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ABSTRACT

A RP-HPL C method for stability indicating determination of biperiden hy-
drochloride (BIPER) in presence of its oxidative and /or acid degradation
products, was devel oped, optimized, validated and appiled either in tablets
dosage form or in raw materials. The separation could be acheived on a
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reversed phase column [Nucleodure C , (5Sum, 25 cmx 4.6 mmi.d.)] isocratically
by usingamixtureof 0.2% 0.1 N perchloric acid in 0.01M sodium perchlor-
ate solution and acetonitrile in aratio (50 : 50% v/v) as the mobile phase
with UV-detection at 210 nm. Significant linearity was observed inthe ranges
of 8-100 pg mL L. Statistical evaluation of the resultswas obtained by adopt-
ing the proposed method and those of reference ones has been undertaken
by applying the student t-testing, F-ratio calculation and by one-way
ANOVA assessment.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION
Biperiden hydrochloride, (1RS)-1-
[(1RS,2SR,4RS)-Bicyclo[ 2.2.1] hept-5-en-2-yl] - 1-

phenyl-3-(piperidin-1-yl)propan-1-ol hydrochloride, is
used asan anticholinergic drug®.

U and enantiomer , HCI

C1H,oNO. HC1

347.9
Figurel

BP-2008 biperiden hydrochloride can be deter-

mined potentiometrically in pureform by using 0.1M
a coholic potassum hydroxide asatitrant.

USP-3118 determines bi periden hydrochloridein
pureform by chemical titration with 0.1N perchloric
acidusing crystal violet indicator, and colorimetricaly
using phosphate buffer-bromocresol purplesolutionin
tabletsdosageform.

Thefirst problem that was facing the analysis of
BIPER inquality control wastheinability of the present
officid methodstotest thestability and detect thedegra
dation productsof biperiden hydrochloride (BIPER) e-
ther inraw maeridsor in pharmaceutica preparations.

The second problem wasin absence of available
dataabout the degradation pathwaysand degradation
products of biperiden hydrochloride which help in
desciding the suitabl e precautionswhich should beap-
plied during itsstorage and manufacturing steps.
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Theam of thiswork was:

= Devdopingasmpleandrdiablegability indicating
high performanceliquid chromatographic method
for the determination of biperiden hydrochloridein
presenceof itsoxidative and acid degradation prod-
uctsforitsanalysisin raw materialsand pharma-
ceutical preparations.

= Preparation, isolation and identification of theex-
pected degradation products experimentally.

= Establishment of kinetic studiesfor thedegradation

pathways.
EXPERIMENTAL

Chemicalsand reagents

- Sodium perchlorate, E.Merck, Germany.

- Acetonitrile(HPLC grade), E.Merck, Germany.

- Methanol (HPLC grade), E.Merck, Germany.

- Perchloricacid (Andytical grade), E.Merck, Ger-
many.

- Hydrogen peroxide (Anaytical grade), E.Merck,
Germany.

- Hydrochloric acid (Analytical grade), E.Merck,
Germany.

- ULtraPure deionized water was obtained from
‘Elix®-5 Millipore Water Purification System
(WPS), Millipore GmbH, Schwalbach-Germany.

Samples
Purereference samples

Standard substanceswere kindely supplied by the
Arab Drug Co.-Cairo-Egypt.
- Biperiden hydrochloride BN: BPH040907 wasas-
sayed by BP-2008 method® and its purity was
found to be (99.64 + 0.50) %.

Mar ket dosageformulations:

- Akinitone® tablets is labelled to contain 2 mg
biperiden hydrochloridein each tablet, manufac-
tured by Arab Drug Co., BN: 510091 and 410017.

- Achtinone® tablets is labelled to contain 2 mg
biperiden hydrochloridein each tablet, manufac-
tured by Arab Drug Co., BN: 810082 and 710202.

Apparatusand experimental conditions
Liquid chromatograph consisted of anisocratic
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pump (Agilent Modd-G1310A), avariablewave ength
UV-detector (Agilent 1100 Series, Moddl-G1314A),
with aRheodyneinjector (Model-7725, CA-USA)-
equipped with 20-pl injector loop- Agilent Technolo-
gies, Inc. (SantaClara, CA-USA). Stationary phase:
Nudeosil C jandyticad column (10um,15cmx 4.6 mm,
i.d.), Alltech (USA). Mobile phase composed of 20
mM NaH,PO, solutionand CH,OH (30:70, v/v) was
runningisocraticaly at 1.5 mL min. Themobilephase
wastltered through a 0.45-pum millipore membrane and
was degassed for about 15 minutesinan ultrasonic bath
prior touse. Therate of ilow was controlled at 1.5 mL
min’, isocratically at ambient temperature (~25 °C)]
with UV-detectiona 240 nm. Thesamplesweretiltered
aso through a0.45-um membrane tlter.

