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The objective of this study was to develop two simple and selective visible spectrophotometric methods for the determination of

antihistamine drug triprolidine hydrochloride (TRH) in the capsules. The methods were based on the formation of ion-pair complexes
between TRH and two dyes, namely, bromocresol green (BCG) and bromophenol blue (BPB). The produced ion-pair complexes

were measured at 415 and 410 nm for BCG and BPB methods, respectively. Beer’s law was applicable in the concentration ranges of
2.50-15.0 ug mL! TRH for both methods. The molar absorptivity values were found to be 2.12 x 10* and 2.07 x 10* L mol! cm™! for
the BCG method and BPB method, respectively, and the Sandell’s sensitivity values were 0.0149 and 0.0152 pg cm™. The limits of
detection and quantification were calculated and found to be 0.29 and 0.86 ug mL™! for the BCG method and 0.31 and 0.95 ug mL"!
for the BPB method. The methods were applied successfully for TRH determination in bulk drug and in the capsules.
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INTRODUCTION

Triprolidine hydrochloride (TRH), chemically known as
(E)-2-(3-Pyrrolidin-1-yl-1-p-tolylprop-1-enyl)pyridine hydrochloride
and its chemical structure was given in Figure 1.! TRH is a potent
histamine H,-receptor antagonist (H,-blocker) and it has a quick start
and long-lasting action, up to about 12 hours.?
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Figure 1. The chemical structure of triprolidine hydrochloride

A literature survey related to the quantitative analysis of
TRH revealed that several studies have been reported for the
determination of TRH, either alone or in combination with other
drugs, in pharmaceutical formulations. These studies include high
performance liquid chromatography (HPLC),*'° ultra high performance
liquid chromatography (UHPLC)," thin layer chromatography
(TLC)," electroanalytical methods,'*!” chemiluminescence method
combined with flow injection analysis (FIA),'® capillary zone
electrophoresis (CZE)," ultraviolet (UV) spectroscopy***->* and
visible spectroscopy.”-!

Visible spectrophotometry, due to its simplicity, cost effectiveness,
sensitivity, selectivity, and easy access in many quality control
laboratories, has been widely used in pharmaceutical analysis. The
importance of the spectrophotometric methods lies in the nature of
chemical reaction(s) upon which the procedures are based rather than
upon the sophistication of the instrument. Many reactions involving
the formation of the color for a particular drug are quite selective or
can be rendered selective through the optimization of some conditions.

*e-mail: sameeralromima@ gmail.com

Although the previously developed methods can be used, most
of them require expensive instruments or substances, and many
laboratories in under-developing countries cannot afford to purchase
and maintain these instruments. The UV spectrophotometric methods
have limitations since they may suffer interference from the excipients
used in pharmaceutical formulations when determining the active
drug materials. Also, many of the previously developed visible
spectrophotometric methods suffered from some disadvantages like
the use of non-selective and strong oxidizing agents,”?* heating
step,?0?731 less sensitivity,?**"?? shaking for long time* and extraction
step?! as explained in Table 1.

Connors® reported that the acid-dye technique, for the colorimetric
determination of amines based on the formation of the ion-pair complex,
is an important analytical application in pharmaceutical analysis. This
technique can be done either based on the extraction of the formed
ion-pair complex into an organic solvent and measuring its absorbance
or based on extraction-free ion-pair complex formation between the
drug and the acidic dye. The acidic dyes bromocresol green (BCG)
and bromophenol blue (BPB) have been widely used as an ion-pairing
reagent for the assay of many drugs that contain basic nitrogen atoms
such as dothiepin hydrochloride® and pentoxyverine citrate.** The
present study describes the use of BCG and BPB dyes for the first time
in the spectrophotometric determination of the TRH drug.

The main objective of the present work was to develop simple,
selective and extraction-free visible spectrophotometric methods
for the determination of TRH in pure drug and in the capsules.
The methods were based on the formation of ion-pair complexes
between TRH and two acidic dyes, namely, bromocresol green
and bromophenol blue with maximum absorbance at 415 and
410 nm, respectively. The absorbance of the yellow colored ion-pair
complexes in both methods was measured directly in dichloromethane
emphasizing the simplicity of the proposed methods.

