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ABSTRACT 

The use of metronidazole i n  the  treatment of 

Trichomoniasis, Giardiasis, Amoebiasis and infect ions 

caused by anaerobic microbes has been well established. 

This communication out l ines  e f f o r t s  made t o  design a 

metronidazole formulation with be t t e r  absorption pro- 

per t ies  than the nKLION-Tabletn, currently manufactured 

by the Chemical Works of Gedeon Richter Ltd., Budapest. 

A re la t ive ly  low so lub i l i t y  of  the drug i n  water, and 

improper select ion of vehicles contribute t o  low d i s -  

solution rate, hence l imit ing the absorption. Pa r t i c l e  

s i z e  reduction and the incorporation of lactose i n  the 

f i n e r  aggregating powder, showed increased dissolut ion 

rate.  
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1566 LAW0 

INTRODUCTION 

After o r a l  administration of s o l i d  dosage forms, 

absorption of  the act ive substances from the gastro- 

i n t e s t i n a l  t r a c t ,  is closely dependent on the 

dissolution. Dissolution r a t e  of s o l i d s  can be 

explained by the Noyes-Whitney re la t ion  (1). 

where I the  dissolution r a t e  

K = the  dissolution r a t e  constant 

S = Specif ic  surface area 

Cs = so lub i l i t y  of the s o l i d  

C t  = concentration of s o l i d  a t  time, t. 

Assuming t h a t  dissolut ion and absorption of drug i n  

the  C.I.T. do take place simultaneously then C t s O ,  

C s > ) C t  i.e. d issolut ion r a t e  depends mainly on the 

surface area and on the s o l u b i l i t y  of t h e  drug a t  the 

given temperature. Similarly, so lub i l i t y  and surface 

area a re  the main fac tors  a f fec t ing  in-vitro dissolu- 

t i on  r a t e  if “Sink Conditions* a r e  t o  be maintained. 

I t  follows t h a t ,  for substances w i t h  r e l a t i v e l y  poor 

s o l u b i l i t i e s  i n  water, the dissolut ion r a t e  w i l l  

increase w i t h  decreasing p a r t i c l e  s i ze  (i.e. increas- 

ing surface area). 

increased provided that t h e i r  absorption is r a t e  

limited by t h e  dissolut ion process. 

Consequently, absorption will be 
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DISSOLUTION RATE OF METRONIDAZOLE. I 1567 

The aim o f  t h i s  work was t o  i n v e s t i g a t e  t h e  

inf luence of p a r t i c l e  s i z e  reduction and some 

exc ip ien ts  on the  in -v i t ro  r e l ease  o f  metronidazole 

from s o l i d  dosage forms. 

EXPEM I"ITAL 

Mat e r  i a 1  s 

Metronidazole (Richter  G., Budapest) USP s tandard,  

Natriwn c h o l e i c m  (Richter  G. ,  nudapest, Lactose- spPay 

dr ied  (HMS - Hollandische Iqelksuiker Fabrieli) . 
These mater ia l s  were o f  a n a l y t i c a l  grade. 

P a r t i c l e  S ize  C l a s s i f i c a t i o n  

Five p a r t i c l e  s i z e  c l a s ses  were se lec ted  f o r  

d i s so lu t ion  t e s t s .  P a r t i c l e  s i z e  c l a s s e s  A (400 - 
500 D )  and R (125 - 200 wm) were determined by 

using labora tory  s i ev ing  screens.  S ize  E ( 4 4  m) was 

determined by ALPIl'G A I R  JET SCREEXXG, Augusburg, FRG. 

S i ze  c l a s s e s  C (2.4 urn) and F (1.75 m) were obtained 

a f t e r  comminuting the  c r y s t a l l i n e  substance i n  a Bantam 

Hammer M i l l  (Mikropul, Koeln) equiped with screen 

3481 - 020. The f i rs t  four f r a c t i o n s  A, B, C and E 

contained pure drug,while the l a s t  f r a c t i o n  F contained 

1 

2 2 

'The i nd ica t ed  s i z e  r e f e r s  t o  geometric median 
diameter by mass - (dgm). 

'Sizes i n  geometric median diameter by count 
o r  number - (dgc). 

