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ABSTRACT

Three simple and accurate spectrophotometric methods have been developed for the sclective determination of enrofloxacin
(EN) and flumequine (FL) in presence of their decarboxylated degradates. The first method is based on the chelation of the intact
drugs with iron (IT) in acetate buffer solution (pH5.6 + 0.10) to form yellow colored chetates measured at 355 nm anq1360 nm for
EN and FL, respectively. Where good linearities were obtained in the range of 8-72 ug mi” for EN and 16-80 pg mi™ for FL.

The second method depends on the measurement of the difference absorbance (AA) of each drug between IO.IM HC! and
0.1M NaOH solutions at 283 nm for EN and at 346 nm for FL. Beer's law was obeyed in the range of 2-16 pg mI f?r E!‘I ang 4-
32 pg ml” for FL. In the third one, EN and FL are determined using first dcrivative ('D) an sooon.d derivative (“D)
spectrophotometric techniques at 288 nm and 263 nm in the ranges of 10-22 ug mi” and 8-24 pg ml”, respectively.

The intraday and interday precision (RSD %) were ranged between 0.16 and 2.45% for EN and FL. EN and FL can be
determined in presence of up to 75% and 70% of their degradates via their iron (IT) chelates, up to about 73% and 35%,
respectively through the AA technique and up to about 65% by derivative spectrophotometry. .

They were also successfully determined in their pharmaceutical formulations with mean percentage recoveries + RSD ranged
between 99.9-100.6+0.44-1.33% for EN and between 99.9-100.5+0.44-1.18% for FL.

INTRODUCTION
Enrofloxcin (EN) and flumequine (FL) are
members of the fluoroquinolone antibiotics and are
used in veterinary medicine™,
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EN has been extensively determined by HPLC in
pharmaceutical formulations® ¥, in biological fluids®”
and animal tissues®'? Colorimetric"*", spectro-
fluorimetric™®, TLC"®, voltammetric"® and capillary
electrophoretic'” methods have also been published
for its determination.

Different techniques have been reported for the
analysis of FL including HPLCY*™, TLC®?9,
HPTLC®9 electrophoresis®”, colorimetry™* and
polarography*®,

Since the carboxylic group in quinolones
antibiotiotics is essential for their pharmacological
activity®"), thus the decarboxylated degradates of EN
and FL are of particular importance.

From the literature review, no methods were
reported for the analysis of EN or FL in presence of
their decarboxylated products.

The aim of this work is to develop simple and
efficient methods for the selective determination of

intact EN and FL in presence of their decarboxylated
products,

3* Corresponding author

EXPERIMENTAL

1. Pure Sample

Reference standard enrofloxacin (EN) Batch No.
20020326 and flumequine (FL), Batch No. 20020735
(China Jiangsu, International Economic Technical
Cooperation Corporation, China) were provided by
ADWIA, 10 of Ramadan City-Egypt. Their purity
was checked by HPLC methods adopted by ADWIA
research and development laboratories® and found to
be 99.30% and 99.62%, respectively. '

2. Market Samples

— Enrotryl Oral Solution, product of ADWIA. Batch
No. 990958; label claim for 100 mi was 10 gm
enrofloxacin.

— SEF Oral Solution, product of SEDICO, 6™
October City, Giza, Egypt, Batch No. 0400102;
Iabel claim for each ml was 100 mg enrofloxacin.

~ Flumequine 20% Powder, product of El-Nasr

Co(ADWIC) Cairo, Egypt. Batches No.
2/836/2000 and 5/836/2000.
3. Standard Solutions

— Enrofloxacin (EN) solutions, 0.16 mg ml” and
5x10* M in aqueous acetate buffer (pH 5.6+0.1).

— Enrofloxacin solution, 0.2 mg m1™ in ethanol.

— Flumequine (FL) solutions, 0.16 mg ml" and
5x10* M in methanol - acctate buffer (pH
5.6+0.1) mixture (8 - 2 v/v).

- Flumequine (FL) solutions, 0.2 mg ml' in
methanol.

