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CHAPTER ONE
INTRODUCTION

1.1. History of chromatography

It can be argued that, high performance chtography began with the
publication of James and Martifl in 1952. It is certainly true that their
publication on the use of gas as a mobile phatieeiseparation of volatile
fatty acid initiated the research that has resuhdtie wide spread use and
popularity of chromatography. Although chromatodmamentered a new
phase in the early 1950, the Russian botanist TShistgenerally referred
to as father of chromatography. His work, publisheeti906, described the
separation of plant pigment by column chromatogyaphe original paper
is of a significant historical interest and senassan introduction to a
discussion of the concept of "chromatography"”.

Column chromatography developments accelenatéite 1940. Synge
and Martin® published their Nobel Prize winning paper in whitiey
introduced liquid-liquid chromatography and the mpanying theory that
became known as the plate theory. The plate theasy/further explored
by Craig®”, who published a paper entitled "lon Chromatogyaphd

Countercurrent Distribution” in 1950.

In 1955 Glueckauf’ published an alternative to the plate theory;dbe
called rate theory came into prominence about #mestime. The paper
that has had the greatest impact was the one pedlisy Dutch workers
Van Deemter and Zuiderwe§. They described the chromatographic
process in terms of kinetics and examined diffusiod mass transfer. The

popular van Deemter plot resulted a few years.|&@etdings” published
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another paper on this topic, and theory has siecerbe the backbone of
chromatographic theory. The new technique, gasnsatagraphy (GC),
was found to be simple, fast and capable of produceparation of
volatile materials that were impossible by distiba. Furthermore, the
theories were found to be rather accurate in ptiedioptimal operating
condition. It was natural to apply the successéduits from GC to the
older technique of liquid chromatography. Some lué tredit for that
transfer technology belongs to Giddings paper lentitLC with operating
condition analogous to those of paper "L'&'This set off a revolution in
LC that brought it to level of efficiency similaw that achieved in GC. The

acronym high performance liquid chromatography (BPLlwas born.

1.2. Chromatographic separation technique

The chromatographic separation method is dinigoe used for
separation of mixture of compounds into its compagelt enables us to
separate trace impurities and major fraction fr@oheother, based on the
chemical or physical interaction between the aredlyzample and the

stationary and the mobile phale

However, identification usually requires othemalytical procedure,
depending upon the detector used and other exteme#hods such as
infrared (IR) spectroscopy, Nuclear Magnetic Resaea NMR), or Mass
spectroscopy (MS).Quantitative analysis can beethiwut by measuring
the height or area of the chromatographic peakckelehromatography can

be used for qualitative as well as quantitative lymig ‘%%
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1.3. Liquid Chromatography

Liquid chromatography (LC) is a method for sepamatof sample
components as they pass down a column packed vgthtianary phase,
due to the distribution of sample components betwe® phases the
liguid mobile phase and the stationary phase. Taeréwo types of (LC);
classical and high performance liquid chromatogya{PLC). Classical
(LC) uses a long column approximately 20-50 cm pdckvith large
particles 50-250um diameter. Sample volumes inmntiiditers range are
often common. The liquid mobile phase is generaliyravity-feed at slow
flow rates. Since the deep pores of packing linmtass transfer, the
analysis time may be in order of hours. Fractiollection of separated
sample components for later spectroscopic and adleetification method
is a usual practice with this technidtf

The second, HPLC is a technique that separatesinen components
more efficiently than classical LC. HPLC uses auomt packed with fine
particle stationary phase in the um ranges. Thexetbe use of a pump is
necessary to deliver a mobile phase at constamt fete through the
column under pressure that typically reaches 5 @GoMd?a. The most
obvious advantage of HPLC over classical LC is tbatples can be
separated much more quickly with very high efficigft®. HPLC requires
special sample-injection system columns, and putogsrovide uniform
flow rates. The stationary phase must be suffiiengid so that its
dimension does not change with pressure. A furtoeisequence of the
reduction in column and particles size was thatvitleme of the detector
cell which has to be small to accommodate the élsgample components.
The importance of HPLC is evidenced by the fastwgnoin published

scientific paperd™, which site the technique as the chosen method of
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analysis for wide varies of compounds in compariseith GC.
The efficiency of the chromatographic separais usually described
by the number of theoretical platd$, Column with high efficiency has a
relatively largerN. The value ofN is related to the high equivalent to
theoretical plates, (HETPH, by

_L
H =)

Where L is the length of the column. The efficieméyseparation in HPLC
is higher due to the large number of mass traresfailibria obtained with
small values of H. This can be resulted by usinglsparticle size of the
stationary phases as described by Van-Deemterieq{fat This equation
related H with the mobile phase velocityas well as to other parameters:

Y = A+B
u+Cu

...... 12)

First parametelA is the coefficient of eddy diffusion, the equatien

A=2dp.....(13)

Whereh is the packing constant equals 0.5 for best packkdnns, and
dp is the particle size diameter of stationary ph&seA is depend on the
particle size of stationary phase, a small valué @fill be obtained when
a small particles are used. The second parant&tes coefficient of
longitudinal diffusion, its equation IS as follows:

B=2/Dm...14)
Wherey is the geometry factor depends on the nature ckipgcand

Dm is the coefficient of molecular diffusion in mobjdaaseB depends on




Introduction 5

the temperature and pressure. The last parar@etercoefficient of mass
transfer, which is equal to:
C=Cs+Cm...(L5), and

KI
Cs=2td| — |...... 1.6
g
WhereCs is the mass transfer effects into stationary pleasd is the

mean adsorption time, and

WhereCm is the mass transfer effects into mobile phasemarthe
function of packing structure, aridim is the diffusion of solute in mobile
phase. A close look at Van-Deemter equation indat#at small values of

H may be obtained using a athparticle size

The small particle represents a good compmrbetween efficiency,
pressure drop, analysis time, and reproducibilftpacking. HPLC is not
of limited applicability by component volatility dhermal stability as in
GC. This makes it the method of choice for the ysial of almost all
known samples including polymer, polar, ionic, ahérmally unstable
material. Choice of stationary phase and propetrobaf the composition
of mobile phase can lead to better separation. rCideantages of LC
methods are that many detectors in use are nornddege. This facilitates
sample recovery and provides the opportunity fdnssgquent spectro-
analytical and other studi€$. The efficiency of the chromatographic

separation is described also by resolution that ban defined as:

Rszl(N);{(a_ )}{ (Ké)} ...... L8)

4 a J1+K,
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Wherea is the selectivity factor which as defined by th&o of their

partition coefficients on a given column,
a = Keg - (V R o . ( 1.9)
K a (Vr)a

V' is the adjusted retention volume or time &hi$ the capacity factor

which is equal to:

Wherety is the retention time, ant} i the retention time of mean
retained component. A final measure of column &ficy is the peak
capacity or the number of peaks that can be redol@hromatographic
separation can be effected by differences in pamtitoefficient as well as
the efficiencies of the column in which they ara.rtiPLC has been used
for analysis of wide variety of pharmaceutical prots, body fluids and

environmental samplé¥).

1.4. Modes of liquid Chromatography

HPLC can be carried out in any of the classiwades such as normal
and reversed phase as well as ion exchange (aationianionic)
chromatography. Separation modes can be chosen pésticular
application depended on the properties of anatgié®e separated, and can
be optimized by choosing different combination obbie phase and

stationary phase materi&lS.
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1.4.1. Normal phase (Adsorption) chromatography

The separation in normal phase chromatograploarried out by using
conventionally polar stationary phase, and a ndarpwrganic mobile phase
@9 In this liquid solid adsorption chromatographiye tlattice of common
porous adsorbent stationary phase (e.g. alumisdica) is terminated at its
surface with polar hydroxy groups. These groupsyiged the mean for
surface interactions with solute molecules. The @anms applied to the
column; molecules with polar functional groups atgacted to the active
sites on the column packing.

The eluent (a non-polar solvent), commonlydmx containing a small
amount of polar additives, such as 2-propanol edu3he mechanism of
separation involves no partition of the sample t&oin the stationary phase;
instead the polar groups of each organic soluteract through primarily
hydrogen bonding forces at the polar sites of ttatiomary phasé&®.
As chromatography is developed, the sample compgsraae passed down
the column to be re-adsorbed on the fresh sitethefstationary phase
packing. The ease of displacement of solute madscwill depend on their
relative polarities. The more polar molecules wéladsorbed more strongly
and hence elute more slowly from the colufith One of the strength of
adsorption chromatography is its ability to separsomers, particularly
aromatic functionalized compound with polar grougs reported by
Majors??, who was reported the separation of nitro anilsmmers in the
retention order ortho> meta> para.

Cyano-and amino-derivatives of silica remaitfeglmost popular bonded
normal stationary phases, and several studies piteinto define their
retention characteristics relative to bare sili€@stman and Coimsjd&

have used series of un-substituted and alkylatextdre and polycyclic
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aromatic hydrocarbons (PAHs) samples to compai@siith aminopropyl
and cyano propyl silica. The authors noted thecefé¢ methyl and mono
alkyl substitution on retention with amino phase=aker retention of PAHs
on the cyano phase relative to silica and diffeesnio the effects of alkyl
substitution on retention were noted as an indcathat cyano groups of the
bonded phases were the primary adsorption sitethaatsidual silanolols.
Pietrogrande®” carried out a similar study for the separation of
benzodiazepines and pharmaceutically compounds.midaitored the
change in retention that occurred with increaseduants of polar solvents
(2-propanol and ethyl acetate) added to hexanedbasebile phase.
Ando and et af® studied the retention of fat-soluble vitamins gsin
silica aminopropyl and cyonopropyl column using yktlacetate and
tetrahydrofuran (THF) were used as the polar mafilase modifier. The
amino phase was found to be more retentive thanyteo phase. Pharr et
al ®® 2” introduced two new normal bonded phases that weesl to
separate (PAHs) and (PCBs). The two phases wetddroacetamide and
trichloroethoxy. To increase charge transfer andirbgen bonding
characteristics over fluorine containing phaseshitaophase effects in
normal phase chiral separations were studied byny&and Taylof?®.
They demonstrated that alcoholic modifier greaglgiuce the resolution of
chiral esters of amino acids and gave that thehalom moiety interfered
with hydrogen bonding chiral recognition. Aproticodifier such as
dichloroethane and 1, 1, 2-trichlorotrifluoroethamere used in separation

of chiral tryptophané&®
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1.4.2. Reversed phase chromatography

In reversed phase mode the interactions apdraggons are based on a
non- polar stationary phase and a relatively pelaent. The retention of an
analyte depends on the degree to which it pargtiomto the stationary
phase and it is largely determined by the hydrophaiieractions of the
analytes with the mobile phase. The mobile phaatithmostly used in a
reversed phased system is a mixture of water aridamel*®),

The packing materials have been developediohthe stationary phase
is chemically bonded to an insoluble matrix (sosdpport). The main
advantage of this bonded-phase column (BPC) padkittg quite stability
and cannot be easily removed or lost during use. availability of a wide
variety of functional groups in BPC allowed botlrmal and reversed phase
chromatography to be carried out in a relativeig@e and straight forward
manner. BPC involved a relatively non-polar stadign phase used in
conjugation with polar mobile phase to separatede wariety of less polar
solutes®?,

BPC packing is prepared by many methods. Slgport can be either
silica or synthetic polymer such as polystyrenesdiftbenzene. Functional
groups such as hydrocarbons, amino, ethers, andxicmange groups such
as sulfonic acid and quaternary ammonium salts ataehed chemically to
the support®. Tanak&® prepared alkylated stationary phases for reversed
phase liquid chromatography based on polymer pastigvith aliphatic
backbones, having hydroxyl groups. The chromatdgcaproperties were
examined in terms of steric selectivity and itsf@rence towered aromatic
and saturated compounds. Polymer support statiophases were less
hydrophobic than silica-based phases, but it shqwefkrential retention of

aromatic compounds. The preference shown by thammtbased stationary
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phases toward rigid, compact molecules over flexil@nd/or bulky
molecules can be explained by the contribution h&f polymer network
structure, to the retention process. The polymeedastationary phases
showed greater variation of selectivity due to gemin the composition of
the mobile phasé®.

