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Asinq e f f e c t  o f  some s o l i d  dosa;E f a r m  o f  

g i i b e n c l n m l d e ,  a f t o r  storape a t  v a r j  o u s  s ta ra : ;e  

condi tioiis and  a c c e l e r a t e d  t e n p e r s t u r e s  f o r  c e r t a 5 n  

len:. th o f  time, a f  i ' s c t e d  p e r c e n t a g e  dccradation, 

physi.cal .  p r o p e r t i e s ,  &-vi t r o  d l s s c l u t i o n  and  a - v i v o  

p e r f o m a n c e s ,  has been, i n v e s t i g 2 , t e d  a n d  compGred v i  t h  

t h e  varketec! t a b l e t s  o f  P i o n i l  . The  p e r c e n t a g e  

d e g r a d a t i o n  ree2or.ding t o  a c c e l e r a t e d  c o n d i t i o n s  h a s  

F 

been e x t r a p o l a t e d  by :.'orma1 A r r h e n i u s  t r e e t x e n t .  

Fowever, mnxi-purn s t a b i l i t y  snd h i g k e s t  s h e l f - l i  f e  G f  

d i r e c t  cotnpressrior, l a c t g s n  t.c?blets, fo1l:swed by 
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530 JAYASWAL AND SRIVASTAVA 

DionilR and then suppositories have been observed. The 

aging and elevation of temperature, adversely affected 

dissolution r a t e  and indicated a decrease I n  bioavai- 

l a b i l i t y  of glibenclamide based on Cmx, T,, and AUC. 

-- INTRODUCTION 

In solid dosage form the aging e f f e c t  is o f  

c r i t i c a l  importance to ce r t i fy  the pharmaceutical 

s t a b i l i t y  where the drug and pharmaceutical necessi- 

t i e s  considerably a f fec ts ,  t h e  bloavai lab i l l ty  of  the 

drug i n  formulations. Glibenclamids is a synthetic 

potent hypoglycemic drug having rnaxirmm efficacy i n  

minimum dose and I s  administered through gastro-  

i n t e s t ina l  t r a c t  in so l id  dosage forms. The posi t ive 

ro le  of the pharmaceutical necess i t ies  I n  adjusting 

dose and in shaping the physical form is over a s  soon 

as the f o m l a t l o n  is prepared. However, I t  I s  

Increasingly recognised tha t  the physical and mechani- 

cal propert ies  o f  the t ab l e t s  may undergo change on 

aging or an exposure to environmental s t resses ,  thus 

having a s t a b i l i t y  p r o f i l e  that a f f e c t s  bloavai- 

l a b i l i t y  and other f’undamental propert ies  of so l id  

dosage forms- 

1 

2 

Allen e t  a l . 3  reported that a corticosteroid- 

sugar glass dispersion sample a f t e r  storage a t  25OC 
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AGING EFFECT ON STABILITY AND BIOAVAILABILITY 531 

f o r  3 days showed no decrease in t h e  d i s so lu t ion  ra te ,  

b u t  this storage term i s  rather shorter. Fmmning 

e t  a14 studied the  d isso lu t ion  ra te  of  s a l i c y l i c  a c i d  

i n  PEG 6000, and repor ted  that d i s so lu t ion  ra tes  of 

so l id i f ied  melts wlth amorphous s a l i c y l i c  a d d  were 

sta3le t i i r ing storage f o r  one year. Hovever, they  d id  

n o t  study the e f f e c t  o f  temperature or humidity 

durlng storage on the  d i s so lu t ion  rate. 

studied the e f f e c t  of a g i n g  on the physical  proper- 

Barret e t  a1 5 

t i e s  and di ssolu Won behaviour of phenylbu tazone 

t ab le t s .  Physical  aging of compressed tablets causes 

complex changes of  hardness over a r e l a t i v e l y  sho r t  

period. 6 

Therefore, the  presen t  study was undertaken to 

eva lua te  the physico-chemical s t a b i l i t y  and the disso- 

l u t i o n  ra te  of glibenclanctde on storage, e spec ia l ly  i n  

its s o l i d  dosage forms. The re l a t ionsh ip  between the 

-- in-vi t ro  d isso lu t ion  behaviour and &-vivo bioavai lab i -  

l i t y  parameters in healthy rabbits were also studied 

to confirm the aglng effect  on storage of the s o l i d  

dosage form formulations on I t s  b i o a v a i l a b l l i t y .  

