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CHAKACTEHlZATlUN UF HYUKATlUN /SULVATlUN CHAHACTEHlSTICS 
OF ALELASTINE HYLJKUCHLORIUE 
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wal lace Labora tor ies ,  u i v i s i o n  o f  Carter-Wal lace, Inc.  , 
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Aze las t i ne  hydroch lo r ide ,  an i n v e s t i g a t i o n a l  drug, was 

observed t o  form a hydra te  o r  so l va tes  upon r e c r y s t a l l i z a t i o n .  

X-ray d i f f r a c t i o n  and thermal a n a l y t i c a l  s tud ies  i n d i c a t e  t h a t  t h e  

hydra te  o r  so l va tes  e x i s t  i n  c r y s t a l l i n e  forms d i f f e r e n t  f r o m  t h a t  

o f  t he  parent  ma te r ia l .  Thermal a n a l y t i c a l  techniques conf i rmed 

t h a t  a z e l a s t i n e  forms hydra te  o r  so l va tes  as opposed t o  a 

polymorpn. 

determined. A d i f f e r e n c e  i n  d i s s o l u t i o n  r a t e  o f  u n r e c r y s t a l l  i z e d  

and r e c r y s t a l l i z e d  a z e l a s t i n e  was found. 

The en tha lp ies  and en t rop ies  o f  t r a n s i t i o n s  were 
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9 54 

INTKUUUCT IUN 

MITRA AND GORDZIEL 

The physi  cocnemi ca 1 p r o p e r t i e s  o f  sol i d  d rug  substances are 

o t  cons ide rab le  importance i n  pharmaceutical p roduc t  development 

due t o  t h e  impact o f  these p r o p e r t i e s  on process ing  o f  dosage 

forms and t n e i r  b i o a v a i l a b i  l i t y .  U i f f e r e n t  c r y s t a l l i n e  forms can 

be prepared by approp r ia te  m o d i f i c a t i o n  o f  c r y s t a l l i z a t i o n  

cond i t i ons .  The na ture  o f  t h e  so l ven t  ( i t s  p o l a r i t y  and so lvent  

power), temperature, and r a t e  o f  c o o l i n g  a r e  impor tan t  f a c t o r s  

r e l a t e d  t o  t h e  r e s u l t i n g  c r y s t a l l i n e  forms o f  polymorphs o r  

h y d r a t e s l s o l v a t e s  ob ta ined by r e c r y s t a l  l i z a t i o n  techniques (1 ) .  

Azel a s t i n e  hydroch l o r i d e  (4-(4-ch lo robenzy l  ) - Z - (  N-methyl- 

hexahydro-azepin-4-yl )-1-Zn-phthal azinone hyd roch lo r i de ) ,  an 

i n v e s t i g a t i o n a l  compound o r i g i n a l l y  developed by Asta werke, 

B i e l f e l d  (Uegussa Pharma) and be ing  f u r t h e r  developed by wal lace  

Labora to r ies ,  was i n v e s t i g a t e d  f o r  polymorphism and hydra te /  

s o l v a t e  format ion.  The fo rma t ion  o f  polymorpns o r  hydra tes /  

so l va tes  can have an impact on s t a b i l i t y ,  s o l u b i l i t y ,  

physicochemical , and b i o a v a i l a b i  l i t y  c h a r a c t e r i s t i c s  o f  t a b l e t  o r  

capsule p roduc ts  made w i t h  t h i s  m a t e r i a l  (2-5) .  Th is  paper 

desc r ibes  t h e  s t u d i e s  conducted t o  determine whether polymorphs o r  

h y d r a t e s l s o l v a t e s  a re  produced a f t e r  r e c r y s t a l l i z a t i o n  o f  

a z e l a s t i n e  hyd roch lo r i de  f rom severa l  sol vents, and presents  t h e  

d i s s o l u t i o n  p r o p e r t i e s  o f  r e c r y s t a l  l i z e d  and u n r e c r y s t a l  l i z e d  

m a t e r i a l .  
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HYDRATION/SOLVATION OF AZELASTINE HYDROCHLORIDE 955 

MATERIALS ANU METHUUS 

1. M a t e r i d l s :  Aze las t i ne  hydroch lo r ide ,  nence fo r th  r e f e r r e d  t o  

as aze las t i ne ,  was used as received.’ 

determined t o  be 99% o r  g r e a t e r  us ing  a s t a b i l i t y  i n d i c a t i n g  

HPLC assay. 

