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A B S T R A C T  

Polymorphism g r e a t l y  in f luences  b i o a v a i l a b i l i  t y  because 

among o t h e r  v a r i a t i o n s ,  the d i f f e r e n t  polymorphs o f  a p a r t i c u l a r  

compound have d i f f e r e n t  s o l u b i l i t i e s  due t o  d i f f e r e n t  arrangements 

of  molecules i n  the s o l i d  s t a t e  g iv ing  r i s e  t o  d i f f e r e n t  l a t t i c e  

ene rg ie s .  Chloramphenicol pa lmi t a t e  (CMP) h a s  t h r e e  polymorphs 

with  d i f f e r e n t  ther,mdynam:c s t a b i l i t y .  Polymorph A (m.p. X!"' C I I  

is t h e  s t a b l e  v a r i e t y ;  Polymorph B ( m . p .  89OC) is  the  metastable  

v a r i e t y  and Polymorph C is  t h e  unstable  v a r i e t y .  For t h e  

p repa ra t ion  of  our d e s i r e d  polymorph B ,  the  a v a i l a b l e  l i t e r a t u r e  

is  q u i t e  i n s u f f i c i e n t  and most of  them a r e  well guarded by p a t e n t  

secrets. T h i s  work was d i r e c t e d  towards the  development of 

modified method of P repa ra t ion  o f  CMP and subsequent polymorphic 

modif icat ion t o  give r ise  t o  t h e  d e s i r e d  metastable  b i o a v a i l a b l e  

v a r i e t y .  The prepared polymorph when compared w i  t h  r e f e r e n c e  

s t anda rd  w i t h  r e spec t  t o  M.P., TLC Analysis and I . R .  Spectroscopy, 

shows equivalency i n  a l l  r e spec t .  I n - v i t r o  Enzymatic Hydrolysis,  
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972 MITRA, GHOSH, AND GUPTA 

Disso lu t ion  S t u d i e s  and In-vivo S t u d i e s  on I n t e s t i n a l  Absorp t ion  

show s u p e r i o r i t y  o f  polymorph B over  polymorph A .  

IN TR OD UC T I 0  N 

It has  been u n i v e r s a l l y  accep ted  t h a t ,  i n  c a s e  o f  
polymorphs b i o a v a i l a b i l i  t y  is i n v e r s e l y  p r o p o r t i o n a l  t o  the  
chemical s t a b i l i t y  o f  t tst p ~ . ~ y n o r p h ,  I n  t h i s  i n v e s t i q a t i c n  

e f f o r t s  were made f o r  t h e  p r e p a r a t i o n  o f  CMP wi th  t h e  me tas t ab le -  

8 - polymorphic c r y s t a l  l a t t i c e  s t r u c t u r e .  Various subsequent  

experiment have been done f o r  comparing t h e  p repa red  polymorph 

with t h e  r e f e r e n c e  s t anda rd .  Co- re l a t ion  o f  t h e  exper imenta l  

d a t a s  i n d i c a t e s  t h e  achievement o f  t h e  d e s i r e d  polymorph. 

EXPER IUENTAL 

H a t e r i a l s  : A l l  t he  m a t e r i a l s  used were o f  a n a l y t i c a l  g rade .  

The me tas t ab le  CMP R.S .  was s u p p l i e d  by Cour tesy  o f  C.D.L., 

Ca lcu t t a  . 
Methods : 

S t e p - I  - P r e p a r a t i o n  o f  CMP es ter  : The pr imary  o b j e c t  o f  

us ing  chloramphenicol  esters i n  fo rmula t ions  is  t o  overcome t h e  

b i t t e r  t a s t e  o f  t h e  drug. Many methods have been sugges t ed  by 

many workers among which a few were found s u i t a b l e .  After an 

i n t e n s i v e  r e s e a r c h  work a convenient  modif ied method h a s  evolved 

f o r  t h e  p r e p a r a t i o n  o f  CMP. The method is a s  f o l l o w s  : 

2.2 m l  o f  pa lmi toy l  c h l o r i d e  was added dropwise with 

s t i r r i n g  t o  a s o l u t i o n  c o n t a i n i n g  2.0 g o f  chloramphenicol  i n  

