co p i c  g ranulome t r y ,  the component s o f  t h e  organ i c  

pha s e  s hou l d  be wat e r  so l ub l e  a n d  emp l oyed b e l ow t h e  s a t ur a t i o n  

concen t rat 

The aqueous pha s e  c on t a i n s  a t  l e a s t  one hydroph i l i c  

s u r f a ct ant f o r  the prepa rat i on o f  the polyme r i c  nanopa r t i c l e s f  

p r e f e rent l y  nanocap s o ids o f  the invent ion f p r e f e r ab l y  b e i n g  

a n  emu l s i f i e r such a s  p o l yoxygenat e d  p o l yme r s f o r  i o n i c  

s u r f a c t a n t s  such a s  l e c i  t h i n  or  a neut ral s u rf a c t a n t  s e l ec t e d  

f rom t h e  group con s i s t ing o f p o l y s o rbate 2 O f p o l y s o rb a t e  6 0  o r 

po l ys orbate 8 0 ,  macrogo l s t ea r at e f  ma crogol cet o s t e aryl e t he r f 

ma crogol l auryl e t h e r  f ma crogo l o l e y l  e t h e r  f ma c r o g o l  o l ea t e  f 

p o l yoxyl c a s t o r  l f  hydrogena t e d  pol yoxyl c a s t o r  o i l f o r  

mi xtures t h e r e o f . P r e f e r ab l y f  

p r e f e rabl y f  p o l y s o rbate 8 0 f  

p o l ys orbate i s  emp l oyed f  and mor e  

f o r  t he aque ous pha s e  o f  t h e  

prep a ra t i on o f  the nanopa r t i c l e s  o f  the invent i o n . 

The a queous s uspen s i on o f p o l yme r i c  nanopa r t i c l e s  

c ompr i s e s : 

- The o rgan i c  p h a s e : ( a )  f rom 0 . 0 1 %  t o  3 0 . 0 % 

hydrophob i c  p o l yme r f ( b )  from O .  0 1 %  t o  5 0 . 0 %  ( w/ w )  

o i l  ( c )  f r om O .  0 1 %  t o  5 0 . 0 % ( w /w ) o f  a t  l e a s t  one 

( w / w )  o f  a 

o f  a f i xed 

l ipophi l i c  

sur f a c t ant o f  l ow HLB, pre ferab l y  s o l i d ( d ) f rom 1 0 %  t o  8 0 %  

( w  / w )  o f o r g a n i c  s o l  vent , and ( e )  O .  0 0 1 %  t o  5 0 %  ( w  / w )  o f a c o 

s ol ve n t ; and ( f ) f r om 0 . 0 0 1 %  t o  8 0 . 0 % ( w/w ) o f  f i n a s t e r i de ; a n d  
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The aqueous pha s e  ( g )  f rom O .  0 0 1 %  t o  8 0 . 0 % ( w / w )  

mi noxi di 1 ,  ( h )  f r om 0 . 0 5 %  t o  2 0 . 0 % ( w /w ) o f  at  st  one 

hydroph i 1 i c  s u r fact ant , ( i )  1 0 %  t o  9 0 %  ( w  / w )  wate r . 

I n  a pre f e r r e d  f o rmu l a t ion o f  the aqueous s u s p e n s i o n ,  the 

p o l yme r i c  nanopart , p r e f e r a b l y  nanocap s o ids , compr i s e : 

- i n  the organi c  pha s e : ( a )  f rom 0 . 0 5 %  t o  2 0 . 0 % ( w / w )  o f  a 

hydrophobi c  p o l yme r ,  pre poly ( E- capro l a ct one ) ; ( b )  f rom 

0 . 0 5 %  to 2 0 . 0 %  ( w / w )  of a f i xe d  o i l ,  p r e f e r ab 1 y  med i um- c h a i n  

t r i g 1 yc e r i de s ; ( c )  f rom O .  0 5 %  t o  2 0 . 0 %  ( w  / w )  o f at  1 e a s t  one 

l ipoph i 1 i c  s u r f a c t ant , pre f e r ab l y  s o rb i t an mono s t e a r at e ; ( d ) 

f r om 1 0 %  t o  8 0 %  ( w / w )  o f an organ i c  s o 1vent , p r e f e rab l y  a c e t one ; 

and ( e )  0 . 0 0 1 %  t o  5 0 %  ( w /w ) o f a co- s o 1vent , p r e f e r ab 1 y  ethano l ; 

and ( f ) f rom 0 . 0 0 5 %  t o  5 0 . 0 % o f f i n a s t e r i de . 

i n  the aqueous pha s e  ( g )  f rom 0 . 0 0 5 %  t o  5 0 . 0 %  ( w / w )  

minox i di l ;  ( h )  f r om O .  0 5 %  t o  2 0 . 0 % ( w /w)  o f  a t  l e a s t  one 

hydroph i l i c  s u r f a ct ant , p r e f e r a b l y  p o l y s o rb at e ; and ( i )  f rom 1 0 %  

t o  9 0 %  ( w /w ) wate r . 

The pharma c e u t i c a 1  comp o s i  t i on f o r  the t reatment o f 

a 1 op e c i a  cont a i n s : ( A )  nanocap s o ids o f  t h e  pre s ent invent i on ,  

comp ri s i n g  ( a )  f r om O .  0 1 %  t o  2 .  5 %  ( w /w ) o f  f i n a s t e r ide ; ( b )  f rom 

0 . 0 1 %  t o  1 0 . 0 % ( w / w )  minoxi di l ;  ( c )  f rom 0 . 1 % t o  1 0 . 0 %  ( w / w )  o f  

a hydrophobi c  po l yme r ,  p r e f e rabl y  p o l y  ( E- c ap r o l ac t one E )  ; ( d )  

f rom O .  1 %  t o  5 .  0 %  ( w  / w )  o f a f i xed o i 1 ,  pre f e rabl y  med i um- c h a i n  

t r i g1 yc e r i de s ; ( e )  0 . 1 % t o  5 . 0 % ( w /w)  o f  at  1 e a s t  one 1 ow HLB 

l ipoph i l i c  s u r f a ct ant , pre ferably s o r b i t an mono s t e a r ate ; ( f ) 

f r om 0 . 0 0 1 %  t o  1 0 %  ( w / w )  o f  a hydroph i 1 i c  s u r factant , pre f e r a b l y  

p o 1 y s o rb a t e  8 O ;  and ( B )  a pharma ceut i c a l l y  accep t a b l e  car r i e r ,  

whe r e i n  t h e  amount s o f  the nanocaps o i d  component s a r e  a 
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pe rcent a ge o f  t h e  formulat i o n  a n d  s a i d  nanocap s o i d s  a r e  

d i sp e r s e d  i n  s a i d  p h a rmaceut i c a l l y  accept able ve h i c l e .  

A p r e f e rred pharmaceut i ca l  compo s i t i on f o r  t re a t i n g  

a l op e c i a  o f  t h e  p r e s ent invent i on comp r i s e s  from O .  0 1  t o  1 .  O %  

( w /w ) o f  and 0 . 0 1 t o  2 . 0 % ( w / w )  o f  mino x i d i l i n  the 

f o rm o f  p o l yme r i c  nanopart i c l e s f p r e f e r a b l y  i n  the f o rm of 

nanocap s o i d s f di s p e r s e d  in a pharmaceut i c a l l y  a c cept a b l e  

veh i cl e . 

The pharma ceut compo s i t i o n  f o r  t h e  t re atment o f 

a l ope c i a  o f  the p r e s ent i nvent i o n  i s  int ended f o r  t op i c a l  

a dmi n i s t ra t i o n  a n d  i s  in  t h e  form o f  a s o l ut i on f ge l o r  l o t i o n . 

The 

a l op e c i a  

pharmaceut 

opt i ona l l y  

compo s i  t ion for the 

cont a i n s  addit ives such a s  

t r eatment o f  

di spe r s ant s f  

s u r f act ant s f  mo i s t u r i z i ng agent s f  emo l l i en t s  agent s f  t h i c ke ne r s f 

s e que s t e r ing agent s f  pre s e rvat ive s f  ant i oxi dant s f  fragrances and 

t h e  l i ke .  

The f o l l ow i ng 

invent i o n . Howeve r f  

a r e  spe c i f i c  embodiments o f  the 

i t should be under s t ood that such examp l e s  

a r e  pro v i de d  i l lu s t r a t i  ve purp o s e s  onl y  f and that v a r i o u s  

modi fi c a t io n s  o r  cha n ge s f i n  l i ght o f  t he h e r e i n  di s c l o s ed 

embodiment s f w i l l  be sugge s t i  ve t o  spe c i a l i s t s  i n  the a r t  and 

mus t  b e  i n c l uded w i t h i n  the s p i r i t  and s cope of t h i s  d i s cl o sure 

and t h e  s cope of t h e  a ccompanying c l a ims . 

EXAMPLE 1: Preparation of nanocapsoids of the invention 

containing finasteride 0 . 20% and minoxidil 0 . 20% 

Example 1.1: P repa r a t i o n  o f f i nas t e r  i de and minox i d i l  
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nanocaps o i ds o f f i nast e r i de were 

prepared f r om an o rganic s o l ut i on o f  a mixture of a c e t one and 

ethanol cont a i n i n g  p o l y  ( e- caprol a ctone ) ,  me di um c h a i n  

t r i g l yc e r i d e s  ( t r i g l yc e r i de s  o f  cap r i c  and capryl i c  a c i ds ) , 

s orbi t an mono s t e a r  a t e  and f i n a s t e r i de emp lo yi ng t he compo s i  t i on 

de s c r i b e d  i n  Table 1 .  

