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Abstract

A new HPLC method that is based on zwitterionic ropthilic interaction liquid
chromatography (ZIC-HILIC) coupled with ultravioldetection was developed, optimized
and validated for simultaneous determination of Awsfipm hydrochloride
Sulfaquinoxaline Sodium , and VitamingKas menadione sodium bisulfite) in A.S.K
Powder. The separation was carried out using ZIOE tolumn (250 mm4.6 mm, 5um)
and a mobile phase of 0.2 M Ammonium acetate #NE) buffer and acetonitrile (ACN)
(15:85; v/v) with pH adjusted to 5.7 by glacial taceacid (G.A.A) at a flow rate of 0.5
ml/min. The analytes were monitored by UV detetad 263 nm.

The effects of the operational chromatographic ¢ars on the separation and column
efficiency were thoroughly investigated, includiting concentration of the organic solvent
(ACN) in the aqueous-organic mobile phase, theciatiength of the NFAC buffer and
pH of the mobile phase.

The optimized method was finally subjected to falalytical validation by examining
specificity, accuracy, precision, linearity, rangejggedness, robustness and stress
conditions. The results were evaluated accordingthe International Conference on
Harmonization (ICH) and United States Pharmacop@e#P33/NF28) guidelines and the
method fulfilled validation criteria. In additiothe assay was shown to indicate stability
and can be used to analyze for degradation prgd@icisexample; sulfaquinoxaline

impurity A.

The developed method is sensitive, specific, fasturate and requires minimum sample
manipulation. The analysis time requires only 1&wutes. The new optimized HPLC
method was applied on three commercial A.S.K batcfoe analysis of amprolium
hydrochloride, sulfaquinoxaline sodium and vitankg All the active ingredients were
separated from excipients according to the autbapecifications.

Key words: Amprolium, Sulfaguinoxaline, Menadione sodium bige] A.S.K Powder,
ZIC-HILIC, validation, Stability-indicating.
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Chapter One

Introduction

1.1 General Introduction

The three combined active pharmaceutical compornenbe separated and analyzed are

mainly used for the treatment and control of coosis.

" Coccidiosisis an acute invasion and destruction of intestmacosa by protozoa of the
genera Eimeria or Isospora. Infectioncisaracterized by diarrhea, fever, inappetence, hteig
loss, emaciation, and sometimes death. Coccidipsisserious disease in cattle, sheep, goats,

pigs, poultry, and also rabbits, in which the lizes well as the intestine can be affected. In

dogs, cats, and horses, it is less often diagniegedan result in clinical illnets!

Coccidiasisis the infection of animals with coccidia but vatlt apparent clinical signs.
Coccidiasis is much more prevalent than coccidiasg is thought to result in poor feed

efficiency under intensive rearing conditiohis.

Anticoccidial drugs:

Many drugs are available for prevention and treatnoé coccidiosis in chickens, and in
turkeys. Anticoccidials are usually given to poyiin the feed to prevent acute disease and
the economic loss often associated with subactéetion. They can be used also for
prophylactic purpose because most of the damaga&rotefore signs become apparent,

1



and delayed treatment may not benefit the entoekfl Water medication is better than
feed medication for therapeutic treatment. Antib®tand increased levels of vitamins A
and K are sometimes added to the diet to improteafirecovery and prevent secondary

infections 2!

Continuous use of anticoccidial drugs may resulsehection for and survival of drug-
resistant strains of coccidia. While there is dittross-resistance to anticoccidials with

different modes of action, there is widespreadstasice to most drugs

There are two distinct classes of anticoccidiéls:
1.) Coccidiostats that inhibit growth of intracellulaoccidia, giving rise to latent
infection after drug withdrawal.
2.) Coccidiocides, which destroy coccidia during thelevelopment. Some
anticoccidial drugs may be initially coccidiostatbut after long use become
coccidiocidal. Most anticoccidials currently used poultry production are

coccidiocides®

Many pharmaceutical veterinary products are avilabthe market for the treatment and
control of coccidiosis and some contains severav@dngredients such as Amprocoxin-

silv (brand drug) and A.S.K powder (generic drug).

A.S.K Powder is a veterinary drug which is currgnthanufactured by Pharmacare
pharmaceutical company in Palestine (See Table [t.i5) a generic drug which is similar
in composition to Amprocoxin-sifthat manufactured by Silvavet company for veteyina

medicines.
A.S.K Powder is used in veterinary field for the flowing reasons:

1) Prevention and treatment of coccidiosis in pgulambs, calves and pigs.
2) Control of coccidiosis and acute fowl choleracimckens and acute fowl cholera and

coccidiosis in turkeys, when caused by pathogessegiible to sulfaquinoxaline.



Table (1.1): Pharmaceutical and clinical information of A.S.K Powder:

Product Name A.SK
Pharmaceutical Form| Powder
Groups Anticoccidia
Packages 200g
Composition Each 1g Contains:
Amprolium HClI 200 mg
Sulfaquinoxaline sodium 200 mg
Vitamin K3 2 mg
Indications "Amprolium is considered as a commompgound which is

used as anti-coccidia in layer and hens motheigsglfosterage
period. It has very low poisoning level, its adiyvincreases
when it is associated with Sulfaquinoxaline. It lga®d effect
against Eimeria tenella, Eimeria necatrix, medidfact against
Eimeria acervuline and weak effect against Eimaxiania and

Eimeria brunetti. It is used to treat coccidia esgé/ when

coccidia accompanied with E. coli, salmonella and

staphylococcus ®

Usage and Dosage

It is used with drinking water.
100g for each 200 liters of drinking water daffty.

The treatment continues for 3 days then stoppe@ tays then

resumed for 3 other days.




Brief description of the drugs combination used irthe study:

1.) Amprolium hydrochloride is 1-[(4-Amino-2-propyl-5-pyrimidinyl) methyl]-2-
picolinium chloride monohydrochloride. {(#,,CIN, -HCI; M.Wt. = 315.24).

CH

It is white to light yellow powder, freely solubla water, in methanol, in alcohol, and in
dimethylformamide; sparingly soluble in dehydratattohol; practically insoluble in

isopropyl alcohol, in butyl alcohol, and in acetdffe

Mechanism of action:
It is structurally related to vitamin thiamine atite antiparasitic activity of the drug is

thought to be related to competitive inhibitionaative thiamine transport into the parasite.
[71

Indications and clinical uses:
Amprolium is used to control and treat coccidiasiscalves, sheep, goats, puppies, and

birds. It is administered orally, often mixed witod.

Since amprolium has poor activity against some Esspp , its spectrum has been extended
by using it in mixtures with the folic acid antagsts, ethopabate and sulfaquinoxalitfe.

Amprolium is thought to act primarily upon the firgeneration schizont in the cells of the
intestinal wall, preventing differentiation of theetrozoites. It may suppress the sexual stages

and sporulation of the oocyst¥!



Amprolium is a thiamine analogue. Concurrent adstration of thiamine can antagonize

anticoccidial activity of Amprolium™*

2.) Sulfaquinoxaline sodium is N'1-Quinoxalin-2-ylsulphanilamide sodium salt
(Cl4H11N4NaOZS; M.Wt. = 32232)

+
Na
O -

NN

S =

\\

@) N

HN N

It is white to yellow powder, solubility in ¥D: 50 mg/ml clear to slightly hazy, yellow to
[12]

dark yellow solutiont
Mechanism of action:

Sulfaquinoxaline is a derivative of sulfanilamidgrcturally similar to para-aminobenzoic
acid) and it competes with para-aminobenzoic aBilBA) for enzyme that synthesizes

dihydrofolic acid in bacterid*®

Indications and clinical uses:
Sulfaquinoxalineis an oral baceriostatic antibiotic and coccidibstais used for the
prevention and treatment of intestinal coccidi@sid, in rabbits, hepatic coccidiosis due to

Eimeria Stiedaé™
Chronic treatment with sulfquinoxaline leads tawiin deficiency, especially vitamin K>

"For the use in poultry, Sulfaquinoxaline has badministered to control coccidiosis. Mathis
and McDougald (1984) described the therapeutic ctffeness of sulfaquinoxaline and
Sulfaquinoxaline-pyrimethamine against several hacspecies of Eimeria. It was determined
from that study that both Sulfaquinoxaline and &wlfinoxaline-pyrimethamine were highly
effective against E. acervulina but less effectigainst E. tenella. In addition, the potentiated
mixture was determined to be more effective agaihstnella than Sulfaquinoxaline alone,

although neither mixture was found to be partidylaffective against any cecal coccidia.
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Amprolium was found to be efficacious against cehaélling forms of coccidia, hence
amprolium has been combined with SulfaquinoxalineSalfaguinoxaline-pyrimethamine to
enhance the spectrum of activity. IneffectivenesSulfaquinoxaline-pyrimethamine against
E.tenella has also been documented in another stadgpman 1989), underlining the

importance of correct cocciadia species identificatefore instituting anticoccidial therapy

with sulfaquinoxaline or any other sulfonamidé®!

3.) Vitamin K3 sodium bisulfite (menadione sodium bisulfite)s 4-Naphthalenedione, 2-
methyl-. 2-Methyl-1, 4-naphthoquinone 1(8NaGS; M.Wt. = 276.24; CAS Registry
Number: 130-37-0)

+
Na

O

It is white to off-white powder; soluble in wat&sOmg/ml give clear colorless to light yellow

solution).™*”!

Menadione sodium bisulfate (Anti-blood) is a symitheitamin K compound used for the

treatment of prolonged bleeding due to Vitamin Hiclency states!!®



1.2 Modes of High Performance Liquid Chromatography(HPLC)

In the modern pharmaceutical industry, HPLC id #i# major and integral analytical tool
applied in all stages of drug discovery, developimand production. HPLC is one of the
most important techniques in pharmaceuticals arsalpgecause of its speed, efficiency of
separation, versatility, sensitivity, and its comemce for qualitative & quantitative

analysis.

Chromatographic separations are based on a foraaedport of the liquid mobile phase
carrying the analyte mixture through the stationglyase. The differences in the
interactions of the analytes with the surface @ gtationary phase or the differences in
the sizes and shape of the analytes resulting fliereint retention times for mixture

componentg?®!

There are different modes of liquid chromatograph&thods. Our focus in this section is
on partition chromatography in which there is a petition between two immiscible

solvents; stationary phase and mobile phase. Tha tgpes of HPLC techniques are
partition, ion-exchange (IEX), and size-exclusi@EC). There are three basic types of

molecular forces that can be involved in thesehasva below?”

1. Polar forces are the dominant type of moledul@ractions employed in NP HPLC.

2. Dispersive forces are employed in RP HPLC

3. lonic forces are employed in IEX HPLC

The fourth type of HPLC technique, SEC HPLC is dage the size and shape of analyte

separated.

1.2.1. lon-Exchange chromatography (IEX):

The separation in this method is based on therdifteaffinities of the analyte ions for the
oppositely charged ionic centers in the stationamgse or adsorbed counterions in the
hydrophobic stationary phase. Depending on thegehaf the exchange centers on the
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surface of the stationary phase, the resin coul@itier anion-exchanger (positive ionic
centers on the surface) or cation-exchanger (negaénters on the surfac&y!

1.2.2. Partition Chromatography or Liquid/liquid Ch romatography (LLC):

The stationary phase is an immobilized liquid uponinert and porous materi&? This
technique can be subdivided into liquid-liquid amonded phase chromatography. The
main difference is the method by which the statipnahase in helded on the support
particles of the packing. In the former, the stadiy phase is retained on the surface of the
support by physical adsorption while in the laters bonded chemically. Bonded phase is

more popular nowadays due to the more stabilithefstationary phasé®!

The separation in this technique depends upon tsteibdition of sample components
between two immiscible phases, according to thelative solubilities. The stationary
phase being held in a column in the form of thimf@n the support, and the mobile phase
being forced through the column carrying the sanepl@ponents along. To avoid mixing

of the two phases the two partitioning liquids mdiffier greatly in polarity.

The degree of interaction of analytes with the relphase and the stationary phase
whether normabr reversed, affects the retention time of the yaal In principle, the

polarity of the stationary phase can lead to tiieviong situations?*!

Normal phase HPLC:in this mode, the stationary phase is a relatiyalar and the
mobile phase is a nonpoldf? Retention occurs through polar interactions, sash

hydrogen bonding and dipole interactions, betwersblute and the stationary ph&sé.

Reversed-phase HPLOn this mode, the stationary phase is a relbtigenpolar and the

mobile phase is a polar, the polar components fednmmobile phase and elute fastét.

RP chromatography is the preferred HPLC mode inptl@maceutical industry due to its
mobile-phase compatibility with the typical polamud substance, the higher efficiencies
associated with this mode, shorter re-equilibratiomes, and the ability to run gradient

methods covering a large range in polaff}.
8



Paired-ion chromatography (PIC) or lon-pair chramgeaphy is a technique related to RP-
HPLC that are established for the separation ofiliiigolar compounds such as amino
acids and organic acids that do not adhere abdhte stationary phase if it is nonpolar .

Thus this polar character must be reduced to iserestention. To modify the ionic charge

a strongly ionic reagent, called a ion pairing erdgis added to the mobile phase. This is
usually a compound with a carbon chain (weakly pgi@ssessing a functionality whose

charge is opposite to the analyte to be separa&ted ljeptane sulfonic acid if the ionic

solute is a base). This forms a ‘neutralized’ i@air,pa less polar species, fairly stable and
lipophilic, which will initially stick to non polarstationary phase but can still be eluted,
apparently by a type of ion-exchange mechani€hSo to make the ionic compound have
sufficient lipophilic character to be retained I tcolumn, a counter ion (pairing ion) is

added to the eluent. The sample iofi, plus the counter ion, @ combine to form an ion

pair (X" Q™ ) which has sufficient affinity for the reversegsie column to be retained by
it . (28]

The use of PIC is not always preferable since eotigh washing of the column is needed

after separation. The reproducibility of the coluhawever is not stable.

