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Abstract

Herein we report two sensitive and accurate UHPLC and TLC-densitometric methods for the simultaneous determination
of amprolium HCl, ethopabate, and sulfaquinoxaline-Na. A UHPLC isocratic elution method was adopted with a mobile
phase of sodium 1-hexanesulfonate aqueous solution—methanol—acetonitrile in a ratio of (1500:400:100, v/v/v) adjusted to
a pH of 5.1 with phosphoric acid. Results showed R*> = 0.9999 over concentration ranges of 0.5-25.0 pg mL~!, 1.0-30.0 pg
mL~!, and 1.0-30.0 pg mL~" for the three drugs, respectively. The accuracy was 100.58% =+ 0.52 for amprolium HCI and
98.78% + 0.54 and 100.14% =+ 0.11 for ethopabate and sulfaquinoxaline-Na. Additionally, a TLC-densitometric method was
adopted to separate the three cited drugs with a developing system of chloroform:methanol:33% ammonia solution (6:4:0.5
v/v/v) and UV detection at 263 nm. Results showed R; values of 0.34, 0.65, and 0.95 for amprolium HCl, sulfaquinoxaline-
Na, and ethopabate, respectively. The linearity range was 1.0-30.0 pg/band, 0.5-20.0 pg/band, and 1.0-25.0 pg/band for
amprolium HCI, ethopabate, and sulfaquinoxaline-Na, respectively. The proposed TLC-densitometric method was utilized
for the simultaneous determination of the three drugs in spiked biological matrices with acceptable recoveries. The proposed
methods were applied for simultaneous quantitation of three drugs in veterinary formulation and the results were in accord-
ance with those obtained by the reported methods. In conclusion, the two suggested methods were sensitive and accurate for
the simultaneous quantitation of the three drugs in both their dosage forms and in biological matrices.
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Introduction

Coccidiosis is a parasitic disease that can affect poultry
(broilers, layers, breeding hens, turkeys, pigeon, and ducks),
animals (cattle, sheep, goats, dogs, and rabbits), and it
therefore causes significant economic losses. [1] Anticoc-
cidial drugs are either polyether ionophorous antibiotics
that are derived from fermentation products, or synthetic
compounds, produced by chemical synthesis. Drugs are
prescribed based on disease severity, resistance patterns of
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strains in the area of acquisition, efficacy, and adverse effects
of drugs available. [2] The three cited drugs are anticoccidial
with different mechanisms of action. Amprolium hydrochlo-
ride is thiamine (vitamin B1) antagonist used as coccidio-
stat. [3] Ethopabate is used in the prophylaxis and treatment
of coccidiosis via competition of para-aminobenzoic acid
(PABA) for absorption [4], whereas sulfaquinoxaline-Na is
a sulfonamide antibacterial [5] Fig. 1.

A novel and new combination of amprolium-HCI with
ethopabate and sulfaquinoxaline-Na in new combined dos-
age form both extended and strengthened the spectrum of
activity, and the combined dosage form was also recom-
mended for treatment of outbreaks [6].

A literature survey revealed many analytical techniques
for the analysis of the three drugs, including spectrophotom-
etry [7-10], spectrofluorometry [11-13], electrochemistry
[14, 15], TLC—densitometry [16-18], liquid chromatography
[19-23], and electrophoresis [24, 25]. Up to our knowledge,
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Fig. 1 Structures, molecular weights and molecular formula of investigated drugs

there was no analytical method for simultaneous determina-
tion of the three drugs.

In this work, a TLC—densitometric and UHPLC meth-
ods were described for the simultaneous determination
of amprolium HCI, sulfaquinoxaline-Na, and ethopabate
in pure forms (Fig. 1), in their tertiary mixture and in
dosage form. Additionally, the suggested methods were
applied to chicken liver samples that usually contain high
reservoir of the three drugs.

In addition, the greenness of the proposed methods was
assessed according to the analytical Eco-Scale where an
ideal green analysis has a value of 100. [26, 27]. Another
green tool; Green Analytical Procedure Index (GAPI)
was also applied to the present work. GAPI evaluates
15 parameters of any analytical procedure. It applies a
pictogram to classify the greenness of each stage of an
analytical procedure, using a color scale, with three levels
of evaluation for each stage [28, 29].

Materials and Methods
Instruments

— Agilent 1100 UHPLC with binary pump and UV detec-
tor, equipped with Phenomenex Kinetex C18 column
(100 mm, 4.6 mm i.d., 2.6 um); USA.

— Ultrasonic bath (Wised clean, China).

— Densitometer model 3; equipped with WINCATS soft-
ware.

— Camag TLC scanner 3, Camag-linomat 5 autosampler
(Switzerland).

— Chromatographic tank 10.0 X 20.0 cm for TLC devel-
opment.

