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ABSTRACT

A novel, simple, fast, and reproducible liquid-liquid extraction and dispersive liquid-liquid micro extraction (DLLME)
combined with UV-visible spectrophotometric methods were developed utilizing Sodium (E)-4-chloro-5-((2-
hydroxynaphthalen-1-yl) diazenyl)-2-methylbenzenesulfonate (SCMS) as a reagent for the estimation of ketotifen
fumarate (KTF) in a pure state and in the pharmaceutical dosage form. The suggested methods are based on the
formation of the red ion-pair complex of ketotifen fumarate (KTF) with SCMS reagent in britton pH=2 buffer. The
extracted red complexes showed absorbance maxima at 490 nm. Beer’s law is obeyed in the concentration ranges (5.0-
50.0 mg/L) for (LLE) and (1.0-10.0 mg/L) for (DLLME), respectively. The molar absorptivities 1.36x103 and 15.8x103
L.mol-1.cm-1 for LLE and DLLME procedures, respectively, as well as the Sandell’s sensitivity, 0.31 and 0.26 ug.cm-2 for
both methods, which indicated the high sensitivity of the suggested methods. The percent relative standard deviation
(RSD%) 1.8-5.1% and 0.5-4.6 % for LLE and DLLME refer to the high precision of the proposed method.
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A double beam UV-Vis spectrophotometer (cintra
INTRODUCTION 5) was utilized f9r absorption intensity and spectra
measurements using (1 cm) quartz cell. Also, the pH

Ketotifen fumarate, as known [10H- benzo(4,5)
cyclohepta(1,2-b)thiophen-10-one,4,9-hydro-4-
(1-methyl-4-piperidinylidine)-(E)-2-butenedioate,
(KTF)] (Figure 1) [1]. It contains anti-allergic and anti-
histaminic properties [2,3]. It's prescribed for asthma
prevention, hay fever symptom relief, and urticaria
alleviation; it's also utilized to treat allergic disorders
like rhinitis and conjunctivitis [4]. A variety of techniques
and methods to assay the ketotifen fumarate in various
samples such as body fluids and pharmaceutical
formulations. From these techniques, HPLC [5-11], TLC
[12], capillary electrophoresis [13], spectrofluorimetry HO 0
[14], potentiometric titration [15,16], coulometric
titration [17], chemiluminescence [18-20] and UV-Vis N
spectrophotometry [4,19-23]. The dispersive liquid-

liquid micro extraction (DLLME) has many advantages ‘
like rapid, low cost, and safety [24,25]. The aim of the Figure 1: Ketotifen fumarate (KTF) structure.
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measurements were achieved by pH-meter DW-9421
from the Philips instrument. To separate the organic
phase from the aqueous phase, a hermle Z-300 centrifuge
(Germany, Wehingen) was utilized.

MATERIALS AND METHODS

Ketotifen fumarate (KTF, purity 99.8%) was obtained
as a gift sample from the state company for drug
industries and medical appliances, Samara-Iraq(SDI).
Sodium (E)-4-chloro-5-((2-hydroxynaphthalen-1-yl)
diazenyl)-2-methylbenzenesulfonate (SCMS) reagent
was synthesized according to Asmaa et al [26]. A stock
solution of (KTF) 0.05 gm was weighed and dissolved in
the 100 mL of 0.1N HCI solution to prepare 500 mg.I%.
Also, a stock solution of SCMS (500 mgl!) was prepared
by dissolving 0.05 gm in 100 mL of D.W in the volumetric
flask (100mL). Sulphate buffer (pH 2) was prepared by
dissolving 132.1 g of ammonium sulphate in the 14 mL
concentrated sulfuric acid and completing the volume to
500 mL with D.W in the volumetric flask 500 ml [27].

Assay procedure for dosage forms

Five tablets of KTF, 10 mg (asmafort, UAE & astomide,
Syria) were weighed and powdered. The amount
weighed was dissolved in the 100 mL of 0.1 N HCI
solutions in the volumetric flask. The content was mixed
well and filtered through a filter paper to remove the
insoluble compounds.