Another practical alternative is to use relativelgw column technology, the HILIC

chromatography.
1.2.3. Hydrophilic Interaction Liquid Chromatography (HILIC):

Another option to conventional NP chromatography hgdrophilic interaction

chromatography (HILIC). This technique utilizes algr stationary phase with
aqueous/organic mobile phase but with very highcgrgages of organic modifier. A
simple acetonitrile/aqueous buffer mobile phaseoimmonly utilized in conjunction with
a silica or amino stationary phase. The most comuossd buffer salt is the ammonium

acetate because it possesses good solubility laoinggnic content.

An adsorbed water layer on the silica substratiorisied under these chromatographic
conditions. Polar solutes partition from the higlogganic bulk mobile phase into the

adsorbed water layer where they can undergo paotaractions. In addition, positively
9



charged solutes, such as amines, can undergo iot@Eactions with charged silanol

groups. As a consequence, retention of solutesasess with their increasing polarity. This
mode is particularly useful for the separation efypolar solutes and/or raw materials that
show minimal or no retention under RP conditiong are very strongly retained under NP

conditions [?°!
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1.3 HPLC Analytical Method Validation

GLP requires that any chromatographic method, whsalsed to assess compliance of the
pharmaceutical product with established specificatimust meet proper standard of
accuracy and reliability. A validated method camegconsistent and reliable results. The
validation is mainly concerned with source of esraand their estimation in the
experimental results. If the estimated errors arhimv the acceptance limit, then the

method is qualified for its intended use.
When analytical methods need to be validated or ralidated?

1.) Before introduction of a new method into routirseu

2.) Whenever the conditions are changed to which thtaodehas been validated (e.g., an
instrument with different characteristics or sampith a different matrix), and

3.) Whenever the method is changed and the changesgleuhe original scope of the

method.

Analytical validation should be performed as sosnpassible after development of the
method, and must be completed before the resudtsused for registration or product
release.

Validation should cover all stages through sammkection and preparation, analyte
recovery, suitability of equipment, and the assesgminterpretation and reporting of

results.

Validation of methods for the quantitative analysis drugs involves determining as
minimum, their specificity, linearity, working raag accuracy and precision under the
conditions and with the typical sample matrices Wil be met in practice.

Validation of an analytical procedure is the pracleg which it is established, by laboratory

studies, that the performance characteristics @ptlocedure meet the requirements for the

intended analytical applicatior&”
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Types of Analytical Procedures to be validatéd:

The discussion of the validation of analytical mderes is directed to the four most

common types of analytical procedures:

* Identification tests.
» Quantitative tests for impurities' content.
* Limit tests for the control of impurities.

« Quantitative tests of the active moiety in saragedrug substance or drug product

A brief description of the types of tests consideteabove is provided below:

« |dentification tests are intended to ensure tentity of an analyte in a sample. This is
normally achieved by comparison of a property ok teample (e.g., spectrum,
chromatographic behavior, chemical reactivity, &ddhat of a reference standard.

* Testing for impurities can be either a quantiatiest or a limit test for the impurity in a
sample.

» Assay procedures are intended to measure thgtarmqaksent in a given sample. In the
context of this document, the assay representsaatitative measurement of the major

component(s) in the drug substance.

Typical validation characteristics which shoulddezformed are listed in table (1.2).
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Table (1.2): Typical validation characteristics whch should be performed according

to ICH/USP33 guidelines®?

Analytical Assay Identification Impurity Impurity
Performance quantitative qualitative
Characteristics

Specificity Yes Yes Yes Yes
Linearity Yes No Yes No
Range Yes No Yes No
Accuracy Yes No Yes No
Precision
-Repeatability Yes No Yes No
-Intermediate precision Yes No Yes No
Detection Limit No No Yes /No Yes
Quantitation Limit No No Yes No
Robustness Yes Yes Yes Yes

“Analytical Procedure: The analytical procedure refers to the way ofqraning the analysis.

It should describe in detail the steps necessapgtform each analytical test. This may include

but is not limited to: the sample, the referen@ndard and the reagents preparations, use of

the apparatus, generation of the calibration curge,of the formulae for the calculation,... etc.

w [33]

"Specificity: it is the ability to assess unequivocally the wiealin the presence of

components which may be expected to be presenticallyp these might include

impurities, degradants, matrix, eté®® Lack of specificity of an individual analytical

procedure may be compensated by other supportaigtaal procedure(s)

"Linearity: The linearity of an analytical procedure is itsliéb{within a given range) to

obtain test results which are directly proportiottathe concentration (amount) of analyte

in the samplé. 53!
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"Range: The range of an analytical procedure is the intebetween the upper and lower
concentration (amounts) of analyte in the sampiel{ding these concentrations) for which it

has been demonstrated that the analytical procdthge suitable level of precision, accuracy

and linearity: [33]

"Accuracy: The accuracy of an analytical procedure expretbsesloseness of agreement
between the value which is accepted either as &ectional true value or an accepted

reference value and the value found®

"Precision: The precision of an analytical procedure expresBescloseness of agreement
(degree of scatter) between a series of measursmeétdined from multiple sampling of the

same homogeneous sample under the prescribed ioosdiPrecision may be considered at

three levels: repeatability, intermediate precisod reproducibility.‘[33]

"Repeatability: The precision under the same operating conditio®es a short interval of

time. Repeatability is also termed intra-assayipiaae." >

"Intermediate precision: The precisionwithin-laboratories variations: different days,
different analysts, different equipment, ef™"

"Detection limit: The detection limit of an individual analytical pexdure is the lowest
amount of analyte in a sample which can be detdmtitchot necessarily quantitated as an
exact valug. B*

The detection limit (DL) can be determined basedhenstandard deviation of the response

and the slope as expressed in the below formula:

DL= (3.3 x 5.I0) / Slope

S.D: The standard deviation of the response

Slope: The slope of the calibration curve

"Quantitation limit: The quantitation limit of an individual analyticatocedure is the lowest amount of
analyte in a sample which can be quantitativelyeeined with suitable precision and accuracy. The

guantitation limit is a parameter of quantitatiwsays for low levels of compounds in sample matriaed is

used particularly for the determination of impuitiand/or degradation produc[tgs%]‘
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The quantitation limit (QL) can be determined basedthe standard deviation of the
response and the slope as expressed in the belowlfo

QL= {10 x 5.D) / S5lope

S.D: The standard deviation of the response

Slope: The slope of the calibration curve

"Robustness: Measure of an analytical procedure’s capacity toaie unaffected by small
but deliberate variations in method parameterspodides an indication of its reliability

during normal usage
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1.4 Research Problem

Pharmacare pharmaceutical company has developed ayeneric veterinary product under
the name of A.S.K Powder. Up to now, this prodtart not be registered at the Ministry of
Health in Palestine since there is no quality cdntrethod in the official pharmacopoeias or
any other published validated method that enabletousnalyze the drug combination
simultaneously and perform stability studies inahgdaccelerated and long term stability
studies which are the major requirements for regfisin of any pharmaceutical drug in

Palestine or other countries.
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1.5 The Objectives of this Research Project

General objective:

To develop an authentic validated quality contr&iLld method to simultaneously analyze
amprolium hydrochloride, sulfaquinoxaline sodiumdawitamin Kz (menadione sodium
bisulfite) in A.S.K Powder and perform stabilitydtes that enable us to register the drug at

the Ministry of Health in Palestine.

Specific objectives

1.) Since there is no HPLC assay that applies to aedahe pharmaceutical combination of
amprolium hydrochloride, sulfaquinoxaline sodiundaitamin K; salt ingredients together
this triggered us to develop a specific, fast andusate HPLC method that allows the

simultaneous separation within a reasonable retetitne.

2.) To validate the new developed method accordingHd bBnd USP guidelines and
specifications. The validated method will serveaathentic quality control method to analyze
A.S.K Powder and perform the stability of the daugl thus register the drug in Palestine or

in any other country in the future.
3.) To publish this validated method in the British phacopoeia (BP) or United States

pharmacopoeia (USP) as an official method for amslpf the three active components

simultaneously.
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1.6 Research Hypothesis

Hydrophilic interaction liquid chromatography (H{L) is a relatively new technique that
is designed for separation of very polar and hydilapcompounds that may elutes with
the void peak in the reversed phase system andesdiuat have little or no retention on
RPLC columns generally experience strong reterdiofILIC columns 4

The HILIC technique thus bears similarities witaditional NPLC, but with the important
difference that HILIC employs semi-aqueous mobhages. Consequently, with respect to
analyte solubility in the eluent and matrix compéity, HILIC is superior, as the mobile
phase compositions used are comparable to RPLCatiewes. Typical eluents for HILIC
consist of 40-97% acetonitrile in water or a vdéakiuffer.*¥

Besides, HILIC is a very mass spectrometry (MS@nfdly technique, and by changing
from RPLC to HILIC a 10-1000 fold increase in séngy is often observed for
hydrophilic analytes. lon-pair reagents are alsometely avoided, which is advantageous

for preparative chromatograph§.

ZIC-HILIC columns contain a stationary phase thathydrophilic and quite often also
charged (Figure 1.1). Hydrophilic compounds areegalfy more strongly retained on the

column by interacting with the stationary phasesthchieving separatiohi®

CH,

@ | &
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Figure (1.1): The functional group of the ZIC®-HILIE?

Under HILIC conditions, a water-enriched liquid daywill be established within the
stationary phase. The separation is achieved hitipaing of solutes from the eluent into
this hydrophilic environment (see Figure 1.2). Henooth hydrogen bonding and dipole-
dipole interactions are factors governing retentitime retention will also be influenced by
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electrostatic (ionic) interactions, as illustratedFigure 1.2 for a zwitterionic stationary

phasel*

Hydrophidic

Fartitioning Electrostatic

Interaction

i
cH,
1

CH=N=CH=CH=CH=50

Figure (1.2): The retention processes in HILIC illustrated bytophilic partitioning, and

electrostatic interactions with either positivenegative charged’

The permanently charged, yet overall neutral, lighblar zwitterionic ZIC®-HILIC
material provides a unique environment, not onlgtipalarly capable of solvating polar
and charged compounds, but also offering the pitisgibf weak electrostatic interaction
with analytes carrying either positive or negatolearges. The retention thus generally
increases with hydrophilicity and with charge o€ tanalyte, and the selectivity can be
tuned while maintaining a low ionic strength. Themeperties make the ZfGHILIC

material excellent for separations of a wide ramiggolar and hydrophilic compounds.

The silica-based ZIBHILIC stationary phase carries a covalently bondeefmanently

zwitterionic, functional group of the sulfobetaitype, see Figure 13°
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Chapter Two

Literature Review

The assays of combinations of active ingredientaishbe specific, and sensitive enough
to analyze the active ingredients in pharmaceutarahulations without interferences. The
method should also be fast, with a minimum sampbmnipulation, and of stability-
indicating capability.

The three drugs that are used as a mixture irvéigginary combination need a fast HPLC
method to separate and quantitate them simultaheoudm extensive literatures survey
using ScienceFinder (the largest and most compsalerdatabase) and the official
pharmacopoeias did not reveal any method for theulsaneous separation, and assay

determination of these components mixture in thugdr

However, there are different non-chromatographid ahromatographic particularly RP-
HPLC and ion-pair RP-HPLC methods of analysis thate been applied to assay these
compounds individually or when present in combimagi with other ingredients:

The official BP2007 assay method for the quanti@atidetermination of amprolium
hydrochloride has been based on non-aqueousditrathich is accurate, simple and rapid
but it applies only to amprolium hydrochloride whenesent as active pharmaceutical

ingredient and is not of stability-indicating nauff”!
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The official USP33/NF28 assay method for quantigatidetermination of amprolium
hydrochloride has been based on HPLC, which israteuspecific and simple but it applies
only to amprolium hydrochloride present as actitiarmaceutical ingredient. This method is
based on reversed phase, ion-pair HPLC technigng ssdium 1-heptanesulfonate , water,
glacial acetic acid, triethylamine, methanol (MeQBind ACN as a mobile phase and a 4.6-
mm x 25-cm column containing trimethylsilane cheatlicbonded to porous silica particles,
3 to 10 um in diametel®

The official USP33/NF28 assay method for quantigatdetermination of amprolium
hydrochloride has been based on HPLC, which israteusimple and specific but it
applies only when the amprolium hydrochloride ise tnly active ingredient in
pharmaceutical formulations. Again, this methodb&sed on reversed phase, ion-pair
HPLC technique using sodium 1-hexanesulfonate, waleOH, and ACN as mobile
phase and a 3.9-mm x 30-cm column that containsyplggoups chemically bonded to

porous silica particles, 1.5 to 10 pm in diamét&.

The official BP2007 assay method for quantitatieéedmination of sulfaquinoxaline has
been based on titration which is accurate, fast amdple but it applies only to
sulfaquinoxaline when present as active pharmawadutigredient and is not of stability

indicating nature!*”’

The official USP33/NF28 assay method for quantieatietermination of sulfaquinoxaline
has been based on HPLC, which is accurate, sinmulefast but it applies only when the
sulfaquinoxaline is present as active pharmacdutitgredient or is the only active
ingredient in the pharmaceutical preparations. Thethod is based on reversed phase
HPLC technique using monobasic ammonium phosphatter, ACN, glacial acetic acid,
tetrahydrofuran, and ammonium hydroxide as mollilasp and a 4-mm x 25-cm column
that contains octadecyl silane chemically bondegoimus silica particles, 1.5 to 10 um in

diameter*Y

The official USP33/NF28 assay method for quantieatietermination of menadione has

been based on oxidation-reduction titration, whiclccurate, and fast but it applies only
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to menadione present as an active pharmaceuticaedient and needs chemical
manipulation. The method is not of stability-icating nature®*?

The official USP33/NF28 assay method for quantiatietermination of menadione has
been based on ultraviolet/visible spectrophotometnethod which leads to extensive
interferences when used in the drug combinatiod.&.K Powder. The method applies
only when the menadione is the only active ingneidie the dosage forms and is not of
stability-indicating nature. The method is time soming and requires some chemical

manipulation**!