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1568 LAUWO 

metr&dazolet lactose i n  a r a t i o  of 2.8521 mixed and 

then milled together. Pa r t i c l e  s i z e  analysis  f o r  the 

f i n e  powder f rac t ions  C and F was carr ied out using 

Pa r t i c l e  Size Micrometer and Analyser, Type 525 

(Fleming Instruments Ltda, England), by applying the 

double image principle described by Timbrel1 ( I I ) . 
t v  of M e t r o n i w  

A large excess of metronidazole was added t o  a 

series of 10 m l  - ampoules containing about 5 m l  of 

d i s t i l l e d  water, 0.1 n H C 1  o r  a r t i f i c i a l  i n t e s t i n a l  

f l u i d  of pH 7.3. Some of the sealed ampoules were 

agi ta ted i n  a water bath a t  22O, while others were 

shaken a t  37' f o r  24 hours. 

withdrawn, f i l t e r e d  by a 0.45sm - Millipore membranes, 

and t h e i r  concentrations i n  water and a r t i f i c i a l  

i n t e s t i n a l  f l u i d  were determined from t h e i r  absorbances 

a t  320 nm. 

were assayed a t  277 nm. 

of samples did not show any fur ther  increame in 

concentrations, which were now considered a s  the 

s o l u b i l i t i e s  of metronidazole i n  the given l iqu ids  

a t  the experimental temperatures. 

Samples were then 

Drug concentrations i n  hydrochloric acid 

A n  additional 10 hour-shaking 

Powder Dissolution 

Dissolution r a t e s  of  d i f f e ren t  powder samples 

were carried out i n  200 ml. d i s t i l l e d  water i n  a 
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DISSOLUTION RATE OF METRONIDAZOLE. I 1569 

250 m l .  beaker a t  37'. 
weighing 250 mg each were Introduced i n t o  t h e  disso-  

l u t i o n  medium. A l l  samples from f r a c t i o n s  A ,  B and 

E were found t o  wet r e a d i l y  w i t h  t he  exception of 

those from f r a c t i o n  C,  which formed aggregates . 
Agi ta t ion  was maintained by a magnetic s t i r r e r  

(2.9 x 0.85 cm) operated a t  120 r.p.m. 

were withdrawn after 1, 2, 5 ,  15 and 30 minutes, and 

were immediately f i l t e r e d  by a mi l l ipore  membrane 

(0.45~~1). 

t i o n  medium a t  37' were replaced. After appropr ia te  

d i l u t i o n s ,  t he  sampleswere assayed f o r  metronidazole 

content  a t  920 nm. 

Powdered drug samples 

5 ml-aliquots 

Sample-equivalent volumes of t h e  d isso lu-  

I n i t i a l l y ,  the  experiment was repeated 11 times 

with f r a c t i o n  E alone, w i t h  t he  i n t e n t i o n  of  

determining the r e l a t i v e  s tandard devia t ion  of t h e  

r e s u l t s .  Having found a good r ep roduc ib i l i t y  of the 

experiments, the rest of the f r a c t i o n s  were examined 

using the same method, and repea t ing  each test  a t  

least  three times. 

RESULTS AND DISCUSSION 

The s o l u b i l i t y  of metronidazole i n  var ious  

so lvents  o r  f l u i d s  i s  l i s t e d  i n  Table 1. The 

s o l u b i l i t y  of t h i s  drug i n  0.1 n hydrochlor ic  acid 

was about twice as much t h a t  i n  water o r  a r t i f i c i a l  
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1570 LAW0 

TABLE 1: S o l u b i l i t y  of Metronidazole (w/v)% a t  22 

and 37' 

Solvent S o l u b i l i t y  S o l u b i l i t y  
media a t  22' a t  37' 

Water 0.94 1.41 

0.1 n H C 1  2.02 2.76 

ar t .  i n t e s t .  
f l u i d  (pH 7.3) 0.87 1.28 

i n t e s t i n a l  fluid (pH 7.3). 

between the  highly polar  H C 1  and the t e r t i a r y  N-atom 

of metronidazole i s  l i k e l y  t o  account for the 

increased s o l u b i l i t y  o f  the drug i n  the  acid. 

Probable hydrogen binding 

I n  f igure  1, d isso lu t ion  r a t e  p r o f i l e s  of 

metronidazole of various s i z e  ranges i n  water a r e  

reported. Generally, a reduction o f  p a r t i c l e  s i z e  

produced an increased d isso lu t ion  r a t e  a s  expected. 

However, an unexpected low d isso lu t ion  rate was 

observed w i t h  f r a c t i o n  C (2.4 am), which dissolved 

a t  a lower r a t e  than t h a t  of f r a c t i o n  E ( 4 4 m ) .  

