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MICRO-SCALE METHOD FOR DETERMINATION OF TOBRAMYCIN I N  SERUM USING 
HIGH-PERFORMANCE L I Q U I D  CHROMATOGRAPHY 

H i r o a k i  Kubo, Tosh io  K i n o s h i t a ,  Yoshie  Kobayashi" and Ken 
Tokunaga" 

School  of P h a r m a c e u t i c a l  S c i e n c e s ,  K i t a s a t o  U n i v e r s i t y ,  5-9-1, 
S h i r o k a n e ,  Minato-ku, Tokyo, J a p a n .  

"Nihon Waters  L t d . ,  3 ,  Kioi-cho,  Chiyoda-ku, Tokyo, J a p a n .  

AB!TmAm 

A r a p i d ,  s i m p l e ,  a c c u r a t e ,  and mic ro - sca l e  method f o r  t h e  
d e t e r m i n a t i o n  of  t ob ramyc in ,  s i s o m i c i n  and n e t i l m i c i n  i n  serum 
u s i n g  high-performance l i q u i d  chromatography h a s  b e e n  d e v e l o p e d .  
The method i s  s e n s i t i v e  t o  0 . 3  pg/ml u s i n g  o n l y  20 p i  o f  serum. 
The serum i s  d e p r o t e i n i z e d  wi th  me thano l  c o n t a i n i n g  a n  i n t e r n a l  
s t a n d a r d :  s i s o m i c i n  f o r  t h e  tob ramyc in ,  n e t i l m i c i n  f o r  t h e  
s i s o m i c i n ,  and s i s o m i c i n  f o r  t h e  n e t i l m i c i n .  A f t e r  c e n t r i f u g a t i o n ,  
a c o u n t e r - i o n  r e a g e n t  i s  added t o  t h e  s u p e r n a t a n t ,  t h e n  a n  a l i q u o t  
o f  t h e  s o l u t i o n  i s  i n j e c t e d  i n t o  t h e  chromatograph.  Tobramycin,  
s i s o m i c i n  and n e t i  l m i c i n  a r e  s e p a r a t e d  b y  r e v e r s e d - p h a s e ,  i o n - p a i r  
chromatography and d e t e c t e d  by  f l u o r e s c e n c e  u s i n g  c o n t i n u o u s - f l o w ,  
post-column d e r i v a t i z a t i o n  w i t h  o -ph tha la ldehyde .  For t h e  
tob ramyc in ,  w i th in - run  and day-to-day v a r i a t i o n  was be low 2.5%. 
C o r r e l a t i o n  of  t h i s  method w i t h  m i c r o b i o l o g i c a l  a s s a y  and 
homogeneous enzyme innnunoassay was good. 

Tobramycin is an aminog lycos ide  a n t i b i o t i c  used f o r  t h e  

t r e a t m e n t  of  s e r i o u s  gram-negat ive i n f e c t i o n s .  A s  w i t h  o t h e r  

aminog lycos ide  a n t i b i o t i c s ,  t ob ramyc in  h a s  a narrow t h e r a p e u t i c  

r ange  and e x e r t s  nephro-  and o t o - t o x i c i t y .  T h e r e f o r e ,  m o n i t o r i n g  
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2220 KUBO ET AL. 

of tobramycin levels in serum is necessary for safe and effective 
therapy. The advantages and disadvantages of various methods for 

the determination of tobramycin were reviewed by Maitra et a1 (I) 
and Nilsson-Ehle (2). Some of  these methods use fluorescence 

detection with pre- or post-column derivatization of tobramycin. 

Other methods employ ultraviolet absorption detection with 

pre-column derivatization of tobramycin. A l l  these methods 

require time-consuming pretreatment such as solvent or column 

extraction of tobramycin in serum and require a large volume( 50 

1.11-250 p1) of serum. We have previously reported a micro 

determination of gentamicin in serum by high-performance liquid 

chromatography ( 3 ) .  This report describes a modified procedure, 

using an internal standard, as well as the applicatin of the 

method to the determination of tobramycin in serum. The values 

determined by this method were compared with those by a microbio- 

logical assay and those by a homogeneous enzyme immunoassay. This 

method is also applicable for the analysis of sisomicin and 
neti Imicin. 

