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ABSTRACT 

Effec ts  of env:Lrorimerital~ condi t ions on the crys1;aJ l i r i i  t y  

arid the decomposj t ion point ( D p )  of ground cephalot in  s o d i m  

during s torage were invest igated by X-ray d Lffraction arid 

d i f f e r e n t  l a  1 thermal ana lys i s  ( D T A )  . The X-ray d i f f r a c t i o n  

peaks of ground products I.ncreased a f t e r  s torage a t  0% and 75% 

r e l a t i v e  h u m i d i t y  ( R . H . ) ,  a t  35' C .  The c rys ta l . l~ jn j  t y  o r  groririd 

product increased a t  75% R . H .  and 0% R.11. ,35' C ,  but tha t  o f  

ground product a t  0% R . I I . ,  -30' C was not changed. 'I'lie I)p 

measured by D'rA of the ground product increased from 1.89.5' (: t o  

1.97' C a-f ter  4 days a t  75% R.11. , b u t  the Dp of the ground product; 

at  0% R . H . ,  - 3 O ' C  f o r  4 days WAS 190.1' C .  Re'lal:iori between t l i e  

Dp and the c r y s t a l l l n i t y  of ground cefaJo t in  sodiuni was a 
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910 OTSUKA AND KANENIWA 

straight suggesting that the thermal s t a b i  1 i t,y or  cefalot 1 1 1  

sodium in the soljd-state depends on the degree o f  cryslal 1 i n l  ty. 

INTRODUCTION 

Changes of physicochemical properties of pharmaceutical 

preparations during storage are very important to preforinulat1.ori 

scientists. because the properties of drug powders affect thel r 

bioavailability through effects on the dissolution rate ( F . D . A .  

paper : G I I  I de 1 1 ne) ( 1 ) .  Grl.ndl rig i s or ten  carr.ied o r i t  t o  

reduce the particle size of powders, and to mix drugs, but the 

ground products of some pharmaceuticals ( i . e. lactose, 

indomethactn, cefixime and cephalexin) were very unstable under 

normal c~ndltion(~-~). Pika1 et al. reported rel.ati.oris 

between the crystallinity of various kinds of cephalotin sodium 

obtained by freeze-drying or recrystallization and decomposition 

rate In the solid-state. They concl.uded that the chemica.1 

stabiLity and crystallinity of cephalotin sodium i n  the solld- 

S u z u k i  a state change depending on the preparation method. 

al., ( 7 )  reported the crystallini ty determination method for 

freeze-dried cephal.otin sodium by differential scanning 

calorimetry. We reported changes of physicochemical proper tl e s  

due to freeze-drying and grinding of c e p h a l . e ~ i n ( ~ * ~ ~ ~ ) ,  

lndomethacin (1989) (lo), and phenylbutazone('.l) durlrig storage 

under various conditions. In a previous study, we investigated 

the effect of mechanochemical stress on the crystal.] inlty arid 

chemical stability of cephalotin sodium in the solid-state during 

gr i 11 d i ng . In the present study, we investigated the chemical 

stabl.lity of ground cefalotin sodlrirn drirtng storage and r e l a t i o n s  

between decomposition point and crystal1.ini ty of ground 

cephalotin sodium. 
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GROUND C E P H A L O T I N  SODIUM 911 

MATERIALS AND METHODS 

Materials 

Bulk powder o f  crystalline cephalotln sodium (Lot. No. ERON- 

1300; Meiji Selka Ltd.) was used. A sample of cephalotin sodiiirii 

powder (10 g) was ground In an agate centrifugal biil t m i  I I 

(Frltsch C o .  Ltd.) for 10 h with a capacity of 350 ml. as 

descrlbed previously(''). 

Powder X-ray diffraction analysis 

Powder X-ray diffraction was measured at room temperature 

with a type JDX 7E diffractorneter (Nihon Denshi C o . ,  Ltd.). The 

measurement condltions were: target, Cu;  fllter, Ni.; voltage. 30 

kV; current, 10 mA; time constant, 2 sec; measured from 20=3' to  

29=40' . 
Determination of crystallinity 

Crystallinity was estimated by Hermans' method(13). The 

degree of crystallinity of an intact sample was regarded as 100% 

and estimated from the X-ray diffraction profiles as reported 

previously(12). 

Thermal analysis 

Differential thermal analysis (DTA) curves were measured with 

a type DT-20 DTA instrument (Shimadzu Seisakusho G o .  Ltd.). The 

measurement conditions were: sample weight, 3 mg for DTA; heating 

rate, 10' C/min; N2 gas flow, 30 ml/min; sample cell, aluminium 

crimp cell. 