General procedure of LLE

A 5.0-50 mg. L-1 of KTFstandard solution was added to
a 15 mL volumetric flask stoppered tube including 2 mL
SCMS (100 mg. L-1). The volume was completed to 5 mL
with sulphate buffer (pH 2). The mixture was shaken for
5 min, then heated for 10 min at 30 0C. Chloroform 5
mL was added to the mixture and centrifuged at 4000
rpm for 5 min. The organic phase that contains the ion-
pair complex was separated using a syringe and the
absorbance at 490 nm was measured against a blank.

General procedure of DLLME

A 1.0-10.0 mg.L! of KTF standard solution was added
to a 15 mL volumetric flask containing 2 mL SCMS (20
mg.L™1) and 2 mL of sulphate buffer (pH=2). The volume
was completed to 10 mL with D.W. The mixture was
shaken for 5 min, then heated for 10 min at 30 °C. A
cloudy solution was created by rapidly injecting 200 pl
chloroform as an extraction solvent and 800 ul acetone
as a dispersive solvent into the mixture utilizing a
microsyringe. For 5 min, the mixture was centrifuged
at 4000 rpm. A microsyringe was utilized to get the red
ion-pair complex and the absorbance at 490 nm was
measured against a blank.

RESULTS AND DISCUSSION

In the presence of the SCMS reagent anion (A-), ketotifen
fumarate (KTF+) binds to form a red-colored an ionic
pair complex. The red complex's absorbance is measured
utilizing a spectrophotometer in solution pH 2 at Amax

490 nm against a blank, the spectrum of the complex is
shown in Figure 2.

Optimization of liquid-liquid extraction (LLE)

The ion-pair complex of Kketotifen fumarate was
separated and extracted using the LLE approach, and the
absorption was measured at 490 nm. Various volumes
(1-8) of phosphate buffer were studied, and the results
showed thatpH=2isthe optimum (Figure 3). The sulphate
buffer is the best among the investigated buffer solutions
(phosphate, suphate, and KCI+HCl) (Table 1). The
extraction solvents (chloroform, tetrachloromethane,
and dichloromethane) were investigated (Table 2). The
results showed that chloroform was the best extraction
solvent for the separation of ion-pair complex. A water
bath was used to study temperatures ranging from 25 to
50 °C, and it was discovered that 30 °C had the highest
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Figure 2: Spectrum of the resulting ion-pair complex.
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Figure 3: Effect of phosphate buffer.

Table 1: Effect of buffer type.

Type of buffer Abs.
phosphate 0.273
Sulphate 0.54
KCI+HCI 0.268
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absorption value at 490 nm (Figure 4). From 5.0 to 30
minutes were needed to extractand separate the complex,
with 10.0 minutes having the highest absorption value at
490 nm (Figure 5). The effect of the reagent volume was
also studied and it is found that the best volume was 2.0
ml (Figure 6). The influence of number and time rotation
on the extraction of ion-pair complex in the centrifuge is
crucial. 4000 rpm at 5 min gives the highest absorbance
as shown in the Tables 3 and 4.

Two approaches were used to denote the ratio of KTF
and SCMS reagent molar ratio and continuous variation
techniques. It was demonstrated that the ratio for both
procedures was 1:1 (KTF drug+SCMS reagent) (Figures
7 and 8). The effect of excipients such as glucose, starch,
and others was achieved and it was found that they have
no effect on the determination and extraction of the
drug, as shown in the Table 5.

Table 2: Effect of solvent type.

Type of solvent Abs.
CHCI, 0.54
CCl, 0.32
CH,ClI 0.519
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Figure 4: Effect of temperature.
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Figure 5: Effect of incubation time.
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Figure 6: Effect of reagent volume.

Table 3: Effect of rotation number.

Rotation No. Abs.
1000 0.432
2000 0.473
3000 0.491
4000 0.54

Table 4: Effect of the rotation time.

Rotation Time Abs.
1 0.238
2 0.456
3 0.492
4 0.514
5 0.541

Calibration curve
Ananalyticalmethodisshowntobelinearifitcan produce
test findings that are proportionate to the concentration
of analyte in the sample. Over the concentration range
of 5.0 to 50 mg/L, the KTF calibration curve was linear
(Figure 9).