EXPERIMENTAL
Instrument

A visible spectrophotometer model V-1000 (AOE Instruments,
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Table 1. Comparison of the proposed methods and the existing visible spectrophotometric methods for the determination of TRH
Linear Range o
S1. No. Reagent(s) used Methodology Amax (nm)  (ug mL") and LOD,] Reflcnon Remarks Ref.
PO (ug mL™) time
¢ (L mol! cm™)
L Alkaline KMnO, Greep color manganate 612 6-40 0.9 20 min Use of nor{—s;lfactlve and 25
ion measured NR strong oxidizing agent
. It requires heating at
m-dinitrobenzene A purple colored 1-200 o
2 and NaOH complex measured 330 £=2.583x 10° 10 40 60 °C for 4(.) N and less 26
sensitive
2,4-dichloro It requires heating at
3. nitrobenzene and An orange colored 440 >-150 NR 45s 65 °C for 45 s and less 27
complex measured £=2.814x%x10° .
NaOH sensitive
. 1-12 .
) a) Alkaline KMnO,  Green color measured 612 £ =2.699 x 10° 0.49 10 min Use of non-selective and 2
’ 5 1-12 . strong oxidizing agents
b) Acidic K,Cr,0,  Yellow color measured 350 £ = 3.856 x 10° 0.49 15 min
Ferric ammonium
5. sulfate and mercuric A red colored complex 460 2-28 5 0.127 5 min Less sensitive 29
. measured £=932x10°
thiocyanate
Sodium nitroprusside, . . .
6. hydroxylamine and A colored inner complex 447 40-240 5048 25 min It requires shal.qng for 30
. measured e=1.194x10* 15-25 min
sodium carbonate
An extractable complex Lo .
. . . 8-48 . Extraction is required
a) Cobalt thiocyanate into nitrobenzene 623 e = 1.136 x 10° 0.5754 20 min and use of buffer solution
7 measured 3l
' .. . . Evaporation to dryness is
b) Aconitic anhydride - A red to violet color of 45, 848 62896 30min  required then heating for
and acetic anhydride  internal salt measured £=2.091x 10 ..
30 min in a water bath
Ton-pair complex 2.5-15 . Simple, sensitive,
a) Bromocresol green measured 415 e=2.12x10* 0.29 5 min extraction-free and
8. L . ) 25.15 no pH-adjustment, no  This work
on-pair complex 5- . heating st 1
b) Bromophenol blue measured 410 e=207 x 10* 0.31 5 min eating step, only one

reagent is required

NR: not reported.

Shanghai, Co. Ltd., China) provided with 1 cm matched quartz cells
was used for measuring the absorbance.

Chemicals and reagents

All reagents and solvents used throughout this study were of
analytical reagent grade.

Solutions: 0.5% w/v bromocresol green (BCG) solution was
prepared in dichloromethane (DCM), 0.5% w/v bromophenol blue
(BPB) solution was prepared in DCM.

Pharmaceutical grade TRH, which is certified to be 99.8% pure
was received from the Shiba Pharma Company for Pharmaceutical
Industries, Sana’a, Yemen, as a gift and was used as received.

The commercial sample of the TRH drug chosen for determining
TRH in capsules by the developed methods was triprolidine
hydrochloride capsules-2.5 mg per capsule which is marketed by the
United Laboratoriers Co. Ltd., Hong Kong, China.

Standard TRH solution

A standard TRH solution (200 pg mL") was prepared by
dissolving 20 mg of pure TRH in DCM and diluting the solution to
the mark in a 100 mL volumetric flask with DCM. A suitable dilution
of this standard solution was done to prepare a working solution of
50 ug mL' TRH using DCM.

Procedures
Assay procedure of TRH using BCG

Different volumes (0.5-3.0 mL) of a standard 50 pg mL' TRH
solution were taken in a series of 10 mL volumetric flasks, and the

total volume was adjusted to 3.0 mL by adding DCM. One milliliter
of 0.5% w/v BCG solution was added to each flask. After 5 min,
each flask was made up to the mark with DCM and mixed well.
The absorbance of all solutions was measured at 415 nm versus a
reagent blank.

Assay procedure of TRH using BPB

Different aliquots (0.5-3.0 mL) of a standard TRH solution
(50 pg mL") were taken in a series of 10 mL volumetric flasks and
the total volume was adjusted to 3.0 mL by adding DCM. A 1.5 mL of
0.5% w/v BPB solution was added to each flask. After 5 min, the flasks
were made up to the mark with DCM and mixed well. The absorbance
of these solutions was measured at 410 nm versus a reagent blank.