4 .5  m l  o f  ace tone  c o n t a i n i n g  0 .7  m l  o f  p y r i d i n e  a t  2OoC and 

s t i r r i n g  was cont inued  for  2 h r s ;  t h e  mixture was added t o  32 m l  

Water c o n t a i n i n g  0.1 m l  HCl a t  2 O O C .  The p r e c i p i t a t e  was 

f i l t e r e d  o f f ,  washed and d r i e d .  The p roduc t  was d i s s o l v e d  i n  

20 m l  o f  i so-propanol  a t  55 - 6OoC and f i l t e r e d  with a c t i v a t e d  

cha rcoa l .  The f i l t r a t e  was then coo led  t o  4OoC and methyl amine 

was added t o  a d j u s t  t h e  pH t o  8.5.  The r e s u l t i n g  s o l u t i o n  was 
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CHLORAMPHENICOL PALMITATE ESTER 973 

then poured i n t o  18 m l  water a t  2OOC.  After p r e c i p i t a t i o n ,  the 

residue was washed, f i l t e r e d  and d r i e d .  Washing should be 

repeated u n t i l  t h e  pH f a l l s  t o  7.2 t o  7 . 0 .  The dried residue was 

then extracted w i t h  2.8 m l  o f  petroleum e ther  f o r  2 t o  3 times 

and then kept  overnight  i n  a desiccator  maintained a t  4OoC. 

S tep II - Preparation of G - polymorph (metastable  v a r i e t y j c f  

- CMP : For the preparation of desired polymorph, many t r i a l s  

were carried out .  But a l l  o f  them became unsuccessful .  F i n a l l y ,  
the preparation o f  t h e  metastable v a r i e t y  was achieved by 

5 removing camphor from e u t e c t i c  mixtures wi th  CMP . This  method as 
standardised w i th  repeated tria1.s i s  given below. 

5.0 g o f  camphor and 3.0 g of CMP were taken i n  a dry 

mortar - p e s t l e  and well mixed u n t i l  a uniform clumpy mass was 

formed. I t  was then removed t o  a hard g l a s s  tube and melted on 
an o i l  b a t h  a t  160OC. The melted mass was c h i l l e d  q u i c k l y  t o  

0 - 5OC and was kept  i n  a r e f r i g e r a t o r  f o r  one hour. Then the  

whole mass was t rans ferred  t o  a f l a t  container  and kept  under 

vacuum o f  12 cms i n  a desiccator  a t  4 O O C .  The l i d  of the  

desiccator  was opened three  t imes a day t o  allow f r e s h  air t o  go  

i n s i d e  and by t h i s  way the r a t e  o f  removal o f  camphor slowed 

down. T h i s  operation was continued f o r  3 days and then the mass 

was vacuum dried a t  5OoC f o r  8 h r s .  The product was kept  

overnight i n  the  desiccator  a t  low pressure.  Then a s e l f - l i f e  
4 study o f  t h e  prepared polymorph was conducted f o r  about 8 months. 

Step III - T.L.C. analys i s  of prepared polymorph o f  CMP and i t s  

re ference  standard : T.L.C. analys i s  was carried out  f o r  

checking up the i d e n t i t y  and p u r i t y  of the prepared sample. 

S i l i c a  gel G p l a t e  was taken which has been ac t iva ted  a t  l l O ° C  

f o r  one hour. The developing so lvent  was chloroform : methanol : 

g l a c i a l  a c e t i c  acid i n  1 8 : l : l  proportion. A f t e r  development, the  

p l a t e  was air dried f o r  some t ime.  The stannous ch lor ide  

so lu t ion  was then sprayed and dried i n  hot  a i r  oven a t  8OoC f o r  

15 minutes.  The p l a t e  was then taken out and t h e  co lour fng  
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914 MITRA, GHOSH, AND GUFTA 

reagent,  p-dimethyl amino benzaldehyde was sprayed. 

of CMP were developed. 
Step - IV - I.R. spectroscopy o f  prepared polymorph and r e f e r e n c e  

