
CHAPTER I

GENERAL BACKGROUND

INTRODUCTION
C hloram phenicol eye drop is a  preparation o f  b road  spectrum  antibiotic, 

w h ich  is e ffec tiv e  ag a in st a w id e  ran g e  o f  g ram -n eg a tiv e  an d  g ram -p o sitiv e  
m ic ro -o rg a n is m s . It is u s e d  in th e  t r e a tm e n t  o f  a  w id e  v a r ie ty  o f  ey e  
in fec tio n s, an d  fo r tre a tm e n t o f  su p erfic ia l sk in  in fec tio n s  su ch  as im p e tig o , 
sy co s is  b a rb a e  a n d  fu run cu lo sis .

C h lo ram p h en ico l is a poorly  so luble  d ru g  w ith  a  sa tu ra tio n  so lubility  
o f  2 .5  m g/m l in w a te r  (25°C ). In aq u eo u s  so lu tio n , it u n d e rg o e s  h y d ro ly s is  
to  2 - am ino  - 1 - (p -n itro p h en y l)  - 1 , 3 -  p ro p an ed io l (A M P D ). T h e re fo re , 
b o th  th e  B r i t is h  P h a rm a c e u t ic a l  C o d e x  (B P C )  19 7 3  a n d  th e  B r i t is h  
P h a rm a co p o e ia  (B P ) 1993 sp ec ified  th e  c o n c en tra tio n  o f  c h lo ra m p h e n ic o l, 
its  d e g ra d a t io n  p ro d u c ts  a n d  s h e lf  - life . T h e  m a jo r  d e g ra d a t io n  p ro d u c t, 
A M P D , is no t m o re  th an  5 .0  %  o f  co n ten t o f  c h lo ra m p h e n ic o l .  W h e n  k e p t 
a t a te m p e r a tu r e  o f  2° - 8 ° c  it m ay  b e  e x p e c te d  to  re ta in  its p o ten cy  fo r 18 
m o n th s  a fte r  m an u fac tu rin g  date . W h en  k ep t a t a  te m p e ra tu re  n o t e x ce e d in g  
2 5 ° c ,  it m a y  b e  e x p e c te d  to  r e ta in  i ts  p o t e n c y  f o r  4 m o n th s  a f t e r  
m a n u f a c tu r in g  d a te .

C h lo ram p h en ico l eye d ro p s a re  w ell d is tr ib u te d  in T h a ilan d . M o st 
m an u fac tu res  re s tr ic ted  the  expiration  date  ab o u t 2 y ears  a fte r  m an u fac tu rin g  
d a te , h o w ev e r, th e ir  s h e lf  - lives a re  doub tfu l.

In 1 9 8 3 , D o u n g s a m o rn  L im p iti  a n a ly z e d  e ig h t  c o m m e rc ia l  
ch lo ram phen ico l eye d rop  p repara tio ns. It w as  found  th at on ly  one  p rep ara tio n  
co n ta in ed  over 9 0 .0  %  o f  lab e led  am ount at the tim e o f  assay. A ll p rep ara tio n s  
co n ta in ed  d eg rad ab le  p ro d u ct (A M P D ) o v er the B P C  1973 lim it o f  5 .0 % . The 
expiration  da te  c la im ed on tire label by  m anufactu rer w as, therefore , unreliable.
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In  1 9 8 5 , ร น พ a n n a  L u a n g c h o n la ta n  s tu d ie d  th e  s t a b i l i ty  o f  
c h lo r a m p h e n ic o l  in  s e v e n  m a r k e t t e d  e y e  d r o p s  b y  a c c e l e r a t e d  
th e n n o d e g ra d a tio n  p ro c e ss . It w a s  fo un d  th a t the averag e  ap p a ren t shelf-life 
o f  seven  eye d rop  p rep ara tio n s  a t ro om  tem p era tu re  (30°C ) w a s  abou t 2.5 
m onths. T his w a s  sh o rte r  th an  th e  sh e lf  - life sp ec ified  by  B P C  1973 (4 m onths 
at 25°C).

S e v e ra l  a t te m p ts  h a v e  b e e n  m a d e  to  in c r e a s e  s o lu b i l i ty  a n d  
s tab iliz in g  c h lo ra m p h en ic o l so lu tion . S iriw an  R u e n g sa w a d  (1 9 8 9 ) im p ro v ed  
so lu b ility  an d  s tab ility  o f  ch lo ram p h en ico l e y e -d ro p s  b y  u s in g  no n -io n ic  
su rfac tan t, p o lo x a m e r 4 0 7  as a  so lu b ilize r, a d ju s tin g  bu ffer, p H , v isco sity , 
to n ic ity  o f  v eh ic le  a n d  p a rtia l re p lac e m e n t o f  w a te r  w ith  co so lv e n t to  red u ce  
h y d ro ly s is  o f  ch lo ram p h en ico l so lu tion . T h e  a d ju s tm en t o f  th e  pH  to  6 .0  did  
no t im p ro v e  th e  stab ility , n o r d id  th e  H P M C  an d  P V P  (v isco s ity  in du c in g  
agen t). Its s h e lf  - life a c c o rd in g  to  th e  s ta n d a rd  o f  B P  1980 at 2 5 ° c  w a s  11.8 
m o n th s an d  2 1 .6 2  m o n th s  a c c o rd in g  to  th e  s ta n d a rd  o f  U S P  X X I.

A b o u ta le b  e t a l., (1 9 8 6 )  fo u n d  th a t th e  a q u e o u s  so lu b ili ty  o f  
c h lo ra m p h e n ic o l w a s  in c re a se d  b y  c o m p le x a tio n  w ith  c y c lo d e x tr in . T he 
s to ic h io m e tr ic  ra tio  fo r ch lo ram p h en ico l in  P -an d  a -c y c lo d e x tr in s  w e re  found  
to  be  1 : 1 a n d  1 : 2 (g u est : h o s t) , re sp ec tiv e ly . T h e  a p p a re n t fo rm a tio n  
c o n s tan t (k c) in d ic a ted  a p a rtic u la r ly  g o o d  f itn ess  o f  th e  ch lo ram p h en ico l 
m o lecu le  w ith  th e  p -c y c lo d e x tr in  cav itie s .

In  1 9 9 0 , A n o n g  P a tm a s ir iw a t  in v e s t ig a te d  th e  in te ra c t io n  o f  
c h lo ram p h en ico l w ith  p -c y c lo d e x tr in  an d  fo u n d  th a t th e  p re d ic te d  an d  the 
ap p a ra n t sh e lf-life  o f  th e  c o m p lex  v a lu e s  w e re  1 0 .8 -1 4 .0  m o n th s  an d  8 .0 4  -
11.2 m onths, respectively . C h lo ram p hen ico l : P -cyc lodex trin  co m p lex  sh o w ed  
sig n ifican tly  lo n g e r sh e lf-life  th an  ch lo ram p h en ico l ab o u t fo u r  tim es.

