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(57) Abstract : The present invention relates to a pharmaceutical 
composition of topical application for the treatment of alopecia, the 
composltwn compnsmg polymeric nanoparticles, preferably 
nanocapsules, containing two active principies, fmasteride and 
minoxidil, and pharmaceutically acceptable additives and carriers. The 
invention further includes a method for preparing polymeric 
fmasteride and minoxidil nanoparticles, preferably nanocapsules, 
suitable for a composition o f topical application for the treatment o f 
alopecia, as well as the use of said nanocapsules for preparing a 
pharmaceutical composition. 

(57) Resumo : A presente invenção se refere a uma composiÇao 
farmacêutica, de veiculação tópica, para o tratamento de alopecia, dita 
composiÇao compreendendo nanopartículas poliméricas, 
preferencialmente nanocapsoides, contendo dois princípios ativos, 
fmasterida e minoxidil, aditivos e veículo farmaceuticamente 
aceitáveis. A invenção ainda inclui um processo de preparação das 
nanopartículas poliméricas, preferencialmente nanocapsoides de 
fmasterida e minoxidil, apropriadas para uma composição de 
veiculação tópica para o tratamento de alopecia, bem como o uso de 
ditos nanocapsoides para preparação de uma composição 
farmacêutica. 
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FINASTERIDE AND MINOXIDIL POLYMERIC NONOPARTICLE, ITS PROCESS OF 

PRE PARATION, AQUEOUS SUSPE NSION CONTAINING THE SAME, 

PHARMACEUTICAL COMPOSITION, AND ITS USE 

FI ELD OF T HE I NVENT I ON 

The p r e s ent invention r e l a t e s  

compo s i t i on f o r  t op i c a l  app l i c a t i on 

a l op e c i a ,  s a i d  compo s i t i on comp r i s ing 

p r e f e rab l y  nano c ap s o i d s , as h e r e i n  

t o  a 

f o r  t h e  

po l yme r i c  

de f i n e d ,  

pharma c eut i c a l  

t r e a tment o f  

nanopa r t i c l e s , 

containing two 

act ive i n gredi ent s ,  f i na s t e r i de and minoxidi l ,  and 

pharma ceut i c a l l y  acceptab l e  addi t i ve s and veh i c l e s .  The 

invent i on further i n c l ude s a proce s s  for the prep a r a t i o n  o f  

p o l yme r i c  nanopart i c l e s ,  p r e f e r ab l y  nano c ap s o i ds o f  f i n a s t e r i de 

and minox i di l ,  s ui tab l e  f o r  a t op i c a l  app l i c a t i on compo s i  t i on 

fo r the t re a tment o f  a lop e c i a ,  a s  we l l  as the use o f  s a i d  

nano c ap s o i ds f o r  the prep a r a t i on o f  a pharma c e ut i c a l  

compo s i t i o n .  

many 

Ha i r  l o s s ,  

forms . It 

Fundamen t s  o f  the Inven t i on 

a l s o  c a l l ed a l op e c i a ,  can man i f e s t  

can b e  irreversible in 

i t s e l f  i n  

s c a r r i n g  

fo l l i c l e s ; 

a l op e c i a  wh e r e  there i s  the 

cases classified 

de s t ru c t i o n  o f  

as 

h a i r  

o r  reve r s i b l e  i n  non - s c arred c a s e s  wh i ch have s ev e r a l  

cau s e s  and m a y  o r i gi n a t e  from pharmaco l o g i c a l  t r e a tment s ,  di e t ,  

phys i o l o g i c a l  o r  p s ycho l o g i c a l  s t r e s s ,  fungal i n f e c t i ons , 

chemo the rapy o r  genet i c  inhe r i t ance . Be c a u s e  o f  thi s ,  s ev e r a l  

pharma c o l o g i c a l  and non-pharma c o l o g i c a l  t r e a tmen t s  (imp l an t s  and 
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l a s e r  app l i ca t i o n s ) are be ing u s e d in an a t t empt t o  reve r s e  thi s 

s i tu a t i o n .  

In c ap i l l ar y  the rapy, in arder f o r  a drug to have the 

de s i red a c t i o n ,  i t  is nece s s ar y  f o r  it to r e a ch the h a i r  

fo l l i c l e  (i n t h e  epidermi s )  , wh e r e  t h e  e n zyme r e s po n s i b l e  f o r  

t r i gg e r i n g  t h e  di s e a s e  i s  l o c a t e d ,  wi thout p e rme at ing t h e  b l o o d  

cap i l l a r i e s  wh i ch s upp l y  t h e  p i l ous fo l l i c l e  (avo i ding a 

s ys t emi c a c t i on ) . Thus , f o r  a f o rmu l a t i on t o  be e f fe c t ive , i t  i s  

ne c e s s a r y  f o r  i t  t o  b e  ab l e  to promo t e  p e n e t r a t i on and r e t e n t i o n  

o f  the drug at i t s  s i t e  o f  a c t i on (DRAKE, L .  e t  a l . ;  "The 

e f f e c t s of f i n a s te r i de on s c alp s ki n  and s e rum andro gen l eve l s  

ln men w i t h  andro gen e t i c  a l op e c i a . " Journal o f  the Ame r i can 

Ac ademy o f  De rma t o l o g y ,  1 999, vo l .  4 1 ,  no . 4 ,  p.  5 5 0- 5 5 4 ) .  30 . 

Andr o g en i c  al ope c i a  i s  the t r an s f o rma t i on o f  mature h a i r  

fo l l i c l e s  (t e rmi na l ) to i mmature fol l i c l e s  (ve l lu s ) through 

successive capillary cycles with a shortening of the anagen 

ph a s e  t ime . Thu s ,  due to the r e d uct i on ln t ime o f growth and 

deve l opment of the sh a f t ,  it be come s progre s s i ve l y  s ho r t e r ,  

thinner and o f ten wi thout co l ar (INUI, S.; IT AMI, S. ; "Mo l e cu l a r  

b a s i s  o f  andro gene t i c  a l o p e c i a :  From andro gen to p a r a c r i n e  

medi a t o r s  through dermal pap i l l a ." Jo urn a l  o f  De rma t o l o g i c a l  

Sc i ence , 2 01 1 ,  vo l .  6 1 ,  p . 1 - 6 ) . Thi s i s  t h e  mo s t  co mmon t ype o f  

a l op e c i a  and i t a f f e c t s  ma i n l y  men ,  b e i n g  r e l a t e d ,  among o th e r  

f a c t o r s , to t h e  r e gu l a t i on o f  s ex hormon e s .  A g r e a t e r  

unde r s tanding o f  androge n i c  b a l dne s s  c a rne from t h e  s tudi e s  o f  

Hami l t on ( 1 94 2 ) who de s c r ibed t h e  p a t t e rn o f h a i r  l o s s  and t h e  

phys i o l o g y  a s  a proce s s  l in ked to a gene t i c  predi sp o s i  t ion o f 

the h a i r  f o l l i c l e  that o c curs unde r the i n f l uence o f  andr o gens 

(T rueb , RM; "Mo l e cu l a r  me chan i sms of andro gene t i c  a l o p e c i a . " 

Experimental Gerontology, 2002 v .  37 , no. 8-9, p .  981-
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990) . Howe ve r  f there i s  no cor r e l a t i on b e tween andro gen i c  

a l op e c i a  and t e s t o s t e rone f f r e e  t e s t o s t e rone and b i o a va i l ab l e  

t e s t o s t e rone l e ve l s . It i s  probab l e  t h a t  the p athogeni c b a s e s  

o f  b a l dne s s  a r e  me d i a t e d  through i n t r a c e l lu l a r  s i gnal ing i n  the 

hair fo l li c l e  ( I NUI f S. ; I TAMI f S. ; "Mo le cul ar b a s i s  o f 

androgene t i c  a l op e c i a :  From androgen 

through d e rmal pap i l l a . " Journa l o f  

2 o 1 1  f v o l .  6 1  f p .  1 - 6 )  . 

t o  paracrine medi a t o r s  

De rma t o l o g i c a l  Sc i ence f 

Th rough the a c t i on o f  5a- r edu c t a s e  enzyme f t e s t o s t e rone i s  

conve r t e d  t o  a mo re powe r ful ho rmone d i h ydro t e s t o s t e rone 

(DHT) . It is b e l i eved that i t s  a c t i on is g r e a t e r  than that o f  

t e s t o s te rone f o r  two ma i n  r e a s ons : (i ) DHT canno t b e  conve r t e d  

i n t o  e s tr o gen by aromat a s e s f  ma i n t a i n ing o n l y  i t s  pu r e l y  

androgenic a ct i vi t y f  (i i )  i n  vi t r o  s tudi e s  demon s t r a t e  that DHT 

b i nds wi th mo re a f f i ni t y  t o  the andr o gen r e c eptor than 

t e s t o s te rone (L IUf S. ; YAMAUCHif H. ; "Di f fe r ent p a t t e rns o f  5 o:

reduc t a s e  expre s s i o n f  c e l l u l a r  di s t r ibut i o n f  and t e s t o s t e rone 

met abo l i sm in human fo l l i cu l ar de rma l pap i l l a  c e l l s . "  

Bi o chemi c a l  a n d  Bi oph ys i c al Re s e a rch Co mmuni c a  t i ons f 2 O O 8 f 3 6 8  

p . 8 58 - 8 64 ) . Th e a c t i o n o f  the s e  andro gen hormones o c curs by 

the i r  di s s emin a t i o n through the c e l l  membrane wi th the purp o s e  

o f bi nding to t h e  i n t r a c e l l u l ar androgen recep t o r . As a r e sul t 

o f  thi s b indingf the hormone - r e c e p t o r  comp l e x unde rgo e s  

conforma t i o n a l  change s f  thus bi nding the comp l ex w i t h  the 

promo t e r  s i t e  in the DNAf t r i gger ing the produc t i on of me s s enger 

RNAs that wi l l  t ran s c r ibe the gene t i c  r e spon s e  ( INUif S • f  

ITAMif S. ; "Mo l e cu l a r  bas i s  o f  andro gen e t i c  a l op e c i a :  From 

androgen to p a r a c r i n e  medi a t o r s  through derma l pap i l l a . "  Journa l 

o f  De rma t o l o g i c a l  Sc i ence f 2 01 1 f  vo l .  6 1 f  p . 1 -6 ) . Wi th the 

b i nding of DHT to the androgen r e c e p t o r  p r e s ent in the h a i r  

fo l l i c l e f  the r e spon s e  i s  the de c r e a s e  i n  t h e  anagen pha s e  o f  
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the h a i r  growth cyc l e ,  thus mov i n g  the h a i r  t o  the e a r l y  t e l o gen 

ph a s e  (El l i s ,  JA; Ha r r ap ,  SB; "The genet i c s  of andro gen e t i c  

a l opec i a . "  Cl i n i c s  in De rma t o l o gy ,  2 0 0 1 ,  v o l . 1 9, p .  1 4 9- 1 54 ) . 

Andr o g en i c  a l op e c i a  p r e s en t s  a pa t t e rn i n  h a i r  l o s s ,  wh i ch 

f a c i l i t a t e s  the di a gno s i s  and e a s i l y  di s t i n gu i s h e s  i t  from o th e r  

t ype s .  By d e f au l t , ini t i a l l o s s  o f  t h e  h a i r  s h a f t  o c curs o n  t h e  

front a l  p a r t  o r  o n l y  on t h e  v e r t ex , a n d  m a y  expand to o th e r  

r e g i on s . The d e g r e e  o f  a l op e c i a  c a n  be de t e rmined by t h e  

No rwood- Ha mi l t on s c a l e .  Th i s  s c a l e  i dent 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 : v e r t e x  p a t t e rn (wh e r e  t h e  l o s s  o f  the s h a f t  

s t a r t s  at t h e  bac k ) , f r o n t  p a t t e rn (whe r e  the l o s s  o f  the s h a f t  

s t a r t s  at the front ) and t h e  norma l p a t t e rn (b e g inning w i t h  l o s s  

a t  both the front and the bac k ) , with a l l  p a t t e rns b e ing divide d  

i n t o  s even s t a ges o f  h a i r  l o s s  (Si nc l a i r ,  RD; "Ma l e  andro gen e t i c  

a l opec i a . "  Th e Journal o f  Men 's He a l th & Ge nde r ,  20 0 4  v .  1 ,  no . 

4 ,  p .  31 9- 32 7 ) . 

Cur re n t l y ,  a l op e c i a  t r e atment can be b o th t op i c a l  and 

s ys t emi c . Among the drugs app roved by ANVISA (Br a z i l ) , the 

fo l l owing can b e  c i t ed : (i ) a s  s ys t emi c ,  the medi c i n e  made o f  

f i n a s  t e r  i d e  ( 1 mg ) f o r  o r a l  u s e ,  mar k e t e d  under the b r and name 

Prop e c i a ®, wh i ch a c t s  as a b l o c ker o f DHT hormone ; and (i i )  a s  

top i ca l : (a ) a drug w i  t h  a minox i d i l b a s e , mar ke t e d  under the 

b r and name Re gain ®/Ro g a i n ®  mou s s e  wi th 2 %  (f o r  women ) and 5% 

(fo r men ) and (b ) a drug b a s e d  on a lph a e s t r adi o l ,  mar ke t ed unde r 

the brand n ame Avi ei s ®  in the f o rm o f  a 0 . 0 2 5 %  s o lu t i o n . 