The official BP2007 assay method for quantitatiededmination of menadione has been
based on oxidation-reduction titration method, Wwhis accurate, simple and fast but it
applies only when the menadione is present aseaptisarmaceutical ingredient and need

some chemical manipulatiof?!

Cheng, Huang, Chang, Yao, and Hwang (2008) havelogedan HPLC method for the
selective separation of sulfapyridine (SPD) frorffasjuinoxaline (SQX). The method was
carried out with molecularly imprinted polymer (MIRas the stationary phase and
34mmol/ml sodium dihydrogen phosphate buffer solufiACN (3/2, v/v) as mobile phase
under 272 nm UV detectiol{®’

Lakkanatinaporn and Matayatsuk (2004) have deeela simple HPLC method for the
separation and determination of sodium trimethoppinenylpropanol disulphonate and
sodium sulfaquinoxaline in veterinary preparatioBeth drugs were separated well on a
Kromasil Gg column (5 um, 150 x 4.6 mm) using a mixture of AGINd 0.5%

triethylamine in 1% acetic acid, pH 3 (18:82, vag the mobile phase at the flow rate of
1.5 ml/min. The presence of both substances wastoned by UV absorption detection at

271 nm*®! The method is accurate, specific, precise and fast

Cruz, Soares, Marquesb and de Aquino-Netoa (2002)e hdeveloped an HPLC-
electrospray ionization - tandem mass spectrom@GrESI-MS/MS) to simultaneous
determination of ten sulfonamide (SAs) residues Ifgsatamide, sulfathiazole,

sulfamerazine, sulfamethazine, sulfamethoxypyriaazi sulfamethizole,
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sulfachloropyridazine, sulfamethoxazole, sulfadim&ine and sulfaquinoxaline) in eggs.
Samples were extracted with acetonitrile and theematants were cleaned up by solid
phase extraction. After solvent evaporation andmstitution, aliquots of the final extracts
were injected into a LC-ESI-MS/MS.

The mobile phase used was ultrapure water (A) a@dl AB), both with 0.1% of formic
acid, with a constant flow of 1 ml min-1. Gradiextition started with 100% of A, then
decreased to 50% in 10 min, returning to 100% imirl and remaining in 100% for 1 min.
The column used was a reversed phase coluppd3D x 4.6 mm, 5 mm, X-Terra, Waters
(Milford, USA). 7 This method requires extensive extraction whictein many cases
to non-reproducibility and requires trained teckane and it is very costly.

Kishida (2001) has developed a simple HPLC methadrdutine monitoring of seven
residual sulfonamides (sulfadiazine (SDZ), sulfaamare (SMR), sulfadimidine (SDD),
sulfamonomethoxine (SMM), sulfamethoxazole (SMXylfadimethoxine (SDM), and
sulfaquinoxaline (SQ)) in milk. The HPLC method widme on RP-4 column and 25 %(
v/v) agueous ethanol solution as mobile phase.t&was monitored using a photodiode
array detector set at 269 nm. The method has bppied only after the sample was
cleaned up by using an Ultrafree®-MC/PL centrifugdtrafiltration unit. The average
recoveries of each active were more than 82% aedHfaLC analysis time is below 22
minutes 8!

This method requires extensive extraction whichddean many cases to non-

reproducibility and requires trained technicians.

Kozhanova, Fedorova, and Baram (2000) have dewelapgmple HPLC method for the
separation and determination of Water- and Fati@elwitamins in Multivitamin
Preparations. The method is capable of determmatiovitamins B and B, nicotinic acid,
nicotinamide, pantothenic acid, folic acid, vitasig;, B1,, Ks, H, Do, and 3, and vitamin

A and E acetates in multivitamin preparations uswg chromatographic procedures. The
vitamins were separated on column with the Nuclet®0-5 Gg reversed-phase sorbent
and use gradient elution mode for water solublamihs and the isocratic mode for fat-
soluble vitamins .The presence of these vitaminseweonitored by UV absorption
detection at different wavelength® The method is accurate, fast but need some sample

manipulation and trained technicians.
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Ya-Min Kao , Mei-Hua Chang, Chieu-Chen Cheng AndnS®hou Chou (2000) have
developed an HPLC method for the residual detertminaof 13 veterinary drugs,
including clopidol, sulfadiazine, sulfathiazole, rlcadox, sulfamerazine, ormethoprim,
sulfamethazine, furazolidone, sulfamonomethoxingjlfamethoxazole, ethopabate,
sulfaquinoxaline, and sulfadimethoxine in chicken &wine muscles. Test samples were
extracted with acetonitrile and filtered. The &lie was partitioned with ACN-saturated n-
hexane for removing the interference. After evaponato dryness, the residue was passed
through a Sep-Pak C18 cartridge for sample clegmigp to HPLC analysis. The HPLC
method was equipped with a photodiode array datesiog a C18 (25 cmx 4.6 mm i.d., 5
pum) analytical column and a gradient elution of AGNd 0.05M sodium dihydrogen
phosphate?”

However, the extraction and purification of thesetimods involves numerous and varying
analytical steps which are labor intensive and tioensuming and needs trained

technicians.

Filimonov, Zamuraev, Balyatinskaya, and Kolosov89@) have developed HPLC method
for the determination of the synthetic fat-solubiamins including vitamins E acetateg K

D, in Hexavet, Undevit, and Hendevit multivitamin pimaceutical preparations. This
method is based on normal phase HPLC techniqug bsiroxylated silica gel column (100
x5.4 mm) and n-hexane with polar solvents addit(aéiphatic alcohols, dichloromethane, or
1,2-dichloroethane) as a mobile phase and moxitatdJV absorption wavelength of 254

nm. The method is accurate, simple and fast.

Boulaire, Bauduret, and Andre ( 1997) have develoge HPLC method with Matrix solid
phase dispersion extraction technique for the imwlaand determination of 14 veterinary
drug residues (sulfathiazole, STH; sulfamerazin®/RS sulfachloropyridazine, SCP;
sulfamethazine, SMT,; sulfamethoxypyridazine, = SMO;ulfaanethoxazole, SMA,;
sulfaquinoxaline, SQX; sulfadimethoxine, SDX; thealdazole; mebendazole; nicarbazin;
chloramphenicol ; furazolidone and Virginiamyciin)meat . Matrix solid phase dispersion
(MSPD) was chosen as the extraction techniquehisrdcreening method. After extraction
reversed-phase C18 column was used for the higforpence liquid chromatography
(HPLC) to separate the analytes with gradients BEAC buffer-ACN-MeOH as mobile
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phase. Photodiode array and fluorimetric detectgse used for this analysis. However, the
extraction and purification of these methods ineslnumerous and varying analytical steps

which are labor intensive and time consuming aretisérained technicians?

Tan, Ramachandran 2, and Cacini (1996) have deselé{PLC method for the assay of
mixtures of amprolium and ethopabate in chickend fegilizing reversed-phase high-
performance liquid chromatography (HPLC). HPLC wlase on a C-8 column with MeOH-
water 40:60, containing octanesulfonic acid, ty&tmine and acetic acid, as mobile phase.

Eluate was monitored at 274 nfii!

The method has been applied only after the saragtracted through solid phase extraction
by passing methanol followed by distilled water d@hdn treatment with HCI, ammonium
hydroxide solution and finally centrifugation. Thisethod is time consuming and there is

possibility of active ingredients loss during theéraction, washing and centrifugation steps.

Ralph Hindle has developed a simple HPLC method ther analysis of sulfonamide
antibiotics in pork muscle. The HPLC method wasalon Zorbax XDB-C8,150mm4.6
mm,5uml  with gradients of 0.1%formic acid in water (gaht A) and 0.1%formic acid in
acetonitrile (solvent B) as mobile phase. The wetis based on HPLC Mass spectroscopy

using chemical ionizatiort”

The method has been applied only after the sanwes extracted with acidified methanol
and centrifuged. This method requires extensiveaetton which leads in many cases to non-
reproducibility and requires trained technicians.
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Chapter Three

Experimental Part

3.1 Chemicals and Reagents

Ammonium acetate extra pure (Merck, Germany)

Acetic acid (Glacial) 100% (Merck, Germany)

Methanol HPLC grade (Merck, Germany)

Acetonitrile HPLC grade (Merck, Germany)

Hydrochloric acid fuming 37% (Merck, Germany)

Sodium hydroxide pellets GR for synthesis (Merckri@any)

Hydrogen peroxide 30% for analysis (Merck, Germany)

Amprolium hydrochloride reference standard 99.4%t (ho: SZBA068X) were purchased
from Sigma-Aldrich (Germany)

Sulfaquinoxaline sodium reference standard 99.@%t no: BCBB7740V) were
purchased from Sigma-Aldrich (Germany)

Menadione sodium bisulfite reference standard 9886 no:048K1372) were purchased
from Sigma-Aldrich (Germany)

Purified water (0.45um, Conductivity: Maximum 1.3ps/cm, TOC: Maximum 58gb).
A.S.K Powder samples were supplied by Pharmacasm@teutical company

All active ingredients and excipients usually usedmanufacturing the pharmaceutical
combination, were kindly supplied by Pharmacareplaaeutical company
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Hexane-1-sulfonic acid sodium salt for ion pair arthatography LiChropur (Merck,
Germany)

Decane-1-sulfonic acid sodium salt (Merck, Germany)

Triethylamine (Merck, Germany)

Ammonia solution 25% for analysis, (Merck, Germany)

3.2 Apparatus and Laboratory equipment

Ultraviolet/visible spectrometer (PG Instrumentsjtdd Kingdom)

Elite Lachrom high performance liquid chromatogragguipped with UV-Detector and

supported with autosampler and column oven ana Elichrom data system of Agilent
(Merck Hitachi , England)

Laboratory glassware (volumetric flasks, measuritiginders, beakers, volumetric
pipettes, and graduated pipettes)

Disposable Syringe 5ml, (Shandong Zibo shanchuadiaale instruments CO., Ltd.,

China)

Syringe filters (Nylongg) pore size 0.45m, diameter 25mm (Axiva Sichem Biotech,
India).

Magnetic stirrer model F-13 (Fried Electric, Haifa)

Mettler Toledo pH meter MP230 (Sigma-Aldrich, Genypa

Sonicator (Branson Ultrasonics Corporation, USA)

Vacuum pump & filtration assembly (NDS Technolodies, Vineland)

Weighing balance (Ohaus, USA)

3.3 Analytical procedure
3.3.1. Chromatographic conditions:

The column utilized was a ZfGHILIC column (25.0 cm long4.6 mm i.d.) with particle
size of 5um (Merck, Germany) protected with a ZEILIC guard column (20mm
2.1mm, fum). The guard column was used to prolong the iifeetof the column and to

avoid column blockage by any particulate matter.
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The 0.2 M Ammonium acetate was preparediisgolving 3.08 g of NFAC in purified

water and diluted to 200 ml with the same solvent.

The optimum mobile phase finally selected for tssay was prepared by mixing 0.2 M
NH,AC and ACN (15:85; v/v), shaken well and left tdlle temperature of the mobile
phase reached to the room temperature. Then ptheyasted to 5.7 by glacial acetic acid.
The mobile phase was filtered using 0 microporous filters and was degassed by
sonication prior to use. The standard and samplgisos were filtered using 0.4Bm
membrane filters to prolong pump life and to avoadumn blockage by any particulate

matter.

The wavelength of 263 nm was chosen because ifouasl most appropriate for the three
compounds simultaneously. The flow rate was 0.5mmiite as recommended by the
column manufacturer whereby minimum height equinaléo theoretical plates and

maximum number of theoretical plates are generated.

The injection volume was 2 and the temperature of the autosampler wa€ End that

of the column was Z5C. Total run time was about 18 minutes.

3.3.2. Preparation of stock and standard solutions:

Stock solution formenadione sodium bisulfite was prepared by dissglWlenadione
sodium bisulfite reference standard equivalentQteng menadione (vitamingKin 80.0 ml
of 90% ACN and diluting to 100.0 ml with the sanwvent. 5 ml of this solution was
diluted to 50 ml with 90% ACN. This brings about@centration of 20m/ml.

Standard solution for amprolium HCI, sulfaguinorali sodium and vitamin Kwas
prepared by dissolving 20.0 mg of amprolium hytifodde reference standard, 20 mg
sulfaquinoxaline sodium reference standard in 7.@f 90% ACN, 10 ml of menadione
sodium bisulfite stock solution was added , mixesllvand the diluted to 100.0 ml with
90% ACN. Then 5 ml of this solution was dilutedst® ml with mobile phase. The solution
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was filtered using 0.4%um membrane filters. Final concentration was |#§ml for
amprolium hydrochloride, 2Qug/ml for sulfaquinoxaline sodium and O&gml for
vitamin K3, This solution has been used within 24 hours iftkapl5°C and protected

from light.

3.3.3. Preparation of sample solution:

Sample solution was prepared tigsolving 100 mg of A.S.K Powder in 80 ml of 90%
ACN and then diluted to 100 ml with the same salv@&hen 5 ml of this sample solution
was diluted to 50 ml with mobile phase. The solutiwas filtered using 0.4fum
membrane filters. Final concentration was |2fml for amprolium hydrochloride, 20
pg/ml for sulfaquinoxaline sodium and O&fml for vitamin K. This solution has been

used within 24 hours if kept at 2& and protected from light.

3.3.4. Calculations:

Since the validation results indicated that thekpaeeas were linearly proportional to
concentrations over a range of ug/ml to 26ug/ml for amprolium hydrochloride, 12
pug/ml to 26ug/ml for sulfaquinoxaline sodium and 0.{8/ml to 0.26ug/ml for vitamin Kg
and also, as a consequence of linearity relatipnghie amounts injected were always
within the ranges of linearity found for these thmpounds, the results were calculated

using the following formulas:

-%Label claimm of Armprolium HCl = Psa, = Cst, o= Pox 100- "y
Pst., = Csa, 100

Where;

Psa.: Average area of peak corresponding to ampnafiydrochloride in sample solution
chromatograms.