EXPEFUMENTAL 

&terials - Glibenclamids B.P. was obtained from 

Hoechst Pharmaceutlcals Ltd., Bombay. The t ab le t  

batches DCPE, ADCPE, LDC, DCP and DTC were prepared by 
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532 JAYASWAL AND SRIVASTAVA 

Incorporat ing dicalciurn phosphate engranule (mar 
Chemi Ltcl., Bombay; Avic:e l  pH 101 (FIE Corporation, 

U S A )  + dicalclum phosphate engranule ( 1 : l ) ;  Lactose DC 

(DW, 9011bnd); Dicalciurn phosphate (Alhright and 

Wilson Mfg., Ltd., Eng1and)and Dioni lR (marketed 

t a b l e t s )  respective! y, while suppository batches SPF, 

SPS and E T  were prepared. by incorpora t ing  polyethe- 

lene  glycol (Ferrichern I n a a  Ltd., Bombay) bases  

l i s t e d  i n  USP i n  d i f f e r e n t  compositions respecti.ve1.y. 

Other chemicals were of  reagent grade. 

Methods - Preparat ion of  Tablets: Each t a b l e t  o f  

100 ma contained 5 mg glibenclarrdde B.P., 85 mg 

d i l u e n t  ( d i r e c t l y  compressible vehicle  87 mg), s tnrch  

pas t e  10% equivalent  to 4 mg (excluded i n  d i rec t  

compression) along wiUi 5% pota to  starch, 2% t a l c  and 

1% magnesium s t e a r a t e  of total weight o f  granulat ions 

and compressed in Manesty E 2  type s ing le  punch tab- 

l e t t i n g  machine, us ing  7/32" die and punch s e t  a t  am 

appropr ia te  coup re s sion p re s sure.  

Preparation of Suppository: Each suppo s l t o r y  

was  prepared by moulding method, incorpora t ing  the PEG 

bases I ,  I1 and I11 l i s t e d  in U . S . P .  and then each 

suppos i tory  weight was adjus ted  to 1.26 ern that  con- 

t a ined  5 mg @.ibenclad.de. 

Storage Conditions - Following s torage  condi t ions  were 

se l ec t ed  for s t a b i l i t y  studies: 
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AGING EFFECT ON STABILITY AND BIOAVAILABILITY 533 

4. Room temp. ,Xun1il m n d l t l  m,un>rotec!ted f r o m  l i qh t ,  
(m) 

5. Cold &nd i t ion  ( k 8 O C )  i n  Amber mloured  g l a s s  
b o t t l e  (FI)P) 

Accelerated Conditions of Teze ra tu re  - 
stabili tj study tms performed a t  fo l lowing  temperatures: 

A c cel era t e  d 

4o°C, 50°C, 6c°C & Room tmperature (20 -3C) "C)  

The products from a l l  batches were assayed a t  0 ,  8th,  

16th and 24th week on storage and a t  acce lera ted  condi- 

t i o n s  of  temperature. 

Physico-chemical Stability StuCy - P r o p e r t i e s  of  s o l i d  

dosage forms i.e. d i u g  content,  hardness, f r i a b i l i t y ,  

di s f n t e g m t i o n  t i m e / l i q u i d i f i c a t i o n  time and melting 

range, have been determined, a f t e r  s t o r a g e  f o r  16 weeks 

a t  ordinary temperature and b weeks a t  b", 50" and 

6ooc i n  thexmststdc e l e c t r i c  ovens. The products were 

stored in sealed screw capped b o t t l e s  with rubber 

Wdiers.  