4. Chemicals and Reagents

] All rwgmt: used were of analytical grade,
solvents were of spectroscopic grade, and
freshly distilled. Pr e et s
Ethanol and methanol (Fisher England). HC
A . I
(Prolabo, France), 0. 1 M,2M, and4 M solutions; and
NaOH (Prolabo, France), 0.1 M and 5 M solutions,
FeSO,.-5H,0(Prolabo, France); 3x10° M and
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6 Prucedures .
£.1. Stoek degraded Solations™ _
Pars EX or FL povader (0.4 g ) were refiusd with
7 HCOl o 75 mi 4 M HC sohtion,
repesively, fr 36 boxs while proxected fom Eght
ARer cpiing, whmions were zhumed 0 pH 7-8 wih
N N wiezion and evaporzied 1o dryness under
yamzrn. The residus wes exramed three times, ¢2ch
witn 70 ml of sthanol for EN or methanol for FL, then
Sisred tmen 2 250 ml volmmeric Szsk znd 2dfussd

zproprize solvent These 's-‘.ogh.s

—-— et

. cr et
voume win O

when zmzlized by wond 111 chelation procedoes ™™
€% umdegradend EN or TV undegraded FL wes fomd

’;)f'zprra:;:‘::s:ad:l:nlm‘hm:sponds:othe

degraime Fom 1.504 myof ENor 1433 mg of FL

Preparation of Degradate Solutions for Chelation
Procedare - A volume of 10 ml fom the degraded
EN sk shstion wes tensfared into 2 100-ml
bezker, evaporzied zimos 10 doness & zbhout 70°C
2nd dimnlesd in zbot 60ml of hot acetate buffer
shtions of pH 56-0.1. Then trznsfored quantitat-
fvely into 2 100- ml volumetric flask, cooled znd
udjpmted 10 volume with the buffer sohmion. For FL,
10m] of #s stock degraded sohution wes transferred
irre 2 106l woiumetric fizsk, 20 mi of zceate buffer
(pH 5.6:0.1) was 2dded 2nd completed to the mark
wih methandl. Each one ml of the obtained solutions
correpnds 1o the decarboxylaed degradate from
0159 mg mI* EN plus 0.01 mg mI” intact EN or
0.145 mg mI” FL plus 001 Img mI” intact drug to be
weed in the chelation procedure,

Preparation of Degradate Solutions for AA and
derivative procedures - A volume of 12.5 ml of the
sterk depraded solutions was diluted to 100ml with
ethznol or methznol for EN or FL, respectively. A
whation containing 0.12% mg ml” degraded EN plus
0.012mg m!” intact drug or 0.186 mg mi” degraded
FL plus 0.014 mg ml” intact FL, was obtained 2nd
used in the AA and derivative procedures.

6.2. Linearity
A. Chelation procedure

Aliguets of EN solution (0.16 mg ml”) in acetate
tuffer (pH 5.6240.1) contain 0.08-0.72 mg of EN were
wznsferred into a series of 10 ml volumetric flasks.
(me ml of 32107 M agueous FeSO, solution
(equivalert to 240 pg FeSO,) was added, then diluted
1o yolume with the same buffer. For FL, different
volumes of its standard solution (0.16 mg ml”) in

"

merhznol - anstae buffer mixture equivalent 10 0.16
089 mg were wansferred into 2 series of 10 =)
volumenic Sesis, one ml of 3x107° M FeSO,solution
in methzmol- water mixure was added 2ad volume
aingad with methanolacetste bufir (pH

) - 2 vv). Afier ocoe howm

miame (8
sherrhEnce of e2ch sohuion was measzed = 333 om
or 360 o= for EN or FL, respectvely. Blank was

srepared smilarly but omining the metal ion solution,
ion corves relsting the zbsorbence &

13m or 360 nm w EN or FL concentrations were
ploed

B. AA procedure

Into two separste sats of 25-ml volumetric fAasks,
slicucts of the s=ndard drug solution (02 mg ml™)
acivalent 10 0.05-0.40 mg of EN or equivalent to 0.1-
0.8 mg of FL. were wensferred. One st was dihzed
with 0.1M HCI znd the second set was adjusted ©
volmne with 0.1 M N2OH AA of each concentration
of EN was computed at 283 nm by placing acid
sohmion in the sample beam and the alkzline coe
the refrence bezm. For FL. AA was recorded at 346
nm tzking the alkaline soluticn as semple and acid
sohmion 25 referemce. Celibretion curves were
constructed relating the zbsorbance difference (AA)
vzlues to the drug concentrations.

