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Abstract
A new, precise, and sensitive method for the determination of Metronidazole has been created.
Metronidazole has been determined in both blood and dosage forms. The reaction is based on the
reduction of the nitro group of metronidazole followed by coupling with the diazotized p-
aminodiphenylamine to produce a soluble, colored complex measured at 515 nm. Beer-Lambert
law is obeyed over the concentration range from 20 to 100 µg/mL, the molar absorptivity is
1397.88 L/mol.cm.The method has been used for the determination of metronidazole in the blood
of the volunteer after 4, 6, 8, and 12 h from the administration of 500 mg tablet showing that the
higher level of the drug was found after 6 h from swallowing the drug orally with excellent
precision range (RSD% 0.0122-0.0387). The method has been also applied for the estimation of
drug content in injection and tablet dosage forms with accuracy ranging from -4.1- to +4.0.
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Introduction

Metronidazole (MNDZ) it is an efficient
antiprotozoal and antibacterial agent used to
treat trichomoniasis, amoebiasis, and
giardiasis [1]. It decreases the cytokines levels
produced during the treatment of COVID-19
infection [2,3]. MNDZ is usually modified in
the liver by oxidation of the side-chain to form
hydrophilic products, the main two oxidative
metabolites of metronidazole are hydroxy
and acetic acid derivatives [4,5]. MNDZ
binds to the deoxyribonucleic acid of the
anaerobic bacteria and protozoa and blocks
its replication [6,7]. Chemically MNDZ
(Fig. 1) is 2-(2-methyl-5-nitro-1H-imidazol-1-
yl) ethan-1-ol)with chemical formula
C6H9N3O3 and molecular weight 171.16
g/mole) [8]. MNDZ is known as flagyl;
metizol; metro; metrogelv and other brand

names [9]. The ultraviolet spectrum of MNDZ
in aqueous acid exhibits a peak at 277 nm and
in aqueous alkali exhibits a peak at 319 nm
[9,10].

Figure 1. Metronidazole (MNDZ)

MNDZ reacts with a silver(I)to
form the coordination complex [Ag
(MNDZ)2NO3] and [(Ag (MNDZ)2)2]SO4,
which exhibits significant antibacterial
activity [11].
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MNDZ has been estimated in
pharmaceutical dosage forms by hyphenated
techniques LC-MS/MS chromatographic
methods [12-14], electrochemical methods
[15-18], and chromatographic techniques
[19, 20].

MNDZ has been estimated in
pharmaceutical formulations by two flow
injection methods using metol (N-methyl-p-
aminophenol sulfate) as electron acceptor and
the reduced form of metronidazole as an
electron donor by two lines manifold
procedure in the presence of NaIO4 in the first
method and by reverse flow injection
manifold in the second [21]. MNDZ has been
determined by spectrophotometric methods
which are based on the reduction of MNDZ
with zinc/HCl, followed by the formation of
Schiff base with p-
dimethylaminobenzaldehyde [22] and with
vanillin [23]. Other spectrophotometric
procedures are based on the reduction of the
nitro group in MNDZ followed by oxidation
with alkaline potassium permanganate [24],
also reduction of the nitro group of MNDZ,
followed by diazotization of it, and coupling
with β-naphthol [25], N-(1-naphthyl)
ethylenediamine [26], para-hydroxyl
benzaldehyde [27], and with α-naphthol in
another literature [28]. MNDZ reacts with
chloranilic acid according to the charge-
transfer principle, the reaction is taken place
in acetone-cetylpyridinium chloride and the
formed MNDZ complex was measured at 513
nm. [29], reduced MNDZ reacts with
p-benzoquinone to form a purple color
complex in a methanolic medium measured at
526 nm [30]. spectral changes of
metronidazole upon changing the pH of the
medium have been followed at 326 nm. The
calibration curve has been expressed by the
difference in absorbances (∆A) against 
concentration [31]. Some techniques for
determination of MNDZ are complected and
require elaborate, expensive, and may not be
available. MNDZ in all spectrophotometric

methods acted as a diazotized compound, in
this article the reduced MNDZ acts as a
coupling agent, and the proposed method
exhibits good applicability for the
determination of MNDZ in blood as well as in
dosage forms.