— Digital pH meter with double-junction glass electrode
(Hanna, Romania).

— Corning® syringe filters, regenerated cellulose
membrane, diam. 4 mm, pore size 0.5 and 0.22 pm
(CLS431212-50EA), (Merck, Germany).
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Chemical and Reagents

— Pure amprolium HCI (CAS: 137-88-2); B.N.
WS/20180717, was kindly supplied by Zhejiang
K-sheng., Bio-pharmgroup Co. Ltd., Egypt; with purity
of 99.8% purity as referred by the supplier and it was
tested by TLC—densitometry.

— Pure ethopabate (CAS: 59-06-3); B. N. 20,190,327, was
kindly supplied by Zhejiang Huangyan Vet Pharma Fac-
tory, China, with purity of 99.5% as referred by the sup-
plier and it was tested by TLC—densitometry.

— Pure sulfaquinoxaline-Na (CAS: 967-80-6); B. N.
BL160725, was kindly supplied by Wujiang Bolin Indus-
try Co. Ltd., Egypt; with purity of 99.5% as referred by
the supplier and it was tested by TLC—densitometry

— Amproethoquine® powder; B.N. ATQN5097, labeled
to contain amprolium HCI 200 gm, ethopabate 10 gm
sulfaquinoxaline-Na 128.78 gm per 1 kg, the product of
Biovet, Cairo, Egypt.

— Chloroform, acetone (BDH Chemicals Ltd, England).

— Ethyl acetate, n-butanol, triethylamine, dichloromethane,
tetrahydrofuran, isopropanol, ammonia solution 33%,
toluene, glacial acetic acid, propanol, formic acid, acetic
acid (Adwic. Cairo, Egypt).

— Pentanol (Alfa Chemicals, Egypt).

— Ethanol (Sigma-Aldrich, Germany).

— Acetonitrile HPLC grade, methanol HPLC grade (Fisher
scientific, USA).

— Sodium 1-hexanesulfonate (Sigma-Aldrich, Germany)

— Phosphoric acid (Adwic, Cairo, Egypt).

— TLC plates pre-coated with silica gel 60 F,s,, aluminum
sheets 20 X 20 cm and 0.25 mm thickness, part number;
1,003,900,001 (Merck, Germany).

Preparation of the Mobile Phase

Preparation of mobile phase: Dissolve 3.0 gm sodium 1-hex-
anesulfonate in distilled water to prepare 1L solution. Mix
3.0 g/L sodium 1-hexanesulfonate aqueous solution-meth-
anol- acetonitrile (1500:400:100, v/v/v). Adjust the pH to
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5.1 using phosphoric acid. Filter under reduced pressure to
remove insoluble substance (0.5 pm pore size).

Preparation of Standard Solution for UHPLC

Standard solutions of the three drugs (0.1 mg mL™!) were
prepared and diluted with the diluent (mobile phase). All
aqueous solutions were stored at 4—-6 °C, whereas chicken
liver samples were stored in deep freezer maintained
at— 80 °C.

Preparation of Standard Solution for TLC-
Densitometry

Standard solutions of amprolium HCI, ethopabate, and sul-
faquinoxaline-Na (5.0 mg mL ™) were prepared in a mixture
of methanol and water (50:50, v/v).

Methods and Procedures
Linearity
UHPLC

Aliquots from the three drugs solutions (0.1 mg mL™")
equivalent to 0.005-0.25 mg, 0.01-0.30 mg, and
0.01-0.30 mg amprolium HCI, ethopabate, and sulfaqui-
noxaline-Na, respectively, were separately transferred into
a series of 10 mL volumetric flasks and diluted to volume
with the mobile phase. Triplicate 10 pL injections from each
solution were chromatographed using six standard points
under the last mentioned chromatographic conditions; 0.5,
1,7,15,20,25 ug mL~! for amprolium HCI; 1, 3, 12, 20, 25,
30 ug mL"! for ethopabate; 1, 3, 10, 12, 20, 30 ug mL~! for
sulfaquinoxaline-Na (supplementary material, Figure S2).
The peak area was plotted versus the drug concentration and
the regression parameters were deduced.