C. Derivative spectrophotometric procedure

Different volumes of stzndard drug sohutions (02
mg ml”) contzining 0.10-022 mg EN or 0.08 024
mg FL, wers introduced into a series of 10 ml
velumetric flasks, then diluted to volume with ethanol
for EN o methanol for FL. First derivative (‘D)
spectra for EN or second derivative (D) spectra for
FL were recorded against the respective solvent ss
blznk at A equal 1 and ordinate valves of (+0.01 and
-0.013) or (=0.02 and -0.01) for EN or FL,
respectively. The height of the trough at 288 nm for
EN or the height of the amplitude at 263 nm for FL
were measured in cm. Calibration curves of the
measured heights in an agains drug concentrations in
pg mI” were constructed.

6.3. Application to Pharmaceuntical Formulations

a) Determination of EN in Enrotryl and SEF Oral
Solutions-Enrotryl and SEF oral soluticns, 0.4 m!
or 0.5 mi (Equivalent to 40 mg or 50 mg EN) was
transferred into a 230- ml volumetric flask and
adjusted to volume with acetate buffer (pH 5.6) for
::hclation procedure or with ethanol for AA and

D-Spectrophotometric procedures, as described
under linearity.

b) Determination of FL in Flumequine 20%
Powder - Three preparations of Flumequine 20%
powder were mixed. An amount of the powder
equivalent to 16 mg FL was accurately weighed,
shzked for 20 min with methanol - acetate buffer
{pH 5.6) mixture (8:2) to make 100m! solution,
then filtered and the filtrate was analysed by the
chelation procedure. For AA and D spectrophoto-
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metric procedures an amount of the mixed powder
equivalent to 20 mg FL was extracted with
methanol by shaking for 20 min to make 100m]
solution and filtered. Then filtrate was analyzed as
described under linearity

RESULTS AND DISCUSSION

Degradation of EN and FL

As reported for norfloxacin, the two fluoro-
quinolones under study were expected to undergo
decarboxylation reaction when heated with 2M HCI at
100°C**Y for 15 hours. However, under these condit-
jons, only 50% decomposition was achicved.
Maximum degradation, 94% for EN and 93% for FL,
as analyzed by the iron(lll) complexation proced-
ure"*?*” was attained by boiling the acid solution for
36 hrs and using 2M HCI for EN or 4 M HCl for FL.

The obtained solutions were separated on silica gel
60F,s4 plates using a mobile phase of chloroform -
methanol (4:9 v/v) or (3:9 v/v) for EN or FL from its
degradation product, respectively. Separated spots
were subjected to UV detection at 254 nm. R values
for intact and degraded EN were 0.25 and 0.65, and
were 0.17 and 0.82 for intact and degraded FL,
respectively.

Confirmation of the degradation products

The obtained degradates were separated on
preparative plates using the respective eluting system
and extracted with chloroform, the extracts were
evaporated to dryness and then confirmed in the
residues by IR and H'NMR. The IR spectra of both
pure enrofloxacin and flumequine in KBr show a
strong absorption vibrational band at 1700 cm™ which
characterizes the carbonyl moiety stretching of the
carboxylic group. This band disappeared completely
from the IR spectra of the degradation products,
confirming decarboxylation. The 'HNMR spectra of
pure enrofloxacin and flumequine in CDCl; are
characterized by a sharp singlet at ~ 8.5 ppm due to
the CH proton in position 2. Whereas the 'HNMR of
the degradation products spectra revealed two new
doublets at ~ 7.5 and 6.0 ppm which may be attributed
to the CH proton at position 2 and the new CH proton

N position 3 produced as a result of the
decarboxylation.