Pst.: Average area of peak corresponding to amymmoliydrochloride in standard solution
chromatograms

Cst.: Concentration of amprolium HCI in the stadareparation(g /ml)= 2Qug /ml

Csa.: Concentration of amprolium HCI in the sangukgparation|fg/ml)= 2Qug /ml

29



P: % assay of amprolium hydrochloride working seadd Anhydrous basis)

W= Water content of working standard

-%Label claim of Sulfaguinoxaline Sodium = Psa, = Cst, o= Px 100-W
Pst, = Csa, 100

Where;

Psa.: Average area of peak corresponding to suffagaline sodium in sample solution
chromatograms.

Pst.: Average area of peak corresponding to sulfiagaline sodium in standard solution
chromatograms

Cst.: Concentration of sulfaquinoxaline sodiumha standard preparatiopg /ml)= 2Qug
/ml

Csa.: Concentration of sulfaquinoxaline sodiumhe sample preparatiopg/ml)= 2Qug
/ml

P: % assay of sulfaquinoxaline sodium working stadqAnhydrous basis)

W= Water content of working standard

-%Label claim of Menadione = Psa, = Cst, » Px (17218276240 = 100-w
Pst, = Csa, 100

Where;

Psa.. Average area of peak corresponding to memadio in sample solution
chromatograms.
Pst.. Average area of peak corresponding to menadiin standard solution
chromatograms
Cst.: Concentration of menadione sodium bisulfitehe standard preparatiopg(/ml) =
0.32ug /ml
Csa.: Concentration of menadione in the samplegpagipn (1g/ml)= 0.2Qug /ml
P: % assay of menadione sodium bisulfite workiaggdard (Anhydrous basis)
W= Water content of working standard
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172.18 and 276.24 are the molecular weights of diena and menadione sodium
bisulfite respectively.
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Chapter Four

Results and Discussion

4.1 Development and Optimization of the HPLC Method

Prior exploration of the best chromatographic cbods, the selection of an appropriate
wavelength for all the compounds involved is a sseitg. The overlaid ultraviolet
absorption spectra for solutions of amprolium hytitoride dissolved in mobile phase
reveals two maxima namely 232 and 267nm, for sulfaaxaline sodium reveals two
maxima at 249 and 263nm while for menadione sodasulfite reveals two maxima at
231 and 260 nm . As shown from figure 4.1, we reatithat the three compounds almost
shared a wavelength near to 263 nm, thereforeng6@as chosen as the most appropriate

wavelength throughout the investigations.
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Figure (4.1): Overlaid UV-Spectra of the mixture of sulfaquiatire sodium (1),
menadione sodium bisulfite (2) and amprolium hyttodade (3), in the mobile phase
(ACN: 0.2 M NHAC buffer (85:15; v/v).

First, we tried the reversed phase mode (RP- HRWCusing different percentages of
acetonitirle and 0.2 M ammonium acetate adjustepHdb.7 with glacial acetic acid as a
mobile phase. The column wags@5um, 250mmx 4.6mm). Upon testing all the mobile
phases, no promising separation was achievedafl.@f them get eluted with the void
peak) even when the concentration of ACN was mir{Q0t&%). It was expected that
separation by RP-HPLC was impossible for such petsir compounds.

Then, as an alternative, we tried ion pair chrompatphy in which the mobile phase was a

mixture prepared by dissolving 2.0 g of sodium %areesulfonate in 500 ml of water; 12
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ml of glacial acetic acid, 2.0 ml of triethylaminé50 ml of methanol, and 50 ml of
acetonitrile. The column used wags@5um, 250mmx 4.6mm). Poor separation profile
was obtained (as shown in figure 4.2) where allpbaks were close to each other with no

baseline separation and the retentions of all cem@® were almost close to the void peak.

maald

il k] il 7.4 ] 125 150 174 il 115 60 s 30.0 35 360 k2] 4.0
hdnutes

Figure (4.2): A typical chromatogram of mixture of sulfaguintra sodium (4),
sulfaquinoxaline related compound A (3), vitamig (K) and amprolium hydrochloride
(2); Column, Gg (5um, 250mmx 4.6mm ) ; Mobile phase consisting of 2.0 g of saulil-
hexanesulfonate in 500 ml of water; 12 ml of glheaieetic acid, 2.0 ml of triethylamine,
450 ml of methanol and 50 ml of acetonitrile; floate 1.0 ml/minA =274nm; column

temperature=2%; Autosampler Temp.= 1&.

Another mobile phase was a mixture of 400 ml metha&00 ml water containing 1.0 g of
sodium 1-decanesulfonate, 5 ml triethylamine, abd glacial acetic acid. The column
used was € (5um, 250mmx 4.6mm). Broad peak profiles were produced fortlad
compounds with high tailing factor (Figure 4.3). iMover, the sensitivity was decreased
to more than 40% for all peaks when compared teesaimture concentration analyzed by
HILIC mode.
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Figure (4.3): A typical chromatogram of mixture of sulfaquinéira sodium (3), vitamin
K3 (1) and amprolium hydrochloride (2); Columng Gum, 250mmx 4.6mm); Mobile
phase consisting of a mixture of 400 ml methan@Q @l water containing 1.0 g of sodium
1-decanesulfonate, 5 ml triethylamine, and 25 ratigll acetic acid; flow rate 1.0 ml/min;

A =274nm; column temperature=Z5 Autosampler Temp. = 16.

It is clear that the use of ion pair reagents desad the assay sensitivity for all compounds
particularly vitamin K since it is present at 0.2% level of the conceianaof other
compounds in the mixture. Therefore, increasirggdbncentration of the ion pair reagent
will greatly lower the sensitivity of vitamin 4and increase the cost of analysis due to the
expensive cost of ion-pair reagents. The unsat@fiaaesults obtained by RP and PIC,
aided us in switching to HILIC technology. Utiligjrthis column spare the use of ion-pair
reagents as well as naturally increasing the semgiof the eluted peaks and reducing the

total analysis cost.

The ZIC®-HILIC column (25.0 cm longx4.6 mm i.d., dp=5um) was the next choice
because of its suitability for the separation afide range of very polar and hydrophilic
compounds. In addition, the separation of ionic aedy polar compounds could be
achieved by using this column with polar mobile gghahat contains high portions of

organic solvent.

During the method development phase of this rebeaark, different compositions of the

mobile phase have been employed. These mobile pliiféer in the pH, concentration of
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NH4AC buffer, and organic solvent percentages. Moreocdferent temperatures for the
chromatographic column have been tried.

Our first choice of a mobile phase was ACN/10 mM4NB buffer solution (80:20; v/v).

The pH of the mobile phase was adjusted to pH @f Bypically, as recommended by the
column manufacturer, the mobile phase for HILIC sists of 40-97% ACN in water. To

obtain reproducible results at least 3% of watewukhbe maintained in the mobile phase.
This amount of water is necessary to ensure seffichydration of the stationary phase
particles. To the contrary of reversed phase, tlkNAone of the weaker solvents in
HILIC, provides a much higher increase in retentmmpared to other solvents like
methanol. Suitable buffer for HILIC is ammoniumitsaf acetate due to its excellent
solubility even in very high concentrations of angasolvent. It was found that no baseline
separation was achieved for our active ingrediengs; sulfaquinoxaline sodium and
vitamin Kz. Even amporlium hydrochloride was separated vathl tanalysis time close to

40 minutes, as shown in figure 4.4 and Table 4.1.

4.1.1. The effect of buffer concentration:

When the concentration of NAC was doubled (i.e., 20 mM) overlapped peaks with
baseline separation was achieved between sulfaxpline sodium and vitamin K
compounds. The amprolium hydrochloride eluted favay with a total analysis time of

about 30 minutes, as shown in figure 4.4 and Taldle

When the ionic strength in the mobile phase warseased to 30, 40, and 50 mM MNxC
respectively, a baseline separation emerged witre measonable resolution valu@ss).
At this point, it was anticipated that the sepamatnight be better with the increase of the

concentration of ammonium acetate.

Upon increasing NFAC concentration to 75mM, clear separated peakk/edoHowever,

a new tiny peak between sulfaquinoxaline sodium\atainin Ksemerged which is due to
sulfaquinoxaline impurity (appears to be a degiadgproduct) as seen in figure 4.5. In
order to improve the resolution, the concentrat@dnNH,AC was further increased.
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Therefore, solutions of 0.1 and 0.2 M MKC were tried. A much more pronounced
baseline separation were obtained vidhof 2.71 between sulfaquinoxaline sodium and its
impurity andRs of 2.1 between sulfaguinoxaline sodium impuritydavitamin K at
0.1M. The tailing factor of amproulim hydrochlorideas 2.51. In the case of 0.2 M, fRe

of 2.3 between sulfaquinoxaline sodium and its intpuand Rs of 5.74 between

sulfaguinoxaline sodium impurity and vitamin #as seen.

The best separation and baseline resolution waigwaezh by using 0.2 M concentration

with Rs >2.0and total analysis time was less than 16 mindegi(e 4.4, 4.6, table 4.1).

The retention was slightly decreased by increaging strength (salt concentration). This
seems to imply that retention time was mainly baseflydrophilic interaction as the ionic
strength increased, the positively charged ammonions in the mobile phase may
weaken the hydrophilic interaction between protedatompounds and stationary phase

which result in shortening the retention time
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Figure (4.4): Chromatograms obtained upon pROinjection of a mixture of
sulfaquinoxaline sodium (1) (R@/ml), Vitamin Kz (2) (10ug/ml). and amprolium
hydrochloride (3) (20g/ml). Mobile phase consisting of ACN and M solution
(80:20; v/v) adjusted to pH of 5.0; flow rate =@ymin; A =263nm; the concentration of
NH,AC is as shown in the figure.
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Figure (4.5): Structure of Sulfaquinoxaline Related CompounéA.
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Figure (4.6): Chromatograms obtained upon pROinjection of a mixture of
sulfaquinoxaline sodium (2@/ml) (1), Vitamin K (2) (1Qug/ml), and amprolium
hydrochloride (3) (2(g/ml), sulfaquinoxaline impurity (4). Mobile phasensisting of
ACN and NHAC solution (80:20; v/v) adjusted to pH of 5.0;\laate =0.5 ml/min\

=263nm; the concentration of NAC is as shown in the figure.
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Table (4.1): Effect of concentration of ammonium aetate on resolution (Rs)

Concentration of *RS 1 4 TRS24 1Rs > CRs23
NH4AC solution (M)
0.01 0 0 0.89 25.51
0.02 0 0 0.74 22.92
0.03 0 0 1.47 21.7
0.04 0 0 2.38 20.86
0.05 0 0 2.87 20.27
0.075 2.78 1.38 4.1 17.42
0.1 2.71 2.1 4.8 16.16
0.2 2.3 3.4 5.74 13.54

*Rs 14 Represents theesolution value between sulfaquinoxaline sodium d@d its

impurity (4).

tRs 24 : Represents theesolution value between vitaminzK2) and sulfaquinoxaline

sodium Impurity (4)

tRs »: Represents theesolution value between sulfaquinoxaline sodiunafid vitamin

Kz (2).

£ Rs2,.3 Represents theesolution value between vitaming &) and amprolium HCI (3)

Resolution (Rs):The ratio of the distance between two peak maxortae mean value of

the peak width at the base liR&
Rs=2(TR2-TR1) / (W1+W2)

Tr2:Retention time of the second eluting peak

Tr1:Retention time of the first eluting peak

W;. Peak width of the first peak at the base line
W,. Peak width of the second peatkthe base line
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4.1.2. The effect of pH:

A study of pH effects on the resolution of A.S.Kngmounds was deemed necessary to
further optimize the separation conditions. Theol@son values for sulfaquinoxaline
sodium, sulfaquinoxaline sodium impurity, vitamig, lend amprolium hydrochloride were

significantly influenced by the variation of the mfithe mobile phase.

We tried different pH values such as 3.5, 4.0, 8.3, 6.0, 6.5 and 7.0. As shown in figure
4.7 and table 4.2, variation of pH yielded maximtesolution for all compounds at pH
5.7. In case of pH<.0, interference occurred between sulfaquinogaiodium and its
impurity. TheRs between vitamin Kand amprolium hydrochloride was decreased to 1.47
at pH of 4.5 even there is go&s$ between sulfaquinoxaline sodium and sulfaquinoveali
sodium impurity. At pH of 6.0, baseline separatmas achieved between sulfaguinoxaline
sodium and its impurity and between sulfaquinoxabodium impurity and vitamin gout

theRsvalues were 1.8 and 1.7, respectively.

At pH of 5.7, excellent separation was achievedavben all the combined drugs as well as
the impurity. When the pH was raised by 0.3 andi@cdBements namely at 6.0 and 6.5
respectively, theRs ;4 were 1.78 and 1.7, respectively aRd ,4, were 1.7 and 1.6,

respectively. At pH of 7.0, complete interferencecwored between sulfaquinoxaline

sodium and its related impurity.

Therefore, pH 5.7 was selected as optimum valughich a maximunRs was achieved

for all the combined drugs as shown in figure 4@ table 4.2.

This behavior may happen because when the mob#seppH increased significantly,
more surface silanol groups of the stationary phasee deprotonated (-Si“O The
electrostatic interactions between the positivédgrged basic compounds and negatively
charged surface silanol groups increased resulitmgncrease of retention time of

compounds.
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Figure (4.7): Chromatograms obtained upon pROinjection of a mixture of
sulfaquinoxaline sodium (1), VitaminK2) and amproliumhydrochloride (3). Mobile
phase consisting of ACN and WAIC solution (80:20; v/v), at different pH’s; flovate 0.5

ml/min; A =263nm. Note: peak (4) is due to sulfaguinoxasiadium impurity.
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Table (4.2): Effect of pH on resolution (Rs)
pH *RS 14 TRS2.4 tRs» CRs23
3.5 0 0 1.74 7.89
4.0 0 0 4.35 5.6
4.5 2.3 2.8 4.5 1.47
5.7 2.14 2.2 3.9 7.3
6.0 1.78 1.72 3.4 7.2
6.5 1.7 1.6 3.3 7.6
7.0 0 0 2.7 7.2

*Rs 1.4 Represents theesolution value between sulfaquinoxaline sodiu gad its
impurity (4).

tRs 2.4 : Represents theesolution value between vitamingK2) and sulfaquinoxaline
sodium Impurity (4)

tRs »: Represents theesolution value between sulfaquinoxaline sodiujnafid vitamin
Ks(2).