The a c t i  ve ingredi ent s (f i n a s  t e r  i de and mino x i di l )  p r e s ent 

s eve r a l  s t ab i l i t y ,  b i o av a i l ab i l i t y  and f o rmu l a t i on di f f i cul t i e s , 

that r e s u l t  from the i r  phys i co chemi c a l  and 

b i o l o g i c a l / phys i o l o g i c a l  prop e r t i e s .  To s o lve or reduce the 

negat ive c ha r a c t e r i s t i c s  of the a c t ive i n gredi ent s ,  a l t e rn a t i ve s  
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were r e s e a r ched t o  "p r o t e c t  them a g a i n s t  degrada t i o n "  o r  t o  

"i ncre a s e  the i r  s o lubi l i t y . " 

The deve l opment o f  new drug de l iv e r y  s y s t ems has b e en the 

t a r g e t  of impr ovement s d i r e c t e d  t owards the enhanc ement of the i r  

therap eut i c  e f f i c acy and s a f e t y  o f  u s e ,  b y  changing 

pharma c o ki n e t i c  and pharmaco dynami c a s p e c t s .  Among the co l l o i da l  

drug de l iv e r y  s ys t ems , there a r e  the po l yme r i c  nanop a r t i c l e s  and 

l ip o s ome s (Avn e s h Kuma r i ,  Sudesh Kumar Yadav, Subhash C. Yadav, 

Bi ode gr adab l e  p o l yme r i c  nanopart i c l e  b a s e d  drug de l ive r y  

s ys t ems , Co l l o id s  and Sur f a c e s  B: Bi o in t e r f ac e s ,  Vo lume 75 , 

Is sue 1 ,  Janu ary 1 ,  2 0 1 0 ,  Pa g e s  1 - 1 8 ;  Vl adimi r P .  T o r ch i l i n ,  

RECENT ADVANCES WITH LIPOSOMES AS PHARMACEUTICAL CARRIERS, 

N AT URE RE VIE WS, VOLUME 4 ,  FE BRUARY 2 0 0 5 ,  p 1 4 5 ) . Be cau s e  o f  

the i r  the rapeut i c  p o t e n t i a l  and improved s t ab i l i t y  du r i n g  

s t o r age and upo n  c o n t a c t  w i  t h  b i o l o g i c  f l u i d s , p o l y me r i c  

nanopart i c l e s  fo rme d by b i odegradab l e  po lyme r s  have a t t r a c t e d  an 

inc r e a s e d  a t t en t i o n  of r e s e a rch e r s  wh en comp a r e d  to l i p o s ome s 

(SCHAFF AZICK, SH, e t  a l . ;  "Charac t e r i za t i on and phys i co chemi c a l  

s t ab i l i t y  o f  nanopa r t i c l e  p o l yme r i c  s y s t ems f o r  drug 

de l i very . "  New Chemi s t r y ,  200 3, Vo l .  26, no . 5, p .  726- 737) 

Po l yme r i c  nanop ar t i c l e s  a r e  co l l o i d a l  drug c ar r i e r  s y s t ems 

wh i ch have d i ame t e r s  b e tween 1 0  and 1 0 0 0  nm and are divided,  

acco rding to the i r  supramo l e c u l a r  archi t e c ture s ,  in t o  ve s i c l e s  

or ma t r i c e s .  Nano c ap s u le s  (ve s i cu l a r ) have an o i l y  c o r e  

surrounded by a p o l yme r ma t r i x , a l l owing t h e  drug t o  b e  

d i s p e r s e d in t h e  c o r e  and/ o r  ads o rb e d  i n  t h e  p o l yme r i c  

wal l .  Nano sph e r e s  (ma t r i ce s ) do not have an o i l y  c o r e ,  o n l 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  

t h e  po l yme r ma t r i x .  Nanop a r t i c l e s  made o f  b i odegradab l e  po l yme r s  

have b e e n  p r e ferred s i nce t h e y  have g r e a t e r  therap eu t i c  
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p o t e nt i a l , and h i gh s t ab i l i  t y  in b i o l o g i c a l  f l u i d s  and du r i ng 

s t o r age (SCHAFFAZICK, SH, e t  a l . ; "Ch arac t e r i z a t i on and 

phys i cochemi c a l  s t abi l i t y  o f  nanop ar t i c l e  po l yme r i c  s ys t ems f o r  

drug de l i ve r y . " New Ch emi s t r y ,  200 3 ,  Vo l .  26, no . 5, p .  726-

737) . 

Di f f e rent phys i co chemi c a l  p r o c e s s e s  may be emp l o yed f o r  the 

prep a r a t i o n  o f  the s e  nanop a r t i c l e  s ys t ems , such a s :  ( i )  

in t e r f a c i a l  depo s i  t i on o f pre f o rmed po l yme r s ,  (b ) s a l  t i ng-out , 

and (c) emulsi fication-di f fusion. Among the main techniques fo r 

nano c aps u l e  p r ep a r a t i o n ,  the i n t e r f a c i a l  depo s i t i on o f  p r e f o rmed 

p o l yme rs p r op o s e d b y  Fe s s i  et al in 1 98 9  should be h i gh l i gh t e d  

(FESSI, H. ; e t  a l ; "Nano c ap s u l e  fo rma t i on b y  i n t e r fa c i a l  po l yme r 

depo s i t i on fo l l owing s o l vent di sp l a c ement . "  In t e rn a t i on a l  

Journa l o f  Pharmaceut i c s , 1 98 9, vo l .  55, no . 1 ,  p .  R1 - R4 ) , 

whe r e i n  the po l yme r i s  di s s o l ved in the o r gan i c  s o lvent t o ge th e r  

with the o i l y  compone nt , the l i pophi l i c  sur f a c t ant and t h e  drug 

or a c t ive i ngredi ent to be encap s u l a t e d .  T h i s  o r gan i c /o i l y  ph a s e  

i s  inj e c t e d  under mode ra t e  

wh i ch i s  comp o s e d  o f  w a t e r  

a g i t a t i on ,  o v e r  an 

and a h ydroph i l i c  

aqueous pha s e , 

s u r f a ct ant . Thi s 

mixture spontane ous l y  y i e l ds nano cap s u l e s  w i t h  ave r a ge d i ame t e r s  

b e tween 2 00 and 500 nm. Fin a l l y ,  t h e  o r gan i c  s o l vent and ex c e s s  

wat e r  are r emove d .  

Mo s t  t op i c a l  produc t s  ava i l ab l e  f o r  t h e  t r e a tment o f  

alopecia a r e  fo rmulated with the active ingre die nts dissolved in 

a wat e r - a l c oho l s o l u t i on . Howeve r ,  due to the l ow p e rme ab i l i t y  

o f  s ome drugs t hrough the k e r a t i n l a ye r ,  onl y a fra c t i on o f  the 

app l i e d  do s e  r e ache s the si t e  of a ct i o n ,  pene t r a t ing the p o r e s  

and h a i r  f o l l i c l e s  (T SUJIMOT O, H. e t  a l . ; "Eva l u a t i on o f t h e  

p e rme ab i l i t y  o f  h a i r  growing ingredi ent encap s u l a t e d  P LGA 

nano sphe r e s  t o  h a i r  fo l l i c l e s  and the i r  h a i r  growing 
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e f f e c t s . "  Bi o o r g an i c  & Me d i c i n a l  Chemi s t r y  Le t t e r s ,  2 0 0 7 ,  vo l .  

1 7 ,  p .  4 7 71 - 4 7 7 7) . As a r e s u l t ,  h a i r  growth u s ing the s e  product s 

do e s  not e x c e e d  con sumer expe c t a t i ons , l e ading t o  l a c k  o f  

adherence t o  t r e atment . Re cent s tudi e s  have con f i rmed the 

h ypothe s i s  that nanop a r t i c l e s  can pe n e t r a t e  e f f e c t i ve l y  in the 

p i l ou s  fo l l i c l e s  (Lademann , J. , e t  a l . ; "Nanop a r t i c l e s  An 

e f f i c i ent c a r r le r  for drug de l iv e r y  i n t o  the h a i r  

fo l l i c l e s . " Eu ropean Journal o f  Pharmac eut i c s  and 

Bi opharmaceut i c s , 2 0 0 7 , vo l .  6 6 ,  no . 2 ,  p. 1 59 - 1 6 4 )  r e a ch i n g  

deep funct i onal s t ru c tu r e s  whe r e i n  the y rema in s t ored for a f e w  

d a y s .  I n  the c a s e  o f  non-p art i cu l a t e  s ub s t an c e s ,  such l ong t e rm 

e f f e c t s  have not been ob s e rved in pi l o u s  fo l l i c l e s  o r  in the 

s t r a tum co rneum. In p r i n c i p l e ,  the s t ra t um corneum l a c k s  the 

re s e rvo ir c h a ra c t e ris t ic fo r top ic a l l y  app l ied sub s t an c e s  s ince 

the s e  sub s t an c e s  r ema in l o c a l i zed on the s u r f a c e  of the s kin o r  

in the upp e r  c e l l  l a ye r s  ( wh i ch are cont inuou s l y  r emoved by 

p e e l ing ) . Th e r e fo r e , p i l ous fo l l i c l e s  b e c ome , in l ong t e rm, the 

onl y r e s e rvo i r s f o r  non-part i cu l a t e  sub s t an c e s  o f  top i c a l  u s e . 

The s e  obs erv a t i o n s  show that p i l o us fo l l i c l e s  are imp o r t ant 

t a r g e t s  for drug de l i ve r y ,  s i nce the y are sur rounded by a den s e  

n e two r k  o f  b l ood cap i l l a r i e s  and dendr i t i c  ce l l s  (La nge rha ns 

c e l l s ) .  

Fo r examp l e , the e f f e c t  o f  nano sph e r e s  o f  po l y (l act i de - co 

g l yco l i de ) (P LGA) cont a i n i n g  t h r e e  di f f e r ent act ive ingredi ent s 

(Hi no k i t i o l ,  g l yc yrrh e t i n i c  a c i d  and 6 -b en z yl ami nopurine ) f o r  

h a i r  growth was a s s e s s e d i n  vivo (TSUJIMOTO, H., e t  a l .; 

"Eva luat i o n  o f  the p e rmeab i l i t y  o f  h a i r  growing ingredient 

encap s u l a t e d  P LGA nano sphe r e s  to hair f o l l i c l e s  and the i r  h a i r  

growing e f f e c t s . "  Bi o o r gan i c  & Me d i c i n a l  Chemi s t r y  Le t t e r s ,  

2 0 0 7 ,  vo l . 1 7 ,  p .  4 7 71 - 4 7 7 7) . An a l y zing the f l u o r e s cence 

inten s i  t y  o f the s e  acti ve i n g r e d i e n t s  i n  human s c a lp b i op s i e s , 
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the autho r s  found that the nano sph e r e s  had a p e rme ab i l i t y  e f f e c t  

i n  t h e  po r e s  2 t o  2 . 5  t ime s h i gher wh en compared to t h e  cont r o l  

group o f  the s ame act ive ingred i ent s in a bu f f e r  s o l u t i o n  

(P BS) . I t  w a s  a l s o  po s s ib l e  to s e e  a n  incre a s e  in t h e  cap i l l a ry 

a c t i vi t y ,  who s e  cyc l e  is  p a s s e d  fr om the r e s t  ph a s e  t o  the 

growth ph a s e ,  sugge s t i ng that P LGA nano sphe r e s  may be promi s i ng 

carr i e r s  for dru g s  in h a i r  fo l l i c l e s . 

To dat e ,  there are few pap e r s  in the l i t e r ature that r epo r t  

t h e  c a r r y i n g  o f  fi na s t e r i de in nanop a r t i c l e  s ys t ems . Do cument 

US 2 00 6 0 2 0 458 8 ,  owned by El an Pharma In t e rnat i on a l  Limi t e d ,  

di s c l o s e s  a pharmaceut i c a l  compo s i t i o n  con t a ining 

nanopa r t i cu l a t e  fi na s t e r i de (h aving ave rage s i z e  l e s s  than 

2 0 0 0nm) and at l e a s t  one s u r f a c e  s t ab i l i ze r  wh i ch ma y b e  

ad s o rbed b y  o r  a s s o c i a ted with t h e  s u r f a c e  o f  t h e  a c t ive 

ingredi ent . As t o  the method of prepa r a t i o n  of t he 

nanop a r t i c u l a t e  f i n a s t e r i de f o rmul a t i on,  thi s method cons i s t s  i n  

d i s p e r s ing f i n a s t e r i de in a l i qu i d  d i sp e r s i on medium, and 

mechan i c a l l y  reducing i t s  p a r t i c l e  s i ze .  

P a t en t  app l i c a t i on US 2 01 1 0 1 1 7 0 45, owned by Fuj i f i lm 

Co rporat i o n ,  i s  a p roduct b a s e d  on p r o t e i n  nanop a r t i c l e s  

cont a i ning an a c t ive ingredi ent f o r  h a i r  t r e a tment ; the p roduct 

cons i s t s  of nanop a r t i c l e s  produced fr om protein ( such a s  c a s e i n ,  

co l l agen , ge l a t i n ,  al bumi n,  among o the r s ) wh i ch a l s o con t a i n s  an 

act ive i n gred i ent that promo t e s  h a i r  growth , and i n c lude s 

f i n a s t e r i de and minox i d i l as one o f  the s e  act ive ingredi ent s .  

