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AN ISOCRATIC HPLC METHOD FOR THE DETERMINATION OF 
CEPHALOSPORINS IN PLASMA 

Gloria Nygard and S.K. Wahba Khalil 

Pharma cokine ti c Drug Analysis Labor at ory , 
Veterans Administration Medical Center, 

College of Pharmacy, North Dakota State University, and 

Pargo, North Dakota 

ABSTRACT 

An isocratic reversed-phase liquid chromatographic method for 
the determination of eight cephalosporins in human plasma using W 
detection at 254 nm is described. Plasma proteins were 
precipitated using acetonitrile prior to injection of a 10 pl 
aliquot onto an octadecylsilane column. The mobile phases 
consisted of 6-11% acetonitrile in sodium dihydrogen phosphate 
(0.01M). The minimum detectable limit for each drug was less than 
1 pglml of plasma. Possible interference from other drugs which 
might be administered concurrently is discussed. The 
reproducibility and precision of the method for cephalosporin 
assay are shown from the analysis of plasma containing 5-500pglml 
of plasma. The chromatographic behavior of the eight 
cephalosporins was examined by varying mobile phase conditions. 

INTRODUCTION 

Cephalosporins are a family of antibiotics commonly used for  

the treatment of infections caused by gram-positive cocci and 

gram-negative bacilli. Toxicities from cephalosporin therapy have 

been documented in cases of renal impairment (1,2) and during 

combination therapy with aminoglycosides (3) .  Monitoring of serum 
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1462 NYGARD AND WAHBA KHALIL 

concentrations of the cephalosporins ensures adequate drug levels 

for treatment of infections while avoiding potentially toxic 

concentrations ( 4 ) .  

Quantitative analyses for cephalosporins in human serum have 

routinely been done by microbiological assay methods which are 

subject to interference from other antibiotics commonly used in 

combination therapy. These assay interferences can be avoided by 

the use of high performance liquid chromatography (HPLC). A 

number of recent publications have described HPLC methods for as- 

saying cephalosporins in plasma or serum ( 5 - 2 3 ) .  Two review 

articles discussing the methods of analysis of antibiotics 

including cephalosporins have recently appeared ( 2 4 - 2 5 ) .  Many of 

these published methods suffer certain limitations including 1) 

the use of a lengthy extraction procedure, 2) the lack of an 

internal standard, 3 )  the need for ion-pairing reagents, 4 )  the 

use of protein precipitation reagents which can cause 

co-precipitation or degradation of the drugs or are toxic, and 5 )  

the inclusion of limited information on the retention times of 

other drugs. 

The present study was undertaken to meet the need for a 

single, simple HPLC method t o  monitor several commonly used 

cephalosporins without interference from other antibiotics. The 

drugs studied (cefamandole, cefazolin, cefonicid, cefoperazone, 

cefotaxime, cefoxitin, cephalothin and cephapirin) represent the 

three generations of cephalosporins and includes a recently 
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CEPHALOSPORINS IN PLASMA 1463 

released product. The method is simple and rapid, requiring only 

precipitation of proteins with acetonitrile and injection of an 

aliquot of the supernatant into the chromatograph. The 

chromatographic behavior of these eight cephalosporins was studied 

using an octadecylsilane column with combinations of phosphate or 

acetate buffer and acetonitrile or methanol as mobile phases. The 

method is applicable to the direct determination of plasma levels 

in the presence of one or more of several drugs which might be 

prescribed concurrently. The applicability of the method has been 

demonstrated by the analysis of serum or plasma from patients 

receiving cephalosporins. 

MATERIALS AND METHODS 

Instrumentation 

A Hewlett-Packard Model 1084B liquid chromatograph with a 

variable wavelength W detector and autoinjector was equipped with 

an Ultrasphere-ODS (Beckman Instruments) column, 150 nrm long and 

4.6 mm i.d. The degassed mobile phase was pumped through the 

column at 2.0 ml/min using isocratic conditions. The column 

compartment was maintained at 45OC, and the detector was set at a 

wavelength of 254 nm. 