£ Rs2.3 Represents theesolution value between vitamiry &) and amprolium HCI (3)

4.1.3. The effect of acetonitrile percentage:

The effect of acetonitrile organic solvent percget@nRs was also investigated. The
ACN percentages combined with 0.2 M MYC aqueous buffer were 60, 70, 80, 85, 90,
and 95% ACN. It was found that increasing the Af@No increased the retention time
and improved th&s. The besRs value was achieved by using 85%as shown in figuse
and table 4.3.

When the ACN was 60%, interference occurred betvgedfaquinoxaline sodium and its
impurity and theRs were decreased for all compounds. Analysis time alasut 11

minutes. At this point, it was anticipated thatragwasing the ACN concentration could
improve the baseline separation and increaseRberalues between all compounds.
Therefore, a systematic increase was tried withement of 10% and 5%. When a 70%
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ACN was tested, a better baseline separation asthibut still not satisfactory, when the
ACN increased to 80%, a better separation was aethidn all cases the pH was fixed to
5.7.

When 85% ACN was used at pH of 5.7, a separable geaks was seen with a better
resolution. At 90% ACN, the chromatogram reveale thest Rs values between
sulfaquinoxaline sodium and its impurity with aaoainalysis time of about 23 minutes.
The main drawback was the high value of analysig tivhich means it is time consuming.
Finally, upon switching to 95% the last eluting k®anerged together as shown in the
figure. Table 4.3 and figure 4.8 shows tlila¢ optimized mobile phase prepared from that
system for the separation of all compounds wasvDNH,AC: ACN (15:85; v/v), at pH of
5.7.

Figure 4.8 illustrates the change of retention timth varying ratios of ACN from 60-
95%. The results show that the content of ACN mniobile phase has great influence on
the resolution and selectivity. By increasing thACH, the polarity of the mobile phase
decreased and the hydrophilic interactions betwhenanalytes and the stationary were
promoted, thereby dramatically increasing the t&eanof compounds. Our results
indicated that the retention time was primarily gaoed by typical hydrophilic and
electrostatic interactions between the solutestladtationary phase.

The effect of acetonitrile on retention was systiétadly behaved up to 90% ACN level.
However, when an extra 5% ACN was added, the péakamin Kz was eluted in close
proximity to amprolium HCI. This probably indicata sudden change in equilibrium of
this peak in the HILIC system.

45



Table (4.3): Effect of acetonitrile percentage onhie resolution values of compounds

separated
% ACN *RS 14 TRS24 tRs» CRs23
60 0 0 2.04 3.7
70 2.2 1.0 2.6 4.7
80 2.1 21 3.5 7.15
85 2.2 3.3 5.0 10.2
90 2.5 6.2 7.8 8.8
95 3.97 21.1 215 1.05

*Rs 14 Represents theesolution value between sulfaquinoxaline sodium d@d its
impurity (4).

tRs 24 : Represents theesolution value between vitaminzK2) and sulfaquinoxaline
sodium Impurity (4)

tRs »: Represents theesolution value between sulfaquinoxaline sodiuinafid vitamin
Kz (2).

£ Rs2.3 Represents theesolution value between vitamiryk &) and amprolium HCI (3)

It is worthwhile mentioning that during the wholerk, we chose to use Rs value as the
chromatographic parameter since it reflects theairnal efficiency and selectivity. The
relation between the three parameters is as shelowb
o (a1 (w%
i 4 liL oL jl k"B i

N: Number of theoretical plates

a: Selectivity factor

K. Capacity factor for compound B
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Figure (4.8): The separation obtained with|20njection of a mixture of sulfaquinoxaline
sodium (1), Vitamin K (2),and amproliunhydrochloride (3), Sulfaquinoxaline impurity
(4). Mobile phase consisting of ACN and 0.2M M solution, at pH of 5.7; flow rate
0.5 ml/min;A =263nm. The %ACN is as shown in the figure.
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4.1.4. The effect of methanol percentage:

This time, we tried to use methanol (MeOH) in aidditto ACN as organic solvent
modifier by using different percentages of MeOH hwienCN and constant buffer
concentration of 0.2 M NFAC (10:75:15; v/iviv) at pH of 5.7. We found that bging
10% methanol, there is no significant effect R& values of all compounds as shown in
figure 4.9 and table 4.4. By increasing the % Me@Ho 20%, we observed an increase in
the resolution value between sulfaquinoxaline sodand its impurity. We also observed a
decrease in the Rs values between sulfaguinoxabdesm impurity and vitamin Kand
between vitamin K and amprolium hydrochloride. The total analysmetiwas about 15
minutes.

At this stage, it was anticipated that using tynsolvent mixture, namely MeOH, ACN
and buffer will either have no significant effead the Rs of all compounds or would
decrease th&s since MeOH is stronger solvent compared to ACM@$HILIC system

and therefore may decrease the retention timdérand
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Figure (4.9): The separation obtained with|#0njection of a mixture of sulfaquinoxaline
sodium (1), Vitamin K (2), and amproliunhydrochloride (3), Sulfaquinoxaline impurity
(4) at mobile phase consisting of MeOH with ACNla@.2 M NHAC (10 :75 :15; viviv)

at pH of 5.7 and MeOH with ACN and 0.2 M D& (20 :65 :15; v/v/v ) at pH of 5.7,

respectively; flow rate 0.5 ml/mii;, =263nm.
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Table (4.4): Effect of adding methanol to mobilgphase on resolution values

% MeOH *RS 1.4 TRS2.4 tRsi» CRs23
0 2.2 3.3 5.0 10.2
10 2.16 3.6 5.4 9.94
20 2.9 2.55 5.0 5.3

*Rs 14 Represents theesolution value between sulfaquinoxaline sodium gfd its
impurity (4).

tRs 24 : Represents theesolution value between vitaminzK2) and sulfaquinoxaline
sodium Impurity (4)

tRs »: Represents theesolution value between sulfaquinoxaline sodiunafid vitamin
Kz (2).

{ Rs,.3 Represents theesolution value between vitamirngk &) and amprolium HCI (3)

1.4.5. The effect of temperature:

The effect of the column temperature on the reswluand tailing factor was another
chromatographic parameter that was studied duripgmazation of HPLC methods.
Different temperatures such as’C5 20C, 25C, 3CC, were evaluated. It was clear that
varying temperatures between 45 and 30°C have very little influence on Rs values as
shown in figure 4.10 and table 4.5.

The effect of temperature on the tailing factor \abs® determined. The best tailing factor

obtained was at temperature of abolt@&and 30C.
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Figure (4.10): Chromatograms obtained upon pROinjection of a mixture of
sulfaquinoxaline sodium (1), Vitamin 3K(2), and amproliumhydrochloride (3),
Sulfaquinoxaline impurity (4) at mobile phase catiag of ACN and 0.2M NBHAC

solution (85:15; v/v) at pH 5.7; flow rate 0.5 mifmA =263nm. The column temperature
is as shown in the figure.
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Table (4.5): Effect of column temperature on reslution values

Temperature *RS 14 tRs24 tRs (Rs23
(°C)
15°C 2.0 2.9 4.7 9.6
20°C 2.07 3.0 4.6 9.2
25°C 2.2 2.6 4.3 10.1
30°C 2.14 3.1 4.7 8.0

*Rs 14 Represents theesolution value between sulfaquinoxaline sodiump gfd its
impurity (4).

tRs 24 : Represents theesolution value between vitaminzK2) and sulfaquinoxaline
sodium Impurity (4)

tRs »: Represents theesolution value between sulfaquinoxaline sodiunafid vitamin
Kz (2).

{ Rs2.3 Represents theesolution value between vitamirng &) and amprolium HCI (3)

Table (4.6): Effect of column temperature on tding factor

Temperature (°C) *Te(1) T Te(2) 1T (3)
15°C 14 1.35 1.67
20°C 1.35 1.33 1.54
25°C 1.3 1.31 1.45
30°C 1.3 1.29 1.48

*T e (1): Represents thiiling factor of sulfaquinoxaline sodium (1)
T Tr (2): Represents thimiling factor of vitamin K (2)
1Tr( 3): Represents thiailing factor of amprolium HCI
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Tailing factor (T ): The tailing factor of a peak is calculated frora gxpressior>’!

T- =W 0.05
2d

Wo.05 = Width of the peak at one-twentieth of the peakhgi
d = Distance between the perpendicular dropped frapt#ak maximum and the leading
edge of the peak at one-twentieth of the peak heigh

As shown from all the accumulated results, thenottd mobile phase consisted of a
mixture of 0.2M NHAC solution and ACN organic solvent (15:85; vip&d 5.7 at room
temperature. During the method development prot¢lkess;oncentration of the compounds
prepared was about @g/ml of sulfaquinoxaline sodium, aboutidml of Vitamin Ks
and about 2g/ml of amproliumhydrochloride. Figure 4.11 shows typical chroma&ogs
obtained for individual components and for the mnigt simultaneously using the

optimized conditions.
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Figure (4.11): Typical chromatograms obtained upon RO separate injections of
sulfaquinoxaline sodium, vitamingkand amprolium hydrochloride. Column, a ZIC-HILIC
column (25.0 cm long4.6 mm i.d.) with particle size of im protected with a ZIC-HILIC
guard column (20mm2.1mm, fum); Mobile phase consisting of ACN and 0.2M M€
solution (85:15; v/iv) at pH 5.7; flow rate 0.5 mifm A =263nm; column

temperature=2%; Autosampler Temp. = 16.
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Figure (4.12): A typical chromatogram of mixture of sulfaquintira sodium (1),
vitamin Kz (2) and amprolium hydrochloride (3); Column, a ZHILIC column (25.0 cm
long x4.6 mm i.d.) with particle size of pm protected with a ZIC-HILIC guard column
(20mnx 2.1mm, fm); Mobile phase consisting of ACN and 0.2M M€ solution
(85:15; v/v) at pH 5.7; flow rate 0.5 ml/miix =263nm; column temperature=25

Autosampler Temp. = 2&. Note: Peak (4) is due to sulfaguinoxaline imgyuri

The concentration of compounds was monitored atga0l level for sulfaquinoxaline
sodium, 0.pg/ml for Vitamin Kz and 2Qug/ml for amproliumhydrochloride to resemble
the concentration ratio in the A.S.K product powd&igure 4.13 shows typical
chromatogram obtained for the mixture of thesedtm@mpounds simultaneously using the

optimized conditions.
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Minutes

Figure (4.13): (A) typical chromatogram of mixture of sulfagukadine sodium (1)
(20ug/ml), vitamin Kz (2) (0.2Qug/ml) and amprolium hydrochloride (3) (@&/ml), Peak
(4) is due to sulfaquinoxaline impurity. All othehromatographic conditions are same as

in figure 4.12; (B) is a zoomed view of chromatogrA.
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Chapter Five

Analytical Validation of the Optimized HPLC Method

The validation was carried out according to the AG&P guidelines and regulations. This
chapter comprises the determination of the foll@walidation parameters: Specificity;
Linearity; Range; Accuracy (recovery); Precisionepgatability and intermediate

precision); Robustness and Stress test.

5.1 Specificity (placebo interference)

The chromatograms of the placebo solution, standafdtion and test solution were
recorded at the same wavelength in order to chleekspecificity of the method, (See
Figure 5.1).

Assessment:

No peaks were observed when the placebo (dextrosemydrate) that lacks chromophore
was injected.

The retention time of the sulfaquinoxaline sodiuamprolium hydrochloride, and
menadione (as sodium bisulfite) sample peaks metetttly to that of the appropriate
peaks of the standard solution. No peaks are prese¢hese retention times in the placebo
chromatogram. Therefore, this method is suitabtetlie identification and the assay of
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sulfaquinoxaline sodium, amprolium hydrochloridadamenadione (as sodium bisulfite)
in A.S.K powder.

