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Two simple and rapid titrimetric methods are described for the determination of cyproheptadine hydrochloride (CPH) in
pharmaceuticals. The proposed methods are based on the solvent extraction-titration of CPH with two ion association reagents,
sodium lauryl sulphate (SLS), (method A), and tetraphenylborate (TPB), (method B). In method A, SLS was used as titrant
and the titration was carried out in the presence of dilute sulphuric acid and chloroform using dimethyl yellow as indicator,
whereas, in method B, the titrant was TPB and the titration was done in Walpole buffer of pH 4.5 and 1, 2-dichloroethane using
tetrabromophenolphthalein ethyl ester as indicator. The proposed procedures give sharp end points as the color of the organic
phase changes from yellow to pink in method A, and from red-violet to yellow in method B. The methods are applicable over the
ranges of 1.0–20.0 and 2.0–9.0 mg of CPH for method A and method B, respectively. The accuracy and precision of the methods
are good. The methods were applied successfully to the determination of CPH in tablets, and the results were in agreement with
the label claim and those of the reference method.

1. Introduction

Cyproheptadine hydrochloride (CPH), chemically known as
4-(5Hdibenzo [a,d]-cyclohepten-5-ylidene)-1-methylpiperi-
dine hydrochloride (Figure 1), is a sedating antihistamine
with antimuscarinic, serotonin-antagonist, and calcium-
channel blocking action in pancreatic islet cells and smooth
muscle [1]. It is used to treat some hormonal disorders and
may also be used for treating side effects of taking antide-
pressants [2].

The drug is official in Indian Pharmacopeia [3] which
describes a UV-spectrophotometric method for its assay in
tablet. The United Sates Pharmacopeia [4] describes non-
aqueous titration with perchloric acid as titrant where the
end point is located visually using crystal violet as indicator.
Literature survey revealed the availability of few methods for
the assay of CPH in pharmaceutical formulations. Liquid
chromatography-mass spectrometry (LC-MS) [5], gas liquid
chromatography [6, 7], and high performance liquid chro-
matography (HPLC) [8–14] have been used to assay CPH.
Recently, HPLC has been used for the assay of CPH in feed

stuff [15]. Application of visible spectrophotometric meth-
ods [16–23], derivative UV-spectrophotometry for the assay
of CPH in two-component system [24] has also been re-
ported. Ion-selective-based potentiometry is another tech-
nique which has found application in the analysis of
CPH-containing tablets. The drug has been assayed by
potentiometry using CPH-tetraphenylborate [25], CPH-
dinonylnaphthalene sulphonic acid [26], CPH-tetrakis(4-
chlorophenyl)borate [27] as electroactive compounds.

Liu and Lü [28] developed chemiluminescence method
for the determination of CPH, where riboflavin was used as
chemiluminescence reagent. Feng and Guo [29] reported a
method for the assay of CPH in serum, urine and in pharm-
aceuticals based on the measurement of enhancement of
resonance light scattering at 364 nm after formation of ion-
association complex with ammonium molybdate.

Other than official method [4], there is a report on the
titrimetric assay of CPH [23], in which the drug is treated
with known excess of bromate-bromide mixture in HCl
medium followed by the determination of unreacted bro-
mine iodometrically, and the method is reported to be
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Figure 1: Structure of cyproheptadine hydrochloride.

applicable over 2–15 mg range. In the same article, kinetic
and visible spectrophotometric assay CPH is also described
changed to and visible spectrophotometric assay of CPH is
also described.

Most reported methods are applicable only over the
microgram and nanogram levels and the assay procedure for
the determination of CPH in milligram level is of paramount
importance in large scale analysis. Therefore, highly pre-
cise stoichiometric reaction with a reagent possessing antag-
onistic properties for the assay of pharmaceutical using titri-
metric procedure is still the choice of many pharmacopoeias
[4, 30].

Two phase titrations (ion-pair extraction titrations or ion
association titrations) employing indicators for visual end-
point detection are already well established for the deter-
mination of pharmaceutical substances [31–37]. The char-
acteristic of the ion association titration methods consists in
the use of a two-phase (water-organic solvent) system. The
end point detection is based on the different stabilities of the
ion associations formed between the determined substance
with the titrant and with the indicator [34].

