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SEECTROPHOTOMETRIC DETERMINATION OF METFORMIN 
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ABSTRACT 

A spectroscopic method is described for the determination of Metformin 

based on its formation of molecular complex with iodine in dichloroethane. 
Quantitative measurements are made at the maximum absorption of 295nm. The 
molar ratio of the formed metformin-iodine complex is 1:l as revealed by 

Job's method. 
The proposed method is statistically comparable with the official B.P. method. 
When applied to pharmaceutical preparation, tablets, average percentage re- 
covery of 99.97 f 0.81 was obtained. 

INTRODUCTION 

Beers' law is obeyed in the range 2-12 ug.ml-' base solution. 

Metformin (1,l-dimethylbiguanide) is an orally active hypoglycemic agent. 
Its hydrochloride salt is official in both BP 1973(1) and BP 1980(2). It 
lowers the blood sugar level to minimum physiological limit (3,4). The offi- 
cial assay method for the pure hydrochloride salt involves non-aqueous titration 

while the tablets official assay involves the reaction of the biguanide with 
nitroprusside and ferrocyanide in sodium hydroxide medium and measurement of 
the absorbance of the coloured product at 525nm (2). Several other procedures 
have been reported, including U.V. spectrometry (5,6), visible spectrophoto- 
metry (7,8) polarography (9) and fluorimetry (10,ll). In addition to 
chromatographic procedures (12,13) in both pharmaceutical product and biological 
fluids. 
transfer complex for the spectrophotometric determination of microgram amounts 

This paper describes a method involving the application of a charge- 
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1174 EL-BARDICY ET AL. 

of metformin i n  bo th  b u l k  and t a b l e t s  dosage form. 

t h e  de t e rmina t ion  of molecular  r a t i o  and d i f f e r e n t  v a r i a b l e s  a f f e c t i n g  t h e  

r eac t ion .  

EXPERIMENTAL. 

Apparatus 

A Beckman, DU-?HS, W spectrophotometer  w i th  1 c m  q u a r t e z  c u v e t t e s .  

Materials and Reagents 

The i n v e s t i g a t i o n  involved 

Authent ic  Metformin hydroch lo r ide  was k ind ly  supp l i ed  by C I D  Phar- 

maceut ical  Chemical I n d u s t r i e s ,  Cairo,  A.R.E. The sample was used 

as a s t anda rd  without  f u r t h e r  t r ea tmen t .  

218.3-219.3"C, determined i n  a c a p i l l a r y  tube according t o  BP 1973(1). 

Glucophage t a b l e t s ,  each claimed t o  c o n t a i n  500 mg of Metformin 

hydrochlor ide,  were purchased i n  l o c a l  pharmacies.  

Spectrograde 1,2-dichloroethane. 

Iod ine  s o l u t i o n  ( 10-3M and 10-4M) prepared by d i s s o l v i n g  resublimed 

i o d i n e  i n  1,2-dichloroethane. 

Aqueous s o l u t i o n  of sodium hydroxide (10% w/v). 

Standard s o l u t i o n  of Metformin: weigh a c c u r a t e l y  a n  amount of t h e  

sa l t  c a l c u l a t e d  t o  c o n t a i n  50% base.  T r a n s f e r  i n t o  a 60ml s e p a r a t i n g  

funnel  con ta in ing  5 ml of 10% s o l u t i o n  sodium hydroxide.  E x t r a c t  with 

t h r e e  15 ml p o r t i o n s  of 1 ,2-dichloroethane,  pas s ing  t h e  sepa ra t ed  or- 

gan ic  l a y e r  through 2 g. of anhydrous sodium s u l p h a t e  supported by g l a s s  

wool i n  a small funne l  i n t o  a 50 m l  vo lumet r i c  f l a s k .  R inse  t h e  sodium 

s u l p h a t e  with d i ch lo roe thane .  C o l l e c t  i n  a 50 m l  volumetr ic  f l a s k  t h e  

washings and t h e  f i l t r a t e .  Complete t o  t h e  mark with t h e  same so lven t .  

The working s o l u t i o n  i s  then prepared t o  c o n t a i n  100 ug.mL-' of Metformin 

base.  