Table 1: C ompos i on o f  the suspen s i ons o f  p o l y  ( e-cap r o l a c t one ) 

nanocap s o i ds cont a i ning f i n a s t e r i de 0 . 2 0 %  and minox i d i l  0 . 2 0 %  

b a s e d  on the 

Orqanic 

f o rmu l a t  

' ,  :
. 

Pha$61 .
· 

. ·· · .
· 

T r i g l y c e r i des o f cap r i c  

capryl i c  a cids 

So rbi t a n  mon o s t e a r a t e  

Po l y ( c- c ap ro la c tone ) 

Acetone 

Ethanol 

Finas ter i de 
. . . > ... . .  ,,., ... . ...... 

Aquêos J?hase 

P o l i s o r b a t e  8 0  

Minox i d i l 

D i s t i l l ed Wat e r  

' . . .  
• ,  

;/i >';{:;,'S '»���, ,
'
� 

• ? • 

. . , .,, .... , 
, ' Qua.nt:i.ty' . •••.•..•..•• 

and 
3 . 3 0 ml 

7 7 0  mg 

1 0 0 0  mg 

2 0 0  ml 

5 0  ml 

2 0 0  mg 
.'"•· . ' • ':•, :,. ,•, 

Qúantit:Y 

7 7 0  mg 

2 0 0  mg 

5 0 0  ml 

The p o l yme r ( po l y  ( E- c ap r o l a ctone ) )  wa s s o l ub i l i z e d  i n  the 

organ i c  pha s e  a l ong w i t h  f i n a s t e ri de , t r i g l yc e r i d e s  of  cap r y l i c  

and cap r i c  a c i d ,  and the l ow HLB s u r fa c tant ( s o rb it a n  

mono s t e a r a t e ) unde r mode r a t e  heat ing between 2 0  ° C  a n d  4 0  ° C  

p r e f e rab l y  a t  4 0  ° C ,  emp l oying acetone a s  the s o l vent and 
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e t h a n o l  a s  t h e  co- s o l vent . The neut r a l  surfactant ( po l ys o rb a t e ) ,  

and minoxi d i l  were di s so l ve d  i n  wat e r  t o  f o rm the aqueous 

pha s e . After s o l ub i l i z a t i o n  of a l l  component s of the o r g a n i c  and 

aqueous pha se s ,  the organ i c  pha s e  wa s inj e c t e d ,  us i n g  a funne l ,  

on the aqueous pha s e . 

A f t e r  the f o rma t ion o f  the p r ima ry emu l s i o n  o f  nanocap s o i ds 

o f  t h e  i nvent i o n f  wa s ma inta ined unde r mode r a t e  a g i t a t i o n  f o r  

1 0  minut e s f a n d  then conce ntrated t o  a f i n a l  volume o f  1 0 0  ml i n  

a r o t a r y  evapo r a t o r  unde r reduced p r e s sure i n  a t h e rmo s t a t i c  

b a t h  i n  t h e  evap o ra t i on f l a s k  between 1 0  ° C  and 8 0  ° C f  

p r e f e ra b l y  between 3 0  ° C  and 4 5  ° C  t o  e l iminate t h e  o rgani c  

s o l  vent and co - s o l  vent and exce s s  wate r  f t o  adj u s t  t h e  f i n a l  

concent r a t i on o f  f i n a s t e r i de and minoxi d i l .  

Example 1 .2: Char a c t e r i z a t ion o f  t he Formu l a t i o n  

A .  Det e rminat i on o f  

Det e rminat i o n  o f  pH w a s  p e r f o rmed in 

c a l i b r a t ed w i  t h  a b u f f e r  o f  pH 4 .  O and 7 .  O f 

a pot ent i ome t e r  

di r e ct l y  i n  t he 

suspens ions f by the ave rage o f  three repet i t ions . 

For t h e  i o n  o f  the d i ame t e r  a n d  po l yd i spe r s i t y  i ndex 

of nanopar t i c l e  s uspen s i o n  by dynami c l i ght s ca t t e r ing f the 

Z et a s i z e r® nano-de v i c e  mode l ZEN 3 6 0 0  z s f  Ma l vern , USA was u s e d . 

For bot h ,  the s were l ut e d  i n  M i l l i Q® w a t e r  l te r e d  

t hrough a O .  4 5 m i c ron f i l  t e r , Mi l l ipore M i l l e x -H P )  5 0 0  t ime s a t  

r o om t emperature a n d  t h e  r e s u l t s  were det e rmined by t h e  average 

of three repet i t i o n s . 
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d i f f ra c t ome t r y  

To a s s e s s  whe t h e r  there i s  a concom i t ant p r e s ence o f  

m i crome t e r  popul a t i o n ,  a na l y s e s  o f  part i c l e  s i z e were p e r f o rmed 

by l a s e r  d i f fract i o n  ( Ma s t e r s i z e r  2 0 0 0 ,  Ma l ve rn r U K )  . Ana l y s e s  

we re c a r r i e d  o u t  b y  adding a s ampl e  o f  t he f o rmu l a t i on i n  t h e  

a c ce s s o r y  d i spe r s i on cont a ining about 1 0 0  m l  o f  d i s t i l le d  

wat e r . T h e  amount added t o  t h a t  wa s enough t o  a ch i eve 

o b s c u ra t i on between O .  02 and O .  1 0 . To prevent i nt e r f e rence o f  

the bac kground s i gnal ( f rom the wat e r ) i t  was  me a s ured b e f o r e  

a dd i t i on o f  t h e  s amp l e . 

D .  Z e t a  potent i a l  

The z e t a  

det e rmined b y  

poten t i a l  o f  t h e  nanopa rt i c l e  

e l e c t r ophore s i s  methodol o g y  w i th 

s u spen s i on wa s 

t he Z e t a s i z e r® 

nano - Z S  mode l Z E N  3 6 0 0  dev i c e  ( Ma l  ve r n r  USA ) . The de t e rmi nat i on 

was c a r r i e d  out us ing 5 0 0  t ime s di l ut i on in 1 0  mM N a C l  so l u t i on 

( f i through a O .  4 5  mi cron 1 t e r  r Mi l l ipore M i l l ex - H P )  r 

and r e s u l t s  obt a in e d  were the average o f  t hree de t e rminat i on s . 

E .  V i s co s  

The v i s c o s i t y  o f  the s u spens i ons wa s mea s ur e d  u s ing a 

v i b ra t i on a l  v i s come t e r  ( SV- 1 0 , A & O Company , Japan ) . To  a c h i eve 

t h i s ,  the v i s c o s i t y  wa s me a s ured d i r e c t l y  in the suspens i ons f o r  

3 0  s e conds w i t h  dat a  c o l l e ct i on every 5 se conds a t  a t empe r a t u re 

o f  2 5  ± 1 . 0  ° C .  

F .  As s a y  o f  Fina s t e r i de i n  the f o rmu l a t i on 

For the a s s a y  o f  f i n a s t e r i de , t he susp en s i on o f  p o l yme r i c  

i c l e s  wa s t re a t e d  w i t h  a c e t on i t r i le i n  u l t ra s s on ( for 3 0  
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min )  r e s u l  t i ng i n  t h e  extract i on o f  

f o rmu l a t ion . T h e  drug a s s a y  was then 

p e r f o rmance l i qu i d  chromatography ( HPLC ) . 

the drug 

p e r f o rmed 

f rom t h e  

by h i gh 

The ana l y s i s  w a s  performe d on the P e r k i n  E lmer chroma tograph 

S e r i e s  2 0 0 f  u s i ng u l t ravi o l et sible det ector ( wi t h  À. 2 1 0  nm 

f o r  the f i n a s t e r i de ) f  L i Chro spher 1 0 0  RP- 1 8  column ( 5 pm f 2 5 0  x 4 

mm) pre - c o l umn o f  t h e  s ame mat e r i a l  ( 5  um ) and i s ocrat i c  mob i l e  

pha s e  o f  l e : wat e r  ( 7 5 : 2 5 )  f f l ow o f  1 mL min - 1 f  

i n j e c t i o n  vo l ume o f  1 0 0  pL 

G .  As of M i no x i di l in the formu l a t i o n  
----�--------------����������� 

The a s s ay o f  minoxi d i l was c a r r i e d  out i n  a 

s p e c t rophot ome t e r . For bot h f  t he p o l yme r i c  nanopart i c l e  

s uspen s i on w a s  t re a t e d  w i t h  met hanol i n  u l t r a s son ( fo r  3 0  

minut e s ) r e s u l t i ng i n  t he o f  t he pharma c o l o g i c a l  

f o rmu l a t ion . Sho r t l y  a f t e r  t hi s f  the s amp l e s  were r e a d  i n  a 

s p e c t r ophotomete r  f a t  a wave length o f  2 4 8  nm f us ing a 

f o rmu l a t ion o f  whi t e  nanocap s o i de s a s  a re fer ence beam ( prepared 

in t he s ame manner w i t hout t h e  presence o f  drug s ) . 

To  ve r i f y  any s imu l t aneous pre sence o f c r y s ta l s  ( drug 

di spe r s e d  in the a queous pha s e )  quant i f i c a t i o n  by H PLC of a 

f r e s h l y  p repared formu l a t ion o f t h e  drug was i n  i t i a l l y  

p e r f o rme d . A f t e r  t h i s  formu l a t i on was d i v i de d  into two s amp l e s : 

t h e  f i r s t  was a l l owed t o  be s t i l l  and the s e cond wa s s t i r r e d  

be fore t h e  a s s ay f 

the s amp l e  whi ch 

which was p e r f o rmed a g a i n  a f t e r  3 0  days . From 

wa s kept st i l l f  only one a l i quot of the 

s upernat ant ( preve n t i ng any movement ) wa s co l l e c t e d . From the 

2 3  



CA 02883998 2015-02-26 

o t he r ,  an a l i quot ( corre sponding to 2 0 %  o f  the supernatant ) w a s  

c o l l e ct e d  a ft e r  vor t e x i ng for 1 5  s econds . 

