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A B S T R A C T  

A reversed-phase high-performance liquid chromatograplaie (HPLC) method has been developed for 
tile determination o f  neomycin in pl:~sma and urine. The plasma was dcprotcinatcd with trichloroacctie 
acid and centrifuged. The supcrnatant was mixed with ion-pair concentrate and centrifuged again. Ttic 
resultant supernatant was analyzed by HPLC. Urine was centrifuged to remove debris, if any, mixed with 
ion-pair concentrate and analyzed directly by HPLC. The HPLC conditions consisled of an ion-pairing 
mobile phase, a reversed-phase column, post-column derivatization with o-phthalaldchyde (OPA) reagent 
and fluorescence detection. The overall average recovery of  neomycin was 97 and 113% from plasma 
spiked at 0.25-i .0 itg/ml, using standard curves prepared in plasma extract and in water, respectively, and 
94% for urine spiked at t-10 Itg/ml using a st~mdard curve prepared in w.'ttcr. The method was used to 
detect neomycin in plasma and urine obtained from animals injected intramuscularly with neomycin. 
Various pharmacokinetic paramcters of  neomycin were also determined fi'om its profile of  plasma concen- 
tration vt.rxus time. 

INTRODUCTION 

Neomycin,  an aminoglycoside,  is classified as a broad-spectrum antibiotic be- 
cause it inhibits the growth of  both Gram-positive and Gram-negative bacteria 
[1]. Like other aminoglycosides,  neomycin has a narrow therapeutic range and i s  
toxic to both the auditory branch of  the eight cranial nerve [2] and nephrons of  
the kidney [3] when given parenteraily. 

Ziv and Sulman [4] studied comparative pharmacokinetics of  neomycin in 
lactating animals and determined neomycin concentrations in blood and milk. 
Distribution and pharmacokinetic studies of  neomycin in calves have also been 
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reported [5,6]. Microbio logica l  assay me t hods  were used in these studies; how- 
ever, they have been character ized as l ack ing  accuracy  and  specificity. In  view o f  
neomyc in ' s  na r row therapeut ic  range and  toxicity,  an accurate  me thod  for m o n -  
i tor ing it in b lood  is necessary to achieve best  therapy.  

Liquid  c h r o m a t o g r a p h y  (LC) has  been increas ingly  used to de te rmine  ant i -  
biotics, inc lud ing  aminoglycos ides ,  in biological  fluids [7]. The  ma jo r i ty  o f  L C  
work  on aminoglycos ides  has  been concerned  with gen tamic in  in serum or plas- 
ma [8-12]. Recent ly  K u b o  et  al. [13,14] repor ted the de t e rmina t ion  of  s t rep tomy-  
cin in serum by reversed-phase ion-pai r ing  LC and  fluorescence detection.  Previ- 
ously, Sha ikh  and  co-workers  [15,16] repor ted the deve lopment  o f  an LC 
procedure  for neomyc in  in an ima l  tissues and  milk.  This  paper  describes an  ex- 
tension of  this procedure  for the de t e rmine t ion  o f  neomyc in  concen t ra t ions  in 
p lasma and  urine. 

E X P E R I M E N T A L  

A p p a r a t  us  

The LC system consisted o f  a Wate rs  Assoc. (Mil ford ,  M A ,  USA)  Mode l  
6000A solvent  delivery system, Mode l  730 system control ler ,  Mode l  721 da ta  
modu le  and  Mode l  712 WISP  au tosample r ,  and  a Pe rk in -E lmer  (Norwalk ,  CT,  
USA) Mode l  LS-4 fluorescence detector  set at 340 n m  (excitat ion) and  455 n m  
(emission).  Slits were set at 10 n m  for bo th  exci ta t ion and  emission.  Detec tor  
sensitivity was general ly  set at 8 and  var ied when  required.  

