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Rouses Po in t ,  New York 12979 U.S.A. 
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ABSTRACT 

An i s o c r a t i c  high performance l i q u i d  chromatographic (HPLC) 
method f o r  t h e  ana lys i s  of  polymyxins Bg and B2 is described. 
The method uses  a 25 cm Hypersil-OC6 column, a mobile phase 
containing 22.5% a c e t o n i t r i l e  (v/v) i n  an aqueous phase with 
tetramethylammonium chlor ide  (TMAC), a flow r a t e  of 1.09 ml/minute 
and a wavelength of 220 nm f o r  detection. 
B1 and B2,  and t h e i r  separa t ion  from a11 o the r  components and/or 
impur i t ies  have been achieved i n  l e s s  than 23 minutes. The 
capab i l i t y  o f  t he  method f o r  t h e  determination of t he  polymyxin 
content i n  pharmaceutical p repara t ions  has a l s o  been demonstrated. 

Complete r e so lu t ion  of 

INTRODUCTION 

Polymyxins, a group of c lose ly  r e l a t e d  c y c l i c  decapeptides,  

have been known as e f f e c t i v e  a n t i b i o t i c s  s ince  t h e  per iod  between 

1947 and 1950. 'key have been considered mostly as 'minor 

a n t i b i o t i c s ' ,  although they a r e  a c t u a l l y  t h e  most a c t i v e  i n h i b i t o r s  

of t he  growth of gram-negative b a c t e r i a  (1) .  

Recently, improvements i n  a n a l y t i c a l  and syn the t i c  methods of 

polypeptides have allowed t h e  var ious  a spec t s  of t h e  chemistry of 
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958 FONG AND KHO 

t h i s  group of a n t i b a c t e r i a l  substances t o  be revealed (1-4). 
Several  reviews (5-8) e x i s t  dea l ing  mainly with b io log ica l  and 

c l i n i c a l  aspects.  

Various ana ly t i ca l  methods such as countercurrent d i s t r i b u t i o n  

(9,101, column chromatography (11,121, t h i n  l a y e r  chromatography 

(131, and gradient e lu t ion  high performance l i q u i d  chromatography 

(HPLC) (14,151 have been used t o  separa te  var ious  components of 

polymyxins. 

carboxylic ac id  with sodium hypobromite f o r  determination of 

polymyxins s u f f e r s  from non-spec i f ic i ty  and incapab i l i t y  of 

d i f f e r e n t i a t i n g  var ious  components of polymyxins (16). 

microbiological assay method (17) has been adopted as t h e  o f f i c i a l  

ana ly t i ca l  method, bu t  t h e r e  is l i m i t a t i o n  a l s o ,  

A proposed co lor imet r ic  assay method us ing  an +amino 

A 

The two components of polymyxin B, namely B1 and B have 2 
But a survey of t he  been resolved by gradien t  e lu t ion  HPLC ( 15). 

l i t e r a t u r e  shows t h a t  no simple, i s o c r a t i c  €PIC procedure, which 

i s  highly des i r ab le  f o r  labora tory  automation of rout ine  assays, 

has ever been reported. 

current development i n  t h i s  area. 

The purpose of t h i s  paper i s  t o  r epor t  our 

EXPERIMENTAL 

Instrument a t  ion  

The HPLC system employed i n  t h i s  work included a Laboratory 

Data Control Constametric I1 Model pump (Riv iera  Beach, m a . ) ,  

a Microrneritics Auto-injection system (Norcross, G a ,  1, a 

Schoeffel  Spectroflow SF770 v a r i a b l e  wavelength UV de tec to r  

(Westwood, N. J. 1, a Linear Instruments double-channel char t  

recorder ( I rv ine ,  Ca.) and a Spectra-Physics System IV i n t eg ra t ion  

system (Santa Clara, Ca.1. 

Reagents and Materials 

Acetoni t r i le  and chloroform, d i s t i l l ed - in -g la s s  grade,  were 

obtained from Burdick and Jackson Lab. Inc., (Muskegon, Mich.). 