Iron(il) chelation procedure
Nrofloxacin (EN) and flumequine
lhrou;]? t\l»;rzfe de.u?rmined spectrophotometrically
Decy. eir ability to complex metal ions.
use:}y‘!ated products failed to give this reaction
the fonnedeyhla(:k carboxylic group which is apart of
acidate ffir elate. EN or FL reacted with iron (I) in
buffer (piy 5 6(DH 5.6+0.1) or in methanol - acetate
colored chel' *0.1) mixture (8:2 v/v) to form yellow
Spectivel ates absorb at A max 355nm or 360 nm,
negligible :‘mk}S{DWever, their degradates ~showed
referred ¢ 6%amund 340 or 400 nm which may be

. or 7%
respectively (Fig. 1-4), o undegraded EN or FL,

1,00 1= T peee——y T T T
0,80 |-
0.50 |-

0,40 |-
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0.20

-
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235 260

300
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Fig.(1): UV-absorption spectra of:

— Enrofloxacin, 8 pg mi” 1

---- Decarboxylated degradate, 8 pg mi’

both in acetate buffer of pH 5.6

During the optimization of different reaction
conditions, it was found that the reaction is pH
dependent; maximum intensity of the yellow color
was reached at pH 5.6 # 0.1 using acetate buffer for
EN and methanol-acetate buffer (pH 5.6 + 0.1)
mixture (8: 2, v/v) for FL.

A concentration of iron (11) starting from 0.5 ml of
3x107 M FeSO, solution per 10 ml (42 pg mlI™*) was
enough to give maximum absorbance at 355 nm with
48 ug mI"' of EN or at 360 nm with 40 pg ml" FL.
Excess concentration of iron(11) up to 3 ml of 3x107?
M FeSO, (252 pg mlI™' ) did not affect the intensity
and stability of the formed chelates. Thus, one ml of
3x10° M iron(il) per 10 ml reaction mixture (84 ng
ml"") were used throughout the analysis.

1.00 ~——

0.80

Absorbance
P
1

0.20

0.00F Ny
83 320 360 400 450
Wavelength (nm)
Fig. (2): UV-absorption spectra of:
— Enrofloxacin, 40pg m]
---- Decarboxylated degradate, 40pg ml

both in presence of 84 pg ml ' iron in acetate
buffer of pH 5.6

Maximum color intensity was attained afier
standing with iron(I1) for one hr at room temperature
for both drugs, it remained stable for further one hr.
The stoichiometric ratio of drug to metal jon was
determined using molar ratio method®’ using
5x10™*M of each drug and iron 11 solutions. The ratio
was found tobe 3 : 1 for both drugs: metal ion. The
logarithmic stability constant for EN - iron () or FL -
iron(ll) chelates were calculated®® to be 13.4 or 13.5
respectively. Thus, EN and FL were suggested .k;

C
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i i itati ion forming six-
late iron(II) in quantitative reaction
s:l:n:,b:red ri(ng chelates, as indicated in Scheme (1).
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Scheme (1): The proposed structure of EN-iron(1T)
chelate

Under the experimental conditions described above,
linear correlations were obtained between absorbance
at 355nm or 360 nm to EN or FL concentrations in the
ranges of 8-72 pg ml™ or 16-80 pg mI”, respectively

the corresponding regression parameters are presented
in Table (1).

1.00 T T T T T T T
oso}
8 aso u
.E
2 040 4
<
020 -
0.00 .
220 260 300 340 380
‘Wavelength (nm)
Fig. (3): UV-Absorption spectra of
~— Flumequine, 8 pg mi™

-~ Decarboxylated degradate, 8 pg mI™*
both in acetate buffer of pH 5.6
1.00

080}

0801

040}~

Absorbance

0.20-

000 : -
00350 400 4% 500 550
Wavelength (nm)
Fig. (4): UV-absorption spectra of:

~— flumequine, 48 pg ml ™

-—= decarboxylated degradate, 48 pg mi !
both in presence of 84 pg mI™ iron in
methanol- acetate buffer of pH 5.6 (8-2).