Assay procedure for pharmaceutical formulations

The content of twelve triprolidine hydrochloride capsules-2.5 mg
TRH was weighed and an exactly weighed quantity equivalent to 5 mg
of TRH was transferred into a 100 mL volumetric flask containing
50 mL of DCM. The content of the flask was shaken for about 15 min
then the flask was diluted up to the mark with DCM. The contents
were mixed well and filtered using a Whatman No. 42 filter paper.
Suitable portions of the filtrate (50 ug mL"' TRH) were used for
analysis by the assay procedure using BCG and BPB methods as
described earlier.

Procedures for method validation

The current ICH guidelines® were used to validate the developed
methods, and include linearity, limits of detection (LOD), limits
of quantification (LOQ), precision, accuracy, robustness, and
selectivity.
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Linearity was evaluated by analyzing a set of six standard
solutions (0.5; 1.0; 1.5; 2.0; 2.5 and 3.0 mL of 50 pg mL' TRH
solution) and the calibration curves were prepared as described under
“assay procedure using BCG and BPB”. The linearity of both methods
was determined by plotting the absorbance against the concentration
of TRH drug.

The LOD (Equation 1) and LOQ (Equation 2) values for the
developed methods were calculated using the following equations:*®

— 3.3 Sb/zmk

LOD )]

LOQ — loiblank

@)

where S, 1s the standard deviation of replicate blank absorbance
(n=6), and b is the slope of the calibration curve.

The precision and accuracy of the developed methods were
determined by preparation of solutions containing three different
concentrations of TRH and analyze these solutions in seven replicates
in the same day (intra-day) and five successive days (inter-day). The
precision and accuracy of the developed methods were calculated
in terms of percentage relative standard deviation (%RSD) and
percentage relative error (%RE), respectively.

The evaluation of the method robustness was accomplished by
making small changes in some parameters, namely, volume of the dye
(0.9, 1.0 and 1.1 mL for BCG method; 1.4, 1.5 and 1.6 mL for BPB
method) and the reaction time (4, 5 and 6 min in both methods) and
carrying out the analysis under the optimized experimental conditions
followed by the calculation of %RSD values.

To study the selectivity of the developed methods, a placebo blank
was prepared by mixing known amounts of commonly employed
excipients such as talc, starch, lactose, glucose, sodium citrate, acacia
and gelatin and transferring this mixture into a 100 mL volumetric
flask containing 50 mL of DCM. The solution was made as described
under “Assay procedure for pharmaceutical formulations”. A suitable
aliquot of the filtrate was used for analysis by both methods following
the assay procedures.

To the placebo blank of the similar composition described above,
5 mg of pure TRH was added and mixed properly. A 50 uyg mL' TRH
solution of the synthetic mixture was also prepared as described under
“Assay procedure for pharmaceutical formulations”. The filtrate was
collected in a 100 mL volumetric flask and 1.5 mL of the resulted
solution (50 ug mL' TRH) was analyzed five times by both methods.

Stoichiometric relationship

To establish the stoichiometry of the formed ion-pair complexes
in both methods between TRH and BCG or BPB, Job’s method of
continuous variations*’ was used. In both methods, a 1.59 x 10 mol L"!
solution of TRH and 1.59 x 10-* mol L"! solution of BCG or BPB dyes
were prepared by dissolving the calculated amount of drug and either
dye in DCM. A series of solutions were prepared in different ratios
of drug and BCG or BPB keeping the total volume of each mixture
at 10 mL. The absorbance of all solutions was measured individually
after 5 min at the respective wavelengths versus DCM.

Procedures for optimization of reaction conditions

The reaction conditions were optimized for the quantitative
estimation of the yellow colored ion-pair complexes. These conditions
included the selection of the organic solvent, the concentration of the
dye and the reaction time.

To select the suitable solvent for preparation of dye solutions
and using the same solvent as a diluting solvent, different solvents,
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namely, DCM, chloroform and 1,2-dichloroethane were used with a
fixed concentration of 10 pg mL"' TRH in DCM for BCG and BPB
methods. Then, the reaction of TRH with both dyes was carried out
separately using these solvents followed by measuring the absorbance
of each solution after 5 min at the maximum wavelength versus the
corresponding blank.