Su l fu r i c  ac id ,  reagent grade,  w a s  obtained from J. T. Baker 

(Phi l l ipsburg ,  N.J. 1. Tetramethylammonium chlor ide  (TMAC), w a s  
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HPLC OF CYCLIC POLYPEPTIDE ANTIBIOTICS 959 

purchased from Eastman Organic Chemicals (Rochester, N.Y. 1. 
Hypersil-OX (5 pn) bulk packing ma te r i a l  w a s  purchased from 

Shandon Southern Instruments, Inc. (Sewickley, Pa. 1. Empty 

s t a i n l e s s  s t e e l  column, 316 grade, was obtained from Al l tech  

Assoc. (Arlington Heights, Ill. 1. Polymyxin B S u l f a t e ,  USP 

Reference Standard was obtained from USP (Rockville,  Md. 1. 
Samples of a l i q u i d  formulation containing polymyxin B s u l f a t e  were 

supplied by Ayerst, McKenna & Harrison, Inc.,(Montreal, Quebec, C a n -  

ada). 

otherwise s t a t e d ,  were obtained from Burdick and Jackson Labs, 

All o the r  chemicals and so lven t s  used i n  t h i s  work, un le s s  

PRCCEDURF 

( i )  Column - A Hypersil-ODS ( 5  LLIII) column (250 x 3 mm I.D.) w a s  

slurry-packed in-house us ing  a homemade packer operated i n  t h e  

downward mode. 

about 2.2 gm of the  packing mater ia l  f o r  15-20 minutes. This 

was quickly t r ans fe r r ed  i n t o  t h e  packing r e se rvo i r  with a 

20 m l  syringe, followed by a quick f i l l - u p  of t he  packing 

r e se rvo i r  with hexane. 

t o  8,000 p s i  with a Haskel pump (Burbank, Ca.). The column was 
conditioned with hexane at 8,000 p s i  f o r  30 minutes, then washed 

with methanol, water, and f i n a l l y  equ i l ib ra t ed  with t h e  mobile 

phase f o r  about 90 minutes at  t h e  flow r a t e  used f o r  t h i s  work. 

( i i )  Mobile Phase - This w a s  prepared as follows: 2 m l  concen- 

t r a t e d  s u l f u r i c  ac id  and 5 gm of tetramethylammonium chlor ide  

(TMAC) were measured i n t o  a 1000 m l  volumetric f l a s k ,  which w a s  

then f i l l e d  with d i s t i l l e d  water t o  t h e  mark. The r e s u l t i n g  pH 

of t h e  aqueous so lu t ion  was 1.6. The pH could be  readjus ted  t o  

higher values by adding a concentrated K HPO 
The mobile phases containing 20, 22.5, 25 and 3% a c e t o n i t r i l e  

obtained by measuring the  appropr ia te  volumes of a c e t o n i t r i l e  and 

aqueous phase separa te ly ,  and then mixed thoroughly, followed by 

degassing i n  an u l t r a son ic  ba th  (Branson). 

( i i i )  Reference Standard Solu t ion  - A s tock  so lu t ion  of polymyxin 

B s u l f a t e  re ference  standard was prepared by weighing out 

S lur ry  w a s  prepared i n  methanol by sonifying 

The packing solvent w a s  hexane pressur ized  

so lu t ion ,  i f  needed. 2 4  
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960 FONG AND KHO 

approximately 36 rng of t h e  USP re ference  s tandard  accu ra t e ly  

i n  a 10 m l  volumetric f l a s k  and d isso lved  wi th  water. Stepwise 

d i l u t i o n s  were then made from t h i s  stock so lu t ion  by p i p e t t i n g  

5 m l  of t h e  stock so lu t ion  i n t o  a 10 m l  volumetric f l a s k ,  and 

d i l u t i n g  t o  the  mark with water. 

prepared f o r  t h i s  study was 56.5 I U / m l ,  which w a s  found t o  be t h e  

lower l i m i t  of de t ec t ion  with t h e  experimental set-up a t  220 nm. 
More w i l l  be discussed l a t e r .  

samples, a given standard so lu t ion  would be ex t rac ted  twice with 

chloroform, using 10 m l  p e r  ex t rac t ion .  

