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Synthesis and Biopharmaceutical Studies of Cefazolin
Phthalidyl Ester Prodrug
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Prodrug of cefazolin (CFZ) was prepared with the objective of improving its oral bioavailability.
Cefazolin phthalidyl ester (CFZ-PT) was synthesized and evaluated as potential prodrug form. The
successful synthesis of CFZ-PT was identified by spectroscopic analysis. Partition coefficient studies
showed that CFZ-PT is more lipophilic than CFZ and the ester was hydrolyzed enzymatically into
the parent drug in blood, liver and intestinal homogenates. The pharmacokinetic characteristics
of CFZ-PT and CFZ were compared following oral administrations to rabbits. Serum CFZ concentra-
tion was determined by HPLC method and the ester compound (prodrug) was not detected in
serum following oral administration of CFZ-PT. CFZ-PT did not have antimicrobial activity i vitro
against Bacillus subtilis ATCC 6633, whereas CFZ-PT in serum after oral administration to rabbits
had antimicrobial activity. From above observations, it was noted that CFZ-PT is rapidly hydrolyzed
to CFZ in the body and the bioavailability of CFZ-PT was increased by 3.5-fold than that of CFZ.
From these results of this study, it was concluded that CFZ-PT may be a novel prodrug of CFZ
which can improve the oral absorption of CFZ.

Keywords — Cefazolin phthalidyl ester, Sodium cefazolin, Prodrug, Partition coefficients, Bioavailabi-
lity, Hydrolysis.
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Figure 1—Chemical structure of cefazolin phthalidyl
ester.
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Figure 2—IR spectrum of sodium cefazolin (A) and cefa-

zolin phthalidyl ester (B).
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Table 1—Partition Coefficients of Sodium Cefazolin and
Cefazolin Phthalidy! Ester from Each pH Buffer Solution
and n-Octanol at 25°C and 36°C

pH

12 2.0 3.0 4.0 5.6
CFZ 25 0325 0252 0136 0.108 0.064
+0.042 £ 0.038 £ 0023 +0.021 £ 0.011
0404 0312 0196 0.18 0.146
+0.052 £ 0.023 £ 0.029 +0.016 + 0.032
CFZ-PT 25 1598 4866 3971 3429 2649
+0.214 £ 0.568 + 0465 + 0.298 + 0.114
36 1464 2370 2354 1882 1.689
+0.215 £ 0.298 £ 0.345 £ 0.198 + 0.254
Mean valuest SE. (n=4). Equilibrium time was 5 hr.
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1
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Fi 4—Semilogplots of the percentage of cefazolin
AP BAUAh R SEde L gy BT e

phthalidyl ester remaining versus time in rabbit’s liver
W71 Zbel A 0.048 min Y, 144 min, @93} & (@), blood (O) and intestine homogenates (a). Mean

Aol A 24zt 0.0068 min~?, 101.9 min, 0.0033 min~!,  valuest SE. (n=4).
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CFZe) =z=#og /i CFZ-PT 3o A2 Ao} FEE =24 et El: Table

in vitrod| A Bacillus subtilis ATCC 66337 o) vebfigdck CFZ 2 CFZ-PTE Z15AA

ol g3t A{AXY XFgoz FHI A, T2 (FZ9 FnIHEE(Cow), I AR =8

=YAAE o] gldov, CFZPTE T3 AZNTww 2 HFEFAIRHAUCE 244

7tEel ¥A4e 79 el A thFig. 5). o] =AM 109+ 244 2 29.5+ 459 pg/mi(p<0.05), 1.37% 0.25

Foj®l CFZ-PT7} AYolA 71E3] Ho] CFZE 9 207+ 0.36 hr, 22 90.1 9.92 & 318+ 56.8 hr-

felstn, o] duES JeldS ¢ + Itk gmi(p<001)E Jebgth & CFZ-PT Foio]

=

29
=

F=

T=

w3 HLPCZ &A% ¥H9 CFZ w29 39 CFZ oo vld] Cuwe 2 AUC/H HAIA
e Fuiel Al e e ¢ & AR et F kR

CFZ-PTE| ST ER 24 AAEERAPFK) 2 AETH WTwe 48
oIELCEXN TlEHEl—7tEd XE kg@ CFZ  olr7b Q1dh. Zelx CFZE AWESE Axs
150 mgol| 33l CFZ 9 CFZ-PTE A753%  #zz 33 CFZ 2 CFZ-PTo duid AF ol &

Table I1—Pharmacokinetic Parameters of Sodium Cefazolin and Cefazolin Phthalidy! Ester

Coax T AUC K. Ky tise F, F
(ug/ml) (hr) (hr-pg/mi) (hr™YH (hr Y (hr) (%) (%)
CFZ (oral) 109+ 244 1371025 90.1*+9.92 214+033 03710024 5.07+052 100 827+ 0.62
CFZ-PT (oral) 295+ 4.59* 207+£0.36 318+56.8* 1.27+0.32* 0.117£0.029 592+098 354+456 29.2+ 5.66*

CFZ (iv) - - 545+ 62.1%* hd 0.323+ 0.043* 2.14+ 0.38* - 100
Mean valuest S.E. (n=5).

Significantly different from the oral CFZ (*p<005 **p<0.01)

F,: Relative bioavailability to oral CFZ (AUCcrz—p1/AUCcrzX 100)

F: Relative bioavailability to CFZ (DOSE;,/DOSE. X AUC,../AUC;, X 100).

Samples
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Figure 5— Antimicrobial activity (Inhibition zone diame-
ter) of cefazolin sodium (CFZ) and cefazolin phthalidyl
ester (CEZ-PT) in plasma after oral administration to
rabbits. Key: N, CFZ (150 mg/kg oral); m, CFZ-PT (150
mg/kg as CFZ oral) Mean valuest+ SE. (n=4).
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Figure 6—Serum sodium cefazolin concentration after
oral administration (150 mg/kg as sodiun cefazolin) of
cefazolin phthalidyl ester (®) and sodium cefazolin (A)
and after iv. administration (75 mg/kg) of sodium cefa-
zolin (@) to rabbits,

Mean valuest SE. (n=5).
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Figure 7—Cumulative amount (mg) of sodium cefazolin
excreted in the urine after oral adminitration (150 mg
as sodium cefazolin) of cefazolin phthalidyl ester (O)
and sodium cefazolin (@) to,rabbits. Mean valuest SE.
(n=5).
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