The  LC and  guard  co lumns  used were as follows: a 15 cm x 4.6 m m  I.D. 
Supelcosil  LC-8-DB co lumn,  5 p m  part icle  size, and  a 2 cm x 4.6 m m  I.D. 
LC-8-DB Supe lguard  guard  co lumn,  5 p m  part ic le  size (Supelco, Bellefonte,  PA,  
USA).  Both the ana ly t ica l  and  guard  colin,  ms were placed in a c o l u m n  heater  
(Fia t ron,  Mi lwaukee ,  WI,  USA) set at 32.5"C. 

The  pos t -co lumn reaction system was a Mode l  U RS 051 with react ion coil at 
room tempera ture  or P C R  520 with a Spectrof low 400 p u m p  and  react:~on coil 
t empera ture  set at 33"C (Appl ied  Biosystems,  Ramsey ,  N J, USA).  Use o f  temper-  
a ture  control  with a react ion coil is preferred,  par t icu la r ly  where  l abora to ry  tem- 
pera ture  is var iable .  

All cent r i fugat ions  were carr ied out  at 3600 g for 30 mln,  except where  noted ,  
in an  IEC Mode l  DPR-6000  ( D a m o n / I E C  Divis ion,  N e e d h a m  Heights ,  M A ,  
USA) with rotor  No.  269, set at 4"C, and  po lypropy lene  centr i fuge tubes wi th  
plug-type screw caps (Corn ing  Glass  Works ,  Corn ing ,  NY,  USA).  All  t ransfers  
and  di lu t ions  t h roughou t  the s tudy were m a d e  wi th  E p p e n d o r f  digital  pipettes.  

Use of  an ERC-3510  degasser  with three por ts  ( E R M A  Optical  Works ,  King-  
ston, M A ,  USA)  t h r o u g h o u t  the s tudy e l imina ted  the need to degas the mob i l e  
phase by v a c u u m  a n d / o r  u l t rasonica t ion .  



H P L C  O F  N E O M Y C I N  191 

Reagents 
Glass-distilled organic solvents (Burdick & Jackson Labs., Muskegon,  MI, 

USA) and distilled, deionized water were used throughout  the study. Except 
where noted, chemicals were reagent grade. 

The post-column derivatization reagent was a commercial ly  available 
o-phthalaldehyde (OPA) reagent solution (Pierce, Rockford, IL, USA). 

The mobile phase consisted of 0.011 M 1-pentanesulfonate prepared from the 
anhydrous  sodium salt, H P L C  grade (Aldrich, Milwaukee,  WI, USA), 0.056 M 
sodium sulfate, prepared from granular  NazSO4, reagent grade (Mall inckrodt ,  
St. Louis, MO, USA), 0.007 M acetic acid and 1.5% methanol .  The mobile phase 
was filtered through a 0.45-Ftm Millipore filter. 

Standard solutions were prepared by drying neomycin sulfate (U.S. Pharma-  
copeial Convention,  Rockville, MD,  USA) 3 h at about  5 m m H g  pressure (0.69 
KPa)  at 60°C, capping the bottle and placing it in a desiccator to cool; then 10-20 
mg were weighed, transferred to a polypropylene tube and dissolved in water to 
give a stock solution of 1000/tg/ml as neomycin free base. Portions of the stock 
solution were further transferred to polypropylene volumetric flasks and diluted 
with water to give s tandard solutions of  100, 50 and 10 lLg/ml or as appropriate.  
All solutions were refrigerated until used. Neomycin referred in this paper de- 
notes to neomycin B. 

A ten times concentrated solution of ion-pair  reagent used in the mobile  phase 
(IPC) was prepared to contain 0.11 M l-pentanesulfonic acid sodium salt and 
0.07 M acetic acid, filtered through a 0.45-ltrn Mill ipore filter and refrigerated 
until used. 

A fresh 20% solution of  trichloroacetic acid (TCA) was prepared every three 
months.  Recently we have switched to a 30% solution, since it provided clear 
samples over a long period before LC analysis. 

Animal experiments 
Five Hereford Angus or Angus steers, about  ten to eleven months  old, were 

used in the experiment. On arrival, animals  were mainta ined on pasture and grain 
and were proviced water ad libitum. During dosing and bleeding periods, they 
were housed in pens and fed a diet of  hay and grain. 