D i s s o l u t i o n  Study - After storage a t  d i f f e r e n t  tem- 

peratures, t h e  in -v i tm release r a t e  or" glibonclamide 

from the trblets arid suppositories were eetermined by 

d i s s o l u t i o n  apparatus U S P  X I X ,  u s i n g  9GO tnl (C.CC7M 

ptlos;;hate auffer a t  pB 7.4; o f  disaD:,'lutiori f l u i d .  
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534  JAYASWAL AND SRIVASTAVA 

Glibenclarnide w a y  estimated spectmpho tomet r ica l ly  a t  

199 nm u s i n g  3 a c k m i  b$ec'irc;ghotomcter )ioddel 24- (USA) .  

Tie assay, t e s t s  a i d  d i s s o l ~ t i o n  stxdy protocol  tjera 

performed a s  s ta ted by Sr1vasta.m R.S. e t  sl. 8 

B l o a v a i l a b i l i t y  --- 6 a d y  Protocol - The o r a l  adminis-  

t r a t i o n  of t he  t a b l e t s  and roctal  aclministration of 

the sugpos i tor ies  were pepformed a f t e r  storage and 

then tho  BSL i n  t h e  whole blood were estimated by 

means of Dextrometer Reflectance C o l o r i ~ n e t e r . ~  T?le 

e n t i r e  in-vivo methodology h a s  been followed as 

adopted by S r i v a s t a v a  H. s. s t  a 1 . O  

the percentage reduction i n  BSL a f t e r  s torage  a r e  

p l o  ttel?. 

The mean values o f  

RESULTS AND DISCUSSION 

I .  - Cheniical S t a b i l i t y  of G11benclami.de i n  Tablets and 
Suppositories - 
The degradatlon o f  glibenclamide s o l i d  dosage 

forms a t  d i f f e r e n t  storage,  acce le rq ted  confli t ions of 

temperature and t h e i r  she l f - l i f e  ( tla$ have been 

determined i n  o rde r  to judge the m s t  stable product  

among batches under-taken f o r  s t a b i l i t y  t e s t i n g .  Data 

revealed tha t  the l i g h t  and humidity a f f e c t e d  s t a b i l i t y  

o f  the drug (Tables 1 and 2) .  Least  degradation of  t he  

drug was found in cold condi t ions p ro tec t ed  from l i g h t  

and humidity. Batch DCPE showed h ighes t  degradatlon in 

all storage conditions.  However, the s h e l f - l i f e  of 
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AGING EFFECT ON STABILITY AND BIOAVAILABILITY 535 

Table 1. Chemical s t a b i l i t y  of  glibenclami.de i n  so l id  
d o e  forms a t  d i f f e r e n t  storage condi t ions i n  

t a b l e t s  batches DCPE, LDC, ADCPE, DCP and DTC w i t h  
average i n i t i a l  drug contents (mg) 3.54, 3.35 3.47, 
3.45 and 4.15 respectively and suppository baiches 
SPF, SPS and SPT with average i n i t i a l  drug a m t e n t s  
(mg) 4.63, 4.60 and 5.00 raspec t lve ly  

Batch Storage Residualdrug (mg) ~~ 

am&- T i m e  i n  weeks I n  weeks 
t l o n  8724 

DCPE 

LDC 

ADCPE 

D CP 

DTC 

LTF 

1 RDP 
2 mu 
3 mp 
4 m  
5 FDP 
1 RDP 
2 mu 

5 FDP 
1 RDP 
2 mu 
3 RHP 
4 mu 
5 FDP 
1 mP 
2 mu 
3 RHP 
4 mu 
5 FDY 
1 RDP 
2 mu 
3 mp 
4 m  
5 mp 

1 RDP 
2 mu 
3 
4 m  
5 FDP 

ZE 

3*P 3. 7 
3.45 
3.41 
3.49 
3.33 
3.30 
3.29 

3.45 
2.41 
3 . 3  
3.36 
3.46 
3.42 
3.39 
3.35 
3.33 
3.43 
4.12 

4.0 
4.14 

3* 3.3 'z 

4. 45 
4.48 
4.43 
4.41 
4.46 

3.46 
3.42 
3.40 
3.36 
3.46 
3.30 
3.25 
3.22 
3.23 
3.32 
3.41 
3.34 
3.32 
3-29 
3.45 
3-38 
3.31 
3 . s  
3.22 
3.41 
4.08 
4.02 