Yellow spots 

c) 

standard of CMPJ : Two samples were analysed under the  

i d e n t i c a l  instrumental and environmental condi t ion  (Frequency 
-1 4000 t o  600 cm 1 .  The cell path used was Nujol,  scan speed ---> 

slow and s l i t  ---> N .  
Step - V - In-vi  t r o  s t u d i e s  on enzymatic hydrolys i s  of 

Polymorph A and prepared Polymorph B of CMP : When administered 

o r a l l y ,  the  e s t e r i f i e d  drug f i r s t  gets hydrolysed by t h e  enzyme 

present  i n  t h e  G.I. tract, then i t  becomes avai lable  f o r  

absorption. Therefore,  t h i s  hydrolys i s  s t e p  is the r a t e  l i m i t i n g  

step i n  i t s  absorption. Study has been carried out t o  determine 

the r a t e s  of enzymatic hydrolys i s  of polymorph A and prepared 
Polymorph B.  

2.0 g o f  CMP was taken and 100 m l  o f  a uniform suspension 

was made using polysorbate 80 . 1.0 m l  of t h i s  suspension was 

added t o  99.0 m l  of simulated i n t e s t i n a l  j u i c e  (U.S.P. XVII ' 1 ,  
and t h e  whole content  w i t h  continuous s t i r r i n g  was mounted on a 
water bath maintained a t  37 - + 0 .5OC.  The samples  drawned a t  
d e f i n i t e  i n t e r v a l s ,  were treated t o  get  t h e  clear s o l u t i o n  which 

was analysed spectrophotometrically a t  278 nm . Log o f  % of 

e s t e r  t o  be hydrolysed was p l o t t e d  against  t ime. 

Step - 111 - Comparison of t h e  d i s s o l u t i o n  c h a r a c t e r i s t i c  of 

Polymorph A and prepared polymorph B o f  CMP : CMP is inso luble  

i n  water. In  order t o  have a comparative i d e a  regarding the 

r e l a t i v e  d i s s o l u t i o n  c h a r a c t e r i s t i c s  o f  the above two polymorphs, 

two discrimina t i n g  so lvent  s y s  tems were choosen. The f i r s t  one 

was absolute  alcohol and the  second one was 35% (v /v )  mixture of 
t e r t i a r y  butanol and water . 
Dissolut ion t e s t s  were carried out  w i t h  excess  e s t e r .  The 

temperature and s t i r r i n g  rate were kept constant throughout the 

9 
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CHLORAMPHENICOL PALMITATE ESTER 975 

operation. Sampling were done a t  s u i t a b l e  i n t e r v a l s .  Each 

sample was f i l t e r e d ,  d i l u t e d  accordingly and t h e  amount o f  e s t e r  

dissolved was determined spectrophotometrlcal ly  . 
Step VII  - In-vivo s t u d i e s  on i n t e s t i n a l  absorption o f  Polymorph 

A and prepared Polymorph B o f  CMP : Eight rabbi t s  o f  same sex 

( m a l e )  and o f  more or  l e s s  uniform weight (1.25 t o  1.32 k g s )  were 

taken. Prior t o  t h e  experlment they  were aclamatised f o r  ten  

days with same d i e t  and environment t o  minimize the envlronmental 
var ia t ion .  On the day of experiment, t h e y  were divided i n t o  twc 

equal groups. A dose o f  30.0 mg was administered o r a l l y  t o  each 

animal o f  one group w i t h  Polymorph A and another group wi th  

Polymoprh B. 3.0 m l  blood sampling was done by heart  puncture 

a f t e r  an in terval  o f  one hour and was continued f o r  8 hrs. So  we 

g e t  t o t a l  64 samples which were centr i fuged separate ly  f o r  40 

minutes a t  10,000 r . p . m .  1.0 m l  o f  serum was co l lec ted  from each 

tube and treated i n d i v i d u a l l y  and f i n a l l y  the  amount o f  CMP was 
determined spectrophotometrical ly  . A t  a p a r t i c u l a r  time, f o u r  

d i f f e r e n t  concentrat ions were got f o r  f o u r  animals o f  the same 
group. Hence, t h e  mean o f  f o u r  d i f f e r e n t  concentrat ions was 
taken and on the basis o f  the  mean d a t a  t h e  blood l e v e l  curve was 
p l o t t e d .  

