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CANINE SERUM AND TISSUES 
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Daniel C. Richardson2, and Arthur L. Aronsonl 

1 Clinical Pharmacology Laboratory 
2Department of Companion Animal Special Species 

School of Veterinary Medicine 
North Carolina State University 
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ABSTRACT 

Cefazo l in  is commonly used  as a p r o p h y l a c t i c  a n t i b i o t i c  i n  
dogs undergoing total h ip  a r throplas ty .  

A s e n s i t i v e  h igh-per formance  l i q u i d  chromatographic method 
was developed for the de termina t ion  of cefazol in  i n  canine serum 
and t i s s u e s .  The t i s s u e s  were t h o s e  i n  c o n t a c t  w i t h  t h e  h i p  
prothesis:  namely, t he  coxofemoral joint  capsule, cancellous bone 
from the acetabulum and bone marrow from the  femoral canal. 

The method invo lved  f i l t r a t i o n  o f  d i l u t e d  serum or t i s s u e  
e x t r a c t e d  w i t h  ethano1:acetonitrile:water (40:10:50) th rough  a 
30,000 molecular weight cu t -o f f  f i l t e r .  S e p a r a t i o n  of c e f a z o l i n  
from other  components w a s  by ion-paired (dcdecanosulfonate) high 
performance l i qu id  chromatography u s i n g  a reversed-phase column 
e l u t e d  w i t h  ace ton i t r i l e /wa te r  s o l u t i o n .  The u l t r a v i o l e t  
abso rbance  o f  t h e  column e f f l u e n t  was moni tored  a t  230 nm. 
Recovery o f  c e f a w l i n  spiked a t  10 pg/ml from s e r u m  was 89.8% wi th  
a c o e f f i c i e n t  of v a r i a t i o n  (CV) o f  5.3% (n=10). Recovery o f  
ce fazo l in  spiked a t  5 pg/ml from t i s s u e  e x t r a c t s  of j o i n t  capsule, 
c a n c e l l o u s  bone and bone marrow was: 93.9%, 98.2% and 104.2% 
r e s p e c t i v e l y ,  w i t h  a CV of  6.7%, 10.2% and 10.6% r e s p e c t i v e l y  
(n=lO). A c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9999 o c c u r r e d  w i t h  
c e f a z o l i n  i n  aqueous  s o l u t i o n  (n=5). The l i m i t  of d e t e c t i o n  for  
cefazol in  w a s  approximately 10 ng/ml of serum or t i s s u e  ex t rac t .  
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2614 TYCZKOWSKA ET AL. 

INTRODUCTION 

Cefazolin is one of the c e p h a l o s p o r i n  B -1actam a n t i b i o t i c s  

commonly used f o r  t h e  t rea tment  of c e r t a i n  in fec t ions  caused by 

gram-positive and -negative b a c t e r i a  (1). 

A s  are a l l  t h e  c e p h o l o s p o r i n s ,  c e f a z o l i n  is produced 

semisynthetically,  with its primary s t r u c t u r e  (Fig. 1) based on 7- 

aminocephalospranic acid. Its use as an in t raopera t ive  a n t i b i o t i c  

i n  orthopedic procedures i n v o l v i n g  p r o s t h e t i c  j o i n t  i m p l a n t s  is 

due  to  its e x c e l l e n t  a n t i s t a p h y l o c o c c a l  a c t i v i t y .  The d o s i n g  

schedule needed to maintain the rapeu t i c  concentrations at t h e  site 

of t h e  i m p l a n t  is n o t  known. T h e r e f o r e ,  a method was d e v i s e d  t o  

measure c e f a z o l i n  i n  c a n i n e  p a t i e n t s  undergoing t o t a l  h i p  

a r throplas ty .  

I n  r e c e n t  y e a r s ,  a c o n s i d e r a b l e  number of HPLC p r o c e d u r e s  

have been r e p o r t e d  f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  

c e p h a l o s p o r i n s  i n  body f l u i d s .  (2 ,  rev iew) .  Among them are a few 

r e p o r t s  concern ing  LC d e t e r m i n a t i o n  o f  c e f a z o l i n  i n  serum and 

plasma (3-5). Analysis of t h i s  a n t i b i o t i c  i n  t i s s u e s  has not been 

r e p o r t e d .  T h i s  p a p e r  d e s c r i b e s  a n  H P L C  method f o r  t h e  

determination of ce fazo l in  i n  serum and from the  t i s s u e s  exposed 

during a t o t a l  h ip  a r thop la s ty  i n  t h e  canine. 