Chemicals and Reagents 

Tobramycin sulfate (manifested potency, 964 pg/mg) was 

obtained from Shionogi Co. (Osaka, JAPAN). Sisomicin sulfate ( 6 4 6  

pg/mg) and netilmicin sulfate (628  pg/mg) were supplied by Essex 

Nippon K.K. (Shiga, JAPAN). o-Phthalaldehyde was purchased from 

Nakarai chemical Ltd.(Kyoto, JAPAN); sodium octanesulfonate and 

disodium 1,2-ethanedisulfooate were from Kanto Chemical Co.(Tokyo, 

JAPAN). De-ionized and distilled water was used. Methanol used 

was of liquid chromatographic grade. A l l  other chemicals were of 

reagent grade. 

Counter-ion reagent was prepared to contain 0.2 M disodium 
1,2-ethanedisulfonate and 0.01 M sodium octanesulfonate in water, 

adjusted to pH 2 .5  with acetic acid. 
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'TOBRAMYCIN I N  SERUM 2221 

Mobile phase  was p r e p a r e d  t o  c o n t a i n  0.1 M d i sod ium 

1 , 2 - e t h a n e d i s u l f o n a t e  and 0.005 M sodium o c t a n e s u l f o n a t e  in a 

w a t e r - m e t h a n o l  m i x t u r e  (64 :36 ,  v / v ) ,  a d j u s t e d  t o  pH 3 . 5  w i t h  

a c e t i c  a c i d .  

o -Ph tha la ldehyde  r e a g e n t  was p r e p a r e d  a c c o r d i n g  t o  t h e  method 

o f  Anha l t  and Brown ( 4 ) .  

Methanol s o l u t i o n s  o f  i n t e r n a l  s t a n d a r d  were p r e p a r e d  by 

d i s s o l v i n g  0 .5  mg o f  s i s o m i c i n  s u l f a t e  o r  n e t i l m i c i n  s u l f a t e  i n  5 

pl o f  70% p e r c h l o r i c  a c i d  and making u p  t o  200 m l  w i t h  me thano l .  

Appara tus  and Chromatographic  C o n d i t i o n s  

The ch romatograph ic  s y s t e m  c o n s i s t e d  o f  a So lven t  D e l i v e r y  

System 6000A, a U n i v e r s a l  l n j e c t o r  U6K and a Radial-Pak C18 column 

( 1 0  c m  x 8 mm I.D., p a r t i c l e  s i z e  10 pm) w i t h  r a d i a l  compression 

module (RCM-1001, a l l  f rom Waters  A s s o c . ( M i l f o r d ,  Mass,  U . S . A .  1, 
was used .  The f l o w - r a t e  o f  mob i l e  phase was m a i n t a i n e d  a t  2.0 

ml/min. The o -ph tha la ldehyde  r e a g e n t  was d e l i v e r e d  wi th  a Model 

3000 pump (Wate r s  Assoc . )  a t  a f l o w  r a t e  o f  0.8 m l / m i n  t o  t he  

column e f f l u e n t  v i a  a mix ing  T-piece.  A r e a c t i o n  c o i l  c o n s i s t i n g  

o f  a s t a i n l e s s  s t e e l  t u b e  ( 5  m x 0 . 2 5  mn I . D . )  was p l a c e d  between 

t h e  mixing T-piece and a d e t e c t o r .  A s  a d e t e c t o r ,  a Model 

S-FL-330 f luo romete r f  Soma O p t i c s  Co. , L t d .  Tokyo, JAPAN) equ ipped  

w i t h  a FL4RLB lamp ( e n e r g y  maximun a t  365 nm, e x c i t a t i o n  >, a 440 

nm c u t o f f  f i l t e r  ( e m i s s i o n )  and a 70 p l  q u a r t z  f l o w - c e l l  was u s e d .  

Chromatography was performed a t  room t e m p e r a t u r e .  