Materials and Methods
Instruments

Absorption spectra were measured on
a double beam Jasco V-630 spectrophotometer
with 1.0 cm matched glass cells.

Chemicals

All chemicals used were of analytical
grade:

Prepared solution

Metronidazole (100 μg/mL), Sodium
Nitrite (NaNO2) (1%), Sulphamic acid (3%),
hydrochloric acid (1 M), Sodium hydroxide (4
M), P-amino diphenylamine (1x10-3 M):
0.0184 g of pure reagent has been dissolved in
10 mL of ethanol followed by dilution to100
mL.

Metronidazole tablet/200 mg (Ajanta Pharma
Limited Indian): The content of five tablets
had been mixed, pulverized, and weighed. The
mean weight of one tablet was 0.3286 g. The
0.08215 g (equivalent to 0.05 g active
component Metronidazole) was reduced
according to the reduction procedure, then
diluted to prepare 100 µg/mL.

Metronidazole tablet/500 mg (Microlab
Limited): The content of five tablets had been
mixed, pulverized, and weighed. The mean
weight of one tablet was 0.65402 g. So,
0.065402 g of tablet powder (equivalent to
0.05 g active component Metronidazole)
was reduced according to the reduction
procedure, then diluted to prepare 100
µg/mL.
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Metronidazole Intravenous Injection 500
mg/100 mL (Pioneer company Iraq-
Sulaymaniyah): 10 mL of the Intravenous
Injection liquid was reduced according to the
reduction procedure, then diluted to prepare
100 µg/mL of the drug sample.

Extraction of MNDZ from human blood

2 mL of human blood samples (of
healthy voluntaries) have been collected after
4, 6, 8, and 12 h after oral administration of a
single dose 500 mg tablet MNDZ tablet/500
mg (Microlab limited)in heparinized tubes
during non-alternative days, 0.5 mL of sodium
citrate kit has been added, separation was
carried out by centrifugation 5000 periods per
second at room temperature, the decantated
supernatant was reduced by 0.4 g zinc powder
in acidic medium (5 mL of concentrated HCl),
mixed with 10 mL of hot distilled water and
boiled for 5 min, then cooled in ice, filtrate
and finally diluted to make 25 mL with
distilled water [33,34].

Reduction step using zinc in acidic medium

This step involves the addition of 0.4 g
zinc powder to 0.05 g MNDZ pure powder
(provided by the state company of drugs
industry and medical appliances), followed by
the addition of 5 mL of concentrated HCl,
then 10 mL of hot distilled water, after cooling
period, the solution was diluted to make 100
mL final volume and 500 μg/mL final
concentration. The final solution was diluted
to prepare a 100 μg/mL MNDZ working
solution. The reaction was expressed by the
chemical equation as in scheme 1 [26].

Scheme 1. Reduction reaction of MNDZ

Starting conditions of the reaction

1 mL of sodium nitrite and 0.5 mL of
HCl were added to 2 mL of the reagent p-
aminodiphenyl amine, followed by the
addition of 1.5 mL sulphamic acid after two
min, another two min then 1 mL of the
reduced metronidazole is added, finally 2 mL
sodium hydroxide has been added and the
solution is diluted to make 10 mL in a
volumetric flask. The formed color was
orangish-red measured at 515 nm to give a
0.1679 absorbance value against a blank
solution. The effluence of many types and
amounts of chemicals on the reaction
efficiency indicated by absorbance values
have been studied and explained below:

Results and Discussion
Optimization of the Reaction Conditions
The influence of sodium nitrite

The reagent p-aminodiphenyl amine is
a primary aromatic amine that can be easily
diazotized by the addition of sodium nitrite in
an acidic medium to form nitrous oxide.
Nitrous oxide reacts with p-aminodiphenyl
amine to form diazonium salt pulling a water
molecule according to the equations in
scheme 2:

NaNO2 +HCl HNO2+NaCl

p-amino diphenyl amine diazonium salt of p-amino diphenyl amine

Scheme 2. Formation reaction of diazonium salt



Pak. J. Anal. Environ. Chem. Vol. 23, No. 2 (2022) 197

Practically 0.2, 0.4, 0.8, 1, 1.5, and 2
mL of sodium nitrite (1%) have been added in
an acidic solution to the organic reagent
(1x10-3 M). Fig. 2 shows a maximum at 1.5
mL of sodium nitrite.