1.5. Stationary phase

As mentioned early of the two phases formirap@matographic system
Is the stationary phase. It is the part of chromiaphic system responsible
for retention of the analytes, which are beingiedrthrough the system by
the mobile phase. It may be a solid, a gel or@diglt may be distributed on
a solid support. The solid support may or may nobtcbute to the
separation process. The liquid may be chemicallpded to the solid
(bonded phase) or immobilized onto it (immobilizettase)*”. Particularly
in gas chromatography, the stationary phase is oftet a liquid coated on

solid support.
1.5.1. Bonded stationary phase material

Kanazawa et df? have used HPLC adsorbents stationary phase by
modifying the surfaces of micro particulate siligel using functional
polymers. The thermo responsive copolymer, pblysppropylacrylamide-
co-n-butylmethacrylate) (IBc) was used to modify thiecaistationary phase
surfaces. This polymer-grafted surface exhibits pemature-regulated
hydrophilic/hydrophobic property changes in waté&TH-amino acid
interactions with this surface were readily modedatoy changing the

column temperature using an isocratic aqueous e@hiase.
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Kobayashi et & have used cross-linked polj-jsopropylacrylamide-
co-acrylic acid) (Poly (IPAAmeo-AAc)]-grafted silica bead surfaces and
applied as new column matrix materials that exgkmperature-responsive
anionic chromatography to separate basic bioactiwepounds

Mevyer et af*¥ have used three poly (ethylene-co-acrylic acighotgmers
(—CH2CH2-)x[CH2CH(CO2H)y] with different chain lengths and mass
fractions of acrylic acid and were covalently imrniazled as stationary
phases on silica via two variants of spacer moesculamely;(3-

aminopropyltriethoxysilaneand-3-glycidoxypropyltethoxysilane).
Different motilities of the alkyl chains in the 8tmary phases were
observed using®C solid-state NMR spectroscopy. These stationagses
had better selectivity for geometric-carotene arahtlxophylls isomers
(provitamin A derivatives). Also, all the separasoof the analytes were
affected by polar interactions with the stationarphases.

Hayrapetyan and Khachatrydf have used silica gel modified with a
polymer containing two different functional grou(s-18 and COOH) by
the use of a copolymer of octadecyl methacrylaté huntylacrylate and
introduction of maleic anhydride. The chromatogiagiroperties of these
stationary phases in reversed-phase HPLC have diadied over a broad
pH range. Introduction of maleic anhydride as thiedtcomponent of the
polymer layer on the surface of micro-sphericataileads to repartition C-
18 groups, which affects the hydrophobicity of thaterials obtained. The
presence of maleic anhydride secures the avathabilicarboxyl groups on
the surface, and thus the acidic properties ofriaterial.

Akiyama et al®® have used acryloyl cyclodextrin (CD) amd N-
methylene bisacrylamide with vinylated silica-gel the presence of

template and water. A thin layer of molecularly nmped CD polymer was
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immobilized on a porous silica-gel support. This chemnically weak

polymer was reinforced by the silica-gel and suskdly used as a
stationary phase in (HPLC). When using L-Phe-L-Risetemplate, the
polymer/silica-gel conjugate retained L-Phe-L-Phethe aqueous eluent
more strongly than D-Phe-D-Phe. Selective separatioantibiotics was

also achieved by the polymer/silica-gel conjugatelecularly imprinted

cyclodextrin polymer, immobilized on silica-gel, svan eminent stationary
phase for HPLC in water.

Yang et aff” have used a molecularly imprinted polymer (MIRdgared
using diniconazole, triazole-based fungicide with beoad antifungal
spectrum, as the template and a mixture of metha@ygid and acrylamide
as the functional monomers, and ethylene glycoktlacrylate as the cross
linker. HPLC was used to study the molecular redomm mechanism that
regulates the binding behavior, and to evaluatebthding performance of
these MIPs for the template and for paclobutraZzbk results showed that
the MIP had high affinity and selectivity for dioigcazole in water-
containing system, and the retention of dinicorazoécame stronger on
increasing the water content. This behavior gaeeMiP the potential for
use in the enrichment, separation and detectialinedonazole in biological
fluids. In addition, a solid-phase extraction colunpacked with
diniconazole-imprinted polymers was used to enrtble diniconazole
extraction recovery range from 63.8% to 80.5%.

Kanazawa et &° have proposed, a thermo-responsive polymer cayryin
an amino acid ester residue for the stationary @lodisHPLC. They have
investigated the new concept of chromatographyerperature-responsive
chromatography, using temperature-responsive poli-isgpropyl
acrylamide) (PNIPAAm)-modified surface for HPLC fwita constant
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aqueous media as the mobile phase. In this studyy tesigned and
synthesized thermo-responsive poly (acryloyl-l-pr@lmethyl ester) and its
copolymer.

The N-isopropylacrylamide (NIPAAm) photopolymers of aloyl-I-
proline methyl ester and copolymer were preparethbyreaction of radical
telomerization. Steroids and amino acids with daetarof hydrophobicity
were separated using a sole aqueous mobile phaseoritrast to a

PNIPAAm-modified surface, a poly (acryloyl-I-proén methyl ester)-
modified surface showed a greater affinity for lpmrobic amino acids

1.5.2. Polymeric stationary phase material

Stationary phase materials were based on partmiea cross- linked
organic polymeric material. Cross-linked organitypter was introduced as
packing in column liquid chromatography since 14&0The first organic
polymer based packing was ion exchanger made bydermation
polymerization of phenol and formaldehyde. Typicsaterials of this kind
of stationary phase were polystyrene divenylbenoepelymers (PS-DVB)
and modified PS-DVB materials. Other requiremerttigctv must be met are
insolubility, resistance to oxidation, reductiondefined, controllable and

reproducible size and pore structfife

Polymerization is performed either by condéonsa or addition
polymerization, depending on the type of startingnomer. For cross-
linking, co-monomers such as divenylbenzene, Whiglehe glycol
methacrylate, 2, 3-dibromopropanol are adéf&dThe cross-linking reagent
can be added to amount as much as 70 % (w/w). Mammaus copolymers
are synthesized in the presence of an inert sqlweniich functions as a

volume modifier. Both the cross-linked and the tneolvent have a
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substantial impact on the kinetics of the polymaian and the resulting
properties of the copolymer. As in the synthesisitifa packing, specific
properties must be chosen in polymerization to rfesture polymeric
packing with beads of controlled size distributioby technical
polymerization described beld.

1. Emulsion polymerization starts with a solution odletergent to which
the monomers are added. As a result, micelles swolith the
monomer are formed. After water- soluble initiatoadded (for styrene
as a monomer), polymerization leads to particles@ictly the same
size as the swollen micelles. Emulsion polymeraatiprocesses
generate particles of up to 0.5um in one $t&p

2. Suspension polymerization is usually designed &pg@re larger beads
of > 0.5um mean particle diameter. The monomer @monomer
solution is vigorously agitated in water in the s@ece of colloidal
suspending agent. The colloidal agent coats theopylic monomer
droplets (in the case of, styrene or divinylbene@®alescence of the
droplets is prevented by the surface charge ofdiioplets. Adding a
lipophilic catalyst or initiator starts the polynmation in the droplets
and this continues until the beads are solidifredulk. The size of the
beads is thus controlled by the size of the drepl&t the stirring speed
(43).

3. A third variant in polymerization technology is teeollen emulsion
polymerization pioneered by Ugelst4d The procedure is performed
in two steps. First by adding a swelling agent,cihcauses the sub-
micrometer polymer particle to swell by large voksrof the monomer
before starting the polymerization. The increasedlume can reach a
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factor of 1000. Second, in a consecutive step tbeamer swollen
beads of defined size are polymerized.

Having briefly examined the structure of organidypeer packing and the

various routes in their manufacture, the most irtgur features may be

summarized as follow®: -

1.

Hydrophilic as well as lipophilic organic polymerickings are
synthesized with a controlled pore and surfacecgire depending on
the type of monomer/co-monomers and the polymeozateaction.
The surface structure can be attired by controtiedsecutive surface

reactions.

. In accordance with the bulk composition, polymeckiag is stable

across almost the entire pH range, particularlyenrstrong alkaline
conditions.

The chemical stability is affected by oxidizing aredlucing solutions.

4. Although cross-linking reactions have been optimize as much as

rigid pressure, stable particles can be manufadiuend some
remaining swelling property is often noted whenraiag the solvent

composition in HPLC.

. As in the manufacture of silica, porosity, poreesiand surface area of

polymer packing can be adjusted over a wide raage,micro-, meso-,

and macro- as well as nonporous beads are syntdaesproducibly.
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1.5.3. Literature survey

Kwang-Pill LEE et af*® have prepared cyclodextrin (CD) polymers from
the reaction of native CD with a hexamethyleneadysmnate (HDI) in a
dried DMF solution. The obtained CD polymer conggira range of (8-14)
% nitrogen due to HDI by elemental analysis. An KEPtolumn was
prepared using the CD polymer stationary phase avitarbamate linker by
a slurry method. Separation of the phenol isomers ifi-, and p-nitro
phenols) was conducted using the CD polymer statiophase by HPLC.

Sunamoto et af'” have developed a new HPLC method using packing

materials modified with cross-linked poly (N-isopgtacrylamide)
(PNIPAAM) hydro gel. A temperature-responsive stefay polymerization
of NIPAAm in the presence of a cross-linker on #tikca support. The
surface properties and functions of the statiopéigses change, in response
to the external temperature have been studied.alt ®asy changing the
interaction of a solute with the surface and witboastant aqueous mobile
phase with temperature. A temperature-responsiuéoal behavior was
observed on the separation of steroid and PTH-amomts. The method is

expected to be applied in the pharmaceutical anchéilical field$*™.

Yokoyama et df® has developed a new low-capacity cation exchange
column for the separation of amino acids. A highkhpss-linked macro
porous polystyrene- divinylbenzene copolymer wasctwnalized by a
sulfoacylation reaction. The exchange capacity wastrollable at the
acylation step. Capacities between 55 andu®@l/column were adequate
for the practical separations in acceptable retentime. The 5tm base
polymer having average pore diameter smaller than 8ave satisfactory

results and those of 1.5nm pore were most favorfileseveral isocratic
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elution conditions. At different pH values adjustagdphosphate buffer has
provided with a good separation for individual skes of amino acids, i.e.,
acidic, neutral, hydrophobic, anblasic groups. The results provided
fundamental data for programming gradient elutigstesm required for the
simultaneous  separation ~ of  protein  amino  acid¥.
The resins as matrix materials through chemical ifwadion can be
conveniently changed into various types of HPLCkpag with high column
efficiency, high permeability and different seledi. lon exchanger HPLC
packing carrying tertiary amino groups, quaternamgmonium groups,
carboxyl groups and sulfonic acid groups. The prelary tests have shown
that most of the modified resins as new HPLC pagldaossessed excellent
chromatographic properties especially for the sapar of biochemical

substances such as amino afids

1.6. HPLC Detection system

The detectors in HPLC are employed for corusly monitoring the
column eluent. The detector signal is generally ldim@ and processed to a
potentiometric recorder to obtain a permanent siggword with time in the
form of a chromatograff.

Wide variety of HPLC detectors have been dgwed with high sensitivity
and universal detection requirements. The HPLCatiete can be generally
classified as either responsive to change in tbpgaty of the mobile phase,
when a solute (sample component) is present orpimperty of the actual
solute itself®®. These include UV-Visible spectrophotometer, retfie
index, conductivity, fluorescencelectrochemical detectors and otHefs

UV spectrophotometer detector is the most lyidesed in HPLC. The

popularity is due to a wide range of applicapjliéxcellent stability, and
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low cost. They are relatively insensitive to tengtere change and flow
variation. Detection limit at the nanogram lever fa certain type of
compounds can be easily achieved. This device Haglasensitivity for
many solutes but samples must absorb in the UMWsMsregion (190-
900nm) to be detected. Both fixed and variable \ength detectors are
commercially available with HPLC equipmerits. These detectors are
equipped with a low-volume flow cell (@l or less), usually 1 cm in path
length. The UV-Visible detector has a detectioritliofia bout 1x108 g cni®
for highly absorbing compounds with large extensioafficient®®.