The me l t ing  range was 

PROCEDURES 

For Pure Authent ic  Substances 

I n  s e p a r a t e  10-ml volumetr ic  f l a s k s ,  t r a n s f e r  an  a l i q u o t  (0.2-1.2mL.l of t h e  

prepared working s o l u t i o n  of Metformin base  e q u i v a l e n t  t o  20-120 ug of s t anda rd  

base.  

t o  volume with 1.2-dichloroethane. Measure t h e  absorbances a f t e r  20 mins. a t  

295 nm us ing  d i ch lo roe thane  as a blank.  

For T a b l e t s  Dosage Form 

Accurately weight twenty t a b l e t s  and p u l v e r i s e  i n  a small morter .  I n  a 60 m l  

sepa ra t ing  funne l ,  suspend t h e  weight equ iva len t  t o  50 mg Metformin b a s e  i n  

Add t o  each f l a s k  1 ml of i o d i n e  r eagen t  (10-3M), mix and then d i l u t e  
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METFORMIN 1175 

5 m l  10% sodium hydroxide s o l u t i o n ,  e x t r a c t  w i th  1,Z-dichloroethane and com- 

p l e t e  a s  d i r e c t e d  under p repa ra t ion  of t h e  s t anda rd  s o l u t i o n .  

T rans fe r  q u a n t i t a t i v e l y  1 m l  of t h e  obtained extract ( equ iva len t  t o  1 mg 

metformin base) t o  a volumetr ic  f l a s k  of 100 m l  capac i ty .  Complete t o  volume 

wi th  t h e  same so lven t .  Mix w e l l  and t r a n s f e r  ' 4 ml of t h e  ob ta ined  f i n a l  

d i l u t i o n  t o  a measuring f l a s k  of 10 ml capac i ty ,  add 1 ml  of i o d i n e  r eagen t  

( 10-3M s o l u t i o n )  and complete as d i r e c t e d  under a u t h e n t i c  substance.  

RESULTS AND- DISCUS,SION 

The immediate change of t h e  v i o l e t  co lou r  of i o d i n e  i n  d i ch lo roe thane  t o  

yel lowish pu rp le  upon r e a c t i o n  with metformin base  suggested cha rge - t r ans fe r  

complex formation. The spectrum of cha rge - t r ans fe r  complex produced by t h e  

r e a c t i o n  of metformin with i o d i n e  by t h e  suggested procedure i s  shown t o  

possess  a b lue - sh i f t ed  iod ine  and charge t r a n s f e r  bands a t  360 and 295 nm 

r e s p e c t i v e l y ,  (Fig.  1).  

Development of t h e  optimum c o n d i a w f o r  t h e  cha rge - t r ans fe r  complex formation 

invo lves  proper s e l e c t i o n  of t h e  experimental  cond i t ions  namely s o l v e n t ,  

t h e  concen t r a t ion  of i od ine  s o l u t i o n  and t i m e  of r e a c t i o n .  Four of t h e  most 

commonly used so lven t s :  chloroform, carbon t e t r a c h l o r i d e ,  d i ch lo roae thane  and 

1,2 d i ch lo roe thane  were t r i e d  t o  choose t h e  most s u i t a b l e  s o l v e n t  f o r  t h e  

complex formed. 

h i g h e s t  i n t e n s i t y  of complex absorbance obtained.  While, chloroform and 

carbon t e t r a c h l o r i d e  f a i l e d  t o  g ive  success fu l  r e s u l t s .  Th i s  i s  probably due 

t o  t h e  decreased tendency of 1,2 d i ch lo roe thane  t o  form con tac t  cha rge - t r ans fe r  

p a i r s ( l 4 )  with t h e  n i t rogen  of t h e  base because .of the. low r a t i o  of c h l o r i n e  

t o  carbon atoms i n  i t s  molecule a s  compared t o  chloroform o r  carbon t e t r a c h l o -  

r i d e ( l 4 ) .  By t e s t i n g  t h e  e f f e c t  of i od ine  s o l u t i o n  concen t r a t ion  on t h e  

developed charge-t ransfer  abso rp t ion  band, f i g .  2 i n d i c a t e s  t h a t  0.8 m l  of 

10-3M of iod ine  i n  1.2-dichloroethane is  s u f f i c i e n t  f o r  maximum absorbance and 

complete r e a c t i o n .  Complexation between i o d i n e  ( a s  a 0- accep to r )  and metformin 

donor s t a r t e d  a t  room temperature  and t h e  r e a c t i o n  rate inc reased  markedly by 

time. 

was twenty min. 

hour a s  shown i n  f i g .  3. 