P r o c e d u r e  

Twenty p l  serum i n  a 1.5-1 t a p e r e d  p o l y p r o p y l e n e  c e n t r i f u g e  

t u b e  was vortex-mixed w i t h  100 1.11 o f  t h e  methanol  s o l u t i o n  o f  

i n t e r n a l  s t a n d a r d  f o r  a few s e c o n d s .  The t u b e  was t h e n  c e n t r i f u g e d  

a t  7 ,800g i n  a Model H-25FL c e n t r i f u g e  (Kokusan Co., Tokyo, JAPAN) 

f o r  1 min. Then 160 p1 o f  t h e  c o u n t e r - i o n  r e a g e n t  were d i r e c t l y  

added t o  t h e  t u b e ,  which was v o r t e x - m i x e d  a g a i n  f o r  a few s e c o n d s  

and c e n t r i f u g e d  a t  7800g f o r  1 min .  A 200 p1 a l i q u o t  of t h i s  

m i x t u r e  was i n j e c t e d  i n t o  t h e  ch romatograph .  
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2222 KUBO ET AL. 

S tanda rd  s e r a  s p i k e d  wi th  v a r i o u s  known amounts o f  t ob ramyc in  

( p o t e n c y ,  1 .85  - 14.83 pg /ml ) ,  s i s o m i c i n ( p o t e n c y ,  1 .66  - 13.33 

pg/ml)  o r  n e t i l m i c i n ( p o t e n c y ,  1 .63 -13.06 pg/ml)  were p r e p a r e d  and 

t r e a t e d  i n  a n  i d e n t i c a l  f a s h i o n  t o  t h a t  d e s c r i b e d  above. The peak 

h e i g h t  r a t i o s  between tob ramyc in  and s i s o m i c i n  a s  i n t e r n a l  

s t a n d a r d ,  s i s o m i c i n  and n e t i l m i c i n  a s  i n t e r n a l  s t a n d a r d ,  o r  

n e t i l m i c i n  and s i s o m i c i n  a s  i n t e r n a l  s t a n d a r d  were c a l c u l a t e d  t o  

c o n s t r u c t  a c a l i b r a t i o n  c u r v e .  Tobramycin i n  p a t i e n t  s e r a  was 

de t e rmined  i n  d u p l i c a t e  and t h e  r e s u l t s  a v e r a g e d .  

Homogeneous enzyme Immunoassay 

Homogeneous enzyme immunoassay was performed by u s i n g  

commercial ly  a v a i l a b l e  k i t s  (Emit  -amd, Syva Co.,  P a l o  A l t o ,  C A . ,  
@ 

u.s.4.). 

M i c r o b i o l o g i c a l  Assay 

M i c r o b i o l o g i c a l  a s s a y  was performed by  a p a p e r  d i s c - d i f f u s i o n  

t e c h n i q u e ,  u s i n g  a n t i b i o t i c  medium No. 5 ( D i f c o  L a b a r a t o r i e s ,  

D e t r o i t ,  M I . ,  U . S . A . )  and B a c i l l u s  s u b t i l i s  ATCC 6633 a s  a t es t  

o rgan i sm.  

RESULTS 

The chromatogram o b t a i n e d  from a s t a n d a r d  m i x t u r e  of 

tob ramyc in ,  s i s o m i c i n  and n e t i l m i c i n  d i s s o l v e d  in mobile  phase  i s  

shown i n  F i g .  1. The r e t e n t i o n  t i m e s  f o r  t ob ramyc in ,  s i s o m i c i n  

and n e t i l m i c i n  a r e  9 .0 ,  12 .5  and 1 7 . 0  min,  r e s p e c t i v e l y .  The 

a n t i b i o t i c s  a r e  w e l l - r e s o l v e d  c h r o m a t o g r a p h i c a l l y .  F i g u r e  2 shows 

chromatograms o b t a i n e d  from t h e  a n t i b i o t i c s - s p i k e d  se rum w i t h o u t  

and w i t h  a c o u n t e r - i o n .  The chromatogram o b t a i n e d  from t h e  

s u p e r n a t a n t  o f  m e t h a n o l - t r e a t e d  se rum gave d i f f e r e n t  r e s u l t s  f rom 

t h a t  o b t a i n e d  from t h e  s t a n d a r d  m i x t u r e  of  a n t i b i o t i c s .  The 

s o l u t i o n  of m e t h a n o l - t r e a t e d  serum c o n t a i n i n g  t h e  c o u n t e r - i o n  

r e a g e n t  r e s u l t e d  i n  a chromatogram t h a t  was v i r t u a l l y  i d e n t i c a l  

w i t h  t h e  chromatogram o b t a i n e d  from t h e  s t a n d a r d  m i x t u r e .  F i g u r e  
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Figure 1. Chromatogram of standard mixture. 
l.tobramycin, 2.sisomicin, 3.netilmicin. 

