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Synthesis and Preformulation studies of a Prodrug of Enoxacin

D. CHADHA AND S. P. AGARWAL*
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Aprodrug of enoxacin was synthesiied by reacting with aqueous formaldehyde solutionina 1:1 mixture
of methanol and dichloromethane. The colourless, crystalline N-hydroxymethyl enoxacin, m.p. 262-266° -
showed enhanced solubility and dissolution rate, The degradation kinetics, pH-rate profile and antibac-

terial activity of the prodrug were determined.

'."_"_‘_: NOXACIN is a flourinated 4-quinolone with a
|| broad spectrum of in-vitro antibacterial activity
and is particularly potent against gram negative or-
ganisms and staphylococci. The pharmacokinetic
profile of enoxacin is similar to that of ofloxacin
achieving higher plasma and tissue concentration
and possessing a longer half life than norfloxacin

or cipro loxacin'.

Enoxacin exists as a zwitterion?. In general, for
jonizable molecules the rate of transport through
biomembranes appears to be proportional to the
concentration of undissociated molecules in solution
and lipid solubility. Latentiation of the amino function
of enoxacin is expected to change the zwitterionic
nature and is expected to produce a more readily
absorbable form. N- hydroxymethyl derivatives have
been reported to exhibitincreased aqueous solubility
and dissolution rate® Recently, N- hydroxymethy!
derivatives of norfloxacin* and ciproﬂoxacin5 have
been reported.

EXPERIMENTAL

Instrumentation and Materials

Ultraviolet spectral measurements were per-
formed with a Bausch and Lomb Spectronic 21 and

* For correspondence
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Beckman DU-64 double beam spectrophotometer
using matched 1-cm? silica cells. IR spectra were
done on a 5-DX Nicolet machine using the KBr disc
method. ' HNMR spectra were obtained using a
Jeol FX 100 MHz in triflucroacetic acid (TFA) as
solvent. A Perkin-Elmer 240C elemental analyzer
was used for C, H, N analysis. An Electrolab tablet
dissolution tester TDT-6 was used for dissolution
studies. Enoxacin pure drug powder was a gift from
Parke Davis & Co. Other chemicals were of reagent
grade.

Synthesis of N-hydroxymethyl enoxacin

N-hydroxymethyl derivative of enoxacin was syn-
thesized by reacting 0.32 g (0.001 mole) of enoxacin
in 50 mi solvent (dichloromethane : methanol 1:1)
with 0.25 ml (0.003 mole) of aqueous formaldehyde
solution (37% w/v). The mixture was stirred for 3 h
using a magnetic stirrer. Upon partial removal of
solvent by vacuum evaporation, a colourless, crys-
talline material separated which was recrystallized
from a mixture of dichloromethane and methanol.
Yield 89%, m.p. 262-266°. CysH1g FN4O4.H20 re-
quires C, 52.13; H, 5.75; N, 15.15, found C, 52.43;
H, 5.36; N, 15.30 IR (KBr) broad band at 3515 and
strong bands at 1765 and 1050 cm™. "THNMR (in

{ndian Journal of Pharmaceutical Sciences 101



100!

E 800}

=

e

o 600+

&

é

& w00

(o

S

T 200
0 1 L ‘A
0 20 40 €0 0

Time {hr)

~0- ENX =&~ N -hydroxymethyl ENX

FIG.1  sowbiiity Studies
TFA) b 8.32 (2H, br. s, H-2, H- 5), 4.86 (2H, br. s,
NCH; OH), 4.51 (10H, br.s N-CH. - CHzs, piperazine
4xCH3), 1.65 (3H, t, NCH2 CHas). The mass spectrum
showed) an (M*-OH) peak at m/z 351 and (M*-
CH20H) peak at m/z 337 beside others.