Do cument W02 00 50 0 0 2 58 ,  owned b y  Amo r ep a c i f i c  Co rpo r t a t i o n ,  

de s c r i b e s  s e l f- a s s emb l e d p o l yme r i c  nanopa r t i c l e s  comp r i s ing an 

amph iphi l i c  p o l ymer and a phys i o l o g i c a l l y  a c t ive ingredi ent ; 

whe r e i n  the amphiph i l i c  p o l yme r compr i s e s  p o l ycapro l a c t one and 

p o l ye th y l e n e  g l yc o l  as a hydrophob i c  and h ydroph i l i c  b l o c k, and 
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the phys i o l o g i c a l l y  act ive ingredi ent i s  compr i s ed by s a i d  

amph iph i l i c  p o l yme r .  The phys i o l o g i c a l l y  a c t i  v e  ingredi ent can 

be finas ter i de (a s spe c i f i e d  in c l a im 1 0; see a l s o examp l e s  4 5-

47 ) o r  mino x i d i l  (s e e  p a ge 8, l i n e s  8- 1 8). The mo t iv a t i o n  o f  the 

c l a imed imp rovement s ,  i . e . , the use of an amphiph i l i c  p o l ymer i n  

t h e  f o rma t i on o f  nanopa r t i c l e s  con t a i n i n g  a n  act ive ingredi ent , 

lS t o  r e duce the co l l o i da l  i n s t ab i l i t y  wh i ch cau s e s  the 

p r e c ip i t a t i on o r  f l o c cu l a t i on that o c c ur s  when a hydrophob i c  

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

Howeve r ,  i t  i s  de s i rab l e  t o  u s e  a homop o l ymer wh i ch i s  

t e chni cal l y  l e s s  comp l e x  and s imp l e r  t o  obt ain than a copo l yme r 

wh i ch i s  a ctu a l l y  a s t ructure in p o l yme r b l o c ks ,  whe r e i n  the 

rat i o  of the h ydroph i l i c  and l ipoph i l i c  p o r t i ons is di f f i cu l t  t o  

contro l ,  t h u s  caus ing prob l ems i n  t h e  sub s e quent forma t i on o f  

nanop ar t i c l e s ,  e sp e c i a l l y  nano cap s u l e s . 

Fur t he r mo r e, t he u s e  o f  b l o ck cop o l ymer s w hi ch a r e  prepared 

ln a 1 : 1  r a t i o  o f  the hydroph i l i c  and l ipoph i l i c  p o r t i on s  c au s e s  

a l a c k  o f  f l e x ib i l i  t y  i n  the hydrophi l e - l ipoph i l e  b a l ance (HLB) 

wh i ch can l imi t the qu a l  i t y  o f nano t e chno l o g i c a l  f o rmu l a t i on . 

The po s s i b i l i t y o f  varying the concent rat i on o f  s t ab i l i ze r  

(h ydrophi l i c  emu l s i fi e r  o r  s u r f a c t an t) i s  an advan t age i n  

preparing nanopa r t i c l e s .  Li poph i l i c  homop o l yme r s  c a n  b e  

f o rmu l ated a s  nanop a r t i c l e s  by emp l o ying s t abi l i ze r s  in varying 

prop o rtions in the formulation, al l owin g an optimization o f  

phys i c al s t ab i l i t y  o f  the nano t e chno l o g y  co l l o id s . 

S UMMARY OF T HE INVENTION 

The p r e s ent inve n t i o n  aims to provide an e f fe c t ive 

pharmaceut i c a l  compo s i ti o n f o r  t op i c al t r e a tment of a l op ec i a ,  

s a i d  compo s i  t i o n comp r i s i n g  p o l yme r i c  nanop a r t i c l e s ,  pre f e r ab l y  
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nano c ap s o i ds cont a i ning f i na s t e r i de and mino x i d i l ,  a 

pharma ceut i c a l l y  acceptab l e  vehi c l e ;  and o p t i o na l l y  addi t i  ve s .  

The invent ion a l s o  i n c l ude s the p r e p a r a t i o n  o f  p o l yme r i c  

nanop ar t i c l e s ,  p r e f e r ab l y  f i na s t e r i de and mino x i di l 

nano c ap s o i ds , 

compo s i t i o n .  

wh i ch a r e  comp r i s ed b y  s a i d  pharma c eut i c a l  

A f i r s t  embo diment o f  the invent i o n  r e l a t e s  t o  a t op i c a l  

pharmaceut i c a l  compo s i t i on comp r i s i n g  a therapeut i c a l l y  

e f f e c t ive amo unt o f  p o l yme r i c  nanop art i c l e s ,  pre f e r ab l y  

nano c ap s o i ds , cont a i ning f i n a s t e r ide and mino x i d i l ,  s t ab l y  

d i s p e r s e d i n  a pharmaceut i c a l l y  a c c e p t ab l e  ve h i c l e ;  and 

opt i ona l l y  cont a in i ng addi t i ve s . 

I n  a s e cond embo diment , s a i d  p o l yme r i c  nanopa r t i c l e s , 

p r e f e rab l y  nano cap s o i d s a r e  formed b y  p r ep a r i ng the o r gan i c  and 

aqueous ph a s e s ,  whe r e i n : 

The or gan i c  pha s e  comp r i s e s : (a ) a h ydrophob i c  po l yme r ,  

(b ) a f i x e d  o i l ,  (c ) a t  l e a s t  one l ow HL B l ipophi l i c  s u r f a c t ant , 

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

- The aqueous ph a s e  compr i s e s :  (a ) at l e a s t  one hydroph i l i c  

s u r f a c t ant , (b ) minox i d i l and (c ) wa t e r .  

In a t h i r d  embo diment , t h e  i nven t i on comp r i s e s  t h e  u s e  o f  

p o l yme ric na no p a rt ic l e s , p re f e rab l y  na no c ap s o id s , f o r  t he 

prep a r a t i o n  o f  a pharma c eut i c a l  compo s i t i on f o r  the t r e a tment o f  

a l ope c i a . 

The p r o c e s s  for preparing the compo s i t i on o f  the inve n t i o n  

comp r i s e s  t w o  s t age s . The f i r s t  s t a ge concerns the prep a r a t i o n  

o f  p o l yme r i c  nanopa r t i c l e s , p r e f e r ab l y  the nano cap s o ids o f  t h e  
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invent i o n f  comp r i s e s  the s t eps o f :  (i ) p r e p a r i n g  the o r gan i c  

ph a s e  by d i s s o lving t h e  hydrophob i c  p o l ymer and f i n a s t e r i de f  a 

f i x e d  o i l f  a t  l e a s t  one l ow HLB s u r f a c t ant f in an o r gan i c  

s o l vent and a co - s o l ve nt ; (i i )  p r e p a r i n g  t h e  a queous ph a s e  b y  

di s s o lving minox i d i l f  a t  le a s t  one hydroph i l i c  s u r f a c t ant f 

p r e f e rab l y  neut r a l  f in wa t e r ;  ( i i i )  inj e ct ing the o r gan i c  ph a s e  

ln the a queous ph a s e  t o  a l l ow format i on o f  the p r ima r y  emu l s i o n  

o f  nanop ar t i c l e s  on t h e  i n t e r f a c e  o f  the two ph a s e s f  t h e  mixture 

being ma i nt a i ned under s t i r r i ng for a t ime 

adequa te encap s u l a t i on o f  t h e  act ive ingredi ent s ;  

a t  le as t o ne o r g ani c s o l  ve nt and r e cove r i ng th e 

cont a i ning the nano cap s u l e s .  

s u f f i c i ent for 

(i v)  r emoving 

aq ue o us phas e  

Af t e r  p r epara t i on o f  the nanopart i c l e s f  they a r e  s u sp ended 

in a sui t ab l e  vehi c l e f  opt i ona l l y  co n t a i n ing addi t i  ve s su ch a s  

d i s p e r s ant s f  

s e que s t e r i ng 

l i ke .  

mo i s tur i ze r s f 

p r e s erv a t i ve s f  

emo l l i en t s  agent s f  t h i c ken e r s f 

ant i o x i dant s f  fra granc e s  and the 

BRIEF DESCRIPT ION OF T HE DRA WINGS 

F i gu r e  1 shows a comp a r i s on o f  th e phy s i c a l  p ro f i l e  o f  th e 

f i n a s  t e r  i de nano c ap s o i d s  O .  2 0 %  and mino x idi l O .  2 0 %  (n =3) [Fi gure 

1 ]  and nan o c ap s o i d s  o f f i n a s  ter i de O .  2 5% (n =3) [Graph i c  2 ]  . 

F i gu r e  2 shows a t r an smi s s i o n  e l e c t ron mi cr o s copy o f  the 

0 . 1 % f i n a s t e r ide nano c ap s o i d s . 

Fi gure 3 shows pho t o g r aphs o f  the an ima l s  on day 1 (photo 

1 )  f day 1 5  (photo 2) and day 23 (photo 3) o f  t r e a tment f o r  the 

group s  t r e a t ed wi th : (A) nano c ap s u l e s  o f finas ter ide O .  2 5% ( B) 

nano c ap s o i d s  o f  f i na s t e r i de 0 . 2 0 % f  minox i d i l  0 . 2 0 %  and ( C) 

P i l ex i l ® . 
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F i gu r e  4 i l l u st r a t e s  the h i stopatho l o g i c a l  ana l y si s  o f  the 

ski n removed from the back of the anima l s  a f t e r  2 3  days o f  

t r e a tment w i t h  (A ) nano cap so i ds o f  f i n a st e r i de 0 . 2 0 % ,  minox id i l  

0 . 2 0 %  and (B) P i l ex i l ®. 

F i gu r e  5 shows the mean nu mbe r  o f  ma ture fo l l i c l e s  ana l y zed 

by h i st o l o g i c a l  sp e c imen (n 1 2 ) anima l s  t r e a t e d  wi th : (A)  

nano capsu l e s  of f i n a st e r i de 0 . 2 5% ,  (B) nano c ap so i d s  o f  

f i n a st e r i d e  0 . 2 0 % ,  minox i di l  0 . 2 0 %  and (C) P i l ex i l ®. 

DETAILED DESCRIP T ION OF T HE INVENT ION 

The p r e sent inve n t i on r e l a t e s  t o  a pharma c eut i c a l  

compo si t i o n  e f fe c t ive f o r  t h e  t op i c a l  t r e a tment o f  a l op e c i a ,  

sa i d  compo si t i o n comp r i si n g  nanop art i cu l at e  syst ems, pre f e r ab l y  

con t a i ni n g  the nano capso id s  o f  f i n a st e r i de and minox i d i l ,  a 

pharma ceut i c a l l y  acceptab l e  vehi c l e ;  and o p t i o na l l y  con t a i n i n g  

add i t i v e s. 

The t e rm nano capso i d ,  a s  u sed h e r e i n ,  me ans p o l yme r i c  

nano capsu l e s  p r epared by a nano encap su l a t ion p r o c e ss in whi c h, 

in the o r g an i c  pha se ,  a so lvent and a co - so l vent are emp l o yed . 

Th e i nven t i o n  a l so inc lude s a pr o c e ss 

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

f i n a st e r i d e  and minoxi di l ,  whi ch a r e  

compo sit io n . 

f o r  the prep a r a t i o n  

nano capso i d s  o f  

compri sed by sa i d  

Finasteride is a syntheti c azosteroid with potent selective 

antagon i st a c t i o n on 5cx- r e duc t a se t ype 2 e n z yme s. Fina st e r i de 

act s by i r reve r si b l y  b i nd i n g  t o  the e n z yme , prevent i n g  the 

conve r si on of t e st o st e rone to i t s  a c t ive me t abo l i t e ,  

dihydr o t e st o st e rone (DHT ) . Th e u se o f  f i n a st e r i de w a s  i n i t i a l l y  
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app roved f o r  th e redu c tion o f  pro sta te si ze a sso c i a ted wi th 

urinary ob str uc ti on (b e n i gn pro sta ti c h yp e rp l a si a ) f si nce DHT i n  

men f a l though r e sponsi b l e  f o r  pro sta te deve l opmen tf c a n  b e  

invo l v e d  i n  deve l opmen t  o f h yp e rp l a si a .  Howeve r f i t h a s  b e e n  

obse rved tha t  p a ti en ts ta ki ng th i s  d r u g  a l so pre se n ted a 

reve r sal in a l op e c i a  symp tom s. Fo r th i s  r e a so n f  the deve l opme n t  

o f  studi e s  to inve sti ga te th e po tenti a l  o f  f i n a ste r i de in the 

tr e a tment o f  b a l dne ss had b e gun (Si nc l a i r f  RDf "Ma l e  

andro gene ti c  a l op e c i a :  P a r t  II. " The Jo urnal o f Men'  s He al th & 

Gende r f  2 0 05f vo l .  2 f  no . 1 f  p .  38- 44) . A study by Kau fmann e t  

a l  (20 0 8 ) w i th 1553 men aged 18 t o  41 years eva l ua t e d  the a c t i on 

o f  f i n a st e r i de in do se s  o f  1 mg da i l y  a g a i n st p l acebo f o r  f i ve 

ye a r s. The r e su l t of tr e a tmen t  wi th f i n a ste r i de l e d  to a 

de c re a se in t he p ro bab il i t y  o f visibl e ha ir l o ss f c o mp a re d  t o  

th e inc r e a sed l i ke l ihood o f  vi si b l e  h a i r  l o ss in p a ti en ts 

tr e a ted wi th p l acebo . In th i s  studyf a t  th e end o f  th e f i ve 

ye a r sf 7 5% o f  p l a c ebo - tr e a ted p a ti en ts deve l oped b a l dn e ss and 

onl y 1 0 %  o f  p a ti ent s tr e a ted wi th f i n a ste r i de deve l oped th e 

di se a se . A revi ew o f  the sa f e t y  and e f f i c a c y  o f  f i n a ste r i de u se 

f o r  tr e a ti n g  andro geni c 

that thi s dru g can be 

a l op e c i a  in 

u sed sa f e l y  

women 

and 

showe d in con c l u si o n  

e f f e ct i ve l y  

whe r e i n  top i c a l  tr e a tme nt wi th mino x idi l i s  no t 

in ca se s 

e f fe c tive 

(Sto u tf SM ; ST UM:P F f  JL; "Fi n a ste r i de T r e a tmen t of Ha i r  Lo ss in 

Wome n . " The Annal s of Pharma c o the r ap y f  2 0 1 0 f  vo l .  44f no . 6 f  p .  