Optimization of dispersive liquid-liquid
microextraction (DLLME)

DLLME method was utilized for extraction and
assessment of the KTF drug and study of perfect
conditions for the complexation of ketotifen fumarate
drug and SCMS reagent. The influence of extraction
solvents such as chloroform, dichloromethane, and
tetrachlorocarbon was achieved (Table 6). The results
showed that the ideal extraction and dispersive solvents
for the best extraction were chloroform and acetone,
respectively (Table 7).

The absorbance of a series of volumes of extraction
solvent (200-500 pl) was investigated and it was found
that a volume of 200 ul gives the highest absorbance
value at 490 nm (Figure 10). The influence of dispersive
solvent on the extraction was also investigated. The
volume of (800 pl) gave the highest value of absorbance
(Figure 11). Ion-pair complex formation between KTF
drug and SCMS reagent was studied. A series of reagent
volumes(0.25-3.0 mL) were added. The reagent volume
2.0 mL gives the highest absorbance (Figure 12). The
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Figure 7: Mole ratio method of KTF.
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Figure 8: Continuous variation method of KTF.

Table 5: Effect of excipients on the extraction of KTF.

Excipients type Reco %
Galactose 88.8
Maltose 86.2
Sucrose 90
Glucose 93
Talic acid 93
Ribose 97
Starch 91
080+ Y=0.0051X+0.5348
R2=0.9959
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Figure 9: Calibration curve of KTF using LLE.

Table 6: Effect of extraction solvent.

Type of solvent Abs.
CHCl, 0.2
CH,Cl, 0.187

cal, -

Table 7: Effect of dispersive solvent.

Type of dispersive solvent Abs.
Ethanol 0.461
Methanol 0.201
Acetone 0.598
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Figure 10: Effect of extraction solvent volume.
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Figure 11: Effect of dispersive solvent volume.

influence of centrifuge speed and incubation time
plays a vital role in the extract of the ion-pair complex.
A 4000 rpm and 5.0 min give the greatest value of the
absorbance (Figures 13 and 14).

In the DLLME, the influence of the possible presence of
associated materials such as starch, sucrose, galactose,
talic acid, ribose, and fructose on the absorbance of the
ion-pair complex was investigated. It was observed that
none of these substances does interferes (Table 8).

Linearity and range
The Beer's law range, regression equation, molar
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Figure 12: Effect of reagent volume.
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Figure 13: Effect of rotation number.
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Figure 14: Effect of rotation time.

absorptivity, Sandell's sensitivity, and correlation
coefficient for the two the suggested procedure are given
in (Table 9). A linear relationship was achieved between
the absorbance at Amax and the concentration of the
KTF drug in the range (1.0- 10.0) mg.L-1 for the DLLME

method in the final measured volume of 10ml (Figure
15). Regression analysis of the Beer's law plots at Amax
reveals a good correlation. The high molar absorptivities
of the resulting ion-pair complex indicate the high
sensitivity of the procedure.

Validation of the method

The validity of the two methods for the analysis of KTF
in its pure state and in its pharmaceutical formulations
was investigated. The results obtained for pure drugs are
given in the Table 10. The accuracy and precision of the

Table 8: Effect of excipients on the extraction of KTF.

Excipients type Reco %.
Galactose 93.3
Maltose 93.4
Sucrose 92.1
Glucose 96.8
Talic acid 95.6
Ribose 99.3
Starch 100.7
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Figure 15: Calibration curve of KTF using DLLME.

Table 9: Analytical and statistical parameters of LLE and
DLLME.

Parameter LLE DLLME
A max(nm) 490
Color Red
Linearity range mg/L 5.0-50 1.0-10.0
- P
Molar absorplt;vgy (L.mol* cm 1.36x103 15.8x103
Sandell’s sensitivity ug/cm? 0.31 0.26
Correlation coefficient (R,) 0.9959 0.991
: : _ Y=0.0372X+
Regression equation Y=0.0051X+ 0.5348 0.5082
Slope(b) 0.0051 0.0372
Intercept(a) 0.5348 0.5082
Limit of detection mg /L LOD 0.92 0.93
Limit of quantification mg/L LOQ 2.81 2.81

0.0051+1.156x10-4 0.0372 +0.00125
0.5348 +0.00359 0.5082 +0.00773

C.L. for the slope at 95%
C.L. for Intercept at 95%
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*C.L. for the X1 mg/L at 95% 5.33+0.0302 2.84 +0.207

*C.L. for the X2 mg/L at 95% 10.27 +0.0010 4.71+0.38

*C.L. for the X3 mg/L at 95% 16.51 +0.0107 6.77+0.71
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Table 10: Application of the suggested methods (LLE & DLLME) for the evaluation of KTF.

