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ANALYSIS OF COLOURED CHLORHEXIDINE SOLUTIONS 
BY ION-PAIRING REVERSE-PHASE HIGH PRESSURE 

LIQUID CHROMATOGRAPHY 

R.L. Perez 
Travenol Laborator ies Pty. Ltd. 

AUSTRALIA 
Toongabbie, N.S.W. 2146 

ABSTRACT 

An i s o c r a t i c ,  h igh  pressure l i q u i d  chromatographic procedure i s  
descr ibed f o r  t h e  analysis o f  mixtures o f  ch lo rhex id ine  acetate 
and t a r t r a z i n e ,  cannoisine o r  methylene b lue .  The method uses 
an i on -pa i r i ng  reverse-phase technique which can be pe r fomed  i n  
less  than 30 minutes. 

Chlorhexi d ine (1,6-di (N-p-chloropheny1dignanido)hexane) , 
a s t r o n g l y  bas i c  compound which forms s a l t s  w i t h  acids,  was 
f i r s t  described by Davis e t  a1 (1) i n  1954. O r i g i n a l l y ,  i t s  
c h i e f  use was as a p reserva t ive  i n  ophthalmic so lu t i ons .  
I n  a subsequent study o f  the  a n t i b a c t e r i a l  p roper t i es  o f  
ch lo rhex id ine  (2 ) ,  i t  was shown t o  have h igh  s t a t i c  and c i d a l  
a c t i v i t y  aga ins t  a v a r i e t y  o f  bac te r ia  and fung i  exceedi'ng the  
a c t i v i t y  o f  benzalkonium ch lo r i de ,  and i s  now used as a contact  
a n t i  sep t i c .  

Three main so lu t i ons  o f  ch lo rhex id ine  are c u r r e n t l y  manufac- 
t u r e d  i n  t h i s  p l a n t  and, as an a i d  t o  nu rs ing  s t a f f  working i n  
busy s i t ua t i ons ,  each o f  t he  th ree  so lu t i ons  i s  d i f f e r e n t l y  
coloured ( i . e .  co lou r  coded) f o r  ease o f  i d e n t i f i c a t i o n  and 
se lec t i on .  The th ree  main so lu t i ons  manufactured are: 
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PEREZ 

1. Aqueous Chlorhexidine Acetate containing methylene 
blue as colourant. 

An Aqueous mixture o f  Chlorhexidine Acetate and 
Cetrimide containing t a r t r a z i n e  (CI Food Yellow 4 )  
as the colourant. 

2 .  

3. A 70% Ethanolic so lut ion o f  Chlorhexidine Acetate 
coloured w i th  carmoisine (CI Food Red 3 ) .  

The methods described i n  B r i t i s h  Pharmacopoeia ( 3 )  and the 
B r i t i s h  Pharmaceutical Codex ( 4 )  f o r  t he  analysis o f  chlorhex- 
i d ine  containing products are not  r e a d i l y  adaptable t o  
solut ions o f  chlorhexidine containing weak acids o r  bases 
(such as dyes), and i t  was necessary t o  develop an a l t e r n a t i v e  
analy t ica l  method f o r  the analyses o f  the above solut ions.  
I n  addi t ion,  i t  was necessary t o  determine the dye content 
o f  the solut ions.  

As reverse-phase ion-pai r ing HPCL has been successful ly 
used f o r  the analyses o f  FD & C colours i n  various 
mixtures (5, 6 ) ,  i t  was decided t o  develop a method o f  
analysis based on t h i s  approach. 

I n  t h i s  paper, a reverse-phase ion-pai r ing method i s  
described which allows the separation and quan t i t a t i ve  
determination o f  both chlorhexidine and e i t h e r  methylene 
blue, t a r t raz ine  o r  carmoisine, separately o r  i n  combination. 

Each so lut ion may be analysed i n  less than 30 minutes. 

MATERIALS AND METHODS 

Apparatus 

The apparatus used consisted o f  a Varian Model 500 l i q u i d  
chromatogram equipped w i t h  a Varian Vari Chrom var iab le 
UV-Visible detector. I n j e c t i o n  was by means o f  a Valco 
i n j e c t o r  valve w i th  a 10 ul  loop (P/N CU-6-UHPa-N60) f r o m  
Valco and a Glenco 1.0 m l  syringe f r o m  Glenco S c i e n t i f f c  
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COLOURED CHLORHMIDINE SOLUTIONS 1229 

Inc., Houston, Texas. A L inear  Instruments Model 300 Ser ies 
recorder was coupled t o  the detector.  

The column used was a Varian Micropak MCH-10, 30 cm x 4 mn 
( i d )  (P/N 03-912151-44) obtained from Varian P/L, Sydney, 
Aus t ra l i a .  

Reagents & Standards 

HPLC grade a c e t o n i t r i l e  and a 0.25% s o l u t i o n  of 1-pentanesulphonic 
a c i d  i n  g l a c i a l  a c e t i c  ac id ,  and a n a l y t i c a l  grade phosphoric 
a c i d  and t r ie thano lamine were obtained from Ajax Chemicals, 

Sydney, Aus t ra l i a .  