Figure 2. The influence of the quantity of sodium nitrite

The influence of acids

The presence of many acids (H3PO4,
HNO3, H2SO4, HCl, CH3COOH) with many
quantities on the sensitivity of the colored
product exhibits a maximum at 0.5 mL of 1 M
HCl, while both nitric acid and phosphoric
acids exhibit negative effect Fig. 3 summarize
the results.

Figure 3. The influence of the acids

Adjustment the amount of sulphamic acid

An excess of nitrous oxide may cause
an undesirable further reaction, so, sulphamic
acid is used to adjust the amount of nitrous
oxide according to the below reaction
equation:

Fig. 4 shows that 1.5 mL of 3%
sulphamic acid is a convenient amount to
remove the excess amount of nitrous oxide.

Figure 4. The influence of the quantity of sulphamic acid

Select the type and adjustment the amount of
base

The diazonium formation requires an
acidic medium while the coupling step
requires a basic medium to enhance and
increase chromophore area. 0.5 mL of 4 M of
bases NaOH, KOH, and Na2CO3 as basic salts
are used for the last requirements. Fig. 5A
showed that NaOH is the best choice. Fig. 5B
showed that exactly one milliliter is preferred.

Figure 5. A: Selectionof base B: Selection of NaOH amount
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Adjustment the amount of organic reagent
agent

1.5, 2, and 2.5 mL of p-aminodiphenyl
amine agent (1x10-3 M) against 10, 20, 30, 40,
50, 75, 100, and 125 µg of MNDZ in final
volume 10 mL under the above-selected
conditions have been followed. Table 1
indicates that 1.5 mL of the reagent produces a
higher correlation and it is selected.

Table 1. Influence of p-aminodiphenyl amine on the absorbance
of increasing concentrations of MNDZ.

Absorbance/µg of MNDZ

Volume of p-
aminodiphenyl

amine (mL)

10 30 50 75 100 125 R2

1.5 0.011 0.0503 0.325 0.3801 0.6110 0.953 0.974

2 0.022 0.0460 0.3218 0.3620 0.661 1.0532 0.952

2.5 0.039 0.073 0.1965 0.335 0.629 1.066 0.928

Effect of standing time

Table 2 explains the effect of standing

time after two steps:

Table 2. Effect of standing time .

Time (min)
Imm
ediat
ely

1 2 3 5 7

After reaction
of reagent with
nitrous oxide

0.24
47

0.25
47

0.32
80

0.32
10

0.32
00

0.310
0

After release
the excess of
nitrous oxide

-
0.32

1
0.33
41

0.34
00

0.33
5

0.330

1- After the diazonium step (addition of
sodium nitrite), in which the measurements
have been taken after 0, 1, 2, 3, 5, and 7 min
of the addition of sodium nitrite. From Table,
2 min is sufficient.

2- After the release the excess of nitrous
oxide step (addition of sulphamic acid), in
which the same above periods have been

followed as shown in Table 2, 3 min is
sufficient.

Effect of surfactant and sequence of addition

As Table 3 show, the cationic
surfactant cetylpyridiniumchloride (CPC)
relatively enhance the value of absorbance
when 2 mL of the surfactant is added, while
Fig. 5A exhibits that 2 mL of CPC produces
the maximum enhancements following
sequence 4 as explained in Fig. 5A.

Table 3. Influence of surfactant.

Surfactant solution
(1 × 10-3 M)

Absorbance/ order of
addition*

Sodium dodecyl sulphate (SDS) 0.328

Cetyltrimethylammonium bromide
(CTAB)

0.319

Cetylpyridinium chloride (CPC)
0.1%

0.345

* p-aminodiphenyl amine (PADPA) + surfactant (S) + Hydrochloric
acid (H)+sodium nitrite (N) + Sulphamic acid (F) + Metrazol (D) +
sodium hydroxide

The effect of different volumes of CPC
0.1% has been studied, two mL exhibits the
best results as shown in Fig. 6A and six
sequences of additions have been checked, as
shown in Fig. 6B, sequence 4 is the best one
and it is followed by pre- and post-

experiments.