AA Procedure

AA measurements of intact EN and itg degragy,
between 0.IM HCI and 0.1M N2OH at 283 reygqye
that interference due to the decarboxylated 4
was eliminated Fig. (5, 6). For flunequine, 5|
the AA spectrum of its decarboxylated 4
showed a similar peak to that of the intact drug at 34¢
nm (Fig. 7 and 8), but it is of much low

; ower Sensilivi(),
that allowed for the selective determination of intagy

drug in presence of up to 35% of its degradate AA
procedure was found to be sensitive in the range of ).
16 pg ml' and 4-32 pug ml' for EN and

respectively. The corresponding regression equationg

were computed and their parameters are illustrateq in
Table (1).

Derivative Spectrophotometric Procedure

A third technique for eliminating interference dye
to the degradation products was adopted by using
first-derivative ('D) or second-derivative (‘D)
spectrophotometry for EN or FL, respectively,
Comparing the zero-order absorption spectra of intact
and degraded EN they were found to be extensively
overlapped (Fig. 9a). Such overlapping was omitted
by the first derivative scanning where, a well-defined
separated trough at 288 nm was obtained for the intact
drug (Fig. 9b)

The zero-order spectra of FL and its decarb-
oxylated degradate in methanol have shown severe
band overlappings (Fig. 10a). Although their 'D
spectra, showed a well separate trough at 260 nm for
the intact drug, however in the mixtures it was
dragged by the adjacent trough of the degradate ot
about 245nm (Fig 10 b ) and failed to give accurate
results. Their ’D spectra revealed that pure FL has a
typical amplitude at 263 nm at which the contribution
of its decarboxylated form was zero (Fig. 10¢).

lhough
CTivative

Therefore, the trough of pure EN at 288 nm in its
'D spectrum and the amplitude of FL at 263nm in s
‘D spectrum  were adopted for the selective
determination of pure drugs and found to be linear 10
the ranges of 10-22 pg mI” and 8-24 pg mi™ for EN
and FL, respectively. The corresponding regressi?
parameters are shown in Table (1).

Table (1) also shows the spectral chnrnﬂ“‘fui
for the three proposed procedures, where the “_m.m:e
correlation  coefficients  (0.9995-0.9999) mdmh‘
perfect linearities, The values of A (1%, tcm) of t
yellow chelates were calculated to be 127 “‘f’ od
while the AA (1%, 1cm) were 629 and 303 for “-NS”,
FL, respectively. The lower detection limit (I
ranged between 0,18 and 1.52 pg ml™.

. e

The intraday and interday precision (RS D‘-o).‘:;\z!‘
ranged between 0.16 and 2.45% (Table 1) P“w-‘f‘b

the proposed procedures are accurate and precisc {he

The repeatability and reproducibility .,,‘Z'mm

instrumental response (absorbance for the ¢ (yalivé
and AA procedures and pieak height for the def
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procedure) were checked during methods development
and they were assessed from five replicate
determination of sample solutions of EN and FL at the
analytical concentrations 16 pg mlI™ and 24 pg ml™,
respectively. The RSD% for repeatability and
reproducibility were less than 0.99 and 0.74,
respectively.

The specificity of the procedures was tested by
analyzing laboratory-prepared mixtures of each drug
with its decarboxylated degradate. The results
revealed that, EN and FL can be determined in
presence of up to 75% and 70% of their degradates via
their iron(Il) chelates, up to about 73% and 35%, by
the AA technique and up to about 65% and 64%,
respectively through derivative spectrophotometry
(Tables 2-4).