To a s c e r t a i n  t h e  s toichiometry of t h e  r e a c t i o n  between metformin and iod ine ,  

Job ' s  method(l5) was app l i ed  using 10-4M s o l u t i o n s  of t h e  drug base  and iod ine .  

The r e s u l t s  i nd ica t ed  a molar r a t i o  of 1: l  under t h e  optimum c o n d i t i o n s  obtained,  
-1 f i g .  4 .  Beer 's  law was obeyed i n  t h e  concen t r a t ion  range of 2.0-12.0 u g . d  , 

t h e  r e s u l t s  a r e  c a l c u l a t e d  from a c a l i b r a t i o n  curve ( f i g .  5) r e p r e s e n t i n g  t h e  

Among t h e  s o l v e n t  t e s t e d ,  d i ch lo roe thane  was s e l e c t e d  f o r  t h e  

The optimum time f o r  t h e  maximum development of absorbance i n t e n s i t y  

The complex formed m s  found t o  be s t a b l e  f o r  more than one 
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Figure 1: Absorption Spectrum of  Metformin - Iodine  Charge-Transfer 
Complex. 

A = Iodine 1 x 1 0 - 4 ~ ~  

B = Metformin base 10 ug.rn1-l 

C = Metformin - iodille complex 10 u g , m l - l  

Figure ( 2 ) :  E f f e c t  of Time on Reaction of  Metformin - Iodine Charge-Transfer 

Complexes. (10  ug. m l  Metformin i n  dichloroethnne) 
- I  
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F igure  ( 3 ) :  E f f e c t  of Iod ine  Concen t r a t ion  on Metformin - 
Iod ine  Charge T r a n s f e r  Complexes. 

(10 ug.ml Metformin i n  d i ch lo roe thane )  
- 1  

10 9 8 7 6 5 Ir 3 2 1 0 I o d i n e  
I 1 0 - ~ ~ 1 0 1 ~  
1 1 0 - 4 ~ ~ 1 ~  

Figure  ( 4 ) :  Sto ich iomet r i c  Balance of t he  Reac t ion  of 
Metformin and Iod ine  S o l u t i o n  i n  Dichloroe thane  
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2 . 0  4 . 0  6.0 8 .O 10.0 1 2 . 0  
- 1  

Concent ra t ion  of Metf ormin base ,  ug.ml 

F igure  ( 5 ) :  C a l i b r a t i o n  Graph of Metformin base us ing  

the  Proposed Charge T r a n s f e r  Complexes w i t h  

Iod ine .  

absorbance  of metformin base  v e r s u s  t h e  c o n c e n t r a t i o n  i n  ug.ml-' o r  from t h e  

fo l lowing  l i n e a r  r e g r e s s i o n  equa t ion .  

A = 0.006 + 0.045 C* 

1 C* is  t h e  concen t r a t ion  of metformin base  i n  ug.ml- 
r = 0.997 SD = 2 0.245 

Table  ( 1 )  shows t h e  pe rcen tage  r e c o v e r i e s  ob ta ined  when t h e  proposed method 

is  used f o r  a s say  of a u t h e n t i c  metformin base. 

p r e c i s i o n s  ( ave rage  pe rcen t  r e c o v e r i e s  100.05 2 0.59).  

The r e s u l t s  demonst ra ted  good 

Ana lys i s  of a u t h e n t i c  metformin hydroch lo r ide  acco rd ing  t o  the BP 1980 i s  

c a r r i e d  o u t  by non-aqueous t i t r a t i o n  w i t h  a c e t o u s  p e r c h l o r i c  a c i d ,  t h e  end 

p o i n t  be ing  de termined  p o t e n t i o m e t r i c a l l y  wh i l e  t h e  o f f i c i a l  BP 1980 method 
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T a b l e  1. D e t e r m i n a t i o n  of a u t h e n t i c  met formin  b a s e  by 

t h e  proposed  c h a r g e - t r a n s f e r  complex with 

i o d i n e .  

Taken Metformin b a s e  

ug.ml-l 

2 

3 

4 

5 

6 

8 

9 

10 

12 

Found base*  

ug:.ml.-l . 

1.98 

3.01 

4.03 

4.99 

5.98 

8.05 

9.02 

10.01 

11.97 

Mean 

(P=O. 05) 

Recovery 

% 

99.00 

100.33 

100.75 

99.98 

99.67 

100.62 

100.22 

100.10 

99.75 

100.05 

2 0.59"" 

*The a v e r a g e  of f o u r  e x p e r i m e n t s .  