The chemical p u r i t y  was 

2. Kec rys ta l  I i z a t i o n :  A z e l a s t i n e  was r e c r y s t a l  I i z e d  t rom 

de ion i zed  water, SUA-3A a l c o h o l ,  methanol, ch lo ro fo rm and 

methylene c h l o r i d e .  

by t h e  a d d i t i o n  o t  a z e l a s t i n e  t o  c o n s t a n t l y  s t i r r e d  so l ven t  

heated t o  b o i l i n g .  A t  t h e  s a t u r a t i o n  p o i n t  t h e  s o l u t i o n  was 

vacuum f i l t e r e d ,  covered, and coo led  i n  an i c e  bath. C r y s t a l s  

produced on c o o l i n g  were vacuum f i l t e r e d  and d r i e d  under 

vacuum a t  room temperature f o r  3 days. 

A super sa tu ra ted  s o l u t i o n  was prepared 

3 .  C h a r a c t e r i z a t i o n  o f  C r y s t a l  Form: 

a. Scanning e l e c t r o n  microscopy: Scanning e l e c t r o n  pnoto- 

2 mlCrOgrapnS were ob ta ined  by c o a t i n g  s o l i d  samples w i t h  

t h i n  go ld  f i l m s  w h i l e  ma in ta in ing  them under a vacuum o f  

lxlU-’mrn. An e x c i t i n g  vo l tage  o f  21kv was used f o r  t h e  

study. 

b. x-ray powder d i f f r a c t i o n  p a t t e r n :  X-ray d i f t r a c t i o n  

p a t t e r n s  were ob ta ined us ing  a d i  f t r ac tomete r3  equipped 
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956 MITRA AND GORDZIEL 

w i t h  n i c k e l  f i l t e r e d  Cuka r a d i a t i o n  and a s c i n t i l l a t i o n  

counter detector.  Kecorded beam i n t e n s i t i t e s  as a funct ion 

o f  the  angle 2tr, a t  a scanning r a t e  o f  1 degree/mlnute were 

obt  a i n ed . 

c. Thermal analyses: The c a l o r i m e t r i c  changes accompanying 

thermal t r a n s i t i o n s  were measured by d i f f e r e n t i a l  scanning 

ca lo r imet ry  (DSC) and thermogravimetric ana lys is  (T t iA )  . 
The stud ies were conducted using approximately 5 mg o f  

powdered sample a t  a heat lng r a t e  o f  1U0C/minute and a 

n i t rogen purge o f  50ml/minute. 

4 

d. Me l t ing  p o i n t  determinat lon:  Me l t ing  p o i n t s  were 

determined using a mel t ing  p o i n t  apparatus5, and an open 

c a p i l l a r y .  Samples i n  t h e  c a p i l l a r y  were heated from 25'C 

t o  2WoC a t  several heat ing rates,  and mel t ing  po in ts  were 

determl ned. 

e. To ta l  water content determinat ion:  Kar l  Fischer 

t i t r i m e t r y 6  was used t o  determine the water content. 

f. Powder d isso lu t ion :  Powder d i s s o l u t i o n  s tud ies were 

conducted on u n r e c r y s t a l l l z e d  and r e c r y s t a l l i z e d  

azelast ine.  