TLC-Densitometry

Aliquots of (5.0 mg mL™") standard solutions of ampro-
lium HCI equivalent to 1.0-30.0 mg, ethopabate equiva-
lent to 0.5-20.0 mg and sulfaquinoxaline-Na equivalent to
1.0-25.0 mg were transferred into a series of 10 mL volu-
metric flasks and diluted to the volume with methanol:water
(50:50,v/v) solution. 10 pL of each solution was applied to a
TLC plate pre-coated with silica gel 60 F,5, (10X 20 cm) as
a band of 6.0 mm width, 2.0 cm apart from the bottom edge
of the plate. The plates were placed in a pre-saturated chro-
matographic chamber for 30 min with the mobile phase of
methanol:chloroform:ammonia solution 33% (4:6:0.5, v/v/v)

and allowed to develop at room temperature. The plates were
dried in air and bands were scanned at 263.0 nm. Each cali-
bration curve representing the recorded area under the peak
versus drug concentration was constructed using six stand-
ard points; 0.1, 0.5, 1.0, 1.5, 2.0, 3.0 mg mL~! for amprolium
HCL; 0.05, 0.2, 0.3, 0.5, 1.0, 2.0 mg mL~! for ethopabate;
0.1, 0.3, 0.5, 1.0,17.5, 2.5 mg mL~! for sulfaquinoxaline-
Na. (supplementary material, Figure S3). The corresponding
regression equation was computed.

Assay of Laboratory Prepared Mixtures of the Three
Drugs

UHPLC Method

Different aliquots of standard aqueous methanolic solutions
of amprolium HCI, ethopabate and sulfaquinoxaline-Na
(0.10 mg mL™") equivalent to 0.005-0.25 mg, 0.01-0.3 mg,
and 0.01-0.3 mg, respectively, were mixed in 10 mL volu-
metric flasks. Volumes were completed with methanol: water
(50:50), v/v. 10 pL of the obtained mixtures were injected
using the last mentioned chromatographic conditions.

TLC-Densitometric Method

Different aliquots of standard aqueous methanolic solutions
of amprolium HCI, ethopabate, and sulfaquinoxaline-Na
(5.0 mg mL™") equivalent to 10.0-20.0 mg, 1.0-20.0 mg,
and 10.0-20.0 mg, respectively, were mixed in 10-mL volu-
metric flasks. Volumes were completed with methanol:water
(50:50, v/v). 10 pL of each solution was applied to the TLC
plate analyzed by the TLC—densitometric method described
under section “3.1. Linearity”.

Application to Veterinary Formulation

Accurately weighed 0.1 gm from Amproethoquine® powder
equivalent to 20.0 mg amprolium-HCI, 1.0 mg ethopabate,
and 12.8 mg sulfaquinoxaline-Na was added in a 100 mL
volumetric flask. The powder was dissolved in 70.0 ml mix-
ture of methanol and water (1:1) by shaking in ultrasonic
bath at 25 °C for 10 min. Volume was completed with the
same solvent and the solution was filtered to obtain a clear
solution labeled to contain 2.0 mg mL~! amprolium HCI,
0.1 mg mL~! ethopabate, and 1.28 mg sulfaquinoxaline-Na.
Several concentrations of three drugs within the linearity
range were prepared and the prepared solution was chroma-
tographed following the procedure mentioned under “3.1.
Linearity”. The concentration of each drug was calculated
from the corresponding regression equation.
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Application to Chicken Liver Samples

An accurately weighed 1.0 gm of the chicken liver was trans-
ferred to centrifuge tubes to be spiked with different ali-
quots of amprolium-HCl, ethopabate, and sulfaquinoxaline-
Na standard aqueous methanolic solutions (5.0 mg mL™")
equivalent to 1.0-30.0 mg, 0.5-20.0 mg, and 1.0-25.0 mg;
respectively. The spiked samples were homogenized at
5000 rpm for 5 min. The homogenate was sonicated at 25 °C
for 20 min and then centrifuged at 3500 rpm for 15 min. The
samples were re-extracted with methanol (2.0 x3.0 mL).
The extracts were combined, filtered through a syringe filter
having 0.22 pm pore size in 10-mL methanol in volumetric
flask. 10 pL of each solution was applied to a TLC plate,
and the procedures described under “3.1. Linearity” for the
TLC—densitometry method were adopted.

Results and Discussion

UHPLC Method

Three different chromatographic columns were com-
pared: Kinetex-C18 (2.6 pm, 4.6 mm X 100 mm, 100 A),
ZIC-HILIC (3.5 pm, 4.6 mm X 150 mm, 100 A), and Kro-
masil-C18 (5 pm, X 4.6 mm X 250 mm, 100 A). Several
mobile phase compositions were tested (butanol:methanol,
butanol:acetonitrile, water:methanol and water:acetonitrile,

various flow rates (0.5-1.5 mL min~!) and wavelengths
(230-350 nm) were tested for simultaneous determination
of the three drugs with satisfactory separation.