Liquid-liquid extraction

Conc. of drug pg/mL-1

Drug Relative Error% Recov % Average Recov% RSD% (n=3)
Taken Found

5 5.01 0.26 100.26 3.6

Astomide 10 9.29 -7.06 92.9 97.08 33

15 14.73 -1.7 98.1 3.4

5 4.86 -2.6 97.3 5.1

Asmartfone 10 9.5 -5 95 96.9 1.8

15 14.83 -1.06 98.6 2.7

Dispersive liquid-liquid microextraction

3 2.85 -4.96 94.9 4.6

Astomide 5 4.85 -2.86 97.1 97.4 0.51

7 7.01 0.26 100.2 3.86

3 2.89 -3.53 96.4 3.35

Asmartfone 5 4.83 -2.66 96.7 97.2 3.87

7 6.91 -2.1 98.6 1.39

Table 11: Comparison of the linearity, recovery, and LOD with previous studies.
Method Linearity mg/L LOD mg/L Ref.
Titrimetric method 2-18 0.39 [28]
Spectrophotometric method 5-35 0.06 [29]
Turbidity method 0.1-50 mM 1.136 [30]
Charge transfer complex 10-100 1.5 [31]
Spectrophotometric method 50-250 - [32]
Fluorometric method 1-45 mm 29.785 [33]
HPLC method 10-35 - [34]
HPLC method 0.005-0.1515 0.001 [10]
LLE method 5-50 0.92 Present work
DLLME method 1-10 0.93 Present work

+

SO3Na
HsC” “H
Hs

Figure 16: The suggested structure of ion-pair complex KTF.

methods were examined by analyzing three replicates of
the drug. The low values of relative standard deviations
(RSD%) indicate the best precision and reproducibility of
the methods. The results of the analysis of dosage forms
are given in the Table 11. The results were reproducible
with low RSD% values. The average percent recoveries
(Rec.%) obtained were quantitative (92.9%-100.26%)
indicating good accuracy of the methods (Figure 16).

CONCLUSION

Simple, rapid, and low-cost LLE and DLLME methods are
used for the extraction of red ion-pair complex between

KTF drug and SCMS reagent, combined with UV-Visible
spectrophotometry. The suggested LLE and DLLME
methods have been successfully utilized to quantify
and extract KTF drug in both pure and pharmaceutical
formulations.

ACKNOWLEDGMENTS

The authors are grateful for the provision of all
laboratory equipment by the departments of chemistry
at the colleges of science at the University of Tikrit and
Al-Mustansiriyah University.

REFERENCES

1. Al-Khazrajy OS. Spectrophotometric determination
of ketotifen fumarate in pure and pharmaceutical
preperations by bromophenol blue reagent. Ibn AL-
Haitham ] Pure Appl Sci 2016; 24.

2. Mahmood AK. Spectrophotometric determination
of ketotifen drug in pure form and pharmaceutical
preparation using bromothymol blue via ion-pair
formation. Al-Nahrain J Sci 2013; 16:1.

3. Pharmacopeia B. CD-ROM her majesty, Stationary office.
London, 1998.

4. Elsayed MM. Development and validation of a rapid
HPLC method for the determination of ketotifen in
pharmaceuticals. Drug Dev Ind Pharm 2006; 32:457-461.

Journal of Research in Medical and Dental Science | Vol. 10 | Issue 12 | December 2022

151


https://www.iasj.net/iasj/download/118caf61afd57106
https://www.iasj.net/iasj/download/118caf61afd57106
https://www.iasj.net/iasj/download/118caf61afd57106
https://mail.anjs.edu.iq/index.php/anjs/article/view/513
https://mail.anjs.edu.iq/index.php/anjs/article/view/513
https://mail.anjs.edu.iq/index.php/anjs/article/view/513
https://mail.anjs.edu.iq/index.php/anjs/article/view/513
https://www.tandfonline.com/doi/abs/10.1080/03639040500529135
https://www.tandfonline.com/doi/abs/10.1080/03639040500529135
https://www.tandfonline.com/doi/abs/10.1080/03639040500529135

Jabbar, et al.