and only  40-200 mesh s i z e  samples were used i n  the study i n  

Samples were passed through a #40 mesh screen 
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HYDRATION/SOLVATION OF AZELASTINE HYDROCHLORIDE 957 

order t o  minimize t h e  v a r i a b i l i t y  i n  d i s s o l u t i o n  r e s u l t s  

cont r ibu ted  by p a r t i c l e  s i z e  d i f ferences.  The p a r t i c l e  

s i z e  ranges were confirmed by using a H I A C  p a r t i c l e  s ize 

analyzer. 7 

Approximately tw ice  the  q u a n t i t y  o f  the so lu te  needed t o  

form a saturated s o l u t i o n  was used. The d i s s o l u t i o n  medium 

was kept a t  37OC throughout the  experiment. The f l a s k  

conta in ing  the  so iu te  and the  d i s s o l u t i o n  medium was shaken 

a t  200 strokes per minute using a w r i s t  shaker.8 Samples 

were withdrawn p e r i o d i c a l l y ,  f i l t e r e d  immediately through 

0.45 urn Zetapor (Nylon 66) membrane f i l t e r s ,  d i l u t e d  w i t h  

water and analyzed spectrophotometrical l y  . 

KESULTS AND UISCUSSIUN 

1. Scanning Elect ron Microscopy: No s i g n i f i c a n t  d i f fe rences  i n  

c r y s t a l  form were observed between unrecrysta l  1 i zed  and 

r e c r y s t a l l i z e d  azelast ine a t  lU00 and 2000x magni f icat ions 

(Figures 1 and 2 ) .  

A l l  samples were observed t o  be present predominantly as broken 

p la tes.  Azelast ine r e c r y s t a l l i z e d  from water was observed t o  

be f i n e r  than u n r e c r y s t a l l i z e d  mater ia l .  

2. x-ray b i f f r a c t i o n  Pattern:  A t y p i c a l  d i f f r a c t i o n  pa t te rn  o f  

aze las t ine  i s  shown i n  F igure 3 .  major peaks f o r  
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unrecrystallized azelastine SDA-3A A1 coho1 Recrystal 1 ized Sample 

Methanol Recrystallized Sample Water Recrystallized Sample 

Methylene Chloride Recrystallized SamDle Chloroform Recrystallized Sample 

- =10pm 
Figure 1 : Scanning Electron Photomicrographs, Original Magnification lOOOX, for 

Drug Substance 
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Unrecrystallized Azelastine SDA-3A Alcohol Recrystallized Sample 

Methanol Recrystallized Sample Water Recrystallized Sample 

Methylene Chloride Recrystallized Sample Chloroform Recrystallized Sample 

FIGURE 2: SCANNING ELECTRON PHOTOMICROGRAPHS, ORIGINAL MAGNIFICATION ~ ~ O O O X ,  

FOR DRUG SUBSTANCE 
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960 MITRA AND GORDZIEL 

5 l o  i 4  - -  20 2 5  30 35 

FIGURE 3 

X-ray d i f f r a c t i o n  p a t t e r n  o f  u n r e c r y s t a l l  i z e d  a z e l a s t i n e .  

u n r e c r y s t a l l i z e d  and r e c r y s t a l  l i z e d  azelast ine are given i n  

Table 1. X-ray d i f f r a c t i o n  pat terns o f  r e c r y s t a l l i z e d  

aze las t ine  samples are d i f f e r e n t  from t h a t  o f  unrecrysta l  l i z e d  

mater ia l .  The r e s u l t s  i n d i c a t e  a change i n  c r y s t a l  form as a 

r e s u l t  o f  r e c r y s t a l l i z a t i o n .  

I n  order t o  determine whether a hydrate i s  formed dur ing 

r e c r y s t a l  l i z a t i o n  o f  aze las t ine  from water, tne  water 

r e c r y s t a l l i z e d  mater ia l  was tes ted  t o r  water content by a K a r l  

F ischer t i t r a t i o n .  The Kar l  Fischer water content o f  6.6% 

ind ica ted  t h a t  the r e c r y s t a l  l i z e d  mater ia l  contained one and 

one h a l f  molecules o f  water per molecule o f  aze las t ine  

ca lcu la ted  on the basis o f  an azelast ine molecular weight o f  

418. 
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TABLE I :  

Major X-ray U i f f r a c t i o n  Peaks f o r  Unrecrystal  I i z e d  and 

Kecrystal  l i z e d  Azelast ine 

Major 28 Peaks 

(Degrees ) 