1 0 90- 1 0 97) . 

Mi nox i d i l  wa s i n troduced a s  the the r apy i n  the tr e a tment o f  

hyp e r tensi on in 1 96 5; how eve r f  i t  wa s obse rved th a t  o r a l l y  

admi n i ste r e d  minox i d i l  caused hyp e r tr i cho si s. Re su l ting from the 

evidence f rom th i s  and sub se qu e n t  studi e sf mino xi di l  wa s 

app roved by th e Food and Dr ug Admi ni str a t i on (FDA )  f o r  tr e a tmen t 

o f  andro gen i c  a l op e c i a  in ma l e s  (a t a concentr a ti on o f  5% ) and 
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women (a t a concen t r a t i o n o f  2 % ) . Howeve r f  a l th o u gh the t op i c a l  

s o l u tion o f  minox i d i l p r e s e n ts proven s a f e ty and e f f e c tiven e s s f 

adve r s e  e f f e c t s  may o c cur wi th i t s  u s e . Fr i e dman and co l l e a gu e s  

(2 0 02 )  repo r ted c a s e s  o f  cont a c t  a l l e r gy f  wh i ch i n c luded 

prur i tus f e r y thema and dryne s s  of th e s c alp . Some p a ti en ts 

showed s en s i t i  vi t y  to minox i d i l f but ma i n l y  to the propyl ene 

gl ycol comp onent p r e s ent in the top i c a l  s o l u t i o n  as a co- s o lvent 

and ab s o rp tion enhanc e r  ( Fri edman f E S  f e t  a l ; "Al l e r gi c  conta c t  

derma t i t i s  to top i c a l  minox i d i l s o lut i on : Et i o l o gy and 

t r e a tment . "  Journa l o f  the Ame r i can Ac ademy of De rma t o l o gy f  

20 0 2f vo l. 4 6f no . 2f p .  30 9- 312) . 

Th e p r e s ent inve n t i o n  avo i d s  the di s advan t a ge s  and adve r s e  

e f f e c t s  a s s o c i a t e d  w i t h  the s ys tem i c  admini s t r a t i on o f  

f i n a s ter i d e  and top i c a l  minox i di l  and propo s e s  a top i c a l  

app l i c a t i on compo s i t ion o f  f i n a s t e r ide and minox id i l  f o r  t he 

t r e a tment o f  a l op e c i a  w i t h  reduced s i de e f f e c t s  c a us e d by the s e  

two a c tive i n gr e d i e n ts .  

The i nven tion i s  b a s e d  on th e p r e p ar a ti o n  o f  p o l yme r i c  

nanop ar t i c l e s f  p r e f e r ab l y  nano c ap s o i ds f o f  f i n a s t e r i de and 

minox i d i l  f by means o f an i n t e r  f a c i a l  depo s i  t i on o f p r e f o rmed 

p o l yme r f wh e r e i n  i t i s  f i r s tl y  made th e di s s o l u tion o f 

f i n a s t e r i de f o f a hydrophob i c  p o l ymer f o f a f i x e d  o i l  and a t  

l e a s t  o n e  l ow HLB sur f a c t ant ( Hydroph i l i c  Lipoph i l i c  Ba l ance ) in 

an o r ga n i c  s o l vent and a co - s o l vent f to fo rm the o r gani c ph a s e ; 

and di s s o l u t i on o f  minoxidi l f  and at l e a s t  one hydrophi l i c  

s u r f a c t ant f p r e f e r ab l y  neut r a l f in wat e r f  t o  form the aqueous 

phas e .  

Al tho u gh nanop a r ti c l e s  f a t e rm wh i ch i n c l  ude s nano sphe r e s  f 

nano c ap s u l e s  and nano cap s o i ds f can be advanta geou s l y  produced b y  

th e p r e s e n t  inventi o n f  th e inv e n ti on i s f  pre f e r ab l y f  
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part i cul a r l y  d i r e c t e d  t o  the prepa r a t i on o f  nano cap s o i ds f 

p r e f e rab l y  c a r r i e d out by the in t e r f a c i a l  depo s i t i on me thod. 

Howeve r ,  i t should be c l e a r  tha t o t her methods can be u s e d  to 

produce the nano c ap s u l e s  of the invent i o n .  

S a i d  p o l yme r i c  nanopart i c l e s f  p r e f e r ab l y  nano cap s o i d s a r e  

f o rmed fr om t h e  o r gan i c  and aqueous phas e s f  a s  fo l l ows : 

- Th e o rganic phase comprises: (a) a hydrophobic polyme r f 

(b ) a f i x e d o i l ,  (c ) at l e a s t  one l ow HLB l i poph i l i c  s u r f a c t ant , 

(d ) a s o lvent f (e ) a c o - s o lvent and (f ) f i n a s t e r ide ; and 

- The aqueous ph a s e  compr i s e s :  (a ) at l e a s t  one hydroph i l i c  

s u r f a c t ant , (b) minox i d i l and (c ) wa t e r .  

S a i d  po l ymer u s ed t o  encap s u la t e  f i n a s t e r ide i s  a 

hydrophob i c  po l yme r s e l e c t e d  fr om the group cons i s t i ng o f  vinyl 

p o l yme r s f po l ye s t e r s f 

p o l ycarbonat e s . Pre f e r ab l y ,  

po l yami de s f  po l yuret han e s  and 

the hydrophob i c  po l ymer u s ed i s  a 

b i o de gra dab l e  p o l yme r from the group o f  p o l y e s t e r s  having a 

me l t ing po int o f  less than 120 °C. More pre f erabl y f the 

b i o de gra dab l e  hydrophob i c  p o l yme r i s  from the group o f  

p o l ye s t e r s f i s  a po l y  (l a c t i de ) f a p o l y  ( g l yco l i de )  f copo l yme r s  

o f po l y  ( l a c t i de - co - gl yco l i de ) f a po l ycap r o l a c tone f a copo l yme r 

o f po l yc ap r o l a c t one w i t h  po l ye s t e r f  w i t h  p o l yami de , w i t h  

p o l yure thane o r  w i t h  a v i n y l  po l yme r f  and mo s t  pre f e r ab l y f  i t  i s  

the po l y ( E- c ap r o l act one ) .  

S a i d  f i x ed o i l  u s e d  in the o r gan i c  ph a s e  o f  the p r ep a r a t i on 

o f  po l yme r i c  nanopart i c l e s  o f  the invent i on i s  s e l e c t e d  from the 

group consisting of canola oilf so ybean oilf olive oil and 

medium- cha i n  t r i g l yc e r i de s ;  w i t h  me dium- chain t r i g l yc e r i de s  

b e i n g  p r e f e r ab l y  us ed. Among the med i um- chain t r i g l yc e r i de s  
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s e l e c t e d f r o m  the group o f  t r i g l yc e r i d e s  o f  cap r i c  and c ap r yl i c  

a c i d f  propyl ene gl yco l di c apr y l o c apr a t e f  ma c r o go l g l yce r i de s  o f  

o l e yl f  l au r e o l a  and l i no l e o yl . S t i l l  mo r e  p r e f e r ab l yf the u s e  a s  

a f i x e d  o i l f o f  me d i u m- ch a i n  t r i g l yc e r i de sf a r e  the 

t r i g l yc e r i d e s  of capr i c  and c apr yl i c  a c i d .  

The l ipoph i l i c  s u r f a c t ant u s e d  in s a i d  o r gan i c  ph a s e  o f  

prep a r a t i o n  o f  po l y me r i c  nanop art i c l e s  o f  t h e  inven t i o n  i s  a 

s u r f a c t ant o f  l ow HLBf p r e f e r ab l y having a value in the r ange o f  

3 t o  6 f  b e ing s o l i d  o r  l i qu i d f  p r e f e r ab l y  s o l i d f  s e le c t e d  fro m 

the gr oup cons i s t i ng o f  s o rb i t an mono s t e a r a t e f s o rb i t an 

di s t e a ra t e f  s o rb i tan t r i s t e a ra t e f  c ap r yl o cap r o y l  

ma cro go l gl yc e r i de s f prop yl ene gl yc o l  l au r a  t e s  f propylene g l yc o l  

cap r yl a te f gl y c e r y l  mono s t e a r a t e f p o l ygl y c e r y l  o l e a t e f o r  

mi xtur e s  t h e re o f .  P r e f e r ab l y f  t h e  l ipoph i l i c  s u r f a c t ant u s e d  i n  

t h e  o r gani c ph a s e  o f  t h e  inve n t i o n  i s  s o rb i t an mono s t e a r a t e . 

The s o lvent u s e d in the o r gani c pha s e  o f  prep a r a t i o n  o f  the 

p o l y me r i c  nanopa r t i c l e s  of the pr e s ent i nven t i o n lS an o r gan i c  

s o l vent s e l e c t e d fro m t h e  group cons i s t ing o f  a c e tone f 

di me t h y l s u l fox ide f  di me th y l f o r ma mi de f  N- meth ylp yrro l i done f 

dioxane f a c e t oni t r i l e f  me t h yl e th y l  ke t one f o r  o th e r  s o lvent 

wh i ch p r e s en t s  ph ys i co che mi c a l  prop e r t i e s  of i n t e r mo l e cu l a r  

in t e ra c t i on w i t h  wat e r .  In a pre f e r r e d  e mbo di ment o f  the 

invent i o n f  the o rgan i c  s o lvent is p r e f e r ab l y  a c e tone . 

S a i d  c o - s o lvent u s ed in the o r gan i c  pha s e  o f  p r epa r a t i on o f  

the p o l y me r i c  nanopa r t i c l e s  o f  the p r e s ent invent i on i s  s e l e c t e d  

fro m t h e  group cons i s t i ng o f me thano l f e thano l f prop ano l f and 

i s op rop ano l o r o t h e r  a l coho l f mo no- f d i - f t r i - o r 

po l yh ydrox y l a t e d f  g l ycero l f  s o rb i t o l f  p o l yethyl ene g l yco l f  

manni t o l  o r  propylene g l yco l .  I n  a p r e f e rred e mbodi ment o f the 

invent i o n f  the co- s o lvent is p r e f e r ab l y  e thano l . The use o f  
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e thano l in the o r gan i c  phase a s  a c o - so l vent p romo t e s  the 

f o rma t i on of nano capso i d s  with unexp e c t e d  nano t e chno l o g i c a l  

qu a l i t y f  si nce t h e  p o l yme r p o l y  (€- c apro l a c t one ) i s  i n so lub l e  i n  

methano l o r e thano l .  Howeve r f t o  have nano scop i c  granu l ome t r y  f 

the component s o f  the or gan i c  pha se sho u l d  be w a t e r  so l ub l e  and 

emp l o yed b e l ow the sa turation concent ra t i on . 

The a que o u s  pha se cont a i n s  at l e a st one hydroph i l i c  

su r f a c t ant for the prep a r a t i o n  o f  the nanopa r t i c l e s  o f  the 

invent i o n f  p r e f e r ab l y  being an emul si fi e r  su ch as p o l yo xygen a t e d  

p o l yme r s  f o r i o n i c  su r f a ct ant s su ch a s  l e c i  thin o r  a ne ut r a l  

su r f a c t ant se l e c t e d  from t h e  group consi st i n g  o f  p o l y so rb a t e  2 0f 

60 o r  8 0f mac r o go l st e a r a t e f  macro go l c e t o st e a ryl eth e r f  

ma crogol l auryl e ther f macro go l o l e yl e t h e r  f ma cro go l o l e a t e  f 

p o l yoxyl c a st o r  o i l f  hydro gena t e d  po lyoxyl c a st o r  o i l f o r  

mixtu r e s  t h e r e o f .  Pre f e r ab l y  f p o l y sorb a t e  i s  emp l o ye d f  and mo r e  

pre f e r ab l y ,  p o l y so rb a t e  8 0 ,  for t h e  aqueous pha se o f  t h e  

prep a r a t i o n  o f  the nanopa r t i c l e s  o f  t h e  i nvent i o n . 