Sequence 1: p-aminodiphenyl amine
(PADPA) + Hydrochloric acid (H)+ surfactant
(S) +sodium nitrite (N) + Sulphamic acid (F)
+ Metrazol (D) + sodium hydroxide

Sequence 2: PADPA + H + N+ F + S + D + B

Sequence 3: PADPA + H + N + S + F + D + B

Sequence 4: PADPA + H + N + F + D + B + S

Sequence 5: PADPA + H + N + F + D + S + B

Sequence 6: PADPA + N + H + F + D + B + S
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Figure 6. A: Effect of CPC B: Effect of the sequence of addition in
the presence of CPC

Absorption spectrum and calibration curve

Under the developed reaction
procedure, the absorption spectrum has been
taken, and the amount and sequence of
additions are as follows:

1.5 mL of the reagent, 0.5 mL of 1 M
HCl, 1.5 mL of sodium nitrite, standing for 2
min, 1.5 mL of sulphamic acid, and another 3
min to release the excess of nitrous oxide, 5
mL of MNDZ (100 μg/mL), 1 mL of 4 M of
bases NaOH, finally 0.2 mL of 1% M CPC,
dilution to complete 10 mL in a volumetric
flask. A blank solution has been prepared in
the same way but in the absence of MNDZ.
From Fig. 7, the maximum absorbance of the
formed complex at 515 nm is about 0.4855.

Between 10-120 μg/mL of MNDZ
solution has been measured following the
same above conditions for estimation of a
calibration curve, Fig. 8 shows the linearity is
between 20 to 100 μg/mL of MNDZ.

Figure 7. The absorption spectrum of 50 ppm of A: Sample
against distilled water B: Sample against blank and C. Blank
against distilledwater

Figure 8. The calibration curve of MNDZ

Accuracy and precision of the calibration
curve

The accuracy and precision of the
calibration curve have been estimated by
making measurements of three different
concentrations with many replications as
mentioned in Table 4.
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B

Table 4. Accuracy and precision of the calibrationcurve.

The mean
of relative
standard
deviation

%*

Relative
standard
deviation

%*

The
mean of
recovery

%*

Recovery
%

MNDZ
taken
(ppm)

0.462098.530

0.511810050 1.0559

2.194

99.46

99.990

*Average of five determination

The calculated molar absorptivity is
1397.88 L/mole.cm, LOD is 0.358 μg/mL,
LOQ is 1.956 μg/mL, while the mean of
recovery is 99.46 %, and of relative standard
deviation is μg/mL.

Nature of the formed complex

A brief study on the nature of the
complex using the job’s and mole ratio
method exhibits a one-to-one reaction ratio
between the diazotized p-aminodiphenylamine
and the coupling agent (the reduced MNDZ).
(Fig. 9 A asnd B).

Figure 9. A: Job’ s method and B: mole ratio method to confirm
the nature of the complex

As the obtained ratio was 1:1, the
expected structure may be occurred either
according to a suggestion or b suggested
structure as in scheme 3 below:

Scheme 3. The suggested structure of the colored azo product

A
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The stability constant (Ks) of the colored azo
product

Table 5 exhibits good stability of the
complex, the average conditional stability
constant is 1.14 x105 L/mole.

Table 5. Stability of the azo colored complex.

mL of
(1x10-3)
MNDZ

As* Am** α***
Ks

(1/ mol)

Mean of
Ks

(1/ mol)

0.5 0.0219 0.0301 0.272 1.97x105

1 0.0401 0.0650 0.383
0.42x
105

1.5 0.0692 0.0891 0.233
1.03x
105

1.14
x105

*Absorbance of the same amount of sample and reagent (1 sample:1
reagent)
**Absorbance of a maximum amount of reagent (1 sample:10
reagent)
*** Ratio of dissociation (α= Am-As/As)

Real Sample Analysis
Determination of MNDZ in human blood

MNDZ is metabolite mainly to 2–
hydroxymethylmetronidazole and 2–methyl–
5–nitroimidazol–1–acetic acid, distributed
quickly, and excreted mainly as glucuronic
acid derivative in the urine during 48 hours
with less than 10% of the dose as excreted as
unchanged MNDZ [13,16].