12.0, 15.2, lY.U, lY.8, 

2U.3, 21.8, 25.0, and 

28.6 

Uryi ng Condi tons and 

Kecrystal  1 i zat ion  

Sol vent 

1. Ur ied a t  l l O ° C  under vacuum 

a. None 

b. Chloroform 

c. Methanol 

d. SUA-3A alcohol  

e. Ueionized water 

f. Methylene Chlor ide 

6.1, 10.1, 13.5, 18.2, , 2. u r i e d  a t  ambient temperature 

19.4, 2U.2, 21.5, 27.2 and vacuum 

a. chloroform 

6.6, 1U.2, 14.0, 17.8 3. Ur ied  a t  ambient temperature 

19.5, 21.5, 22.6, 23.2 and vacuum 

26 .0 a. SUA-3A alcohol  

b. Methanol 

c. Methylene c h l o r i d e  

d. Ueionized water 
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962 MITRA AND GORDZIEL 

I n  another experiment, water r e c r y s t a l l i z e d  a z e l a s t i n e  was 

exposed t o  d r y i n g  c o n d i t i o n s  o f  l l U ° C  and vacuum overn igh t ,  o r  

8d°C overn igh t .  The Kar l  F i sche r  water conten t  f o r  t h e  l l O ° C  

and vacuum d r i e d  sample was observed t o  be l e s s  than U.5%; 

whereas, a water con ten t  o f  2% was tound i n  t h e  8U°C d r i e d  

sample. The l a t e r  value i s  equ iva len t  t o  one molecule o f  water 

t o  two molecules o f  aze las t i ne .  

The X-ray d i f f r a c t i o n  p a t t e r n  o f  t h e  l l O ° C  vacuum d r i e d  sample 

i s  s i m i l a r  t o  t h a t  o f  t h e  u n r e c r y s t a l l i z e d  m a t e r i a l ;  whereas, 

t h e  X-ray d i f f r a c t i o n  p a t t e r n  o f  t h e  80°C d r i e d  sample showed a 

d i f f r a c t i o n  p a t t e r n  s i m i l a r  t o  t h a t  o f  t h e  room temperature 

vacuum d r i e d  m a t e r i a l  r e c r y s t a l  1 i z e d  from water. A1 1 o the r  

r e c r y s t a l l i z e d  samples d r i e d  a t  l l O ° C  under vacuum a l s o  showed 

s i m i l a r  X-ray d i f f r a c t i o n  p a t t e r n s  t o  t h a t  o f  t h e  a z e l a s t i n e  

raw mater a1 (Table I ) .  These r e s u l t s  i n d i c a t e  t h a t  upon 

r e c r y s t a l  i z a t i o n  a z e l a s t i n e  forms a h y d r a t e l s o l v a t e  and when 

t h e  so l ven t  of  r e c r y s t a l  l i z a t i o n  i s  removed by an exposure t o  

acce le ra ted  temperatures and vacuum, a z e l a s t i n e  conver ts  from 

i t s  hydra ted /so l  vated form t o  the  parent  ma te r ia  I. 

3. Thermal Ana lys is :  Unrec rys ta l  l i z e d ,  and r e c r y s t a l l i z e d  and 

l l O ° C  vacuum d r i e d  a z e l a s t i n e  samples were observed t o  show 

o n l y  one endotherm a t  approximately 225OC i n  USC runs w i t h  t h e  

sample i n  a crimped o r  open pan (F igu re  4). Th is  may i n d i c a t e  
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HYDRATION/SOLVATION OF AZELASTINE HYDROCHLORIDE 963 

Y 
I - . - . - . - .  I 

20 40 60 80 100 120 140 160 180 200 220 240 

TEMPERATURE ( O C )  

FIGURE 4 

DSC thermograms o f  u~recrystalli2ed and recrystallized azelastine at 
a heating rate o f  10 C/minute. 