Neomycin  sulfate powder was reconstituted with sterile saIine solution to a 
concentrat ion of  300 or 350 T__-.g/ml. 

Two animals  were given in t ramuscular  injections at a dose level of  22 mg/kg 
(concentration 300 mg/ml) deep into the gluteal muscles of  both the right and left 
hind legs (9.5 ml each). Three animals  were similarly injected with 11 mg/kg 
(concentration 350 mg/ml)  into the left or right hind leg. Blood samples were 
colIected into 50-ml polypropylene tubes containing 7.5 ml of  ant icoagulant  (ci- 
trate dextrose solution) at the following times: 0 (control, just  prior to treatment), 
10, 20, 30, 60, I20, 240, 360, 480 and 1440 rain after dosing. Each o f the  tubes was 
capped, mixed by vortexing and centrifuged at 4"C. The plasma was removed and 
stored at - 2 0 ° C  until it was assayed for neomycin.  
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Blood  samples  collected f rom an ima l s  dosed at 10 mg/kg  were centr i fuged at 
2000 g for 15 min  and t hose  f rom an ima l s  dosed at 5 mg /kg  were centr i fuged at 
3600 g for 20 rain. The cent r i fugat ion  at bo th  speeds was sat isfactory.  Af ter  the 
s laughter  o f  the an imals ,  ur ine was also d r a w n  f rom the b ladder  and  kept  frozen 
at - 2 0 ° C  until  analyzed.  

Sample preparation and deprotehlation 
A l-ml  por t ion  of  p la sma  was t ransfer red  to a 15-ml po lypropy lene  centr i fuge 

tube, and  100 ill o f  20°A, T C A  (current ly 30% T C A  is be ing used) were added.  
After  mix ing  by vortexing,  the sample  was centr i fuged at 4"C at 3600 g for 30 
min.  A 450-Itl por t ion  o f  supe rna t an t  was t ranserred to ano the r  tube,  and  50 ~tl o f  
IPC were added.  After  mix ing  by vortexing,  the sample  was centr i fuged aga in  as 
above.  A por t ion  o f  the supe rna t an t  was careful ly  t ransferred  to a plast ic  insert  
placed in a vial for WISP.  The  vial  was capped  and placed in a W I S P  tray for 
injection into the LC column.  I f  the sample  was stored for several hours  or 
overnight  before LC analysis ,  it became  c loudy  and  required add i t iona l  centr ifu-  
gation.  This  p rob lem was e l imina ted  by using 30% T C A  for depro te ina t ion .  

A por t ion  of  urine was centr i fuged at 4"C and  3600 g for 30 min.  A 180-1tl 
por t ion  of  supe rna tan t  was t ransferred  to a plast ic insert  and  placed in a sample  
vial for WISP,  and  20 Fll o f  IPC were added.  The  vial was capped,  mixed  by 
vortcxing and  placed in a W I S P  tray for inject ion into the LC co lumn.  

Preparation o f  plasma samples.]br use in staodard curve 
A 5-ml por t ion  o f  p la sma  was t ransfer red  to a 15-ml po lypropy lene  tube,  and  

0.5 ml o f  20% T C A  (current ly replaced by 30%)  was added.  The  sample  was 
mixed by vor texing and  then centr i fuged at 3600 g for 30 rain. Supe rna t an t  was 
used to m a k e  di lu t ions  for p repa ra t ion  of  the s t andard  curve. 