I .  I n  v i vo a s s ay for determining the abi l i t y  o f  ha i r  re covery 

The t e ch n i que u s e d  was a mod i f i cat i on of the t e ch n i qu e  

de s c r ibed by Mat i a s  e t  a l  ( 1 9 8 9 ) , approved by the E t h i c s  

C ommi t t e e  o f  t he Fede r a l  Unive r s i t y  o f  Rio Grande d o  Sul . 

For the e xper iment s ,  B 6CBAF1 hyb r i d  fema l e  mice were u s e d  f r om 

t h e  vi v a r i um o f the Uni ver s i  t y  o f Va le do I t a j  a í  ( UN IVAL I ) . The 

a n ima l s  were under s t andard cond i t i ons of t emperature and 

r e l a t ive humid i t y  dur i n g  the expe riment , with l i ght and dar k  

c yc l e s  o f 1 2  hours e a ch . Al l a n ima l s  recei ved a subcutaneous 

inj  e ct i on o f 1%  t e s t o s t er one di spe r s ed i n  a mixture o f 

- 1  
p o l y s o rbate 8 0  i n  w a t e r  ( 1 0 0  mg . mL ) a t  a do s e  o f  1 mg p e r  day .  

There were f ive i n j ect i o n s  per we e k  for 4 we e k s . 

I n  the f i rs t  wee k t he anima l s  r e c e i  ved o n l y  i n j  ect i o n s  o f 

t e s t o s t e rone . On the f i r s t  day o f  the second wee k o f  t h e  

e xp e r iment , a l l  a n ima l s  h a d  t he ha i r  removed from t he i r  b a c k s  

w i t h  Veet® dep i l a t o r y  cream, for t h e  t o t a l  remova l o f  ha i r . After 

r emov a l  o f h ai r ,  da i l y  e c t i o n s  o f t e s t o s t e rone were 

ma i n t a i n e d ,  and a da i l y  t opi c a l  app l i ca t i on of the f o rmu l a t i on 

was added t o  the t reatment , depending on t he t reatment group 

( pl a ceb o , treatme n t , cont rol ) .  For t h e  t reatment groups , the 

opt imi z e d  f o rmu l at i on cont a ining t he nanocap s o i d s  o f  the pre sent 

i nvent i on wa s used , which wa s compared w i t h  the r e s u l t s  of the 

f o rmu l a t i on o f  f i n a s t e r i de 0 . 2 5 %  d i s c l o s e d  i n  the co-pending 

patent app l i ca t i on o f  the same App l i cant o f  the pre sent patent 

appl i ca t i o n . The f o rmu l a t i on f o r  t o p i c a l  t r e a tment of  androgen i c  

a l ope c i a ,  comme r c i a l l y  ava i l ab l e  unde r the brand name P i  l® 

( S e renoa s e r r u l a t a  extract 2 2 . 0 % ,  Va l eant ) was a l s o  t e s t e d . 
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To mon i t o r  the g rowth o f  ha i r ,  photographs were t a ken on days 

1 ,  1 5 ,  and 2 3 . On the 2 4 t h  day the anima l s  were s a c r i f i ce d  by 

ce rvi c a l  d i s l ocat i on . A s ampl e  o f  s ki n  f rom the b a c k s  of  4 

anima l s  o f e a c h  group wa s removed and eva l u a t ed 

mi c r o s c op i c a l l y .  T o  t h i s  end,  the s l i de s  were s e n t  t o  t h e  Z an o l  

l ab o r a t o r y ,  w h i c h  w e r e  prepared a n d  s t a i ned wi t h  h ematoxyl i n -

e o s  T h e n  we proc e eded t o  the is with a l i ght m i c r o s cope 

( Z e i s s  Pr imo S t a r  coup l e d  t o  the came r a  Canon Power S hot , 

PC 1 2 5 0 ) t o  det e rmine which growth st age the ha i r  wa s in . 

( MAT IAS , JR , e t  a l . ;  "Anima l mode l s  o f  androgen- dependent 

d i s orders  o f  the p i l o s ebaceous appa ratus . 1 .  The 

androchronogenet i c  

p a t t e rn ba l dnes s .  

p .  2 4 7 - 2 5 3 ,  1 9 8 9 ) . 

a l op e c i a  ( AGA ) mou s e  a s  a mode l f o r  ma l e 

Archi v e s  o f Derma t o l o g i c a l  Re s e a rch , v .  2 8 1 ,  

T o  quant i f y the data obta i ne d  by h i s t o l og y ,  i t wa s p roceeded 

the count i ng of mat u r e  f o l l i c l e s  ( wi t h  p i gmentat i on and i n s e r t e d  

i n  the adipose t i s s ue ) o f  e ach o f  t he h i s t o l o g i c a l  s l i de s  f r om 

e a ch g roup . Thus , we ana l y z ed 4 s l i de s  per group , and t h e  count 

was b a s e d  on 3 d i f fe rent foci o f  t he s ame s l i de ,  t o t a l i ng 1 2  

f i e l ds ana l yz e d  pe r group . For a compar i s on between t h e  group s , 

s t a t i s t i c a l  a n a l y s i s  by ANOVA ( a  = 0 . 0 5 )  wa s made . 

The ana l y s e s  were w i t h  a t ransmi s s i o n  e l e c t ron 

m i c r o s cope ( JEOL , JEM 1 2 0 0  Exl l ,  El ectron M i c r o s copy Cent e r  -

U FRGS ) ope rat ing a t  8 O kV . The di luted suspe n s i ons were 

dep o s  on the c arbon s upport f i lm i n  g r i ds , nega t i ve l y  

s t a ined w i t h  uranyl a c e t a t e  s o l ut i on ( 2 %  w / v )  and obs e rve d us i n g  

a magni t ude o f  2 5 0 , 0 0 0  t ime s . 
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EXAMPLE 1 . 3: Phys i cochemical cha ract e r i z at i on of  t h e  nanocap s o i d  

f o rmu l at ion cont a i n ing f in a s t e r i de 0 . 2 0 %  and minox i di l 0 . 2 0 % . 

Tab l e  2 s hows t h e  d i ame t e r  va l u e s  ( fo r  mu l t ip l e  l i gh t  

s c a t t e r i ng ) , po l yd i sp e r s ion index , z e t a  potent pH and 

v i s co s i t y  for the nanocap s o i ds f o rmu l at i ó n  o f  t h e  invent i o n  

cont a i n ing t h e  comb inat i on o f  f i n a s t e r ide and minoxi d i l .  

Table 2 .  Phys i co chemi c a l  charact e r i zat i o n  o f  t h e  nanocap s o i d s  

f o rmu l a t i on cont a i ning t he comb inat ion o f  f i na s t e ri de and 

minox i d i l ( f i n a s t e r i de O .  2 0 %  and minoxidi l O .  2 0 % ) o f  the 

invent i o n ,  comp a r e d  w i t h  the cha r a ct e r i z a t i on o f  the f o rmu l a t i on 

o f  f i n a s t e r i de 0 . 2 5 %  ( a s  d i s c l o s e d  in appl i o n  co-pending 

f r om the s ame Appl i cant o f  the p r e s ent app l i c a t i on ) 

Analysis 

Ave rage d i ame t e r  

( nm)  

Po l yd i s p e r s i o n  i ndex 

Z e t a  p o t e n c i a l  (mV )  

p H  

Vi s co s i t y  (mPa . s ) 

Formulation 0.20% 

finasteride and 

0.20% minoxidil 

2 5 5  ± 2 

0 . 2 2 ± 0 . 0 2 

- 1 1 . 7  ± 1 . 2  

6 . 4  ± 0 . 1  

1 . 2 5  ± 0 . 1 9 

Formulation 0.25% 

finas ter ide 

2 2 1  ± 3 

0 . 1 4 ± 0 . 0 3 

- 1 4 . 9  ± 2 . 7  

4 . 6  ± 0 . 1  

1 . 2 1 ± 0 . 0 7 

T h i s  f o rmu l a t i o n  conta ining 

f i na and minox i di l ,  

cha r a ct e r i s t i c s  c l o s e  t o  t h o s e  

t h e  t w o  act ive i ng r edi ent s ,  

pre sented phy s i cochemi c a l  

o f  t h e  formu l a t ion cont a in i ng 

o n l y  f i n a s  t e r  i de ( nanocap s u l e s  o f p o l y  ( 8-cap r o l a ct one ) 

con t a i n i ng 0 . 2 5 %  o f  the act ive ingredient ) ,  a s , for  e xamp l e ,  t h e  
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and the z e t a  potent . Howeve r ,  the pH wa s shown t o  b e  

c l o s e r  t o  t h e  neut r a l  value , probabl y  due to the p r e s ence o f  the 

minox i d i l  s o l u t ion i n  the e x t e rnal aqueous pha s e . 