The effect of concentration of both dyes on the absorbance of the
resulting ion-pair complexes was studied using a fixed concentration
of 10 pg mL' TRH solution and different volumes ranged from
0.25 mL to 2.5 mL of 0.5% BCG solution and 0.5% BPB solution,
separately.

The optimum reaction time was determined by the addition
of 1 mL of BCG solution or 1.5 mL of BPB solution to a fixed
concentration of 7.5 pg mL"! TRH solution. The reaction between the
TRH and either dye was allowed to occur at different times (0; 5; 10;
15 and 20 min) followed by measuring the absorbance of the formed
ion-pair complexes in a total volume of 10 mL at room temperature.

RESULTS AND DISCUSSION
Absorption spectra

The reaction of TRH drug with BCG or BPB dyes forms intensely
yellow-colored products. The absorption spectra of the formed ion-
pair complexes were recorded at 380-500 nm versus the corresponding
blank solutions and the results are shown in Figure 2. The maximum
absorbance of the formed ion-pair complexes was observed at 415
and 410 nm for BCG method and BPB method, respectively. All the
absorbance measurements were made at these wavelengths.

0.40 —O— TRH-BCG
—&— BCG-blank
0.35 —w— TRH-BPB

—%*— BPB-blank

Absorbance

380 390 400 410 420 430 440 450 460 470 480 490 500 510
Wavelength, nm

Figure 2. Absorption spectra of TRH-BCG and TRH-BPB ion-pair complexes
(TRH 10 ug mL') against the corresponding blank

Reaction mechanism

The TRH drug forms ion-pair complexes with both dyes, i.e.
BCG and BPB. TRH drug contains tertiary amino group that can
be protonated in the hydrochloride salt of this drug. In TRH, the
protonation is very difficult in the pyridine ring (six-membered
ring) because the lone pair of electrons presented on nitrogen of
pyridine is involved in resonance. The nitrogen of pyrrolidine ring
(five-membered ring) is considerably more basic than the pyridine
nitrogen which is a part of an aromatic ring.*® Therefore, the site
in TRH suitable for protonation is the nitrogen atom of the five-
membered pyrrolidine ring.
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Figure 3. The possible reaction mechanism for the formation of TRH-BCG and TRH-BPB ion-pair complexes

BCG and BPB are dyes of sulfonephthalein type and their
colors are due to the opening of the lactoid ring and formation of the
chromophore, i.e. quinoid group.* The two tautomers are supposed
to be present in equilibrium, but because of the strongly acidic nature
of sulphonic acid group, the quinoid tautomer should predominate.
At the end, the protonated TRH will forms TRH-BCG and TRH-
BPB ion-pair complexes with the anions of these dyes. The possible
reaction mechanism is presented in Figure 3.

Reaction conditions optimization

Effect of organic solvents

The results of this study showed that the solvent 1,2- dichloroethane
could not be used for preparation of dye’s solutions and as a diluting
solvent since there is no significant difference between the absorbance
of the sample and the blank with this solvent (Figure 4). DCM and
chloroform were found appropriate solvents for preparation of
dye’s solutions and as a diluting solvent, but the former (DCM) was
preferred because of its availability.

Effect of dye concentration
The results showed that maximum color development of the
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] . N 5
0.0 T T \?
Dicholromethane Chloroform 1,2-Dichloroethane
Type of the solvent

Figure 4. Effect of organic solvents on the color development (10 ug mL”' TRH)

ion-pair complexes was attained with 1 mL of BCG solution and
1.5 mL of BPB solution and the absorbance of the formed complexes
was not affected by excess dyes (Figure 5).

0.7
0.6
0.5
§ 0.4
_E —A— BCG Blank
Q03 —A— TRH-BCG
g —O— BPB Blank
—e— TRH-BPB

0.0 0.5 1.0 1.5 2.0 25
Volume of 0.5% (w/v) dye, mL

Figure 5. Effect of dyes concentrations on the color development of the formed
ion-pair complexes (10 ug mL"' TRH)

Effect of reaction time

The addition of the dye’s solution to TRH solution causes the
development of the color immediately, and the reaction between TRH
and BCG or BPB dye was found to be complete in 5 min (Figure 6).
The yellow color of the formed ion-pair complexes was stable for at
least 30 min with both dyes.