**Standard d e v i a t i o n .  

T a b l e  2. S t a t i s t i c a l  compar ison  of t h e  r e s u l t s  

o b t a i n e d  by t h e  proposed  Charge-Transf  er 

Method w i t h  t h e  B.P. 1980 Method. 

B.P. Method Proposed  Method 

Mean 

( P  = 0.05) 

N 

V a r i a n c e  

t 

F 

100.1s 100.05 

t 1.10 f 0.59 

6 9 

1.210 0.35 

0.2299 (2.160)* 

0.289 (5.0)* 

" F i g u r e s  i n  p a r e n t h e s e s  are t h e  t h e o r e t i c a l  t and  F v a l u e s  a t  

P=O.OS. 
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Table  3. Determina t ion  of Metformin i n  i t s  t a b l e t s  

by t h e  s t anda rd  a d d i t i o n  t echn ique  t o  t h e  

Charge-Transfer Method 

Amount Label led  Found Standard  Added Standard  Found Recovery 

( u s )  ( U P )  (ug) (UP) % 

4 0  38.80* - 
20 

40 

50 

60 

70 

80 

Mean 

(P=0.05) 

- 
20.1 

40.4 

59.9 

60.1 

69.8 

78.9 

- 
100.50 

101 .oo 
99.80 

100.17 

99.72 

98.63 

99.97 

i 0.81** 

*Average of f o u r  experiments 

**Standard dev ia t ion .  

f o r  de t e rmina t ion  of t h e  drug hydroch lo r ide  sa l t  i n  t a b l e t s  dosage  form depends 

on t h e  r e a c t i o n  of t h e  b iguan ide  s a l t  wi th  n i t r o p r u s s i d e  and f e r r o c y a n i d e  i n  

a l k a l i n e  sodium hydroxide s o l u t i o n  fo l lowed by measuring t h e  absorbance  of 

t h e  co lou r  formed a t  525 nm. 

B r i t i s h  Pharmacopoea 1980(2) method f o r  pure  a u t h e n t i c  drug is  shown i n  Tab le  

A comparison between t h e  proposed method wi th  t h e  

( 2 ) .  

According t o  t h e  v a r i a n c e  r a t io  test (F. t e s t )  t h e  c a l c u l a t e d  F v a l u e  w a s  

0.289 wh i l e  t h e  t h e o r e t i c a l  v a l u e  is  5.0 (Pa0.05, n=9) .  Th i s  means t h a t  t h e r e  

i s  no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  proposed method and BP method wi th  

r e s p e c t  of p r e c i s i o n .  Also t h e  c a l c u l a t e d  t w a s  found t o  be  0.2299 whi l e  t h e  

t h e o r e t i c a l  v a l u e  of t w a s  2.160 (P=0.05). T h i s  i n d i c a t e s  t h a t  t h e r e  i s  no 

s i g n i f i c a n t  d i f f e r e n c e s  wi th  r e s p e c t  t o  accuracy .  The proposed method can b e  

app l i ed  f o r  t h e  a n a l y s i s  of t a b l e t s  dosage form wi th  c o n s i d e r a b l e  accuracy  and 

s e n s i t i v i t y  a s  be ing  a s ses sed  by t h e  s t anda rd  a d d i t i o n  technique .  The r e s u l t s  

i n  Tab le  (3)  shows a mean pe rcen tage  recovery  of 99 f 0.81 (P=0.05) (n=6) f o r  

d i f f e r e n t  added a u t h e n t i c  samples range  between 20-80 ug metformin b a s e  t o  

powder t a b l e t s .  
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The proposed  method h a s  t h e  a d v a n t a g e  of b e i n g  r a p i d ,  r e q u f r e s s i m p l e  equipments  

and  c a n  b e  u s e d  f o r  t h e  d e t e r m i n a t i o n  of microgram amounts  of d r u g ,  t h e r e f o r e ,  

i t  i s  p r e f e r r e d  o v e r  t h e  o f f i c i a l  method when o n l y  small amounts  of t h e  d r u g  i s  

a v a i l a b l e  f o r  a n a l y s i s .  Amount of 0.25 g of p u r e  d r u g  b e i n g  r e q u i r e d  f o r  i ts  

a n a l y s i s  by t h e  o f f i c i a l  BP 1980 method. 
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