Storage conditions 

The ground products were stored in desiccator containing 

P205 (0% relative humidity ( R . A . ) )  at 0 ' C  and 35'C, and NaCl 

saturated solution (75% R.H.) at 35'C. 
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9 12 OTSUKA AND KANENIWA 

1-0 15 20 25 ( 2 e 0 )  

F l g .  1 Change of  X-ray d i f f r a c t i o n  p r o f i l e s  of ground c e p h a l o t l n  
sodium dur ing  s t o r a g e  
( a ) .  I n t a c t  powder: (b), t h e  f r e s h  product  ground f o r  1 0  t i :  
( c )  , a f t e r  s t o r a g e  t h e  ground product  a t  75% R . H .  35' C Por 
4 days .  

RESULTS 

Change in c r y s t a l l i n i t y  of c e p h a l o t i n  sodium d u r i n g  s t o r a g e  

p e r i o d  

F igu re  1 shows t h e  change of X-ray d i f f r a c t i o n  p r o f i l e s  o f  

ground c e p h a l o t i n  sodium dur ing  s t o r a g e .  The X-ray d i f f r a c t i o n  

peaks of ground cephalo t i r i  sodium inc reased  wI t h  i r ic reas  i rig 

s t o r a g e  t ime ,  sugges t ing  t h a t  c r y s t a l  growth i n  t h e  s o l i d - s t a t e  

occur red  i n  t h e  ground c e p h a l o t i n  sodium bu lk .  
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GROUND CEPHALOTIN SODIUM 913 
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S t  o r a g e  t l m e  

F i g .  2 E f f e c t s  of s t o r a g e  c o n d i t i o n s  oti t h e  c r y s t a l l I n i l y  of 
g r o u n d  c e p h a l o t i n  sod ium 
A ,  0% R . H .  a t  3 5 ' C ;  M, 0% R . 1 1 .  a t  - 3 O ' C :  
0 ,  75% R.11.  a t  3 5 ' C .  

F i g u r e  2 shows t h e  c h a n g e  i n  c r y s t a l l i n i t y  of g r o u n d  

c e p h a l o t i n  sod ium d u r i n g  storage a t  0% a n d  75% R.11.. 3 5 ' C  a n d  - 

30' C .  When s t o r e d  a t  75% R . H .  , 35' C t h e  c r y s t a l  1 i n i  t y  of g r o u n d  

p r o d u c t  i n c r e a s e d  v e r y  r a p i d l y ,  i n i t i a l l y ,  t o  p l a t e a u  a t  a b o u t  

60%. However, t h e  c r y s t a l l i n i t y  of g round  p r o d u c t  a t  0% R . H . ,  

35'C w a s  almost l i n e a r ,  a n d  i n c r e a s e d  v e r y  s l o w  t h a n  t h a t  a t  75% 

R . H . ,  35' C ,  a n d  t h a t  of g r o u n d  p r o d u c t  a t  0% R . H . ,  -30' C was n o t  

c h a n g e d .  

F i g u r e  3 shows c h a n g e s  of t h e  d e c o m p o s i t i o n  p o i n t  (Up)  of 

g r o u n d  c e p h a l o t i n  sodiiim d u r i n g  s t o r a g e .  The  Dp was e s t i m a t e d  

from DTA c u r v e s  b y  e x t r a p o l a t i o n  of t h e  e x o t h e r m i c  p e a k .  The  Dp 
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1 2 3 4 

S t  o r a g e  t \ m e  ( d l  

F i g .  3 E f f e c t s  of s t o r a g e  c o n d i t i o n s  on  t h e  d e c o m p o s i t i o n  p o i n t  
(Dp)  of g round  c e p h a l o t i n  sod ium 
A ,  0% R . H .  a t  35'C: w ,  0% I i . 1 1 .  a t  - 3 O ' C ;  
0. 75% R . H .  a t  35'C. 

o f  t h e  i n t a c t  c e p h a l o t i n  sodium d i d  n o t  c h a n g e d  a f t e r  s torage a t  

75% R . H . ,  35'C f o r  2 weeks .  The  Up of t h e  g r o u n d  p r o d u c t  

i n c r e a s e d  t o  a b o u t  8'C. a f t e r  s t o r a g e  f o r  1 d a y  a t  75% R . 1 1 . .  