Fast separation over 1.5 min was obtained upon using
ZIC-HILIC and Kromasil®, while the separation using
Kinetex® column reached 3 min. However, higher resolu-
tion (Rs ~ 4) was obtained upon using Kinetex® column
(ZIC-HILIC and Kromasil Rs=3.9). Thus, Kinetex column
was selected for the simultaneous determination of the three
drugs. Different mobile phases with different ratios were
used. Using butanol:methanol (20:80, v/v/), only the peaks
of amprolium HCI and sulfaquinoxaline-Na were eluted
and detected. Whereas only sulfaquinoxaline-Na was eluted
when butanol:acetonitrile (20:80, v/v/) used as the mobile
phase. On the contrary, only amprolium HCI was eluted upon
using water:acetonitrile (50:50 v/v/) and water:methanol
(50:50, v/v/) mobile phases. Satisfactory separation of the
tertiary mixture with a reasonable difference in retention
time (about 2 min) was achieved with a mobile phase com-
posed of acetonitrile—methanol-3.0 g/L sodium 1-hexane-
sulfonate aqueous solution in a ratio of (1:4:15, v/v/v) and
pH=5.1. The suggested mobile phase was pumped at 45 °C
temperature, flow rate 1.0 mL min~' and UV detection at
263 nm. These chromatographic conditions resulted in a sta-
ble baseline; sharp resolved peaks; tailing factor (T) ranged
between 0.98 and 0.99 were obtained at R, 4.17 +0.008 min
for amprolium HCI, 2.325 +0.005 min for ethopabate, and
at 6.25+0.013 for sulfaquinoxaline-Na Fig. 2.
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Fig.2 UHPLC chromatogram at 263 nm for a Ethopabate (20 pg mL™!), b Amprolium HCI (20 ug mL™"), and ¢ sulfaquinoxaline-Na

(20 pg mL™)
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TLC-Densitometric Method

Simultaneous determination of amprolium HCL, ethopa-
bate, and sulfaquinoxaline-Na was carried out using different
developing systems in different ratios. Mobile phases tested
were namely; toluene:ethylacetate (7:3 v/v) and methanol
:chloroform:ethylacetate:glacial acetic acid (7:2:2:0.1 v/v/
v/v); these mobile phases showed no baseline separation for
amprolium HCI; however, both ethopabate and sulfaquinox-
aline-Na showed remarkable baseline separation but unfortu-
nately with similar elution pattern and same R; values. Upon
using methanol: H,O:glacial acetic acid (7:2.5:0.1 v/v/v),
only ethopabate showed remarkable baseline separation.
The use of ethylacetate:methanol: 33% ammonia solution
(9:3:0.5, v/v/v); showed a significant difference in separation
and R; values for sulfaquinoxaline-Na and ethopabate, while
amprolium HCI showed no baseline separation.

Only upon using these two mobile phases, chloroform
methanol:glacial acetic acid:ethylacetate (5:8:1:1 v/v/v/v)
and chloroform: acetonitrile:methanol:glacial acetic acid
(9:2:1.5:0.5 v/v/v/v) amprolium HCI showed satisfactory
baseline separation (R;=0.2).

The separation of the three drugs was achieved only
using a mobile phase composed of chloroform:methanol:

800 —

AU

500 —

400 —

300 —

200 —

100 —

33% ammonia solution (6:4:0.5 v/v/v) where the R; values
were found to be 0.34, 0.65, and 0.95, for amprolium HCI,
sulfaquinoxaline-Na, and ethopabate; respectively. Chro-
matogram of the drug was scanned densitometrically at
different wavelengths (220.0, 230.0, and 254.0 nm) where
optimum peak shape (tailing factor; 1.0), capacity factor
(K"=0.08-1.9), resolution (Rs “3.5), good linearity, and
reproducible response were obtained at 263.0 nm Fig. 3.

Method Validation

The two proposed methods were validated according to ICH
guidelines.

Linearity

A linear correlation was obtained between each response
and the corresponding drug concentration in the range of
0.5-25.0 pg mL~!, 1.0-30.0 pg mL~", and 1.0-30.0 pg mL~!
for UHPLC method. A linear correlation in the range of
1.0—30.0 pg/band, 0.5-20.0 pg/band, and 1.0-25.0 pg/band
for amprolium HCI, ethopabate, and sulfaquinoxaline-Na,
respectively, for TLC—densitometric method. The regression
parameters were calculated Table 1.