This paper presents two ion association titration meth-
ods for the determination of CPH in pharmaceuticals. The
methods employ sodium lauryl sulphate (SLS) or sodium
tetraphenylborate (NaTPB) as the titrant with the determi-
nations being carried out in the presence of sulphuric acid-
chloroform or Walpole buffer of pH 4.5-1, 2-dichloroethane
with dimethyl yellow or tetrabromophenolphthalein ethyl
ester as the indicator. The methods allow a quick determina-
tion of CPH in bulk drug and in tablets without requiring
pretreatment of the sample, with high accuracy and preci-
sion, and without interference from excipients.

2. Materials and Methods

2.1. Apparatus. Elico LI 610 digital pH meter provided with a
combined glass-SCE electrode system was used to record the
pH and Equip-Tronics magnetic stirrer model EQ-770 was
used to carry out the titration successfully.

2.2. Reagents and Materials. All chemicals used were of ana-
lytical reagent grade and distilled water was used throughout.
A stock standard solution containing 2.0 mg mL−1 of phar-
maceutical grade cyproheptadine hydrochloride (Cipla India
Ltd, Bangalore.) solution was prepared in water and used
in method A, and the same was diluted to1.0 mg mL−1 with
water for use in method B.

A 0.008 M sodium lauryl sulfate (Loba Chemie PVT. Ltd.,
Mumbai, India, assay 99%) was prepared in water and stan-
dardized using benzethonium chloride [38], 0.01% (w/v)
dimethyl yellow (DMY) (Rolex Laboratory Reagent, Mum-
bai, India) was prepared in absolute ethanol and 2 M sul-
phuric acid was prepared by appropriately diluting concen-
trated sulfuric acid (Merck, Mumbai, India, Sp. gr. 1.84),
with water.

A 0.004 M solution of tetraphenylborate was prepared
by dissolving required amount of sodium tetraphenylboron
(s.d. fine-chem, Mumbai, India, assay 99.5%) in 10 mL water
and diluting to 250 mL with 0.001 N sodium hydroxide solu-
tion.

0.2% (w/v) potassium salt of tetrabromophenolphthalein
ethyl ester (TBPE) (Sigma-Aldrich, Inc., USA) was prepared
in absolute ethanol and the Walpole buffer solution of pH 4.5
was prepared by mixing 0.2 M acetic acid solution (Merck,
Mumbai, India) with 0.2 M sodium acetate solution (S. d.
fine Chem Ltd., Mumbai, India) and adjusting the pH with
2 M sulphuric acid.

Chloroform and 1,2-dichloroethane (DCE) (both Merck,
Mumbai, India) and absolute ethanol were used without any
purification.

2.3. Methods

2.3.1. Method A. Different aliquots (0.5–10 mL) of standard
CPH (2 mg mL−1) solution were transferred into a 100 mL
beaker and the volume was adjusted to 20 mL with water.
Two milliliters of 2 M H2SO4, 0.5 mL of 0.01% DMY, and
10 mL of chloroform were added and the mixture was stirred
on a magnetic stirrer for 1 min. The mixture was then titrated
with 0.008 M SLS with vigorous stirring until a color change
from yellow to pink occurs in the organic phase at the end-
point.

A blank titration was also performed and the necessary
volume corrections were made. The amount of the drug in
the measured aliquot was calculated from

Amount
(
mg
) = VMwR

n
, (1)

where V = volume of SLS, mL; Mw = relative molecular mass
of the drug; and R = molarity of the SLS and n = number of
moles of SLS reacting with each mole of CPH.

2.3.2. Method B. Different aliquots of the standard solution
(2.0–9.0 mL, 1 mg mL−1) of pure CPH were accurately trans-
ferred into a 100 mL beaker and the volume was adjusted to
10 mL with water. Five milliliters of the Walpole buffer of pH
4.5, 2 drops of TBPE indicator solution and 10 mL of DCE
were added and mixed well by magnetic stirring. The mixture
was titrated against 0.004 M TPB solution with vigor-
ous stirring until the color of the organic phase changes from
red-violet to yellow at the end point. It is not necessary to
make a blank titration because the color of the organic phase
is yellow in the absence of the drug. The amount of drug
in the aliquot was calculated from the equation given under
method A.
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Scheme 1: Effect of pH on the indicator color. (a) Dimethyl yellow, (b) tetrabromophenolphthalein ethyl ester.