MATERIALS AND METHODS 

Apparatus 

a) Liquid  chromatograph  - Model 590 pump, Model 710B Wisp 

a u t o m a t i c  s ample  i n j e c t o r ,  Model 730 Data Module recorder/ 

i n t e g r a t o r ,  Model 721 System C o n t r o l l e r ,  Model 481 v a r i a b l e  
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CEFAZOLIN IN CANINE SERUM AND TISSUES 2615 

C E FA 20 LI N SOD1 U M 

FIGURE 1. 

wavelength  UV detector, column t e m p e r a t u r e  control a c c e s s o r y  

(Waters Chromatography Division, Milford, MA). 

b) L C  co lumn - B r o w n l e e  P h e n y l  S p h e r i - 5  MPLC a n a l y t i c a l  

c a r t r i d g e ,  4.6 mm i d  X 22 cm long ,  i n  22 cm MPLC h o l d e r  (Sci- 

Con, Winter Park, FL). 

c) Microseparation system - Centricon-30, molecular weight cut- 

off f i l t e r  a t  30,000 Daltons (Amicon Corp, Danvers, MA). 

d) Centrifuge - IEC Centra-7R equipped wi th  an 831 fixed-angle 

rotor ( In te rna t iona l  Equipment Corp., Nesseham Heights, MA). 

e )  U l t r a s o n i c  Bath, Model 450 (E/MC Corp., D i v i s i o n  o f  R A I  

Research). 

Reagents 

a )  S o l v e n t s  - LC g r a d e  ace toni t r i le ,  methanol,  85% phosphor i c  

acid and t r i e l thy lamine  (F isher  S c i e n t i f i c  B., Raleigh, NC). 

b) Ion Pa i r  Reagent - Dodecanesulfonate, 0.5 M solution. (Bodman 

Chemicals, Media, PA). 

c) LC g r a d e  water - Obta ined  f rom Model 1000 Hydro U l t r a p u r e  

Water System (Hydro S e r v i c e s  and Supp l i e s ,  Research T r i a n g l e  

Park,  NC). 
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2616 TYCZKOWSKA ET AL. 

d) Cefazolin Standard - The sodium salt of cefazolin was used as 

the standard.  (Sigma Chemical Co., St .  Louis, MO). Stock 

solutions (1 m g / m l )  were made i n  40% ethanol and stored for  

no longer than 2-3 days a t  - 2OoC. Working standards were 

prepared daily. 

e )  Mobile phase - I n  a 1 L graduated cy l inde r :  150 m l  

a ce ton i t r i l e ,  20 m l  methanol, 10 m l  dodecanasulfonate (0.5 

M),  5 m l  triethylamine, 5 m l  85% phosphoric acid and LC grade 

water added to  a t o t a l  volume of 1 L. The mobile phase was 

deareated under vacuum before use. 

Sample Preparation 

A. Serum 

Serum samples (0.5 m l )  were diluted w i t h  0.5 m l  of a mixture 

of ethanol, ace ton i t r i l e  and water (40:10:50) i n  the micro- 

separation system and Vortexed for  15 seconds. Samples were 

centrifuged for  30 min. a t  3500 rpm i n  a fixed-angle rotor. The 

colorless f i l t r a t e  was transfered to LC vials. 

EL Tissues 

Tissue samples were minced using a # 10 BarbParker scalple 

blade and carefully weighed. A mixture  of ethanol, acetontrile and 

water (40:10:50) was added t o  0.1-03. g of minced tissue t o  a 

t o t a l  volume of 1 m l  and ultrasonicated for 1 hour. The extract  

was then  transfered to  a microseparation system and centrifuged 

for  30 min a t  3500 rpm i n  fixed-angle rotor. The color less  

f i l t r a t e  was transfered to LC vials. 
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LIQUID CHROMAMGRAPHIC DETERMINATION 

The mobile phase  f l o w  ra te  was 0.8 ml/min. The UV detector 

was set at 0.01 absorbance u n i t s  f u l l  scale (AUFS) f o r  t i s s u e s  and 