3 09 
4.11 

4.42 
4.38 
4.33 
4.32 
4.44 

3.9t 

3.42 
3 . 3  
3.30 
3.25 
3.42 
3-27 
3.22 
3.23 
3.16 
3.30 
3.38 
3.28 
3.24 
3.21 
3.44 
3.35 
3.26 
3.20 
3.10 
3.40 
4.0 5 
3.98 
3.92 
3.85 
4.10 

4.38 
4.34 
4.3' 
4.20 
4.42 

51.13 
5?.39 
24-89 
20.12 
50 063 
75.76 
bb. 17 
38.16 
29.91 

116.60 
90.26 
30.80 
25-05 
22.32 

a o  .60 
64.40 
30.26 
22.51 
16.31 

159 069 

30 -71 
23* 32 

148.20 

9 2 - 0 2  
68.8 
47.70 
36.23 

139 -00 

2:::: 

contd.. . . 
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536 J A Y A S W A L  AND SRIVASTRVA 

Table 1 
SP s 1 RDP 

2 nm zg 
5 F D P  

SRT 1 RDP 
2 RDU 
3 Rap 
4 RHU 
5 FDP 

4.45 
4.41 
4.40 
4.36 
4.47 
4.85 
4.84 
4.82 
4.80 
4.88 

4.41 
4.34 
4.32 
4*27 
4.41 
4.El 
4.79 
4.77 
4.73 
4.85 

4.39 100.90 
4.27 47 .OO 

4.16 31.80 
4.40 110.70 

4.22 38 -95 

4.72 93.69 
4.74 75.30 

4.58 37 14 
4.65 47.92 

4.03 176 .OO 

Mean of three de teraina t ion  s . 

Table 2. Accelerated s t a b i l i t y  testing 

D C P E  

LD C 

ADCPE 

D CP 

DTC 

SPF 

SPS 

SP T 

40 
% 
60 

40 
50 
60 
40 
50 
60 
40 
50 
60 - 

3.41 
3.40 
3.38 
3.31 
3.26 
3.24 
3- 38 
3.34 
3 . 3  
3.35 
3.32 
3.28 
4.07 
4.05 
4.02 
4.41 
4-38 
4.36 
4.43 
4.39 
4.36 
4.80 
4.77 

,- 4.75 

3.26 3.24 
3.20 
3.24 
3.18 
3.19 
3.29 
3.20 
3.17 
3.25 
3.17 
3.12 
3-90 
3.96 
3-90 
4.34 
4.32 
4.27 
4.36 
4.32 
4-27 
4.77 
4.67 
4.60 .-- 

3.12 
3.11 
3-02 
3.19 
3.10 
3.00 
3.19 
3.09 
3.01 
3.15 
3.02 
2.95 
3.90 
3.85 
3-78 
4.23 
4.18 
4.16 
4.32 
4.20 
4.16 

749 3.19 
3.09 :$ 3.00 

288 3.19 

5c2 3.19 
688 3.09 
848 3.00 
5% 3.19 
736 3.09 
934 3-00 
367 3-19 
433 3.09 
565 3-00 
375 3.19 
425 3-09 
446 3.00 
26 1 3.19 
378 3-09 
419 3.00 
302 3.19 

7.00 

463 3.09 
660 3-00 

E 3  3.09 

17 23 

73.M 

32.83 

30.64 

45.33 

T7 -73 

39 084 

34.40 
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AGING EFFECT ON STABILITY AND BIOAVAILABILITY 537 

batch DTC, ADCPE and LDC were found to be maximm. 

ra te  constants  were ca lcu la ted  by us ing  f i r s t  order 

k i n e t i c 8  and u t i l i r i l ng  p l o t s  of the l o g  of  the concen- 

t r a t i o n  remaining aga ins t  time (weeks) , 

drug percentage were ca lcu la ted  by us ing  the Arrhenius 

equation and p l o t t l n g  the log of each r a t e  constant  

versus the redprocal of absolu te  tenperature. The 

p a r a l l e l  l i n e s  obtained i n  Arrhenius type p l o t s  explain 

that  the mechanism of  degradation I s  similar i n  a l l  

cases, There ex i s t ed  a l i n e a r  r e l a t ionsh ip  between drug 

degradation and the duration of  the study I n  accelera- 

ted condi t ions of temperature. I t  has been shown by 

cor re la t ion  c o e f f i c i e n t  f o r  var ious products percentage 

degradation with duration. 