1 shows a compa r i s on between the granu l omet r yp ro f i l e  

o f  the nanocap s o i d s  o f  f i n a s t e  r i de and minox i d i l  ( f i na s t e r ide 

0 . 2 0 %  and mino x i d i l 0 . 2 0 % ) of  the i nvent i o n  and of the 

nanocap s u l e s  o f ( O .  2 5 % )  . As n o t e d ,  t h e  

nanocap s o i ds o f  t h e  i nven t i on cont a i n i ng the combinat ion have a 

s l i ght l y  decre a s e d  m i c rome t e r  popu l a t ion 

nan omet e r . To f ac i l i t a  t e  t h i s  v i ew , the 

compared to the 

o f  the 

t r ip l i ca t e  o f  each f o rmu l a t ion lot were pre s ented s e p a r a t e l y  in 

Figure 1 .  

For a b e t t e r  eva l u a t i on o f the morpho l o g i c a l  

cha r a ct e r i s t i c s  o f  t h e  f o rmu l a t ion , ana l ys i s  o f  t ra n smi s s i on 

w i t h  e l e c t ron mi c r o s copy a s  s hown i n  Fi gure 2 wa s p e r f o rmed . 

Examp l e  1 .  4 :  As s a y  f o r  det e rmining the cap i l l a ry r e cove ry 

capa c i t y  of  t h e  nanocap s o ids o f  f i n a s t e r i de and minox i d i l  of  the 

i nvent ion 

The imp rovement in e f f i c i ency o f the cap i l la r y  re cove r y  

capa c i t y  b y  u s e  o f the nanocaps o i d  formu l a t i on cont a ining the 

comb in a t i o n  o f t h e  drugs f i n a s  t e r  i de and minox i d i l  o f the 

i nvent ion , was  a s s e s s e d  w i t h  a n  in vivo a s s a y  w i t h  t h i s  

f o rmu l a t i o n ,  and wa s compared to the s u s i n g  the 

nanocap s u l e  f o rmu l a t i on cont a i n i ng 0 . 2 5 %  f i n a s t e r i de and the u s e  

o f  a formu l a t i on ava i l a b l e  i n  t he ma r ket having a n t i androgen 

a c t i o n  i n d i c a t e d  for the t r eatment of a l ope c i a : P i l e x i l® 

( Va l e ant ) ,  w i t h  t h e  act ive i ngredient S erenoa s e r ru l a t a  e x t r a c t . 
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T o  p e r f o rm the t e s t , anima l s  o f the B 6 CBAF 1 1 were 

t re a t ed f o r  a wee k with s ubcut aneous i n j ect i o n s  o f  t e s t o s te rone , 

and i n  the se cond wee k ,  had the b a c k  dep i l at ed for t r eatment and 

det e rmina t ion , t h u s , the cap i l l ar y  re covery capac i t y  of the 

t e s t ed f o rmu l a t i on s . F i gure 3 shows the comp a r i son of  t re atmen t s  

t hrough t he p i c t u r e s  o f  t he repre sent a t ive anima l s  f rom e a ch 

group on days 1 ,  15 and 2 3 ;  t w i t h  ( A )  the nanocap s u l e  

formu l a t i o n  cont a i n ing O .  25 % f i na s t e r i de ,  a s  d i s c lo s e d  i n  t he 

c o -pending app l i c a t ion o f  t he s ame App l i cant o f  t he p r e s ent 

app l i ca t i on ;  ( B )  the f o rmu l a t ion of the invent ion cont a i n i ng 

nanocap s o i d s  comp r i s ing f i n a s t e r i de O .  2 0 %  and minox i d i l  O .  2 0 % ; 

and ( C )  P i l e x i l® .  

A s  not ed,  t h e  formu l a t ion o f  the p r e s ent i nvent i on 

p r e s e n t e d  a v i s u a l  r e s u l t  we l l  s upe r i o r  t o  t he product in the 

mar ket f o r  the t re a tment o f  androgene t i c  a l op e c i a  ( P i l e x i l® ) . 

When comp a r e d  w i t h  the f o rmu l at ion o f  nanocap s u l e s  

cont a i ning f i na s t e r i de 0 . 25 % , t h e  r e s u l t  wa s s l i gh t l y  

h i ghe r . T h i s  r e s u l t  can b e  b e s t  ob s e rved when a l l  t he anima l s  o f  

t h e  group s  were ana l y z e d  togethe r . One can obse rve a mo re 

c omp l e t e  cove r ing of h a i r  on a l l  t he an ima l s  t r e a t e d  w i t h  the 

f o rmu l a t i o n  of the pre se nt i nvent ion . In turn , in the gr oup 

t re a t e d  w i  th the formu l a t i o n  o f nanocap s u l e s  cont a i n i ng O .  2 5 %  

f i na s t e r i de , s ome anima l s  s t i l l  showed s ome a r e a s  w it hout f u l l  

cove r a g e  b y  the new coat o f  ha i r . 

The h i s t opatho l o g i c a l  ana l ys i s ,  s hown in F i gure 4 ,  and c e l l  

count s ,  s hown i n  Fi gure 5 ,  f rom the s l i de ima g e s  showed 

s i gni f i cant d i f f e rences between the groups ( ANOVA , � 0 . 05 ) . 

The nanocap s o i d  f o rmu l a t i o n  w i t h  a comb i n a t i on o f  the drugs 

f i na s t e r i de and minox i di l o f the pre sent i nvent i on e xh i b i  t ed a 

28 



.. 

CA 02883998 2015-02-26 

numb e r  o f  f o l l  s p e r  f i e ld s f i cant l y  h i gh e r  t han t h a t  o f  

the P i l ex i l® f o rmu l a t i on ,  being s imi l a r  t o  that s hown b y  t h e  

f o rmu l a t i on o f  nanocap s u l e s  cont a i ning 0 . 2 5 %  f i n a s t e ri de ( ANOVA , 

ex 0 . 0 5 ) . 

A l t hough the v i s u a l  r e s ul t s , through the a c c ompanying 

photographs , o f  ha i r  growth us ing t h e  nanocap s o i d s  f o rmu l a t i on 

cont a i n i ng minox i d i l  and f i na o f  the pre sent invent i on 

have been s l i ght l y  h i gher compared t o  t h o s e  pre s ented by the u s e  

o f  the nanocap s u l e  f o rmu l at i on cont a i ning 0 . 2 5 %  f i n a s t e r ide , the 

r e s u l  t s  o f t h e  ce l l  count s s howe d s imi l a r  i t y  between the s e  two 

f o rmu l a t i on s . Thu s ,  i t can be concl uded t ha t  the addi t i on o f 

minox i d i l  a s s i s t s  in acce l e ra t ing t h e  growt h o f  the ha i r  

w i t hout f a vor ing howeve r the deve l opment ( ma t u ra t ion ) 

t h e r eo f . That i s ,  minox i di l a c c e l e r a t e s  the growth o f  h a i r ,  but 

doe s  not reve r s e  t he cap i l l ar y  invo l u t i on that occurr ing i n  

a n dr ogeni c  a ; thi s reve r s a l  i s  p r ov i ded by f i n a s t e r i de . 

EXAMPLE 2 :  Pharmaceutical compositions comprising minoxidil and 

finasteride nanocapsoids 

Example 2.A - Formu l at i on in t he form o f  t op i c a l  s ol u t ion 

Nanocap s o i d s  o f  f i na s t e r i de and mi nox i d i l  a r e  a s  

de s c r ibed in Examp l e 1 . 1 .  The t opi c a l  s o l ut i on i s  p r e p a r e d  

re s u l t i n g  i n  the f o rmu l a t ion i n  Tab l e  3 .  
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Table 3 :  Formu l a t i on in f o rm o f  a t op i c a l  so lut ion cont a ining 

t h e  nanocap s o i d s  s u spens ion cont aining 0 . 0 2 5 %  f in a s t e r i de and 

0 . 2 0 %  mino x i d i l .  

Compc:ments · .. · · . . ·• ·• . . .. Peroen.tage 

o f and 
3 . 2 3 

c ap r yl i c  a c i ds 

S o r b i t a n  mono st earate 0 . 7 7 

P o l y ( e- c aprol actone ) 1 .  0 0  

F i n a s  t e r  i de 0 . 0 2 5  

Po l i s o rb a t e  8 0  0 . 7 7 

Minox idi l 0 . 2 0 

D i s t i l l e d  wat e r  9 4 . 0 0 5  

Example 2.B - For.mulation in the for.m of topical gel 

Nanocap s o i d s  o f  

de s c r ibed i n  Examp l e  1 . 1 .  

s t e r i de and minox i d i l  are prepared a s  

The nanocap s o i d suspens ions , prepared a s  de s c r ibed i n  

Examp l e  2 . A , we r e  t h i c kened w i t h  0 . 2 % C a rbopol® 9 4 0 . 

T r i ethano l amine qs wa s added t o  obt a i n  a s u i t a b l e  v i s c o s i t y  f o r  

t op i c a l  app l i cat ion . T h e  r e s u l t i ng g e l  h a s  t h e  f o rmu l a t ion s hown 

in T a b 1 e  4 .  
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Table 4 :  Fo rmu l a t i on i n  form o f  a t op i c a l  gel  conta in i ng t h e  

nanocap s o i d  s u s pe n s i o n  o f  0 . 0 5 %  f in a s t e r i de and 0 . 2 5 %  minoxidi l . 

. ·· . .  ! .  ' • •  

Components Pe:rcen tage . 