Janssen et &’ have described a method for amino acid deterntinatiat
was used phenylisothiocyanate (PITC) to form phianytarbamyl (PTC)
derivatives of amino acids which can be separayeckbersed phase HPLC
and detected by UV at 254 nm.

The second type of the detector is the rafradnhdex (RI). It works by
measuring the change in refractive index of themwas the solute passes
through the sample cell. The RI detector is norirde8ve and can be used
on a continuous basis. It can sense all materssijt is considered a
universal detector. Rl cannot be used in gradiduiom mode since the
baseline is continuously varied as the solvent ume<changes which causes
refractive index variation. The detection limaf RI ranges between

10%-10° g cm*®©®),

The third type of detection system is the caniity detector. Electrical
conductivity is a universal property of all ionicolgtions. After a
chromatographic system equilibrates with the eluems, the magnitude of
the response is proportional to the differenceanduictance of the analytes
and the eluent ions as well as the concentratiahefnalytes. In order to

detect a small analytes signal it is necessarynipl@y an eluent, which
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gives a relatively low conductanC8. Response of conductivity detectors is
temperature dependent; consequently, temperaturst fne controlled
carefully. This detector has been extremely vakabr analyzing both
inorganic and organic ionic substanaesqueous mobile phase.

A fluorescence detector is an important deteased in HPLC. In this
detector the solute is excited by UV radiation ofjigen wavelength (the
excitation wavelength) and the fluorescence enevhich is emitted at a
longer wavelength (the emission wavelength) isateté®™.

Fluorescence detector has been succesduoilyloyed to compounds
which are naturally fluorescent, or which have bekamically reacted to
form fluorescent derivativé®”. Fluorescent detection system has given a
useful selectivity in trace analyses when eithersample size is small or the
solute concentration is extremely 16

The number of fluorescing species can bergath by treatment of
samples with reagents that form fluorescent devigat A 5-
dimethylaminonaphthalene-1-sulphonylchloride (d#ctdgride), which
reacts with primary and secondary amines, amindsaand phenols to give
fluorescent compounds, has been widely used ford#tection of amino
acids in protein hydrolysis. Aminoquinoline (AMQhieh reacts with amino
acids to form fluorescent derivatives has been bye@ohen and Anton(&®
to study the separation of amino acid derivativaglQ-amino acids) using
ODS ( ocadecylsilannol) column with fluorescenceedmr at excitation
wavelength 250 nm and emission wavelength 395 nm

Most of the HPLC derivatization chemistry issked on well-known
reactions reported in organic or inorganic chemidireratures®. The
fluorescent derivatization of primary amines suchamino acids using

orthophthalaldehyde (OPA) and mercaptoethanol eithine pre-column or



Introduction 20

post-column modes has been well studied by Lindeostd Moppéf® to
separate OPA-amino acids derivatives at the nanoggael on 25 cm C 18
column with fluorescence detector (excitation wewmgth 330 nm and
emission wavelength 418 nm).

Electrochemical detectors provide useful del#g for electro-active
compounds such as ketons, aldehydes, marcaptaogjdes, phenols, and
aromatic amines. Many electro-reducible and elealipable compounds
can be detected in column effluents at very lowceotrations by selective
electrochemical (EC) measurements. With this apgtrdlae current between
polarizable and reference electrodes is measureal faaction of applied
voltage®®. The polarizable electrode may be constructed rofiterial such
as platinum, gold, glassy carbon, or graphite ebelet Any reference
electrode can be used. Usually the voltage appieedhe polarizable
electrode is set, and the current monitored wittetiThe current-generated
at a fixed, pre-set potential is amplified to thetput responsé”
Developments in cell technology have led &c&b-chemical detection
with mercury - drop electrod®.

1.7. Column Packing Methods

The optimum or "best" procedure for packinguoms is determined by
the nature and size of the packing particles. Toed ¢ to pack a uniform
bed with no cracks or channels and without sizingarting the particles
within the column. Usually rigid solids and hardgyare packed as densely
as possible but without fractioning the particlesrinlg the packing
procedures®®. The "tap-fill" procedure was recommended for tiwey
packing of rigid particles with diameter dp >gfh. The technique for dry-

filling high efficiency LC columns is not very ddfent from that used to
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prepare high efficiency GC columig. The high-pressure "wet- fill" or
slurry-packing techniques were, alternatively, used packing particles
with dp <20pum. In this technique suitable liquids were usedwet the

particles and eliminate particle aggregation dupagking®®.

1.7.1. Down-Flow Method

The down-flow method has been most widely used, ianmkrmits the
preparation of satisfactory columns of all typesro€ro particles packing.
Rigid particles are required for the best resulithvihis method. An
apparatus such as that shown in figure (1-1) isl.uSbe slurry mixture is
rapidly forced downward into the column blank wdhconstant pressure
pump®®. Slurry flow rate is dependent on the pressurel umed as the
packed bed is formed, the flow rate decreases.irkgptbe slurry mixture
into the column blank at highest possible velog@yerally produce the best
column performance. This operation is carried outpbmping the slurry
into the column blank at the highest pressure pgercthiby compression
fittings connecting the column to the slurry-packiapparatus. The pump
used for packing could be either reciprocating meymatic pum®®. The
very high initial velocity as the slurry enters t@umn blank may fracture
weak particles, producing fine particles that témgblug the column outlet

and caused packing structure irregularifis
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1.7.2. Up-Flow Method

An alternative technique for wet filling colmsis the up-flow approach,
which has been described by Brist&®. Experience with the up-flow
packing method has not extensive, but column pedioce results have
been about equivalent to those for the down-floecpdure. The equipment
used for the up-flow packing is shown in figure)l1n this case the slurry
iIs pumped up into the column blank from the resemnwhose contents are
continuously diluted by incoming pressurized ligtitd

COLUMM TERMINATOR

(zero dead-
volume union)

— IMLET
({from pump)

P\ 15

SLURRY

x,JJ

SEAL

— MAGNETIC
STIRRING BAR-

Figure(1-2)Up-Flow Packing System (!

In the up-flow approach the velocity of thatmdes striking the forming

bed must be sufficiently high and the liquid suéidly great to prevent
particles bed from falling back into the reseryGir
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1.8. Analyses of drugs

Luis et af"® have developed an HPLC determination of atenalbiiiman
plasma samples to compare the bioavailability atéholol tablet (50 mg)
formulations in 24 volunteers of both sexes. Atehabncentrations were
analyzed by a combined reversed phase liquid chagraphy with
fluorescence detection at wavelength 300 nm.

Santos et & were determine R-blocker drug in patients withtriealar,
atrial and supraventricular arrhythmias. A simpled asensitive method
based on HPLC-fluorescence has been describetdaguantification of its
internal standard. Atenolol was eluted after 5.9nfiiom a 4-micron G
reverse-phase column using a mobile phase corgisfi80 mM KHPGO,,
pH 4.6, and acetonitrile (95:5, v/v) at a flow rat& 0.5 ml/min with
detection at maximum wavelength 310 nm.

Kumaret al'”® have beemeported the determination of atendiglHPLC
in pharmaceutical formulations. The determinatioaswarried out on a
reversed phase C18 column using 0.1% orthophosphtamid (pH=3):
acetonitrile (20:80) at a flow rate of 1.0 ml minwith UV-detection at
238nm. The statistical evaluation of the methodss vexamined by
determining intra-day and inter-day precision. fiethods, when applied to
the determination of atenolol in tablets, gavessatitory results. Accuracy
and reliability of the proposed method was furthecertained by parallel
determination by reference method and by recoveigiess.

Roland et al’® have determined furosemide in plasma and urine by
reverse-phase (HPLC) and fluorescence detectiombaZocolumn (SB-
C816), 4.6 mm x 15cml17, kept at 40 °C, and mobiiasp consisting of
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65% 0.02 M phosphate buffer (pH 2.4) and 35% acttienwas used. The
mobile phase flow rate was 1.0 ml/min

1.9. Description of the drugs

1.9.1Furosemide

Furosemide, (RS)-4-chloro-n-furfryl-5-sulfanamyghranilic acid,
C1,H11CINLOsS, (figure (1-3)) is a white powder with moleculaeight of
330.7; it melts in the range (145-149c°). It is sparinglyuble in water;

soluble in absolute ethanol and methanol and wabtiinsoluble in ethéf”.

oo H
]
LN
i
Ha
] |
Furossmids

Figure (1-3) structure of furosemide

Furosemide is commonly used in the treatmenartdrial hypertension,
angina pectoris. Furosmide tablet (Lazix) is mantifre locally by the State
Company for Drug Industrial and Medical Applian¢&amarra-IRAQ-SDI).
It is the diuretics that have major action on teeeading limb of the loop of
Henle. Compared to all other classes of diuretitis, drug has the highest
efficacy in mobilizing Naand CI from the body.

Sekikawa et al’® have been determine furosemide in blood by using
150x65um Shim-pack CLC-ODS column (Shimaduz), neophase gradient
consisted of A MeCN : water 20:80 containing 0.38étec acid and B MeCN
. water 80:20 containing 0.3% acetic acid. A:B @0tdr 3min, to 60:40 over

7min. maintain at 60:40 for 5min, to 40:60 over 8nib 60:40 over 2min, to
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90:10 over 10min, column temperature 40c°, deteftboescent 345nm and
415nm, retention time 15min and detection limiSag/ml.

Matsuura et df® have determined furosemide in blood using 35x4.6pum
TSK BSA-ODS column, using gradient elution prograsing of mobile
phase A methanol : 2v8M pH 5 ammonium phosphate 1:50; B MeCN :
2.5mM pH 2.5ammonium phosphate 31:69; C MeCN : water 50:50. With
flow rate ofA 1.2; B1; and C1.5 ml/min, detector UV 254nm, retention time
19.7min and detection limit 200ng/ml.

Vree et af*® have determined furosemide in blood and urinegusinard
column 75%2.1um pellicular reversed phase; 250x4.6um Cp Spherisorb ODS
column, mobile phase gradient consisted of MeCN .5%0 pH 2.1
orthophosphoric acid (98%), from 5:95 to 41:59 d¥@min, stay at 41:59 for
5min, return to 5:95 over 5min, equilibrated fori@rbefore next injection.
flow rate 1.2ml/min, detector florescent 345nm aibnm, retention time
was 28.77min and detection limit of 5Sng/ml.

1.9.2. Atenolol

Atenolol, (RS)-4-(2-hydroxy-3-[(1-methylethydmino]
benzeneacetamide, 1#£,,N,O;, (figure (1-4)) is a white powder with
molecular weight 0266.3; it melts in the range (152-155c°). It is sparingly
soluble in water; soluble in absolute ethanol arethainol and practically

insoluble in ether.
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Figure (1-4) structure of atenolol

Atenolol is used commonly in the treatment avferial hypertension,
angina pectoris and cardiac arrhythmias. Tenormsnan atenolol tablet is
manufacture locally by the State Company for Droduistrial and Medical
Appliances (Samarra-IRAQ-SDI). This drug also d#fein intrinsic
sympathomimetic activity, in central nervous syst@giNS) effects, and in
pharmacokinetics. Although all 3-blockers lower dulo pressure in
hypertension, they do not induce postural hypotendbecause the a-
adrenoceptors remain functional; therefore, norsyahpaththetic control of
the vasculature is maintained. 3-blockers are effextive in treating angina,
cardiac arrhythmias, myocardial infarction, anduglama, as well as serving
in the prophylaxis of migraine headaches.

Atenolol preferentially block the 31 recepttoseliminate the unwanted
bronchoconstrictor effect (32) of propranolol amoagthmatic patient.
Cardio-selective [3-blockers, such as acebutol@naol, antagonize 31
receptors at doses 50 to 100 times less than trexpgred to block 32
receptor. This cardio-selectivity is thus most mnamced at low doses and is
lost at high drug dosé&¥).
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These drugs lower blood pressure in hypertengiatient and increase
exercise tolerance in angina. Atenolol has a vérgrtslifetime due to
metabolism of the ester linkage. It is only givertravenously if required
during surgery or diagnostic procedure (cystoscopy) contrast to
propranolol, the cardio-specific blockers have treddy little effect on
pulmonary function, peripheral resistance, and aaydrate metabolism.
Nevertheless, asthmatics treated with these agemist be carefully
monitored to make certain that respiratory actiistyot compromise&?.