A - unrecrystgllized, and recrystallized azelastine dried under 
vacuum at 110 C overnight, open o r  closed pan; 
recrystallized sample, crimped pan; C - methanol recrystallized 
sample, crimped pan; 
pan; E - methylene chloride recrystallized sample, crimped pan; 
F - water recrystallized. 

8 - S D A - 3 A  alcohol 

D - chloroform recrystal 1 ized sample, crimped 
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964 MITRA AND GORDZIEL 

t he  same c r y s t a l  form f o r  t h e  sample. However, i n  a s i m i l a r  

experiment us ing r e c r y s t a l l i z e d  aze las t i ne  samples d r i e d  a t  

ambient cond i t i ons  and t h e  crimped pan, two me l t i ng  

endotherms-one between 132' and 152OC and another between 224' 

and 225'C were found (F igu re  4). 

ma te r ia l s ,  when d r i e d  a t  l l O ° C  overnight,  Showed only one 

endotherm a t  approximately 224OC. 

A l l  r e c r y s t a l l i z e d  

I n  the  open pan experiments w i t h  water r e c r y s t a l  1 i zed 

m a t e r i a l ,  t h ree  endotherms and one exotherm were found i n  t h e  

USC thermogram (F igure 5 ) .  A broad endotherm was found a t  

approximately 78OC- probably due t o  the l oss  o f  water. The 

o t h e r  thermal t r a n s i t i o n s  were: an endotherm a t  approximately 

164OC- probably due t o  t h e  me l t i ng  o f  t he  hydrated form, an 

exotherm a t  1 7 l 0 C -  probably due t o  the r e c r y s t a l  l i z a t i o n  o f  

t h e  mel t ,  and an endotherm a t  2 2 5 O C -  probably due t o  me l t i ng  

o f  t h e  aze las t i ne  raw mate r ia l .  

With the  sample i n  an open pan, water r e c r y s t a l l i z e d  ma te r ia l  

was heated from 25OC t o  18S0C, cooled t o  25'C and reheated t o  

25OoC. 

a f t e r  reheating. 

t he  r e c r y s t a l l i z e d  aze las t i ne  t o  the o r i g i n a l  form. 

I n  a r e c y c l i n g  experiment 

Unly one enaotherm a t  approximately 225OC was found 

This r e s u l t  i nd i ca tes  complete conversion o f  

The heat o f  t r a n s i t i o n  values were ca l cu la ted  by using 

equat ion 1. 
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965 HYDRATION/SOLVATION OF AZELASTINE HYDROCHLORIDE 

equat ion  1 A H  = k(U)/m --------------- 
Where A H  i s  the  enthalpy o t  t r a n s i t i o n ,  K i s  a c a l i b r a t i o n  

c o e t f i c i e n t  which i s  a f u n c t i o n  of  temperature,  A i s  t h e  area 

of t h e  t r a n s i t i o n  peak and m i s  t h e  mass. 

assoc ia ted  w i t h  t h e  t r a n s i t i o n  were obta ined  by d i v i d i n g  t h e  

Entropy value 

100 120 140 160 180 200 220 24 0 40 60 80 

TEMPERATURE (OC) 

FIGURE 5 

DSC tbermograms of water, recrystall ized azelastine,  a t  a heating rate 
of 10 C per minute. 

A 
25 C to 185 C ,  cooled t o  25 C and reheated to  250 C .  

room tegperature dried Raterial, open pan; B 6 sample heated from 
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966 MITRA AND GORDZIEL 

t r a n s i t i o n  en tha lpy  by t h e  degrees i n  Ke lv in .  No s i g n i f i c a n t  

d i f f e r e n c e  i n  t h e  e n t h a l p i e s  o f  t r a n s i t i o n  was observed 

between un rec rys ta  1 11 zed and r e c r y s t a  1 I i zed aze l  a s t i  ne a t  

2zs°C , i n d i c a t i n g  complete conversion o f  t n e  h y d r a t e l s o l v a t e s  

t o  t h e  o r i g i n a l  m a t e r i a l  a t  2 2 5 O C .  