The 

comp r i se s : 

a queous su sp e n sion o f p o l yme r i c  nanop a r t i c l e s  

The o r gan i c  pha se (a ) from 0 . 00 1 %  t o  8 0 . 0 % (w/ w )  o f  

f i n a st e r i d e , (b ) from 0 . 0 1 %  t o  30 . 0 % (w / w )  o f  a hydrophob i c  

p o l yme r, ( c )  from 0 . 0 1 %  t o  5 0 . 0 %  (w/ w )  o f  a fi x e d  o i l  (d ) from 

O .  0 1 %  t o  50 .0 %  (w/ w )  o f  at l e a st one l ipoph i l i c  su r f a c t ant o f  

l ow HLB, p r e f e rab l y  so l i d (e ) from 1 0 % t o  8 0 %  (w/ w )  o f  o r gan i c  

so lvent f and (f ) 0 . 0 0 1 %  to 5 0 %  (w/ w )  o f  a co- so l vent ; and 

The aqueous pha se (a ) from 0 . 00 1 %  to 8 0 . 0 %  (w/ w )  o f  

minox i di l f  (b ) from O .  0 5% t o  2 0 . 0 %  (w/ w )  o f  a t  l e a st one 

hydrophi l i c  su r f a c t ant , (c ) 1 0 %  to 90 % (w/ w )  wat er . 
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In a p r e f e r r e d  formul a t i on o f  the aqueous suspen s i on f  the 

p o l yme r i c  nanop a r t i c l e s f  pre f e r ab l y  nano c ap s o i ds f comp r i s e : 

- in the o r gan i c  pha s e  (a ) f rom O. 0 0 5% t o  50 . 0 % (w /w ) o f  

f i n a s t e r i de ; (b ) from O .  0 5% t o  2 0 . 0 % (w /w ) o f  a hydrophob i c  

p o l yme r f  p r e f e r ab l y  p o l y  (capro l a c tone E ) ; (c ) from 0. 0 5% t o  

2 0 . 0 % ( w /w )  o f  a fixed oil f p r e f e r ab l y  medium- chain 

t r i g l yc e r i de s ;  ( d )  from O .  0 5% to 2 O .  0 %  (w /w ) o f at l e a s t  one 

l ipoph i l i c  s u r f a c t ant f pre f e r ab l y  s o rb i t an mono s t e a r a t e ;  ( e )  

f rom 1 0 %  to 8 0 %  ( w /w )  o f  an o r gan i c  so l vent f p r e f e r ab l y  a c e t one ; 

and (f ) 0 . 0 0 1 %  to 50 % (w /w ) o f  a c o- s o lvent f p r e f e r ab l y  e thano l ;  

and 

in the aque ous pha s e  (a ) from 0 . 0 0 5% to 50 . 0 % (w /w ) 

minoxidi l ;  (b ) f rom O. 0 5% to 2 0 . 0 %  (w /w ) o f  at l e a s t  one 

hydroph i l i c  s ur f a c t ant f pre f e r ab l y  p o l y s o rb a t e ;  and (c ) from 1 0 %  

to 90 % (w /w ) wat e r .  

The pharmaceutical composi tion for the tr eatment o f 

a l op e c i a  cont a i n s : (A ) nano cap s óids o f the p r e s ent invent i o n f  

comp r i s ing (a ) from O. 0 1 %  to 2 .  5 %  (w /w ) o f  f i n a s t e r i de ;  (b ) from 

0 .0 1 %  to 1 0 . 0 % (w /w ) minoxidil; (c)  from 0 . 1 % to 1 0 . 0 % (w/w ) o f  

a hydrophob i c  po l ymer f p r e f e r ab l y  p o l y  ( E- cap r o l a c tone E )  ; ( d )  

f rom O . 1 % t o  5. 0 %  ( w /w )  o f a fi xed o i l f  pre f e r ab l y  medium- chain 

t r i g l yc e r i de s ;  (e ) 0 . 1 %  to 5. 0 %  (w /w ) of at l e a s t  one l ow HLB 

lipophilic sur factantf p r e f e rably sorbitan monostearate; ( f ) 

f rom 0 . 00 1 %  t o  1 0 %  (w /w ) o f  a hydrophi l i c  sur f a c t ant f pre f e r ab l y  

p o l y s o rba t e  8 O ;  and ( B) a pharmaceut i c a l l y  acceptab l e  c a r r i e r  f 

whe r ein the amounts of the nanocapsoid compone nts are a 

p e r centage o f  the f i n a l  f o rmu l a t ion and s a i d  nano cap s o id s a r e  

d i s p e r s e d  i n  s a i d  pharma ceut i c a l l y  accep t ab l e  veh i c l e .  
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A p r e f e r r e d  pharmace ut i c a l  compo s i t i on f o r  t r e a t i ng 

a l op e c i a  o f the p r e s e nt inve n t i o n  comp r i s e s  from O .  01  to 1 .  0% 

(w / w )  o f  f in a s  t e r  i de and O .  0 1  to 2 .  0 %  ( w/ w )  o f minox i d i l  in the 

f o rm of po l yme r i c  nanopart i c l e s f p r e f e r ab l y  in the f o rm of 

nano c ap s o i ds f di sp e r s e d  in a pharma c eut i c a l l y  acceptab l e  

vehi c l e . 

The pharmaceut i c al compo s i  t i on f o r  the t r e a tment o f 

a l op e c i a  o p t i o n a l l y  cont a i n s  addi t i ve s such as di sp e r s ant s f  

s u r f a c t ant s f  mo i s tu r i zi n g  agent s f  emo l l i en t s  agent s f  t h i c ken e r s f 

s e que s t e r i ng agent s f  pr e s e rvat ive s f  ant i o x i dant s f  fra gran c e s  and 

the l i ke .  

The fo l l owing are sp e c i f i c  embodiment s o f  the 

invent i o n .  Howeve r f i t shou l d  be unde r s t o o d  that su ch examp l e s  

a r e  provided f o r  i l l us t r a t ive purpo s e s  o n l y f  and that v a r i o u s  

mo di f i c a t i on s  o r  change s f  in l i ght o f  t h e  h e r e i n  di s c l o s e d 

embodimentsf will be suggestive to specialists in the art and 

mu s t  be inc 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 ure 

and the s c ope of the accomp anying c l aims . 

EXAMPLE 1: Preparation o f nanocapsoids o f the invention 

containing finasteride 0.20% and minoxidil 0.20% 

Example 1.1: Preparation o f finas ter ide and minoxidil 

nano c ap s o i ds 

The 

prepared 

s u sp ens ions o f  

f rom an o r gan i c  

nano c ap s o ids o f  f i n a s t e r i de were 

s o l u t i o n  o f  a mixture of a c e t o ne and 

e thano l cont a i n i n g  p o l y  

t r i g l yc e r i d e s  (t r i g l y c e r i d e s  

( s- c ap r o l a c t one ) f medium 

o f  capr i c  and capryl i c  

chain 

a c i ds ) f 

s o rb i t an mono s t e a r  a t e  and f i n a s  t e r  i de emp l o ying the compo s i  t i on 

de s c r ibed i n  Tab l e  1 .  
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Table 1: Co rnpo sit ion of the su sp e n si ons o f  p ol y  (0- cap rol a ct one ) 

nano c ap s o i d s  cont a i ning fin a s t e r ide 0.20% and rninox idi l 0.20% 

b a s e d  on the f i n a l  forrnu l a t i on 

capric and 
3 . 30 ml 

a c i d s  

Sorbitan mono s tearate 770 

lactone) 1 0 0 0  

A c e t o ne 20 0 ml 

Ethano l 5 0  ml 

P o li s o rbate 80 

Min oxi di l 20 0 

Dis tilled Water 50 0 ml 

The po l y rne r  ( p o l y  (0-capro l a cto ne ) ) was s o lub i l i zed in t he 

o r gan i c  pha s e  a l o ng wi th f i n a s  t e r  i de ,  t r i g l yc e r i d e s  o f capryl i c  

and cap r i c  a c i d ,  and the l ow HLB s u r f a c t ant ( s o rb i  t an 

rnono s t e a r a t e ) under rnod e r a t e  h e a t ing b e tween 20 °C and 40 °C 

p r e f e rab l y  at 40 °C, ernp l o ying a c e t one a s  the s o lvent and 

e thano l as the co- s o l ve nt .  The n e u t r a l  s ur f ac t ant (po l ys o rb a t e ) , 

and minox i d i l  w e r e  di s s o l ved i n  wa t e r  t o  f o rm the aqueous 

phas e .  Af t e r  so lub i l i z a t i on of all co rnp onent s of the or gan i c  and 

aqueous ph a s e s ,  the o r gan i c  ph a s e  was i n je c t e d ,  u s ing a funn e l , 

on the aqueous phas e .  
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Af t e r  the f o rmat i o n  o f  the p r ima ry emu l s ion o f  n ano c ap s o ids 

of the invent i o n ,  it  was ma int a ined und e r  mo d e r a t e  a g i t a t i on f o r  

1 0  minut e s , and t h e n  concent r a t e d  to a f inal vo l ume o f  1 0 0  m l  i n  

a r o t a r y  evapo r a t o r  under reduced p r e s sure in a thermo s t a t i c  

bath in t h e  evapo rat i on f l a s k  b e tween 1 0  ° C  and 8 0  °C, 

p r e f e rab l y  b e tween 30 °C and 4 5  °C to e l imin a t e  the o r gan i c  

s o lvent a n d  co- s o l vent and ex c e s s  wate r ,  to adj u s t  the f i n a l  

concent ra t i on o f  f i na s t e r i de and minox i d i l .  

Example 1 . 2: Ch arac t e r i za t i on o f  the Fo rmu l a t i on 

A. De te rminat i on o f  p H  

De t e rmi n a t i on 

c a l ibrated wi th 

o f  p H  

a bu f f er 

was p e r f o rmed 

o f p H  4. O and 

in 

7. o f 

a po t ent i ome t e r  

d i r e c t l y  in the 

suspen s i on s , by the ave r a ge of three rep e t i t i ons . 

B. De te rminat i on o f the p a r t i c l e  diame t e r  and po l yd i s p e r s i o n  

i ndex b y  mu l t ip l e  l i ght s c a t t e r i n g .  

Fo r the de t e rmi n a t i o n  o f  t h e  d i ame t e r  a n d  p o l ydi sp e r s i t y  i ndex 

of nanop a r t i c l e  s u s p en s i on by dyn ami c l i ght s c a t t e r i n g ,  the 

Ze t a s i ze r ®  nano- devi ce mo del ZEN 36 0 0  ZS , Ma lvern ,  USA was u s e d .  

Fo r b o th , the s amp l e s  w e r e  di l u t e d  in Mi l li Q® w a t e r  ( f i l  t e r e d  

through a 0 . 4 5  mi cron f i l t e r ,  Mi l l ipore Mi l l ex - HP )  50 0 t ime s a t  

room t emp e r a ture and t h e  r e s u l t s  were de t e rmined by t h e  ave rage 

of thr e e r ep etiti on s . 

C. Determination o f parti ele 

di f f r a c t ome t r y  

size distribution b y  laser 

To a s s e s s  wh e ther 

mic rome t e r  popu l a t i on ,  

b y  l a s e r  d i f f r a c t i o n 

there lS a con comi tant p r e s ence o f  

an a l y s e s  o f  part i c l e  s i z e  w e r e  p e r f o rmed 

(Ma s t e r s i ze r  2 0 0 0 ,  Ma lvern, UK) . Ana l y s e s  
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were c a r r i e d  out by add i n g  a s amp l e  o f  the f o rmu l a t i on in the 

ac c e s s o r y  di sper s i on con t a i n i n g  about 1 0 0  ml of di s t i l l ed 

wa t e r . The amount added to that was enough t o  achi eve 

obs cur a t i on b e tween O .  02 and O .10. To pr event i n t e r f e r ence o f  

the b a c kgr ound s i gn a l  ( from the wat e r ) i t w a s  me a s ured b e f o r e  

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

D. Ze ta p o t ent i a l  

The ze t a  pot ent i a l  o f  the nanop a rt i c l e  suspen s i on was 

de t e rmined by e l e c t r ophore s i s  me thodo l o gy w i t h  the Ze t a s i ze r @  

nano - ZS mo d e l  ZEN 36 0 0  devi c e  (Mal vern, USA) . Th e de t e rminat i o n  

was c a r r i e d  out u s i n g  500 t ime s d i l u t i on in 1 0  mM NaCl s o l u t i o n  

(f i l t e r ed through a 0 . 45 mi cron f i l t e r ,  Mi l l ip o r e  Mi l l ex- HP ) , 

and r e sul t s  obt a ined were the ave r a ge o f  t h r e e  de t e rmin a t i on s . 

E .  Vi s c o s  i t y  

T h e  vi s co s i t y  o f  t h e  sus pens i ons w a s  

vib r a t i on a l  vi s come t e r  (SV-10, A & D Comp any , 

me a sured u s i n g  a 

Jap an ) . To achi eve 

thi s ,  t he vi s co s i t y  was me a s ured dire ct l y  in t he s u s p en s i o n s  f o r  

30 s e conds w i t h  data co l l e c t i on every 5 s e conds at a t emp e r a ture 

of 2 5  ± 1 . 0 °C . 

F .  As s a y o f  Fina s t e r i de in the f o rmu l a t i on 

Fo r the a s s a y o f  f i na s t e r i de ,  the suspens i o n  o f  p o l yme r i c  

nanop ar t i c l e s  w a s  t r e a t ed with a ce t oni t r i l e  i n  u l t r a s s on (f o r  30 

min) resul ting in the extraction o f the dru g  from the 

f o rmul a t i o n .  The drug a s s a y was then p e r f o rme d by hi gh 

p e r f o rman c e  l i qu i d  chromato gr aphy (HP LC) . 