35' c .  However, t h e  Up of t h e  g r o u n d  s a m p l e  i n c r e a s e d  o n l y  2 ' C  

a f t e r  storage a t  0% R . H . .  35'C f o r  4 d a y s ,  a n d  t h e  Dp d i d  n o t  

c h a n g e d  a f t e r  s t o r a g e  a t  0% R . H . ,  -30'C for 4 d a y s .  The 

a d s o r b e d  water amount of t h e  i n t a c t  and  g r o u n d  s a m p l e s  were less  

t h a n  0.13, r e s p e c t i v e l y ,  a f t e r  s t o r a g e  a t  75% R . H . .  35'C fo r  4 

d a y s ,  as shown i n  p r e v i o u s l y ( 1 2 ) .  
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GROUND CEPHALOTIN SODIUM 915 

Relations between decomposition point and crystallinity ground 

cephalotin sodium 

Figure 4 shows the relation between tho 111) a n d  

crystallinity of the freshly ground samples reported in the 

previous study(12), and of samples ground and stored at 0% and 

75% R.H., 35'C. The relations fall on a straight line. which 

suggests that the thermal stability of cephalotin sodium Jn the 

solid-state depended on the degree of crystallinity. 

DISCUSSION 

Effect a R.H. on the of crystallinity and the & of ground 

cephalotin sodium during storage 

We reported that the Dp of ground cephalotin sodium 12) fell 

with increase of grinding time, because the thermal stab lity o f  

cephalotin sodlum in the solld-state depended on Llie 

crystallinity of the bulk solid. Pika1 & & ( 6 )  reported 

the relation between the chemical stability of freeze-dried 

cephalotin sodium and the crystallinity in an isothermal 

environment. Suzuki et al. ,(7) reported that three kinds of 

solid-state for freeze-dried cephalotin sodium were amorphus, 

quasi-crystalline and crystalline by differential scanning 

calorimetry. The amorphus, quasi-crystalline and crystalline 

freeze-dried cephalotln sodium had the decomposition points at 

140'C, 175'C and 195'C, respectively, and they concluded that the 

crystallinity of freeze-dried cephalotin sodium affected on the 

decomposition point. The thermal stability of freeze-dried and 

ground cephalexin, an antibiotic with a B-lactam rlng structure, 

decreased with decrease in crystal1 in it^(^"). In the 

present study, the Dp of intact cephalotin sodium was not changed 

after storage at 75% R.H., 35'C for 2 weeks, but the Dp of ground 

cephalotln sodium after storage at 0% and 75% R.H., 35-C for 4 
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4 Relation between the decomposition point (Dp) and tlie 

A ,  after storage at 0% R . H . ,  3 5 ’ C ;  0 ,  at 75% R.11.. 3 5 . C ;  x ,  Fresh ground cephalotin sodium. 
crystallinity of ground cephalotin sodturn 

tlriys I ncrcriscd w I t I i  I iicrcnscd s tortigo ( I : I  g. 3 )  , bcc:iiiisc !,tic. 

crystal Ijnl t y  of ground sample increased durtng storage. ‘l‘tils 

suggests that part of the noncrystalLine solid o r  groririd 

cephalotin sodium recrystallized in the solid-state. ‘The 

recrystall ization of ground cephalotln sodium a t  7 5 % ,  35” C was 

Faster than that at 0% R . A . ,  3 5 ’ C ,  since the recrystall i z a t i o n  

process was affected by the environment (Fig. 2). At the high 

75% R.H., the noncrystalline solid of cephalotin sodlum adsorbed 

water, as reported about freeze-dried cephalexin in a previous 

study(’), so the recrystall ization accelerated by the presence of 

water. 
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GROUND CEPHALOTIN SODIUM 917 

On the other hand, at 0% R . H .  ( P 2 0 5 ) .  -30” C the 

recrystallization o f  ground cephalotin sodium was more slow than 

that at 0% R.H.. 3 5 ‘ C ,  and the Dp of the ground product did not 

change during storage for 2 weeks. T h i s  suggests that the 

recrystallization O F  the noncrystall.ine solid of cephalotin 

sodium was accelerated by the temperature and the adsorbed water. 

The linear relation (Fig. 4 )  between the Dp of all ground sarnples 

and the crystallinity suggests that the thermal stability of 

ground cephalotin sodium i s  controlled by the degree of 

crystallinity. 

In the present study , we used dl fferent 1 nstrumenl;s, 

measurement conditions and sample preparation method from Pika1 

-- et a1.(6) and Suzuki et a1.(7) for estimating of solid stability 

of cephalotin sodium, but the stability of ground cephalotin 

sodium was controlled by the crystallinity as almost the same as 

freeze-dried cephalotin s~diurn(~’~). 

CONCLUSION 

The recrystallization of ground cephalotin sodium was 

affected by the environmental ( R . H .  and temperature). Slnce the 

noncrystalline solid of cephalotin sodium has hl gtier 

hygroscopicity, adsorbed water accelerated the recrystallization 

of ground cephalotin sodium. The chemical stability of 

cephaiotin sodium in the soild-state depertded on i t s  

crystallinity because the noncrystalline s o l i d  was very unstable 

at high R.H. and temperature. 
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