r e C r y S t a l l i Z e d  m a t e r i a l s  showed two m e l t i n g  t r a n s i t i o n s :  one 

between 132-152' and t h e  o t h e r  a t  approximately 2 2 5 O C  , t n e  

m e l t i n g  p o i n t  t o r  t h e  drug  substance. The e n t h a l p i e s  and 

e n t r o p i e s  o f  t r a n s i t i o n s  f o r  t h e  r e c r y s t a l  l i z e d  m a t e r i a l s  a t  

two d i f f e r e n t  t r a n s i t i o n s  a re  g i ven  i n  Table 11. The 

d i f f e r e n c e  i n  t h e  e n t h a l p i e s  o t  t r a n s i t i o n ,  between 132-132 C, 

c o u l d  be a t t r i b u t e d  t o  t h e  d i f f e r e n c e  i n  energy needed t o  m e l t  

t h e  va r ious  r e c r y s t a l l i z e d  m a t e r i a l s  o r  t o  t h e  d i f f e r e n t  r a t e s  

o f  evapora t i on  o f  t h e  s o l v e n t  which c o n t r i b u t e s  t o  t h e  

e f f e c t i v e  mass d u r i n g  me l t i ng .  The e n t h a l p i e s  o f  t r a n s i t i o n  

f o r  t h e  f i r s t  m e l t i n g  was s i m i l a r  f o r  water,  SUA-3A a lcoho l  

and methylene c h l o r i d e  r e c r y s t a l  1 i z e d  m a t e r i a l s ;  whereas, 

ch lo ro fo rm and methanol r e c r y s t a l l i z e d  m a t e r i a l s  had s i m i l a r  

e n t h a l p i e s  o f  t r a n s i t i o n .  

However, a l l  t h e  

0 

Thermogravimetr ic a n a l y s i s  thermograms were ob ta ined and show 

we igh t  losses  o f  4.13% t o  5.26% be fo re  me l t i ng ,  f o r  a l l  

r e c r y s t a l l i z e d  ma te r ia l s .  I n  con t ras t ,  no weight loss was 

observed f o r  u n r e c r y s t a l l i z e d  aze las t i ne .  The number o t  

s o l v e n t  molecules per a z e l a s t i n e  molecule i n  t h e  
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7 v  I 

Ma ter 1 a 1 s 

Azelastine 

TABLE 11: 

Thermodynamic Uata f o r  Unrecrystallized and Recrystallized 

Azelastine 

Enthalpic Transition Type 

Endothermic 

( f  1 rs t ) 

Temp(OCJ1 AH(KCal/mole)' A S(eu)l 

Water 145.1621 .lY 2.U4~U.55 

recrysta 1 I ized 

azelastine 

Chloroform 144.31+1.95 - 1.592U.15 

recrysta I lized 

aze lastine 

Methy lene 151.U721.53 2.25i3.31) 

Chlori de 

recrystallized 

azelastine 

SDA-3A alcohol 140.0921.95 2.315.43 

recrystallized 

azel asti ne 

4.8 7tu .3 3 - 

3 .d32U.12 

5.3 1ZO. 25 

5.445.19 

Temp( OC )' 

222.1023.61 

225.0624.15 

225.2422 .U1 

224.7U22.83 

224.6821.91 

Endotnermlc 

(second) 

AH(  KCa I/mole)' A S(eu )' 

11.32+1.44 - 

9.27'1.11 

9.2920.22 

8.7821.21 

9.7521.49 

2 2.3522.8 1 

18.b321.51 

18.642U.29 

17.6421.51 

19.605.2 3 

Methanol 

recrystallized 

azelastine 

133.365.31 1.2020.65 2.953.18 224.3122.57 9.13t1.45 - 19.50+0.31 

'Mean and standard deviation. 
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968 MITRA AND GORDZIEL 

r e c r y s t a l l i z e d  mater ia ls  was ca lcu lated and i s  given i n  Table 

111. No weight loss was detected f o r  t h e  recrys ta l  l i z e d  

samples d r i e d  overn ight  a t  ll0'C under vacuum. 