All tracks @263nm

Rt

Fig.3 Densitometric chromatograms of a amprolium HCI, b sulfaquinoxaline-Na, and ¢ ethopabate at (20:18:1) pg/ band
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Table 1 Regression parameters and assay validation results for the determination of amprolium HCI, ethopabate, and sulfaquinoxaline-Na by the

proposed methods

Parameters Amprolium HCL Ethopabate Sulfaquinoxaline-Na
UHPLC TLC—-densitometry UHPLC TLC—densitometry UHPLC TLC—densitometry
Linearity range 0.5-25 uyg mL™! 1.0-30.0 (ug/ band) 1.0-30.0 uyg mL™! 0.5-20.0 (ug/ band) 1.0-30.0 ug mL~! 1.0-25.0 (ug/ band)
Slope +S.D 10.59305+0.0181 1793.055+9.074 5.8543+£0.03601 2680.493 +5.2967 9.7562 +0.007608 2135.894+1.2972
Intercept+S.D —0.38711+0.208764  7455.097 +150.522 0.48236+0.67038 14,277.12+50.1678 —0.1648 +£0.12246 21,324.64+17.29272
S.D. of residual 0.32282 2142518 0.9520 86.2044 0.18503 27.0826
Coefficient of 0.9999 0.9998 0.9998 0.9999 0.9999 0.9999
determinations
Accuracy 100.57+0.52 99.40+0.83 98.78 +0.54 100.25+0.54 100.14+0.11 99.82+1.64
(R%+S.D.)*
Precision (RSD%,  0.53-0.71 and 0.11-1.89 and 0.53-0.71 and 0.15-1.14 and 0.21-0.41 and 0.23-0.61 and
n=9) 0.43-0.89 0.27-1.41 0.21-1.14 0.11-0.78 0.04-1.14 0.48-0.68
Intraday and
interday
Specificity + SD 100.03+1.34 100.19+1.30 99.41+0.86 100.17+0.85 100.97 +0.60 99.75+1.40
LOQ 0.19 ug mL~! 0.84(ug/band) 1.14 ug mL™! 0.19 (ug/band) 0.12 ug mL™! 0.08 (ug/band)
LOD 0.07 ug mL™! 0.28(ug/band) 0.38 uyg mL~! 0.06 (ug/band) 0.04 pg mL™! 0.03 (ug/band)
Accuracy changes in the system suitability parameters were observed.

The mean accuracy of the proposed methods were tested
using a triplicate of three concentrations of the cited drugs
within the linearity range. Mean accuracy was found to be
100.58 +0.52, 98.78 +£0.54, and 100.14 +0.11, respectively,
for the UHPLC method. Whereas for the TLC—densitometric
method, the mean accuracy was found to be 99.4% + 0.83,
100.25% %+ 0.54, and 99.82% + 1.64 for amprolium HCI,
ethopabate, and sulfaquinoxaline-Na, respectively.

Precision

Intraday was performed over a period of 10 min, whereas
interday was performed within-laboratories variations (dif-
ferent days; 3 days intervals). The intra- and inter-precision
ranges were 0.53-0.71%, 0.43-0.89% for amprolium-HCL,
0.53-0.71%, 0.21-1.14% for ethopabate, and 0.21-0.41%,
0.04-1.14% for sulfaquinoxaline-Na using UHPLC method.
The TLC/densitometric method precision values ranged
between 0.11 and 1.89%, 0.27 and 1.41% for ampro-
lium HCL, 0.15-1.14%, 0.11-0.78% for ethopabate, and
0.23-0.61%, 0.48-0.68% for sulfaquinoxaline-Na over a
period of 3 weeks (supplementary material, Tables S3, S4).
These results indicated the repeatability and reproducibility
of the proposed methods Table 1.

Robustness
UHPLC Method It was estimated either by altering the vol-

ume of acetonitrile (+2%), the volume of water (+2%),
or by changing flow rate (0.1 mL min~"). No significant
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Moreover, the resolution between amprolium HCI, ethopa-
bate, and sulfaquinoxaline-Na was not changed and the RSD
percentage was<1.23%; verifying the robustness of the
method Table 2a.

TLC-Densitometric method There was no significant
change in R; values upon introduction of small variations in
the volume of the mobile phase compositions within (+2%).
The R; value gave RSD% not exceeding 1.71% illustrating
the robustness of the method Table 2b.

Specificity Five laboratory prepared mixtures in different
ratios of amprolium HCI, ethopabate, and sulfaquinoxa-
line-Na were analyzed. The proposed UHPLC method was
valid for simultaneous determination of amprolium HCI,
ethopabate, and sulfaquinoxaline-Na with mean recover-
ies of 100.03+1.34 for amprolium HCI, 99.41+0.86 for
ethopabate, and 100.97 +0.6 sulfaquinoxaline-Na. While
for the TLC—densitometric, the mean recoveries were
100.19% +1.30, 100.17% +0.85, and 99.75% + 1.4 for the
three drugs, respectively.

Stability of Standard Solution The stability of the aqueous
methanolic solutions of the three drugs at (5 mg mL™!) was
evaluated by the TLC—densitometric methods. The solu-
tions were found to be stable for 2 weeks either at room
temperature or in the refrigerator.