It is w e ll k n o w n  th a t c y c lo d e x tr in s  h a v e  c a p a b ili ty  to  in c re a se  
so lu b ility  o f  m an y  w a te r  in so lu b le  d ru g  su b s ta n c e s  b y  in c lu s io n  in th e ir  
m o lecu la r cavity . In rec e n t y e a rs  a  n u m b er o f  c y c lo d e x tr in  d e riv a tiv e s  have  
b e en  d e v e lo p e d  a n d  s tu d ie d . F o r  th e ir  p ro p e r t ie s ,  2 -h y d ro x y p ro p y l-P -  
c y c lo d e x tn n  (2 -H P -P -C D ) is o n e  o f  su ch  d e riv a tiv es  p o s se ss in g  h ig h  w a te r  
so lub ility  (> 5 0  g /1 0 0  m l), w h ich  is n ea rly  30 tim es g re a te r  th an  th a t o f  P- 
cy c lo d ex trin . In  a d d itio n , it h as  b een  p ro v e d  to  b e  non  to x ic  a n d  m o st o ften  
u sed  in s te rile  d o sag e  form . So in th is  w o rk , 2 -H P -P -C D  w a s  in v es tig a ted  
for its applicability  in prepara tion  o f  the reconstitu ted  ch loram phenico l pow d er 
fo r  e y e  d ro p s . 2 -H P -P -C D  w a s  e m p lo y e d  to  in c re a se  th e  so lu b ility  o f  
c h lo ra m p h e n ic o l a n d  th e  so lu tio n  o f  th is  c o m p o u n d  w a s , th e n , d r ie d  to  
re c o n s titu te d  p o w d e r  using  lyophilization  techn iq ue.
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L yoph iliza tion  tech n iq u e  is a d ry in g  p ro c e ss  an d  s ig n if ica n tly  usefu l in the 
p h a r m a c e u t ic a l  te c h n o lo g y  fo r  m a n u fa c tu r in g  o f  c e r ta in  h e a t  la b i le  
pharm aceu tica l p rod u cts , o r o therw ise  unstab le  in  so lu tio n  fo rm  fo r p ro lo n g ed  
s to rag e  p e rio d s  bu t th at are  s tab le  in  th e  so lid  s tag e . S tab iliz a tio n  can  b e  
ap p lied  durin g  p rep a ra tio n  o f  the  p ro d u c ts  p rio r  to  fre e z e  d ried . T h e  p o ro u s  
stru c tu re  o f  freeze  d ried  p o w d e r o b ta in ed  u su a lly  in c re a se d  th e  su b se q u e n t 
ra te  o f  so lu tion  as co m p ared  w ith  th e  o rig ina l m a te ria ls .

It is e x p ec ted  th at the ch lo ram p h en ico l ey e  d ro p  p re p a ra tio n  w h ich  
is p ro d u ce d  in reco n s titu ted  p o w d e r m ay  p ro v id e  th e  sh e lf-life  o f  th e  p ro d u c t 
lo ng er than  w hen  k ep t in so lu tion  form s.

In  o r d e r  to  o v e r c o m e  th e  a f o r e m e n t i o n e d  p r o b le m s  o f  
c h lo ra m p h e n ic o l ey e  d ro p , th is  r e s e a rc h  s tu d y  is  a im e d  to  d e v e lo p  th e  
p rep ara tio n  o f  ch lo ram p h en ico l as re c o n s titu te d  p o w d e r  fo r  e y e -d ro p s  u s in g  
2 -H P -P -C D  as so lu b ilize r and  stab ilizer.

THE PURPOSES OF THIS STUDY
T he aim s o f  th is s tud y  a re  :

A . To stu dy  th e  so lub ility  o f  ch lo ram p h en ico l w h e n  c o m b in e d  w ith  
2 -h y d ro x y p ro p y l-P -cy c lo d ex trin  as so lub ilizer.

B. To stu dy  th e  p re p a ra tio n  o f  re c o n s titu te d  p o w d e r  fo r ey e  d ro p s  
o f  c h lo r a m p h e n ic o l  fro m  c h lo r a m p h e n ic o l  a n d  2 - h y d r o x y p r o p y l - P -  
cy c lo d ex trin  so lu tion  using  ly op h iliza tio n  tech n iq u e .

c .  To stu dy  th e  stab ility  an d  sh elf-life  o f  re c o n s titu te d  p o w d e r  fo r 
eye  d ro p s  o f  ch lo ram p h en ico l and  a fte r  re c o n s titu tio n  w ith  su itab le  v eh ic le .

D . To te s t an tim ic ro b ia l ac tiv ity  o f  c h lo ra m p h en ic o l ey e  d ro p s  b y  
ag ar d iffusion  m ethod .
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LITERATURE REVIEW
In g enera l, ch lo ram p h en ico l is o n e  o f  th e  m o st p o p u la r  an tib io tic s . 

It is a  b ro ad  sp ec tru m  an tib io tic , e ffec tiv e  ag a in st a  w id e  ran g e  o f  g ra m ­
neg a tiv e  and  g ram -po sitiv e  m ic ro -o rg an ism  and  is p o p u la rly  p re sc r ib e d  in 
eye  in fection s. It is n o w  listed  in th e  N a tio n a l L ist o f  E ssen tia l D ru g s . T h e  
genera l and  p h y sica l p ro p e rtie s  o f  ch lo ram p h en ico l a re  sh o w n  as  fo llo w  :

M o le cu la r  w eigh t : 323 .13  
A p p e a ra n c e , color, o d o r an d  ta s te  :

F ine w h ite  to  grey ish  w h ite  o r  y e llo w ish  w h ite  c ry s ta ls , n e e d le s  
o r e lo n g a ted  p la tes  from  w a te r  o r  e th y len e  d ich lo rid e  w ith  v e ry  
b itte r  taste .
M eltin g  po in t : 150.5°-151.5°
S olub ility  : 1 g d isso lves in ab o u t 4 0 0  m l o f  w a te r  (2 .5  m g /m l); 

free ly  so lub le  in a lco ho l, a ce to n e , b u tan o l, p ro p y le n e  g ly co l, 
an d  ethy l ace ta te ; s ligh tly  so lu b le  in e th e r  a n d  c h lo ro fo rm ; 
in so lu b le  in b en zen e  and  p e tro leu m  ether.

Stability of Chloramphenicol

C h lo ram p hen ico l in th e  so lid  s ta te  as a  b u lk  d ru g  o r  in so lid  d o sa g e  
fo rm s is a v e ry  stab le  an tib io tics. R ea so n a b le  p re c a u tio n s  ta k e n  to  p re v e n t 
e x cess iv e  ex p o su re  to  light o r m o istu re  a re  a d eq u a te  to  p re v e n t s ig n ifica n t 
d eco m p o sitio n  o v e r an  ex tend ed  p e rio d  (A b d u llah  a n d  H u m eid a , 1975).

E m p irica l fo rm ula  : c  11H 12C 12N 20 5 
S tru c tu re  form ula

N H C O C H C 1 ,

O H

1. C ry sta llin e  so lid  and  so lid  d o sag e  fo rm s
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2. In so lu tion

B ec au se  o f  th e  m ultip lic ity  o f  functional g roup s in ch lo ram p h en ico l, 
the  d eg rad a tio n  m achan ism  cou ld  be ex trem ly  com p lica ted . F rom  the structu re  
fo rm u la  (F ig u re  1 ) it can  be  seen  th at d eg rad a tio n  m ay  o ccu r b y  h y d ro ly s is  o f  
the  a m id e , ch lo rid e  h y d ro ly s is , b y  o x ida tio n  to  th e  k e to n e  o r a ld eh y d e , b y  
red u c tio n  o f  th e  n itro  g roup  (H igu ch i et al., 1954).

T h e  d eg rad a tio n  o f  ch lo ram p h en ico l in aq u eo u s  so lu tio n  o c cu rs  
v ia  se v e ra l re a c tio n s  such  as fo llow  :

1. Hydrolysis
T w o prim ary routes o f  hydrolytic process have  been  determ ined  to be

1.1 A m ide  h y d ro ly s is
T he  p rim ary  p a th w a y  fo r the d eg rad a tio n  o f  ch lo ram p h en ico l is

the  h y d ro ly s is  o f  th e  am ide  linkage , fo rm ing  2 -a m in o -l-( /? -n itro p h e n y l)- l -3 - 
p ro p a n e d io l (A M P D ) an d  d ich lo ro ace tic  ac id  (H ig u ch i et ah , 1954).