Based on the above f i n d i n g s ,  i t  can be concluded t h a t  

a z e l a s t i n e  forms so lvates and hydrates instead o f  polymorphs 

d u r i n g  r e c r y s t a l l i z a t i o n  from var ious so lvents ,  i n c l u d i n g  

water. The bound so lvent  o r  water molecules can be removed by 

d r y i n g  r e c r y s t a l l i z e d  m a t e r i a l s  a t  l l O ° C  overn ight  under 

vacuum. 

4. Powder U i s s o l u t i o n :  Powder d i s s o l u t i o n  s tud ies  were conducted 

on a z e l a s t i n e  and a z e l a s t i n e  r e c r y s t a l l i z e d  from deion ized 

water i n  0.1 N hydroch lo r ic  a c i d  and deion ized water (F igure 

6 ) .  Both m a t e r i a l s  were observed t o  have s i m i l a r  i n i t i a l  

d i s s o l u t i o n  r a t e  p r o t i l e s  i n  water. I n  water, t h e  e q u i l i b r i u m  

s o l u b i l i t y  value was reached i n  7 days and was s i m i l a r  f o r  

b o t h  a z e l a s t i n e  and water r e c r y s t a l l i z e d  azelast ine.  

I n  0.1 N hydroch lo r ic  ac id ,  a h igher  d i s s o l u t i o n  r a t e  f o r  

a z e l a s t i n e  compared t o  the  r e c r y s t a l l i z e d  a z e l a s t i n e  was 

observed. A maximum s o l u t i o n  concentrat ion 

was achieved i n  2 minutes fo l lowed by a slow 

concent ra t ion  w i t h  t ime u n t i l  the  s o l u b i l i t y  

reached a f t e r  one day. I n  s i m i l a r  s tud ies w 

I f  aze las t ine  

decrease i n  

e q u i l i b r i u m  was 

t h  r e c r y s t a l l i z e d  
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HYDRATION/SOLVATION OF AZELASTINE HYDROCHLORIDE 

material 

Azel ast 1 n e  

SUA-3A alcohol 

recrystallized 

aze lastine 

Methanol 

recrysta I 1 1  zed 

azelastine 

Chloroform 

recrystallized 

arelastine 

Metnylene Chloride 

recrystal Iized 

azelastine 

wdter 

recrystal lized 

azeldstine 

TABLE 111: 

Summary of TtiA kesults 

969 

X weignt Loss Loss in number o f  

(mean 2 standard deviation) molecules per molecule o t  

azelasti ne (calculated 

from the mean % weight loss) 

4.51 + 0.20 - 

4.47 + 0.18 - 

4.28 + 0.15 - 

4.13 + 0.19 - 

6.00 + 0.14 - 

0.41 

0.58 

0.15 

0.2 

1.4 
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970 MITRA AND GORDZIEL 

20 40 60 1 3 5 7 
Minutes Days 

Time 

Figure 6 

Dissolution profiles of azelastine and recrystallized azelastine 
in two different dissolution media at 37OC. 
0 - azelastine, 0.1 N hydrochloric acid; A -  recrystallized azelastine, 

0.1 N hrdrochloric acid. 
0 - azelastine, deionized water; A- recrystallized azelastine, 

deionized water. 
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HYDRATION/SOLVATION OF AZELASTINE HYDROCHLORIDE 

TABLE I V :  

971 

S o l u b i l i t i e s  o f  Var ious Forms o f  A z e l a s t i n e  i n  Ue ion ized 

Water o r  0.1 N HCI  

E q u i l i b r i u m  S o l u b i l i t y '  (mg/ml) 

Dei on1 zed water  0.1 N HC1 

A z e l a s t i n e  raw m a t e r i a l  

SUA-3A a l coho l  r e c r y s t a l l i z e d  

mat e r  i a 1 

Methanol r e c r y s t a l  1 i z e d  

a l  mater 

Met hy ene C h l o r i d e  

r e c r y s t a  11 i zed m a t e r i a l  

Ch loro form r e c r y s t a l  1 i z e d  

mater i a 1 

Water r e c r y s t a l  l i z e d  

ma te r ia  1 

'mean and standard dev ia t i on .  