T r i glyce r i de s o f cap r i c  and 
3 . 2 3  

capry l i c  a c i ds 

S o r b i t a n  mo nos t e a r  a t e  0 . 77 

P o l y ( E- ca p r o l actone ) 1 .  00 

F i n a s  t e r  i de 0 . 05 

Po l i s o r b a t e  8 0  0 . 77 

C arbopol 9 4 0  0 . 2 0  

D i s t i l l ed w a t e r  9 3 . 73 

T r i e than o l amine qs 

EXAMPLE 2.C: Formu l at i o n  in f o rm of a t op i ca l  l ot i on 

I n i t i a l l y ,  pha se 1 is prepared as de s cr i b e d  i n  Examp l e  2 . A ,  

and t h e  comp o s i t i on was emp l oyed f rom p h a s e  1 in  T a b l e  

5 .  Separat e l y ,  t h e  component s were me rged f rom pha s e  2 i n  a 

wat e r  b a t h  at  5 0  ° C  and removed f rom heat ing a ft e r  f u s i o n . N e x t , 

add pha s e  3 t o  pha s e  1 and d i s p e r s e  unde r con s t ant magnet i c  

s t i r r i ng . Add t h i s  mixture o f  pha s e s  1 and 3 i n  t h e  mo l t en 

2 and c o o l  t o  4 0  ° C  unde r moder a t e  me chan i ca l  a g i t a t i on t o  avo i d  

a i r  i ncorporat i o n . 
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Table 5 :  Formu l a t i o n  f o rm o f  a t op i c a l  lot i o n  cont a i n i n g  t h e  

nanocap s o i d  suspe ns ion conta i n i n g  0 . 1 % f in a s t e r i de a n d  0 . 3 % 

minoxi d i l .  

Componerits ' Phase, l 

T r i g l yc e r i d e s  o f cap r i c  and 

cap r y l i c  a c ids 

S o rb i t a n  mono s t e ar a t e  

P o l y ( s- c a p r o l a ctone ) 

F i n a s  t e r  i d e  

P o l i s o r b a t e  8 0  

M i noxi d i l 

D i s t i l l e d  w a te r  , ,, , , 
Components J?hasê 2 

C o co nu t  o i l  

Propylp a r ab e n  

Methylp a r ab e n  
,', : , ,

,
, '
,
, ', , 

' 

Compon�mts Jlba,se 3 ' :  

S a l ca r e  S C 9 1  ( I NCI : 

Po l ya c r y l amide and C 1 3 - 1 4  

I s opa r a f f i n  and Laureth- 7 ) 

' 

', 

: 

I •  

', ' < ' ' ,;: 
Percentaqe · ' (%)  

3 . 2 3 

0 . 7 7 

1 .  0 0  

0 . 1 0 

0 . 7 7 

0 . 3 0 

8 9 . 5 3 

�"'�/>�\' ' ', ',> ' " 
... Percel'lt.�9'� 

2 . 0  

0 . 2  

0 . 1  

' 
•,' ,  

(%)  

I c. : '':,' . ' · wve" "' 
: :: <> ,' ,, , 

P!!raeritage (%) .  

2 . 0  

' 

A l l pub l i cat i ons and pat ent app l i cat ions ment i oned i n  t h i s  

s pe c i f i ca t i on a r e  indi ca t ive o f the l eve l o f those s ki l l e d  i n  

the a r t  t o  whi c h  invent i on r e l a te s . Al l publ ions and 

p a t ent app l i ca t i on s  are i ncorpo rated he r e i n  by r e f e rence t o  the 
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s ame e x t ent a s  i f  each individu a l publ i o n  or  p a t ent 

app l i ca t i o n  were e a ch spe c i f i c a l l y  and i nd i v i du a l l y  i n d i c a t e d  t o  

b e  i nco rpo rated f o r  e a s e  o f  r e fe rence . 

A l t hough c e r t a i n  embodiment s have been de s c r ib e d ,  t h e y  a r e  

p r e s e n t e d  in a n  e x emp l a ry mode onl y ,  a n d  are not i nt ended t o  

l im i t  t h e  s cope o f  t he invent i o n . I n  fact , t h e  new embodime n t s  

de s c r ibed h e r e i n  may be imp l emented i n  a var i e t y  o f  o t h e r  fo rros ; 

mor e  t h a n  t h a t , va r i o u s  omi s s i ons , subs t it u t i on s  and change s i n  

t h e  f o rro o f  t h e  embodiments de s c r ibed h e r e i n  m a y  be made w i t hout 

d i v e r g i ng f rom the s p i r i t  of the i nvent i on . The c l a ims and t he i r  

e qu i v a l ent s a ccompanying t h i s  de s cr ipt i o n  a r e  cons i de r e d  t o  

cover such f o rros or  mod i f i ca t i on s  a s  they may b e  w i t h i n  the 

s cope and spi of the i nvent i o n . 
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CLAIMS 

1 .  Po l yme r i c  nanopa r t  i n  form o f  a nanocap s o i d  c omp r i s i n g  

the act i v e  i ngredi ent s f i n a s t e r i de a n d  minoxi di l ,  whe r e i n  s a i d  

nanop a rt i c l e  i s  f o rmed from preparing an o rgan i c  pha s e  a n d  an 

a queous pha s e ,  where i n : 

( i )  the o r g a n i c  p h a s e  comp r i s e s : ( a )  a hydrophob i c  p o l yme r ,  ( b )  

a oi l ,  ( c )  a t  l e a s t  one l ow HLB l ipophi l i c  s u r f a c t ant , ( d ) 

an  o r g a n i c  s o l vent , ( e )  a c o - s o lvent , ( f )  f i n a s t e r i de ; and 

( i  i )  the aqueous pha s e  comp r i s e s : ( g)  at l e a s t  one h ydroph i l i c  

sur f a c t ant , ( h )  minoxi d i l , and ( i )  wat e r . 

2 .  P o l yme r i c  nanopart a ccording to c l a im 1 ,  whe r e i n  s a i d  

hydrophob i c  p o l yme r i s  s e le c t e d  from the group cons i s t ing o f  

v i n y l  p o l yme r s , p o l ye s t e r s , pol yami de s , p o l yurethanes and 

p o l yc a rbonat e s . 

3 .  Po l yme r i c  nanop a rt i c l e  according t o  c l a im 2 ,  whe r e i n  s a i d  

hydrophobi c  p o l yme r i s  a bi odegrada b l e  p o l ymer from t h e  g roup o f  

p o l ye s t e r s  having a me l t ing point o f  l e s s  than 1 2 0 ° C .  

4 .  P o l yme r i c  nanop a r t i c l e  according t o  c l a im 3 ,  whe r e i n  s a i d 

b i ode gr a dab l e  p o l yme r f rom the g roup o f  p o l ye s t e r s  having a 

me l t ing point l e s s  than 1 2  O o C i s  s e lected f rom t h e  group 

cons i s t i n g  o f  a p o l y ( l a c t i de ) ; p o l y ( g l yco l i de ) ; copo l yme r s  o f  

p o l y ( l a ct i de - c o - g l ycol ) ;  p o l ycapro l a ctone ; and a cop o l yme r o f  

p o l yc ap r o l a c t one w i t h  a p o l ye s t e r , w i t h  a pol yamide f w i t h  a 

p o l yu r e t hane or  w i t h  a vinyl p o l yme r . 

5 .  Po l yme r i c  nanop a r t i c l e  ac cording t o  c l a im 4 f whe r e i n  s a i d  

p o l ycapro l a c t one i s  a po l y  ( 0- capr o l a ct one ) .  

6 .  P o l yme r i c  nanop a r t i c l e  a c cording to c l a im 1 f whe r e i n  s a i d  

f i xed o i l  i s  s e l e ct ed f rom the group cons i s t i ng o f  cano l a  o i l f 
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s o y  o i l ,  o l i ve o i l ,  me dium- chain t r i g l yc e r i de s ,  and mixtures 

t h e r e o f .  

7 .  Po l yme r i c  nanopart i c l e  a ccording t o  c l a im 6 ,  whe r e i n  s a i d 

medium- cha i n  t r i g l yc e r i de s  are s e l ected f rom t h e  gr oup o f  

t r i g l  s o f  and capryl i c  a c i d s , propylene g l yc o l  

di cap r i o  caprat e ,  macrogo l g l yc e r i des o f  o l e yl , l aur i l ,  l i nol e o i l  

and mi x t u r e s  t h e re o f . 

8 .  P o l yme r i c  nanop a rt i c l e  a ccording t o  c la i m  1 ,  whe r e i n  s a i d  l ow 

HLB l ipoph i l i c  s u r fact ant wi  t h  a value i n  the range o f 3 t o  6 

and i s  s e l e c t e d  f rom a g roup cons i s t ing o f  s o rb i t an 

mono s t e a ra t e , s orb i t an d i s t ea r at e ,  s o rbi tan t r i s t e a r at e , c ap r i l  

capryl ma crogo l g l yc e r i de s , propylene g l yc o l  l au r at e s , 

p ropylene g l y c o l  capryl a t e s , g l yceryl mono s t e a r at e , p o l y g l yc e r y l  

o l ea te s ,  a n d  mi xtures thereo f .  

9 .  Po l yme r i c  nanop a rt i c l e  a ccording t o  c l a im 8 ,  whe r e i n  s a i d  l ow 

HLB l ipoph i l i c  s u r f ac t ant i s  s o rb i t an mono s t e a r a t e . 

1 0. P o l yme r i c  nanop a r t i c l e  t o  c l a im 1 ,  whe r e i n  s a i d  

o r g a n i c  s o l vent i s  a so lvent which h a s  phy s i cochemi c a l  

prope r t i e s  o f  t h e  i n t e rmo l e cu l a r  i n t e r a c t i on wi t h  wat e r  and i s  

s e l e c t e d  f rom the gr oup con s i  o f  acetone , 

dime t h y l s u l f ox i de , dimethyl formami de , N-me t h y l p yr r o l i done , 

d i oxane , a c e t oni t r i le , me thyl ethyl ket one , and mixtures t h e r e o f  

1 1 .  P o l yme r i c  nanopar t i c l e  a c cording t o  c l a im 1 O ,  whe r e i n  s a i d  

o rgan i c  so lvent i s  a ce tone . 