Chemicals and Reapents 

Reagent grade sodium dihydrogen phosphate, sodium acetate and 

acetic acid were used. HPLC grade methanol and acetonitrile were 

obtained from Fisher Scientific Co. Cefamandole nafate (Mandol , 

Eli Lilly and Co.), cefazolin sodium (AncefR, Smith Kline and 
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1464 NYGARD AND WAHBA KHALIL 

R French Labs), cefotaxime sodium (Claforan , Hoechst-Roussel 

Pharmaceuticals, Inc.), cefoxitin sodium (Mefoxin , Merck, Sharp 

and Dohme), cephalothin sodium (KeflinR, Eli Lilly and Co.) and 

sodium cephapirin (Bristol Laboratories were obtained 

commercially. Cefonicid sodium (Smith Kline and French Labs) and 

cefoperazone sodium (Pfizer Pharmaceuticals) were obtained 

courtesy the manufacturers. 

Drug Solutions 

R 

The powdered drugs were reconstituted to an equivalent of 100 

mg/ml water, and aliquots of these solutions were stored frozen 

for up to one month. Working dilutions of 0.25, 1.0 and 10.0 

mg/ml water were prepared daily from the frozen aliquots for each 

drug - 
Internal Standard Solution 

A solution of 1.25 mg cephapiridml water was prepared and 

then diluted with acetonitrile to a final concentration of 50 

pg /ml . 
Mobile Phases 

Sodium dihydrogen phosphate, 0.01M, was prepared in deionized 

distilled water. The pH was not adjusted. Sodium acetate, 0.01M, 

was prepared in deionized distilled water, and the pH was adjusted 

to 4.0 with acetic acid. The mobile phases were mixtures of a 

buffer with methanol or acetonitrile. 

Sample Preparation 

To 0.5 ml of plasma in a 10x75 mm pyrex tube were added an 

aliquot (2.5 to 5 0 ~ 1 )  of a drug working solution and 1.0 ml of 
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CEPHALOSPORINS IN PLASMA 1465 

acetonitrile containing the internal standard. The tubes were 

vortexed €or 10 seconds and centrifuged for 10 minutes at 1500xg. 

An aliquot of the supernatant was transferred to a polypropylene 

microvial (P. Weidmann & Co. ,  Romanshorn, Switzerland) before 

injection of lop1 into the chromatograph. 

Quantitation 

A standard curve was constructed for each drug utilizing three 

replicates simulating concentrations of drugs from 5 to 500 pg/ml 

of plasma. The mobile phases used were phosphate buffer 

containing the following percentages of acetonitrile: cefonicid, 

6%; cefazolin, cefotaxime and cefoxitin, 7.5%; and cefamandole, 

cefoperazone and cephalothin, 11%. The chromatograms were 

recorded at a chart speed of 5 mmfmin. The peak heights were 

measured and the ratios (drug/internal standard) were calculated 

and plotted versus concentration expressed as micrograms per 

milliliter of plasma. 

Patient Samples 

Plasma or serum samples from patients receiving cephalosporin 

therapy were analyzed in duplicate using the same procedure. The 

amount of drug in patient samples was calculated by comparison 

with a standard curve prepared daily. 

Interferences 

The possible interference of normal plasma constituents was 

tested by the analysis of blank plasma samples. The interference 

of other drugs was tested by direct injection of aqueous or 

methanolic drug solutions. 
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1466 NYGARD AND WAHBA m I L  

Recovery 

The recovery of each cephalosporin from spiked plasma was 

compared with t h a t  from water .  

RESULTS AND DISCUSSION 

Depro te in i za t ion  of plasma samples with a c e t o n i t r i l e  

containing i n t e r n a l  s tandard i s  a simple and r a p i d  means of 

preparing the  samples f o r  HPLC. Monitoring t h e  e f f l u e n t  a t  254 m 

a f fo rded  good s e n s i t i v i t y  s ince  cephalosporins  e x h i b i t  app rec i ab le  

absorbance a t  t h i s  wavelength. S l i g h t l y  increased s e n s i t i v i t y  

might be obtained by using the  maximum absorbance wavelength 

ci\max) f o r  each drug (Table 1). 