21  .3+1 .i! 3.8+0.5 - - 

19.9+1.5 - 

20.4+0.3 - 

20.U+1.4 - 

20.9+0. 4 - 

20.3+0.5 - 

4.0+u.2 - 

3.7+u.3 - 

3.8+0.2 - 

3.8+0.4 - 

4.0+0.4 - D
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972 MITRA AND GORDZIEL 

a z e l a s t i n e ,  the concen t ra t i on  o f  a z e l a s t i n e  i n  0.1 N 

h y d r o c h l o r i c  ac id  was observed t o  increase gradual ly w i t h  t ime 

u n t i l  t he  e q u i l i b r i u m  s o l u b i l i t y  value was reached i n  60 

minutes. 

r e c r y s t a l l i z e d  a z e l a s t i n e  were s i m i l a r  (Table I V J .  

The e q u i l i b r i u m  s o l u b i l i t y  o f  a z e l a s t i n e  and 

The s i m i l a r  d i s s o l u t i o n  r a t e s  and i n i t i a l  s o l u b i l i t i e s  o f  

a z e l a s t i n e  and water r e c r y s t a l l i z e d  a z e l a s t i n e  i n  water 

suggest t h a t  a z e l a s t i n e  forms a hydrate more r a p i d l y  i n  

water than i n  0.1 N h y d r o c h l o r i c  ac id ,  and t h a t  the 

e q u i l i b r i u m  s o l u b i l i t i e s  f o r  bo th  a z e l a s t i n e  and 

r e c r y s t a l l i z e d  a z e l a s t i n e  are s i m i l a r  because o f  hydrate 

format ion i n  t h e  media. The e q u i l i b r i u m  s o l u b i l i t y  o f  

a z e l a s t i n e  i n  0.1 N h y d r o c h l o r i c  a c i d  i s  much lower than 

t h a t  i n  de ion ized water due t o  the  common i o n  e f f e c t .  

CONCLUSION 

Upon r e c r y s t a l  l i z a t i o n ,  a z e l a s t i n e  was found t o  b i n d  varying 

amounts o f  water o r  organic  solvents. The mechanism by which 

these so lvents  are bound may simply be absorpt ion o r  mechanical 

entrapment, o r  they may be p a r t  o f  the c r y s t a l  l a t t i c e .  The data 

more s t r o n g l y  suggest t h a t  the hyd ra te l so l va tes  o f  a z e l a s t i n e  are 

p a r t  o f  the c r y s t a l  l a t t i c e .  Several techniques f o r  

c h a r a c t e r i z i n g  the hydratedlso lvated form o f  a z e l a s t i n e  have been 
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HYDRATION/SOLVATION OF AZELASTINE HYDROCHLORIDE 97 3 

studied. The data suggest t h a t  a z e l a s t i n e  forms hydrates o r  

sol vates, as opposed t o  polymorphs on r e c r y s t a l  l i z a t i o n  

r e s p e c t i v e l y  from water o r  organic  solvents.  The data a l s o  

suggest t h a t  the hydratedlso lvated ma te r ia l  on d ry ing  under 

accelerated temperatures w i l l  l o s e  i t s  bound solvents,  and 

convert  t o  a ma te r ia l  having p r o p e r t i e s  s i m i l  a r  t o  

un rec rys ta l  l i z e d  azel ast ine.  The enthalpy o f  t r a n s i t i o n  f o r  the 

f i r s t  m e l t i n g  was s i m i l a r  f o r  water, SDA-3A a lcoho l  and methylene 

c h l o r i d e  r e c r y s t a l  l i z e d  ma te r ia l s :  whereas, ch lo ro fo rm and 

methanol r e c r y s t a l  l i z e d  m a t e r i a l s  had s i m i l a r  enthalp ies o f  

t r a n s i t i o n .  A d i f f e r e n c e  i n  d i s s o l u t i o n  r a t e s  among t h e  

hyd ra ted lso l va ted  and parent m a t e r i a l s  was observed. 
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