2.4. Procedure for Tablets. Thirty tablets containing CPH
were weighed accurately and ground into a fine powder. An
amount of powder equivalent to 100 mg of CPH was weighed
into a 50 mL calibrated flask containing about 30 mL of
water. The extraction was done by shaking thoroughly for
about 20 min; then the volume was made up to the mark with
water, mixed well and filtered using a Whatman no. 42 filter
paper. The first 5 mL portion of the filtrate was discarded
in order to avoid small dilution in the concentration of
CPH because of the wetted filter paper. The resulting (2 mg
mL−1) CPH solution was subjected to titration in method
A, following the procedures described above. The solution
was diluted with water to get 1 mg mL−1 CPH and used in
method B.

3. Results and Discussion

The two-phase ion-association titration was applied to the
determination of some basic pharmaceutical compounds
using indicators for visible end-point detection. Earlier, the
end-point detection in this type of titrations was based on
the movement of the indicator from one phase to other and
it was difficult to detect the end point because the color of
the indicator in the aqueous phase or organic phase will be
reflected in the other phase [39].

The use of hydrophobic indicator is an alternative ap-
proach, which remains in the organic phase throughout
the titration and gives a very sharp color change [40].
Tsubochi et al. [41] used the potassium salt of the ethyl ester
of tetrabromophenolphthalein (anionic) indicator in their
titration whereas dimethyl yellow (cationic) indicator was
used by Eppert and Liebscher [42] for the two-phase titra-
tion. The above two indicators are useful in the detection of
the end point as the change in color depends on the pH [31].

3.1. Method Development

3.1.1. Method A. This is based on the formation of an ion
association complex between the CPH and the titrant, that is,

sodium lauryl sulphate which is used as titrant with dimethyl
yellow as indicator in the presence of chloroform. After treat-
ing CPH tertiary amine (R3N) with H2SO4, the resulting pro-
tonated amine (R3NH+) was titrated with sodium lauryl
sulphate using DMY. The effects of the acid and the extrac-
ting solvent were optimized and it was found that 2 mL of
2 M H2SO4 in a total volume of 20 mL of aqueous phase, and
chloroform as solvent (10 mL), gave a good reproducible and
stoichiometric results when compared to 1,2-DCE and di-
chloromethane (DCM), in the range investigated.

When the mixture of CPH solution, sulphuric acid, chlo-
roform, and the DMY indicator solution was mixed well, the
aqueous phase became colorless, because the indicator itself
was not soluble in water, and a yellow color was developed in
the chloroform phase, because of the presence of the indica-
tor in a molecular form. When the drug sample was titrated
with SLS solution, the protonated drug (R3NH+) formed
colorless ion association complex (R3NH+-Titrant−) which
will be extracted into the organic phase. When the equiva-
lence point was reached and one drop excess of the titrant
was added, the color of organic phase changed from yellow
to pink due to the formation of cationic form of DMY
indicator, that is, DMYH+ Scheme 1, which is stabilized by
the formation of stable ion-pair complex with the titrant
[DMYH+ · SLS−] in the organic phase.

The chemical reactions which form the basis for this
method can be formulated as follows

Before the addition of titrant:

R3NH+ (colorless) + DMYaq
(
yellow

)

chloroform−−−−−−→ R3NH+
aq + DMYorg

(
yellow

)
.

(2)

Before the equivalence point:

R3NH+
aq + SLS−aq −→

[
R3NH+ · SLS−

]
org (colorless).

(3)
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Table 1: Evaluation of intraday and interday precision and accuracy.

Method CPH taken mg
Intraday (n = 7) Interday (n = 5)

CPH founda Precisionb Accuracyc CPH founda Precisionb Accuracyc

Method A
6.0 6.04 1.08 0.65 6.08 1.68 0.87

12.0 12.20 0.96 1.32 12.24 1.17 1.48

18.0 18.12 1.18 1.24 18.15 1.33 1.36

Method B
4.0 4.06 1.29 1.08 4.09 1.36 1.45

6.0 6.16 1.92 1.78 6.18 2.08 1.62

8.0 8.14 1.75 1.44 8.16 1.92 1.75
a
Mean value of n determinations.

bRelative standard deviation (%).
cBias (%): [(found − taken)/taken] ×100.