( i v )  Sample Prepara t ion  - The samples were i n  t h e  form of a 

g lyce r in  so lu t ion  which made it impossible t o  be p i p e t t e d  fo r  

sample volume measurements. Ins tead ,  t h e  dens i ty  of a given 

sample was determined. The sample volume was then computed from 

t h e  sample weight, which w a s  accura te ly  determined on an a n a l y t i c a l  

balance.  The sample so lu t ions  were prepared by d i l u t i n g  approxi- 

mately 15 ml of t h e  l i q u i d  sample i n  a 50 m l  volumetric f l a s k  with 

water t o  t h e  mark. 

t o  ob ta in  a homogeneous sample workup. 

A I5 m l  po r t ion  of sample so lu t ion  w a s  t r a n s f e r r e d  i n t o  a 

The most d i l u t e  s tandard  so lu t ion  

For the  purpose of assaying t h e  

Shaking and soni fy ing  were necessary i n  order  

50 m l  cen t r i fuge  tube containing 10 m l  chloroform. This was 

shaken on a mechanical shaker f o r  5 minutes followed by cen t r i fu -  

ga t ion  at  high speed (e .go ,  2,000 r p m )  f o r  5 minutes. 

ex t r ac t ion  procedure w a s  repeated with another  10 ml of  f r e s h  

chloroform. 

t h a t  most of t he  o the r  i ng red ien t s ,  which were present  i n  t h e  

l i q u i d  formul~atioc t o  a much h igher  concentration t h a n  po1ymyxj.n B, 

would i n t e r f e r e  wi th  t h e  f i r s t  component of t h e  polymyxin B ,  

making quan t i t a t ion  l e s s  accura te .  

This 

The reason f o r  doing t h i s  dup l i ca t e  ex t r ac t ion  w a s  

RESULTS AND DISCUSSION 
Figure 1 shows a IIE'LC separa t ion  of polymyxins B, and B on a 2 

15 cm Hypersil-OD3 (5 ~1111) column with a mobile phase containing 

20% (v/v) a c e t o n i t r i l e  i n  t h e  aqueous phase (pH -1.6). 

exce l l en t  r e so lu t ion  of polymyxins B, and B2, which was obtained 

The 
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HPLC OF CYCLIC POLYPEPTIDE ANTIBIOTICS 961 

J 0 20 4.0 6,O 

MIN. 

Figure 1: HPLC separa t ion  of  polymyxins, B, and B2. Columns: 

Hypersil-OIXS (5 clm), 150 x 4 mm I.D.; Mobile phase: 

X)% (v/v) CH CN i n  aqueous phase (aqueous phase 

composition: 

water,  pH-1.6). Flow r a t e  = 1.2 ml/min. Detection 

wavelength = 210 nm. Perkin-Elmer, LC-55 de tec to r  a t  
0.2 AUFS. Sample amount: 27.3 ug on column. 

3 
O.% (v/v) H$04, 0.5% (w/v) TMAC i n  

i s o c r a t i c a l l y ,  w a s  encouraging but  time consuming (about 60 minutes). 

By ad jus t ing  t h e  amount of t h e  organic modifier i n  the mobile 

phase, t h e  ana lys i s  time has  been shortened. 

a HPLC separa t ion  with 2.5% (v/v) a c e t o n i t r i l e  i n  t h e  mobile phase 

and a 2: cm long Hypersil-OK column. 

sharper  peaks and shor t e r  r e t en t ion  times were achieved. 

t h a t  t h e  ana lys i s  time was much reduced a l s o ,  from about 60 
minutes t o  l e s s  than 18 minutes though t h e  column l eng th  was 

increased from 15 cm t o  25 cm. 