Hartmann et af®® have determined atenolol in blood using 83x4.6um
Pecosphere C18 column, mobile phase was MeCN :avleth 10mM pH 4.0
sodium acetate containing 10mM octanesul-fonic atvd2:80, detector
florescent 228nm and 310nm, retention time 6.0nmid aetection limit
15ng/ml.

Phelps et df* have determined atenolol in blood using 250 x h6p
Supelcosil LC-8-CB columns, mobile phase was Me@Bmm ammonium
dihydrogen 6:94 containing 2% triethylamine, pHuatied to 5.0. Flow rate
1.0ml/min, detector UV 220nm, retention time 8.0naind detection limit
50ng/ml.

Stoschitzky et af®® have determined atenolol in blood and urine using
250%4.0um LiChrosorb Si 100 modifier with (R, R)-BA-DNB column,
mobile phase was dichloromethane: Methanol 98:2wHtate 1.0ml/min,
injection volume 20 pl, detector florescent 230rmmd 800nm, retention time

8.7min and detection limit 5ng/ml.



Introduction 29

1.9.3. Amiloride

Amiloride, (RS)-3, 5-diamino-n-(aminoiminometjyg-chloropyrazine
carboxamide, gHgNOCI, (figure (1-5)) is a white powder with molecula
weight of215.5; it melts in the range (139-142c°). It is sparingbluble in
water; soluble in absolute ethanol and methanol @adtically insoluble in

ether.
2
Cl N C—C—NH,
N |l
| O NH
e,
HoN N
amiloride

Figure (1-5) structure of amiloride

Amiloride is used commonly in the treatmenthgpertension. Amiloride
tablet (Saluretic) is manufactured locally by thet& Company for Drug
Industrial and Medical Appliances (Samarra-IRAQ-BSMotassium-sparing
diuretic are used primarily when aldosterone presethe excess. It blocks
the Nd transport channels resulting in increase iri-K& exchange in the
collecting tubule.

Deleson et af® have determined amiloride in blood using 250x4.6um
Supelco C18 column, mobile phase was MeCN : bufteb5 (buffer was
44mM KH,PQ, containing 1.5 ml/l triethylamine, adjusted at ptb 2wvith
phosphoric acid), detector UV 240nm, retention tBn@3min and detection
limit 65ng/ml.

El-Sayad et d” have determined amiloride in blood using 300x3.9um
Bondapak C18 column, mobile phase was methanokenéi#:38 adjusted to



Introduction 30

pH 3.5 with phosphoric acid, temperature 40c°, flate 1.2ml/min, detector
UV 262nm, retention time 4.0min and detection li#@hg/ml.

El-Yazigi et al® have determined amiloride in blood and urine using
100%8.0um C8 column, mobile phase was dichloronmetha MeCN
methanol :56 mM ammonium acetate : 1M ammonium dwide
73:10:4.4:2.6. Flow rate 2.5ml/min, detector UV A&1) retention time was
4.7min and detection limit 45ng/ml.

1.10. Vitamin E

Vitamin E,a-Tocopherol, GHs¢0,, (figure (1-6)) is a white powder with
molecular weight o#36.5; it melts in the range (125-129c°). It is sparingly
soluble in water; soluble in absolute ethanol arethanol and practically

insoluble in ether.

CH3 CHaz CH3 CH3 CHS

Hs
vitamin E

Figure (1-6) structure of vitamin E
Vitamin E is an oil which is present in plampsrticularly wheat germ, rice
and cotton seeds. Although fish liver oils are rictvitamins A and D, they
are devoid of vitamin E. Vitamin E has the wideatunal distribution and the
greatest biologic activity as a vitamin. Althoudtete is no reliable evidence
that vitamin E is necessary for fertility in humanijs clear that vitamin E-
deficient state exists in human with severely imgaintestinal fat absorption.

The signs of vitamin E deficiency in humans are colew weakness,
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creatinuria, and fragile erythrocytes. All disappatier the administration of
a-Tocopherol.a-Tocopherol is readily absorbed through the snma#stine,
transported to liver probably in chylomicrons, asivered by lipoproteins to
peripheral tissue. The phospholipids of mitochoadendoplasmic reticulum,
and plasma membranes posses specific affinitiesi-fbocopherol, and the
vitamin appears to concentrate at these sites.niiteE has at least two
metabolic roles; it acts as nature most potensdiible antioxidant, it plays
specific but incompletely understood role in salemimetabolisn?®.

Morishige et af*® have determined vitamin E in blood using 75x4.6pum
TSK gel ODS-80TM column, mobile phase was MeCN :nad KH,PO,
8:92, detector UV 225nm, retention time was 6.33@md detection limit
650ng/ml.

Miles et al® have determined vitamin E in blood and serum u€dg
column, mobile phase was ethanol: water 95:5, flate 1.2ml/min, detector
UV 229nm, retention time was 4.50min and detedliimt 700ng/ml.

Luksa et al® have determined vitamin E in blood using 150x4.6pm
Nucleosil RP-18 column, mobile phase was MeCN : 5piv12.8 KHPO,
10:90, flow rate 1.0ml/min, detector UV 227nm, reten time was 5.57min
and detection limit 45ng/ml

1.11. Analysis of amino acids

Abraham et af®® have determined Tryptophane using 75x4.6pm ODS-8
column, mobile phase was MeCN, detector UV 254metention time was
4.33min and detection limit 80ng/ml.

Anderson et &f* have determined Tryptophane using C18 column, l®obi
phase was ethanol: THF: water 80:5:15, flow raml/min, detector UV

254nm, retention time was 4.50min and detectioit Wihng/ml.
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Baron et af®® have determined Tryptophane using C-18 column,ilemob
phase was ethanol : 2mM pH 2.8 ¥, 95:5, flow rate 1.0ml/min, detector
UV 254nm, retention time was 4.57min and detedliioit 35ng/ml.

Bennett et df® have determined Phenylalanine using ODS columibjlmo
phase was MeCN: methanol 65:35, detector UV 254etention time was
7.93min and detection limit 55ng/ml.

Berezkin et al®” have determined Phenylalanine using C-18 column,
mobile phase was ethanol: THF 80:20, flow rate 0i®m, detector UV
254nm, retention time was 6.95min and detectioit [ing/ml.

Beroza et af*® have determined Phenylalanine using C-8 columrileo
phase was acetonitrile: water 90:10, flow rate /fin, detector UV 254nm,
retention time was 7.37min and detection limit 1¢om

Cantrell et af®® have determined Tyrosine using C-8 column, mahiilase
was ethanol: phosphate buffer pH 2.8 95: 65, detddV 254nm, retention
time was 2.89min and detection limit 190ng/ml.

Ettre et al*®® have determined Tyrosine using ODS column, mqtilese
was acetonitrile, flow rate 1.1ml/min, detector @¥4nm, retention time was
3.22min and detection limit 120ng/ml.

Giddings et af*®™ have determined Tyrosine using C-18 column, mobile
phase was ethanol: water 75:25, flow rate 1.1ml/rdetector UV 254nm,
retention time was 3.33min and detection limit 1§Yomi
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The aim of the work,

The aim of this work was to prepare new crasseld polymers to be used
as HPLC stationary phases. The first polymer waspamed based on
condensation reaction of glycerol, triethanolamiaad maleic anhydride,
while the second was based on the addition reabffdree radical reaction of
acrylamide, bisacrylamide with ammonium persulphated N,N,N,N-
tetramethyldiamine TEMED.

The chromatographic performance of columngdillvith these polymers
was studied for the separation of furosmide, atdnolamiloride,
phenylalanine, tryptophane, tyrosine and vitaminTke properties of these

used columns were compared with imported ODS (Cet&)mn.



Experimental part 33

CHAPTER TWO
EXPERIMENTAL

2.1. Chemicals
The materials and chemicals listed Table (2vh)ch was obtained

from different solvents has been used in this work

Table (2-1) Chemicals and their suppliers

Compounds Supplied from Purity
Acetone BDH 99.9%
Acetonitrile(analar) Fluka 99.9%
Acrylamide Fluka 98.9%
Ammonium chloride BDH 99.9%
Ammonium BDH 99.9%
persulphate
Amiloride Samarra 99.9%
Atenolol Samarra 98.9%
Benzene BDH 97.9%
Benzoyl peroxide BDH 99.9%
Chloroform Hopkins and Williams 98.9%
Carbon tetrachloride BDH 99.9%
Dioxine Fluka 96.9%
DMF Fluka 99.9%
DMSO Fluka 97.9%
Ethanol(analar) Fluka 99.9%
Furosmide Samarra 98.9%
Glycerol Fluka 98.9%
Hexane Merck 99.9%
Isopropanol Merck 97.9%
Maleic anhydride Fluka 99.9%
Methacrylic acid BDH 98.9%
Methanol(analar) Fluka 98.9%
N,N-bisacrylamide BDH 98.9%
n-heptane Merck 99.9%
N,N,N,N- BDH 99.9%
tetramethyldiamine
(TEMED)
Orthophosphoric acig BDH 97.9%
Potassium dihydrogen BDH 98.9%
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phosphate
Phenylalanine BDH 99.9%
Sodium acetate BDH 96.9%
5-Sulphosalsalic acig BDH 99.9%
THF BDH 98.9%
Toluene BDH 99.9%
Triethanolamine BDH 94.9%
Tryptophane BDH 99.9%
Tyrosine BDH 98.9%
Vitamin E Fisher 99.9%

Atenolol, furosmide and amiloride standard &edormine, Lazix and
Saluretic tablets (100mg) were a gift from statemPany for Drag
Industries and Medical Appliances (Samarra-IRAQ-)Sdvaten tablets
(100mg) marketed by Ajanta Pharmaceutical Limitemin@any India.
100mg Egyptian Industrial pharmaceutical Indust@Gesnpany (EIPICO)

was purchased from local markets.

2.2. INSTRUMENTSAND EQUIPMENTS
e High performance liquid chromatograph used in tiverk was

Shimadzu (Kyoto, Japan) which consisted of a systentroller model

SCL-10 AVP, a degasser model DGU-12A, two liquidivelry pumps

model LC-8AVP, UV-Visible detector model SPD-10AVéhd injector

model SIL-10A, equipped with 20 ul sample loop. HRLC system has
been interfaced with computer via a Shimadzu c435-

chromatography data system program supplied by nta@ufacturer;
Epson LQ-300 printer model P852A (Japan).

® Sonicator Sonerex model Super PK 103H Mandolin ritaexy).

® Glass combination electrode was used to measurpHhef polymer

solutions (Germany).

® Shimadzu Fourier transforms infrared model FTIR@&Yyoto, Japan)

was used to measure the IR spectra for the prepatgohers.
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e X-Ray diffractometer, Siemens SRS D500 (Germany).

® Two blank stainless steel columns, dimensions @8xm (i.d.) were

obtained locally.

2.3. Preparation of co-polymer (triethanylamine glycerol
mal eate)

In a 100ml round-bottom flask placed in a sand-lzatth equipped with
a thermometer and stirrer, a mixture of 7.45gm SMole)
triethanolamine and 4.61gm (0.05mole) glycerol welaced. The
mixture was stirred for 15min. and 14.7gm (0.15moté maleic
anhydride was added to the mixture and the temperaise gradually to
160 °C, and maintained for 3 hours. The reaction wasopeed under
vacuum pressure. Continued heating at this tertyreracauses an
increase in viscosity of the solution until cryste polymer was formed.
The final product was washed with warm water anthamol for several
times, and then dried in vacuum oven &&0ver night.

The same reaction was carried out three tinyeadding a mixture
consisting of (100:0), (75:25), (50:50) and (25:ABethanolamine;
glycerol, respectively, instead of glycerol aléé.