1, and 1.2 mL of extracted MNDZ from
human blood samples have been taken, treated
according to the recommended procedure,
diluted to make 10 mL, and measured at 515
nm. the results are listed in Table 6 and
summarized in Fig. 10.

Table 6. Determination of MNDZ in human blood -many hours after administration.

R.S.D
%

(xi-x-)2(xi-x-)
Concentrationof

MNDZ found (ppm)
x-xi

mL of
extracted

blood sample

After
administrated
period (hours)

1 x 10-81 x 10-4

1x 10-81 x 10-4 0.0122

1 x 10-8-1 x 10-4

21.090.2088
0.2090
0.2089
0.2087

1

1 x 10-81 x 10-4

1 x 10-8-1x 10-4 0.0173

4 x 10-82 x 10-4

22.060.2184
0.2183
0.2183
0.2186

1.2

4

4 x 10-82 x 10-4

9x 10-8-3 x 10-4

0.0331
9 x 10-83 x 10-4

22.150.2193
0.2195
0.2190
0.2196

1

4 x 10-8-2 x 10-4

25 x 10-85x 10-4 0.0387

1 x 10-8-1 x 10-4

24.270.2403
0.2401
0.2408
0.2402

1.2

6

9 x 10-83 x 10-4

9 x 10-8-3 x 10-4

0.0308
1 x 10-81 x 10-4

9.310.0922
0.0925
0.0919
0.0922

1

4 x 10-82 x 10-4

1 x 10-81x 10-4 0.0173

1 x 10-8-1 x 10-4

11.180.1107
0.1109
0.1108
0.1107

1.2

8

1 x 10-81 x 10-4

4 x 10-82 x 10-4 0.0212

4 x 10-8-2 x 10-4

2.490.0247
0.0248
0.0249
0.0245

1

1 x 10-81 x 10-4

9 x 10-8-3 x 10-4 0.0308

9 x 10-83 x 10-4

4.090.0405
0.0406
0.0402
0.0408

1.2

12
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Figure 10. MNDZ content in human blood after many hours after
administration

Determination of MNDZ in pharmaceutical
preparations

The suggested method has been
applied for the determination of MNDZ in
different dosage forms. Table 7 shows wide
application ranges with excellent recovery
values.

Table 7. Determination of MNDZ in pharmaceutical
preparations.

Pharmac-
eutical
preparations
of MNDZ

MNDZ
taken

(μg/mL)

Abs.
Of

Std.

Abs.
Of

Std.

Recovery*
%

Error
%

30 0.2201 0.2131 96.8 -3.2

50 0.4855 0.4682 96.4 -3.6

90 0.8621 0.8415 97.6 -2.4

Metronidazole
injection 500
mg / pioneer
company

100 0.9389 0.9023 96.1 -3.9

30 0.2201 0.2291 104 +4.0

50 0.4855 0.4845 99.7 -0.3

80 0.8012 0.8034 100.2 +0.27

Metronidazole
tablet 500 mg
/microlab
limited

100 0.9389 0.9021 95.9 -4.1

30 0.2201 0.2251 102.2 +2.27

50 0.4855 0.4782 98.4 -1.5

90 0.8621 0.8515 98.7 -1.22

Metronidazole
tablet 500 mg
/Ajanta
pharma
limited / India

100 0.9389 0.9123 97.1 -2.83

Comparison of the method with related
published methods

A comparison of the proposed method
with the other literature methods shows that
the present method has a higher range of
linearity, lower detection limit, and lower
quantitation limit as shown in Table 8.

Table 8. Comparison of the method with related published
methods.