The chromatographic condi t ions used were chosen a f t e r  

comparison of two b u f f e r s  and two o rgan ic  mod i f i e r s  a s  t h e  mobile 

phases on an oc tadecy l s i l ane  reversed-phase column. The bu f fe r s  

t e s t e d  were sodium a c e t a t e  (O.OlM, pH4) and sodium dihydrogen 

phosphate (0.01M). The pH of t h e  phosphate s o l u t i o n  was not  

ad jus t ed ,  but was found t o  be 4.7. Methanol and a c e t o n i t r i l e  were 

a l s o  compared f o r  use i n  t h e  mobile phase. The chromatographic 

behavior of t h e  e i g h t  cephalosporins  was examined and showed t h a t  

both t h e  magnitude and r e l a t i v e  o rde r  of t h e  capac i ty  f a c t o r s  of 

t h e  compounds t e s t e d  are e f f e c t e d  d rama t i ca l ly  by t h e  change from 

a c e t a t e  t o  phosphate bu f fe r ,  by the  change from methanol t o  ace t -  

o n i t r i l e ,  and by even a small  change i n  percent  of organic  

modif ier  (Tables 2a and 2b). The use of phosphate b u f f e r  and 

a c e t o n i t r i l e  both con t r ibu ted  t o  improved r e s o l u t i o n  of t h e  
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CEPHALOSPORINS IN PLASMA 1467 

TABLE 1. MAXIMUM ABSORBANCE WAVELENGTHS 

- DRUG Amax". nm 

Cefamandole 26 5 

Cef a z o l i n  27 6 

C e f o n i  c i d 27 0 

Cef operazone 23 2 

Cefotaxime 23 8 

Cef o x i t  i n  239 

Cephalothin 240 

Cephapirin 26 4 

* U l t r a v i o l e t  spectrum of each compound scanned by 
stop-flow method during chromatography. The mobile 
phase cons i s t ed  of 0.01M NaH2P04 and a c e t o n i t r i l e .  

cephalosporins ,  but complete s e p a r a t i o n  of a l l  e i g h t  compounds 

s imultaneously was no t  obtained even with t h e  use of g r a d i e n t  

a n a l y s i s .  The cephalosporins  would normally no t  be used 

concur ren t ly  with each o t h e r  f o r  therapy so p a t i e n t  samples would 

no t  be expected t o  have i n t e r f e r e n c e  among t h e  cephalosporins .  A l l  

chromatograms were t h e r e f o r e  run i s o c r a t i c a l l y  using phosphate 

b u f f e r  and with t h e  percent  a c e t o n i t r i l e  chosen t o  provide 

convenient a n a l y s i s  time f o r  a s i n g l e  drug and i n t e r n a l  s t anda rd  

(K between 2 and 10). E l u t i o n  with only 6% a c e t o n i t r i l e  i n  

phosphate bu f fe r  was used t o  r e s o l v e  ce fon ic id  from t h e  normal 

plasma c o n s t i t u e n t s .  The o t h e r  cephalosporins  w e r e  e l u t e d  a t  

h ighe r  percent  a c e t o n i t r i l e  t o  reduce a n a l y s i s  t i m e .  Maintaining 
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1468 NYGARD AND WAHBA KHALIL 