After the equivalence point:

DMYorg
(
yellow

)
+ H+ + SLS−

−→ [
DMYH+ · SLS−

]
org

(
pink

)
.

(4)

3.1.2. Method B. This is based on the formation of an ion-
pair complex between the CPH and TPB as titrant in a
solution buffered at pH 4.5 using TBPE as indicator and 1,2-
dichloroethane as extracting solvent. The complex formed
in this method is highly pH dependent, so the effect of pH
was studied carefully and it was found that 5 mL of Walpole
buffer of pH 4.5 in a total volume of 10 mL of aqueous phase
and 10 mL DCE solvent gave the best end-points and most
consistent titers than chloroform or DCM.

The chemical reactions for this titration can be explained
as follows.

Before adding the titrant:

R3NH+ (colorless) + TBPE− (blue)

DCE−−→ [
R3NH+ · TBPE−

]
org (red-violet).

(5)

Before the equivalence point:

R3NH+ + Titrant− (colorless)

−→ [
R3NH+ · Titrant−

]
org (colorless).

(6)

After the equivalence point:

Titrant− + H+ +
[
R3NH+ · TBPE−

]
org (red-violet)

−→ [
Titrant− · R3NH+]

org + TBPEH
(
yellow

)
.

(7)

When the mixture of CPH solution, buffer, DCE, and
TBPE indicator solution was mixed well, the aqueous phase
became colorless, and a red-violet color developed in the
DCE phase, because the indicator forms an organophilic ion-
pair complex with the drug. When the drug sample was
titrated with TPB solution, the protonated drug (R3NH+)
formed colorless ion association (R3NH+ ·Titrant−) which
will be extracted into the organic phase. Near the equivalence
point of the titration, the organic phase starts to turn green
and when one drop excess of the titrant was added, the color
of the organic phase changed from red-violet to yellow due
to the formation of molecular form of the indicator, that is,
TBPEH, Scheme 1.

3.1.3. Method Validation. The validation of the methods was
done according to the present ICH guidelines [43].

3.1.4. Range and Stoichiometry. The proposed procedures
are applicable over the ranges of 1.0–20 and 2.0–9.0 mg of
CTH for method A and method B, respectively. The reaction
stoichiometry was calculated to be 1 : 1 for both methods
(CPH : SLS) in method A and (CPH : TPB) in method B, ow-
ing to the presence of one basic nitrogen atom in the CPH.

3.1.5. Accuracy and Precision. Accuracy of an analytical
method expresses the closeness between the reference and the
found values. Accuracy was evaluated as percentage relative
error between the measured and taken amounts of CPH
(Bias %). The results, compiled in Table 1, show that the ac-
curacy is good for both methods. Precision of the methods
was calculated in terms of intermediate precision (intraday
and interday). Three different amounts of CPH (within the
working limits) were analyzed in seven replicates during
the same day (intraday precision) and five consecutive days
(interday precision). RSD (%) values of the intraday and
interday studies showed that the precision was good for both
methods, too (Table 1).

3.1.6. Selectivity. To determine the selectivity of the methods,
the analytical placebo was prepared and subjected to analysis
by the proposed methods. It was confirmed that the change
in the titrant value with respect to the water blank was
caused only by the analyte. To identify the interference
by common tablet excipients, a synthetic mixture with the
composition: CPH (100 mg), talc (80 mg), starch (100 mg),
calcium gluconate (60 mg), lactose (80 mg), sodium alginate
(60 mg), and magnesium stearate (90 mg), was prepared and
subjected to analysis by the proposed methods after solu-
tion preparation using the procedure described earlier. The
percent recoveries of CPH were 98.46 ± 1.64 (n = 5) and
99.41 ± 1.21 (n = 5) by methods A and B, respectively, sug-
gesting no interference by the excipients in the assay of CPH
under the described optimum conditions.