J Res Med Dent Sci, 2022, 10 (12):146-153

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Abounassif MA, El-Obeid HA, Gadkariem EA. Stability
studies on some benzocycloheptane antihistaminic
agents. ] Pharm Biomed Anal 2005; 36:1011-1018.

Chen GL, Qu H. HPLC determination of Kketotifen
fumarate in compound metamizole sodium tablets.
Chinese ] Pharm Analysis 2003; 23:123.

Nnane [P, Damani LA, Hutt A]. Development and
validation of stability indicating high-performance
liquid chromatographic assays for ketotifen in aqueous
and silicon oil formulations. Chromatographia 1998;
48:797-802.

Salih MA, Aziz DF, Ali SI. Determination of ketotifen
fumarate in syrup dosage form by high performance liquid
chromatography. Kurdistan ] Appl Res 2020; 63-72.

Hoogewijs G, Massart DL. Development of a standardized
analysis strategy for basic drugs, using ion-pair extraction
and high-performance liquid chromatography—IIL
Analysis of pharmaceutical dosage forms. ] Pharm
Biomed Analysis 1984; 2:449-463.

Muralidharan S, Han LB, Ming Y, et al. Simple and
accurate estimation of ketotifen fumarate by RP-HPLC.
Int ] Pharm Chem Biol Sci 2012; 2:392-396.

Semreen MH. Optimization and validation of HPLC
method for the analysis of ketotifen fumarate in a
pharmaceutical formulation. Bull Pharm Sci 2005;
28:291-296.

Joshi M, Misra A. Dry powder inhalation of liposomal
Ketotifen fumarate: Formulation and characterization.
Int ] Pharm 2001; 223:15-27.

El-Kommos ME, El-Gizawy SM, Atia NN, et al. Thin
layer chromatography-densitometric determination
of some non-sedating antihistamines in combination
with pseudoephedrine or acetaminophen in synthetic
mixtures and in pharmaceutical formulations. Biomed
Chromatogr 2014; 28:391-400.

Zhou M, Li Y], Ma Y], et al. Determination of ketotifen
fumarate by capillary electrophoresis with tris (2, 2'-
bipyridyl) ruthenium (II) electrochemiluminescence
detection. Luminescence 2011; 26:319-323.

Amanlou M, Hoseinzadeh Nazlou M, Azizian H, et al.
Determination of ketotifen fumarate in raw material
and pharmaceutical products using ion-pair formation.
Analytical Letters 2007; 40:3267-3279.

Hopkata H, Drozd ]. lon-selective electrodes for the
determination of antihistaminic drug ketotifen. Chem
Analityczna 1999; 44:603-609.

Frag EY, Mohamed GG, Khalil MM, et al. Potentiometric
determination of ketotifen fumarate in pharmaceutical
preparations and urine using carbon paste and PVC
membrane selective electrodes. Int | Anal Chem 2011;
2011.

Ciesielski W, Zakrzewski R, Ztobiniska U. Coulometric
titration of ketotifen in tablets. Int ] Pharm Sci 2005;
60:237-238.

Li L], Gao WY, Hu DC, et al. Electrochemiluminescence

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

method for determination of ketotifen fumarate on
glassy carbon electrode modified with platinum-multi-
walled carbon nanotube modified electrode. Fenxi Ceshi
Xuebao 2010; 29:1114-1120.

Fei N, Jiuru L. Determination of ketotifen by using
calcein as chemiluminescence reagent. Anal Chim Acta
2007; 592:168-172.

Zhou M, Li Y], Ma Y], et al. Determination of ketotifen
fumarate by capillary electrophoresis with tris (2, 2'-
bipyridyl) ruthenium (II) electrochemiluminescence
detection. Luminescence 2011; 26:319-323.

Alali FQ, Tashtoush BM, Najib NM. Determination of
ketotifen in human plasma by LC-MS. ] Pharm Biomed
Analysis 2004; 34:87-94.