Parameter
Present

Method

Literature

method [34]

Literature method

[35]

Method
Diazotization
of the reagent

Diazotization
of the reagent

Diazotization of
MZOL

Reagent
p-

aminodipheny
lamine

p-amino
benzophenon

e
α-naphthol amine

Wavelength
(nm)

515 431 510

Beers law
range (µg/mL)

20-100 2-24 2-12

Limit of
detection
(µg/ml)

0.0351 0.2407 0.1142

Limit of
quantification
(µg/mL)

0.1172 0.8024 0.3805

Molar
absorptivity
(L.mol-1.cm-1)

0.1379x104 2.284x104 1.5x104

Sandell’s
sensitivity
index
(µg cm-2)

0.1010 0.0074 0.0114

Application
Dosage forms
and biological

sample

Dosage forms
and biological

sample
Tablet

Conclusion

Metronidazole has been determined in
blood, tablet, and injection using one simple
diazotization-coupling reaction. The drug
level in blood show maxima after 6 h after
swallowing the drug orally with excellent
precision range (RSD% 0.0122-0.0387).
The estimation of drug content in injection
and tablet exhibits high accuracy ranging from
-4.1- to +4.0. The technique is simple, the
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method is sensitive, and does not consume
energy, heat, buffers, or pH adjustment.

Acknowledgement

The authors are grateful to the
University of Mosul, College of Science,
Department of Chemistry for providing
facilities to carry out this work.

Conflict of Interest

The authors declare no conflict of interest.

References

1. R. K. Narayanasamy, P. Rada, A. Zdrha,
M. Ranst, J. Neyts and J. Tachezy, J.
Microbiol. Immunol. Infect., 55 (2022)
191.
https://doi.org/10.1016/j.jmii.2021.08.008

2. R. Gharebaghi, F. Heidary, M. Moradi
and M. Parvizi, Arch. Acad. Emerg.
Med., 8 (2020) e40.
https://pubmed.ncbi.nlm.nih.gov/322591
29

3. G. Spengler, A. Kincses, T. Mosolygó,
M. A. Marć, M. Nové, M. Gajdács, C.
Sanmartín, H. E. McNeil, J. M. A. Blair
and E. Domínguez-Alvarez, Molecules,
24 (2019) 4264.
https://doi.org/10.3390/molecules24234
264

4. R. Sender, S. Fuchs and R. Milo, Cell,
164 (2016) 337.
https://doi.org:10.1016/j.cell.2016.01
.013.

5. S. Chaonan, C. Ling and S. Zhu, Saudi
Pharma. J., 27 (2019) 1146.
doi: 10.1016/j.jsps.2019.09.011

6. S.A.Dingsdag, N. Hunter, J. Antimicrob.
Chemo., 73 (2018) 265.
https://doi.org/10.1093/jac/dkx351.

7. J. Ali, M. Rahman, A. Ahmad, Z.
Khattak and M. Asim, Cureus, 13 (2021)
e17101.
https://doi:10.7759/cureus.17101.

8. A. Violeta, L. Sbârcea and D. Laura,
Molecules, 26 (2021) 3582.
https://doi.org/10.3390/
molecules26123582.

9. S. C. Sweetman, Martindale "The
Complete Drug Reference", 36th Edn.,
Pharmaceutical Press, London (2009).
http://www.amazon/Martindale
Complete-Drug-Reference-36th

/dp/0853698406.
10. K. Arun, R. Mishra, M. Amrita, V.

Anurag and Ch. Pronobesh, Int. J.
Pharm. Res. Develops., 2 (2010) 1.
ijprd/2010/pub/arti/vov-2/issue-
6/aug/004.

11. Z. Dominik, R. Lidia and O. Justyn,
Cancers, 14 (2022) 900.
https://doi.org/10.3390/cancers
14040900.

12. N. Zemanová, P. Anzenbacher, T.
Hudcovic and E. Anzenbacherová, J.
Chromatogr. Sci., 60 (2021) 81.
https://doi.org/10.1093/chromsci/bmab049

13. M. Marouf, G. Kawas and A. Sakur, Int.
Res. J. Pure Appl. Chem., 22 (2021) 34.
doi:10.9734/irjpac/2021/v22i330394

14. H. Ammar, M. Brahim, R. Abdelhédi
and Y. Samet, Sep. Purif. Technol., 157
(2016) 9.
https://doi.org/10.1016/j.seppur.2015.11.027

15. T. Pérez, S. Garcia-Segura, A. El-
Ghenymy, J. L. Nava and E. Brillas,
Electrochim. Acta, 165 (2015) 173.
https://doi.org/10.1016/j.electacta.2015.0
2.243

16. S. Meenakshi, R. Rama, K. Pandian, S.
Gopinath, Microchem. J., 165 (2021)
106151.
https://doi.org/10.1016/j.microc.2021.10
6151

17. A. Hernández-Jiménez, G. Roa-

Morales, H. Reyes- Pérez, P. Balderas-
Hernández, C. E. Barrera- Díaz and M.