Figure 2 (a )  shows 

It w a s  shown t h a t  much 

Note 

It is worth mentioning t h a t  t he  polymyxin B s u l f a t e s ,  as 

chromatographed, showed a s t rong  and s e n s i t i v e  dependence on t h e  

concentration of t h e  organic modifier i n  t h e  eluent.  

reported r ecen t ly  t h a t  t h e  na ture  of t h e  water /ace toni t r i le  r a t i o  

It w a s  
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Figure 2: HF'LC separation of polymyxins, B and B2. Column: 
1 

Hy-persil-0% (5 ~m), 250 x 3 mm I.D.; Mobile phase: 

25% (v/v) CH CN i n  aqueous phase (aqueous phase 

composition: 

water, pH-1.6). 

p s i .  Detection wavelength = 223 nm at 0.4 AUFS. 

Concentration of  standard solution = 5915 I U / m l .  

( a )  Non-extracted standard, and (b) extracted 

standard, note the extra  peak due t o  chloroform. 

3 
0.296 (v/v) H2S04, 0.5% (w/v) TMAC i n  

Flow rate = 1.09 ml/min. at 3,000 

i n  the eluent was very c r i t i c a l  t o  the separation of minute 

quant i t ies  of impurit ies i n  nonapeptides by reverse phase HPLC 
(18). 
strength and concentration of  organic modifier on the retent ion 

and chromatographic behavior of short-chain peptides on a bonded 

A more systematic study of the e f f e c t s  of pH, ion ic  
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HPLC OF CYCLIC POLYPEPTIDE A N T I B I O T I C S  963 

pept ide  s t a t iona ry  phase w a s  a l s o  reported (19). 
su rp r i s ing  t h a t  these  cyc l i c  decapeptides behaved i n  a p red ic t ab le  

manner, but t he  l a r g e  change i n  magnitude of t h e  r e t en t ion  o r  

capacity r a t i o s  r e l a t i v e  t o  t h a t  of a c e t o n i t r i l e  i n  t h e  mobile 

phase should be noted ( see  Table I). 

It w a s  not 

In f a c t ,  any concentration of a c e t o n i t r i l e  below 20% would 

produce undesirably l a r g e  capacity r a t i o s  and thus  hours might be  

needed t o  e l u t e  the  polymyxins. 

capacity r a t i o s  of polymyxins B, and B2 at 3% a c e t o n i t r i l e  o r  
higher concentrations implied t h a t  all components of i n t e r e s t  

would appear near t he  solvent f ron t .  

ye t  u se fu l ,  range of a c e t o n i t r i l e  concentrations t h a t  a concen- 

t r a t i o n  of 22.5% a c e t o n i t r i l e  was chosen t o  improve t h e  r e so lu t ion  

of bo th  polymyxins B1 and B from other  components o r  impur i t ies  

t h a t  a r e  of ten  found i n  polymyxins. Figure 3 shows t y p i c a l  HPLC 

chromatograms of an ex t rac ted  standard and an ex t rac ted  sample. 

The ana lys i s  time w a s  about 23 minutes. 

The r e t en t ion  of chloroform i n  t h i s  system was a l so  very 

s e n s i t i v e  t o  t h e  concentration l e v e l  of organic modi f ie rs ,  as 

evidenced i n  F igures  2(b) and 3(a) .  

peak could overlap o r  i n t e r f e r e  with e i t h e r  t h e  B, o r  B2 peak, 

depending on t h e  concentration of a c e t o n i t r i l e  i n  the  mobile phase. 

On t h e  o the r  hand, t h e  mall 

It was within t h i s  narrow, 

2 

Theore t ica l ly ,  t h e  chloroform 

TABU I 

Dependence of  Capacity Ratios of Polymyxins B1 and B2 on the  
Concentration of Ace ton i t r i l e  i n  Mobile Phase 

Concentration of Ace ton i t r i l e  Capacity Rat ios ,  k' 

B1 B2 i n  Mobile Phase (v/v) 

a% 32-31 12-97 
22.5% 
25% 

7.75 
4.63 

3.25 
2.19 

3% 0.91 0.55 
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Figure 3: Typical HPLC chromatograms of  ex t rac ted  re ference  

standard ( a ) ,  and ex t rac ted  sample (b). 