3 shows typical chromatograms obtained from tobramycin-free serum 

that was treated with the methanol and from patient serum 

containing tobramycin that was treated with the methanol solution 

of internal standard. The tobramycin-free serum showed no peaks 

that would interfere with the determination of tobramycin. Linear 

regression analysis o f  the calibration curve of tobramycin(l.85 

-14.83 pg/ml) yielded the equation, Y=O.lOlX - 0.057(r=1.000). 

The peak height ratios(Y) were related to serum tobramycin 

concentration (X) with high linearity. Those of the calibration 

curve of sisomicin(l.66- 13.33 pg/ml) and netilmicin(1.63-13.06 

pg/ml) were Y=O.I36X + 0.002(r=0.999), and Y=O.lOOX + 0.003(r=0.993), 

respectively. The limit of detection for these antibiotics is 0.3 
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1 

10  20 
min  

F i g u r e  2 .  Chromatograms of a n t i b i o t i c s - s p i k e d  s e r u m  ( A ) : w i t h o u t  
and ( B )  : w i t h  a c o u n t e r - i o n .  
l . t o b r a m y c i n ,  Z . s i s o m i c i n ,  3 . n e t i l m i c i n .  

pg/ml.  T h i s  s e n s i t i v i t y  i s  h i g h  enough f o r  r o u t i n e  c l i n i c a l  

pu rposes .  I n  o r d e r  t o  e s t i m a t e  t h e  a n a l y t i c a l  r e c o v e r y ,  an 

aqueous s o l u t i o n  o f  tobrarnycin ( 5 . 5  pg /ml )  and a tobramycin-added 

serum ( 5 . 5  pg/ml)  were a n a l y z e d  and t h e i r  peak h e i g h t  r a t i o s  

compared. The r e c o v e r y  was e x c e l l e n t  (97.5-102.5%).  

Within-run and day-to-day p r e c i s i o n  w e r e  d e t e r m i n e d  on t w o  se rum 

p o o l s  c o n t a i n i n g  tob ramyc in  3 .5  pg/ml and 10.3 pg/ml.  A s  Tab le  1 

shows, t h e  c o e f f i c i e n t  o f  w i t h i n - r u n  v a r i a t i o n  was less t h a n  2.2% 

and t h a t  o f  day-to-day v a r i a t i o n  w a s  less t h a n  2 .5%.  
The r e s u l t s  o b t a i n e d  by  t h e  p roposed  method on p a t i e n t  s e r a  

were compared w i t h  t h o s e  by a m i c r o b i o l o g i c a l  a s s a y  and t h o s e  by a 

homogeneous enzyme immunoassay ( F i g .  4 ) .  The c o r r e l a t i o n  

c o e f f i c i e n t s  were 0.956 and 0.988, r e s p e c t i v e l y .  The c o r r e l a t i o n  

between t h e  t h r e e  methods i s  good. 
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Figure 3. Chromatograms of (A):tobramycin-free serum and (B): 
tobramycin-containing patient serum. 
l.tobramycin, 2.sisomicin(internal standard) - 

TABLE 1 

Coefficient of Variation(%) for Analyses of Tobramycin in Serum 

Concent ra t ion( pg/ml) Wi thin-run( n=10) Day -to-day ( n=10) 