Bernabé- Pineda, Electroanalysis, 28
(2016) 704.
https://doi.org/10.1002/elan.201500452



Pak. J. Anal. Environ. Chem. Vol. 23, No. 2 (2022)204

18. N. Asma, N. M. Maddeppungeng, M.
Raihan, A. P. Erdiana, A. Himawan and
A. D. Permana, Microchem. J., 172
(2022) 106929.
https://doi.org/10.1016/j.microc.2021.10
6929

19. A. da Silva, C. da Rosa Silva and F.
Paula, AAPS Pharm. Sci. Tech., 17
(2016) 778.
https://doi.org/10.1208/s12249-015-
0407-9

20. M. Q. Al-Abachi, S. S. Abed and M. H.
Alamri, Iraqi J. Sci., 61 (2020) 1541.
https://doi.org/10.24996/ijs.2020.61.7.1

21. S. Bhatia, V. Shanbhag, J. Chromatogr.
B, 305 (1984) 325.
doi: 10.1016/s0378-4347(00)83346-0.

22. O. A. Adegoke and O. E. Umoh, Acta
Pharmaceutica, 59 (2009) 407.
doi: 10.2478/v10007-009-0039-2.

23. K. Siddappa, M. Mallikarjun, P. Reddy
and M. Tambe, Eclética Química, 33
(2008) 41.
https://doi.org/10.1590/S0100-
46702008000400005

24. A. Doaa and Y. Elham, Spectrochim.
Acta Part A, 259 (2021) 19858.
https://doi.org/10.1016/j.saa.2021.119858.

25. N. Saffaj, M. Charrouf, A. Abourriche,
Y. Aboud, A. Bennamara and M.
Berrada, Dyes Pigments, 70 (2006) 259.
https://doi.org/10.1016/j.dyepig.2005.01.
009.

26. H. Wallada and B. Wadala, Raf. J. Sci.,
23 (2012) 78.
https://doi.org/10.33899/rjs.2012.59994.

27. K. F. Alsamarrai, Res. J. Pharmacol., 6
(2012) 25.
doi: 10.3923/rjpharm.2012.25.29.

28. N. Saffaj, Anal. Chem. An Indian J. 4
(2007) 87.

29. L. Fang, Y. Yu-yan, J. Wen-ping and C.
Qun, Chinese J. Pharm. Anal., 26 (2006)
1311.
https://www.ingentaconnect.com/content
/jpa/cjpa/2006/00000026/00000009/art0
0037.

30. A. Rehman, A. S. Ijaz and A. Raza, J.
Iran. Chem. Soc., 2 (2005) 197.
https://doi.org/ 10.1007/ BF03245922.

31. H. S. Nagwa , A. Mona, A. Eman, N. El-
Enany and F. Belal, Asian J. Chem., 21
(2009) 755.
https://asianjournalofchemistry.co.in

32. S. L. Stancil, V. Haandel, S. Abdel-
Rahman and R. E. Pearce, J.
Chromatogr. B, 1092 (2018) 272.
https://doi.org/10.1016/j.jchromb.2018.0
6.024

33. N. A. Khalil, H. Sh. Mahmood and A. A.
Shihab, Egypt. J. Chem., 65 (2022) 397.
doi: 10.21608/ejchem.2022.112958.5134

34. A. Youssef, M. Magda. D. Saleh, A.
Abdel-Kader and Y. Elham, Inter. J.
Pharm. Sci. Res., 6 (2015) 103.
doi:10.13040/IJPSR.0975-
8232.6(1).103-10.