The most suitable polymer, as far as its gbilor grinding was
produced from reaction using (50:50) triethanolaeramd glycerol with

maleic anhydride.
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2.4. Preparation of co-polymer (acrylamide bisacrylamide
methacrylic acid)

In order to obtain the best mixture ratio lo¢ treactants that can be
used to prepare the polymer, the amount of acrgamias changed from
2gm to Ogm, while that of methacrylic acid was aeh from Ogm
to2gm and that of N, N'-methylene-bisacrylamide weasnged from
0.12gm to 0.90gm. To all these material 10ul of TEHMand 0.35ml of
1.5% ammonium persulphate were added. The finaumel of all
reactants was made up to 10ml with distilled wakbese proportions are
listed in Table (2-2). The solution was filtereddastore in the dark in

refrigerate 4C°. This polymer was used as gel gctebphoresi$®®,

Table (2-2) the proportion of reactants used for preparation of co-
polymer (acrylamide-bisacrylamide-methacrylic acid)

Acrylamide Merthacrylic | Bisacrylamide TEMED Amonium
acid persulphate
2.00gm 0.00 gm 0.12 gm Voeul 0.35ml
1.50 gm 0.50 gm 0.12 gm Voul 0.35ml
1.00 gm 1.00 gm 0.12 gm Voeul 0.35ml
0.50 gm 1.50 gm 0.12 gm Voeul 0.35ml
0.00 gm 2.00 gm 0.12 gm Voul 0.35ml
2.00 gm 0.00 gm 0.24 gm 10ul 0.35ml
1.50 gm 0.50 gm 0.24 gm 10ul 0.35ml
1.00 gm 1.00 gm 0.24 gm 10ul 0.35ml
0.50 gm 1.50 gm 0.24 gm 10ul 0.35ml
0.00 gm 2.00 gm 0.24 gm 10ul 0.35ml
2.00 gm 0.00 gm 0.60 gm 10ul 0.35ml
1.50 gm 0.50 gm 0.60 gm 10ul 0.35ml
1.00 gm 1.00 gm 0.60 gm 10ul 0.35ml
0.50 gm 1.50 gm 0.60 gm 10ul 0.35ml
0.00 gm 2.00 gm 0.60 gm 10ul 0.35ml
2.00 gm 0.00 gm 0.90gm 10ul 0.35ml
1.50 gm 0.50 gm 0.90gm 10ul 0.35ml
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1.00 gm 1.00 gm 0.90gm 10ul 0.35ml
0.50 gm 1.50 gm 0.90gm 10ul 0.35ml
0.00 gm 2.00 gm 0.90gm 10ul 0.35ml
2.00 gm 0.00 gm 0.60 gm 20l 0.75ml
1.50 gm 0.50 gm 0.60 gm 20l 0.75ml
1.00 gm 1.00 gm 0.60 gm 20l 0.75ml
0.50 gm 1.50 gm 0.60 gm 20l 0.75ml
0.00 gm 2.00 gm 0.60 gm 20l 0.75ml
2.00 gm 0.00 gm 0.90gm 20l 0.75ml
1.50 gm 0.50 gm 0.90gm 20l 0.75ml
1.00 gm 1.00 gm 0.90gm 20l 0.75ml
0.50 gm 1.50 gm 0.90gm 20l 0.75ml
0.00 gm 2.00gm 0.90gm 20l 0.75ml

It was found that the most suitable polymer, neet HPLC
requirement was the polymer (acrylamide-bisacrytEnhwhich produced
from reaction of 2gm (0.2 mol.) acrylamide, 0.6gt08mol.) N, N'-
methylene-bisacrylamide with 20ul TEMED and 0.75aronium

persulphate. This polymer was then used to packCGH&dlumns

2.5. Stability tests
A- The solubility of poly (triethanylamine-glyceryl malegtand poly

(acrylamide-bisacrylamide-Methacrylic acid) polymerhas been
examined using different polarity solvents. The ypmér was tested
against water, methanol, ethanol, dioxane, chlonefo carbon
tetrachloride, hexane, and benzene.

B- The stability of the polymers in acidic and alkalisolutions was
also examined by treating the polymer with solwiaf different pH

ranged from 1 to 9 for a period of two weeks.
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2.6. Polymer Swelling Determination

Swelling measurements of the polymers was doneldoying a small
guantity of dry washed polymer sample in solvenishsas Ethanol,
Methanol, Acetonitrile, Acetone, and Water. The giwtiof the polymer
after (48) hours was measured and the swellinghef golymer was

calculated as percentage using the following equéfi*.

Am="""0 4100
m,

Were Am = swelling
m, = weight of dry sample

m, = weight of hydrate sample

2.7. Packing of the column
Two different methods were used to pack HPblDmns:

A- The empty column used was first cleaned with 5%c acid and
then with methanol after washing with distilled amtnd drying. The
column was packed with appropriate stationary plaasgescribe bellow.

The column was packed using down-flow packinghmet Shimadzu
pump (a) as shown in the figure (1-1) was useckatsbf the air-driven
pump for packing. The packing material was dispkrge 100 ml
acetonitrile and placed in the slurry reservoir. (bjpe column (c) was
plugged with its appropriate fitting from one sialed placed in a beaker
for draining; the other side was connected to theysreservoir (b). The
pump was set at the beginning to deliver 4 ml/niine back pressure
read 5.0Mpa. The flow rate was then increased by/thin increment at
constant period of time until reaching 8 ml/min.eTrecorded pressure
was 6.0Mpa, 7.0Mpa, 8.0Mpa and 9.0Mpa, respectivélfter the

compression process was completed, the column heas disconnected
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from the system and was checked visually and faonbde completely
packed, and then connected to the HPLC system.

B- The empty column tube used in this work was falstaned as
before. It was than packed with appropriate statiprphase as follow.
The column was plugged with column fitting from oside and hanged
by a clamp near the open end. It was placed irstimécator bath filled
with water. Slurry of 3grams of the polymer was madth 15ml hexane.
A few milliliters (1-2ml) of this slurry were poudeinto the column using
a dropper, and the sonicator turned on. After ald&uminutes, which
was found to be enough to lead the polymer toeseltiwn inside the
column, another portion was poured in. This proeess continued until
the column was completely filled with the polymes was found by
visual inspection. The column fitting was re-placedthe open side and
connected to the liquid delivery pump of the HPOGe pump was set at
the beginning to deliver 1ml/min, using hexane. Taekpressure was
monitored until it reached a stable value of 1.5Mplae flow rate was
then increased by 1ml increments until reaching/ml at constant
period of time. The recorded backpressure was 3&2MBMpa, 5.5Mpa,
and 6.4Mpa, respectively. After the compression process was completed;
one side of the column opened (the one used fddipglcwas inspected
visually for complete packing. More stationary phass poured into the
column when it was found not completely full. Thgsecesses, packing
and compression were repeated until having a vaked column. The
column was then connected to the HPLC system. Tdwe fate set at
Iml/min. Hexane was passed through the systemalf@ut 2 hours

before analysis.
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2.8. Sample preparation
2.8.1. Preparation of standard

A stock solution of 50ppm of standard drugsrev@repared by
dissolving 5mg of furosmide in 0.1M of NaOH andudiéd to 100ml with
distilled water or dissolving 5mg of furosmide inethanol and then
diluted to 100ml with distilled water. The same gedure for amiloride
and atenolol was followed in the preparation ofirttetock solutions.
Other standard solutions were prepared by subsedgiilerion of the
stock solutions. The solvent used to prepare tredetions before
injection into HPLC was the buffer that was usualBed as the mobile
phase employed for their separation.

A stock solution of 50ppm of standard aminadsicand vitamin E
were prepared by similarly.

2.8.2. Preparation of drug formulation solutions

A standard solution of atenolol obtain fronreh different tablet
manufactures were prepared (Approximately 1000pgdne atenolol
tablet from each brand was grinded and mixed thgiiyu A sample of
50mg was dissolved in a small amount of ethanolfdteded. The filtrate
was diluted to 50ml with ethan®f®. Furosmide and amiloride solutions

were prepared similarly.

2.8.3. Serum sample preparation

In order to analyze drugs in serum, the samplese prepared by
mixing 0.25ml of serum or plasma with 0.25ml of ffeu (saturated
ammonium chloride at pH 9.5), and 0.50ml of a mi&taontaining 60%
chloroform -14% isopropanol-26% n-heptane. The temiuwas shaken
gently for 10min, centrifuged at 2800rpm for 10mirhe organic layer

was withdrawn and evaporated under vacuum at 45¢c200 ml of
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mobile phase was added to residue, and centrifug8Gdrpm for Smin.
A 1ml of superannuated was withdrawn then dilute@@mland filtrated
using minipore filter papét®®.

In the analysis of vitamin E in serum, the saapgbrepared bgdding
50ul of 15% 5-sulphososalsic to 400ul of deprotenafrozen serum,
then mixed and centrifuge at 3000rpm for 10min. Baeernated was
taken and diluted ten folds with distilled waterdafiltrated using
miniporefilter paper*®”,

2.9. Analysis of samples

All the prepared samples, standard soluti@amgl mixtures of then
have been chromatographically analyzed with theagmed two new
packed columns using different mobile phases. Mopihase such as
methanol, ethanol, acetonitrile, and buffer or mnigtof some of them at
optimum flow rate. UV-VIS detection at wavelengtB32m, 245nm and
229nm for drugs, amino acids and vitamin E, respeigt

The same samples were analyzed with C-18 colunmy uke literate

parameter.
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CHAPTER THREE
RESULTS AND DISCUSIONS

3.1. Synthesis ofo-polymer (triethanolamine-glycereinaleate)

Synthesis of co-polymers was done via condesatolymerization
process by addition-elimination mechanism on théaayl group of the
carboxylic acid*®.

It is known that condensation reaction of glptewith maleic
anhydride produce a hard and rigid co-polyM&"On the other hand, it
was found that condensation of triethanolamine glgderol with maleic
anhydride produced less hard and rigid co-polynieosymer I, Il, and
llI).  While the condensation of triethanolamiwith maleic anhydride
produced co-polymer tend to be elastic. The chdme&zction for the

suggested co-polymer 5 shown in scheme (3-1).
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Scheme (3-1) Suggested structure of co-polyn@ethanolamine-

glycerokmaleatse.
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3.2. Synthesis of co-polymer (acrylamide-bisacrylda)

Synthesis of the co-polymer was done aghlition polymerization by

free radicalmechanismand the suggested structure of the co-polymer is
shown in scheme (3-2):-

O
O
mo H_
JLO=CTCNH; + m je=c—C—nu| o,
H
H H 0 N
Acrylamide Bisacrylamide
d n
O
§ [
H ,C <, C NH ,
. O
H A
H ;C C C \CH
H
H ,C C C —
%
l]I
H ;C C C NH -
§ [
O
I—_{I n

Scheme (3-2) Suggested structure of co-polymerykenide-
bisacrylamide)
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3.3. Polymer characterization

All prepared co-polymers were characterized thgir solubility in
different solvents. The high degree of cross ligkai these co-polymers
prevented the solvation process, and for this reasavas defiant to
determine the molecular weight and the degree lyhperization.

However, the co-polymer was identified by FTIRestrum as is
showed in figure (3-1). The spectrum showed theeammce of the
characteristic absorption bands at 1732"cdue to the stretching
vibration of the (C=0) of the formed ester. A baatdl161 crit was due
to the (C-O) stretching of ester and appearancgCefl) band at 1296
cm™.

The FTIR spectrum for acrylamide-bisacrylanodepolymer was also
obtained and it as showed in figure (3-2). It isicex that the stretching
vibration of the (NH) group with it is two symmetric parts 3200 tand

with asymmetric at about 3370 ¢miThese two peaks were present cases

of the hydrogen bonding.
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All the above mentioned cases, the peak ab 158" retain to the
group of CENH, and the streaching of the peak at 1275" cmhich
belongs to the bond of C —"@hich consists during the resonance.

X-ray diffraction was also used to identifyethature of the polymers
whether it is a crystalline or not. The resultsvgbd that the polymers
have different crystillanity forms in which the palers revealed
crystalline nature greater than acrylamide-bisacmytle polymer as it is
showed in figures (3-3) and @-
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3.4. Swelling of the modified co-polymers

Swelling of the modified co-polymer to be usesdstationary phase and
its performance when packed in an HPLC column is @onsiderable
practical importance. In HPLC applications, polyrparticles are packed
into a column; swelling will cause the packed bede tightened and
subsequently will affect the flow of the mobile gkahrough the column
producing excessive back pressure, and will caudgmer bed to
fracture. The reverse, or polymer bead contracticemy be equally
undesirable in column operation. In this case, ftoe rate is sharply
changed due to shrinking of the polymer particlasd channeling,
particularly at the column walls. This has alsogmiéicant effect on how
the mobile phase flows through the coluftfi.