1 2 . P o l yme r i c  nanopart a c cording t o  c l a im 1 ,  whe r e i n  s a i d 

c o - s o l  vent i s  s e l e ct ed f rom the group cons i s t ing o f met hano l ,  

e t hano l ,  propano l ,  and i s op ropanol or  other a l coho l , mono- ,  di - ,  

t r i - o r p o l yhydroxyl a t e d ,  g l ycero l , s o rbi t o l , p o l ye t h y l ene 

g l yc o l ,  mann i t o l , and p ropylene g l yco l . 
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1 3 . P o 1 yme r i c  nanopart 

c o - s o l vent is e t h a no l . 

according t o  c l a im 1 2 , whe r e i n  s a i d  

1 4 . P o l yme r i c  nanopa r t i c l e  a ccording to c l a im 1 ,  whe re i n  s a i d  

hydroph i l i c  s u r f a c t ant i s  s e l ected f rom t h e  group cons i s t i ng o f  

p o l y  oxygena t e d  p o l yme r s , i o n i c  s u r fa c t ant and neu t r a l  

s u r f a c tant . 

1 5 . P o l yme r i c  nanop a r t i c l e  according t o  c l a im 1 4 ,  whe r e i n  s a i d  

hydroph i l i c  s u r fa ct ant i s  a neut r a l  hydroph i l i c  s u r f a ct a n t  

s f rom t h e  group cons i s t ing o f p o l y s o rb a t e  2 0 ,  

p o l y s o rb a t e  6 0  o r  p o l y s o rbate 8 0 ,  ma crogol s t e a r a t e ,  mac r o g o l  

c e t o s te a r y l  ether , macrogol lauryl ether , macrogo l o l eyl e t he r , 

mac r o g o l  o l e at e ,  p o l yoxyl c a s t o r  o i l ,  hydrogenat e d  p o l yoxyl 

c a s t o r  o i l , and mi x t u r e s  thereo f .  

1 6 .  Po l yme r i c  nanopart a ccording t o  c l a im 1 4 ,  whe r e i n  s a i d  

neu t r a l  hydroph i l i c  s u r factant i s  p o l y s orbate 8 0 .  

1 7 . An aqueous s uspen s i on o f  polyme r i c  nanopa r t i c l e s  a s  de f i ne d  

i n  any o n e  o f  c l a ims 1 to 1 6 ,  s a i d  s u s pen s i on comp r i s e s : 

( i )  i n  t h e  o r g a n i c  pha s e  . , ( a )  f rom 0 . 0 1 %  t o  3 0 . 0 % ( w /w ) o f a 

hydrophob i c  p o l yme r ,  ( b )  from 0 . 0 1 %  t o  5 0 . 0 % ( w/ w )  o f a f i xed 

o i l  (c) from 0 . 0 1 %  to 5 0 . 0 % ( w /w ) o f a t  l e a s t  one l ow HLB 

1 l i  c s u r fa c t ant ( d ) from 1 0 %  t o  8 0 %  ( w / w )  o f o r g a n i c  

s o l vent , and ( e )  0 . 0 0 1 %  t o  5 0 %  ( w / w )  o f a c o - s o lvent ; and ( f )  

f r om 0 . 0 0 1 %  t o  8 0 . 0 % ( w /w ) o f  f i n a s t e r i de ; and 

( i i )  in the aqueous pha s e : ( g )  0 . 0 0 1 %  to 8 0 . 0 % ( w/ w )  minox i d i l ,  

( h )  O .  0 5 %  t o  2 0 . 0 % ( w / w )  o f  at  l e a s t  one hydroph i l i c  s u r f a c t ant 

and ( i )  f rom 1 0 %  to 9 0 %  ( w /w )  wate r . 

1 8 . An aqueous s u spen s i on p o l yme r i c  nanopa r t i c l e s  a c c o r d i n g  

t o  c l a im 1 7 ,  s a i d  s u spen s i on comp r i s e s : 
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( i )  in  the c pha s e : ( a )  f rom 0 . 0 5 %  to  2 0 . 0 % ( w / w )  o f  p o l y  

( 0- c ap r o l a ct one ) ;  ( b )  f rom O .  0 5 %  to 2 0 . 0 % ( w / w )  o f  me dium- c h a i n  

t r i g l yc e r i de s ;  ( c )  f rom 0 . 0 5 %  to 2 0 . 0 %  ( w/ w )  s o rb i t an 

mono s t e a rate ; ( d )  f r om 1 0 %  to 8 0 %  ( w / w )  a c e t one ; and ( e )  O .  0 0 1 %  

t o  5 0 %  ( w / w )  e t h a no l ;  and ( f ) from 0 . 0 0 5 %  t o  5 0 . 0 % ( w /w ) o f  

f i na s t e r i de ;  and 

( i i )  in the a queous pha se : ( g )  0 . 0 0 5 %  to 5 0 . 0 % ( w /w ) minoxi di l ;  

( h )  0 . 0 5 %  t o  2 0 . 0 % ( w /w ) p o l y s o rbate 8 0 ;  and ( i )  from 1 0 %  t o  9 0 %  

( w / w )  wat e r . 

1 9 .  A pharma ceut i c a l  compos i o n  for t h e  t reatment o f  a l ope c i a  

c ompr i s i ng : 

( A )  nanocap s o ids a s  de f i n e d  i n  any o f  c l a ims 1 t o  1 6 ,  s a i d  

nanocap s o ids comp r i s i ng ( a )  f rom O .  0 1 %  t o  2 .  5 %  ( w /w ) o f  

f i n a s t e r i de ;  ( b )  f rom O .  0 1 %  t o  1 0 . 0 % ( w/w ) minoxidi l ;  ( c )  f rom 

0 . 1 % t o  1 0 . 0 % ( w /w ) o f  a hydrophobi c  p o l yme r ;  ( d )  f rom 0 . 1 % t o  

5 . 0 % ( w /w ) o f  a f i xed oi l ;  ( e )  0 . 1 % to 5 . 0 % ( w /w ) o f  at l e a s t  

one l ow H L B  l ipoph i l i c s u r f a ct ant ; ( f ) f rom O .  0 0 1 %  t o  1 0 %  ( w /w ) 

o f  a hydroph i l i c  s u r factant ; and 

( B )  a pha rma ceut i c a l l y  a ccept ab l e  car r i e r ,  whe r e i n  the amoun t s  

o f  t h e  c omponents o f  t h e  nanocap s o i ds a r e  a o f  the 

final f o rmu l a t i on and said nanocap s o ids are di spe r s e d  i n  s a i d  

pharma ceut i c a l l y  a c ceptab l e  veh i c l e . 

2 0 . A pharmaceut i c a l  compo s i t i o n  according t o  c l a im 1 9 ,  whe r e i n  

s a i d  hydrophobi c  p o l yme r i s  p o l y ( D-caprol a c tone ) ,  s a i d  f ixed o i l  

i s  med i um- c h a i n  t r ig l ycer i de , s a i d  l ow HLB l ipoph i l i c  s u r fa c t ant 

is s o r b i t a n  monos t e a r at e ,  and s a i d  hydroph i l i c  sur f a ct ant i s  

p o l y s o rbate 8 0 .  

2 1 . A pharma ceut i c a l  compos a ccording t o  c l a im 1 9  o r 2 O ,  

whe r e i n  s a i d  compo s i t ion comp r i s e s  nanocap s o ids d i s pe r s e d  i n  a 
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pharmaceu t i c a l l y  e l e  cont a i n i n g  0 . 0 1 a 1 . 0 % ( w / w )  

f i n a s t e r i de a n d  0 . 0 1 t o  2 . 0 % ( w / w )  mi noxi d i l . 

2 2 . A pharmaceut i c a l  compo s it i on a ccording t o  c l a ims 2 0  and 2 1 ,  

whe r e i n  i t  i s  f o r  t op i c a l  admi n i s t ra t i on and i s  in the f o rm o f  a 

s o l u t i o n ,  gel  or  l ot i on . 

2 3 .  A p h a rmaceut i c a l  comp o s i  t i on a ccording t o  c l a ims 1 9  t o 2 2  

whe r e i n  i t  f u r t h e r  comp r i s e s  addit ives s e l e c t e d  f r om 

di spe r s a nt s ,  s u r f actant s , 

t h i c kene r s , s e que s t e r ing 

f r agrances and the l i ke . 

mo i st u r i z ing agent s , 

s ,  pre s e rvat i ve s ,  

emo l l i e nt s ,  

ant i oxidan t s , 

2 4 . A proc e s s  f o r  preparing po l yme r i c  nanopa r t i c l e s  de f ined i n  

a n y  o f  c l a ims 1 t o  1 6 ,  whe r e i n  s a i d  proce s s  compr i s e  t h e  s te p s  

o f : 

( i )  

p o l yme r and 

an o rgan i c  

f i na s t e r ide , 

pha se by d i s s o l  ving t h e  h ydropho b i c  

a f ixed o i l , a t  l e a s t  o n e  l ow H L B  

s u r f a c t ant , in a n  o r g a n i c  s o lvent a n d  a co- s o l vent ; 

( i i )  prepa r ing an aqueous pha se by d i s s o lving mi nox i di l ,  a t  

l e a s t  one p r e f e r a b l y  hydroph i l i c  s u r f a ct ant i n  wat e r ; 

( i i i ) i n j  e c t ing t h e  organi c  pha s e  i n  t he aqueous pha s e  t o  a l l ow 

f o rma t i on o f  the p r ima ry emu l s ion o f  nanopa r t i c l e s  on t h e  

i n t e r f ac e  o f  t h e  t wo pha s e s , the mixture b e i n g  ma i n t a ined unde r 

s t i rr i ng f o r  a t 

a c t ive ingredient s ; 

s u f f i c i ent for adequate encap s u l at i o n  o f  the 

( i  v )  r emoving at  l e a s t  one organic sol vent and r ecove r i ng t h e  

aqueous pha s e  conta i ning t h e  nanocap s o ids . 