Placebo

3
Standard Mix

IR\

Sample test

hnutes

Figure (5.1): A typical chromatograms of Placebo, standard smutf sulfaquinoxaline
sodium, vitamin K and amprolium hydrochloride and test solution o8 K powder ;
Column, a ZIC-HILIC column (25.0 cm longd.6 mm i.d.) with particle size of pm
protected with a ZIC-HILIC guard column (20mm2.1mm, %um); Mobile phase,
acetonitrile and 0.2M ammonium acetate solution§35v/v) adjusted to pH 5.7; flow rate
0.5 mil/min; A =263nm; column temperature=Z5 Autosampler Temp. = 26;

concentration of vitamin Kwas about 0j2g/ml.
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Figure (5.2): A zoomed out view chromatograms of Placebo, stahdalution of
sulfaquinoxaline sodium, vitamin sgKand amprolium hydrochloride and test solution of
A.S.K powder ; Column, a ZIC-HILIC column (25.0 dong x4.6 mm i.d.) with particle
size of 5um protected with a ZIC-HILIC guard column (20mr2.1mm, fm); Mobile
phase, acetonitrile and 0.2M ammonium acetate isaliL5:85; v/v) adjusted to pH 5.7;
flow rate 0.5 ml/minA =263nm; column temperature=Z5 Autosampler Temp. = 16;

concentration of vitamin Kwas about 0j2g/ml.
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5.2 Linearity

Different amounts of sulfaquinoxaline sodium, anlipm hydrochloride and menadione
(as sodium bisulfite) in the range of 60% to 130Pthe labeled amount (5 concentration

levels/ 3 replicates each) were added to A.S.Kimnédextrose monohydrate).
5.2.1. Linearity for sulfaquinoxaline sodium:

The linearity for sulfaquinoxaline sodium in thenga of 1ig/ml to 26ug/ml (60% to
130% of the labeled amount)as investigated. Data and statistical evaluatrenliated in

table 5.1 and figure 5.3

Table (5.1): Linearity results and statistical evauation for sulfaquinoxaline sodium

in the range of 121g/ml to 26ug/ml (60% to 130%)

Conc. @ug/ml) Sample peak area
Inj.1 Inj.2 Inj.3 Average
12.0 7158529 7189186 7146490 7164735
16.0 9567483 9574101 9652688 9613395
20.0 11812875 11778166 11822609 11800388
24.0 14318735 14280983 14374688 1432783¢
26.0 15568277 15577638 15567050 15572344
Average Area 11695739
Statistical data for regression line
Parameter Results A.C.*
n* 15
Coefficient of correlation 0.99973 Min. 0.995
R® 0.9995 NLT 0.99
Y-Intercept -11291=-0.1% <+ 2% of the average areg

Where,

*n: number of determinations

*A.C.: Acceptance criteria
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Regression line of sulfaquinoxaline sodiur
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Concentration ug/ml

Figure (5.3): The regression analysis of sulfaquinoxaline sodower the range of 60% to

130% of labeled amount (t8/ml to 26ug/ml)

Assessment:
The regression line of sulfaquinoxaline sodium desti@ates linearity in the range of 60%

to 130% (figure 5.3). The regression analysis @dbl) confirms that the deviation of the
y-intercept from zero is not significant, the resgien line is linearR? = 0.9995> 0.99 ;
thus the method is linear in the range of 60% t0%4%f the labeled amount, as shown in

figure 5.3 and table 5.1.
5.2.2. Linearity of Amprolium hydrochloride:

The linearity for amprolium hydrochloride the range of 12g/ml to 26ug/ml (60% to
130% of the labeled amountjas investigated. Data and statistical evaluatrenliated in

table 5.2 and figure 5.4
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Table (5.2): Linearity results and statistical evalation for amprolium hydrochloride
in the range of 121g/ml to 26ug/ml (60% to 130%)

Conc. (ug/ml) Sample peak area
Inj.1 Inj.2 Inj.3 Average
12 3277273 3292404 3267086 3278921
16 4359249 4363904 4364580 4364242
20 5512413 5501599 5501665 5501632
24 6502384 6505952 6516029 6510991
26 7042134 7055996 7043506 7049751
Average Area 5341107
Statistical data for regression line
Parameter Results A.C.
n 15
Coefficient of correlation 0.99981 Min. 0.995
R® 0.9996 NLT 0.99
Y-Intercept 62202 = 1.16 % < * 2% of the average ares

62




Regression line of amprolium hydrochloride

8000000 -
7000000 -
6000000 -
5000000 -
4000000 -
3000000 -
2000000 -
1000000 -

O T T T T T 1
0 5 10 15 20 25 30

y = 269332 + 62202
R%=0.9996
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Concentration ug/ml

Figure (5.4): The regression analysis of amprolium hydrochlooger the range of 60%

to 130% of labeled amount ([1g/ml to 26ug/ml)

Assessment:

The regression line of amprolium hydrochlorgieEmonstrates linearity in the range of 60%
to 130% (figure 5.4). The regression analysis @&bP) confirms that the deviation of the
y-intercept from zero is not significant, the reggien line is linearR? = 0.9996> 0.99;
thus the method is linear in the range of 60% t@%43®f the labeled amount, as shown in

figure 5.4 and table 5.2.

5.2.3. Linearity of Menadione (Vitamin Kj):
The linearity for menadione (as sodium bisulfite)the range of 0.1&/ml to 0.2¢ug/ml

(60% to 130% of the labeled amountas investigated. Data and statistical evaluatien a
listed in table 5.3 and figure 5.5
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Table (5.3): Linearity results and statistical evalhation for menadione (as sodium
bisulfite) in the range of 0.11g/ml to 0.26ug/ml (60% to 130%) of labeled amount.

Conc. (ug/ml) Sample peak area
Inj.1 Inj.2 Inj.3 Average
0.120 67453 67704 67507 67555
0.160 87768 87861 87810 87836
0.200 108379 106955 108130 107543
0.240 132793 132358 133828 133093
0.260 145865 145003 145638 145321
Average Area 108269

Statistical data for regression line

Parameter Results A.C.
n 15
Coefficient of correlation 0.99833 NLT 0.995
R® 0.9967 NLT 0.99
Y-Intercept -644.34 = -0.6% <+ 2% of the average area
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Regression line of Menadion
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Figure (5.5): The regression analysis of menadione (as sodisaifibe) over the range of

60% to 130% of labeled amount (Op2ml to 0.2¢qug/ml).

Assessment
The regression line of menadione (as sodium bisyillemonstrates linearity in the range

of 60% to 130% (figure 5.5). The regression analysible 5.3) confirms that the deviation
of the y-intercept from zero is not significantethegression line is lineaR? = 0.9967>
0.99; thus the method is linear in the range of @0%4.30% of the labeled amount, as

shown in figure 5.5 and table 5.3.

5.3 Range

Considering the data for the regression line offagulinoxaline sodium, amprolium
hydrochloride, and menadione (as sodium bisulfltegarity of each is given in the range

of 60% to 130% of the labeled amount of final coricaion.
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5.4 Accuracy (recovery)

The data obtained for the evaluation of the lingasiere used. In all the experiments for
accuracy test, the different concentrations of thenponents mixture were added to
placebo matrix and the accuracy was measured kesteef by recovery as shown in the

below formula:

%o Eecovery= {Armount found’Amount added) = 100

5.4.1. Accuracy (recovery) for sulfaquinoxaline sadm:

The data obtained for the evaluation of the lingasiere used. The accuracy as reflected
from recovery data and statistical evaluation &say of sulfaquinoxaline sodium over the
range of 1Rg/ml to 26ug/ml (60% to 130% of the specified final concentnal is listed in
table 5.4.
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Table (5.4): Recovery data and statistical evaluain of sulfaquinoxaline sodium over

the range of 60%to 130% of the labeled amount of final concentration

Concentration 1% Value (%) 2" Value (%) 39 value (%)
level %
60 99.2 99.5 99.0
80 99.4 99.5 100.3
100 98.2 97.9 98.3
120 99.2 98.9 99.6
130 99.5 99.6 99.5
Statistical data
Parameter Results AC. *
n (T
X 99.2 96.0-104.0%
SD. 063 | -
C.V. (%) 0.63 <20
*C.I. (P=95%) 98.8% to 99.6% 96.0-104.0%

*C.l.: Confidence interval of the average value (P=95%l)iarcalculated by the

following formula:

C.I= Xt (t = 5.D/ /n)

X : The average of recovery values

t: A parameter that depends upon the number of degfdemedom and the confidence

level required.
S.D.: Standard deviation

n: Number of determinations

Assessment:

The recovery shows results between 97.9% and lithXoefficient of variation of 0.63

%. The acceptance criteria are fulfilled.
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5.4.2. Accuracy (recovery) for amprolium hydrochlorde:

The data obtained for the evaluation of the lingawere used. The recovery data and
statistical evaluation for assay of amprolium hythoride over the range of 1&/ml to

26ug/ml (60% to 130% of the specified final concentma} are listed in table 5.5.

Table (5.5): Recovery data and statistical evaluain of amprolium hydrochloride

over the range of 60%to 130% of the labeled amount of final concentration

Concentration 1*' Value (%) 2" Value (%) 3% value (%)
level %
60 98.9 99.3 98.6
80 98.6 98.7 98.8
100 99.8 99.6 99.6
120 98.1 98.1 98.3
130 98.1 98.2 98.1
Statistical data
Parameter Results A.C.
n T
X 99.0 96.0-104.0%
S.D. 059 | -
C.V. (%) 0.6 <20
C.l. (P=95%) 98.7% to 99.3% 96.0-104.0%

Assessment:The recovery shows results between 98.1% and 99&Bocoefficient of

variation of 0.6%. The acceptance criteria ardlfedf.

5.4.3. Accuracy (recovery) for menadione (as sodiufyisulfite):

The data obtained for the evaluation of the linganere used. The recovery data and
statistical evaluation for assay of amprolium hytiorideover the range of 0.1@/ml to
0.26.ug9/ml (60% to 130% of the specified final concentna} are listed in table 5.6.
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Table (5.6): Recovery data and statistical evaluain of menadione (as sodium
bisulfite) over the range of 60%to 130% of the labeled amount of final concentration

Concentration 1% Value (%) 2" Value (%) 39 value (%)
level %
60 101.9 102.3 102.0
80 99.5 99.6 99.5
100 98.3 97.0 98.0
120 100.3 100.0 101.1
130 101.7 101.1 101.6
Statistical data
Parameter Results A.C
n 5 | -
X 100.3 96.0-104.0%
S.D. 162 | -
C.V. (%) 1.61 <3.0
C.l. (P=95%) 99.4% to 101.2% 96.0-104.0%
Assessment:

The recovery shows results between 97.0 % and #2Bh coefficient of variation of

1.61 % .The acceptance criteria are fulfilled.

5.5 Precision

5.5.1. Precision of sulfaquinoxaline sodium:

5.5.1.1. Repeatability:

One laboratory analyst carried out the assay ofaguinoxaline sodium on six
determinations of homogeneous sample of A.S.K povgléch Number: FO1211ER at
100% of the test concentration with the same aicalyequipment at the same day. The

results are listed on table 5.7.
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Table (5.7): Assay results and Statistical evalu@n for repeatability of

sulfaquinoxaline sodium in A.S.K powder Batch Numbe FO1211ER

n=6 Assay of sulfaquinoxaline sodium (%)
1 98.36
2 99.22
3 99.07
4 99.14
5 97.52
6 99.66
Statistical data
Parameter Results A.C.
X 98.83 90.0 -110%
S.D. 0.76
C.V. (%) 0.77 <2%
C.l. (P=95%) 98.0% to 99.7% 96.0-104.0%

Assessment:The coefficient of variation of 0.77 % shows thia¢ results of the HPLC
assay procedure for determining sulfaquinoxalirgiwsa is within a suitable repeatability

for the specified range. The acceptance critegdudfilled.

5.5.1.2. Intermediate Precision (ruggedness):

Two laboratory analysts carried out the assay dfaguinoxaline sodium on 12

homogeneous samples of A.S.K powder at 100% offitied test concentration, with

different analytical equipments at different dalise results are listed on table 5.8.
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Table (5.8): Assay results and Statistical evaluiain for intermediate precision of

sulfaquinoxaline sodium in A.S.K powder Batch Numbe FO1211ER

n=12 T assay of Sulfaquinoxaline 2" assay of
sodium Sulfaquinoxaline sodium
1 98.36 97.67
2 99.22 97.89
3 99.07 98.77
4 99.14 97.69
5 97.52 99.13
6 99.66 98.80
Statistical data
Parameter Results A.C.
X 98.58 90.0 -110%
S.D. 0.71
C.V. (%) 0.72 <3%
C.l. (P=95%) 98.1% to 99.0% 96.0-104.0%
Assessment:

The coefficient of variation of 0.72% shows thag tlesults of the HPLC assay procedure

for determining sulfaguinoxaline sodium is withirs@aitable intermediate precision for the

specified range. The acceptance criteria are ledfil

5.5.2. Precision of amprolium hydrochloride:

5.5.2.1. Repeatability:

One laboratory analyst carried out the assay of ralmpn hydrochloride on six

determinations of homogeneous sample of A.S.K powtl&00% of the test concentration

with the same analytical equipment at the sameTag results are listed on table 5.9.
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Table (5.9): Assay results and Statistical evaluain for repeatability of amprolium
hydrochloride in A.S.K powder Batch Number: FO1211ER

n=6 Assay of amprolium hydrochloride(%)
1 99.37
2 99.38
3 99.89
4 100.24
5 99.50
6 101.04
Statistical data
Parameter Results A.C.
X 99.90 90.0 -110%
S.D. 0.65
C.V. (%) 0.65 <2%
C.I. (P=95%) 99.2% to 100.6% 96.0-104.0%
Assessment:

The coefficient of variation of 0.59 % shows tHat tesults of the HPLC assay procedure
for determining amprolium hydrochloride is withirsaitable repeatability for the specified

range. The acceptance criteria are fulfilled.