Swelling test for prepared polymeric stationphases was performed
according to ASTM proceduf&?. The degree of cross-linking has been
measured using polar, moderately polar and nonr gbkt are usually
used in HPLC such as solvents water, acetone, ratd and hexane.
The results of the swelling tests are listed inl&gB-1) which indicates
the swelling value. These results were theoreticaipected; the values
were ranged from 1.1-3.4% compared with the expestgelling of
3.6% but that in water was unexpected because it was 26660 which
could be attributed to the presence of hydrogerdimgnforming moiety
as the polymer surfaces.
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Table (3-1): Swelling of polymeric stationary phas

Swelling percentage
The co-polymers solvents
(%)
Water 4.1
Triethanolamine-
Acetone 2.4
glycerol-maleate co-
Hexane 1.6
polymers
Acetonitrile 1.1
Acrylamide- Water 5.6
bisacrylamide co- Acetone 34
polymer Hexane 1.2
Acetonitrile 2.8

3.5. Solubility tests for cross-linked polymers

The solubility has been examined using differsolvents such as
acetonitrile, benzene, chloroform dioxane, DMF, DMShexane,
methanol and water. It is found that the polymeesewninsoluble and
undecompose in all these solvents. It is found these polymers were
stable and remained unchanged. These results wWebeiteed to the high
cross-linking of the prepared polymers. Howeveptatsolutions greater
than 10.0 the polymer (triethanolamine-glycerol-@as¢) begins to
decompose (dissolve). This may be due to the hysiobf ester bond in

the structure of polymer.
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3.6. Column Packing

Column packing is not the only critical factor, butepresents one of
the most important aspects affecting the qualitghef chromatographic
system. They all agreétt?, however, in that stationary phase must be
suspended in a liquid to give slurry. A high—pressaump then conveys
the slurry into the column at a great speed. Thiscgss prevents
sedimentation, which separates the stationary phas@ding to size and
thus impairs the separation performance. In thiskwai the prepared
polymer was first grinded to a fine powder and sgeto obtain a (36um)
average mesh size.

The slurry was then produced by mixing of traatolamine-glycerol-
maleatepolymer powder 100 ml acetonitrile and homogenizedan
ultrasonic bath and placed in the slurry reservidie column was packed
using down-flow packing system. HPLC pump was usstead of the
air-driven pump that as showed in figure (1-1). Thumn was plugged
with its appropriate fitting from one side and @dcin a beaker for
draining; the other side was connected to thesl@servoir .The pump
was set to deliver 4 ml/min acetonitrile. The backssure at read 5 Mpa
at this flow rate. The flow rate was then increasgd. ml/min increment
until reaching 8 ml/min at constant period of tiared the pressure read
9Mpa at final flow rate.

Slurry of acrylamide-bisacrylamide polymer p@wdn hexane was
homogenized in an ultrasonic bath before and dupsaking. After the
packing was completed, the column was operatedrum@ssure many
times greater than the subsequent operating legetfecommended by
several coworkerd®). The packed column was operated at flow rate of

5ml/min, which has produced a backpressure of @& Mbout 500ml of
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distilled water was pumped through the column etrfaximum pressure
level to prevent a subsequent collapse of the pgcKihe recorded
pressure was sustained (unchanged) for long pesfotimes, which
indicating consistent and uniform packing. The omiu was then
connected to the chromatograph and flow rate waatsk ml/min, with
methanol for an hour.
3.7. Column Evaluation

Since this work includes packing of a new calunts performance
should be tested. This has been done by evalutit®plate numbéN),
height equivalent to theoretical plateBIETP(H) , and capacity factor,
K', for different chromatographic runs. The plate bemof column K)
was calculated using the well-known equatidh

N :16(t—r)2 or N = 5.54(t—r 2
w W}/2

Wheret, is retention time,\W) and W,,) are the peak width at
baseline and half height, respectively. The W, Wy, and other
subsequent parameters were calculated using tirawoptflow rate. The
optimum flow rate was measured by plottirtd) (versus different flow
rates. TheH values were calculated frort=L/N (whereL is the length
of the column). Figures (3-5) and (3-6) show thetglofH versus the
mobile phase flow rate for both acrylamide-bisamnylde and

triethanolamine-glycerol-maleate columns, respetyiv
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Figure (3-5) Plot of plate height H versus florate, using triethanol
amine-glycerolmaleatecolumn (25x0.4 cm (id)). Eluent gradient 20%

phosphate buffer-80% MeOH, detection wavelength @8810ppm of

furosemide.
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Figure (3-6) Plot of plate height versus flow teg using acrylamide-
bisacrylamide column (25x%0.4 cm (id)). Eluent 10%gqsphate buffer-
90% EtOH, detection wavelength 233nm10ppm of funosee.
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The optimum flow rates were measured by analyzunmgsmide at
different mobile phase flow rate ranging from 02.60ml/min. A plot of
H versus flow rate has given minimutd near 1ml/min for the
triethanolamine-glycerol-maleate column and 1.2nml/for acrylamide-
bisacrylamide column. Some of the measured chroynapdic
parameters such as plate numb¥érplate height$, capacity factoK,
separation factow, and peak asymmetry for newly packed columns were
then calculated using this optimum flow rate. Theseameters were
measured by chromatographic analysis of furosemidé&nolol,

amiloride, phenylalanine, tryptophane, tyrosine aamin E.

3.8. Chromatographic analysis

Vitamin E was analyzed with triethanolaming/ogirol-maleate
column, of the similarly of the functional groups both vitamin E
and stationary phase, using 20ul sample loop, Wdtv rate of
Imi/min. Mobile phase was 100% acetonitrile, thesuheng

chromatogram is showed in Figure(3-7).

Figure (3-7) Chromatogram of 5.0 ppm solutiomobile phase

100%acetonitrile, flow rate 1ml/min and detectiorawelength 229nm.
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The retention times of vitamin E gave a good shpgak using
acetonitrile eluent the retention times for anatyzétamin E was
4.68min. The capacity factor was 1.39 and peak amtny was 1.11.

Also the study was carried out for analysis ahino acids,
phenylalanine, tryptophane and tyrosine usinghaeblamine-glycerol-
maleate column, because it also has the same danattgroups that can
be interacted with the functional groups of stadiy phaseat 20ul
sample loop, with flow rate 1mil/min. Mobile phakattis used in the first
polymer was acetonitrile but it gave a bad sepamatf mixture of amino
acids, because all amino acids have the same imtdihe so it cannot
be separated them. So, to improve separation of@macids mixture
phosphate buffer at different pH was prepared dred dest pH was
chosen. The results are showed in figure (3-8)gawe in Table (3-2)

tyrosine
tryptophane
phenylalanine

capacity factors
O = N W b~ O

5 7 9 11
pH of phosphate buffer

Figure(3-8) Plot of Capacity factor versus pH,using
triethanolamine-glycerolmaleatecolumn (25x0.4 cm (id)), flow rate
1ml/min, detection wavelength 233nm, 10ppm of phiamnine,
tryptophane and tyrosine as a samples, respectively

The results listed in Table (3-2) indicate thataav pH < 6 and at
higher pH > 9 the amino acids, phenylalanine, typpane and tyrosine

were not eluted and detected.
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Table (3-2): Capacity factoK and separation factora of amino acids
at different pH in acetonitrile as mobile phase, ing triethanolamine-

glycerol-maleate column (25x%0.4 cm (id)).

Changing in pH of phosphate buffer

Compoundg 6 7 8 9 >9
K|lo|K|a|K|a|K|]aoa]|K]|a

Phenylalanine| 3.79 2.66 1.86 1.25 - | --

Tryptophane 4,281 1.13]1 3.55| 1.33| 2.51| 1.35| 1.98] 1.58| -- --

Tyrosine | 4.53] 1.07] 4.40{ 1.24] 2.99] 1.19] 259 1.31] - | -

--Not detected

The ion ratio, which is commonly called capgdactor K, is an
important term that describes the interactions betwthe stationary
phase and mobile phadé.is independent on the column length, mobile
phase flow rate and represents the molar raticlh@fcompound in the
stationary phase, to that in the mobile phase. Ggplactor between 1.5-
5.0 are preferred®®.Lower K value indicates no stationary phase
Interaction occurs and hence no chromatography.diew largek value
Is accompanied by long analysis times. The capafatgor for the
samples chromatographic on triethanolamine-glyeeralate column
with acetonitrile as eluent buffered at different pvas calculated.
Phosphate buffer content has been found to affesctapacity factoK.
The value ofK at pH 6.0 was ranged from 3.79-4.53, at pH 7.0 was
ranged from 2.66-4.40, at pH 8.0 was ranged fro8%-2.99 and at pH
9.0 was ranged from 1.25-2.59 as it is showed guré (3-8). These
results are summarized in Table (3-2).

The values of selectivity for phenylalanine, tryptophane, and tyrosine
were ranged from 1.13-1.07 at pH 6.0, 1.24-1.38%47.0, 1.35-1.19 and
1.58-1.31, at pH 6.0, 7.0, 8.0 and 9.0 respectivEhese variations in
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capacity and separation factors of these analyigisate that pH 6.0 is
the best buffer that can be used for their separati

Changing the percentage of phosphate buffer esdration in
acetonitrile as a mobile phase frat5% to>25% has a great effect on k
and consequently oa when using triethanolamine-glycerol-maleate as

separating column as it is shown in figure (3-9) asted in Table (3-3).

tyrosine

tryptophane
phenylalanine

capacity factors
ORP NWNOUO
| |

0 10 20 30
% of phosphate buffer

Figure(3-9) Plot of Capacity factor, versus gent of phosphate
buffer, using triethanolamine-glyceromaleate column (25x0.4 cm
(id)), flow rate 1ml/min, detection wavelength 238nand 10ppm of
phenylalanine, tryptophane and tyrosine as samples.

Table (3-3): Capacity factoK and separation factorsx variation
with changing the composition of mobile phase fom&o acids using

triethanolamine-glycerol-maleate  column (26.4 cm  (id)).

Percentage of phosphate buffer in mobile phase

Compounds 5%(0.01m) | 10%(0.02m)| 15%(0.04m)| 20%(0.05m)| >25%(0.06m)

of buffer of buffer of buffer of buffer of buffer
K| a«a|[|K]aoa|K|a| K] oK o
Phenylalanine| 1.66 2.02 3.01 3.54 -- -

Tryptophane | 2.29] 1.44] 2.47| 1.24] 3.05 1.08[ 4.68] 1.34] - | -

Tyrosine | 3.46[ 1.57] 3.58] 1.49| 3.66[ 1.13[ 5.56[ 1.20[ ~ | -

--Not detected
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Capacity factoK was ranged from 1.66-3.46, 2.02-3.58, 3.01-3.85 an
3.54-5.56 at 5%, 10%, 15% and 20% in acetonitrilaese results
indicate that the best indicated competitive inteom was between these
compounds in the stationary phase and the mobiéselat percentage
15% of phosphate buffer.

Separation factar at 5% was ranged from 1.44-1.57, 1.24-11408-
1.13 and 1.34-1.20 at 5%, 10%, 15% and 20% phospgh#ter in the
mobile phase, respectively. At 20% phosphate buffave good
separation factors were obtained, however, it n@apdssible to achieve
a better separation at percentage 15% of phosphéffer as it is showed
in figure (3-9). These results are summarized ibld &3-3).