3.5 

10.3 

2.2  

2 .0  

2 . 5  

2 . 3  
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A s  we r e p o r t e d  p r e v i o u s l y ,  p r e c i p i t a t i o n  o f  serum p r o t e i n s  

w i t h  methanol  was e s s e n t i a l l y  complete  ( 3 , 5 ) .  The me thano l  

c o n t e n t  i n  t h e  s u p e r n a t a n t  o f  m e t h a n o l - t r e a t e d  serum i s  h i g h e r  

t h a n  t h a t  i n  t h e  m o b i l e  phase  s o l v e n t  and a tob ramyc in  i n  t h e  

s u p e r n a t a n t  c o u l d  n o t  f o r m  a n  i o n - p a i r  w i t h  a c o u n t e r - i o n  i n  t h e  

mob i l e  phase  d u r i n g  s e p a r a t i o n  o n  t h e  column. T h e r e f o r e ,  it i s  

n e c e s s a r y  t h a t  t h e  s u p e r n a t a n t  b e  d i l u t e d  w i t h  t h e  c o u n t e r - i o n  

r e a g e n t  p r i o r  t o  i n j e c t i o n  i n t o  t h e  ch romatograph .  

S i s o m i c i n  s u l f a t e  and n e t i l m i c i n  s u l f a t e  a r e  v e r y  p o o r l y  

s o l u b l e  i n  me thano l ,  b u t  s i s o m i c i n  p e r c h l o r a t e  and n e t i l m i c i n  

p e r c h l o r a t e  a r e  v e r y  s o l u b l e  i n  me thano l .  T h e r e f o r e ,  t h e  me thano l  

s o l u t i o n s  o f  i n t e r n a l  s t a n d a r d  were p r e p a r e d  by d i s s o l v i n g  

s i s o m i c i n  s u l f a t e  and n e t i  l m i c i n  s u l f a t e  w i t h  p e r c h l o r i c  a c i d  and 

d i l u t i n g  w i t h  me thano l .  

Reversed-phase,  i o n - p a i r  chromatography was e f f e c t i v e  in 

e l i m i n a t i n g  t h e  i n t e r f e r e n c e  caused  by  serum components s u c h  a s  

amines ,  amino a c i d s  and small p e p t i d e s  which would form f l u o r e s c e n t  

p r o d u c t s  w i th  t h e  o -ph tha la ldehyde .  Tobramycin,  s i s o m i c i n  and 

n e t i l m i c i n  were s e p a r a t e d  from t h e s e  serum components by  t h e  u s e  

o f  sodium o c t a n e s u l f o n a t e .  Because tob ramyc in ,  s i s o m i c i n  and 

n e t i l m i c i n  have  f i v e  amino g r o u p s ,  t h e i r  i o n - p a i r s  were h e l d  more 

s t r o n g l y  on  t h e  r eve r sed -phase  column t h a n  t h e  i o n - p a i r s  o f  o t h e r  

serum components which h a v e  f ewer  amino g r o u p s .  By t h e  a d d i t i o n  

o f  d i sod iumn 1 , 2 - e t h a n e d i s u l f o n a t e ,  t h e  r e s o l u t i o n  of tob ramyc in  , 
s i s o m i c i n  and n e t i l m i c i n  which have  s u b t l e  m o l e c u l a r  d i f f e r e n c e s  
c o u l d  be  i n c r e a s e d .  The r e t e n t i o n  times f o r  t o b r a m y c i n ,  

s i s o m i c i n ,  n e t i l m i c i n  and t h e s e  components c o u l d  a lso b e  

s h o r t e n e d .  

The method d e s c r i b e d  h e r e  s i m p l i f i e s  t h e  sample p r e t r e a t m e n t  

g r e a t l y  by a v o i d i n g  t e d i o u s  s t e p s  such a s  s o l v e n t  o r  column 

e x t r a c t i o n ,  and r e d u c e s  t h e  a n a l y s i s  t i m e  s i g n i f i c a n t l y .  The 

method i s  s e n s i t i v e  and a c c u r a t e .  Each a n a l y s i s  r e q u i r e s  o n l y  20 

p l  o f  serum, and t h e  r e s u l t  c a n  b e  o b t a i n e d  i n  less t h a n  15 min 

f o r  t h e  tob ramyc in .  
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This method can be used for pharmacokinetic studies and f o r  

routine therapeutic monitoring of pediatric patients, 
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