Chen X, Zhong D, Liu D, et al. Determination of ketotifen
and its conjugated metabolite in human plasma by
liquid chromatography/tandem mass spectrometry:
Application to a pharmacokinetic study. Rapid Commun
Mass Spectrom 2003; 17:2459-263.

Kareem NK, Thani MZ, Al-Rawi KF. New approach
for determination of Phenylephrine HCl in pure
and pharmaceutical formulation using a various
microextraction methods. Res ] Pharm Technol 2022;
15:1648-1652.

Kareem NK, Al-Rawi KF. New microextraction methods
for the evaluation of bromhexine HCl in pure and
pharmacological formulations. Egyptian ] Chem
2022; 65:1.

Abdullah AM, Hasson MM, Thani MZ. Synthesis, thermal
analysis, spectroscopy and magnetic properties of some
transition metals complexes derived from new azo
compound. Materials Today 2020; 20:595-598.

Perrin DD. Buffers for pH and metal ion control. Springer
Science & Business Media 2012.

Raghu MS, Basavaiah K, Prashanth KN, et al. Titrimetric
and spectrophotometric methods for the assay of
ketotifen using cerium (IV) and two reagents. Int ] Anal
Chem 2013; 2013.

Joshi PR, Parmar SJ], Patel BA. Spectrophotometric
simultaneous determination of salbutamol sulfate and
ketotifen fumarate in combined tablet dosage form
by first-order derivative spectroscopy method. Int ]
Spectrosc 2013; 2013:1-6.

Al-Awadie NS, Ibraheem MH. Quantitative determination
of ketotifen fumarate in the pure form and tablets via
the use of turbidity by reaction with cerium (iv) sulfate
using ayah 6sx1-t-1d cfi analyser. Int ] Res Pharm Chem
2016; 6:411-431.

Mostafa GA, Bakheit A, AIMasoud N, et al. Charge transfer
complexes of ketotifen with 2, 3-Dichloro-5, 6-dicyano-
p-benzoquinoneand7,7,8,8-Tetracyanoquodimethane:
Spectroscopic characterization studies. Molecules
2021; 26:2039.

Singhvi I, Sachdeva D. Spectrophotometric estimation
of ketotifen fumarate from tablet formulations. Indian ]
Pharm Sci 2009; 71:66.

Journal of Research in Medical and Dental Science | Vol. 10 | Issue 12 | December 2022