Standard curves 
(a) F r o m  the 10 ltg/ml s t andard  neomyc in  solution,  por t ions  o f  I20, 90, 60 and  

30 ~L1 were t ransferred to 15-ml po lyp ropy lene  tubes and  di lu ted  to 1.0 ml with 
appropr ia te  amoun t s  o f  water  to give concen t ra t ion  levels o f  1.2, 0.9, 0.6 and  0.3 
itg/ml, respectively.  (b) F r o m  the 100 teg/ml s t andard  neomyc in  solut ion,  por t ions  
o f  200, 100 and 50 Id were t ransfer red  to 15-ml po lypropy lene  tubes and  di luted 
to 1.0 ml with water  to give concen t ra t ion  levels o f  20, I0 and  5 l tg/ml,  respec- 
tively. (c) A s tandard  curve o f  neomyc in  in p l a sma  was prepared  as in (a) above 
except that  the di lu t ions  were m a d e  with depro te ina ted  p lasma.  Other  s t anda rd  
solut ions were prepared  as appropr ia te .  

A 180-ltl por t ion  o f  each o f  the s t anda rd  solut ions f rom (a) and  (b) above  was 
t ransferred to W I S P  vial inserts,  and  20 ttl o f  IPC were added  to each.  The  vials 
were capped,  mixed by  vor texing and  placed into the W I S P  tray for inj,zction into 
the LC column.  A 450-~zl por t ion  o f  each of  the solut ions f rom (c) above  was 
t ransferred  to a 15-ml tube.  and  50 tel o f  IPC were added  t~  each tube. Af ter  
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mixing by vortexing,  the  samples  were centr ifuged.  A por t ion  o f  the s u p e r n a t a n t  
was t rans fe r red  to a W I S P  insert  for  injection into the LC colun-m. 

Preparat ion oJ" samples . /br  reco vet  j, o f  neono,  chl 
F r o m  the 10 Itg/ml s t a n d a r d  solut ion o f  neomycin ,  por t ions  o f  100, 50 and 25 

ltl were t rans fe r red  to 15-ml po lypropy lene  tubes. A p p r o p r i a t e  por t ions  of  plas- 
ma  were added  to give a total  vo lume o f  1.0 ml and  fort i f icat ion levels o f  1, 0.5 
and  0.25 Itg/ml, respectively.  The  samples  were mixed by vor texing,  100 ltl o f  2 0 %  
T C A  were added  and  sample  p r e p a r a t i o n  and  deproteinat io,a  were carr ied out  as 
described above .  

F r o m  the 100 llg/ml s t a n d a r d  solut ion o f  neomycin ,  por t ions  o f  I0, 50 and  100 
Ill were t rans fe r red  to 15-ml po lypropy lene  tubes con ta in ing  1.0 ml ot" ur ine each 
to give fort i f icat ion levels o f  1, 5 and  10 itg/ml. The  samples  were mixed by 
vor texing and  p repa red  for h igh -pe r fo rmance  liquid c h r o m a t o g r a p h i c  ( H P L C )  
analysis  as described above .  

RESULTS 

Figs.  1 and  2 show typical  liquid c h r o m a t o g r a m s  o f  neomycin  s t andard ,  

(a) 

! I 
10 20 

(b) (c) 
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Fig. i. HPLC of (a) neomycin standard (0.6 Itg/ml). (b) control plasma and (c) neon,y..:,.'~-spiked plasma 
(0.6 itg/ml). Injection volume, 25 Id; detector z:nsitivity setting, 8. 
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Fig. 2. H P L C  of  (a) neomycin s tandard  ( I .0  Hg/ml), (b) control  urine and (c) neomycin-spiked urine (I 
Hg/ml). Injection volume,  30 /d :  detector  sensitivity setting, 6. 

spiked plasma and urine, respectively, together with their respective controls. The 
neomycin peak is well separated from plasma or urine background peaks. Cali- 
bration curves for plasma samples covering concentration levels of 0.3, 0.6, 0.9 
and 1.2 ltg/ml Were prepared in both plasma extracts and water. They were found 
to be linear (correlation coelficients, 0.981 and 0.999, respectively). A calibration 
curve covering higher concentration levels of 5, 10 and 20 iLg/ml were prepared in 
water and found to be linear (correlation coefficient, 0.999). The samples were 