The anal y s i s  was p e r formed on the P e r ki n  E lmer chroma t o graph 

Se r i e s  2 O O ,  u s i n g  ul t r avi o l e t - vi s ib l e  de t e c t o r  (wi th À = 2 1  O nm 
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f o r  the f i n a s t e r i de ) f Li Chro spher 100 RP- 18 c o l umn (5pmf 2 50 x 4 

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

ph a s e  o f  a c e ton i t r i l e : wat e r  (7 5: 2 5) , f l ow o f  1 m L  min - 1, 

inje c t i on vo lume o f  100 pL 

G. As s a y o f  Mi no x i di l in the formu l a t i on 

The a s s a y o f  

s p e c t ropho t ome t e r .  Fo r 

minox i d i l  

bo t h f  

w a s  

the 

suspen s i on was t r e a t e d with me thano l 

minu t e s ) r e s u l t ing in the e x t r a c t ion 

f o rmul a t i o n .  Sho r t l y  a f t e r  thi s ,  the 

s p e c t ropho t ome t e r  f a t a wave l ength 

carr i e d out in a 

p o l yme r i c  nanopar t i c l e  

i n  u l t r a s son (fo r  30 

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

s amp l e s  

o f  2 48 

were 

nm f 

r e a d  i n  a 

f o rmul a t i o n  o f  wh i t e  nano c ap s o i d e s  a s  a re f e rence b e am 

in the s ame mann e r  w i t hout the p r e s ence o f  dru g s ) 

us ing a 

( p repared 

H. Ch e c ki n g  f o r  the p r e s ence o f  c r ys t a l s 

To veri f y  any s imu l t aneous pre s ence o f c r ys t a l s  (drug 

d i s p e r s e d in the aqueous ph a s e )  quant i f i c a t i on by HP LC o f  a 

f re s h l y  prepared fo rmu l a t i on o f th e drug was i n i  t i a l l y  

p e r f o rme d. Aft e r  thi s f o rmu l a t i on was d ivided i n t o  two s amp l e s : 

the f i r s t  was a l l owed to be s t i l l  and the s e cond was s t i r red 

be f o r e  the a s s a y f  wh i ch was p e r formed a g a i n  a f t e r  30 da ys . From 

the s amp l e  whi ch was kept s t i l l f  o n l y  one a l i quot o f  t he 

sup e rnatan t  (pre ve nt ing any movement ) was co l l e c t e d .  From the 

o the r f  an a l i quot (co r r e sponding to 2 0 %  of the sup e rna t ant ) was 

co l l e c t e d  a f t e r  vo r t e x i n g  f o r  15 s e conds . 

I. In v i vo a s s ay for de t e rmining the ab i l i t y  o f  h a i r  recovery 
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The t e chni que u s e d  was a mo di f i ca t i on o f  the t e chn i que 

de s c r ibed b y  Mat i a s et a l  (198 9) f approved by the Eth i c s  

Co mmi t t e e  o f  the Fede r a l  Un ive r s i t y  o f  Ri o Gr ande do Sul . 

Fo r the exp e r iment s f  B6 CBAF1 hyb r i d  f ema l e  m i c e  were u s e d from 

the vivar i um o f  the Un ive r s i t y  o f  Va l e  do It aj a í  (UNIVALI) . The 

anima l s  were under s t andard cond i t i on s  of t empe rature and 

r e l a t i  ve h umidi ty du ri ng the exper ime nt f wi th l i ght and dark 

cycl e s  of 12  hours e a ch. Al l an ima l s  r e c e ived a subcutaneous 

inje c t i on o f lo 15 t e s t o s t e rone in a mixture o f 

p o l y s o rb a t e  8 0  in water 

di sp e r s e d 

-1 
(1 0 0  mg . mL ) at a do s e  o f  1 mg p e r  day. 

The r e  were f i ve inj ec t i o ns per we e k  for 4 we e ks .  

In the f i r s t  we e k  the anima l s  r e c e i  ved o n l y  inj e c t i on s  o f 

t e s t o s t e rone . On the f i r s t  day o f  the s e cond we e k  o f  the 

exp e r iment f a l l  an ima l s  had the h a i r  r emoved from the i r  b a c ks 

wi th Ve e t® dep i lato ry cre am f fo r the to tal remov al o f  h ai r. Afte r 

removal o f ha i r f  da i l y  i n je c t i ons o f t e s t o s t e rone were 

ma i n t a i n e d f  and a dai l y  top i c a l  app l i ca t i on of the formu l a t i on 

was added t o  the t r e a tment f depending on the t r e a tment group 

(p l a cebo f t r e a tment f co n t r o l ) .  Fo r the t r e a tment groups f the 

opt imi zed f o rmu l a t i on cont ai ning the nano cap s o i d s  of the p r e s ent 

invent i on w a s  us ed f wh i ch was comp a r e d  with the r e sul t s  of the 

f o rmu l a t i o n  o f  f i na s t e r i de 0 . 2 5 %  di s c l o s ed in the co-p ending 

pat ent app li ca t i on of the s ame App l i cant of the p r e s e nt p a t ent 

app l i c a t i o n .  The formu l a t i on f o r  top i ca l  t r e a tment of andro geni c 

a l o p e c ia f  co mme rc ia l l y  ava il ab le unde r the b rand na me P il e x il @  

(S e r enoa s e r ru l a t a  e x t r a c t  2 2 . 0 % f  Va l e ant ) was a l s o t e s t e d. 

To mon i t o r  the growth o f  ha i r f  pho t o g r aphs were t a ken on days 

lf l5 f and 2 3 . On the 2 4th day the anima l s  were s a c r i f i c ed by 

c e rvi c a l  d i s l o c a t i on . A s amp l e  of s kin from the b a c ks o f  4 
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was r emoved and eva l u a t e d  

the s l i d e s  were s ent to t h e  Zano l  

l ab o r a t o r y  f wh i ch were p r epared and s t a i ned w i  t h  hematoxyl in

e o s i n .  Th en we proce eded t o  the an a l ys i s  w i t h  a l i ght mi c r o s cope 

( Ze i s s  P r imo St ar coup l e d t o  the c ame ra Canon Powe r Sho t f  

PC1 2 50 )  t o  de t e rmine wh i ch growth s t age the h a i r  w a s  i n .  

(MATIASf JRf e t  a l . ; "An ima l mode l s  o f  andr o gen-dep endent 

d i s o rde r s  of the p i l o s ebaceous app a r a tu s .  1 .  The 

androchrono gen e t i c  a l op e c i a  (AGA ) mo u s e  a s  a mode l f o r  ma l e 

pa t t e rn b a l dne s s . Ar chi ve s o f De rma t o l o g i c a l  Re s e a r ch f v .  2 81 f 

p .  24 7- 253 f 1989) 

To quant i f y the d a t a  obtain ed b y  h i s t o l o gy f i t was p r o c e eded 

the count i n g  of mature fo l l i c l e s  (w i th p i gment a t i on and i n s e r t e d  

in t h e  adipo s e  t i s s ue ) o f  e a ch o f  t h e  h i s t o l o g i c a l  s l i de s  from 

e a c h  group . Thu s f  we an a l y zed 4 s l i d e s  p e r  group f and the count 

was b a s e d  on 3 di f f e r ent foci o f  the s ame s l i d e f t o t a l ing 1 2  

f i e l ds ana l y z e d  p e r  group . Fo r a compa r i son b e tween the group s f  

s t a t i s t i c a l  an a l ys i s  b y  ANOVA (� = 0 . 0 5) w a s  made . 

J.  In v i vo a s s ay for de t e rmining the ab i l i t y  o f  h a i r  recovery 

The ana l y s e s  were p e r formed w i t h  a tr ansmi s s ion e l e c t ron 

m i c r o s cope (JEOLf JEM 1 2 0 0  Ex l l f  El e c t ron Mi c r o s copy Cen t e r  

UFRGS) op e ra ti n g  a t  80 kV. Th e di l u te d  s u s p e n s i on s  we re 

depo s i t ed on the c a rbon supp o r t  f i lm in grids f negat ive l y  

s t a ined w i t h  uranyl a c e t a t e  s o l u t i on (2 % w / v )  and ob s e rved us ing 

a magn i tude of 2 50 f 0 0 0  t ime s .  

EXAMPLE 1.3: Phys i co chemi c a l  charact e r i z a t i on o f  the nano c ap s o i d  

f o rmu l a t i o n  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 % .  
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Tab l e  2 shows the d i ame t e r  va l u e s  (fo r  mu l t i p l e  l i ght 

s c a t t e r i ng ) , p o l yd i s p e r s i on index , z e t a  p o t e nt i a l , p H  and 

vi s co s i t y f o r  the nano c ap s o ids f o rmu l a t i on o f  the inve n t i o n  

cont a i ning the comb i n a t i o n  o f  f i n a s t e r i de and minox i d i l .  

Table 2. Phys i co chemi c a l  cha r a c t e r i za t i on o f the nano c ap s o i d s  

f o rmu l a t i o n  cont a inin g the comb i n a t i o n  o f  f i na s t e r i de and 

minox i d i l  (f in a s t e r i de 0 .2 0 %  and minox i d i l  0 .2 0 %) o f  the 

invent i o n ,  comp a r e d  with the chara ct e r i za t i on o f  the f o rmu l a t i on 

of f ina s t e r ide 0. 25% (a s d is c l o s e d  in app lic a t ion co-pending 

f rom the s ame App l i cant of the p r e s ent app l i c a t i on )  

Analysis 

Average d iameter 

( nrn) 

Polyd i s per s i o n  index 

Zet a po tenc i al ( mV) 

pH 

Vis c o s i t y  (mPa . s )  

Formulation 0.20% 

finasteride and 

0.20% minoxidil 

2 55 ± 2 

0 . 2 2 ± 0 . 02 

- 1 1 . 7 ± 1 .  2 

6. 4 ± 0 . 1  

1 . 2 5 ± 0 . 1 9 

Formulation 0.25% 

finasteride 

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 on cont a i ning the two a c t ive ingredi ent s ,  

f i n a s t e r i de and minox i d i l ,  p r e s ented phys i co chemi c a l  

charac t e r i s t i c s  c l o s e  t o  tho s e  o f  t h e  f o rmu l a t i on cont a i ning 

onl y fin a s t e ri de ( n ano cap s u l e s  of p o l y  (s -c apro l ac t one ) 

cont a i ning 0 . 2 5 %  o f  the act ive ingredi e nt ) , a s ,  f o r  examp l e ,  the 

d i ame t e r  and the ze t a  poten t i a l . Howeve r ,  the p H  was shown to b e  

c l o s e r  to the n e u t r a l  value , probab l y  due t o  t h e  p r e s e nce o f  t h e  

minox i d i l  s o l u t i o n  in t h e  e x t e rnal a qu e o u s  ph a s e .  
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F i gu r e  1 shows a c o mp a r i son b e twe en the granu l o me t r yp ro f i l e  

o f the nano c ap s o i d s  o f f i n a s  t e r  i de and mi no x i d i l  (f i n a s  t e r  i de 

0 .2 0% and mi no x i d i l  0 . 2 0 %) o f  the invent i on and o f  the 

nano c apsul e s  o f finas ter i de ( f i n a s  ter i d e  O .  2 5% ) . As no t e d ,  the 

nano c ap s o i d s  of the invent i o n  cont a i n i n g  the c o mb i n a t i o n  have a 

s l i ght l y  de c r e a s ed mi c r o me t e r  popu l a t i on co mpared to the 

nano me t e r .  To fa c i l i t a t e  thi s v i ew, the pro f i l e s  of the 

t r ip l i c ate of e a ch f o r mu l a t i on lot were p r e s ent ed s ep a r a t e l y  i n  

F i gure 1 .  

Fo r a b e t t e r  eva l u a t i o n  o f  the mo rpho l o g i c a l  

charac te r i s t i c s  o f  t h e  f o r mu l a t i o n ,  an a l ys i s  o f  t r an s mi s s i on 

with e l ect ron mi c r o s copy as shown i n  Fi gu r e  2 was p e r f o r med.  

E x a mp l e  1 .  4 :  As s ay f o r  de t e r mi n i n g  the cap i l l a ry r e cove ry 

cap a c i t y  o f  the nano cap s o ids o f  f i n a s t e r ide and mi nox idi l of the 

invent i on 

The i mpr ove ment in e f f i c i ency o f  the cap i l l a ry r e cove ry 

cap a c i  t y  b y  u s e  o f the nano cap s o i d  f o r mu l a t i o n  cont a i ning the 

c o mb i n a t i o n  of the drugs f i n a s t e r i de and mino x i d i l of the 

invent i o n ,  was a s s e s s e d  with an in vivo a s s ay with thi s 

f o r mu l a t i o n ,  and was c o mpared t o  the re sul t s  u s ing the 

nano c aps u l e  f o r mu l a t i on cont a i n i n g  0 . 2 5% f i na s t e r i de and the u s e  

o f  a fo rmu l a t i o n  ava i l ab l e  in t h e  ma rke t  hav i n g  anti andro gen 

act i on i n d i c a t e d  f o r  the t r e a t ment o f a l op e c i a :  P i l ex i l CB;  

(Va l e ant ) ,  w i t h  the act ive ingredi ent Se r enoa s e r ru l a t a  e x t r a c t .  

To p e r f o r m  the t e s t ,  ani ma l s  o f  t h e  B6 CBAF1 l i n e a ge were 

treated fo r a we e k  w i t h  s ubcutaneous inj e c t i on s  of t e s t o s t e rone , 

and in the s e c ond we e k, had the b a c k  dep i l a t e d  for t r e a t ment a nd 

de t e r min a t i on ,  thus , the cap i l l a ry r e c overy cap a c i t y  o f  the 

t e s t e d  formu l a t i ons . F i gure 3 shows the co mp a r i s o n of t r e a t ment s 
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through the pi ctur e s  o f  the rep r e sent a t ive anima l s  from e a ch 

group on days 1, 15 and 2 3; t r e a t e d  wi th (A ) the nano capsu l e  

f o rmu l a t i o n  containing O.  2 5 %  f i n a st e r i de , a s  di sc l o sed in the 

co-pending app l i c a t i on of the same App l i cant of the p r e sent 

app l i c a t i o n ;  (B) the f o rmu l a t i on of the invent i on cont a i ning 

nano capso i d s  comp r i sing finas t e r  i de O. 2 0 %  and minox i d i l O. 2 0 % ;  

and (C) P i l ex i l ®. 