Preformulation studies

Solubility determination

The solubility of N-hydroxymethyl enoxacin was
compared with enoxacin by shaking 100 mg of the
drug with 50 ml water at 25 = 1° over a period of
72 h. Aliquots were withdrawn at various time
intervals and absorbance was read at 266 nm

(Fig. 1).
Dissolution rate

Disc (13 mm diameter) of N-hydroxymethyl en-
oxacin and enoxacin were prepared by compressing
100 mg of each in a IR hydraulic press at 200 kg/cm?
for 15 seconds. The dissolution medium was 500
ml distilled water at 25+1° and the paddle speed
was 125 rpm. At appropriate time intervals, 5 ml
sample was withdrawn and replaced by fresh dis-
solution medium. The absorbance of the sample
was read at 266 nm (Fig. 2).
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Kinetic studies and pH-rate profile

A UV spectrophotometric method was used to
study the degradation kinetics of N-hydroxymethyl
enoxacin using a kinetic module attached to Beck-
man DU 64 spectrophotometer. Absorbance was
noted at 206 nm this being the wavelength at which
the absorption of the drug and prodrug differed max-
imally at various time intervals for 1 h at 25° For
pH-rate profile, bufter solutions at pH 1.2, 4.0, 5.8,
6.2, 6.6, 6.8, 7.4, 8.0, 9.2 and 10.5 were prepared
(phosphate buffer upto pH 6.8 and tris buffer for
other pHs) and the rate of decomposition followed
spectrophotometrically (Fig. 3).

Minimum inhibitory concentration (MIC) and in-
vitro antibacterial activity

Antibacterial activity of the prodrug was com-
pared with that of enoxacin against two gram positive
organisms (E. ColiNCTC 10418 and P. aeruginosa,
a clinical isolate) and one gram negative (S. aureus
NCTC 6571) using agar plate diffusion method.
Mueller- Hinton agar was used as bacteriological
medium. The drug was dissolved in isotonhic sodium
phosphate buffer pH 7.4. MIC of the prodrug was
determined according to the method of Gotto et af.
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RESULTS AND DISCUSSION

The condensation of enoxacin with aqueous
formaldehyde solution yielded N-
hydroxymethyl enoxacin according to the following
scheme,

solubility sample was found to be 219-221° (reported
m.p. for enoxacin = 220-224°%%). The increase in
the solubility of the prodrug may be attributed to the
hydrophilic nature of - CH2OH group. Similarly, the
dissolution rate profile (Fig. 2) showed an increased
dissolution rate for the prodrug as compared with
the parent drug. Dissolution is controlled by the sol-
ubility in the diffusion layer and as the N-
hydroxymethyl enoxacin is much more soluble in
water than enoxacin, it also exhibits increase in dis-
solution rate.

The decomposition of N-hydroxymethyl enoxacin
was found to follow first order kinetics. The prodrug
was highly unstable in acidic pH 1.2 (ti2 9.2 min'")
and in alkaline pH 10.5 (t12 4.78 min’'). The pH-rate
profile is shown in Fig. 3.

The in vitro antibacterial activity of the prodrug
was found to be similar to the parent drug as equal

0
F ' CouH F{I‘:B,CMH
¥ HCHO —=> ~ !
‘r\‘l ';{ /\X“/ N ;
Y- -/ CH, CH hf“[‘/ C'.H H
33 no Chye . PO Y

The tl.c. examination of the drug and prodrug
(dissolved in methanol: dichloromethane 1:1) on sil-
ica gel G plate with a developing solvent consisting
of a mixture of ethyl acetate, ethanol and dilute am-
monia (1:1:2) gave spots with Rf values 0.69 and
0.73 respectively. The THNMR spectral data indi-
cated that the condensation has taken place at the
free secandary amino group of the piperazine moi-
ety in enoxacin.

The solubility study (Fig. 1) showed greatly en-
hanced solubility of the prodrug as compared to
enoxacin in the initial stages though as the prodrug
got converted to the parent drug, the solubility de-
creased. The m.p. of the sediment from the prodrug
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zones of inhibition were obtained against all the test
organisms studied. This shows that there was no
decrease in the antibacterial activity due to the con-
densation of formaldehyde to enoxacin. The mini-
mum inhibitory concentration of the prodrug
was also found to be the same as that of parent
drug i.e. for e. coli 0.2 ;zg/mlT. However, since
the rate of conversion of prodrug to the parent
compound is very fast, it is also possible that the
prodrug has converted to enoxacin thereby giving
equal MIC or equal zones of inhibition. The above
results indicated that the prodrug has enhanced
solubility and dissolution rate and gets easily
converted to the parent drug.
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