T A B L E  I 

R E C O V E R Y  O F  IxlECJMYCIN F R O M  F O R T I F I E D  P L A S M A  

Added Recovery (mean 4- C.V., n = 3) (%)  calculated f rom s tandard  curve 
(ltg/ml) 

Prepared in p lasma Prepared  in water  

0.25 105 4- 11.5 133 4- 9.1 
0.5 96 4- 0.0 I09 4- 0.3 
1.0 91 4- 4 98 4- 3.9 
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TABLE 11 

RECOVERIES OF NEOMYCIN FROM URINE 

Added Recovery 
(l~g/ml) (mean 4- C.V., , =  3) (%) 

1 7 5  4- 4.2 
5 104 4- 13.2 

10 104 4- i0.7 
Incurred urine 1.7 4- 6.8 itg/ml 
(nine days after dosing) 

analyzed by using either s tandard curves or s tandards interspersed with samples. 
The recoveries of  neomycin from plasma at fortification levels of  0.25, 0.5 and 1.0 
pg/ml using s tandard curves prepared with plasma extract and water are given in 
Table I. The recoveries of  neomycin using both s tandard curves appears to be 
reasonable at all levels except the 0.25 #g/ml spike; higher recovery is obtained by 
using a s tandard curve prepared in water. The increased recovery was perhaps 

(a) (b) 

l I 

I I ' 

J 

1 
(c) 

I I 
1o 2o ~ l o  2'o 6 l o  20 

TU~E ( ~ N )  

Fig. 3. HPLC of (a) control plasma, (b) neomycin-incurred plasma (8-h withdrawal) and (c) neomyc:n- 
incurred urine. Injection volume, 5 ~1 for both plasma and urine samples. Detector sensitivity setting 2 and 
6 for plasma and urine samples, respectively. 
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due to contr ibut ions of  endogenous compounds  in plasma,  which are, however, 
nullified when recoveries are calculated from the s tandard curve prepared in 
plasma extract. Therefore, neomycin determinat ions from incurred plasma sam- 
ples may be slightly elevated at or below 0.25 ltg/ml levels, when calculated from 
the s tandard curve prepared in water. The correlation coefficient of  recovered 
neomycin (using the s tandard curve prepared in water) from plasma samples 
supplemented before TCA deproteinat ion was calculated to be 0.922, an indica- 
tion of  linear relationship, even though the recovery at 0.25-ppm level was high. 

Table  II shows recoveries of neomycin from urine at I, 5 and 10 llg/ml using 
the s tandard curve prepared in water. No at tempts were made to determine re- 
coveries at concentrat ions lower than 1 ltg/ml. Table  II also shows the concentra- 
tion of neomycin (1.7 ttg/ml) in urine from the bladder  of  a steer killed nine days 
after neomycin adminis t ra t ion (11 mg/kg). No neomycin was detected in the 
urine of  steers killed 14 or 23 days after neomycin adminis trat ion.  No urine was 
collected from steers killed one and five days after neomycin adminis t ra t ion.  

Fig. 3 shows typical LC profiles of  incurred urine and plasma samples. Detec- 
tor se,asitivity and injection volumes were reduced for analysis of  p lasma samples 
containing higher concentrations of  neomycin.  Standard curves covering concen- 
tration levels of  5, 10 and 20 ltg/ml or other appropriate  levels were prepared in 
water and used to calculate incurred neomycin in all p lasma s?..m__p!es. 

Analysis  o f / b u r  s tandard curves, concentrat ion range 5-20 zeg/ml, prepared 
over eight days to quanti tate  incurred plasma samples indicated that the average 

~ 0 0 . 0  

t O . O  

2 . 0 '  

I 
m 

m 

o . r~,. . . . .  
0 "-% °°-.°°.. 

" - ~ .  "°.° .°... ,°..°. 