- Gaschromatograph- massspectrometer: Shimadzu

QP1000 EX (Kyoto, Japan).

Preparation of the degradation products of
biperiden hydrochloride

a. Oxidativedegradation products

10 mg of pure biperiden hydrochl oridewas accu-
rately weighedinto 50 mL conical flask, dissolvedin
about 25 mL methanol, themethanolic solutionwassub-
jected to oxidation by mixing with 20 mL of 10% hy-
drogen peroxide solution in methanol with heating at
40°C water bath, 1 mL was taken every 30 minutes,
evaporated near dryness, diluted with 10 mL methanol
then the sol ution wastested for compl ete oxidative deg-
radation using the proposed HPLC method. It was
found that no peak appeared a retentiontime 5.04 min.
at which theintact biperiden hydrochloride peak ap-
pears, complete oxidative degradation was achieved
after 6 hours.
b. Acid degradation products

10 mg of pure biperiden hydrochl oridewas accu-
rately weighed into 50 mL volumetric flask, dissolved
inabout 25-mL methanol, themethanolic solutionwas
subj ected to acid degradation by mixing with 20 mL of
AN hydrochloric acid with heating at 40°C water bath
1mL wastaken every 10 minutes, evaporated near dry-
ness, diluted with 10 mL methanol thenthe solutionwas
tested for complete acid degradation using the proposed
HPLC method. It wasfound that no peak appeared at
retention time 5.04 min. at whichtheintact biperiden
hydrochloride peak appears, complete acid degrada
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tion reactionwasachieved after 2 hourswhichfollowed

by neutralizationwith 1N NaOH andfiltration.

- After completeoxidativeand acid degradation, deg-
radation productswere subjected to mass spectra
andys sfor subsequent identification. Good and in-
terpretableresultswere obtained (Scheme 4-5).
The assignment of the degradation productswere

based on the compari son of mass spectral datafor the

separated compoundswith that of theintact.Figure.

41-42.

Stock standard solutions

All standard solutions are stablefor threedaysif
kept intherefrigerator (~5°C).

Stock solution of biperiden hydrochloride (0.4 mg
mL-1) in methanol: 20 mg of pure biperiden hydro-

chloridewasaccurately weighed into 50 mL cali-

brated volumetric flask, dissolved in about 25 mL

methanol and the volume was completed to the

mark withmethanol.

- Stock solution of oxidative degradation products:
thesame proceduresdetailedin111-4.2.2.5. were
applied and after the degradation was compl eted,
appropriatedilutionsweremadein order to obtain
concentration of 0.2 mg.mL2.

- Stock solution of acid degradation products: the
same proceduresdetailedin I11-4.2.2.5. were ap-
plied and after the degradation was completed,
appropriatedilutionsweremadein order to obtain
concentration of 0.2 mg.mL2.
and their mixtureswere prepared by careful com-

plete dissol ution of accurately weighed aiquotsof the

substance(s) in calcul ated volumes of methanal.

Cadlibration

Aliguot volumes of biperiden hydrochloride (0.4
mg mL ) inmethanol, weretransferred in to aseriesof
100 mL volumetric flasks, such they cover the concen-
tration range of 8-100 pgmL ™. 20uL wereinjectedin
triplicatestoliquid chromatograph. Relative peak area
vaues (peak areaof biperiden hydrochlorideto that of
externa standard 20 pg. mL™) werethen plotted againgt
the corresponding concentrations of biperiden hydro-
chlorideto obtain the calibration graph. To reach good
equilibria, theanaysiswas usually performed not be-
forepassing ~50— 60 mL of the mobile phase, just for
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conditioning and pre-washing of the stationary phase.
Thelimit of detection (LOD) and limit of quantifi-
cation (LOQ) werefixed at 3 and 10 times, respec-
tively. Theprecision of thismethod expressed by mea-
suring itsrepeatability and reproduci bility. The repest-
ability has been estimated by anayzing the concentra-
tion of BIPER (six replicates), thereproducibility has
been estimated by and yzing the same concentration of
thefive componentsat three succesivedays. The pre-
cision of theandytical procedurewasexpressed by the
relative standard deviation percentage (RSD%).