Composition of the formed complexes

Job’s continuous variations graph for the reaction between TRH
and BCG or BPB shows that the interaction occurs on an equimolar
basis via the formation of ion-pair complexes. The measured
absorbance of each solution was plotted against the mole fraction
of TRH, Vigu/(Viry + Vaye)> as shown in Figure 7. The plot reached
a maximum value at a mole fraction of 0.5 which indicated that the
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Figure 6. Effect of reaction time between TRH (7.5 ug mL"') and BCG and
BPB dyes
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stoichiometric ratio for each of the formed ion-pair complexes was 1:1
(TRH:BCG and TRH:BPB). The conditional stability constants (K;)
of the formed ion-pair complexes were calculated® and found to be
1.02 x 107 and 1.87 x 107 for TRH:BCG and TRH:BPB complexes,
respectively.

Method validation

Linearity

Under the optimized experimental conditions for the determination
of TRH, the plots of absorbance versus concentration were constructed
and found to be linear (Figure 8). Regression equations were written
and Beer’s law was obeyed over the concentration ranges given in
Table 2. Many analytical parameters such as molar absorptivity,
Sandell’s sensitivity values were given in Table 2 and showed that
the developed methods were sensitive.

Precision and accuracy

The percent relative standard deviation values (RSD%) were
presented in Table 3 and found to be less than or equal to 2.56%

TRH-BPB

Absorbance
o
N

0.0 0.1 02 03 04 05 06 07 08 0.9 1.0

Mole fraction of TRH

Figure 7. The Job’s method of continuous variation plots for the formed (TRH-BCG & TRH-BPB) ion-pair complexes

BCG method

Absorbance

0 1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17
Concentration of TRH, ppm

Figure 8. Calibration curves of TRH with BCG and BPB

BPB method

Absorbance

Concentration of TRH, ppm
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Table 2. Analytical and regression parameters

Parameter BCG method BPB method
Anax (NM) 415 410
Beer’s law limits (ug mL™") 2.50-15.0 2.50-15.0
Molar absorptivity (L mol' cm™) 2.12x 10* 2.07 x 10*
Sandell sensitivity” (ug cm™) 0.0149 0.0152
Limit of detection (ug mL™") 0.29 0.31
Limit of quantification (ug mL") 0.86 0.95
Regression equation (Y)"

Intercept (a) 0.0034 0.0009
Slope (b) 0.0662 0.0652
Correlation coefficient (r) 0.99984 0.99987
Standard deviation of intercept (S,) 0.00585 0.00519
Standard deviation of slope (S,) 0.00060 0.00053
Variance (S,%) 3.42x10° 2.69 x 10°

‘Limit of determination as the weight in pg per mL of solution, which
corresponds to an absorbance of A = 0.001 measured in a cuvette of cross-
sectional area 1 cm?>and 1 = 1 cm. ™Y = a + bX, where Y is the absorbance
and X is the concentration in ug mL™".

(intra-day) and 2.83% (inter-day) which indicated the high precision
of the developed methods. Also, the results of accuracy study were
presented in Table 3 and showed that the accuracy of both methods
was good (RE% < 2.90%).

Selectivity

The selectivity of the developed methods was studied using both
placebo blank and synthetic mixture analyses. The solutions of both
placebo blank and synthetic mixture were prepared as mentioned
under the experimantal part “Procedures for method validation”. The
resulting extract of placebo blank was analyzed and the measured
absorbance was as same as reagent blank, which concludes that
the employed excipients didn’t interfere with the assay using the
developed methods. Upon analysis of the resulting extract of synthetic
mixture, percent recoveries of TRH were found to be 98.41 + 1.87
and 97.93 + 2.39 (n = 5) for BCG and BPB methods, respectively.
These results confirm the selectivity of developed methods.

Robustness
The effect of the changes made in the volume of the dye and

Table 3. Intra-day and inter-day precision and accuracy evaluation
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reaction time on the absorbance of the formed ion-pair complexes in
both methods were studied and found to be very small (RSD% were
less than 1.86%) confirming the robustness of the developed methods.