TABLE 2a. VARIATION OF CAPACITY FACTOR (K) 
WITH MOBILE PHASE CHANGE 

COMPOUND NaHzP04, 0.01M 

+5% +lo% +15% +lo% +15% + 20% 
CH3CN CH3CN CH3CN CH30H CH30H CH30H 

Cefonicid 4.08 

Cefox i t in  12.97 

Cefotaxime 15.85 

Cefazol in  16.42 

Cephapirin 17.63 

Cefamandole >25 

Cefoperazone >25 

Cephalothin >25 

1.08 0.57 

4.23 1.67 

3.03 0.98 

3.17 1.02 

3.73 1.25 

12.42 3.25 

14.42 2.70 

18.25 4.85 

3.32 

11.8 

15.83 

18.42 

> 25 

> 25 

> 25 

> 25 

1.25 

5.32 

5.58 

5.78 

10.75 

20.57 

22.57 

> 25 

0.65 

2.78 

2.40 

2.42 

4.93 

6.15 

8.02 

13.72 

TABLE 2b. VARIATION OF CAPACITY FACTOR (K) < 
CH3COONa, 0.01M, pH4 

+5% +lo% +15% +lo% +15% + 20% 
CH3CN CH3CN CH3CN CH30H CH30H CH 30H 

COMPOUND 

Cefonicid 3.63 1.44 1 .oo 3.45 1.30 0.68 

Cefox i t in  10.38 3 .74  1.92 11.80 5.55 2.87 

Cefotaxime 11.88 2.78 1.41 17.50 6.10 2.57 

Cefazol in  11.55 2.89 1.39 16.63 5.82 2.40 

Cephapirin 5.96 1.88 1.15 7.43 4.20 2.02 

Cefamandole >25 9.06 3.18 > 25 19.37 7.67 

Cefoperazone >25 9.88 2.75 > 25 19 .go 5.73 

Cephalothin >25 13.07 4.64 > 25 > 25 13.42 
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A:o mcg/ml 6: 100 mcg/ml 

1469 

c: PATIENT 

J 
--r--l- -I(( 

0 2.0 4.0 6.0 8.0 0 2.0 4.0 6.0 8.0 
I I I I '  

0 2.0 4.0 6.0 8.0 

RETENTION TIME ( M i d  

Figure I. Typical Chromatograms of Plasma Extracts 

the column at 45OC also contributed to resolution of the 

compounds. No interference from normal plasma constituents was 

observed (Figure la) and several drugs which might be prescribed 

concurrently with cephalosporins were chromatographed. Their 

capacity factors are listed in Table 3 .  

The use of acetonitrile for precipitation of the serum and 

plasma proteins has the advantages of having low toxicity, of 

being the organic modifier in the mobile phase and of resulting in 
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1470 NYGARD AND WAHBA KHALIL 

TABLE 3. CAPACITY FACTORS (K) OF DRUGS WHICH MIGHT BE PRESCRIBED 
CONCURRENTLY WITH THE CEPHALOSPORINS 

COMPOUND 0.01M NaH2P04 

+5% CH3CN +1OX CH3CN +15% CH3CN 

Moxa 1 act am 

Carbenicillin 

Ticarcillin 

Acetaminophen 

Salicylic Acid 

Theophyl line 

Caffeine 

Pennicillin G 

Sulfamethoxazole 

Chlor ampheni co 1 

Piperacillin 

Amikacin 

Chlortetracycline 

C 1 i nd amy c in 

Erythromycin 

Gent amicin 

Naf cillin 

Tetracycline 

Tobramycin 

0.87 & 1.05 
(doublet) 

1.37 

2.92 

4.18 

4.42 

6.92 

9.20 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

0.35 

0.62 

0.36 

0.77 

2.37 

1.15 

4.15 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

0.11 

0.18 

0.16 

0.93 

1.37 

0.88 

1.78 

5.59 

5.95 

11.88 

12.66 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 

> 25 
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CEPHALOSPORINS IN PLASMA 1471 

TABLE 4. PRECISION OF CEPHALOSPORIN ASSAY 

Amount Amount Found, un/ml* 
Added 
un/ml Cefamandole Cefazo l in  Cefonic id  Cefoperazone 

5 6.651.5 

25 25.520.3 

50 5 1.720.6 

7 5  7 5.021.9 

100 9 8.952.3 

200 197.554.0 

3 00 303.626.9 

400 403.826 . 0 
500 495.8211.5 

Corre la -  0.9994 
t i o n  
C o e f f i c i e n t  

T o t a l  N 27 

R2 0.9987 

Y- 
I n t e r c e p t  0.0018 

* Mean 2 Std. dev. 