The proposed method was successfully applied for the
simultaneous determination of amprolium HCI, ethopabate,
and sulfaquinoxaline-Na in Amproethoquine® powder. The
obtained results revealed no interference by excipients or
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Table 2 Robustness results for the determination of amprolium HCI, ethopabate and sulfaquinoxaline-Na by the proposed UHPLC method

a

Parameter Amprolium HCI * Ethopabate Sulfaquinoxaline-Na

K’ N R o T K~ N R A T K~ N R o T

Mobile phase % 73 3.17 3855 421 6.86 097 3.18 3988 426 6.86 098 3.50 3969 4.02 726 094
75 319 3948 426 694 099 322 3945 427 694 099 356 4159 4.09 731 099
77 320 3802 422 691 097 320 3865 421 691 098 352 3896 405 722 0.96
pH 55 315 3799 419 6.89 098 3.16 3899 421 689 099 351 3899 401 722 097
5.1 322 3948 426 694 098 320 3966 423 694 099 356 4159 4.09 731 099
45 313 3865 4.17 685 099 314 3866 4.19 685 1.00 349 3954 4.09 725 096
Flow rate (ml/min) 0.9 3.17 3911 422 692 095 3.13 3989 420 692 099 355 4025 4.04 627 0.97
1 322 3948 426 694 099 324 3999 428 694 099 356 4159 4.09 731 0.99
1.1 320 3926 424 690 099 327 3955 425 690 096 353 4107 407 628 095
b
Robustness parameters Rf of amprolium HCl Rf of ethopabate Rf of
sulfaquinox-
aline-Na
Mobile phase
(Methanol:chloroform:33%ammonia, 4.1:6.1:0.51 v/v/v) 0.33 0.93 0.67
(Methanol:chloroform:33% ammonia, 4:6:0.5 v/v/v) 0.34 0.95 0.67
(Methanol:chloroform:33%ammonia, 3.9:5.9:0.49 v/v/v) 0.34 0.96 0.68
n=3 (for a conc. of 10 uyg mL~" amprolium HCI, ethopabate, and sulfaquinoxaline-Na)
Table 3 Determination of amprolium HCI, ethopabate, and sulfaquinoxaline-Na in mixtures by the proposed methods
Drugs conc. (pg mL™!) UHPLC recovery % TLC/densitometry recovery %
Amprolium Ethopabate Sulfaqui-  Amprolium Ethopabate  Sulfaquinoxa- ~ Amprolium HCl Ethopabate Sulfaquinoxa-
HCl noxaline- HCI line-Na line-Na
Na
20%* 1* 12% 100.60 99.37 100.08 101.84 99.98 98.38
20 20 20 100.60 98.46 101.34 101.61 99.10 98.52
10 20 20 101.09 100.0 101.25 99.98 100.03 98.52
20 20 10 100.34 98.7 101.54 98.5 100.22 101.11
20 10 20 98.06 100.52 100.63 99.34 101.71 100.85
Mean% + SD 100.03 = 1.34 9941 +0.86 100.97 +0.60  100.19 +1.30 100.17 £ 0.85 99.75 + 1.40
Ph. preparation recovery* % + SD 100.12 +0.89  99.22 +0.85 99.88 + 0.62 100.92 +0.78  99.67 +0.75 101.38 + 1.01

*Ratio present in veterinary formulation

additives indicating specificity of the method. The mean
recoveries + SD were 100.92 +0.78, 99.67 +0.75, and
101.38 +1.01 and in the mentioned dosage form, respec-
tively Table 3.

The validity of the proposed methods was further verified
by applying the standard addition technique. Whereby three
different concentrations of each standard solution of the three
cited drugs were added directly to the aliquots of veterinary
formulation containing the following ratio of the three drugs;

20:12.8:1 of amprolium HCl:ethopabate:sulfaquinoxaline-
Na, respectively, for the proposed methods (Supplemen-
tary material S5 and S6). The obtained mean recoveries of
added standards + SD were 100.48 +1.93 for amprolium
HCI, 101.51 +£0.14 for ethopabate, and 98.80 + 0.84 for
sulfaquinoxaline-Na for UHPLC. The TLC—densitometric
method showed mean recoveries of the added standard to be
101.05+£0.94, 99.46 +0.62, and 99.52 +0.79, respectively
Table 4.
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Table 4 Statistical analysis of the results obtained by the proposed TLC—densitometric and UHPLC methods and the reported method [8] for the
determination of amprolium HCI, sulfaquinoxaline-Na, and ethopabate in their veterinary formulation Amproethoquine®