Application to the assay of capsules

The developed methods were successfully applied for the
determination of TRH in representative capsules i.e. triprolidine
hydrochloride capsules-2.5 mg. The same capsules were also
assayed by a reference method*' and we compared the results
of the developed methods with those of the reference method
using Student’s 7-test and F-test. Reference method involves a
non-aqueous titration in which an accurately weighed of TRH
was dissolved in a glacial acetic acid followed by the addition of
mercuric acetate, then titration with 0.1 N perchloric acid with
potentiometric detection of the end-point.

All experimentally calculated #- and F-values were presented
in Table 4 and found to be less than the tabulated ones, indicating a
close similarity between the developed methods and the reference
method with respect to accuracy and precision.

Recovery study

The accuracy of the developed methods was further confirmed
by performing recovery experiments using the standard addition
procedure. Pre-analyzed capsule’s powder (triprolidine hydrochloride
capsules-2.5) was spiked with definite amounts of pure TRH at three
different concentration levels (50, 100 and 150% of the quantity
present in the capsule powder). The total was measured by the
developed methods and the percent recovery of the added pure drug
was calculated. Results of this study were presented in Table 5 and
showed that no interference was observed from the various excipients
present in the capsules.

CONCLUSIONS

This is the first time bromocresol green and bromophenol blue
have been used to determine the TRH drug spectrophotometrically.
The methods presented in this study were established to be simple,
sensitive, selective, cost-effective, accurate, precise, and robust; so
that, they can be extensively applied for the determination of TRH
in commercial capsules. Both methods depend on the addition of
dye solution to the drug solution and the procedures do not involve

Intra-day precision and accuracy (n =7)

Inter-day precision and accuracy (n = 5)

TRH taken - ; - -
Method (ug mL") TRH found® Precision Accuracy TRH found* Precision Accuracy
(ng mL7) (RSD%") (RE%*) (ng mL7) (RSD%") (RE%*)
5.00 491 1.68 1.80 4.89 1.82 2.20
BCG 7.50 7.32 2.12 2.40 7.31 2.26 2.53
10.0 9.73 2.14 2.70 9.71 2.44 2.90
5.00 5.13 1.76 2.60 5.14 1.91 2.80
BPB 7.50 7.67 1.16 227 7.70 1.74 2.67
10.0 10.15 2.56 1.50 10.19 2.83 1.90
“Mean value of five determinations. *Percent relative standard deviation (%). “%Relative error = [(found — taken)/taken] x 100.
Table 4. Assay of capsules and statistical evaluation of results
Found (%)
. (of nominal amount + SD)*
Capsule brand name Nominal amount (mg) Developed methods
Reference method BCG method BPB method
s . 98.01 = 1.87 98.22 £ 1.55
E;g;ﬁlelgme hydrochloride 25 99.27 + 1.25 1=128 r=1.19
F=224 F=154

“Mean value of five determinations. Tabulated z-value at the 95% confidence level is 2.78. Tabulated F-value at the 95% confidence level is 6.39.
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Table 5. Recovery experiments using the standard addition procedure

Quim. Nova

Method Capsule studied TRH in capsule Pure TRH added Total found Pure TRH recovered®
P (ng mL™) (ug mL™) (ng mL) (Percent + SD)
T rolidine drochlorid 4.90 2.50 7.38 99.20 = 1.94
BCG method fiprolicime iydrochionde 4.90 5.00 9.83 98.60 +2.11
capsules (2.5 mg)
4.90 7.50 12.23 97.73 +2.46
T rolidine vdrochlorid 4.91 2.50 7.37 98.40 = 1.36
BPB method fiprolicine fiydrochionde 491 5.00 9.75 96.80 + 2.02
capsules (2.5 mg)
491 7.50 12.22 97.47 +1.83
“Mean value of three determinations.
any disadvantages like pH adjustment, heating or extraction steps. 17. Kanoute, G.; Guernet-Nivaud, E.; Guernet, M.; J. Pharm. Biomed. Anal.

The developed methods depended on the mixing of the drug and
dye solutions in dichloromethane solvent followed by measuring
the absorbance of the formed ion-pair complex in both methods. In
addition, these methods showed good accuracy and precision which
made these methods suitable for the routine analysis of TRH in the
quality control laboratories in pharmaceutical industries. Finally, no
interference was observed from the excipients that might be present
in the commercial capsules.
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