NHCOCHCl, nh2
N02-k O/-CH-CH-CH20H + H20 -----> N02-/oV çH -C H -C H pH  + CHCfCOOH

OH OH

T h e  h y d ro ly tic  c leav ag e  o f  the am ide lin k ag e  is th e  m a jo r  c a u se  o f  
c h lo ra m p h en ic o l d eg rad a tio n  in aq u eo u s m edia. T h e  ra te  is firs t o rd e r  w ith  
re s p e c t to  th e  d ru g  an d  is in d ep en d en t o f  the ion ic  s tren g th  o f  th e  m ed iu m

N H C O C H C 1

O H

F igu re  1 M o le cu la r  stru c tu re  o f  ch lo ram p h en ico l.
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and  c o n cen tra tio n  o f  h yd ro gen  ion. In pH  range 2 -7 , the hydro lysis is general 
a c id /b a se  c a ta ly ze d . C a ta ly z in g  sp ec ie s  a re  g en e ra l a c id s  an d  b a se s  p re sen t 
in bu ffer u sed , specifically , m o n o h y d ro g en  p h o sp ha te  ion, un d issoc ia ted  acetic  
ac id  a n d  m o n o -a n d  d ih y d ro g en  c itra te  ions.

1.2 C h lo rid e  h y d ro ly s is
It is  th e  h y d ro ly s is  o f  th e  c a rb o n -c h lo r id e  l in k a g e , fo rm in g  

h y d r o c h lo r ic  a c id  ( H ig u c h i  a n d  B ia s , 1 9 5 3 ). T h re e  p a th w a y s  o f  th e  
d e g r a d a t io n  f o l lo w  :

1.2.1 D irec t u n c a ta ly z ed  ch lo rid e  h y d ro ly sis  
It w ill b e  o b se rv e d  at pH  6 o r below . It is p H -in d ep en d en t re a c tio n

_ _  NHC0CHC12
no2- \ 0 / - ç h - c h - ch2qh  + h20

OH
NHCOCH(OH)2

>  N02-Æ V çH -C H -C Iip H  + 2 HCl 
OH

1.2 .2  H y d ro x y l ion c a ta ly ze d  ch lo rid e  h y d ro ly sis  
This hydro lysis is pH  - dependent that occu red  at pH  over 6

_ _  NHCOCHC1-,
N02-(O /-Ç H -C H -C H pH  •"--๐“ > 

OH
NHCOCH(OH)2

no2- \ Q / - çi i- ch - ch2qh  + 2  c r
OH

1.2.3 H y d ro ly z ed  d ich lo ro ace tic  ac id  
C hloram phenicol m idergoes initially a  hydrolysis reaction  

fo n n in g a n  am in e  an d  d ich lo ro a ce ta te  ion. S ubsequen tly , d ich lo ro a ce ta te  io n s 
w h ich  a re  u n d e rg o e s  fu rth e r  h y d ro ly s is  g iv in g  o f f  c h lo r id e  ion . It is p H - 
in d ep en d en t reac tio n .

H 20
c h c i 2 - c o o - ■> C H O C O C r +  2HC1
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2. Oxidation and reduction
A q u eo u s so lu tio n  o f  c h lo ra m p h en ic o l, ran g in g  fro m  1-14 , a fte r 

s tan d in g  a t ro o m  te m p e ra tu re  o v e r  a  p e r io d  o f  24  d a y s  o r  lo n g e r  y ie ld s  
d e te c ta b le  a rn o u ts  o f  p - n i t r o b e n z a ld e h y d e  (a n  o x id a t io n  p ro d u c t )  a n d  
ary lam ine  (a  red u c tio n  p ro d u c t) , w h ile  fre sh ly  p re p a re d  so lu tio n s  fail to  sh ow  
the  p re sen ce  o f  th ese  p ro d u c ts . Id en tica l d e g ra d a tio n  p ro d u c ts  a re  a lso  found  
in ce rta in  d o sag e  fo rm s (c re am s an d  c a p s u le s ) , a lth o u g h  th ey  a re  n o t found  
in o p h th a lm ic  o in tm en t (S h in , 1971).

3. Photodegradation
Shin , (1 9 7 1 ) re p o rte d  th a t, an  a q u e o u s  so lu tio n  o f  c h lo ram p h en ico l 

w as  d e g rad ed  upo n  e x p o su re  to  su n lig h t, u v  a n d  tu n g s te n  ligh t. T h e  m ajo r 
p h o to d e g ra d a tio n  p ro d u c ts  w e re  h y d ro c h lo ric  a c id , /> n itro b e n z a ld e h y d e , p -  
n itro b en zo ic  ac id , 4 , 4 '-a z o x y b e n z o ic  a c id  a n d  /? -am in o p h e n y l-2 -a ce ta m id o  
-1 , 3 -p ro p an ed io l.

P h o to ly s is  o f  c h lo ra m p h en ic o l in  o th e r  so lv e n ts  su ch  as e th an o l, 
b e n z en e , e th an o lam in e  a n d  ace tic  a c id  w a s  a lso  s im ila r to  th a t in  w a te r. T he  
chem istry  o f  the d eg rad a tio n  p ro d u c ts  su g g ested  th a t ch lo ram p h en ico l in w a te r 
u n d e r the  in fluen ce  o f  ligh t u n d erg o  o x id a tio n , re d u c tio n  a n d  c o n d e n sa tio n  
reac tio n .

P ro d u c ts  i s o la te d  f ro m  p a r t ia l ly  o r  c o m p le te ly  d e c o m p o s e d  
ch lo ram p h en ico l so lu tio n s  e x p o se d  to  a  v a rie ty  o f  c o n d itio n s  a re  g iv en  in 
T able  1.



T able 1 D eg rad a tio n  p ro d u c t o f  c h lo ra m p h en ic a l 
(D a le szu lcz e w sk i a n d  F red , 1975).
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No. Compound Environmental Conditions

HO H
1. 0 N -(o V c-C-CH2OH Acidic or basic aqueous so lu tio n .

h Jh.
2. C12CHC0eH Acidic or basic aqueous so lu tio n .
3. 02n - { o } - cho 

HO H
Aqueous so lu tion , ambient temperature.

4. HzN - ^ 0 y  CMM»E0H
Htt-C-CH 1 3 0

Rr ( 0 } -  N=N- ( 0 ) - R«
Rj = R2 = CHeOH

Aqueous so lu tio n , ambient temperature.

ธ. Aqueous a lk a lin e  so lu tio n , high
temperature.

8. R. '  R, = co .x
7. R1 = R 2 = ๐ »
8. R1 = R2 = OH
9. R1 = 002H; Re = oh
10. R1 = coeh; re = CHtOH
11. R1 = OH Rz = CĤ OH
12. R1 = OH R;1 = CHD

. 13. OeN ^ >  raEH Aqueous so lu tion  a fter  exposure to  
1ight.

0
14. HOcC - ^ o V  N = ร  - (ไว y  CO 1.H .Aqueous so lu tion  a fter  exposure to

lig h t.
15. HCi Aqueous so lu tion ; high temperature.
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Degradation of Chloramphenicol
1. Reactions and rate equations
T he o b serv ed  rate  constan t rep resen ts  the sum  o f  a n u m b er o f  term s. 

F o r an aq u eo u s  so lu tion , k obs, the o b se rv e d  ra te  co n stan t, m ay  b e  g iv en  as

k 0„,.  V  k„ [H*] + k 0H [O H  ■ ] + k  118 [H B] + k B [B] . .(1 )

W h ere  k 1120, k H, k OH, k HB an d  k B are  co n stan ts  fo r th e  u n c a ta ly z ed , 
hydro  gen-i on-catalyzed , h y d ro x id e-icn -ca ta ly zed , g en e ra l-ac id , and  
g en e ra l-b a se -ca ta ly z ed  rea c tio n s , respec tive ly .

S in c e  r a te  c o n s ta n t  o f  c h lo r a m p h e n ic o l  d e p e n d s  u p o n  th e  
co ncen tra tio n  and nature  o f  the catalyst, hr the case  o f  d eg rad a tio n s  
e a rn e d  ou t in the p re sen ce  o f  m o d e ra te  c o n c e n tra tio n s  o f  to ta lly  
d i s s o c i a t e d  a c id ,  th e  a b o v e  e q u a t io n  m a y  b e  w r i t t e n

k *  - k „ . m .............................. (2 )

O rd e r o f  the  d eg rad a tio n  reac tio n  o f  c h lo ram p h en ico l in a q u e o u s  
so lu tio n  is first o rd e r as sh o w n  in F igure  2.