Parameters Amprolium HCI Ethopabate Sulfaquinoxaline-Na
UHPLC TLC—densito- Reported UHPLC TLC-densito-  Reported UHPLC TLC—-densito-  Reported
metric method** metric method** metric method**
Double Double Double
divisor ratio divisor ratio divisor ratio
spectra spectra spectra
derivative derivative derivative
method method method
(DDRD) at (DDRD) at (DDRD) at
238.6 nm 233.0 nm 289.0 nm
Concentration 0.5-25.0 (ug 1.0-30.0 (ug/ 6.0-50.0 (ug 1.0-30.0 (ug 0.5-20.0 (ug/  2.0-27.0 (ug 1.0-30.0 (ug 1.0-25.0 (ug/  3.0-25.0 (ug
range mL™") band) mL™") mL™") band) mL™") mL™") band) mL™h
N 5 5 5 5 5 5 5 5 5
Mean % 100.12 100.92 101.61 99.22 99.67 100.28 99.88 101.38 100.75
S.D 0.89 0.78 0.67 0.85 0.75 1.06 0.62 1.01 0.82
Variance 0.79 0.61 0.44 0.71 0.57 1.12 0.39 1.02 0.67
t test™ (2.31) 1.75 0.58 - 1.81 1.62 - 0.85 0.36 -
F test* (6.39) 1.04 0.95 - 3.31 3.15 - 0.32 0.95 -
Standard addition 100.48+1.93 101.05+0.94 - 101.51+0.14 99.46 +0.62 - 98.80+0.84 99.52+0.79 -

Mean% +S.D

*Figures in parenthesis are the theoretical values of ¢ and F at p=0.05. The reported method involved: **Double divisor ratio spectra deriva-
tive method (*DDRD) of amprolium HCI and ethopabate at 238.6 and 233.0 nm; respectively. While sulfaquinoxaline-Na amplitudes were at

289.0 nm [8]

These results were statistically compared with those
obtained from the reported method [8]. As shown in Table 4,
calculated r values were 1.75, 0.58, 1.81, 1.62, 0.85, and
0.63 for UHPLC and TLC-densitometric methods for
amprolium HCL, ethopabate, and sulfaquinoxaline-Na,
respectively. While F-values were 1.04, 0.95, 3.31, 3.15,
0.32 and 0.95 for UHPLC and TLC—densitometric methods
for amprolium HCL, ethopabate, and sulfaquinoxaline-Na,
respectively. Hence, such results were less than the theoreti-
cal ones (2.31) for 7 test and (6.39) for F test, indicating that
there was no significant difference between the proposed
and reported methods. While, the proposed methods had the
advantage of being successfully applied for simultaneous
determination of the three drugs.

The applicability of the established TLC densitometric
methods was extended to the analysis of the three drugs in
chicken liver samples after homogenization with methanol,
sonication, centrifugation, and filtration. Well-resolved sym-
metrical peaks with linear correlation were obtained between

the average peak areas and the drug concentration over the
range 1.0-30.0 pg/band, 1.0-25.0 pg/band, and 0.5-20.0 pg/
band for amprolium HCL, ethopabate, and sulfaquinoxaline-
Na, respectively Table 5.

Satisfactory recoveries of the three cited drugs from
biological samples were obtained, and the results were
99.71-100.45, 98.08-99.6, and 99.73-101.43%, respectively
Table 6.

Assessment of Greenness of the Proposed Methods

According to analytical Eco-scale, Penalty points PPs for
each reagent are calculated by multiplying number of GSH
(globally harmonized system of classification and labeling
of chemicals) hazard pictograms by degree of hazard (‘warn-
ing’ multiplication by 1 and ‘danger’ multiplication by 2).
[30] Because the GSH hazard pictograms are placed on the
reagent containers, the hazard related to utilization of chemi-
cals is easy to calculate (supplementary material, table S2).