Analysisof laboratory prepared mixtures

Laboratory prepared mixturescontaining different
ratiosof BIPER anditsoxidativeand acid degradation
productswereprepared, asdetailed in TABLE 2, and
themixtureswere chromatographed asunder thecali-
bration curvesstarting from: ““Sample volumes each of
20 pL were injected ...”. The concentration intact
BIPER was calcul ated from its corresponding regres-
sioneguation.

Analysisof pharmaceutical dosageforms

Theaverageweight of atablet was determined by
welighing not lessthan 20 tabl ets. Tabletswere pul ver-
ized and an diquot wastransferred into 50 mL measur-
ing flasks and was shaked with 25 mL methanol, di-
|uted with methanol to thevolumeto get therequired
concentrations. Each tablet’s extract was
chromatographed as described under the preparation
of cdibration curvesgarting from:’Sample volumes each
of 20 uL were injected ...”. The concentration of BIPER
was cal culated fromits corresponding regression equa
tion.

RESULTSAND DISCUSSION

M ethod optimization

A smpleand reliable stability indicating high per-
formanceliquid chromatographic method was devel -
oped for determination of biperiden hydrochloridein
presence of its oxidative and acid degradation prod-
uctsfor itsanaysisin raw materia sand finished phar-
maceutical products.Officia methods (BP and USP)
which based ontitration or spectrophotometry arenon
stability indicating methods and unabl e to detect the
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degradation products of biperiden hydrochloride.By
applying the proposed HPL C method on many batches
of raw materids, it wasfound that someof themwere
suffering from the presence of degradation productsand
their potencieswasfound to belessthan theminimum
premitted limitswhich affectsthe efficiancy and shlef-
lifeof thefinished product.Oxidative and acid degra-
dation of biperiden hydrochloridewere carried out as
mentioned inthe procedures. M ass spectrafor the oxi-
dative degradation product were characterized by its
molecular ion peak at m/z 218, and for thetwo acid
degradation productsat m/z 218 and m/z 279 respec-
tively.

Method optimization

Severd trid shave been carried out to obtain satis-
factory separati on betweenintact biperiden hydrochlo-
rideand its oxidative and acid degradation products.

Choice of mobilephase

Thetridsinvolvedtheuseof different mobilephases
with different flow ratesand ratios. Themobile phase of
choicewasfoundto be0.2% 0.1 N perchloricacidin
0.01 M sodium perchlorate sol ution and acetonitrilein
aratio (50: 50 v/v) withisocratic elution.It wasfound
that addition of 0.2% 1N perchloricacidincreasesthe
sharpness and accel erate the el ution of BIPER peak,
increasi ng the concentration of perchloric acid leadsto
bad resol ution between theintact BIPER peak and its
degradation products peak.Increasing theratio of ac-
etonitrileleadsto bad resol ution between peaks, and
its decrease |eads to broadening and delaying in all
peaks.

Choiceof stationary phase

Different stationary phases C,and C , with differ-
ent dimentionsand particles zeswereused, it wasfound
that C,, columnwith particlesize 5um gave the opti-
mum resolution, whiletheuseof C,columnfailedinthis
separation.25 cmwasfound to betheoptimum column
length and whenit was subistituted with shorter length
C,, column (5um, 15 cm x 4.6 mm, id.) it gave bad
resol ution between peaks.

Choiceof detector wavelengths

The choice of wavelength was optimised at 210
nm at which good absorbances in methanol was
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achieved.

Validation

System suitability and final assay condition

System suitability parametersca culated under the
optimized experimenta conditions. Theretentiontime
vauesof the separated peakstogether with other chro-
matographic parametersarecollectedin TABLE 1. The
table describesthe cal cul ated resolution values (R ) as
well asselectivity factor (o) which ensurescompleteor
100% separation of the componentsunder investiga:
tion. TheTailing factor of drug peak asorevealedlin-
ear isotherm peak el ution without tailing. On applying
the described experimentd optimized HPLC-conditions,
excdlent separation of BIPER anditsoxidativeand acid
degradation productswas established (Figures 2-4).