F igu re  2 T he  first o rd e r ch a ra c te r  o f  ch lo ram p h en ico l d e g ra d a tio n  in 
d iffe ren t buffers (H iguch i et ah , 1954).
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T he  d eg rad a tio n  rate  o f  ch lo ram p h en ico l w ith in  pH  ran g e  2-7  is 
n o t sp ec ifica lly  in flu en ced  by h y d ro g en  io ns, bu t d e p e n d e d  on  ty p e  o f  the 
b u ffer b ecause  o f  genera l acid -base  ca ta ly zed  hydro lysis as sh ow n  in F igure 3.

pH

F igu re  3 T he  e ffect o f  h yd ro g en -ion  c o n c en tra tio n  upo n  th e  a b ility  o f  a
citrate buffer system  to catalyze the degradation  o f  ch loram phenico l 
(H ig u ch i e t ah , 1954).

2. pH-rate profile
Figure 4 is the log k vs pH  plot for the hydro lysis o f  ch lo ram p hen ico l 

at 9 1 .3 ° c  in p e rch lo ric  ac id  so lu tions. S pec ific  ac id  c a ta ly s is  is se e n  b e lo w  
pH  2 and  th e  c u rv e  lev e ls  o f f  as pH  a p p ro a c h e s  2. In u n iv e rsa l b u ffe r  
(co n ta in in g  c itr ic , p h o sp h o ric , b o ric  an d  h y d ro c h lo r ic  a c id s  a n d  so d iu m  
hy d ro x id e ), and  at 8 0 ° c , hyd ro ly sis  o f  ch lo ram p h en ico l is in d e p en d en t o f  
p H b e tw e e n  2 an d  7. T he  rate  co n stan t in th is  p H  ran g e  is 6 .3 .x  106 ร"1.



F igu re  4 p H  ra te  p ro file  o f  c h lo ram p h en ico l 
(H ig u ch i a n d  M a rc u s , 1954).

3. Activation energy
T he A rrh en ius p lo t for th e  h y d ro ly sis  a t p H  6, co rre sp o n d in g  m ain ly  

to  the u n c a ta ly z ed  (w a te r)  re a c tio n , is sh o w n  in F ig u re  5. T h e  ac tiv a tio n  
en ergy  at th is pH  is 24  kcal/m ol.
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F igu re  5 A rrh en iu s p lo t for h y d ro ly s is  o f  c h lo ra m p h en ic o l a t pH  6. 
(H iguch i et ah , 1954).

Chloramphenicol Eye Drops in Pharmacopeia
In th is  rev iew  lite ra tu re , it w as s ta ted  o n ly  th e  n e w e s t v o lu m es o f  

all p h a rm aco p e ia . T hey  are
1. C h lo ram p h en ico l E ye D ro p s  B P C  1973.
2. C h lo ram p h en ico l E ye D ro p s  B P  1993.
3. C h lo ram p hen ico l O p h tha lm ic  S o lu tio n  U S P  X X II.
4. C h lo ram p h en ico l F or O p h th a lm ic  S o lu tio n  U S P  X X II.
T h ey  w ere  co m p ared  in T ab le  2



T ab le  2 C o m p a riso n  o f  C h lo ra m p h e n ic o l E y e  D ro p s  in  P h a rm a c o p e ia .

C h lo r a m p h c n ic a l  E y e -  
d r o p s  

B P C  1 9 7 3

C h lo r a m p h c n ic a l  E y e ­
d r o p s  
B P  1 9 9 3

C h lo r a m p h e n ic o l  O p h t h a lm ic  
S o lu t io n  B S P  X X II

C h lo r a p h c n ic o l  f o r  O p h t h a lm ic  
S o lu t io n  U S P  X X II

1 .Formulation Chloramphenicol 0.5 g 
Phcnylmercuric Acetate or 
Nitrate 0.002 g 
Borax 0.3 g 
Boric Acid 1.5 g 
Purified Water to 100 ml

The formulation was not 
stated, it was described that, 
Chlorampheicol 
Eye Drops arc sterile solution 
lit Purified Water of 
Chloramphenicol, containing 
suitable buffering agents and 
น.002 per cent w/v of either 
phenylmercuric acetate or 
phcnylmercuric Nitrate.

The formulation was not stated, it 
was described that, 
Chloramphenicol Ophthalmic 
Solutin is a sterile buffered 
solution of Chloramphenicol.

The formulation was not stated it พ;!ร 
described that Chloramphenicol for 
Ophthalmic Solution is a sterile, dry 
mixture of Chloramphenicol with or 
without one or more suitable buffers, 
diluent and preservatives.

2 How to prepare Dissolve the boric acid the 
borax, and the phenyl 
mercuric sit in 90 nil of the 
purified water with the aid 
of heat.adjust the 
temperature of the solution 
to 60". add the 
chloramphenicol, and 
maintain the temperature at 
60" until the 
chloramphenicol IS 
dissolved. Cool the solution, 
and sufficient purified water 
to produce the required 
volume, and mix. Then, 
cither (I) sterilise the 
solution by filtration, and 
transfer by means of an 
aseptic technique to sterile 
containers, which are then 
closed so as to exclude



micro-organisms (method 
B) or (ii) clarify the solution 
by filtration, transfer it to 
the final containers, which 
are then closed to exclude 
micororganisms. and 
sterilise it by maintaining at 
98° to 100 for thirty 
minutes (Method C).

.ใ. Strength 0.5% w/v 0.5% w/v - -
4 content 0 45-0.55% w/v 90-110% of the prescribed or 

stated amount.
90-130% of the labeled amount. 90-130% of the labeled amount

5. Limitation of 2- 
Amino-l(4-nitro- 
phcnyOpropane-1.ใ- 
dtol

not more than 5.0% of 
content of chloramphenicol.

Not more than 5.0% of 
content of chloramphenicol - -

6. pH — 7.0-7.5 7.0-7.5 7.1-7,5
7. Storage It should be protected forom 

light. When stored at a 
temperature of 2° to 8°. it 
may be expected to retain 
its potency for eighteen 
months form the date of 
preparation.
When stored at a 
temperature not exceeding 
25°. it may be expected to 
retain Its potency for four 
months from the date of 
preparation.

Chloramphenicol Eve Drops 
should be protected from 
light. When stored at a 
temperature of 2 °to 8° .they 
may be expected to retain 
their potency for eighteen 
moths from the date of 
preparation. When stored at 
a temperature not exceeding 
25° they may be expected to 
retain their form the date of 
preparation.

Preserve in tight containers. Preserve in tight containers.
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Cyclodextrin Inclusion Compound
C y c lo d e x tr in s  a re  c a p a b le  o f  fo rm in g  c o m p le x e s  w ith  a v a rie ty  

o f  co m p oun d  b y  trap p in g  various ex te rnal m o lecu les (guest m o lecu les ) inside 
the cav ity  o f  a  cy c lo dex trin  (host). T he m inim um  req u irem en t fo r th is inclusion 
co m p lex  fo rm a tio n  is th a t th e  g u est m o lecu le  m ust f it,en tire ly ,o r a t least, 
partia lly , in to  th e  c y c lo d e x tr in  cavity . N o t on ly  the s te re o ch em is try  bu t a lso  
the  p o la rity  o f  th e  g u e s t m o le cu le s  d e te rm in es  w h e th e r  in c lu s io n  m ay  occur. 
In gen e ra l, h y d ro p h o b ic  m o lecu le s  h av e  h ig h e r affin ity  to  th e  c y c lo d ex trin  
cav ity  in  a q u e o u s  so lu tio n  th an  h y d ro p h ilic  m o lecu les .