38 
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2 5 . Pro c e s s  a c c o r d i n g  to c l a im 2 5 ,  whe r e i n  the f i na and 

minox i d i l  nanocap s o i d s  are obt a i ned by t he method of i nt e r f a c i a l  

depo s i t i on o f  p r e f o rme d p o l yme r . 

2 6 .  U s e  o f  t h e  nanocap s o i d s  a s  de f i ned in any one o f  c l a ims 1 t o  

1 6 ,  whe r e i n  i s  for the i o n  o f  a pharma ce u t  

compos i t i o n  f o r  t h e  t re atment o f  a l opeci a . 

# 1 2 7 3 6 1 8  

3 9  
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CLAIMS 

1 .  P o l yme r i c  nanopa r t i c l e  comp r i s  t h e  act ive ingredients 

f in a s  t e r  i de and minox idi l ,  whe rein said nanopart i s  f o rmed 

f r om preparing an organic phase and an aqueous pha s e ,  whe r e i n : 

( a )  t h e  organic pha s e  comp r i s e s : ( i )  a hydrophobic p o l yme r ,  ( i  i )  

a f i xe d  o i l , ( i i i )  at  l e a s t  one l ow HLB l ipoph i l i c  s u r f a ct ant , 

( i  v )  an  organic s o l vent , ( v )  a co- so l vent , ( vi )  f i n a s t e r i de ; and 

( i  i )  t h e  aqueous pha s e  comp r i s e s : ( vi i )  at l e a s t  one hydroph i l i c  

s u r fa c t ant , ( vi i i )  minoxidi l ,  and ( i x )  wat e r . 

2 .  P o l yme r i c  nanop a rt i c l e  according t o  c l a im 1 ,  whe r e i n  i t  i s  i n  

t h e  f o rm o f  a nanocap s o i d . 

3 .  P o l ymer i c  nanopart according t o  c l a im 1 ,  wherein s a i d  

hydrophob ic po l yme r i s  s e l e c t e d  from t h e  group cons i s t i ng o f  

v i n y l  p o l yme r s , p o l ye s t e r s , pol yami des , p o l yurethanes and 

p o l y c a rbonat e s . 

4 .  c nanopa r t  a ccording t o  c l a im 3 ,  whe r e i n  s a i d  

h ydrophob i c  p o l yme r i s  a bi odegradabl e  p o l yme r f rom t h e  g roup o f  

p o l ye s te r s  having a me l t ing point o f  l e s s  t han 1 2 0 ° C .  

5 .  Po l yme r i c  nanopart i c l e  a ccording t o  c l a im 4 ,  whe r e i n  s a i d  

b i odegra dabl e  p o l yme r f rom t h e  group o f  p o l ye s t e r s  having a 

me l t ing p o i n t  o f l e s s  than 12  O o C i s  f rom t h e  gr oup 

cons i s t i n g  of a p o l y ( l a c t i de ) , p o l y ( g l yc o l i de ) , copo l yme r s  o f  

p o l y ( l a c t i de - c o - g l y c o l i de ) , pol ycapro l a ctone , and a copo l yme r o f  

p o l y c ap r o l a ct one w i t h  a p o l ye s t e r ,  w i t h  a p o l yami de , w i t h  a 

p o l yurethane o r  w i t h  a vinyl p o l yme r . 

6 .  P o l yme r i c  nanop a r t i c l e  according to c l a im 5 ,  whe r e i n  s a i d  

p o l ycap r o l a ct one i s  a p o l y  ( 0- capro l a ct one ) .  
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7 .  P o l yme r i c  nanop a r t i c l e  according t o  c l a im 1 ,  whe r e i n  s a i d  

f i xed o i l  i s  s e l e c t ed from t he g roup cons i s t ing o f  canol a  o i l ,  

s o y  o i l ,  o l i ve o i l ,  me dium- cha i n  t r i gl yc e r i de s ,  and mixtures 

t h e reo f . 

8 .  Po l yme r i c  nanopa r t  a ccording t o  c l a im 7 ,  whe r e i n  s a i d  

med i um- ch a i n  t ri g l yc e r i d e s  a r e  s e l ected f rom t h e  g roup o f  

t r i g l yc e r i de s  o f  capr i c  and capry l i c  a c i d s , propylene g l yc o l  

d i capri o  , macrogo l g l yc e r ides o f  o l e yl , 1 ,  l ino l e o i l  

and m i xt u r e s  t h e r e o f .  

9 .  Po l yme r i c  nanop a rt i c l e  a ccording t o  c l a im 1 ,  whe r e i n  s a i d  l ow 

HLB l ipoph i l i c s u r f ac t ant ha s a value i n  t h e  range o f  3 t o  6 and 

i s  f r om a g roup cons i st i ng o f  s o rb i t an mono s t e a rat e ,  

s or b i  t an d i s t e a ra t e , s o rb i  tan t r i s t e arat e ,  capr i l  capry l i c  

ma c r o g o l g l yc e r i de s ,  propylene g l yc o l  l aura t e s , p ropylene g l yc o l  

capryl a t e s , g l yc e r y l  mono s t earate , p o l yg l yc e r y l  o l e at e s , and 

mixtures t h e r eo f . 

1 0 . P o l yme r i c  nanopa r t i c l e  according t o  c l a im 9 ,  whe r e i n  s a i d  

l ow HLB l ipoph i l i c  s u r f a ctant i s  s o rb i t an mono s t earat e .  

1 1 .  P o l yme r i c  nanop a rt i c l e  according t o  c l a im 1 ,  whe r e i n  s a i d  

o r g a n i c  s o l  vent i s  a s o l  vent which h a s  phy s i co chemi c a l  

propert i e s  o f t h e  intermo l e c u l a r  i nt e ract ion w i  t h  wat e r  and i s  

s e l e ct e d  f rom t h e  g roup cons i s t ing o f  a c e t one , 

dime t h y l s u l foxide , d imethyl f o rmami de , N-methylpyr r o l i done , 

d i oxane , acetoni t r i l e ,  methyl ethyl ket one , and mixt ures t h e r e o f  

1 2 . P o l yme r i c  nanopa r t i c l e  according t o  c l a im 1 1 ,  whe r e i n  s a i d  

o r g a n i c  s o l vent i s  a ce t one . 

1 3 . P o l yme r i c  nanopa rt i c l e  according to c l a im 1 ,  whe re in s a i d  

c o - s o l  vent i s  f rom the g roup con s i s t i ng o f met hano l ,  

e t h a no l ,  p ropano l ,  and i s op ropanol or  o t he r a l c oho l , mono- , d i  , 
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t r i - or p o l yhydroxyl a t e d ,  g l yc e ro l , s o rb i t o l , p o l ye t h y l ene 

g l yco l f mann i t o l , and p ropylene gl ycol . 

1 4 . P o l yme r i c  nanop a r t i c l e  a ccording t o  c l a im 1 3 ,  wher e i n  s a i d  

c o - s o lvent i s  ethano l . 

1 5 . Po l yme r i c  nanopart i c l e  a ccording to c l a im 1 ,  whe r e i n  s a i d  

hydroph i l i c  s u r f a ct ant i s  s e l ected f rom t h e  g roup cons i s t ing o f  

p o l y  oxyge nated p o l yme r s , i o n i c  s u r fa c tant and neut r a l  

s u r fa c t ant . 

1 6 .  P o l yme r i c  nanopa r t i c l e  a ccording t o  c l a im 1 5 f  whe r e i n  s a i d  

hydrophi l i c  s u r f a c t ant i s  a neut r a l  hydroph i l i c  s u r f a c t ant 

s e l e c t e d  from the g roup cons i s t i n g  o f  p o l y s orbate 2 0 ,  60 or 8 0 f  

ma c r o g o l  s t e a r at e f macrogo l c e t o s t e a r y l  ether f mac r o g o l  l au r y l  

e t h e r  f macrogol  o l e yl e t h e r  f macrogol o l e at e f  pol yoxyl c a s t o r  

o i l , hydrogenat e d  p o l yoxyl c a s t o r  o i l f  and mixt ures t h e r e o f .  

1 7 . Po l yme r i c  nanopart i c l e  according t o  c l a im 1 5 ,  wher e i n  s a i d  

neut r a l  h ydroph i l i c  s u r f a ctant i s  p o l y s o rbate 8 0 .  