Table 5 Regression parameters

o Parameters Amprolium HCl Ethopabate Sulfaquinoxaline-Na

for the determination of

amprolium HCI, ethopabate, A max (D) 263

and sulfaquinoxaline-Na in Linearity range (ug/band) 1.0-30.0 0.5-20.0 1.0-25.0

chicken liver by the proposed

TLC—densitometric method Slope +S.D 1482.77 £ 61.73 10,919.9+318.84 1382.25+34.13
Intercept+S.D 5888.95+1078.24 769.93 +26.85 5324.68 +560.99
S.D. of residual 1348.22 427.86 631.88
Coefficient of determinations 0.9948 0.9964 0.9982
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Table 6 Determination of amprolium HCI, ethopabate, and sulfaquinoxaline-Na in chicken liver by the proposed TLC—densitometric method
Amprolium HCl Ethopabate Sulfaquinoxaline-Na
Taken (ug/ Found (pg/ Recovery*% Taken (ug/ Found (ug/ Recovery*% Taken (ug/ Found (pg/ Recovery*%
band) band) band) band) band) band)
1 1.0 £1.40 100.2 0.5 0.5+1.98 99.52 1 0.99 +1.11 99.73
15 15.07 £2.29 100.45 8 7.85+0.57 98.08 15 1522 +046  101.43
30 2991 £ 0.6 99.71 20 1992 +0.20  99.6 25 2495 +047  99.79
Mean% + SD  100.12 + 0.38 Mean% + SD  99.07 + 0.86 Mean% + SD  100.32 + 0.96
*Mean of three separate determinations
Table 7 Penalty points of.the Penalty points
proposed methods according to
the analytical Eco-scale Proposed UHPLC method Proposed Reported method
TLC/den- . .
sitometric Dogblg divisor ratlo3 spectra
method derivative method ("DDRD)
Sodium 1-hexanesulfonate 1 - -
Acetonitrile 8 - -
Methanol 6 6 18
Chloroform - 6 -
Ammonia 33% solution - 8 -
Propylene glycol - - -
Instruments
Energy 0 0
Occupational hazards 0 0 0
Waste 5 5 5
Total PPs >19 326 323
Analytical eco-scale total score 81 74 77
Excellent green analysis Accept- Excellent green analysis
able green
analysis

[31] PPs obtained for the proposed methods were calculated.
UHPLC and densitometric methods showed a score of 81
and 74, respectively, confirming that both methods are excel-
lent, acceptable green methods respectively Table 7.

The proposed methods were applied for in-line sam-
ple collection; the samples did not require preservation,
transport, or storage in addition no sample preparation was
required, and hence, the method was considered as a direct
analytical technique. In addition, both methods can be used
for the simultaneous qualitative and quantitative analysis of
the tertiary mixture. Section 9 was colored yellow, since the
volume of the solvents used along the analytical methods
was 10-100 mL. Section 10 and 11 were colored yellow
as health hazard rating and the flammability score of the
used solvents for both proposed methods were 2 or 3. Sec-
tions 14 and 15 were colored red as the waste volume in both
methods was ~ 10 mL and no waste treatment was applied.

The results of the GAPI assessment were shown in Fig. 4
and Table 8. GABI pictograms suggest that both proposed
methods are of green practice.

Conclusion

Two sensitive, selective, and rapid chromatographic meth-
ods were developed for the separation and determination
of amprolium HCI, ethopabate, and sulfaquinoxaline-Na.
Both UHPLC and TLC-densitometric methods can assess
the purity of the three drugs. Both methods also proved
to be green according to analytical Eco-scale and GABI
assessment tools. They were used for the first time to deter-
mine the three drugs in their tertiary mixture formulation.
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Sample collection. peesen ation.
tansport and slocape

Sample collestion. presen ation.
transport aod storape

Sample collection. prosen ation,

Sample collection, presenation. transpost and storage

transport and storage

Quantifiation _—

Fig.4 GABI pictograms of the proposed A TLC—densitometry method, B UHPLC methods, C the reported methods 1D method for determina-
tion of amprolium HCL and ethopabate, and D mean centering method for estimation of sulfaquinoxaline Na

Table 8 Green analytical procedure index parameters for the developed methods

Category

Proposed method

UHPLC method

TLC/densitometric method

Reported method

Double divisor ratio spectra derivative
method (DDRD)

Sample preparation
Collection (1)
Preservation (2)
Transport (3)

Storage (4)

Type of method: direct or indirect (5)
Scale of *extraction (6)
Solvents/reagents used (7)
Additional treatments (8)

Reagent and solvents
Amount (9)

Health hazard (10)

Safety hazard (11)

Instrumentation
Energy (12)
Occupational hazard (13)
Waste (14)
Waste treatment (15)

In-line

None

None

None

No sample preparation
Nano-extraction
Solvent-free methods

None

10-100 mL (10-100 g)

Moderately toxic; could cause temporary
incapacitation; NFPA=2 or 3

Highest NFPA flammability or instability
score of 2 or 3, or a special hazard is
used

<1.5 kWh per sample
Hermetic sealing of analytical process
>10mL (<10 g)

No treatment

In-line

None

None

None

No sample preparation
Nano-extraction
Solvent-free methods

None

10-100 mL (10-100 g)

Moderately toxic; could cause temporary
incapacitation; NFPA=2 or 3

Highest NFPA flammability or instability
score of 2 or 3, or a special hazard is
used

<1.5 kWh per sample
Emission of vapors to the atmosphere
>10mL (<10 g)

No treatment

In-line

None

None

None

No sample preparation
Nano-extraction
Solvent-free methods

None

10-100 mL (10-100 g)

Moderately toxic; could cause temporary
incapacitation; NFPA=2 or 3

Highest NFPA flammability or instability
score of 2 or 3, or a special hazard is
used

<0.1 kWh per sample
Hermetic sealing of analytical process
>10mL (<10 g)

No treatment
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