T he stru ctu re  o f  cy clodex trin  inclusion  co m p lex es d iffer significantly  
in the cry sta lline  sta te  and  in so lu tion . In so lu tion  the g u est m o lecu le  o ccu p ies 
in the  cav ity , a n d  th e  w h o le  co m p lex  is su rro u n d ed  b y  a  so lv a te  shell o f  
w a te r  m o le c u le s .  In  th e  c ry s ta l l in e  s ta te ,  th e  g u e s t m o le c u le s  c a n  b e  
a c c o m m o d a te d  n o t o n ly  in  th e  c a v i ty  o f  th e  m o le c u le , b u t a ls o  in  th e  
in te rm o le c u la r  c a v i t ie s  fo rm e d  b y  th e  c ry s ta l  la t t ic e , o r  s a n d w ic h - l ik e  
b e tw e e n  tw o  c o m p le x  m o le c u le s . S o m e  o f  th e  c y c lo d e x tr in  m o le c u le s  
rem ain  u n o cc u p ied  o r they  in c lu d e  w ate r. T h is  a rra n g e m e n t m ay  re su lt in th e  
fo rm a tio n  o f  n o n s to ic h io in e tr ic  in c lu sio n  co m p o u n d s.

T h e  in te ra c tio n  fo rce  fo r in c lu sio n  c o m p lex  fo rm a tio n  can n o t b e  a 
c la ss ica l n o n -p o la r  b in d in g . T h e  cy c lo d ex trin  c o m p le x es  fo rm e d  sh o u ld  be  
s tab ilized  b y  v a rio u s  in te rm o le c u la r  fo rce s  su ch  as :

1. V an d e r  W aals in te rac tio n s  b e tw e e n  th e  g u e s t a n d  h o st. T h e  Van 
d er W aals fo rce s  in c lu d e  b o th  p e rm a n e n t in d u c ed -d ip o le -d ip o le  in te ra c tio n s  
and  L o n d o n  d isp e rs io n  fo rces.

2. H y d ro g en  b o n d in g  b e tw e e n  th e  g u est an d  host.
3. R e le a se  o f  h igh  en erg y  w a te r  m o lecu le s  in co m p lex  fo rm atio n .
4 . R e le a s e  o f  s t r a in  e n e rg y  in  th e  m a c r o m o le c u la r  r in g  o f  

cy c lo d ex trin .

1. Preparation of inclusion complex
T h ere  a re  d iffe ren t m e th o d s  to  p re p a re  in c lu sio n  co m p lex  su ch  as  :
1.1 In the case  o f  a w ater-so lub le  active ingredient, the guest p roduct 

is a d d e d  to  a  s a tu ra te d  a q u e o u s  s o lu tio n  o f  c y c lo d e x tr in , a n d  a g ita te d  fo r 
sev e ra l h o u rs  o r  ev en  d ay s , un til sp o n ta n e o u s  p re c ip ita tio n  o f  th e  in c lu sio n  is 
ach iev ed . S o m etim es p re c ip ita tio n  d o se  n o t o ccu r sp o n tan eo u s ly , a n d  it is 
necessary  to cool the m edium  at am bient tem perature or even low er or evaporation
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by  freeze -d ry in g  o r sp ra y  d ry in g  (G an d h i et al., 1988; H elm  et a l., 1991; 
K u ro zu m i et al., 1975; Lin an d  K ao , 1989; L in et a l., 1991; O g u ch i e t al., 
1990).

1.2 In th e  c a se  o f  an in so lu b le  a c tiv e  in g red ien t o r w h en  th e  ac tiv e  
in g red ien t is su sce p tib le  to  h y d ro ly s is , a  g rin d in g  m e th o d  can  b e  u sed . I f  the 
g rind in g  is c a rr ie d  on  fo r  a su ffic ien tly  lo n g  p e rio d , th e  y ie ld  co u ld  b e  100 % . 
F u rth e rm o re , th e  p ro d u c t o b ta in e d  is a  m ic ro fin e  p o w d e r  w h ich  c an  d isso lv e  
be tter than large crystals. This is v e iy  in teresting  m ethod  for industrial purpose.

1.3 K n e ad in g  m eth o d
This is a m ethod  applicab le  to  poo rly  w ater-so lub le  active ingredient. 

It co n s is ts  o f  ad d in g  th e  ac tiv e  in g red ien t to  a  slu rry  o f  cy c lo d ex trin , and  
k n e a d in g  th ro u g h ly  to  o b ta in  a p a s te , w h ic h  is th en  d ried . T h e  p ro d u c t is 
w a sh e d  w ith  an  o rg an ic  so lv en t to  rem o v e  th e  free  ac tiv e  in g red ien t m ix ed  
w ith  the  in c lu sio n  co m p o u n d . T h is m e th o d  is fa r  from  b e in g  rec o m m e n d e d  
fo r the  o b ten tio n  o f  a  p u re  inclusio n . W ash in g  b y  th e  o rg an ic  so lv e n t can  
re m o v e  a v a r ia b le  q u a n tity  o f  a c tiv e  in g re d ie n t a lre a d y  in c lu d e d , d u e  to  its 
p a rtitio n  co effic ien t in fav o u r o f  the  o rg an ic  so lven t.

1.4 H ea tin g  in a  se a led  c o n ta in e r
T h is  n e w  m e th o d  o f  p re p a r in g  in c lu s io n  c o m p o u n d s  h a s  b e e n  

d e sc rib e d  for benzo ic  ac id  and  a -  or P -cyclodex trin . It seem s that th e  inclusion 
phenom enon m ay  o ccu r fo r a  tem p era tu re  o v e r 7 0 °c . W h en  th e  p ro d u c ts  are  
u n d er n itrogen  p re ssu re  an d  h e a ted  to  1 2 7 °c , th e  co m b in a tio n  ra tio  is h ig h e r 
th an  fo r u n p re ssu riz e d  sam p le s  (N ak a i e t ak , 1987).

2. Detection of inclusion complex formation
O ne o f  th e  m ost in te resting  p ro p e rtie s  o f  cyclo d ex trin s is th e ir ab ility  

to  fo rm  in c lu s io n  c o m p le x e s  w ith  a w id e  v a r ie ty  o f  g u e s t  m o le c u le s .  
M o le cu la r  en ca p su la tio n  m ay  o ccu r b o th  in so lu tio n  an d  in th e  so lid  s ta te . 
U p o n  in c lu sio n  w ith in  th e  c y c lo d ex trin  cav ity , a g u est m o lecu le  c h an g e s  in 
its  p h y sico ch em ica l p ro p e rtie s . T h ese  c h an g e s  p ro v id e  m e th o d s  to  d e tec t 
w h e th e r  g u est m o lecu le s  a re  rea lly  in c lu d e d  in th e  c y c lo d e x tn n  cavity . T h is 
sec tio n  w ill d iscu ss  on  th e  d e te c tio n  o f  in c lu s io n  co m p lex a tio n  in so lid  sta te . 
D e te c tio n  o f  in c lu sio n  co m p lex a tio n  in so lu tio n  w ill n o t b e  d isc u sse d  here .
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3. Detection of inclusion complexation in solid state
3.1 Infra- red  (IR ) sp ec tro sc o p y
IR  s p e c tro s c o p y  is  u s e d  to  a s s e s s  th e  in te r a c t io n  b e tw e e n  

cy c lo d ex trin  an d  guest m o lecu les in th e  so lid  s ta te  (C h o w  a n d  K a ra ra , 1986; 
E rden  and  C e leb i, 1988; G lo m ot e t a l ,  1988; H a ssa n , 1989; K e d z ie re w ic h  
et al., 1990; N ak ai et al., 1987). T h is tech n iq u e  is n o t g en e ra lly  su itab le  to  
d e tec t in c lu sio n  com plexes due  to  th e  c h a ra c te r is tic  b a n d s  o f  c y c lo d e x tr in  
rep o rtin g  th e  overw helm ing  p a rt o f  th e  co m p lex  b e in g  h a rd ly  in flu en ce d  by  
co m p lex  fo rm atio n . H ow ever, so m e in v es tig a tio n s  sh o w e d  th e  ch an g in g  in 
the chem ica l sh ift and the b ro a d e n in g  peak .