5.5.2.2. Intermediate Precision (ruggedness):
Two laboratory analysts carried out the assay oforatium hydrochloride on 12

homogeneous samples of A.S.K powder at 100% offitied test concentration, with

different analytical equipments at different dalise results are listed on table 5.10.
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Table (5.10): Assay results and Statistical evaltian for intermediate precision of
amprolium hydrochloride assay in A.S.K powder BatchNumber: FO1211ER

n=12 T assay of Amprolium 2" assay of Amprolium
hydrochloride hydrochloride
1 99.37 101.76
2 99.38 101.26
3 99.89 101.67
4 100.24 100.53
5 99.50 102.24
6 101.04 101.07
Statistical data
Parameter Result A.C.
X 100.66 90.0 -110%
S.D. 0.624
C.V. (%) 0.62 <3%
C.l. (P=95%) 100.3% to 101.1% 96.0-104.0%
Assessment:

The coefficient of variation 0.62 % shows that tbsults of the HPLC assay procedure for
determining amprolium hydrochloride is within atabile intermediate precision for the

specified range. The acceptance criteria are ledfil

5.5.3. Precision of menadione (as sodium bisulfite)

5.5.3.1. Repeatability:

One laboratory analyst carried out the assay ofadiene on six determinations of

homogeneous sample of A.S.K powder at 100% of ¢kt doncentration with the same
analytical equipment at the same day. The reauvdtdisted on table 5.11.
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Table (5.11): Assay results and Statistical evaltian for repeatability of menadione
in A.S.K powder Batch Number: FO1211ER

n=6 Assay of menadione (%)
1 97.70
2 101.48
3 101.11
4 102.70
5 97.94
6 98.59
Statistical data
Parameter Result A.C.
X 99.92 90.0 -110%
S.D. 21
C.V. (%) 2.1 <3%
C.I. (P=95%) 97.5% to 102.4% 96.0-104.0%
Assessment:

The coefficient of variation of 2.1 % shows thag ttesults of the HPLC assay procedure
for determining menadione is within a suitable egpbility for the specified range. The

acceptance criteria are fulfilled.
5.5.3.2. Intermediate Precision (ruggedness):
Two laboratory analysts carried out the assay afiad®ne on 12 homogeneous samples

of A.S.K powder at 100% of the final test concetntra with different analytical
equipments at different days. The results aredistetable 5.12.
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Table (5.12): Assay results and Statistical evaluiain for intermediate precision of

menadione in A.S.K powder Batch Number: FO1211ER

Number of determination | 1% assay of Menadione " assay of Menadione
n=12
1 97.70 98.87
2 101.48 100.03
3 101.11 100.52
4 102.70 99.01
5 97.94 100.81
6 98.59 100.91
Statistical data
Parameter Result A.C.
X 99.97 90.0 -110%
S.D. 1.5
C.V. (%) 1.5 <3%
C.I. (P=95%) 99.0% to 100.9% 96.0-104.0%
Assessment:

The coefficient of variation 1.5 % shows that tkeults of the HPLC assay procedure for

determining menadione is within a suitable interratdprecision for the specified range.

The acceptance criteria are fulfilled.
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5.6 Robustness

5.6.1. Stability of standard & sample solution:

5.6.1.1.Stability of the standard solution (stored at 18C):

The stability of the standard solution at temperatf 15C stored in closed volumetric

flask protected from light during a period of 24un®is investigated. Data and statistical

evaluation are listed in table 5.13.

Table (5.13): Results and statistical evaluation dhe assay of sulfaquinoxaline

sodium, amprolium hydrochloride and menadione standrd solution during a period

)

of 24 hours.
Time sulfaquinoxaline | amprolium hydrochloride Menadione
(Hours) sodium (Av.PAV) (Av.PAV) (AV.PAV)
0 11961069.33 5526863.333 111602.3333
24 12008352.00 5485563.667 112757.3333
Statistical data
Parameter sulfaquinoxaline | amprolium hydrochloride Menadione
sodium
n 2 2 2
X 11984710.67 5506213.5 112179.8333
AAV.PAV *100 0.4 % 0.8% 1.0%
A.C. <2.0% <2.0% <3.0%

*AAV.PAV : The difference between average peak area valueZdfteours and at O time

divided by average peak area at O time.

AAvPAV= [AVPAV (t=2410) — Av.PAV(=0))/ Av.PAV(t=0)
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Assessment:
The Av. PAV of sulfaquinoxaline sodium, amproliunydnochloride and menadione
remained stable. Therefore the standard solutianbeastored during a period of 24 hours

at the temperature 16 for the assay test.

5.6.1.2. Stability of the sample solution (stored52C):
The stability of the sample solution at temperatofel 5C stored in closed volumetric
flask protected from light during a period of 24uh® is investigated. Data and statistical

evaluation are shown in table 5.14.
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Table (5.14): Results and statistical evaluation fahe assay of sulfaquinoxaline

sodium, amprolium hydrochloride and menadione samp@ solution during a period of
24 hours.

Time sulfaquinoxaline amprolium Menadione
(Hours) sodium (Av.PAV) hydrochloride (Av.PAV)
(Av.PAV)
0 11870856 5626206.5 105886
24 11785329.5 5593480.5 106162
Statistical data
Parameter sulfaquinoxaline amprolium Menadione
sodium hydrochloride
n 2 2 2
X 11828092.75 5609843.5 106024
AAV.PAV 0.7 % 0.6% 0.3%
*100
A.C. <3.0% <3.0% <3.0%
Assessment:

The Av. PAV of sulfaquinoxaline sodium, amproliunydnochloride and menadione

remained stable. Therefore the sample solutiorbeastored during a period of 24 hours at
the temperature X& for the assay test.

5.6.2. Different ammonium acetate buffer percent irmobile phase:

The sample and standard using different buffergreeges in the mobile phase (-3.0, +3.0)
and normal % value was investigated. The resutdisted in Table 5.15.
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Table (5.15): Assay results and statistical evaluiain for sulfaquinoxaline sodium,
amprolium hydrochloride and menadione using differet % of buffer in mobile phase

(-3.0, +3.0) and normal % value.

Mobile phase % Assay of % Assay of % Assay of
variation(v/v) sulfaquinoxaline amprolium menadione
ACN/0.2M sodium hydrochloride
ammonium acetate
88:12 99.3 99.9 101.5
85:15 101.6 101.3 102.6
82:18 101.4 101.9 101.3
Statistical data
Parameter sulfaquinoxaline amprolium Menadione
sodium hydrochloride
n 3 3 3
X 100.8 101.0 101.8
S.D. 1.27 1.03 0.7
C.V. (%) 1.26 1.02 0.7
A.C. <2.0% <2.0% <3.0%

Assessment:Variation of ammonium acetate buffer in the raofd+ 3 of the nominal

value) shows no significant change in the finalags®sults of each of the above three

compounds.
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5.6.3. Different column batches (lots):

Two column batches filled with the prescribed stadgiry phases were investigated. The

results are listed in Table 5.16.

Table (5.16): Assay results and statistical evaluiain for sulfaquinoxaline sodium,

amprolium hydrochloride and menadione using two diferent column batches

Column batch % Assay of % Assay of % Assay of
Number sulfaquinoxaline amprolium menadione
sodium hydrochloride
L010134877 101.6 101.5 101.3
L010129977 101.6 101.3 102.6
Statistical data
Parameter sulfaquinoxaline amprolium Menadione
sodium hydrochloride
n 2 2 2
X 101.6 101.4 101.95
S.D. 0 0.4 0.9
C.V. (%) 0 0.4 0.9
A.C. <2.0% <2.0% <3.0%
Assessment:

Using different column batches shows no significamtnge in the final assay results of

each of the above three compounds.
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5.6.4. Variations of the column temperature:

Three different column temperatures were investijah the range 23-2C. The results
are listed in table 5.17.

Table (5.17): Assay results and statistical evaluiain for sulfaquinoxaline sodium,

amprolium hydrochloride and menadione using differ@t column temperatures

Column Temp. ( °C) % Assay of % Assay of % Assay of
sulfaquinoxaline amprolium menadione
sodium hydrochloride
23 99.6 99.9 100.0
25 101.6 101.5 101.3
27 100.2 100.9 100.6
Statistical data
Parameter sulfaquinoxaline amprolium Menadione
sodium hydrochloride
n 3 3 3
X 100.3 100.8 100.6
S.D. 1.02 0.8 0.65
C.V. (%) 1.02 0.8 0.64
A.C. <2.0% <2.0% <3.0%
Assessment:

Using different column temperatures in the rang2327C shows no significant change

in the final assay results of each of the aboveetimompounds.
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5.6.5. Use of Different flow rates:

Different mobile phase flow rates of 0.45, 0.50d @55 ml/min. were investigated. The

results are shown in Table 5.18.

Table (5.18): Assay results and statistical evaluiain for sulfaquinoxaline sodium,

amprolium hydrochloride and menadione using three dferent flow rates.

F.R. (ml/min) % Assay of % Assay of % Assay of
sulfaquinoxaline amprolium menadione
sodium hydrochloride
0.45 100.57 100.97 99.5
0.50 101.6 101.5 101.3
0.55 100.45 100.51 100.50
Statistical data
Parameter sulfaquinoxaline amprolium Menadione
sodium hydrochloride
n 3 3 3
X 100.87 101.0 100.43
S.D. 0.6 0.5 0.9
C.V. (%) 0.6 0.5 0.9
A.C. <2.0% <2.0% <3.0%
Assessment:

Using different flow rates in the range of 0.4%t65 ml/min. shows no significant change

in the final assay results of each of the aboveetimompounds.
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5.6.6. Variation of mobile phase pH values:
Three different pH values of the mobile phase (5.8, and 5.8) were investigated. The

results are listed in Table 5.19.

Table (5.19): Assay results and statistical evaluiain for sulfaquinoxaline sodium,
amprolium hydrochloride and menadione using three dferent mobile phase pH

values
pH % Assay of % Assay of % Assay of
sulfaquinoxaline amprolium menadione
sodium hydrochloride
5.6 101.96 100.44 101.12
5.7 100.6 101.34 101.42
5.8 101.33 101.14 100.16
Statistical data
Parameter sulfaquinoxaline amprolium Menadione
sodium hydrochloride
n 3 3 3
X 101.3 100.97 100.9
S.D. 0.7 0.5 0.7
C.V. (%) 0.7 0.5 0.7
A.C. <2.0% <2.0% <3.0%
Assessment:

Using mobile phase pH in the range of 5.7 + 0..shoo significant change in the final
assay results of each of the above three compounds.
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5.7 Stress Tests

The excipients and active substances were submdtedidic, basic, oxidizing, light and
dry heat forced degradation conditions. Samplese vegralyzed by HPLC to proof the
stability indicating capability. The degradationage detected in the chromatogram using
the HPLC method are completely separated and eo@nénce was detected whatever the

stressed conditions are.

One may also conclude that the method developeddtarmination of sulfaquinoxaline
sodium, amprolium hydrochloride and menadione (adiusn bisulfite) is stability
indicating and thus can be used for the deternunabf sulfaquinoxaline sodium,
amprolium hydrochloride and menadione (as sodiusulfiie) in A.S.K powder for the

control of the finished product and for the stapitesting.

5.7.1. Stress tests for excipient:

Separate samples of the excipient (dextrose momatgjdvere treated as follows:

The T sample: About 59.8 mg of the dextrose monohydrate is fiefde 72 hours at
105°C in an oven and then dissolved in 100 ml 90% A€EiNally, 5 ml of this solution is
diluted to 50 ml with mobile phase.
The 2 sample: About 59.8 mg of the dextrose monohydrate is mixét 20 ml of 1 M
HCI for 24 hours, neutralized with 1 M NaOH andrttédluted to 100 ml with 90% ACN.
Finally, 5 ml of this solution is diluted to 50 mith mobile phase.
The 39 sample: About 59.8 mg of the dextrose monohydrate is ohiwéth 20 ml of 1 M
NaOH for 24 hours, neutralized with 1 M HCI andrttédluted to 100 ml with 90% ACN.
Finally, 5 ml of this solution is diluted to 50 mith mobile phase.
The 4" Sample: About 59.8 mg of the dextrose monohydrate is miwétti 95 ml of 3%
H2O; for 1 hour and then diluted to 100 ml with 90% A hally, 5 ml of this solution is
diluted to 50 ml with mobile phase.
The 5" sample: About 59.8 mg of the dextrose monohydrate is segsinder day light
for 72 hours and then dissolved in 100 ml 90% AChhally, 5 ml of this solution is
diluted to 50 ml with mobile phase.
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Figure 5.6 illustrates clearly that the excipierdt dot generate any degradation products
under any of the above stress conditions exceperuREO, which give a peak with a

retention time of about 10 minutes that is due 1@+&nd itis not due to degradation.

Placebo under heat and hght

Placebo m HC1

Flaceho m NaOH

L Placeho m H202

Mnutes

Figure (5.6): Stress tests for excipient
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5.7.2. Stress tests for sulfaquinoxaline sodium:

5.7.2.1. Stress test with heat (106):

20 mg of Sulfaquinoxaline sodium was heated foh@@rs at 105C in an oven and then
dissolved in 100 ml 90% ACN. Finally, 5 ml of thé®lution is diluted to 50 ml with

mobile phase.

Figure 5.7 illustrates clearly that sulfaquinoxalisodium under heat stress conditions
shows a slight increase of known potential degradaimpurity with relative retention
time (RRT) of about 1.2 related to sulfaquinoxalswium. It is worthwhile mentioning

that this impurity is the very same impurity apgeain our A.S.K powder.

Assessment:

The potential degradation product (impurity) of thdfaquinoxaline sodium was observed
under stress test with heat. The degradation iypus well separated from the
sulfaguinoxaline sodium and other active ingrediefteak (1) is sulfaquinoxaline and

peak (2) is due to its impurity (sulfaquinoxalimegurity A).

Minutes

Figure (5.7): Stress test with heat for sulfaquinoxaline sodium
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5.7.2.2. Stress test under oxidation:

20 mg of sulfaquinoxaline sodium was mixed with r@bof 3% HO, for one hour and
then diluted to 100 ml with 90% ACN. Finally, 5 mf this solution is diluted to 50 ml
with mobile phase.

Figure 5.8 illustrates clearly that sulfaquinoxalsodium under stress conditions with 3%
H.O, shows a slight increase of two potential degradatnpurities with relative retention
times (RRT) of 1.2 and 1.3 related to sulfaquinmebkodium. It is worthwhile mentioning
that impurity with RRT of 1.2 is the very same imipuappeared in our A.S.K powder.

Assessment:

The potential degradation products (impurities) tbé sulfaquinoxaline sodium were
observed under stress test with oxidation. The atkgion impurities are well separated
from the sulfaquinoxaline sodium and other actigreédients. Peak (1) is sulfaquinoxaline
and other peaks (2) and (3) are due to degradatiqurities. Peak (4) with relative

retention time of 1.7 is due to,8, (was observed in the placebo)

—_
]
W

iy

hnutes

Figure (5.8): Stress test under oxidation for sulfaquinoxaliogism
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5.7.2.3. Stress test with light:

20 mg of sulfaquinoxaline sodium was stressed umldgr light for 72 hours and then
dissolved in 100 ml 90% ACN. Finally, 5 ml of thé®lution is diluted to 50 ml with
mobile phase.