TABLE 1 : System suitability parameters

Parameter Biperiden hydrochloride
Retention time(tg) minutes 5.035
Capacity factor (k”) 3.58
Resolution (Rs) 5.04
Selectivity factor (a) 4.03
Tailing factor* 1.04
Theoretical plates 10182

(column efficiency)
a Reference values; R > 0.8,T =1, for atypical symmetrical
peak; a. > 1; K =1 - 10 are acceptable; Theoretical plate =The
higher the value, the more the column efficiency

Linearity

Thelinearity wasevd uated by determiningthe stan-
dard solutionsof intact biperiden hydrochloridein dif-
ferent ranges. Cdlibration curvewas constructed rel at-
ing theralative peak areasto the corresponding con-
centrations.

Linear relationship was obtained; theregression
equation was computed between therel ative peak ar-
eas (peak areasof BIPER to that of external standard
20 1g mL1) versusthe corresponding concentrations.
Tab. 3

Accuracy and precision

Accuracy of the results was calculated by % re-
covery of puresamplesof intact drug analyzed by the
proposed method (TABLE 2). The percentage recov-
eriesbiperiden hydrochloridein laboratory prepared
mixtures of them were determined (TABLE 2). One-
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way ANOVA was used to comparetheresults of the
proposed method and a reference one,whereit was
concluded that thereisno statisticaly significant differ-

. HC1

Biperiden hydrochloride

Mol.Wt. 312

.HCl

COOH

Mol. Wt. 33¢

OH
C.“"
>4 \\,//\\N
H _HCI

Deg. 1

Mol.Wt. 218
Figure2: Oxidativedegradation pathway of biperiden hydro-
chloride.

ences betweenthem. Theinter- & intra-day accuracy
and precision of the proposed method were also de-
termined (TABLE 3). Therelative standard deviation
expressed in percentage (RSD%) of the assay results
was used to assess the method precision.

Biperiden hydrochloride

J Mol.Wt. 312

Mol.Wt. 294

Ea -

H

e
/(\/\I\O
@ s

Deg. I

QU

Mol.Wt. 218 Deg. III

Figure3: Acid degradation pathway of biperiden hydrochlo-
ride

TABLE 2: Summary of thevalidation parameter sof thepro-
posed HPL C method

Biperiden

Parameters hydrochloride
Linearity
Slope 0.0491
Intercept +0.032
Correlation coefficient (r) 0.9999
Range (ug/mL) 8-100
Accuracy (Mean+ RSD ) % 99.71+0.807
Precision (RSD%)
Repeatability* 0.316 - 0.225
Intermediate precision** 0.721 - 0.503
Limit of detection (ng/mL) 2152
Limit of quantitation 6.521

(ng/mL)
* Theintraday (n = 3), average of three different concentrations
repeated three times within the day.; ** The interday (n = 3),
average of three different concentrations repeated three times
in three successive days

Specificity
Specificity istheability of theanalytica methodto
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HPLC chromatogram of standard solution of intact biperiden hydrochloride in methanol (40pg.mL?).
Figure4: Liquid chromatographic separ ation of analgin (1.59min.), caffeine (2.389 min.) and er gotaminetartarate (4.68

min.) fromAmigrain™ tablets(by following the specified chromatogr aphic conditions).
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HPL C chromatogram of labor atory prepar ed mixtur e containing intact biperiden hydrochloride (40pg.mL?), oxidative degradation
products (Degl) and acid degradation products (Deg 2 & Deg 3) in methanal.
Figure5: chemical structuresof thefivecomponents
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HPL C chromatogram of Akinitone® tablets containing 40ug.mL™ biperiden hydrochloride in methanol
Figure 6: Liquid chromatographic separation of analgin (1.59 min.), par acetamol (1.94 min.), caffeine(2.39 min), domperidone
(3.64 min.) and ergotaminetartarate (4.69 min.), asillustrated under the specified chromatogr aphic condition.

measuretheanayteresponseinthe presence of inter-
ferences (degradation products, related substances,
excipients, etc.). In application of the proposed meth-
odsto pharmaceutica formulation nointerferencefrom
thetablet’s excipients appeared. Hence the proposed
method isableto determinethenamed drug selectively
intheir pharmaceutical formulations. Standard addition

technique (SAT) has been also applied to assessthe
accuracy and specificity of the proposed method
(TABLES4).

Robustness

Therobustness of amethodisitsability toremain
unaffected by small changesin parameters. INHPLC
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HPL C chromatogram of Achtinone® tablets containing 40pug.mL* biperiden hydrochloride in methanal.