3 .2  T herm o-ana ly tica l m e th o d
T herm o-analytical m eth od s determ ine th e  guest su b stan ce  un d erg o es 

som e ch an g e  b e fo re  the th e rm ic  d e g ra d a tio n  o f  c y c lo d e x tn n  (C h o w  an d  
K ard ra , 1986; A m dido uch e  et a l., 1989; E rd en  a n d  C e leb i, 198 9 ; G lo m o t e t 
ah , 1989; T akahash i et ah , 1988).

T he change o f  the guest m ay  be  m elting, evaporation , deco m position , 
ox idation  o r po lym orphic  transition . T his m eth o d  co n sis ts  o f  m an y  tech n iq u es , 
such  as th e rm o  analy tica l sy stem  (T A S ), th e rm o  ev o lu tio n  a n a ly z e r  (T E A ), 
d if fe re n tia l  sc a n n in g  c a lo r im e try  (D S C ) , th e r m o g r a v im e tr y  (T G )  a n d  
d iffe ren tia l th erm al analyzer (D T A ) w h ich  w a s  u se d  to  co n firm  in th is  study.

3.3  P o w d e r X -ray  d iffrac tio n
C o m p lex  form ation is in d ica ted  w h en  the p a tte rn  o f  a  n e w ly  fo rm ed  

su b s ta n c e  an d  u ncom plexed  cy c lo d ex trin  is d iffe ren t. T h is  m e th o d  is v e ry  
usefu l in th e  case  o f  liquid g u est m o lecu le  s in ce  liq u id  h as n o  d iffrac tio n  
p a tte rn  o f  th e ir  ow n. W hen  th e  g u e s t c o m p o u n d  is a  so lid  s u b s ta n c e , a  
c o m p ariso n  h as to  be m ade b e tw e e n  th e  diffiractogram  o f  th e  c o m p le x  a n d  
the m echan ical m ixture o f  the guest and  cy c lod ex trin  m o lecu les . C o m p ariso n  
o f  the  d iffrac tog ram s is p o ss ib le  b e ca u se  cy c lo d e x tr in  in c lu s io n  co m p le x  
p re p a ra tio n  p ro c e s se s  such as f re e z e  d ry in g  o r g rin d in g  m a y  c h a n g e  th e  
crystallinity o f  the pure substances and  this m ay also  lead  to  d ifferent diffraction 
p a tte rn . A  d iffrac tion  pattern  o f  p h y sica l m ix tu re  is o ften  th e  su m  o f  th o se  o f  
each  co m p o n en t, w hile the d iffrac tio n  p a tte rn s  o f  c y c lo d e x tr in  c o m p le x es  
are  ap p a re n tly  d ifferen t from  each  c o n stitu en t a n d  le a d  to  a n e w  so lid  p h a se  
w ith  d iffe ren t d iffractogram  (A m d id o u ch e  et a l., 1989; H a ssa n  e t a l., 1989; 
U ek am a  et a l., 1985).
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3.4 S cann in g  e lec tro n  m ic ro sco p y
S can n in g  e lec tro n  m ic ro sc o p y  is u se d  to  s tu d y  th e  m ic ro s c o p y  

a sp e c ts  o f  th e  c y c lo d e x tr in , g u est su b s ta n c e  an d  th e  p ro d u c t o b ta in e d  b y  
c o - p re c ip i ta t io n  o r e v a p o ra t io n . E v e n  i f  th e re  is  a c le a r  d i f f e re n c e  in 
c ry s ta lliz a tio n  s ta te  o f  the  p u re  su b s ta n c e  a n d  th e  p ro d u c t o b ta in e d  b y  
c o p re c ip ita t in g  th is  m e th o d  is in a d e q u a te  to  c o n f irm  in c lu s io n  c o m p le x  
fo rm atio n , bu t h e lp s  to  a sse ss  the ex is ten ce  o f  a  s ing le  c o m p o n e n t in th e  
p rep a ra tio n  o b ta in ed  (A m d ido u ch e  e t ah , 1989; G lo m o t e t ah , 1988).

Phase Solubility Analysis
O rg an ic  com p o u n d s, such  as  d ru g s w h ich  a re  sp a rin g ly  so lu b le  in 

w a te r, freq u en tly  d isp lay  an in c rease  a q u e o u s  so lu b ility  in th e  p re se n c e  o f  
cy c lo dex trin . T h is is due  to  th e  fo rm atio n  o f  w a te r  so lu b le  co m p le x  b e tw e e n  
the d rug  and  the d isso lved  cyclodextrin . T he  com p lex a tio n  equ ilib rium  lo w ers  
the  th e rm o d y n am ic  activ ity  o f  th e  d isso lv e d  drug . C o n seq u en tly , m o re  d ru g  
d isso lv e s  until th e  activ ity  o f  the free  d ru g ,w h ich  is in ch em ica l e q u ilib riu m  
w ith  the  co m p lex , b eco m es equal to  th e  th e rm o d y n am ic  a c tiv itiy  o f  th e  p u re  
so lid  drug. P h a se  so lub ility  an aly sis  is u sed  to  d e te rm in e  th e  re la tio n sh ip  
b e tw e en  the to ta l co n cen tra tio n  o f  d isso lv e d  d ru g  a n d  th e  c o n c e n tra tio n  o f  
ad d ed  cyclodextrin . T his techn iq ue rev ea ls  b o th  th e  sto ich io m etry  o f  co m p lex  
fonnation  and  the stability constant (o r form ation constan t, kc ) o f  th e  com plex .

S ev era l d ifferen t p h ase  d iag ram s m ay  b e  o b ta in e d  fro m  sy s te m s  
w h ich  form  co m p lex es . T hese  are  ex am in ed  in so m e  d e ta il b y  H ig u ch i an d  
C o n n o rs  (19 65 ). T h ey  have  d iv ided  th e  sy stem s in to  tw o  m a jo r  c la s se s ; ty p e  
A  an d  ty pe  B d iag ram .

F igu re  6 sh ow s one genera l c la ss  o f  p h a se  d iag ram . A -ty p e  c u rv e s  
ind icate  the fo n n a tio n  o f  so luble com plexes. T his ty p e  is fu rth e r su b d iv id ed . I f  
a  plot o f  cyclodextrin  concentration versus the concen tration  o f  d rug  so lub ilized  
is linear, an Aj -ty p e  is ob ta ined . P o sitiv e  d ev ia tio n  from  lin ea rity  g iv es  Ap- 
type. A p-system s generally  reflect high o rd e r com p lex a tio n  at h igh cyclodex tnn  
concentrations m eaning that m ore than one cyclodextrin  m olecu le  is c o m p le x in g  
w ith  the guest. T h e  rem ain in g  A -typ e, A N, sh o w s a  n eg a tiv e  d e v ia tio n  w h ich  
r e p re s e n ts  a d e c re a s in g  d e p e n d e n c e  o n  l ig a n d  a d d e d  a t h ig h e r  l ig a n d  
c o n c e n tr a t io n s . T his type  is the least freq u en tly  e n c o u n te re d  sy s tem , a n d  its 
o ccu rren ce  m ay  b e  ex p la in ed  on the b a s is  o f  se lf -a sso c ia tio n  o f  th e  lig a n d  at 
h igh co n cen tra tio n .



19
T he  ty pe  B c u rv es  (F igure  7) a re  o b se rv e s  w hen  in so lu b le  co m p lex es  

are  fo rm ed . I f  the  c o m p lex  exh ib its  so m e  so lubility , the d iag ram  sh o w s an 
initial rise  in the co n cen tra tio n  o f  guest, a  B s-type  is ob tained . I f  the com p lex  
o f  d ru g  and  c y c lo d e x tr in  is no t so lu b le ,a  B j-type cu rve  is g en e ra ted .

F igu re  6 S ch em atic  rep re se n ta tio n  o f  th e  A -ty p e  p h a se  d iag ram s
([ร ]1=  th e  c o n cen tra tio n  o f  th e  to ta l su b s tra te  in the so lu tio n  
an d  [L ]= th e  co n cen tra tio n  o f  th e  to ta l a d d e d  ligand) 
(H ig u ch i and  C o n n o rs , 1965).