The 

The re s idua l  

Lesser s t a b i l i t y  was found i n  tablets made w i t h  

dicalcium phosphate prepared by wet granulation method, 

while more in tablets  prepared by d i r e c t  compression 

method incorporat ing direct  compression grade l a c t o s e ,  

APicel + Dical, phosphate Engranule (1: 1) mixture 

followed by Dioni l  . However, supposi tor ies  showed 

grea te r  s t a b i l i t y  a t  storage condition b u t  medium on 

acce lera ted  condi t ions of temperature due to the d r u g  

and t h e  bases melts  s o l i d i f i e d  on cooling during 

preparat ion , 

R 
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J A Y A S W A L  AND S R I V A S T A V A  538 

2. A ng Effect on Physical Prope r t i e s  of the 
&le t  - and &ppositary - 
The importance of aging and elevat ion o f  tempera- 

t u r e  on the s t rength o f  t ab le t  compacts and o t h e r  

physics-mechanical p rope r t i e s  has been recognized 

(Table 3). Physical aging of  compressed t a b l e t s  

causes complex changes of hardness over  a r e l a t i v e l y  

sho r t  period. Hardness of compacts provides a direct  

measure of the  bonAing p o t e n t i a l  of a given mater ia l .  

The tablet  batches DCPE, LDC and DTC showed decrease 

i n  hardness f m m  fresh conditions to s tored  mnd l t ions ,  

while batch DCP showed no change of hardness due t;o 

aging. The marked increase  i n  d i s in t eg ra t ion  time has 

been not iced i n  batch DCP and ADCPE while DCPE and DTC 

showed decrease In d i s in t eg ra t ion  time. The batch LDC 

showed increase  in d i s in t eg ra t ion  time b u t  a t  M a c ,  
value decreased. I n  case of  supposi tor ies  only 

l l q u i f i c a t i o n  tdme and melting range have been aosessed. 

There ex i s t ed  a constant  decrease o f  values on s t o r a g e  

and a t  e levated conditions of  temperature. Therefore, 

fo ruu la t ions  were recommended to store under dry and 

l i g h t  p ro tec ted  containers  a t  lower temperature. 

ng Ef fec t  on ln -v i t ro  Release Rats o f  
id D o s a g e  Forms - 

The in -v i t ro  r e l e a s e  rate o f  t a b l e t s  and supposl- 

t o r l e s  a f te r  ag ing  i n  7.4 pH d isso lu t ion  fluid 

(Table 4). The dosage forms showed an o v e r a l l  decrease 
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-- T a b l e .  Physical s t a b i l i t y  testing parameters of  
o f  gllbmclandde tablets  and suppositories 
after storage 

Parameters Storage Tab1 e t batch 
con&- D V P E  DCP DTC 

Hardness 
(K g/cm2) 

DI s in  te- 
gra t ion 
time 

see) 

Frlabi- 
1 i t Y  (%I 

Li yifi- 
ca t i on  
tl me 
( sec) 

Me1 tin g 

("C) 

1RIUa.I. 0 
RT 
40 
8 
I n 1  trial* 
RT 
40 
!50 
60 
In1 t l a l  * 
RT 
40 
50 - 60 

I n 1  tial* 
RT 
40 
50 
60 
I n i t i a l  * 
RT 
40 
50 
60 

6.5 4.0 6.0 
6.0 4.0 5.5 
6.0 3.5 6 .5  
6.2 3.5 6.5 6.0 5.2 

600 900 2 10 
965 200 '8 ;1"5 650 

310 25 680 
300 34 650 945 176 
280 37 440 930 160 

6 * 6  z:: 5.5 3.0 6.0 7 00 

915 180 

0.16 0-17 0.10 0.10 O":t? 0.13 O , l R  0.12 0.10 
0.43 0.12 0.16 0.09 0.10 
0.44 0.10 0.16 0.09 0.10 
0.48 0.08 0.17 0.09 U E L  