The proposed procedures were also applied for the
determination of both drugs in their pharmaceutical
formulations, results presented in Table (5) revealed

1.00 1.00
Q.80
s 0.50
H
20.50
g 0.00
<0.40

-030
0.20
0.00 LAY 100

20 260 300 340 380
Waveleagth (nm)

Fig. (5): UV Absorption spectra of pure ——
enrofloxacin (8 ug mI™) in 0.1 M HCI, ——— 0.1
M NaOH and ....... their AA spectra.

Absorbance
(=3
‘»
k=1

2
5

o
"~
o

0.00
20 269 300 A0 380
Wavelength (mm)

Fig. (6): UV absorption spectra of:
Decarboxylated enrofloxacin (8 pg mi") in
~—O0IMHCI, —— 0.1M NaOH and .....
their AA spectra.

that there is no interference from excipients or
additives. In addition, the recoveries of the two drugs
from their formulations were almost the same as the
recoverics of the pure added when applying the
standard addition technique. The mean percentage
recoveries = RSD of added were ranged between 99.5-
100.7+0.26-1.43% for EN and between 99.6-
100.2£0.54-1.25% for FL (Table 5).

In addition, the results obtained by the proposed
procedures were statistically compared with those
obtained by the reported methods for EN? or FL®?,
The calculate t and F values are less than the tabulated
ones indicating no significant difference between the
proposed and reported methods with respect to
accuracy and precision at 95% confidence limit;
Tables 6 and 7.

2.00p;

-
o
=

o
S

Absorbance

o
]

0.00 100
20 260 300 340 340 |
Wavelength (ans)

Fig. (7): UV absorption spectra of pure
flumequine;16 pg mI” in 0.1M NaOH (—), 0.1M
HCI (—) and their AA spectra (....)

1.00 100
0-8015
. 050
8 :
£
5 —, T
2
<
4-050
! 1.00

220 260 300 340 380
Wavelength (nm)
Fig. (8): UV absorption spectra of

decarboxylated flumequine: :
equine; 16 pg mi!

NaOH (), 0.IMHCI(-) and frty. M

AA spectra (....)
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1.00 p—
0.04 |- b
0.80}
2 0.02 —i
u °
£ 0.60F g ] \‘ ~
i £ 0.00 ! 7 e =
'5 0.0 "% | \\.' J
-0.021
0.204 | ,’
-0.04} f
0.00 L \ !
200 200 250 300 350 400
Wavelength (nm) Wavelength (nm)

Fig. (9): The UV spectra of (a.zero order b. first derivative) of 8 ug mi" pure enrofloxacin (—) and its
decarboxylated degradate ( -—) in ethanol

1.50 0.05%
1.20 a
; _ 0.00
g 8
-5 0.80 §
5 ,'3' -0.04
2
0.40 <
i -0.08
O'OG I ~0- 12 i 1 | i
220 260 300 340 380 20 260 300 340 380
Wavelength (zm) Wavelength (um)
0.03
0.02
.E'f 0.01
;f 0.00
é—o.qi
-0.02
-0.03 ! ! !

220

240

260

280

300

Wavelength (nm)

Fig. (10): uv .absorption spectra of (a- zero order b- first derivative and c- Second derivative) of 16 pg mi" of
pure flumequine (—) and its decarboxylated degradate (~) in methanol
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Table (l):Sclegtcd Spectral Data of the Three Proposed Procedures for the Determination of EN and FL.

Enrofloxacin 7 i
5 ors - Flumequine
- Iron(11) AA D Iron(11) AA ‘D
Linearity range 8-72 2-16 10 -
(ugmrl) 22 16 - 80 4-32 8-24
—
LOD 0.72 0.18 1.12 1.52 0.42 0.83

oo
ngrcssl()n
Parameters
Slope £SD (sp) 0.0127+4.26E-05 | 0.062243.88E-0.3 | 0.350040.0050 |0.0111+5.91E-0.5] 0. 032+0.67 E-0.3 | 0.203340.0019

Intercept & -0.0003£0.0019 | 0.002110.0039 | -0.0285+0.0832 | -0.00204+0.0030 | 0.002110.0017 | -0.0422+0.0323