152


https://www.sciencedirect.com/science/article/pii/S0731708504004406
https://www.sciencedirect.com/science/article/pii/S0731708504004406
https://www.sciencedirect.com/science/article/pii/S0731708504004406
https://www.ingentaconnect.com/content/jpa/cjpa/2003/00000023/00000002/art00014
https://www.ingentaconnect.com/content/jpa/cjpa/2003/00000023/00000002/art00014
https://www.kjar.spu.edu.iq/index.php/kjar/article/view/577
https://www.kjar.spu.edu.iq/index.php/kjar/article/view/577
https://www.kjar.spu.edu.iq/index.php/kjar/article/view/577
https://www.sciencedirect.com/science/article/pii/0731708584800485
https://www.sciencedirect.com/science/article/pii/0731708584800485
https://www.sciencedirect.com/science/article/pii/0731708584800485
https://www.sciencedirect.com/science/article/pii/0731708584800485
https://www.ijpcbs.com/articles/simple-and-accurate-estimationof-ketotifen-fumarate-by-rphplc.pdf
https://www.ijpcbs.com/articles/simple-and-accurate-estimationof-ketotifen-fumarate-by-rphplc.pdf
https://bpsa.journals.ekb.eg/article_65406.html
https://bpsa.journals.ekb.eg/article_65406.html
https://bpsa.journals.ekb.eg/article_65406.html
https://www.sciencedirect.com/science/article/pii/S0378517301007050
https://www.sciencedirect.com/science/article/pii/S0378517301007050
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bmc.3033
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bmc.3033
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bmc.3033
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bmc.3033
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bmc.3033
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bio.1231
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bio.1231
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bio.1231
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bio.1231
https://www.tandfonline.com/doi/abs/10.1080/00032710701672384
https://www.tandfonline.com/doi/abs/10.1080/00032710701672384
https://www.infona.pl/resource/bwmeta1.element.baztech-article-BPP1-0011-0075
https://www.infona.pl/resource/bwmeta1.element.baztech-article-BPP1-0011-0075
https://www.hindawi.com/journals/ijac/2011/604741/
https://www.hindawi.com/journals/ijac/2011/604741/
https://www.hindawi.com/journals/ijac/2011/604741/
https://www.hindawi.com/journals/ijac/2011/604741/
https://www.ingentaconnect.com/content/govi/pharmaz/2005/00000060/00000003/art00017
https://www.ingentaconnect.com/content/govi/pharmaz/2005/00000060/00000003/art00017
https://en.cnki.com.cn/Article_en/CJFDTotal-TEST201011003.htm
https://en.cnki.com.cn/Article_en/CJFDTotal-TEST201011003.htm
https://en.cnki.com.cn/Article_en/CJFDTotal-TEST201011003.htm
https://en.cnki.com.cn/Article_en/CJFDTotal-TEST201011003.htm
https://www.sciencedirect.com/science/article/pii/S0003267007007684
https://www.sciencedirect.com/science/article/pii/S0003267007007684
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/bio.1231
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/bio.1231
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/bio.1231
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/bio.1231
https://www.sciencedirect.com/science/article/pii/S0731708503004527
https://www.sciencedirect.com/science/article/pii/S0731708503004527
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/rcm.1189
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/rcm.1189
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/rcm.1189
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/rcm.1189
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=15&issue=4&article=041
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=15&issue=4&article=041
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=15&issue=4&article=041
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=15&issue=4&article=041
https://journals.ekb.eg/article_198143.html
https://journals.ekb.eg/article_198143.html
https://journals.ekb.eg/article_198143.html
https://www.sciencedirect.com/science/article/pii/S2214785319334388
https://www.sciencedirect.com/science/article/pii/S2214785319334388
https://www.sciencedirect.com/science/article/pii/S2214785319334388
https://www.sciencedirect.com/science/article/pii/S2214785319334388
https://www.hindawi.com/journals/ijac/2013/697651/
https://www.hindawi.com/journals/ijac/2013/697651/
https://www.hindawi.com/journals/ijac/2013/697651/
https://downloads.hindawi.com/archive/2013/589218.pdf
https://downloads.hindawi.com/archive/2013/589218.pdf
https://downloads.hindawi.com/archive/2013/589218.pdf
https://downloads.hindawi.com/archive/2013/589218.pdf
http://www.ijrpc.com/files/01-07-16/05-665.pdf
http://www.ijrpc.com/files/01-07-16/05-665.pdf
http://www.ijrpc.com/files/01-07-16/05-665.pdf
http://www.ijrpc.com/files/01-07-16/05-665.pdf
https://www.mdpi.com/1420-3049/26/7/2039
https://www.mdpi.com/1420-3049/26/7/2039
https://www.mdpi.com/1420-3049/26/7/2039
https://www.mdpi.com/1420-3049/26/7/2039
https://www.ijpsonline.com/articles/spectrophotometric-estimation-of-ketotifen-fumarate-from-tablet-formulations.pdf
https://www.ijpsonline.com/articles/spectrophotometric-estimation-of-ketotifen-fumarate-from-tablet-formulations.pdf

Jabbar, et al. J Res Med Dent Sci, 2022, 10 (12):146-153

33. Turkie NS,Munshid HQ. New fluorometric method for the 34. Salih MA, Aziz DF, Ali SI. Determination of ketotifen
determination of ketotifen fumarate using continuous fumarate in syrup dosage form by high performance
flow injection analysis via ISNAG-fluorimeter. Baghdad liquid chromatography. Kurdistan ] Appl Res 2020; 63-72.

Sci] 2019; 16.

Journal of Research in Medical and Dental Science | Vol. 10 | Issue 12 | December 2022 s


https://www.iasj.net/iasj/article/164332
https://www.iasj.net/iasj/article/164332
https://www.iasj.net/iasj/article/164332
https://www.kjar.spu.edu.iq/index.php/kjar/article/view/577
https://www.kjar.spu.edu.iq/index.php/kjar/article/view/577
https://www.kjar.spu.edu.iq/index.php/kjar/article/view/577