F igure 7 S ch em atic  rep re se n ta tio n  o f  the B -ty p e  p h a se  d iag ram s 
(H iguch i and  C o n n o rs , 1965).
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2-HydroxypropyI-P-Cyclodextrin (2-HP-p-CD)
C yclodex trin s are cyclic  carbohydrates consisting  o f  6 ,7  o r 8 g lucose 

un its a n d  c a lle d  a ,  p  a n d  y -cy c lo d ex trin , resp ec tiv e ly . It has b een  k n o w n  fo r 
long tim e in p h a rm aceu tica l c ircle  that the cyclo d ex trin s a lter phy sicochem ica l 
p ro p e rtie s  o f  th e  g u est m o lecu le . It m ay  b e  usefu l to  im prove d rug  p ro p ertie s  
such  as  so lub ility , d isso lu tio n  ra te , b ioav ailab ility , s tab ility  o r to  red u ce  side  
e ffect (B e k e r  e t a l., 1991). P -cy c lo d ex trin  is m o st u sefu l fo r in co rp o ra tin g  a 
n u m b e r  o f  d ru g . U n fo r tu n a te ly , P -c y c lo d e x tr in  is p o o r ly  w a te r  so lu b le  
(1 .8  g /1 0 0  m l a t  2 5 °C ). T h is  lo w  a q u e o u s  so lu b ility  o f  p -c y c lo d e x tr in  is 
a s s o c ia te d  w ith  c y to p la s m ic  c ry s ta ls  in  r a t  re n a l tu b u le s  a n d  se v e re  
n e p h ro s is  a f te r  p a re n te ra l  a d m in is tra tio n  (F ra n k  e t a l., 1976).

S ev e ra l a tte m p ts  h av e  b een  m ad e  to  im p ro v e  th e  w a te r  so lu b ility  
o f  P -cyclodex trin . H ydroxyalky lation  o f  the cyclic o ligom er disrupts hydrogen  
b o n d ing  w h ich  d e stab iliz e s  th e  c ry sta l lattice. In add ition , th ese  m anipu la tions 
can  tra n sfo rm  th e  c ry s ta llin e  m ate ria l in to  a m o rp h o u s m ix tu res o f  iso m eric  
cy c lo d e x tr in  (P ith a , 1985). T h e  am o ip h o u s  o f  m o d ified  p -c y c lo d e x tr in  as 
w ell as the hydroxyalkylated  m oiety  contribute to an increase in aqueous solubility 
o f  c y c lo d e x tr in . P h a rm a c e u tic a lly  im p o rta n t c y c lo d e x tr in  d e riv a tiv e s  a re  
h y d ro x y a lk y la ted -P -cy c lo d ex trin  (H A -P -C D ). O ne  o f  th e  H A -P -C D  u sed  for 
th e  p re p a ra tio n  o f  a m o rp h o u s  co m p lex es  is 2 -h y d ro x y p ro p y l-p -cy c lo d ex tr in  
(2 -H P -P -C D ).

2 -H y d ro x y p ro p y l-P -c y c lo d e x tr in  (2 -H P -P -C D )  is v e ry  w a te r -  
so lu b le  n o t o n ly  as a  re su lt o f  th e ir  ch em ica l n a tu re , b u t a lso  b e ca u se  o f  th e ir  
am o rp h o u s  stru ctu re . T h e ir d isso lu tion  is en do th erm ic  so th ere  is no  d ec rease  
in so lub ility  w ith  in c rea s in g  tem p era tu re . Its w a te r  so lub ility  a t 2 5 ° c  is h ig h e r 
th an  5 0 g /1 0 0  m l.

Manufacturing of 2-HP-P-CD
M a n u fa c tu r in g  m e th o d s  u se  a b a se -c a ta ly z e d  su b stitu tio n  re a c tio n  

(Pitha et ฝ ., 1986). T he reagent reacted  with p-cyclodextrin is usually propylene 
ox ide . T h e  re su ltin g  p ro d u c t IS p urified  b y  ion  ex ch an g e  ch ro m ato g rap h y , 
a c e to n e  e x tr a c t io n  a n d  ly o p h iliz a tio n . T h e se  c y c lo d e x tr in  m ix tu re s  a re  
ch arac te riz ed  by  so ft-ion iza tio n  m ass sp ectral tech n iq u es such as C alifo rn ium - 
252  p la sm a  d e so rp tio n .
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R = [-CH2CH(OH)CH2]H
ท = 0,1, 2, 3,!..

Degree of substitution :
Residue on ignition :
Residual acetone (%) :
Residual propylene glycol (%) : 
Unreacted p-cyclodextrin :
Arsenic (ppm) :
Heavy metals (as lead) (ppm) : 
Bromide (ppm) :
Chloride tppm) :
Microcombustion analysis : c, %

ท ,0/o
Specific rotation [a] :

7.0
0.02%

<0.01%
<0.15%

<0.1%
<0.1

<10
<5
<5
46.80 
7 65

130° (589 nmRT)

Figure 8 Structure and characteristics of 2-hydroxypropyl-P-cyclodextrin 
(Brewster et ah, 1990).

Table 3 Solubility of cyclodextrins and cyclodextrin derivatives 
(Janssen Pharmaceutical Industry).

PRODUCT AQUEOUS SOLUBILITY 
(๙! (to mi 25T ) :

a-cyclodextrin 15
P-cyclodextrin 1.8

y-cyclodextrin 2.3
dimethyl-P-cyclodextrin 57
trimethyl-P-cyclodextrin 31
hydroxypropyl-P-cyclodextrin 50
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Toxicity of 2-HP-P-CD

The low solubility in water of (3-cyclodextnn generally limits it use 
to oral applications. Orally administered cyclodextrin are not absorbed by 
the gastrointestinal system. Although P-cyclodextrin may be useful to 
improve oral formulations, the most challenging problem with insoluble 
therapeutic molecules are met in parenteral and local applications. 
Intravenously administered cyclodextrin are not degraded by common amylases. 
Therefore, they are eliminated unchanged through the kidneys. Consequently, 
high dose or chronic administration of P-cyclodextrin may reach higher renal 
concentration than its limited solubility allows and may crystallize locally 
causing irriversible cell damage.

The amorphous 2-HP-P-CD is readily water soluble, hydrophilic, 
easily and reproducible prepared and extensive chemical characterization. 
2-HP-P-CD has been applied to numerous biomedical tasks and it is not 
acutely toxic after oral, IP, IV, IM, IC (intracerebral) or topical administration 
(Anderson et ah, 1988; Brewster et ah, 1988; Carpenter et ah, 1987; Pitha et 
ah, 1986, Pitha et ah, 1988). Moreover, no dermal, ophthalmic or muscle 
irritation has been shown in aqueous 2-HP-P-CD concentration that are as 
high as 20, 40 or 50% w/v, respectively.

Mutagenicity testing using the Ames-Salmonella method and the 
mouse micronucleus method was negative. Embryotoxicity and teratogenicity 
are shown to be negative in rats and rabbits. Long-term carcinogenicity testing 
is under way with the full expectation of no unfavorable reports.

Physicochemical Characteristics of 2-HP-P-CD

1. Solubility

2-HP-P-CD is very soluble in water; 75% พ/พ solution can be 
made by 10-20 minutes stirring. It has very high water solubility, as expected 
of amorphous compound. It is also 50-60% พ/พ soluble in ethanol (95%). 
HP-P-CD with degree of substitution less than 7 have limited solubility in 
acetone, this with degree of substitution 11-14 is soluble in acetone or 
dichloromethan but insoluble in cyclohexane (Pitha et ah, 1986).



T a b le  4  2 - h y d r o x y p r o p y l - p - c y c l o d e x t r i n  d o s a g e s  g i v e n  t o  h u m a n  a n d  r o u t e s  o f  a d m i n i s t r a t io n  u s e *  ( S t r a t t a n ,  1 9 9 2 ) .