SD(ss)
SD of residual(Syy) 0.0026 0.0050 0.0534 0.0036 0.0039 0.0298
Correlation
. 0.9999 X
Coefficient 0.9998 0.9995 0.9999 0.9999 0.9996
Accuracy*
[ntradany% 101.6-102.8. 99.4- 101.5 98.1-101.3 99.5-102.1 100.7- 102.0 98.4-103.6
o 101.2-102.0 99.8-102.0 98.0-101.1 99.4-102.1 100.4- 101.1 98.5- 102.0
Interday R%
Precision®
Intraday RSD 0.54-1.74 0.16-0.56 0.78-1.53 0.72-0.97 0.22-0.56 1.21-2.45
0.23-1.09 0.30.1.25 0.69-1.61 0.24-1.73 0.19-0.28 0.34-2.20
Interday RSD
*p=4

Table (2): Determination of Enrofloxacin and Flumequine in Mixtures with Their Decorboxylated
Degradates by the Proposed Chelation Procedure.

Enrofioxacin Flumequine
Intact* | Degradate | Degradate® | Ko O [ niocie | Degradate | Degradater= | Recovery of
.1 1 mtact -1 -1 o intact
pgml pg ml % % pg ml pg ml % %
72.48 7.52 94 100.10 81.12 14.88 15.5 99.60
64.96 15.04 18.8 100.40 73.68 22.32 232 99.90
57.44 22.56 28.2 100.50 66.24 29.76 31.0 101.50
49.92 30.08 37.6 101.90 58.80 37.20 38.7 100.40
42.40 37.60 47.0 100.70 51.36 44.64 46.5 100.40
3488 | 4512 56.4 100.90 43.92 52.08 54.3 100.60
27.36 52.64 65.8 99.40 36.48 59.52 62.0 101.60
19.84 60.16 75.3 100.80 29.04 66.96 69.8 10020
Mean+
RSD% 100.6:71 100.540.70
- Taken +undegraded part in the hydrolysed solutions; 6% for EN and 7% for FL
* Of the total weight

Table (3): Determination of Enrefloxacin and Flumequine in Mixtures with Their Decarboxylated
Degradates by the Propoesed AA Procedure

Enrofloxacin Flumequine

‘-ECT Degradate | Degradate®* | Recovery% | Intact* Degradate Degradate** | Recovery% of

‘%Ml" Y% of intact i m!’ ug ml”’ % intact
s | 138 104 9940 | 30.14 1.86 581 9739
12'3 ‘ 3.76 20.9 98.70 28.28 3.72 11.62 100.08
10.43 3.64 31.3 10020 | 26.42 5.58 17.43 101.85
8.60 7.52 41.8 99.00 | 24.56 7.44 23.25 102.34
6.7 9.40 522 9840 | 22.70 9.30 9.06 101.58
4.84 11.28 62.7 99.90 20.84 11.16 34.87 101.25

Mean s eiei316 73.1 99.00

koD % 99.20£0.65

e e e —— 2 T 100.83+1.62
of the to part in the hydrolyzed solutions; 6% for EN and 7% for FL

tal weight,

[y
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Table (4): Determination of Enrofloxacin and Flumequine in Mixtures with Their Decarboxylated Degradate
by the Proposed Derivative Spectrophotometric Procedures.

Enrofloxacin ( 'D at 292 nm) Flumequine (*D at 266 nm

Intact* | Degradate | Degradate®** | Recovery of intact lntact‘l Degradﬁte Degradate** Rr.?covcry of
pgml’ | pgml’ % Y% ug ml° ug ml % intact %
22.60 9.4 294 99.5 24.56 744 23.6 99.1
2072 | 11.28 35.3 100.9 22.70 9.30 29.1 100.8
18.84 13.16 41.1 100.3 20.84 11.16 349 100.2
16.96 15.04 47.0 99.6 18.98 13.02 40.7 99.6
15.08 16.92 529 100.6 17.12 14.88 46.5 98.8
13.20 18.80 58.8 101.9 15.26 16.74 52.3 101.0
11.32 20.68 64.6 101.1 13.40 18.60 58.1 100.1

11.54 20.46 63.9 99.0
MeantRSD% 100.6+0.85 99.8+0.83
* Taken + undegraded part in the hydrolysed solutions: 6% for EN and 7% for FL
** Of the total weight

Table (5): Application of Standard Addition Technique for Determination of EN and FL in Their
Pharmaceutical Formulations by the Three Proposed Procedures.