The chromatograms of phenylalanine, tryptophane tyrosine with
the triethanolamine-glycerol-maleate column, usifiul sample loop,
with flow rate 1ml/min are showed in figure (3-10)ae mobile phase
was a mixture of 15% phosphate buffer and 85% adete at pH 6.0.
These are analyzed in to amino acids and had giefinrshaped peaks as
well as good detector responses. As it is showefigure (3-10), the
more polar amino acid tyrosine has a retention @ih8.23min and the
nonpolar phenylalanine has lower retention tim&.a2min. This mean
that the mechanism of interaction between amindsaand stationary
phase depended on the polarity, and because appeainonpolar first
means that the stationary phase was relativelyrpatal interaction
depended on the hydrogen bonding of N-H and O-Higgoof amino
acids with O-H groups of triethanolamine-glyceradeate of polymeric

column.
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Figure (3-10) Chromatograms of a standard of.02 ppm (a)

phenylalanine, (b) tryptophane and (c) tyrosine, oW rate 1ml/min

using 15%phosphatebuffer-85%acetonitrile as molplease .

The separation of a mixture of phenylalaning,ptophane, and

tyrosine using above is showed in figure (3-11).
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mAU
mAU

Figure(3-11) Chromatogram of standard mixturefo 0.2ppm
phenylalanine (1), 0.1ppm of tryptophane (2)and Qpm of tyrosine
(3), using triethanolamine-glyceremaleatecolumn (25x0.4 cm (id)).
Eluent 15% phosphate buffer-85% acetonitrile, florate 1ml/min and
detection wavelength 245nm.

So to improve this separation of a programnfegradient eluention
has been designed based as changing both mobge pbanponent with
time. The best program was achieved by using thalteelisted in Table
(3-4) and shown in figure (3-12).

16
14
12
10 -
8,

% phosphate buffer

ON IO

(0] 5 10 15

Time (min)

Figure (3-12) Time programming of gradieeluention
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Table (3-4): Time programming of gradient eluentidor amino acid

separation used triethanolamine-glycerol-maleatelwwan (25x0.4 cm

(id)).
Time duration, min % flow rate of pump B % flow rate of pump A
(phosphate buffer) (acetonitrile)
2 5 95
2 5 Qo
2 10 9.
Y 15 85
\ 15 85
\ 15 85

The separation of a mixture of phenylalaning,ptophane, and
tyrosine is showed in figure (3-13) using the abgvadient eluention
program. The difference between the retention tioidhese amino acids
gave good separation factors previously in Tablé)(8When using
gradient eluention, has showed to give a good wésal for amino acids
than isocratic eluention.

Figure (3-13) shows a chromatogram of threenanacids, 0.2ppm
phenylalanine, 0.1ppm of tryptophane, and 0.5 pgntysine using
gradient eluent (0-15) % phosphate buffer in ageitnat pH 6.0, flow
rate was1lml/min, and detection wavelength at 245nm.

The following results were obtained from chréoggams of amino
acids, phenylalanine, tryptophane and tyrosine yaedl with the
triethanolamine-glycerol-malate column at optimulowf rate of the

mobile phase.
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mAU

Figure (3-13) Chromatogram of separation of si@dard mixture of

0.2ppm phenylalanine(1), 0.1ppm of tryptophane(2)da0.5 ppm of

tyrosine (3), using triethanolamine-glycerghaleatecolumn (25x0.4

cm (id)). Eluent gradient (0-15) % phosphate bufferacetonitrile, flow

rate 1ml/min and detection wavelength 245nm.

Table (3-5): Retention time tr, capacity factf, separation factoer,

resolution and peak asymmetry for amino acids usitniggthanolamine-

glycerokmaleate column (25x0.4 cm (id)). Eluent gradient 15%

phosphate buffer-85% acetonitrile, flow rate 1ml/miand detection

wavelength 245nm.

Compounds| Retentio| Capacity| Separation| Resolution Peak
n time tr | factor K | factora Asymmetry
Phenylalanine| 3.12 1.73 1.08
Tryptophane | 4.85 1.94 1.12 1.56 1.04
Tyrosine 8.23 2.13 1.10 1.89 1.32
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Table (35) listed the retention times for; phenylalanine, tryptophane,
and tyrosine which were reproducible. The RSD % wawmed from
0.543-0.601 with an average value 0.594, capaeityof was ranged
from 1.73-2.13 with an average of 1.93, selectiVdagtor was ranged
from 1.10-1.12 with an average value 1.11 and pssknmetry was
ranged from 1.08-1.32 with an average 1.1.

Also the study was carried out for the effe€tphosphate buffer
concentration and pH for analysis of some drugshsas furosmide,

atenolol and amiloride using triethanolamine-glptenaleate column.

5 amilorid

4 atenolol

capacity factors
w

2 furosemid
1
0

5 6 7 8 9 10

pH of phosphate buffer

Figure(3-14) Plot of Capacity factor, versus pH using
triethanolamine-glycerolmaleatecolumn (25x0.4 cm (id)), flow rate
Iml/min, detection wavelength 233nm and 10ppm ofrdsmide,
atenolol and amiloride as a samples, respectively.

The results in Table (3-6) showed that at Idw €6 and at higher
pH >%furosmide, atenolol, and amiloride cannot detkcte
The capacity factors using triethanolamine-glycenaleate column with
eluent MeOH and phosphate buffer at different pHewealculated.
Phosphate buffer content has been found to affiectapacity factoK.
The values ofK was ranged from 0.70-1.13, 1.18-1.79, 2.30-2.7@ an
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4.93-5.27 at pH 6.0, 7.0, 8.0 and 9.0, respectigslit is showed in figure
(3-14) and the results are summarized in Table(3-6)

Table (3-6): Capacity factak of drugs at different pH in methanol
as mobile phase, usingriethanolamine-glycerol-maleate column
(25x0.4 cm (id)).

Changing in pH of phosphate buffer

Compounds 6 7 8 9 >9
K|aoa|K|o|K|[a|[K|]a|[|K]|oa

Furosmide | 0.70 1.88 2.31 4.93 -- --

Atenolol | 0.88] 1.25[ 1.44] 1.44| 251 1.09] 4.15[ 1.10] - | --

Amiloride | 1.13| 1.13[ 179 124 276 1.11| 5.27[ 127 - | --

--Not detected

The column selectivity is originally called tiseparation factow is
defined as the ratio of the capacity factors of tadjacent peaks
a = K2/K1. Minimum value of 1.1 is required to achieve safian of
two adjacent peaks at any given experimental cmmdit Theo values
for furosmide, atenolol, and amiloride were ranffeth 1.25-1.28, 1.22-
1.24, 1.09-1.11 and 1.19-1.27 at pH 6.0, 7.0, 8@ @0 respectively.
These variations in capacity factors and separafamtors of these
analytes may indicate that the pH 8.0 is the belsbpffer that can used

for separating these analytes.
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Table (3-7): Capacity factoK and separation factorsx variation
with changing of composition of mobile phase for wys using

triethanolamine-glycerolmaleatecolumn (25x0.4 cm (id)).

Percentage of phosphate buffer in mobile phase

Compoundq 5%(0.01m) | 10%(0.02m)[ 15%(0.04m)| 20%(0.05m) >25%(0.06m)
of buffer of buffer of buffer of buffer of buffer

K|laoa|[|K|ae|[K|]a|K|ae]|] K | a
Furosmide | 2.95 1.98 1.86 152 I

Atenolol | 3.14| 1.06| 2.49| 1.26| 2.15| 1.16| 1.85| 1.22] -- -

Amiloride | 498| 159 3.75| 1.51| 2.74| 1.28| 2.34| 1.27| -- -

—Not detected

The variation of the capacity factor and sefamna factor for
furosemide, atenolol, and amiloride with differepercentage of
phosphate buffer (percentage in methanol) ranged €$5% t0>25% are
listed in Table (3-7) using column triethanolamglgeerol-maleate and
shown in figure (3-15). Capacity fact®t was ranged from 2.95-4.98,
1.98-3.75, 1.86-2.74 and 1.52-2.34 at 5%, 10%, &6#20% phosphate
buffer. This indicated that a good competitive iatdion of these
compounds with the stationary phase and the mpbiése at percentage
of 20% phosphate buffer.

The separation factar was ranged from 1.06-1.59, 1.26-1.3116-
1.28 and 1.22-1.27 at 5%, 10%, 15% and 20% phoshéter as it is
showed in figure (3-15) and Table(3-7).
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Figure (3-15) Plot of Capacity factor, versusegsent of phosphate
buffer in MeOH as eluent, using triethanolamine-gtgrol-maleate
column (25x%0.4 cm (id))., flow rate 1ml/min, detemt wavelength
233nm and 10ppm of furosmide, atenolol and amilagids a sample.

The analysis of amiloride, furosmide and atehwlere performed on
triethanolamine-glycerol-maleate column, using 1@ample loop, at
flow rate 1ml/min, mobile phase was a mixture o¥@2phosphate buffer
and 80% methanol. The chromatograms of these comagsoare showed
in figure (3-16). The more polar amiloride appeaaetigh retention time
of 9.16min and the nonpolar drug furosmide elutedheorter retention
time of 4.65min. This means that the interactiotwieen these drugs and
stationary phase depended on the polarity. Theiostayy, as a
consequence was relatively polar (normal phase) artdraction
depended on the hydrogen bonding between N-H grotugeugs and O-
H groups of triethanolamine-glycerol-maleate coypmr. On the other
hand, these analyzed drugs have given well resgbeadts as well as a

good detector response.
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Figure (3-16) Chromatogram of a standard of2.pm (a) furosmide,
(b) atenolol and (c) amiloride, flow rate 1ml/minsing 20% phosphate
buffer and 80% methanol as mobile phase.

The separation of a mixture of furosmide, aleihand amiloride is
showed in figure (3-17) using 20% phosphate budfeadt 80% methanol
phase.
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Figure (3-17) Chromatogram of standard mixtureof 0.2
amiloride(1), 0.1ppm of furosmide(2) and 0.5 ppmaiénolol(3), using
triethanolamine-glycerolmaleate column (25x0.4 cm (id)). Eluent
20% phosphate buffer-80% MeOH, flow rate 1ml/minnc detection
wavelength 233nm.

The separation of these drugs in mixture wgsraved using gradient
eluention programming. The best gradient elutioogpam was listed in
Table (3-8) and it is showed in graphically in figu3-18), to improve
the separation.

Table (3-8): Time programming of gradient elugon for drug
separation used triethanolamine-glycerol-malate awin (25%0.4 cm

(id)).
Time duration, min Percent of flowed pump H %flow rate pump A
(phosphate buffer) (MeOH)
2 5 95
2 5 95
3 10 90
3 15 85
2 20 80
2 20 80
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Figure (3-18) Time programming of gradiestuention.

The chromatographic separation of these drugsura is shown in
figure (3-19) using the designed gradient eluentiomhe difference
between the retention times of these drugs is gavegood separation
factor compared to that given previously in TabR9f. Gradient

eluention gave a good resolution for drugs thaoraa eluention.
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Figure (3-19) Chromatogram of Separation of st@awrd mixture of
0.2ppm furosmide (1), 0.1ppm of atenolol (2) an® @pm of amiloride

(3), using triethanolamine-glyceremaleatecolumn (25x0.4 cm (id)).

Eluent gradient (0-20) % phosphate buffer in MeOHow rate 1ml/min
and detection wavelength 233nm.
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The chromatogram of three drugs is 0.2 furosmidlppm of atenolol,
and 0.5 ppm of amiloride using gradient eluent Q%2 phosphate buffer
in MeOH at pH 8.0, flow rate was 1ml/min, and dé&tat wavelength at
233nm as it is showed in figure (3-19).The averdgewas found to be
779.3, andKl) was calculated and found to be equal to 0.02¢guré (3-
17) shows chromatograph for the separation of three drugs; 0.2 furosmide,
0.1ppm of atenolol, and 0.5 ppm of amiloride, ugsagratic eluent 20%
phosphate buffer and 80% MeOH at pH 8.0, flow ramel/min, and
detection wavelength at 233nm. Table (3-9) list tb&ntion times for
furosmide, atenolol, and amiloride which are repimdle. The RSD%
ranged from 0.567-0.627 with average value 0.588paCity factor
ranged from 1.51-2.13 with average of 1.83, saldgtfactor ranged from
1.22-1.27 with average value 1.25 and peak asymmetiged from 0.99-
1.14 with an average 1.50.

Table (3-9): Retention time tr, capacityctar K , separation factor
a, resolution and peak asymmetry for drugs usingethanolamine-
glycerol-maleate column (25x0.4 cm (id)). Eluent aglient 20%
phosphate buffer-80% MeOH, flow rate 1ml/min and tdetion

wavelength 233nm.