1 8 . An a queous suspens i on o f  p o l yme r i c  nanopar t i c l e s  a s  de f i ned 

in any one of c l a ims 1 t o  1 7 , suspens ion comp r i s e s : 

( i )  an o r g a n i c  pha s e  comp r i s ing : ( a )  from 0 . 0 0 1 %  t o  8 0 . 0 % ( w/ w )  

o f  f in a s t e ri d e , ( b )  f rom O .  0 1 %  t o  3 0 . 0 % ( w /w ) o f  a hydrophobi c  

p o l yme r ,  ( c )  f rom 0 . 0 1 %  t o  5 0 . 0 % ( w/w ) o f  a f i xe d  o i l  ( d ) f r om 

0 . 0 1 %  t o  5 0 . 0 % ( w / w )  o f  a t  l e a s t  one l ow HLB l ipoph i l  

s u r fa ctant ( e )  f r om 1 0 %  t o  8 0 %  ( w / w )  o f  o rgani c  s o lvent , and ( f ) 

0 . 0 0 1 %  t o  5 0 %  ( w /w ) o f  a c o - s o l vent ; and 

( i i )  an  a queous pha se cont a i n ing ( g )  0 . 0 0 1 %  t o  8 0 . 0 % ( w /w ) 

minoxi di l f  ( h )  O .  0 5 %  t o  2 0 . 0 % ( w/w ) o f  a t  l e a s t  one hydrophi l i c  

s u r f a ctant and ( i )  f rom 1 0 %  t o  9 0 %  ( w / w )  wat e r . 
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1 9 .  An a queous ion o f p o l yrne r i c  nanop a r t  

t o  c l a irn 1 8 f  s a i d  s u spens i on cornp r i s e s : 

s a c c o r d i n g  

( i )  an  o rgani c  pha s e  cornpr i s ing : ( a )  f rorn O .  0 0 5 %  t o  5 0 . O %  ( w /w ) 

o f  f i n a s t e r i de ; ( b )  f rorn 0 . 0 5 %  t o  2 0 . 0 % ( w / w )  o f  p o l y  ( 0-

cap r o l a ct one ) ;  ( c )  0 . 0 5 %  t o  2 0 . 0 % ( w / w )  o f  rned i urn- cha i n  

t r i g l yce r i de s ; ( d )  f rorn 0 . 0 5 %  t o  2 0 . 0 %  ( w / w )  s o r b i t a n  

rnono s t e a r a t e ; ( e )  f r orn 1 0 %  t o  8 0 %  ( w /w ) a c e t one ; a n d  ( f ) 0 . 0 0 1 %  

t o  5 0 %  ( w /w ) e thanol ;  and 

( i i )  an  a queous pha s e  cornp r i s i ng : ( g )  0 . 0 0 5 %  to 5 0 . 0 % ( w /w ) 

rninoxi d i l ;  ( h )  0 . 0 5 %  t o  2 0 . 0 % ( w / w )  pol y s o rb a t e  8 0 ;  and ( i )  f r orn 

1 0 %  t o  9 0 %  ( w / w )  w a te r . 

2 0 .  A pharrnaceu t i c a l  cornpo s i t i on for t he t re atrnent o f  a l ope c i a  

c ornpr i s ing : 

( A )  nanocap s o i d s  a s  de f i ne d  i n  any o f  c l a irns 1 t o  1 7  f s a i d  

nanocap s o i d s  cornp r i s ing ( a )  f rorn O .  0 1 %  t o  2 .  5 %  ( w /w ) o f  

f i n a s t e r i de ;  ( b )  f rorn 0 . 0 1 %  t o  1 0 . 0 % ( w / w )  rninox i di l ;  ( c )  f r orn 

0 . 1 % t o  1 0 . 0 % ( w / w )  o f  a hydrophob i c  p o l yrne r ;  ( d )  f rorn 0 . 1 % t o  

5 . 0 % ( w / w )  o f  a f ixed o i l ;  ( e )  0 . 1 % t o  5 . 0 % ( w /w ) o f  at  l e a s t  

one l ow HLB l ipoph i l i c  s u r f a c t ant ; ( f )  f rorn O .  0 0 1 %  t o  1 0 %  ( w / w )  

o f  a hydrophi l s u r fact ant ; and 

( B )  a pharrna ceut i ca l l y  a cceptable f whe r e i n  t h e  arnount s 

o f  t h e  c ornponent s o f  t h e  nanocap s o i ds are a pe rcentage o f  t h e  

f i n a l  f o rrnu l a t i o n  and s a i d  nanocap s o ids a r e  di s p e r s e d  i n  s a i d  

pharrnaceut i c a l l y  acceptab l e  veh i c l e . 

2 1 .  A pharrna ceut i cornp o s i t ion a ccording t o  c l a irn 2 0 ,  wher e i n  

s a i d  hydrophob i c  p o l yrne r i s  p o l y ( D-capr o l actone ) ,  s a i d  f i xed o i l  

i s  rned i urn- cha in t r i g l yc e r i de f s a i d  low HLB l ipop h i l i c  s u r f a c t ant 

is s o r b i t a n  rnonos t e a r at e ,  and s a i d  hydroph i l i c  s u r f a c t ant i s  

p o l y s o rb a t e  8 0 . 
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2 2 . A compos i t ion a ccording t o  2 0  or  2 1 ,  

whe r e i n  s a i d  c ompo s i t i on comp r i s e s  nanocap s o i ds di spe r s e d  i n  a 

pharmaceut i ca l l y  a c ceptab l e  veh i c l e  cont a i ni n g  0 . 0 1 a 1 . 0 % ( w/ w )  

f i n a s t e r i de and 0 . 0 1 t o  2 . 0 % ( w/w ) mi noxidi l .  

2 3 . A pharma ceut compos according t o  c l a im 2 0 ,  whe r e i n  

i t  i s  f o r  t o p i c a l  a dmi n i s t ra t i on a n d  i s  i n  t h e  f o rm o f  a 

s o l u t ion , gel or  l o t i o n . 

2 4 .  A pharma ceut i c a l  c ompo s i  t i on a ccording t o  c l a im 2 O ,  2 1 ,  2 2  

o r  2 3 ,  whe r e  i t  further comp r i s e s  addit ive s s e l e c t ed f r om 

d i sp e r s a nt s ,  s u r f a c t a nt s ,  moi st ur i z i n g  agent s ,  

t h i c ke ne r s , s e que s t e r i ng agent s ,  pre s e rvat i ve s , 

f r a g r a n c e s  and the l i ke .  

2 5 . A p r o ce s s  f o r  preparing p o l yme r i c  nanopart 

emo l l ie nt s ,  

a n t i o x i dant s ,  

de f ined i n  

a n y  o f  c l a ims 1 t o  1 7 ,  whe r e i n  s a i d  proce s s  comp r i s e  t h e  s t e p s  

o f :  

( i )  p repar i ng a n  o r g a n i c  

p o l ymer and f i n a s t e r ide , 

pha s e  by di s s o l  v i n g  the hydr opho b i c  

a f i xed o i l , at l e a s t  one l ow HLB 

sur fact ant , in  an o r g a n i c  s o lvent and a co- so lvent ; 

( i i )  p repa r i ng an aqueous pha se by d i s s o l v i ng minox i di l ,  a t  

l e a s t  o n e  p r e f e r ab l y  neu t r a l  hydroph i l i c  surfactant in wat e r ; 

( i i i ) inj  ect ing t h e  organic pha s e  i n  the aqueous pha se t o  a l l ow 

f o rma t i o n  o f  the p r ima ry emu l s i o n  o f  nanopa r t i c l e s  on t h e  

i n t e r f a c e  o f  the two pha s e s , t h e  mixture b e i ng ma i n t a i ne d  under 

s t i rr in g  for a t ime s u f f i c ient for adequat e  encap s u l a t i on of the 

act i n g r e d i e nt s ;  

( iv )  removing at one organ i c  sol  vent and r e cove r i ng the 

a queous pha se cont a i n i ng t he nanocap s o ids . 
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2 6 .  P r o ce s s  a c c o r d i n g  t o  c l a im 2 5 1  whe r e i n  s a i d  hydrophobi c  

p o l yme r i s  s e le c t e d  f rom t he group cons i s t ing o f  v i n y l  p o l yme r s 1 

p o l y e s t e r s 1 p o l yam i de s 1 p o l yurethanes and p o l ycarbona t e s . 

2 7 . P r o ce s s  a c c o r d i ng to c l a im 2 6 1  whe r e i n  s a i d  p o l ye s t e r  h a s  a 

me l t i n g  p o i nt o f  l e s s  than 1 2 0 ° C  and i s  s e l e c t ed f r om t he group 

c on s i s t i n g  o f a p o l y  ( l a c t i de ) 1 a p o l y  ( g l yco l i de ) 1 copo l yme r s  

o f  p o l y  ( l a c t ide-co- g l yc o l i de ) 1 p o l ycapro l a ct on e 1 a 

p o l yc a p r o l a c t one c op o l yme r wi th a p o l ye s t e r  1 wi t h  a p o l yamide 1 

w i t h  a p o l yurethane o r  w i t h  a vinyl p o l yme r . 

2 8 . Proc e s s  according t o  c l a im 2 5 1  whe r e i n  t h e  f in a s t e r i de and 

minoxi d i l  nanocap s o ids are obt a i ned by the met h o d  o f  i nt e r f a c i a l  

depo s i t ion o f  p r e f o rmed p o l yme r 1  b e i ng that i n  a f i r s t  s t ep i s  

made t h e  d i s s o l ut i on o f  f in a s t e r i de 1 the hydrophobi c  p o l yme r 1 

t h e  f ix e d  o i l 1  and a t  l e a s t  one l ow HLB s u r f a ctant i n  a mixture 

of o r ga n i c  s o lvent and c o - s o l vent t o  form the organic pha s e ; and 

in a s econd step t h e  di s s o lut i o n  of  minox i d i l  and at least one 

hydrophi l i c  sur factant i s  made i n  water t o  form the aqueous 

pha s e . 

2 9 .  U s e  o f  the nanocap s o ids a s  de f i ne d  i n  any one o f  c l a ims 1 t o  

1 7 1  whe r e i n  i t  i s  f o r  t h e  prepar a t i on o f  a pharmace u t i c a l  

c omp o s ition f o r  the t r e atme nt o f  a l opecia . 

# 1 2 7 3 6 0 6  
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F IGURE 3 
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