Figure7: Liquid chromatographic separ ation of paracetamol (1.93 min.), caffeine (2.38 min.), domperidone(3.63 min.) and
ergotaminetartarate (4.66 min.) from No-migrain® tablets (seethe specified chromatogr aphic conditions).
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HPLC chromatogram of Achtinone® tablets containing 35.80 pg.mL* intact biperiden hydrochloride in methanol and shows the

presence of oxidative degradation products

TABLE 3 : Analysis of laboratory prepared mixtures of
biperiden hydrochlorideand itsoxidativeand acid degradation
productsby theproposed HPL C method

Mix. No. ?)/G()g Jg'?:g;t_l unging Recovery % of intact
1 20 32 8 100.06
2 40 24 16 100.13
3 60 16 24 99.82
4 80 8 32 100.25

Deg.: oxidative or acid degradation products.; % Deg.: % of
oxidativeand /or acid degradation productsadded relativetothe
intact.

method, small changesin proportionsof different com-
ponents, by upto+0.5 % mainly of the organic part of
themobilephase, in addition to theionic strength of the
0-phosphate salt component, which did not affect the
good separation of the components. Only very minor
changesin both of theresolution values (R ) and the
selectivity factors (o).

Limit of detection and limit of quantification

According to |CH recommendati onsthe gpproach
based on SD-values of the responses and the corre-
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TABLE 4: Comparison between the analysisof biperiden
hydrochloridein phar maceutical dosagefor ms(Akinitone®
and Achtinone®tablets) by theproposed HPL C method and by
theofficial method

Official

Proposed HPLC
method ®

method

Akinitone®
tablets
Batch No.
510091
Akinitone®
tablets
Batch No.
410117
Achtinone®
tablets
Batch No.
810082
Achtinone®
tablets
Batch No.
710202
*Manufacturer follows the USP-31 official method as described
in the literature review for each compound

99.32+0.317 99.16 + 0.704

96.16 + 0.205 99.44 + 0.821

100.61 + 0.668

100.93+0.156

89.49+ 0418 98.14 + 0.702

sponding slopes, the detection and quantitation limits
weredetermined. Thetheoretical va ueswere assessed
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TABLE 5: Comparison between the analysis of biperiden
hydrochloridein different raw material samplesby thepro-
posed HPL C method and by theofficial method

Proposed HPLC Official

method method 8

e e
S O 798340306  99.32+0.322
S 99.71+0218 99,64 0.501

*Manufacturer follow the USP-31 official method as described
in the literature review for each compound

TABLE 6: Satistical analysisof theresultsobtained by the
proposed HPL C method and theofficial method for biperiden
hydrochloridein pureform

Poposed HPLC method ~ Official method®

Mean 99.71 99.64
SD 0.804 0.499
RSD% 0.807 0.501
Variance 0.646 0.249
n 7 6
Student’s 0.185
t-test (2.201)**

2.594
F-Value (4.95)**

** The figures in parenthesis are the corresponding tabulated
valuesat P = 0.05

prectically asthey aregivenin TABLE 2.
Sability

Andyzing commerciad sampleskept at roomtem-
peratures (~22+0.5 °C) on thelaboratory bench orin
therefrigerator (~5°C) for two weeks hasbeen carried

out. Theresults were found to be not deviated from
thosein cases of thelaboratory prepared mixtures.

CONCLUSION

Thegoa of thiswork wasachieved by quantifica:
tion of biperiden hydrochloride by HPLC method in
the presenceof itsoxidative and acid degradation prod-
ucts.

The proposed HPLC method is suitable for the
analysisof biperiden hydrochlorideeither inraw mate-
ria or in its pharmaceutical preparations such as
Akinitone® and Achtinonetablets.

Thismethodisvery helpful in establishment of ki-

—— Fyll Peper

netic studiesfor improvement of biperiden hydrochlo-
ridestability intabletsdosageform.

Theobta ned resultsweredaigtically compared with
those obtained by reference ones using one-way
ANOVA-testing, fromwhichit isconcluded that there
isnosgnificant differencebetween both sdes Thesug-
gested method can besuccessfully gppliedtotheandysis
of the cited componentssingle, combinedin |aboratory
prepared mixtures and in the pharmaceutical prepara:
tions. Thevaidity of the proposed method isfurther
assessed by applying the standard addition technique.
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