Such a reduced d isso lu t ion  rate was apparently 

a t t r i bu ted  t o  the formation of poorly wetting and 

subsequently slowly d isso lv ing  aggregates. A n  

attempt t o  break the aggregates by a tens ide  

(Sodium Chelate) was no t  successful.  

seen from the  in s ign i f i can t  difference between 

This can be 

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



i 
*
 

I
2

 
5 

15
 

30
 

D
IS

S
O

LU
TI

O
N

 
T

IM
E

 
I m

~
n

u
te

sl
 

FI
G

U
R

E
 

1 
In

fl
u

e
n

c
e

 o
f 

P
a

rt
ic

le
 S

iz
e

 o
n 

th
e

 D
is

s
o

lu
ti

o
n

 R
a

te
 o

f 
M

e
tr

o
n

id
a

zo
le

 i
n

 W
at

er
 

a
t

 3
7O
. 

K
ey

: 
A 

= 
40

0-
50

0 
w

m
; 

B 
= 

12
5-

20
0 

u
m

; 
C

 
= 

2.
4w

m
; 

D
 =

 2
.4

w
m

 
(D

is
s

o
lu

ti
o

n
 
in

 0
.0
5$
 

A
q

u
eo

u
s 

S
od

iu
m

 C
h

o
la

te
);

 
E 

= 
44

w
m

; 
F 

= 
1.
75
wm
. 

V
e

rt
ic

a
l 

li
n

e
s

 r
e

p
re

s
e

n
t 

R
e

la
fi

v
e

 S
ta

n
d

ar
d

 D
e

v
ia

ti
o

n
 f

or
 1

1 
R

ep
ea

te
d

 M
ea

su
re

m
en

ts
. 

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1572 LAUWO 

curves D and C ( f igure  I), the dissolut ion p ro f i l e s  

of metronidazole i n  a solut ion of sodium cholate 

and water respectively. 

However, the influence of lactose on the 

enhancement of dissolut ion of  drugs from drug-lactose 

t r i t u ra t ions  has been reported i n  the l i t e r a t u r e  by a 

number of workers. Shah 3 & (10) found a remarkable 

increase in the dissolut ion of digoxin and hydrocorti- 

sone from lactose t r i t u r a t i o n s  a s  compared w i t h  t h a t  of 

the pure drugs. 

Considering such finding( s) metronidazole and 

lactose (3:l)  were mixed and milled together. This 

mixture contained 2.85: 1 (metronidazole: lactose)  . 
After pa r t i c l e  s i ze  analysis,  samples from th i s  

mixture designated a s  f rac t ion  F ( 1 . 7 5 ~ )  were 

tes ted f o r  dissolution. The dissolut ion r a t e  of 

metronidazole from the lactose mixture was markedly 

increased, and was the highest among a l l  other 

f ract ions examined, ( f igure 1). The f a c t  t h a t  lactose 

wets and dissolves rapidly i n  water explains the  

stepped-up dissolution. 

3 

The dissolut ion r a t e  constants based on the 

slopes of the p ro f i l e s  i n  f igure 2 ,  and the 

variations i n  dissolut ion times f o r  6% of the drug 

'Analytically determined. 
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DISSOLUTION RATE OF METRONIDAZOLE. I 

‘9 N 

2 .o 

1 5  

1 c  

O E  

+ :  
1 2  s 15 30 

TIME I min 1 

FIGURE 2 
Lemi-log P l o t s  o f  Percent Drug Undissolved (1s N) 
VS. Dissolution T i m e ,  Key: A = 400-500 wm; 
C = 125-200 wm; C1,  C2 = 2.4 wm; E l ,  E2 = 44 urn; 
F = 1.75 urn; N = Percent Undissolved Drug, 
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1574 LAW0 

TABLE 2: Dissolution Rate Constants and Dissolution 

Times f o r  6% of metronidazole 

F 1.75 45.0 4 1  .o 

(Table 2) ,  confirm the importance of pa r t i c l e  s i ze  

reduction i n  the enhancement of dissolution o f  

metronidazole. On the basis of these findings, it 

should however be appreciated t h a t  pa r t i c l e  size 

reduction alone (e.g. milling up t o  very f ine  powders) 

may not necessarily bring about desired high 

dissolution effects.  The inclusion of water soluble 

ca r r i e r s  i s  l i k e l y  t o  cause in te rac t ion  w i t h  the  

in te rpar t icu la te  a t t r ac t ions  thereby hindering 

aggregation and promoting dissolution. 
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