As no t e d ,  the f o rmu l a t i on o f  the pre sent inve n t i o n  

p r e sented a vi su a l  r e su l  t we l l  sup e r i o r  t o  the p roduct in t h e  

ma rke t  for the t r e atment o f  androgene t i c  a l op e c i a  ( P i l ex i l �) . 

When compared w i t h  the formu l a t i on o f  nano c ap su l e s  

con t a i ning f i n a st e r i de 0. 2 5 %, the r e su l t  wa s sl i ght l y  

h i ghe r .  Th i s  r e su l t  can b e  b e st ob served wh en a l l  the anima l s  o f  

the gr oup s were ana l yz e d  t o ge t he r . On e can obse rve a mo r e  

comp l e t e  cove r i ng o f h a i r  o n  a l l  the anima l s  t r e a t ed wi t h  t h e  

formu l a t i o n  o f  the p r e sent invent i on . In turn , in t h e  group 

t r e a t e d  wi th the f o rmu l a t i on o f nano c ap su l e s  cont a i nin g O. 2 5 %  

f i n a st e r i de , some anima l s  st i l l  showed some a r e a s  wi thout fu l l  

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

The h i stopatho l o g i c a l  an a l y si s, shown in F i gure 4 ,  and c e l l  

count s, shown i n  F i gure 5 ,  from t h e  sl i de ima g e s  showed 

si gn i f i cant di f f e renc e s  be twe en the g ro up s  (ANOVA, ex =  0 . 05 ) . 

The nano cap so i d  f o rmu l a t ion w i t h  a comb i n a t i o n  o f  the dru g s  

f i n a s  t e r  i d e  and minox i d i l o f t h e  pre sent invention exhi bi t e d  a 

numb e r  o f  fo l l i c l e s  p e r  f i e l d  si gn i f i c an t l y  h i gher than that o f  

the P i l ex i l ®  formu l a t i o n ,  b e i n g  simi l a r  t o  that shown b y  the 

f o rmu l a t i o n  of nano capsu l e s  cont a i ning 0 . 2 5 %  f i n a st e r i de (A NOVA, 

ex =  0 . 0 5 ) . 
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Al tho u gh the v i s u a l  r e sul t s ,  throu gh the a c compan yin g 

pho t o graph s ,  o f  h a i r  growth u s in g  the nano c ap s o i d s  f o rmu l a t i on 

cont a i n i n g  mino x i d i l and f i n a s t e r i de of the p r e s ent inve n t i o n  

have b e en s l i ght l y  hi gh e r  compared t o  tho s e  p r e s e nted by t h e  u s e  

o f  t h e  nano c ap s u l e  f o rmu l a t i on con t a i n i n g  0 . 2 5 %  f i na s t e r i de ,  the 

r e s u l t s  of the c e l l  coun t s  showed s imi l a r i t y  b e tween the s e  two 

f o rmu l a t i o n s . Thus ,  i t  can be concluded that the add i t i on o f  

minox idi l a s s i s t s  i n  a c c e l e r a t i n g  the growth o f  the h a i r  

(r evi va l )  w i  thout favo r i n g  however t h e  deve l opment (ma t u r a  t i o n )  

t h e r e o f .  Tha t  i s ,  mino x i d i l  ac c e l e r a t e s  the growth o f  h a i r ,  but 

does not reve r s e  the c ap i l l a r y invo l u t i o n  that o ccurring in 

andro geni c a l ope c i a ;  thi s reve r s a l  is provi ded b y  f i na s t e r i de . 

EXAMPLE 2 :  Pharmaceutical composi tions comprising minoxidil and 

finasteride nanocapsoids 

Example 2.A - Fo rmu l a t i o n in the f o rm o f  t op i c a l  s o l u t i on 

Nano c ap s o i d s  o f  f i n a s t e r ide 

de s c r ib e d  i n  Examp l e  1. 1.  The 

and minox idi l are p r ep a r e d  a s  

top i c a l  s o l u t i on i s  p r ep a r e d  

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

Table 3 :  Fo rmu l a t i on in f o rm o f a top i ca l  s o l u t i o n  cont a i n i n g  

t h e  nano c ap s o i d s  suspe n s i on cont a i n i n g  0.025 % f i n a s t e r ide and 

0.20% mi no xi di l . 

capri c  and 
3 . 2 3 

aci ds 

Sorb itan monos tearate 0 . 7 7 

Po o l actone 1 .  0 0  

Fina s t e r  ide 0 . 0 2 5  
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P o l i s o rbate 8 0  0 . 7 7 

Mino x i d i l 0 . 2 0 

Di s t i l l e d  water 9 4 . 0 0 5  

Example 2 . B  - Formulation in the form of topical gel 

Nano c ap s o i d s  o f  f i n a s t e r ide and mi nox i di 1  are p r epared a s  

de sc r ibed i n  Ex a mp 1 e  1. 1. 

The n ano cap s o i d  suspens i ons , prepared a s  de s c r ibed i n  

E x a mp 1 e  2 . A, were t h i c kened with 0 . 2 %  Ca rb opo1® 9 4 0 .  

T r i e thano 1 a mine qs was added to obtain a s u i tab 1 e  vi s co s i t y  f o r  

top i ca 1  app 1 i c at i o n .  T he r e su1 t i ng g e 1  h a s  the f o r mu1 a t i on shown 

in T ab 1 e  4 .  

Table 4 :  Fo rmu 1 ation in fo rm o f  a top ica1 g e 1  co ntaining the 

nano c ap s o i d  suspen s i on o f  0 . 0 5 %  f i na s t e r i de and 0 . 2 5 %  minox i d i 1 .  

capri c and 
3 . 2 3 

a c i ds 

S o rbitan rnono s te arate 0 . 7 7 

Po o l actone) 1 .  0 0  

Fina s t e r  ide 0 . 0 5 

Po l i s o rbate 8 0  o .  7 7  

Carb 1 9 4 0  0 . 2 0 

D i s ti l l e d  water 9 3 . 7 3 

T r i e thano l arni ne 
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EXAMPLE 2 . C :  Formu l a t i on in f o rm o f  a top i c a l  l o t i on 

I ni t i a l l y ,  pha s e  1 i s  prepared a s  de s c r ibed i n  Examp l e  2 . A, 

and the compo s i t ion was emp l o yed f r om pha s e  1 in Tab l e  

5 .  S eparat e l y ,  the componen t s  were me r ged from pha s e  2 i n  a 

wat e r  bath a t  5 0  °C and r emo ved from h e a t ing a f t e r  fu s i on. Next , 

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 magne t i c  

s t i r r ing . Add thi s mixture o f  ph a s e s  1 and 3 i n  the mo l t en ph a s e  

2 and c o o l  t o  4 0  °C under mode r a t e  mechan i c a l  agi t a t i on t o  avo i d  

a i r  incorpo r a t i o n .  

Table 5 :  Fo rmu l a t i on i n  f o rm o f  a t op i c a l  l o t i on cont ai nin g the 

nano c ap s o i d  suspen s i on cont a i ning 0 . 1 % fin a s t e r i de and 0 . 3 % 

minox i di l .  

capri c and 
3 . 2 3 

acids 

S o rb i t an mono s t e arat e  0 . 7 7 

Po o l ac t o ne) 1 .  0 0  

Fi nas ter ide 0 . 1 0 

Po li s o rbat e  8 0  0 . 7 7 

Mino x i d i l  0 . 3 0 

D i s ti l l e d  water 8 9 . 53 

C o c o nut o i l  2 . 0  

Pr araben 0 . 2  

Me araben 0 . 1  
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S a l care SC 9 1  ( INC I : 

Po lyacrylarnide and C 1 3 - 1 4  

I s  araffin and Laur e t h - 7 )  

2 . 0  

Al l pub l i c at i ons and p a t ent app l i c a t i ons ment i oned in thi s 

sp e c i f i c a t i on a r e  ind i c a t ive o f  the l ev e l  o f  tho s e  s ki l l ed i n  

t h e  a r t  t o  wh i ch the invent ion r e l a t e s . Al l pub l i c a t i ons and 

pat ent app l i cat i on s  are incorpo r a t e d  h e r e i n  by r e fe rence to the 

s arne e x t e n t  a s  i f e a ch i ndividu a l  pub l i c a t ion o r  p a t ent 

app l i c a t i o n  were e ach spe c i f i c a l l y  and i ndividual l y  indi c a t e d  to 

be incorpo r a t e d  for e a s e  of r e f e r ence . 

Al though c e r t a i n  embodimen t s  have b e en de s c r i b e d ,  t h e y  a r e  

p r e s ented in a n  exernp l a ry rno de onl y ,  a n d  a r e  n o t  i n t ended t o  

l imi t t h e  s cope o f  t h e  invent i o n .  I n  f a c t ,  t h e  n e w  embo diment s 

described here i n  rna y be implernented in a variety of other forrns ; 

mo re than th a t ,  var i ou s  omi s s i ons , sub s t i tu t i o n s  and change s i n  

t h e  f o rm o f  the emb o diment s de s cr ibed h e r e i n  m a y  b e  made wi thout 

dive rgin g f rorn the s p i r i t  of the invent ion . The c l a irns and the i r  

e qu i va l en t s  ac companying thi s de s c ri p t i on a r e  con s i de r e d  t o  

cove r such f o rms o r  mo di f i c a t i o ns a s  t h e y  may b e  w i  thin the 

s cope and s p i r i t  of the invent i o n .  



1 .  Po 1 yme r i c  nanop a r t i c l e  

f i n a s t e r i de and minoxidi l f  

1/7 

CLAIMS 

comp r i s ing the a c t ive ingredi ent s 

whe r e i n  s a i d  nanop a r t i c l e  i s  f o rmed 

f rom preparing an or gan i c  pha s e  and an aqueous pha s e f wh e r e in : 

(a ) the o r gan i c  pha s e  comp r i s e s : (i ) a hydroph ob i c  po l yme r f  

(i i )  a f i x e d  o i l  f ( i i i )  a t  l e a s t  one l ow HLB l i pophi l i c  

s u r f a c t ant f (i v )  an or gan i c  s o lvent f ( v )  a co- s o l vent f 

(vi ) f i n a s t e r i de ; and 

(i i )  the aqueous pha s e  comp r i s e s : ( v i i )  at l e a s t  one 

h ydroph i l i c  s u r f a c t ant f (v i i i )  mino x i d i l f  and (ix )  wat e r . 

2 .  Po l yme r i c  nanopart i c l e  acco rding t o  c l a im 1 f  whe r e i n  i t  i s  i n  

t h e  form o f  a nano cap s o i d . 

3. P o l yme r i c  nanop a r t i c l e  a c co rding to c l a im 1 f whe r e i n s a i d  

hydrophob i c  po l ymer i s  s e l e c t e d  from t h e  group con s i s t i ng o f  

vinyl po l yme r s f p o l ye s t e r s f p o l yamide s f  p o l yurethan e s  and 

p o l ycarbon a t e s . 

4 .  P o l yme r i c nanop a r t i c l e  a c co rding to c l aim 3 f whe r e i n s a i d  

hydrophob i c  p o l yme r i s  a b i ode gradab l e  po l yme r from the group o f  

p o l ye s t e r s  having a me l t i ng po int o f  l e s s  than 1 2 0 °C. 

5 .  P o l yme r i c  nanop a r t i c l e  a c co rding to c l aim 4 f whe r e i n s a i d  

b i ode gra dab l e  p o l yme r from the group o f  p o l y e s t e r s  having a 

me l t ing p o i n t  o f l e s s  than 1 2  O ° C i s  s e l e c t e d  f rom the group 

con s i s t i n g  o f  a p o l y  (l act i de ) f p o l y  (gl yco l i de )  f copo l yme r s  o f  

p o l y (l act i de - co - g l yco l i de ) f  po l ycapro l a c t o n e ,  and a cop o l ymer o f  
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p o l ycapro l ac t one w i t h  a p o l ye s t e r f  w i t h  a po l yami de f w i t h  a 

p o l yure thane o r  w i t h  a vinyl p o l yme r .  

6 .  P o l yme r i c nanopa r t i c l e  a c co rding t o  c l aim 5 f whe r e i n s a i d  

p o l ycapro l ac t one i s  a p o l y  (s- c apro l a ctone ) . 

7 .  P o l yme r i c  nanopa r t i c l e  a c co rding to c l aim 1 f whe r e i n s a i d  

f i x e d  o i l  i s  s e l e c ted from t h e  group cons i s t ing o f  cano l a  o i l f 

s o y  o i l f o l ive o i l f  medium- chain t r i g l yc e r i de s f  and mixture s 

thereo f .  

8 .  P o l yme r i c  nanopa r t i c l e  a c co rding to c l aim 7 f whe r e i n s a i d  

medium- cha i n  t r i g l yc e r i de s  a r e  s e l e c t e d  from t h e  group o f  

t r i g l yc e r i d e s  o f  c apr i c  and capryl i c  a c i ds f propyl ene g l yc o l  

d i c ap r i o  capra t e  f macrogo l g l yc e r i d e s  o f o l e y l  f l au r i l  f l i no l e o i l  

and mixtu r e s  thereo f .  