0 . ~  i I I ! 1 
0 S l O  i S  2 0  2' : I  

H O U R S  

Fig. 4. Neomycin plasma concentration following intramuscular administration to calves. Dose level: (I--1) 
22 mg/kg (.--2); ( 0 )  II mg/kg ( .~3 ) .  
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T A B L E  I I I  

P H A R M A C O K I N E T I C  P A R A M E T E R S  O F  N E O M Y C I N  F O L L O W I N G  I N T R A M U S C U L A R  A D -  
M I N I S T R A T I O N  T O  C A L V E S  

P a r a m e t e r "  D o s e  ( m g / k g )  

22 22 ! I  11 I I  

Cm~ ~ (/~g/ml) 15.6 15.9 7.8 17.2 22.4 
t ,  (h)  1 I 2 0 .50 0.51) 
A U C  (ttg/h/ml) 159.17 i 50.94 90.81 59.88 76.66 
A U C / d o s e  ( h / k g / I  ) 7.24 6.86 8.26 5.44 6.97 
tl/., (h) 8.84 4.39 7.27 5.70 5.05 
M R T  (h) r 11.23 7.54 11.18 4 .97 4.68 
C l / F ( t / b / k g )  0.1382 0.1458 0.1211 0.1837 0.1435 
Vd,,~a/F ( l /kg)  1.76 0.92 t .27 1.51 1.04 

" Cma ~ -- m a x i m u m  p l a s m a  c o n c e n t r a t i o n :  t o = t ime  a t  p e a k  p l a s m a  c o n c e n t r a t i o n ;  A U C  ---- a r e a  t inder  
the  curve :  t j j  2 = e l i m i n a t i o n  half- l i fe ;  M R T  = m e a n  r e s idence  t ime :  Ci = t o t a l  b o d y  clear . 'mee:  I /d = 
v o l u m e  o f  d i s t r i b u t i o n :  F = b i o a v a i l a b i l i t y .  

inter-assay coefficient of  variat ion (C.V.) was 9.8%. The average intra-assay C.V. 
of recovery samples, concentrat ion range 0.25-1.0 llg/ml (Table I), was 4.4%. 

The concentrat ions of  neomycin in plasma samples collected at various time 
intervals from animals  dosed at 22 and 11 mg/kg body weight were measured. 
The plots o f  the log of neomycin p lasma concentrat ion v e r s u s  collection time at 
both dose levels are given in Fig. 4. The pharmacokinet ic  parameters  were deter- 
mined by using a non-compar tmenta l  model  [17] and are listed in Table III. The 
m a x i m u m  plasma concentrat ion occurred at 1 h for the two animals  dosed at 22 
mg/kg, but at 30 min for two animals  dosed at 11 mg/kg. A third animal  (No. 3) 
dosed at 11 mg/mkg  gave a m a x i m u m  plasma concentrat ion at 2 h, which was less 
than ha l f  of  the m a x i m u m  concentrat ion of  the other two dosed similarly. This 
difference could be due to improper  and/or  partial adminis t ra t ion of  the dose 
and/or  variat ions in the rate of  absorpt ion among  the animals.  El iminat ion half- 
life (ti/2) ranged from 4.39 to 8.84 h, a l though it was similar for the two animals  
(Nos. 4 and 5) dosed at 11 mg/kg (5.70 and 5.05 h). 

D I S C U S S I O N  

A rapid, accurate and sensitive method for the detection of  neomycin in plas- 
ma and  urine has been developed. LC condit ions reported for detection of  neo- 
mycin in tissues [15] or milk [I 6] were used for its detection in plasma and urine'  
TCA was selected for deproteination,  since other techniques were not satisfacto- 
ry. Heat  t reatment  used to deproteinate tissue extracts [15] caused the p lasma to 
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solidify. Deproteination with acetonitrile, although satisfactory, caused organic 
phase to separate after IPC was added and was therefore abandoned.  Urine 
samples required no pretreatment, except centrifugation to remove any debris, 
and were analyzed directly by LC after IPC was added. The differences in the 
values of  pharmacokinetic parameters among animals is probably due to th~ 
variability in absorption from the intramuscular injection sites. More detailed 
and systematic studies of  neomycin by intravenous, intramuscular and oral ad- 
ministration to calves are in progress and will be reported in the future. 
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