Recovery + RSD%*
Enrofloxacin Flumequine
Formulation L 'D- . 2
Chelation with . Chelation D-spectropho-
Fe (1) AA spectropho- | Formulation with Fe (IT) AA tometry
tometry
Enrotryi Flumequine
Oral solution 100.1£0.55 | 99.9+£0.67 | 100.6+0.89 | 20% powder | 100.3+0.60 99.9+0.58 100.4+1.18
N.B. 590958 B.N. 2/836/2000
Standard addition |  99.8+0.48 | 99.7+0.26 | 100.7+1.43 |Standard addition 99.8+0.58 99.6+0.79 100.1+1.25
SEF oral Flumequine
Solution 100.2+0.44 | 100.1+0.53 | 99.9+1.33 20%powder | 1002+0.44 | 100.5+0.56 99.9+1.06
N.B. 0400102 B.N. 5/836/2000
Standard addition |  99.940.29 | 99.5H).29 | 100.60+0.75 | Standard addition 100.2:H0.77 99.7+0.54 100.10+0.69
*n=5.

Table (6): Statistical Analysis of the Results Obtained by the Th

ree Proposed and Compendial''? ’ Procedures
for the Determination of EN in Enrotryl and SEF Oral Solution

Enrotryl Orzl solution S E F Oral sclution q
Parameters | Compendial* | Iron(ll) Ak 'n Compendial* | Tron (1) AA b
Procedure chelation Procedure Procedure Chelation Procedure
Concentration
Range (ugmiy | 25-125 8-72 2-16 10-22 25-125 8-72 2-16 10-2
N 5 5 5 5 5 5 5 5 |
o 99.90
Mean % 100.40 100.10 99.90 100.60 99.60 10020 | 100.10
_SD 0.61 0.55 0.67 1.89 0.79 0.44 0.53 1.33
Variance 037 0.30 0.45 0.79 0.62 0.19 0.28 L77 ]
t - 0.82 1.48 0.42 . 1.49 1.18 0.43
F - 1.23 1.22 2.14 - 3.26 221 2.85
The theoretical v?lue of F= 6.39 and t=2.31 at (p=10.05) an
* EN was determined by chelation with iron(11I) in water and the orange colored chelate was measured at 434 nm" -
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Table (7): Statistical Analysis of the Results Obtained by the Three Pr ‘ 29
for the Determination of FL in Flumequine 20% I’owd{r. ‘ wposed snd Compendial™ Procedurss

""‘ Flumequine 20% powder : ine 209 ¥
B.N. 2/ 836/ 2000 ”“{;‘fﬁ"‘s“}ﬁgf'v‘};i,‘f,"“
)., - . = -
Parameters | ~ompendial* | lron an | L n Compendial* |  Iron(1) 2
Procedure | chelation Procedure | Procedure | chelation AA | procedure
" Concentration .
g e 60-130 1680 | 432 | 1022 60-130 1680 | 432 | 1022
L N i 5 5 5 5 5 S 5 5
Mecan % 100.2 100.30 99.90 100.40 99.60 100.20 100.50 99.90
wi) 0.54 0.60 0.58 1.18 0.78 0.44 0.56 1.06
Variance 0.29 0.36 0.34 1.39 0.61 0.19 0.31 .12
t : 027 | o84 | 035 ; 50 | 186 | %2
F : 124 | 117 | 47 ; 321 | 1907 | 8

The theoretical value of F= 6.39 and t=2.31 at (p = 0.05)

*FL was determined by chelation with iron(III) at pH 3 in dimethyl formamide medium, yellow complex was

formed, measured at 384 nm®”.
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