Hypersil-ODS (250 x 3 mm I .D. ) ;  Mobile phase: 

(v/v) CH CN i n  aqueous phase (aqueous phase cornpo- 

s i t i o n :  

ad jus ted  t o  pH 2.7 with 0.52 K €PO ). 
1.09 ml/min. Detection: 220 nm at 0.1 AUFS. 

Column: 

22.5% 

3 
0.236 (v/v) H2S04, 0.5% (w/v) TMAC i n  water,  

Flow rate = 2 4  
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HPLC OF CYCLIC POLYPEPTIDE ANTIBIOTICS 965 

This  precaution should be taken i n  order t o  achieve complete 

resolution of B 

components present i n  the sample workup. 

from B2, and t h e i r  separation from all other  1 

The use of hydrophilic anions such as phosphates and c i t r a t e  

t o  decrease the retent ion of  peptides was reported recently 

(19-21). 

t he  carboxyl groups of  the peptides i n  solut ion would lead t o  

modification of t h e i r  chromatographic behavior (22). 

ammonium salts were used i n  the improvements of HPLC procedures 

of polar  pharmaceuticals (23,241. 

re tent ion of peptides m a y  be undesirably long i f  only water- 

a c e t o n i t r i l e  o r  water-methanol mixtures were used as mobile 

phases. This w a s  a lso t r u e  with these cycl ic  decapeptides. 

It was shown that  ion-pairing of a cat ionic  reagent with 

Tetraalkyl- 

It i s  our experience t h a t  the 

In order t o  evaluate the  l i n e a r i t y  and calculate  the Lower 

l i m i t  of detection with t h i s  procedure, standard solut ions from 

56.5 t o  28911.2 IU/ml were carr ied through the described procedure. 

Results were p lo t t ed  as the  sum of the peak areas of B1 and B 

versus the concentration of polymyxins. The p lo t  w a s  l i n e a r  over 

the concentration range examined, with a correlat ion coeff ic ient ,  

y = 0.9999 (Figure 4). 

estimated t o  be 56 I U / m l  o r  6.9 W d m l  at 220 nm of a variable 

wavelength W detector. 

s u l f a t e  i n  water, a maximum w a s  found at about 195 nm, which is 
very common f o r  compounds containing amide linkages. Even a t  210 

nm, the W absorbance is  more than double t h a t  at 223 run. With 

the  system described here,  i t  w a s  shown possible t o  detect  the 

polymyxins a t  205 nm with no problem i n  zeroing the  detector. 

In other words, the lower l i m i t  of detection could be lowered 

by about ten-fold, i f  needed. 

2 

The lower l i m i t  of detection was 

Based on the W spectrum of polymyxin B 

CONCLUSION 

The method described here represents the f i r s t  i s o c r a t i c  HPLC 

procedure ever reported i n  t h e  l i t e r a t u r e  f o r  t he  resolut ion of 

polymyxins B1 and B 
and/or impurit ies commonly present i n  a polymyxin bulk powder. 

and t h e i r  separation from all other components 2 
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40 - 

30 - 

20 - 

10 - 

CONC. of POLYMYXIN B SO4 (IU/mL) 

Figure 4: P l o t  of concentration of reference standard versus 
t o t a l  area of polymyxins B, and B2. m e  l i n e a r i t y  
is demonstrated by the  excellent correlat ion coeff ic ient  

Of 0.9999- 
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HPLC OF CYCLIC POLYPEPTIDE ANTIBIOTICS 967 

The method i s  accura te ,  simple, s e l e c t i v e  and s e n s i t i v e  f o r  

determining the  polymyxin content of pharmaceutical preparations.  

An i s o c r a t i c  HPLC method is  p re fe r r ed  over a gradien t  one due t o  

t h e  f a c t  t h a t  l abora tory  automation can e a s i l y  and inexpensively 

be accomplished with an i s o c r a t i c  system. F ina l ly ,  i t  should be 

pointed out t h a t  t h e  de tec t ion  l i m i t  could be  lowered f u r t h e r  i f  

t h e  prepara t ion  of f luorescent  de r iva t ives  is t o  be pursued. 
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