0.05 f o r  serum samples. Absorption wavelength was set f o r  230 nm, 

w i t h  a time constant a t  1.0 and the column temperature maintained 

a t  5OoC. I n t e g r a t i o n  p a r a m e t e r s  f o r  t h e  Waters Data Module were 

peak width = 30 and noise r e j e c t i o n  = la A 10 v 1  i n j ec t ion  volume 

of t he  standard so lu t ion  a t  t h e  des i r ed  concentration was used t o  

calibrate us ing  t h e  s i n g l e - p o i n t  c a l i b r a t i o n  system. S t a n d a r d  

curves were based on peak area. 

10 p 1  o f  t i s s u e  e x t r a c t  or 5 v 1  o f  serum f i l t r a t e  were 

in j ec t ed  and quant i ta ted  using the c a l i b r a t i o n  system. 

RESULTS AND DISCUSSION -- 
Prev ious  works from t h i s  l a b o r a t o r y  (6-8) have shown t h e  

u s e f u l n e s s  of t h e  m i c r o s e p a r a t i o n  sys t em i n  removing macro- 

molecu le s  and e l i m i n a t i n g  t h e  need f o r  time-consuming s o l v e n t  

ex t r ac t ion  procedures for q u a n t i t a t i v e  ana lys i s  of p e n i c i l l i n s  and 

t e t r acyc l ines  by HPLC. T h i s  method of pu r i f i ca t ion  has also been 

shown to  be appl icable  for t h e  a n a l y s i s  of severa l  cephalosporins, 

including cefazolin,  i n  serum and t i ssues .  

Based on previous s t u d i e s  wi th  o the r  B - lactam a n t i b i o t i c s ,  

t h e  Spheri-5 Phenyl column w a s  d e t e r m i n e d  t o  be optimum fo r  

separa t ion  and was the re fo re  chosen f o r  use in  t h i s  system. 

Several e lu t ion  systems cons i s t ing  of t w o  ion-pair reagents  

were i n v e s t i g a t e d :  o c t a n e s u l f o n a t e  and dodecanesu l fona te  and 

d i f f e r e n t  amounts of a c e t o n i t r i l e ,  methanol and phosphoric acid. 
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4 
7 

0 

Cefazolln STD Unsplked 
Canlne Serum 

I 

5 

Cenlne Serum Splked 
W l t h  10 pg/mi Cefazolln 

1 

O T 5  Min. 

FIGURE 2. Reversed-Phase Chromatograms Obtained from 10 pg/ml 
Cefazolin Standard Solution, Unspiked and Spiked Canine 
Serum. Injection Volumes were 10 ~ 1 .  

An o p t i m a l  s e p a r a t i o n  o f  c e f a z o l i n  from endogenous cons t i t uen t s  

present  i n  serum and t i s s u e  e x t r a c t s  w a s  obtained wi th  a reversed 

mobile phase cons is t ing  of ace ton  i tr i le- methanol-phosphoric acid- 

water (15:2:0.5:82.5 v/v) i n  0.005 M dodecanosu l fona te  s o l u t i o n  

wi th  pH adjusted to  2.8 with t r ie thylamine .  

C e f a z o l i n ,  l i k e  many 8- lactam a n t i b i o t i c s ,  e x h i b i t s  

s ign i f i can t  binding to serum p r o t e i n s  (84%) (9). Several so lu t ions  

were tes ted  fo r  t h e i r  a b i l i t y  to  f r e e  o e f a m l i n  from Serum pro te in  

binding. For our p u r p s e ,  t h e  e t h a n o l ,  a c e t o n i t r i l e  and water 
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Unspiked Cancellous 
Bone Extract 

I "  I 
12 

Min. 

Cancellous Bone Extract 
Spiked with 5 p g h l  Cefazolin 

0*2 Min. 

FIGURE 3. Reversed-Phase Chromatograms Obtained from Unspiked and 
Spiked Cancellous Bone Extracts. 

(40:10:50) so lu t ion  was chosen. We assumed t h a t  t he  same so lu t ion  

would be applicable as an e x t r a c t o r  of cefazol in  from t i s s u e s  as 

w e l l .  