I nd i v idua l  dye standards were obtained from Hodgsons Dye Agencies 
Pty. Ltd., Sydney, Aus t ra l i a ,  and standard ch lo rhex id ine  acetate 

was obtained from Imperial  Chemical I ndus t r i es  Pty. Ltd., Vi l lawood, 
Aus t ra l i a .  

So lu t ions  o f  ch lo rhex id ine  acetate and the  var ious dyes were 
prepared i n  d i s t i l l e d  water t o  provide the  fo l l ow ing  
concentrat ions:  chlorhexi  d ine acetate, 0.005%; methylene 
blue, 0.OE; carmoisine, 0.01%; t a r t r a z i n e ,  0.004:;. These 
so lu t i ons  were used f o r  peak i d e n t i f i c a t i o n  and also f o r  the  

prepara t ion  o f  approximately 50:50 mixtures o f  ch lo rhex id ine  
and t h e  various dyes. 

The mobi le phase was prepared by adding 20 m l  o f  a 0.252 
s o l u t i o n  o f  pentane sulphonic ac id  i n  g l a c i a l  ace t i c  ac id ,  and 

5 m l  o f  t r iethanolamine t o  350 m l  o f  a c e t o n i t r i l e  and making 
up t o  1000 m l  w i t h  water. This s o l u t i o n  was then adjusted t o  
pH 3.00 w i t h  phosphoric a c i d  and degassed by vacuum. 

CHROMATOGRAPH I C PROCEDURES 

A l l  chromatograms were c a r r i e d  ou t  i s o c r a t i c a l l y  a t  room 
temperature (ca 2OoC) and a t  2.0 ml/min f low r a t e  except as 
i nd i ca ted  i n  F i g  4. 
s l i t  width, 260 nm wavelength and 0.1 absorbance u n i t s  f u l l  scale 
de f lec t ion .  The recorder cna r t  speed was 0.5cm/min. Each 
chromatogram represents a 10 ~1 i n j e c t i o n .  

I n  each case the  de tec tor  was s e t  a t  8nm 
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RESULTS AND DISCUSSION 

Figs 1, 2 and 3 i l l u s t r a t e  t h e  chromatograms obtained from 
mixtures cons is t i ng  o f  approximately 0.0025% ch lo rhex id ine  
acetate, w i t h  e i t h e r  0.002% t a r t r a t i n e ,  0.0052 carmoisine o r  
0.005% methylene b lue  respec t i ve l y .  

As seen from F i g  1, the  e l u t i o n  volume o f  t a r t r a t i n e  i s  very 
c lose t o  t h e  vo id  volume o f  the  system when using the  mobile 
phase and f l ow  r a t e  described. Also, from F i g  3 ,  i t  can be 
seen t h a t  a t  a f low r a t e  o f  2 ml/min the  r e t e n t i o n  t ime o f  
methylene b lue  i s  unnecessar i ly  long  and leads t o  peak 
broadening. This can be improved by separat ing and analyzing 
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Figure 1 .  Chromatogram showing isocratic  separation of 
chlorhexidine and tartrazine. Mobile phase and conditions 
a s  per Materials and Methods. 
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Figure 2. Chromatogram showing isocratic separation of 
chlorhexidine and carmoisine mobile phase and conditions 
as per Materials and Methods. 

Figure 3. Chromatogram of methylene blue. Sample amount: 
1.0 ;Ig on column. 
Materials and Methods. 

Mobile phase and conditions as per 
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1232 PEREZ 

ch lo rhex id ine  acetate - methylene b lue  mixtures a t  a flow 
r a t e  o f  3.0 ml/min as i n  F i g  4 where the  r e t e n t i o n  t ime f o r  
methylene b lue  becomes 4.4 un (8.8 min).  

The method here described has been used i n  t h i s  l abo ra to ry  
f o r  the  ana lys is  o f  so lu t i ons  conta in ing  ch lo rhex id ine  ace ta te  
i n  the  range o f  0.015% t o  0.05% i n  the  presence o f  0.0002% 
o f  the  sa id  dyes w i t h  an accuracy o f  3% f o r  ch lo rhex id ine  and 
5% f o r  the  dye component based on t h e  phys ica l  measurement of 
peak height.  
e i t h e r  the  separat ion or q u a n t i t a t i o n  o f  the  ch lo rhex id ine  
acetate - dye mixtures. 

’ 

The presence o f  ce t r im ide  does n o t  i n t e r f e r e  w i t h  

CONCLUSION 

A method o f  analysing mixtures o f  ch lo rhex id ine  acetate - 
dye so lu t i ons  i s  described here which al lows the  q u a n t i t -  
a t i v e  determinat ion o f  these components i n  less  than t h i r t y  

Figure 4 .  Chromatogram showing iaocratic separation of 
chlorhexidine and merhylene blue. Flow Rate: 3 udlmin. 
Other conditions as indicated under Materials and Methods. 
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COLOURED CMORHEXIDINE SOLUTIONS 1233 

minutes. This i s  t o  be compared w i t h  t h e  non-spec i f i c  and 
somewhat t i m e  consuming methods descr ibed i n  t h e  B r i t i s h  
Pharmacopoeia (3 )  and t h e  B r i t i s h  Pharmaceutical Codex (4 )  
f o r  the  determinat ion o f  chlorhexidine. 
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