Intravenous
(infusion)

Intravenous
(injection)

Nasal Buccal
Sublingual

Per Os Dermal

Total Dose ................30 g 3 g 600 mg/day 120 mg/kg 0.2 mg/kg .

Single Dose - 150 mg/kg 40 mg/use 120 mg/kg 0.2% mg/kg -

Form 5% continuous infusion 
for 4 days

20% aqueous 
solution

10% aqueous 
solution

Tablet Tablet 45% aqueous 
solution

* No adverse clinical effects observed.
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Table 5 Physicochemical properties of (3-Cyclodextrin and its
hydroxypropylated derivatives (Duchêne and Wouessidjewe, 
1990).

Molecule Substituent Degree of 
Substitution

Average 
Molecular 
Weight (D)

Solubility m 
Water at 25°c 

(g/100 ml)

Surface 
T ension 
(mN/m)

P-CD - - 1355 1.85 71

2-HP-P-CD -OCH2CH(OH)-CH3 2.5 - > 50 69

2-HP-P-CD -OCH2CH(OH)-CH3 5.6 - >50 64

2-HP-P-CD -OCH2CH(OH)-CH3 6.8 - >50 61

2-HP-P-CD -OCH2CH(OH)-CH3 8.0 - >50 60

2-HP-P-CD -OCH2CH(OH)-CHj 11.3 - > 50 52

3-HP-P-CD -OCH2CH2CH2OH 1.8 1239 > 50 71

3-HP-P-CD -OCH2CH2CH2OH 2.8 1297 >50 70

3-HP-P-CD -OCH2CH2CH2OH 4.5 1396 >50 71

3-HP-P-CD -OCH2CH2CH2OH 6.1 1489 > 50 70

2,3-HP-P-CD -OCH2CH(OH)-CH2OH 2.6 1327 >50 71

2,3-HP-P-CD -OCH2CH(OH)-CH2OH 4.7 1483 >50 71

2,3-HP-P-CD -OCH2CH(OH)-CH2OH 5.9 1572 >50 71

2,3-HP-P-CD -OCH2CH(OH)-CH2OH 9.3 1823 >50 70
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2. Specific rotation (a)

Specific rotation (a) o f 2-HP-P-CD tended to decrease with 
increasing degree of substitution (Yoslnda et al., 1988).

3. Hygroscopic

2-HP-P-CD is less hygroscopic than the parent crystalline P- 
cyclodextrin. Low hygroscopicity of 2-HP-P-CD may be of advantage in 
phannaceutical applications since the moisture sorption often initiates hydrolytic 
decomposition of drugs in solid state.

4. Hemolytic activ ity

At higher concentrations of natural cyclodextrins cause hemolysis 
and shape change of human erythrocytes even when isotonic solutions are 
used (Irie et ah, 1982). The cyclodextrin induced hemolysis probably due to 
the membrane disruption elicited by dissolution and removal of membrane 
components. Hemolytic activity o f 2-HP-P-CD is lower than parent 
cyclodextrin due to the decrease of ability of 2-HP-P-CD to remove membrane 
components. Furthermore, the hemolytic activity of 2-HP-p-CD decreases 
with increasing degree of substitution (Yoshida et ah, 1988).
Pharmaceutical Application o f 2-Hydroxypropyl-P-Cyclodextrin

Physicochemical properties of guest molecules may be altered if 
they are surrounded by the hydrophobic environment of a 2-HP-P-CD cavity. 
These alterations may lead be suitable formulations for potential drugs. A 
drug may dissolve better and faster, have a better bioavailability, fewer side 
effect and also be more stable. The most obvious alteration is an enhancement 
of the solubility and in pharmacy, this generally intends to improve 
bioavailability.
The phannaceutical applications of 2-HP-P-CD may include :

1. Increase water solubility

HP-P-CD is highly water soluble and can be expected to provide a 
greater increase in water solubility of the guest molecule than the natural 
cyclodextrin. In the case of HP-P-CD with a low degree of substitution are 
better solubilizers than those with a high degree of substitution.
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2-HP-P-CD has been used successfully to solubilize various active 
ingredients, including many steroids, non steroidal anti-inflammatory agents 
such as ibuprofen aid indomethacin, digoxin, benzodiazepines, retinoic acid, 
nitrogen mustard, nimodipine, salbutamol, dihydropyridine derivatives and 
fragrance materials (Backensfeld et al., 1990; Brewster et al., 1988; Cebral 
et al., 1990; Loftsson et al., 1989; Matsuda et al., 1991; Menard et al., 1988; 
Miller Albers, 1992; Yoshida et al., 1988; Yoshida et al., 1990).

2. Improvment in stability

The inclusion of an active ingredient in 2-HP-P-CD is a means of 
improving its stability, especially in an aqueous medium. However, the 
results are highly dependent on the nature of the active ingredient and the 
cyclodextrin used.

An estradiol chemical delivery system consisted of a lipophilic, 
biooxidizable molecular carrier that was covalently attached to the 17-position 
of the estrogen, but this presented the drawback of oxidative lability and 
hydrolytic instability. These limitations can be solved by inclusion in 2-HP- 
P- CD (Brewster et al., 1988).

The aqueous stability of chlorambucil can be improved significantly 
by inclusion in 2-HP-P-CD (Loftsson et al., 1989). 2-HP-P-CD is also efficient 
in improving the aqueous stability of melphalan.

Indomethacin is a poorly soluble drug with a saturation solubility 
of 0.4 mg/ml in water. In aqueous solution, it undergoes pH-dependent 
hydrolysis to 5-methoxy-2-methyl-indol-3-acclic acid and /7-chlorobenzoic 
acid. The former can be further brokendown to 5-methoxy-2,3-dimethyl indol. 
The hydrolysis of indomethacin in aqueous solution is decelerated by 2-HP- 
P-CD (Backensfeld et al., 1990).

3. Increase in B ioavailability'

Most of the previous works with 2-HP-P-CD have been carried 
out to improve the bioavailability of the active ingredient in the formulations.

Flunarizine is a selective C a2‘ blocker which can protect brain 
cells against hypoxia resulting from stroke. In order to be effective, sufficiently
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high fhinarizine level must be obtained in the brain as soon as, possible after 
a stroke. Flunarizine is insoluble in the normal aqueous media used for intravenous 
injection. Thus, it can not be achieved by rapidly building a high concentration 
in circulation. An intravenous formulation based on 2-HP-p-CD allows a 
sufficiently high concentration of flunarizine to be injected as a bolus, 
immediately resulting in brain levels which can only be achieved hours after 
oral administration.

For transdermal delivery, 2-HP-P-CD is an effective transdermal 
permeability enhancer (Loftsson and Bodor, 1989; Vollmer et ah, 1994).

In sublingual administration of testosterone, 2-HP-P-CD is very 
good absorption enhancer and result in high serum drug levels (Loftsson et 
ah, 1994). 2-HP-P-CD can be used with the same drug by subcutaneous 
administration (Usayapant et ah, 1991). 2-HP-P-CD also can improve the 
extent of ocular absorption of dexamethasone in albino rabbits (Usayapant 
et ah, 1989).

The water solubility of acetazolamide and ethoxyzolamide limit 
their ocular bioavailability. It is believed that 2-HP-P-CD improve ocular 
bioavailability of drugs by keeping the water-insoluble drug molecules in 
solution and delivers them to the surface of corneal barrier where they partition 
into the eyes (Loftsson et ah, 1994). 2-HP-P-CD also improved ocular 
bioavailability of dexamethasone and dexamethasone acetate (Usayapant et 
ah, 1991).

4. Decrease in irr ita ting  properties

Cisapride is a new and very efficient gastro-intestinal prokinetic 
agent. Compared to the normal oral route, rectal administration shortens the 
time to a therapeutic response in chronic constipation. Conventional PEG 
(polyethylene glycol) suppositories often cause local irritation. A new 
cisapride suppository formulation based on 2-HP-P-CD and fatty acids solves 
the irritation problem. Moreover, the cisapride bioavailability proves to be 
about 40% higher than with PEG suppositories.
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