C e f a z o l i n  h a s  2 a b s o r p t i o n  maximas i n  t h e  working mobile 

phase, 230 nm and 272 nm. The 230 nm wavelength  w a s  selected due  

t o  t h e  g r e a t e r  s e n s i t i v i t y  (2-3 f o l d )  s e e n  a t  t h i s  wavelength  

compared to t h e  other. 
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Unsplked Coxofemoral 

Joint Capsule Extract 

Coxofemoral Joint Capsule Extract 

Spiked wlth 5 pg/ml Cefazolin 

n 

FIGURE 4 .  Reversed-Phase Chromatograms Obtained from Unspiked and 
Spiked Coxofernoral Joint Capsule Extracts. 

Cefawl in  has a r e t e n t i o n  t i m e  j u s t  mder 8 minutes f o r  t h e  

system described. The r e s p n s e  f o r  5 ce fazo l in  standard s o l u t i o n s  

was p l o t t e d  vs c o n c e n t r a t i o n  w i t h  a r e s u l t i n g  c o r r e l a t i o n  

c o e f f i c i e n t  of 0.9999. The r a n g e  o f  d e t e c t i o n  w a s  l i n e a r  t o  300 

pg/ml for t i s s u e  e x t r a c t s  and 1000 pg/ml f o r  serum samples. Typical 

chromatograms obtained from 10 p g/ml ce fazo l in  standard so lu t ion  

and canine Serum are shown i n  F igure  2. The comparison of a serum 
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Unspiked 
Bone Marrow Extract 

I 

0 12 
1. 

~~ 

Bone Marrow Extract 
Spiked h 5pg/m/ Cefazolin 

0 I- 12 
lin. 

FIGURE 5. Reversed-Phase Chromatograms Obtained from Unspiked and 
Spiked Bone Marrow Extracts. 

spiked with 10 p g / m l  ce fazo l in  to t h a t  of a serum blank i n d i c a t e s  

t h a t  the  analyte w a s  almost comple te ly  separated from endogenous 

substancesl with a c o e f f i c i e n t  of va r i a t ion  of 5.3% and a recovery 

of 89.8% (n=lO), (Table 1). Figure 3 s h o w s  chromatograms of blank 

and sp iked  (5 pg/ml) e x t r a c t s  of c a n c e l l o u s  bone from a c a n i n e  

acetabulum. The chromatogram o f  t h e  b l ank  e x t r a c t  shows t h e  

a n a l y t i c a l  window f o r  t h e  c e f a z o l i n  peak, which is b a s e l i n e -  
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400 

30Q 

200 

I00 

n 
0 SERUM 
eZm COXOFEMORAL JOINT CAPSULE 
QCZi BONE MARROW - CANCELLOUS BONE 

resolved, on the chromatogram of a spiked extract. Figures 4 and 5 

show chromatograms of blank and sp iked  ( 5  P g / m l )  c e f a z o l i n  

e x t r a c t s  of bone marrow from t h e  femoral canal  and coxofemoral 

j o i n t  capsule .  The blank e x t r a c t  gave a b a s e l i n e  t h a t  w a s  

v i r tua l ly  free of interfering peaks for both t i ssue  extracts. 
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2624 TYCZKOWSKA ET AL. 

Recovery of c e f a w l i n  spiked a t  5 ug/ml from t i s sue  extracts 

of j o i n t  capsule ,  c a n c e l l o u s  bone and bone marrow w a s :  93.98, 

98.2% and 104.2% r e s p e c t i v e l y  w i t h  CV of 6.7%, 10.2% and 10.6% 

respectively (Table 1). The l i m i t  of detection, defined as a peak 

a t  least 3 times the height of basel ine noise, w a s  10 ng/ml serum 

or t i s s u e  e x t r a c t .  F igu re  6 shows t h e  c e f a z o l i n  c o n c e n t r a t i o n  

ove r t ime  i n  canine t i s s u e s  d u r i n g  a t o t a l  h i p  a r thop la s ty .  The 

c o n c e n t r a t i o n s  assayed i n  t i s s u e s  are above those considered of  

therapeutic importance (>0.1 pg/ml). 

I n  conclusion,  t h e  d e s c r i b e d  method f o r  de t e rmina t ion  of 

cefazolin i n  serum and t i s s u e s  was simple, sensit ive,  precise and 

reliable. 
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