3.1.7. Robustness and Ruggedness of the Methods. The robust-
ness of the methods was evaluated by making small
incremental changes in volumes of H2SO4 (2 ± 0.5 mL)
and CHCl3 (10 ± 1 mL) in method A, Walpole Buffer of
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Table 2: Comparison of assay results of proposed and reference methods.

Tablet brand name Nominal amount, mg
Found (% of nominal amount ± SD)∗

Reference method Proposed methods

Method A Method B

Practina 4 100.3± 0.76
98.86± 1.04 99.48± 1.12

t = 3.3 t = 2.9

F = 4.5 F = 5.2

Ciplactinb 4 100.8± 0.85
98.76± 1.87 99.26± 2.00

t = 3.6 t = 3.2

F = 3.5 F = 4.3
∗Mean value of five determinations.
∗∗Marketed by: aWockhardt Ltd., India,bCipla India Ltd., India.
Tabulated t value at the 95% confidence level is 2.78; tabulated F value at the 95% confidence level is 6.39.

Table 3: Results of recovery study using the standard-addition method.

Formulation
studied

Method A Method B

CPH in
tablet, mg

Pure CPH
added, mg

Total
found,

mg

Pure CPH
recovered∗,

percent ± SD

CPH in
tablet, mg

Pure CPH
added, mg

Total
found,

mg

Pure CPH recovered∗,
percent ± SD

Practin
7.90 4.0 11.86 99.26± 1.11 2.98 1.5 4.49 99.33± 1.06

7.90 8.0 16.15 103.22± 1.82 2.98 3.0 6.10 102.3± 1.97

7.90 12.0 19.83 99.35± 0.98 2.98 4.5 7.55 101.8± 1.01

Ciplactin
5.92 3.0 8.96 101.72± 1.45 2.96 1.5 4.40 99.25± 1.26

5.92 6.0 11.97 100.85± 1.68 2.96 3.0 6.16 101.92± 1.63

5.92 9.0 15.22 103.07± 2.07 2.96 4.5 7.72 102.04± 1.12
∗Mean value of three determinations.

pH 4.5 (5 ± 0.5 mL) and DCE (10 ± 1 mL) in method B and
the effect of the changes was studied by calculating the RSD
values. The changes had negligible influence on the results as
revealed by small intermediate precision values expressed as
% RSD. The values were lying in the range 1.35–2.85%.

Method ruggedness was expressed as the RSD of the same
procedure applied by four different analysts as well as using
four different burettes. The interanalysts RSD were within
2.65% whereas the interburettes RSD for the same CPH
amount were ranged from1.54 to 3.35% suggesting that the
developed method was rugged.

3.1.8. Application to Tablets. The proposed methods were
successfully applied to the determination of CPH in two
representative tablets Practin and Ciplactin. The results ob-
tained are shown in Table 2 and were compared with those
obtained by the reference method [3] by means of Student’s
t- and F-tests [44] at 95% confidence level. The reference
method consisted of the measurement of the absorbance of
CPH tablet extract 0.1 M HCl at 286 nm. In all the cases,
the average results obtained by the proposed methods and
reference method were statistically identical, as the difference
between the average values were not significant at 95% confi-
dence level with respect to accuracy and precision. Accuracy
of the proposed methods was further confirmed using the
standard addition procedure. Preanalyzed tablet powder was
spiked with pure CPH at three different levels (50, 100, and
150% of the quantity present in the tablet powder) and the

total was measured by the proposed methods. The deter-
mination with each amount was repeated three times and the
results of this study presented in Table 3 indicated that the
various excipients present in the formulations did not inter-
fere in the assay.

4. Conclusions

Two useful methods for the determination of CPH were
developed, optimized, and validated based on ion-pair
extraction titration. The ion-pair extraction titrimetry would
be convenient for use in the laboratory, because with it, there
is no need for sophisticated instrumentation. The proposed
methods are simple, accurate, rapid, and cheaper than the
reported chromatographic methods. The procedures do not
involve any critical reaction conditions or tedious sample
preparation. Among the two proposed methods, method A is
more convenient as the end point detection is very clear and
with a wide range (1–20 mg) than method B, which involves
addition of buffer and a narrow range (2–9 mg). The wide
applicability of the proposed procedures for routine quality
control is well established by the assay of CPH in pure form
and in pharmaceutical preparations.
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