9 

9 

RESULTS AND DISCUSSION 

In  s t e p  I ,  the  y i e l d  was 82.0% o f  t h e  t h e o r i t i c a l  value and 

the m.p.  o f  the  product was 88 - 89OC. The product i f  recrys ta-  

l l i s e d  from benzene y i e l d s  s t a b l e  polymorph w i t h  the  m . p .  90°C, 

26 + 24.6O which i s  the  m.p .  prescribed by Merck Index . 
(C = 5 i n  e t h a n o l ) .  Th i s  method i f  f u r t h e r  be modif ied t o  

recover the so lvent  i t  w i l l  become more economic and e f f e c t i v e  

one and can e a s i l y  be employed i n  i n d u s t r i a l  p r a c t i c e .  

1 

In  s t e p  II, the m.p. o f  the product was 8 9 O C ,  which 

i n d i c a t e s  t h e  formation o f  desired Polymorph. The s e l f  l i f e  

s tudy shows a s teady m.p. o f  89OC f o r  the period t e s t e d .  
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976 MITRA, GHOSH, AND GUPTA 

W I  
t- m 
W 

K e y  
A-Polymorph A 
O- Polymorph B 

0 10 20 30 40 50 60 70 80  90 100110 120 130 

T IME(Min )  - 
FIGURE 1 

Log of o/o of ester to be hydrolysed versus time plot. 

Therefore,  i f  the time consumption could be reduced, the  method 

would become an ideal  i n d u s t r i e l  method f o r  preparation o f  meta- 

s t a b l e  CMP. 

I n  step I I I ,  t h e  R f  values  of CMP R.S. and t h a t  of our 

From the r e s u l t s  o f  t h e  I.R. spectroscopic  a n a l y s i s  o f  

s t e p  IV ,  i t  was found t h a t  a l l  t h e  peaks o f  t h e  prepared 
polymorph were almost equal ( w i t h i n  t h e  permissible  l i m i t )  with 
t h a t  of the  re ference  s td i id t i ru" .  Thus, we can conclude t h a t  t he  

polymorphic nature o f  t h e  prepared sampie and t h a t  of the  

reference standard are i d e n t i c a l .  

prepared sample were c a l c u l a t e d .  I n  both the  cases i t  was same. 

In  s t e p  V ,  t h e  l o g  % o f  e s t e r  t o  be hydrolysed vs. time 

p l o t s  give the  s t r a i g h t  l i n e s  ( f i g .  1 )  which i n d i c a t e s  the  f i r s t  
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CHLORAMPHENICOL PALMITATE ESTER 977 

order reac t ion .  

greater than t h a t  o f  Polymorph A .  

The K value o f  Polymorph B i s  about 2.2165 times 

I t  has been observed from f i g .  2 and f i g .  3 t h a t  i n  both 

absolute alcohol and 35% (v /v )  tert  - butanol - water systems t h e  

saturat ion s o l u b i l i t y  o f  prepared Polymorph B i s  about 3.3 times 

greater than t h a t  o f  Polymorph A .  Hence, i t  has been again 

establ ished t h a t  t h e  r a t e  and ex ten t  o f  d i s s o l u t i o n  o f  prepared 
polymorph B i s  much greater  than t h a t  o f  Polymorph A .  Another 

a t t e m p t  was made t o  see whether the change i n  t h e  type of so lvent  

has any e f f e c t  on f r e e  energy d i f f e r e n c e s  between polymorphs or 

not .  

The f r e e  energy d i f f e r e n c e s  were calculated from the  

formula 

Cs of Polymorph A 

Cs o f  Polymorph B 
A G T  = RT I n  

I n  35% ( v / v )  ter t  - butanol - water system, 

A G T  = 1.9807 x 301 x I n  - * l3 = - 713.19358 cal ./mole. 
0 .43  

and i n  absolute  alcohol system, 

A GT = 1,9807 x 301 x I n  A5 
31.5 

- -  - 714.65126 cal./mole. 

Hence, the  var ia t ion  is about 0.204% which can be neglected.  