9 .  Po l yme r i c  nanop a r t i c l e  acco rding t o  c l a im 1 f  whe r e i n s a i d  l ow 

HLB l ipoph i l i c  s u r f a c t ant has a value in the range o f  3 t o  6 and 

i s  s e l e c t e d  from a group cons i s t i ng o f s o rb i t an mono s t e a r a t e f 

s o rb i t an di s t e a ra t e f  s o rb i t an t r i s t e a ra t e  f c ap r i l  capryl i c  

macrogo l g l yc e r i d e s  f propyl ene g l yc o l  l au r a  t e s  f propylene g l yc o l  

cap r y l at e s f  g l yc e r yl mono s t e a r a t e f  p o l yg l yc e r y l  o l e at e s f  and 

mixtur e s  t h e r e o f .  

1 O .  Po l yme r i c  nanopa r t i c l e  acco rding t o  c l a im 9 f whe r e i n s a i d  

l ow HLB l ipoph i l i c  s u r f a c t ant i s  s o rb i t an mono s t eara t e .  

11 . Po l yme r i c  nanopa r t i c l e  acco rding t o  c l a im 1 f whe r e i n s a i d  

o r gan i c  s o lvent i s  a s o lvent wh i ch has phys i co chemi c a l  

prop e r t i e s  o f t h e  in t e rmo l ecu l ar i n t e r a c t ion wi t h  wat e r  and i s  

s e l e c t e d from the group cons i s t ing o f  a c e tone f 
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dime thyl s u l fox ide ,  dime thyl f o rmami de , N-me thylpyrro l i done , 

dioxane , a c e t oni t r i l e ,  me thyl e thyl ke tone , and mixtur e s  the reo f 

1 2 . Po l yme r i c  nanopa r t i c l e  accord ing to c l a im 1 1 ,  whe r e i n  s a i d  

o r gan i c  s o l vent i s  ace tone . 

1 3 . Po l yme r i c  n anop a r t i c l e  according t o  c l a im 1, whe r e i n  s a i d  

co- s o lvent i s  s e l e c t e d  f rom the gr oup cons i s t i ng o f  me thano l ,  

e thano l ,  p r opano l ,  and i s oprop ano l or o t h e r  a l coho l ,  mono - ,  d i - , 

t r i - o r p o l yhydroxyl a t e d ,  g l yc e r o l  f s o rb i  t o l  f p o l ye thyl ene 

g l yco l ,  mann i t o l ,  and propyl ene g l yco l . 

1 4 . Po l yme r i c  nanop a r t i c l e  a c co rding to c l a im 1 3, whe r e i n  s a i d  

co- s o lvent i s  e thano l .  

1 5 . Po l yme r i c  nanopa r t i c l e  acco rding t o  c l a im 1 f whe r e i n s a i d  

hydroph i l i c  s u r f a c t ant i s  s e l e c t e d  fr om the group cons i s t ing o f  

p o l y  oxygen a t e d  p o l yme r s , i o n i c  s u r f a c t ant and neut r a l  

s u r f a c t ant . 

1 6 .  Po l yme r i c  nanopa r t i c l e  accord ing to c l a im 1 5 f  whe r e i n  s a i d  

hydroph i l i c  s u r f a c t ant i s  a neut r a l  hydroph i l i c  sur f a c t an t  

s e l e c t e d  f r om t h e  group cons i s t i ng o f  p o l y s o rb a t e  2 0 ,  6 0  o r  80, 

ma c r o go l s t e a r a t e , ma crogol c e t o s t e a ryl e the r ,  ma crogol l auryl 

e the r ,  ma cro go l o l e yl e th e r  f ma c r o go l o l e a t e ,  p o l yoxyl c a s t o r  

o i l , h ydro genat e d  p o l yoxyl c a s t o r  o i l ,  and mixtur e s  t h e r e o f .  

1 7 . Po l yme r i c  nanop a r t i c l e  a c co rding to c l a im 1 5 ,  whe r e i n  s a i d  

neut r a l  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 .  

1 8 . An aqueous suspen s i on o f  p o l yme r i c  nanopart i c l e s  a s  de f ined 

in any one of c l a ims 1 to 1 7 ,  s a i d  suspe n s i on comp r i s e s : 
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(i ) an o rgan i c  pha s e  comp r i s i ng : (a ) from 0 . 0 0 1% t o  8 0 . 0% 

(w/ w )  o f  f i n a s t e r i de , (b ) from O .  0 1% to 30 . 0 % (w / w )  o f  a 

h ydrophob i c  p o l yme r ,  ( c )  from 0 . 0 1% t o  5 0 . 0 % (w/ w )  o f  a 

f i x e d  o i l  ( d )  f rom 0 . 0 1% t o  5 0 . 0 %  (w/ w )  o f  at l e a s t  one l ow 

HL B l i poph i l i c  s u r f a c t ant (e ) f rom 10 % to 8 0 %  (w / w )  o f  

o r gan i c  s o l vent , and (f ) 0 . 0 0 1% t o  5 0 %  (w/ w )  o f  a co

s o l vent ; and 

(i i )  an a queous ph a s e  conta ining ( g )  0 . 0 0 1% to 8 0 . 0 %  (w/ w )  

minox i d i l ,  (h ) O .  0 5 %  t o  2 O .  0 %  (w / w )  o f at l e a s t  one 

h ydroph i l i c  s u r f a c t ant and ( i )  fr om 10 % t o  9 0 %  (w/ w )  wa t e r .  

19 . An aqueous s u spens i o n  o f p o l yme r i c  nanop ar t i c l e s  a c co rding 

to c l a im 18 , s a i d  suspen s i on comp r i s e s : 

(i ) an o rgan i c  pha s e  comp r i s i ng : (a ) from 0 . 0 0 5 %  t o  5 0 . 0% 

(w/ w )  o f  f i na s t e r i de ; (b ) from O .  0 5 %  t o  2 0 . 0 % (w / w )  o f  p o l y  

(8 - c apro l a cto ne ) ;  (c ) from O .  0 5 %  t o  2 0 . 0 % (w/ w )  o f  me dium

chain t r i g l yc e r i de s ;  (d ) f r om O .  0 5 %  to 2 0 . 0 %  (w/ w )  s o rb i  tan 

mono s t e a r a t e ; (e ) from 10 % t o  8 0 %  (w/ w )  a c e tone ; and ( f ) 

0 . 0 0 1% to 5 0 %  (w/ w )  e thano l ;  and 

(i i )  an aqueous pha s e  comp r i s ing : (g ) 0 . 0 0 5 %  to 5 0 . 0 %  (w/ w )  

minox i di l ;  (h ) O .  05 % to 2 O .  0 %  ( w/ w )  p o l y s o rb a t e  8 O ;  and ( i )  

from 10 % to 9 0 %  (w/ w )  wat e r . 

2 0 . A pharmaceut i c a l  compo s i t i o n for the t r e a tment o f  a l op e c i a  

comp r i s ing : 

(A) nano cap s o ids as de f i ned in any o f  c l a ims 1 to 17 , s a i d  

nano c ap s o i d s  comp r i s ing (a ) from O .  0 1 %  t o  2. 5 %  (w / w )  o f  

f i n a s t e r ide ; (b ) from 0 . 0 1% t o  10 . 0 % (w/ w )  mino x i di l ;  ( c )  

from O . 1 % to 1 0 . 0 %  (w/ w )  o f  a hydrophob i c  p o l yme r ;  (d ) from 
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0 . 1% t o  5 . 0 %  ( w / w )  o f  a f i x e d  o i l ;  (e ) 0 . 1% to 5 . 0 %  (w/ w )  

o f  a t  l e a s t  o n e  l ow HLB l ipoph i l i c  s u r f a c t ant ; (f ) from 

0 . 0 0 1% to 10 % (w/ w )  o f  a hydroph i l i c  s u r f a c t ant ; and 

(B) a pharmaceut i c al l y  acceptab l e  

amoun t s  o f  the component s o f  the 

p e rcent age of the f i n a l  f o rmu l a t i o n  

c a r r i e r f  whe r e in the 

nano cap s o id s a r e  a 

and s a i d  nano c ap s o ids 

are di s p e r s ed in said pharmaceut i c a l l y  acceptab l e  veh i c l e . 

2 1 . A pharmaceut i c al compo s i  t i on acco rding to c l a im 2 O f wherein 

s a i d  hydrophob i c  po l ymer i s  p o l y (E - c apro l a c t one ) f  s a i d  f i x e d  o i l  

i s  me dium- chain t r i g l yc e r i de f s a i d  l ow HLB l ipophi l i c  s u r f a c t ant 

is s o rb i t an mono s t e a r a t e f and s a i d  h ydroph 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 . 

22 . A pharmaceu t i cal compo s i  t i on acco rding to c l a im 2 O o r 21 f 

wherein s a i d  compo s i  t i on comp r i s e s  nano c ap s o i d s  di spe r s e d  i n  a 

pharma ceut i c a l l y  acceptab l e  vehi c 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 and 0 . 0 1  to 2 . 0 % (w / w )  minox i d i l . 

2 3 . A pharmac eu t i c a l  compo s i t i on according to c l a im 2 0 f  whe r e i n  

i t  i s  f o r  t op i c a l  admini s t ra t i on and i s  in t h e  form o f  a 

s o l u t i o n f  g e l  o r  l o t i o n .  

2 4 . A pharmaceut i c a l  compo s i t i on according t o  c l a im 2 0 f 2 1 f  2 2  

o r  2 3f whe r e i n  i t  further comp r i s e s  addi t i ve s s e l e c t e d  from 

d i s p e r s ant s f  s u r f a c t ant s f  mo i s tur i z i n g  agent s f  emo l l i ent s f  

t h i c kene r s f s e que s t e r ing agent s f  pr e s e rvat i ve s f  ant i ox i dant s f  

f r a granc e s  and the l i ke .  

2 5 . A p r o c e s s  f o r  preparing po l yme r i c  nanop ar t i c l e s  de f i ned i n  

any o f  c l a ims 1 t o  17 f whe r e i n  s a i d  pro c e s s  comp r i s e  the s t eps 

o f :  
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(i ) preparing an o r gan i c  pha s e  b y  di s s o lving the 

h ydrophob i c  p o l yme r and fin a s t e r i de , a fixed o i l ,  at l e a s t  

one l ow HLB sur f a c t ant f i n  a n  or gani c s o lvent and a co

s o lvent ; 

(i i )  p reparing an aqueous pha s e  by di s s o lving minox i di l f  a t  

l e a s t  o n e  p r e f e r ab l y  neut r a l  hydrophi l i c  s u r f a c t ant i n  

wa t e r ; 

( i i i ) inj e c t ing the o r gan i c  pha s e  in the aqueous pha s e  t o  

a l l ow f o rmat ion o f  the p r ima ry emu l s i o n  o f  nanopart i c l e s  on 

the i n t e r f a c e  of the two ph a s e s f  the mixture b e i n g  

ma int a ined under s t i r r i ng for a t ime s u f f i c i ent f o r  

adequ a t e  encap s u l a t i on o f  the a c t i v e  ingredi ent s ;  

(i v )  r emoving a t  l e a s t  one o r g a n i c  s o l  vent and recovering 

the a queous pha s e  cont a inin g the nano cap s o i d s . 

2 6 .  Pro c e s s  a c co rding t o  c l a im 2 5 f  wh e r e i n  s a i d  hydrophob i c  

p o l yme r i s  s e l e c t e d  fr om the group cons i s t i ng o f  vinyl p o l yme r s f 

p o l ye s t e r s f p o l yamide s f  p o l yurethan e s  and p o l ycarbonat e s . 

2 7 . P ro c e s s  according to c l a im 2 6 f  wh e r e i n  s a i d  p o l ye s t e r  has a 

me l t ing po i nt o f  l e s s  than 1 2 0 ° C and i s  s e l e c ted from the group 

cons i s t ing 

o f  po l y  

o f a p o l y  ( l ac t i de ) f a p o l y  

(l a c t i de - co - g l yco l i de ) f 

( g l yco l i de ) f copo l yme r s  

po l ycapro l a c tone f a 

po l ycapro l ac t one copo l yme r wi th a po l ye s t e r  f wi th a p o l yami de f 

with a po l yure thane or w i t h  a vinyl p o l yme r . 

2 8 . Pro c e s s  a c co rding to c l a im 2 5 ,  whe r e i n the f i n a s t e r i de and 

minox i d i l  n ano cap s o id s a r e  obt a i n ed by the method o f  in t e r f a c i a l  

depo s i t i on o f  p r e f o rmed p o l yme r f  be ing t h a t  in a f i r s t  s t ep i s  

made the d i s s o l u t i on o f f i n a s t e r i de , the hydrophob i c  po l yme r ,  
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the f i x e d  o i l ,  and at l e a s t  one l ow HLB s u r f a c t ant in a mixture 

of o r gan i c  s o lvent and c o - s o lvent to f o rm the o r gan i c  ph a s e ;  and 

in a s e cond s t ep the di s s o l u t i o n  of mino x i d i l  and at l e a s t  one 

hydroph i l i c  s u r f a c t ant is made i n  wat e r  to f o rm the aqueous 

phas e .  

2 9 . U s e  o f  the nano cap s o ids a s  de f i ned i n  any one o f  c l a ims 1 t o  

1 7 ,  wh e r e i n  i t  i s  for t h e  p r ep a r a t i on o f  a pharma c eut i c a l  

compo s i t i on f o r  t h e  t r e a tment o f  a l opec i a .  
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F IGURE 1 
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F IGURE 2 
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F IGURA 3 
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