5.45 1.4 

24.02 1.3 

51.75 0.6 

74.42 2.3 

101.52 3.2 

206.22 3.8 

293.02 5.3 

397.6213.1 

505.62 7.4 

0.9987 

27 

0.9974 

0.0208 

6.7~0.3 

27.420.8 

52.722.2 

7 5-651.2 

97 .151.7 

207.426.3 

302.851.7 

40 4.923.6 

495.758.9 

0.9989 

27 

0.9978 

0.0331 

5 - 9 2  0.7 

25.22 1.0 

50.95 2.1 

74.9% 5.1 

101.7% 2.2 

207.22 4.6 

291.75 7.8 

392.02 4.7 

506.321 1.0 

0.9989 

27 

0.9977 

0.0059 

(cont inued)  

h igh  r e c o v e r i e s  f o r  most of t h e  cephalospor ins .  The pe rcen tage  of 

r e c o v e r i e s  were: cefamandole 96.3%, c e f a z o l i n  89.1%, c e f o n i c i d  

74.7%, cefoperazone 83.3%, cefotaxime 99.1%, c e f o x i t i n  92.4%, and 

cepha lo th in  97.3%. The lower recovery  of some of t h e  drugs  i s  

probably due t o  c o - p r e c i p i t a t i o n  of t h e  drugs  w i t h  p r o t e i n .  
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1472 NYGARD AND WAHBA KHALIL 

TABLE 4. PRECISION OF CEPHALOSPORIN ASSAY (cont inued)  

Amount Amount Found, un/ml* 
Added 
ug/ml Cefotaxime Cefox i t in  Cephalothin 

5 4.32 0 .2  

25 22 .92  3.1 

50 50.72 1 . 8  

7 5  77.22 7.3 

100 102.65  1 .2  

200 203.82 4.8 

3 00 298.95 8.2 

400 399.82  6.5 

500 496.3510.7 

Correla-  0.9995 
t i o n  
Coef f i c i en t  

To ta l  N 27 

R2 0.9990 

Y- 
I n t e r c e p t  -0. O 1 1 5 

* Mean 2 Std. dev. 

5.25  0.4 

26.52 0 . 2  

5 1 . 7 5  0.9 

74.22 2.3 

9 9 . 4 2  2.3 

207 .324.5 

303.156.4 

400.123.9 

496.2+10.2 

0.9990 

27 

0.9980 

0.0225 

5.6+ 0.7 

27.92  2.0 

50 .42  3.1 

76 .02  3 . 4  

98.3% 5.7 

210.4% 8.2 

3 10.651 1.7 

404.951 1.6 

491.75 9.5 

0.9995 

27 

0.9989 

0.0144 

The r a t i o s  of t h e  peak h e i g h t s  of t h e  drugs t o  t h e  peak he igh t  

of t h e  i n t e r n a l  s t anda rd  were ca l cu la t ed .  S t a t i s t i c a l  a n a l y s i s  of 

t h e  d a t a  by l i n e a r  r e g r e s s i o n  i n d i c a t e d  l i n e a r i t y  and 

r e p r o d u c i b i l i t y  t h e  range of 5 t o  500 Pg/ml plasma (Table 4 ) .  

This  range inc ludes  t h e  t h e r a p e u t i c  range. The minimum d e t e c t a b l e  

l i m i t  f o r  t h e  compounds by t h i s  method i s  less than l p g / m l  plasma 

i n  
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CEPHALOSPORINS IN PLASMA 1473 

released product makes it feasible for routine pat 

In addition, the high sensitivity of quantitation 

applicability for pharmacokinetic studies. 

especially well suited to analysis of samples 

(less than 3 ng/lO pl injection). The injection volume was 

maintained at 10 pl because larger volumes resulted in peak 

broadening. 

The method has been applied to the analysis of patient samples 

in our laboratory (Figure lc). Major advantages of this method 

for the analysis of cephalosporins in patient samples are its 

precision, simplicity, sensitivity and rapidity. All the drugs 

are determined from small volumes (0.5 ml or less) of serum or 

plasma with minimal sample preparation. The use of an isocratic 

mobile phase, an internal standard and W detection at 254 m 

contribute to its simplicity. The applicability of the method to 

cephalosporins from all three generations including a recently 

ent monitor 

indicates 

The method 

from patients 

receiving a combination of antibiotics which would preclude the 

use of microbiological assay methods. 
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