Most o f  d a t a  evaluated,  were found similar wi th  the  standard 

d a t e .  
In  the  l a s t  step,  emphasis has been drawn t o  e s t a b l i s h  a 

r e l a t i o n s h i p  between polymorphism and i t s  i n f l u e n c e  on 

b i o a v a i l a b f l i t y .  I f  we r e f e r  the f i g .  4 ,  we f i n d  t h a t  peak plasma 
cancentration cf the  prcpared Polymrph B is achieved iJr c)r sbouL 

2 hrs .  But i n  case of Polymorph A ,  it takes  1 - 2 hrs. The peak 
p l a s m a  concentration of Polymorph B i s  3.75 pg/ml  and t h a t  of 

Polymorph A i s  0.525 ,, g / m l  . 
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978 MITRA, GHOSH, AND GUPTA 

40 
K e y  

- o - Polymorph B 
A - Polymorph A 

351  
r\ r\ r\ - - v /- 

A A 
Y u Y 1- 

I I I /- 
0 5 10 15 20 25 30 40 50 60 4 5  

TIME (Min)  - Hours 

FIGURE 2 
Dissolution behavior of CMP polymorphs in absolute 
ethanol at 28'C. 

TIME (M in )  - HOURS 

FIGURE 3 
Dissolution behavior of CMP polymorphs in 35"/. V/v 
tert.- butanol at 28 'C. 
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CHLORAMPHENICOL PALMITATE ESTER 979 
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FIGURE 4 

Plasma- level curve of Chloramphenicol 

I f  the  d a t a  nave been compared w i t h  the  enzymatic 

hydrolys i s  d a t a  o f  s t e p  V ,  we can d i r e c t l y  c o r r e l a t e  the  in-v ivo  

and i n - v i t r o  hydrolys i s  and absorption p a t t e r n .  More or l e s s  the 

bio-pharmaceutically e f f e c t i v e  polymorph i n  a s i n g l e  dose 

adminis trat ion took about 2 hrs. t o  be hydrolysed and i t s  

absorption was more or less instantaneous.  If the other  

contro l l ing  f a c t o r s  o f  the  biological  absorption s tudy  could be 

standardised, t h e  i n - v i t r o  d a t a  then would d i r e c t l y  be 

implemented i n  t h e  dose calculat ion and dose gapping. 
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Methods f o r  the preparation of CMP ester and i t s  metastable 

polymorph was developed. 

Prepared polyrnorph when compared w i t h  R .  S. w i t h  respect  t o  

m . p . ,  R f  value and I.R. spectra,  shows equivalency i n  a l l  

respec t .  

I n - v i t r o  s tudy on enzymatic h y d r o l y s i s ,  d i s s o l u t i o n  

characteristic and in-vivo s t u d i e s  on b i o a v a i l a b i l i  t y  show 

super ior i ty  of Prepared Polyrnorph B over Polyrnorph A .  

REFERENCES 

The Merck Index ; el',  1989, MERCK and Co., INC.; RAHWAY, 

N.J., U.S.A.  

U.S.P. XVII, United S ta tes  Pharmacopeial Convention, Inc. ,  

12601 Winbrook Parkway, Rockv i l le ,  Md. 20852. 

B.P.C., 1973 ; P .  901. The Pharmaceutical Press,  London. 

C .  Tamura, and H .  Kuweno : Polymorphism o f  long-chain 

e s t e r s  of chloramphenicol. I .  on t r a n s i t i o n .  Yakugaku 

Zessh i ,  81 : 755, 1961. 

A .  Van Hook : C r y s t a l l i z a t i o n  : Theory and Pract ice .  P .  

68 - 69. New York, Rein hold,  1961. 
- - - - - - . . I b i d . ,  PP. 65-68 .  

W.I. Higuchi e t  a l . ,  J .  Pharm. Sc. 52, 150, 1963. 

E. S h e f t e r ,  and T .  Higuchi. i b i d . ,  - 52, 781, 1963. 

T. Higuchi and E .  B .  Hanssen, "Pharmaceutical Analys i s" ,  

In tersc ience  Publ ishers ,  a d i v .  of John Wiley and sons,  New 

York - London - Sydney, 1961, P 576. 

A . J .  A g u i a r ,  and E.Z .  Joyce. J .  Pharm. S c . ,  - 58, 983, 1969. 

- 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