Suppo si  to ry batch 
SPF WS SPT 

1080 
109 5 

97 5 
980 

1070 
10 20 

968 
96 5 
960 10GG 

42 
42 
41 
41 
40 

3 3? 
38 
38 
37 

I_ 

*Reading I n  fresh condi t ion.  Each value I s  average 
o f  three determinatj.ons. D
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I n  their d i s so lu t ion  time TSO Values a t  e leva ted  tem- 

pe ra tu re  on storage. 

were found l e s s  than 30 minutes but others showed 

higher  T9 values.  However, TW values of supposi- 

tories reached within 10 minutes, a faster Q - v i t m  

release of d r u g  has been observed due to predominant 

s o l u b i l i t y  e f f e c t  of the po lyg lyml  bases. The i n f e r i o r  

d i sso lu t ion  bshaviour in s o l i d  dosage forms a f t e r  

storage was due to d N g  d i l u e n t  i n t e r a c t i o n ,  degrada- 

tion due to elevat ion of storage temperature and also 

due t;o physico-mechanical stability. 

TN values of batch LDC & DTC 

4. Relationship Between Dl ssc&tl.on Behaviour 
_II X ~ v a l l a b i l i t y  - 

S t a b l l i  t y  based on biopharmaceutieal exercj  se ,  

bes ides  condi t ional  requlrements over  an appropr ia te  

per iod of  time has been well recogised. I t  has been 

observed that on storage and on aging the batch DCPE, 

DTC and SPF, degrad-ed considerably a s  regwc? to 

t h e i r  s h e l f - l i f e  and in-ai  t r o  performances. *Therefore, 

they have been se l ec t ed  f o r  their b ioavRi l ah i l l t y  

evaluations.  The in-vivo change i n  blood sugar l e v e l  

R f  t e r  adrnlnlstration o f  the respec t ive  dosage forms 

th rough o r a l  and r e c t a l  routes in heal thy  r a b b i t s  were 

performed. The b i o a v a l l ~ a b i l i  t y  parameters C,, and 

A U C  revealed a good rela.tA.onship between &-vitro 

dlssolu t ion  behaviour and percenlage S i o a v a i l a b i l i  t y  i n  
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0 2 4 6 8 10 12 14 I6 18 20 22 24 

TIME IN  HOURS 

FIG. 1. CWANGE IN OLD00 SUGAR LEVELS ( B S L )  PROFILES AFTER ORAL 

FORMS (TABLETS AND SUPPOSITDRIES ON AGING, 
AND RECTAL ADMINISTRATION OF GLIBENCLAMIM IN SOLID WSAGE 

tablets and suppositories on storage under elevated 

conditions o f  temperature. Tablets showed decrease i n  

their extent C,, and AUC, but Increase i n  their rate 

Tmx In production of  hypoglycemia, while w;lpposi- 

tories showed decrease in t h e i r  extent but more or l e s s  

same rate. 

be similar after aging a t  room temperat~re and a t  k ° C  

but a t  higher temperature l n f  erlor bloavailaMli ty have 

been observed (Table 5 ) .  Batch DTC showed constant 

decrease in a l l  the parameters on aging. 

C,, of batch DCPB and SPF were found to 

Based on C,, 
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and AUC values the s o l i d  dosage forms showed the s tab i -  

l i t y  order as  R T > ~ 0 > ~ 0 > 6 0 0 c .  

found t h a t  on aging and elevat ion o f  temperature of 

storage cond i t ions  a f f e c t e d  the b i o a v a i l a b i l i t y  of 

solid dosage forms ( F i g . 1 )  

Thus, i t  has  been 

CONCLUSION 

The present  i nves t iga t ion  revealed that dosage 

forms prepared with direct compression iacorpora t ing  

d i r e c t  compressible vehic les  and polyglycol bases are 

superlor In production of pharmaceutical s t a b l e  s o l i d  

dosage forms. I t  I s  also concluded t h a t  glibenclerrnide 

tablets with dIrect3.y compressible vehicles should b e  

p m t e c t a d  from temperature and humidity so as to avoid 

decrease i n  the s t a b i l i t y  and b i o a v a i l a b i l i t y .  
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