Figure 5.9 illustrates clearly that sulfaquinoxalisodium under light stress conditions
shows a slight increase of known potential degradainpurity (sulfaquinoxaline impurity

A) with relative retention time of about 1.2 reldti® sulfaquinoxaline sodium.

Assessment:

The potential degradation product (impurity) of tdfaquinoxaline sodium was observed
under stress test with light. The degradation intpuis well separated from the
sulfaguinoxaline sodium and other active ingrediefeak (1) is sulfaquinoxaline and

peak (2) is due to its impurity (sulfaquinoxalimegurity A).

Mrutes

Figure (5.9): Stress test with light for sulfaquinoxaline sodium
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5.7.2.4. Stress test with hydrochloric acid:

20 mg of sulfaquinoxaline sodium was mixed with 20 of 1 M HCI for 24 hours,
neutralized with 1M NaOH and then diluted to 100with 90% ACN. Finally, 5 ml of

this solution is diluted to 50 ml with mobile phase

Figure 5.10 illustrates clearly that sulfaquinoralisodium under stress conditions with
HCI shows a slight increase of a known potentigrddation impurity (sulfaquinoxaline

impurity A) with a relative retention time of abal® related to sulfaquinoxaline sodium.

Assessment:

The potential degradation product (impurity) of tdfaquinoxaline sodium was observed
under stress test with HCI. The degradation impurg well separated from the

sulfaguinoxaline sodium and other active ingrediefteak (1) is sulfaquinoxaline and
peak (2) is due to its impurity.

mal

Figure (5.10): Stress test with hydrochloric acid for sulfaquiatixe sodium.
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5.7.2.5. Stress test with Sodium Hydroxide:

20 mg of sulfaquinoxaline sodium was mixed with 80 of 1 M NaOH for 24 hours,
neutralized with 1M HCI and then diluted to 100 with 90% ACN. Finally, 5 ml of this

solution is diluted to 50 ml with mobile phase.

Figure 5.11 illustrates clearly that sulfaquinoralisodium under stress conditions with
sodium hydroxide shows a slight increase of a kngwiential degradation impurity
(sulfaquinoxaline impurity A) with relative reteati time of about 1.2 related to

sulfaquinoxaline sodium.

Assessment:

The potential degradation product (impurity) of théfaquinoxaline sodium was observed
under stress test with NaOH. The degradation inyus well separated from the
sulfaquinoxaline sodium and other active ingrediefteak (1) is sulfaquinoxaline and

peak (2) is due to its impurity.

mALl

hnutes

Figure (5.11): Stress test with sodium hydroxide for sulfaquirmeasodium
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5.7.2. Stress tests for Menadione (as sodium bigte:

5.7.2.1. Stress test with heat (106):

32 mg menadione sodium bisulfite was heated fondis at 108C in an oven and then
dissolved in 100 ml 90% ACN. Finally, 5 ml of thé®lution is diluted to 50 ml with

mobile phase.

Figure 5.12 illustrates clearly that menadione wadbisulfite under heat stress conditions
shows an increase on unknown potential degradatnmurity with a relative retention

time of about 0.65 related to menadione sodiumifitisu

Assessment:

The potential degradation product (impurity) of theenadione sodium bisulfite was
observed under stress test with heat. The degoadatipurity is well separated from the
menadione sodium bisulfite and other active ingretdi. Peak (2) is the menadione and
peak (1) is due to its impurity.

maAll

hinutes

Figure (5.12): Stress test with heat for menadione sodium btsulfi
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5.7.2.2. Stress test under oxidation:

32 mg of menadione sodium bisulfite was mixed V@Bhml of 3% HO, for one hour and
then diluted to 100 ml with 90% ACN. Finally, 5 mf this solution is diluted to 50 ml
with mobile phase.

Figure 5.13 illustrates clearly that menadione wadbisulfite under stress conditions with
3% H,O, did not show any potential degradation impuritgal (2) with relative retention

time of 1.2 is due to ¥D, (was observed in the placebo)

Assessment:

No potential degradation products (impurities) loé tmenadione sodium bisulfite were
observed under oxidation stress test. Peak (heisnenadione and peak (2) is due t©H
in placebo.

mALl

Mrutes

Figure (5.13): Stress test under oxidation for menadione sodiisuifiie
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5.7.2.3. Stress test with light:

32 mg of menadione sodium bisulfite was stresseateuday light for 72 hours and then
dissolved in 100 ml 90% ACN. Finally, 5 ml of thé®lution is diluted to 50 ml with

mobile phase.

Figure 5.14 illustrates clearly that menadione wwdbisulfite under light stress conditions
shows an increase on unknown potential degradatpurity with relative retention time

of about 0.65 related to menadione sodium bisulfite

Assessment:
The potential degradation product (impurity) of theenadione sodium bisulfite was
observed under stress test with light. The degi@dampurity is well separated from the

menadione sodium bisulfite and other active ingretsi.

mAL

hinutes

Figure (5.14): Stress test with light for menadione sodium bitilf
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5.7.2.4. Stress test with hydrochloric acid:

32 mg of menadione sodium bisulfite was mixed wAthml of 1 M HCI for 24 hours,
neutralized with 1M NaOH and then diluted to 100with 90% ACN. Finally, 5 ml of
this solution is diluted to 50 ml with mobile phase

Figure 5.15 illustrates clearly that menadione wadbisulfite under stress conditions with
HCI shows a slight increase on unknown potentigra@ation impurity with a relative

retention time of about 0.65 related to menadiaukwsn bisulfite.

Assessment:

The potential degradation product (impurity) of thMenadione sodium bisulfite was
observed under stress test with HCI. The degradatnpurity is well separated from the
menadione sodium bisulfite and other active ingretsi. Peak (2) is the menadione and
peak (1) is due to its impurity.

mal

Figure (5.15): Stress test with hydrochloric acid for menadioo@ism bisulfite.
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5.7.2.5. Stress test with Sodium Hydroxide:

32 mg of menadione sodium bisulfite was mixed v@thml of 1 M NaOH for 24 hours,
neutralized with 1M HCI and then diluted to 100 with 90% ACN. Finally, 5 ml of this

solution is diluted to 50 ml with mobile phase.

Figure 5.16 illustrates clearly that menadione wadbisulfite under stress conditions with
sodium hydroxide shows an increase of five unkngwetential degradation impurities
with relative retention times of about 0.65, 0.887, 0.92, and 1.2 related to menadione
sodium bisulfite. It was clear that NaOH destroyed compound completely and no

menadione peak was found.

Assessment:
The potential degradation products (impurities)ttté menadione sodium bisulfite were
observed under stress test with NaOH. The unknoegradiation impurities are well

separated from the menadione sodium bisulfite dner@ctive ingredients.

mAL

Figure (5.16): Stress test with sodium hydroxide for menadioruso bisulfite
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5.7.4. Stress tests for Amprolium hydrochloride:

5.7.4.1. Stress test with heat (106):
20 mg of amprolium hydrochloride was heated fothd2rs at 108C in an oven and then
dissolved in 100 ml 90% ACN. Finally, 5 ml of ths®lution is diluted to 50 ml with

mobile phase.

Figure 5.17 illustrates clearly that amprolium roahloride under heat stress conditions
shows a slight increase on unknown potential degiaa impurity with relative retention

time of about 0.3 related to amprolium hydrochlerid

Assessment:

The potential degradation product (impurity) of tlaenprolium hydrochloride was
observed under stress test with heat. The degoadamipurity is well separated from the
amprolium hydrochloride and other active ingredsefteak (2) is the amprolium HCI and

peak (1) is due to its impurity.

mAL

hinutes

Figure (5.17): Stress test with heat for amprolium hydrochloride.
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5.7.4.2. Stress test under oxidation:
20 mg of amprolium hydrochloride was mixed with 96 of 3% HO, for one hour and
then diluted to 100 ml 90% with ACN. Finally, 5 mf this solution is diluted to 50 ml

with mobile phase.

Figure 5.18 illustrates clearly that amprolium toahloride under stress conditions with
3% H,O, did not show any potential degradation impuritgal (1) with relative retention

time of 0.70 is due to #D, in placebo.

Assessment:

No potential degradation products (impurities) be tamprolium hydrochloride were
observed under stress test with oxidation. Pealis(2he amprolium hydrochloride and
peak (1) is due to #D,in placebo.

Minutes

Figure (5.18): Stress test under oxidation for amprolium hydroate.
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5.7.4.3. Stress test with light:

20 mg of amprolium hydrochloride was stressed urisr light for 72 hours and then
dissolved in 100 ml 90% ACN. Finally, 5 ml of thé®lution is diluted to 50 ml with
mobile phase.

Figure 5.19 illustrates clearly that amprolium roahloride under light stress conditions
shows a slight increase in an unknown potentialratiggion impurity with relative

retention time of about 0.32 related to amproliwdrbchloride.

Assessment:

The potential degradation product (impurity) of tlaenprolium hydrochloride was
observed under stress test with light. The degi@dampurity is well separated from the
amprolium hydrochloride and other active ingredsefiteak (2) is the amprolium HCI and

peak (1) is due to its impurity.

mALl

hnutes

Figure (5.19): Stress test with light for amprolium hydrochloride
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5.7.4.4. Stress test with hydrochloric acid:

20 mg of amprolium hydrochloride was mixed with 20 of 1 M HCI for 24 hours,
neutralized with 1M NaOH and then diluted to 100with 90% ACN. Finally, 5 ml of

this solution is diluted to 50 ml with mobile phase

Figure 5.20 illustrates clearly that amprolium toahloride under stress conditions with
HCI shows a slight increase on unknown potentigra@ation impurity with a relative

retention time of about 0.37 related to amproliwdrbchloride

Assessment:

The potential degradation product (impurity) of tlaenprolium hydrochloride was
observed under stress test with HCI. The degradatnpurity is well separated from the
amprolium hydrochloride and other active ingredsefiteak (2) is the amprolium HCI and
peak (1) is due to its impurity.

maLl

Figure (5.20): Stress test with hydrochloric acid for amproliugafochloride.
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5.7.4.5. Stress test with Sodium Hydroxide:

20 mg of amprolium hydrochloride was mixed with 20 of 1 M NaOH for 24 hours,
neutralized with 1M HCI and then diluted to 100 with 90% ACN. Finally, 5 ml of this
solution is diluted to 50 ml with mobile phase.

Figure 5.21 illustrates clearly that amprolium toahloride under stress conditions with
sodium hydroxide shows an increase on six unknostarpial degradation impurities with
relative retention times of about 0.38, 0.45, 0&68, 0.69 and 0.94 related to amprolium
hydrochloride.

Assessment:

The potential degradation products (impurities)tloé Amprolium hydrochloride were
observed under stress test with NaOH. The unknoegradiation impurities are well
separated from the amprolium hydrochloride. Howethere was an overlap between one
of the degradation impurities and menadione. Ta&ss to be inevitable since the NaOH

completely destroyed the compound. No peak for atiygpn HCI could be found.

maAlL

Figure (5.21): Stress test with sodium hydroxide for Amproliundigchloride.

In case of amprolium hydrochloride degradation wrselium hydroxide, the degradation

pathway is complex and the decomposition producyg be only observed under forcing
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conditions and are unlikely to be formed under Eceaged or long term testing. Therefore
it may not be necessary to examine specificallgehgegradation products since they are
not formed in practice as we have seen upon carthia test of accelerated testing at@0
and 75% relative humidity for six months as recomdesl for the A.S.K powder product
(i.,e. sealed aluminum package).We did not obseme @degradation for amprolium

injected separatel{®!
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Chapter Six

Conclusion and Recommendations:

The proposed optimized HPLC method described hevam evaluated over the linearity,
precision, accuracy, specificity, ruggedness anuustmess. The method proved to be
convenient and effective for the quality control safifaquinoxaline sodium, vitaminsK
sodium bisulfite, and amprolium hydrochloride inS& powder. It does not suffer any
positive or negative interference due to commonpgsit present in the formulation and
can be conveniently used for routine quality cdnamalysis. All the assay validation
results were within the allowed specifications €@HIUSP guidelines. The proposed
optimized method is rapid, selective, requiresnapé sample preparation procedure, and
represents a good procedure for the simultanecigsndi@ation of the combined drugs in
A.S.K formulation.

Moreover, this method is capable of distinguishdegween the compounds of interest and
their main degrades, which are expected to be pras¢he product since it passes the test
of stability under stress conditions.

A.S.K Powder is difficult to separate via typicaverse phase HPLC or ion-pair RP-

HPLC, but is readily separated by the Z48ILIC column. This method is very sensitive
and the assay can be performed only within 18 ragut
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Because of its novel column chemistry and uniguecsgity, the ZIC-HILIC column
allows excellent separation with faster analysisetiless organic solvent consumption and
with no ion-pair reagent usage which make the neuéinalysis much cheaper. Reversal of

elution order was noticed in comparison to RPLC enod

Good linearity was shown over the 12-26 pg/ml lgvel sulfaquinoxaline sodium and
amproliun HCI and over the 0.12-0.26 pg/ml levelsmhenadione Recovery was found to
be within the acceptable criteria (96.0- 104.0%) db compounds of interest along the

linearity range.

Recommendations:

1.) As seen some components of the product is affagtedtly with heat especially
menadione so the prepared solution is best to pe ikerefrigerator in a closed
container if need to be used for long time or pregdleshly or either to be kept at
15°C for 24 hours as shown in solution stability.

2.) The product must be protected form sodium hydroxgilece it destroy ed
completely some of the product components.

3.) The assay needs to be used to compare the innevatoduct to the one from
Pharmacare in order to establish similarity requfog the product registration

4.) Specifications need to be set for the product &8s pa

5.) The assay may be used to determine the best camglitor the farmers to prepare
the formulation. For example, the introduction nn@med that they prepare in water
and dose for three days followed by an additiondba@s with a break in between.
Can a farmer prepare one batch and use it for ti@eamreatment period or is it

better to prepare for each day. This will dependhenstability.
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