Compounds| Retentio| Capacity| Separation| Resolution Peak
ntime tr | factor K | factora Asymmetryf
Furosmide 4.65 1.52 -- -- 1.14
Atenolol 7.05 1.85 1.22 1.22 0.99
Amiloride 9.16 2.13 1.27 1.45 1.02

The day-day, week-week and month-month retentiime
reproducibility expressed in relative standard deeon (RSD) for all
analytes analyzed on the new column are listecalniel (3-10).
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The day-day retention time reproducibility radgrom 0.759-1.027%
with an average value 0.840%. The week-week RSBecifrom 0.792-
1.114% with an average value 0.913%. While thanohth-month RSD
ranged from 1.607-2.317% with an average value42®©5
Table (3-10): Reproducibility in retention time

Compounds RSD%* RSD%* RSD%* RSD% *
same day| day-day |weak-weak | month-month

Furosmide 0.594 0.759 0.792 1.607
Atenolol 0.423 0.652 0.676 1.689
Amiloride 0.522 0.709 0.736 1.758
Phenylalanine] 0.756 0.988 0.907 1.928
Tryptophane | 0.648 0.857 0.895 1.937
Tyrosine 0.712 0.891 0.931 1.942
Vitamin E 0.899 1.027 1.114 2.317

*each result was calculated for at less 5 runs

The same study analyzed furosmide, atenoldl @miloride using
acrylamide-bisacrylamide column. It has the sanmetfonal groups that
can be interacted with the functional groups ofitary phase20ul
sample loop, with flow rate 1ml/min. Mobile phasged in the first was
ethanol, but it gave a bad separation of mixtutgsy because all drugs
have the same retention time so at cannot sepaiidtedefore, phosphate
buffer at different pH was used in order to choibeebest pH to improve
the separation of the mixture. The results aredish Table (3-11) and

showed in figure (3-20).
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Figure(3-20) Plot of Capacity factor versus pilsing acrylamide-
bisacrylamide column (25x%0.4 cm (id)), flow rate2inl/min, detection
wavelength 233nm, 10ppm of furosmide, atenololdaas amiloride
samples, respectively.

The result listed in Table (3-11) for capacity astand separation
factors can be calculated in the range of pH betvée8. Above pH 9
and less 6 cannot be detected the peak of furosnaitmolol, and
amiloride.

Table (3-11): Capacity factaK and separation factors of drugs at
different pH in ethanol as mobile phase, used aenylide-bisacrylamide
column (25x%0.4 cm (id)).

Changing in pH of phosphate buffer

Compounds 6 v A q >9
K|o|K|o|K|a|[|K|]a|K]|oa
Furosmide | 3.93 2.98 2.06 1.57 -- -

Atenolol | 4.15|1.05| 3.67| 1.16| 251 1.21| 1.71| 1.09| -- --

Amiloride | 4.60| 1.11[ 4.29] 1.23] 359 1.43[ 1.79[ 1.15] - | --

--Not detected

The capacity factor for furosmide, atenolol ardiloride analysis on
acrylamide-bisacrylamide column with EtOH as eludms been
determined at different pH. Phosphate buffer lesldound to affect the
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capacity factoK, theK value ranged from 3.93-4.60, 2.98-4.29, 2.06-
3.59 and 1.57-1.79 at pH 6.0, 7.0, 8.0, 9.0 respdygt These are
represented in figure (3-20) and summarized ind&Ri11).

The column selectivity values for furosmide, atenolol and amiloride
ranged from 1.05-1.11, 1.16-1.23, 1.21-1.43 an@-1.25 at pH 6.0, 7.0,
8.0 and 9.0, respectively. These variations in cépaand separation
factor of these analytes indicate that pH 6.0 eslibst buffer that can be
used for their separation.

Variation of the capacity factor and separafiactor for drugs, with
different percentage of phosphate buffer compasitim ethanol) as
mobile phase from5% to>25% a great effect on k and consequently on
a when using triethanolamine-glycerol-maleate assgmg column as it
Is showed in figure (3-21) and listed in Table &-1

8
&
@)
5 61
S
>4
Z .\\ amiloride
3, \\ atenolol
8 furosemide
0 ‘
0 10 20 30
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Figure(3-21) Plot of Capacity factor, versus pent of phosphate
buffer in ethanol as eluent, using acrylamide-biggtamide column
(25%0.4 cm (id))., flow rate 1.2ml/min, detectioravelength 233nm and
10ppm of, furosmide, atenolol and amiloride as aansples.
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Table (3-12) Capacityk and separation factorse variation with
changing the composition of mobile phase using damide-
bisacrylamide column (25x0.4 cm (id)).

Percentage of phosphate buffer in mobile phase

Compounds 5%(0.01m) of| 10%(0.02m) | 15%(0.04m) | 20%(0.05m) | >25%(0.06m)

buffer of buffer of buffer of buffer of buffer
K|l | K|a|K|]a|K|a]| K| a
Furosmide | 4.06 3.30 1.68 1.27 -

Atenolol | 4.98| 1.22| 3.43] 1.04| 2.27| 1.35| 2.03| 1.59| -- | --

Amiloride | 5.79] 1.16| 3.81] 1.11| 3.27| 1.44| 2.33| 1.15| -- | --

--Not detected
Capacity factor&K ranged from 4.06-5.79, 3.30-3.81, 1.68-3.27 and
1.27-2.33 at 5%, 10%, 15% and 20% buffer in etharegpectively. This
indicated that a good competitive interaction be&mvehese compounds in
the stationary phase and the mobile phase at 10%budfer.

Separation factar ranged from 1.16-1.22, 1.04-1.111.35-1.44 and
1.15-1.59 at 5%, 10%, 15% and 20% buffer in etharedpectively.
Good separation factors may be possible to acthetter separation at
10% of phosphate buffer as it is showed in fig@&&1) and the result are
summarized in Table (3-12).

The drugs were analyzed with the acrylamidadyylamide column,
using 20ul sample loop, with flow rate was 1.2mifras it is showed in
figure (3-22). The mobile phase was a mixture dfolthosphate buffer
and 90% ethanol. The chromatograms of these conasoarme showed in
figure (3-22). The more polar amiloride has a retentime of 13.24min
and the nonpolar furosmide has lower retention tohd.91min. This
means that the mechanism of interaction betweesethdrugs and
stationary phase depends on the polarity. Theosi@ty phase, as a

consequence was relatively polar and interactiopedded on the
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hydrogen bonding between N-H groups of drugs witd NMind O-H
groups of acrylamide-bisacrylamide of polymeric woh.
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Figure (3-22) Chromatograms of a standard of 03.ppm (@)
furosmide, (b) atenolol and (c) amiloride, flow tlml/min using 10%
phosphate buffer and 90% ethanol as mobile phase
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These analyzed drugs have given well resopeaks as well as a
good detector response. The separation of a mixtdiréurosmide,
atenolol, and amiloride is showed in figure (3-23)ng 10% phosphate
buffer and 90% ethanol mobile phase. The diffeeebetween the
retention times of these drugs, furosmide, atenalal amiloride gave
good separation factors as given previously in @4BF13) when using

10% phosphate buffer and 90% ethanol mobile phase.

mAU
AU

Figure (3-23) Chromatogram of standard mixtur.0ppm of
furosmide (1) , 2.0ppm of atenolol (2) and 3.0 pphamiloride (3),
drugs using acrylamide-bisacrylamide column (25x@#h (id)). Eluent
10% phosphate buffer -90% EtOH, flow rate 1.2ml/miamd detection

wavelength 233nm.

Figure (3-23) shows a chromatogram of three drug€ppm
furosmide, 2.0ppm of atenolol and 3.0 ppm of and®rusing isocratic
eluention 10% phosphate buffer -90% EtOH at pH @dy rate was
1ml/min, and detection wavelength of 233nrhe following results were
obtained from chromatograms of furosmide, atenaob amiloride
analyzed with -bisacrylamide column at optimum floate of mobile
phase. The averagdl was calculated and was found to be 1589.5, the
(H) was calculated and found to be equal to 0.01cm.

Table (3-13) lists the retention times foraklyzed drugs, furosmide,

atenolol and amiloride which were reproducible RBZ23-0.721% with
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an average value 0.576%. The capacity factor rafrged 2.30-3.02with
an average of 2.66, selectivity factor ranged frbr83-1.51 with an
average value 1.14 and peak asymmetry ranged ftBi1105 with an
average 1.07.

Table (3-13) Retention time tr, capacity factdf , separation
factor a, resolution and peak asymmetry for drugs using
acrylamide-bisacrylamide column (25x0.4 cm (id))luEnt isocratic
10% buffer in 90% EtOH, flow rate 1.2ml/min and dsdtion

wavelength 233nm.

Compounds| Retentio| Capacity| Separation| Resolution Peak
ntime tr | factor K | factor a Asymmetry
Furosmide | 4.91 2.30 1.04
Atenolol 9.97 2.65 1.51 1.56 1.05
Amiloride 13.24 3.02 1.33 1.62 1.01

Phenylalanine, tryptophane and tyrosine canaba&ysed by using
acrylamide-bisacrylamide column with phosphate dwét different pH
and concentration as it is showed in figure (3-24d listed in Table (3-
14).

The results in Table (3-14) show that capadagtor cannot be
detected at low pH 6 and at high pH 9 for the anaicids, phenylalanine,

tryptophane and tyrosine.
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Figure (3-7¢) Plot of Capacity factor verses pH, using acrylaiet
bisacrylamide column (25x%0.4 cm (id)), flow rate2inl/min, detection
wavelength 233nm and 10 ppm of phenylalanine tryptane and
tyrosine as samples, respectively

The capacity factors for phenylalanine, toghtane and tyrosine
chromatographed on acrylamide-bisacrylamide colwmin eluent EtOH
and phosphate buffer at different pH can be detexthi Phosphate

buffer content has been found to affect the capdaitorK.

Table (3-14) Capacity factoK and Separation factow of amino
acids at different pH in ethanol as mobile phasesing acrylamide-

bisacrylamide column (25%0.4 cm (id)).

Changing in pH of phosphate buffer

Compounds 6 7 8 9 >9
K|la|[K|]a|K|]a|K|]aoa|K|oa

Phenylalanine| 4.02 2.87 2.01 1.37 -- --

Tryptophane | 4.51| 1.12] 3.76| 1.32| 2.65] 1.34| 2.10| 1.57] -- --

Tyrosine | 4.76] 1.06] 4.41] 1.23[3.13[ 1.18] 2.71] 1.30] -- | --

--Not detected
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The values oK ranged from 4.04-4.76, 2.87-4.40, 2.01-3.13 aBd-1.
2.71 at pH 6.0, 7.0, 8.0 and 9.0, respectivelyt asshowed in figure (3-
24) and summarized in Table (3-14).

The column selectivityp values for amino acids, phenylalanine,
tryptophane and tyrosine ranged from 1.12-1.063-1.32, 1.18-1.34 and
1.30-1.57 at pH 6.0, 7.0, 8.0 and 9.0, respectivélyis variation in
capacity factor and separation factor of theseyéeslmay indicate that
the pH 6.0 is the best pH for phosphate buffer tissd for separating
these amino acids. The variation of the capacitfofaand separation
factor for amino acids, phenylalanine, tryptophaaegd tyrosine with
different percentage of phosphate buffer percentagethanol ranged
from <5% t0>25% are listed in Table (3-15) using column acrytsn

bisacrylamide and showed In figure (3-25).

Table (3-15): Capacity factoK and separation factors: variation
with changing the composition of mobile phase fomao acids using

acrylamide-bisacrylamide column (25x%0.4 cm (id)).

Percentage of phosphate buffer in mobile phase

Compoundg 5%(0.01m) | 10%(0.02m) [ 15%(0.04m)| 20%(0.05m)| =25%(0.06m)

of buffer of buffer of buffer of buffer of buffer
K|la|[K|a|K|a|K|a| K| a
Phenylalanine| 3.76 3.30 1.63 1.41 -

Tryptophane | 3.87[ 1.03[ 3.76[ 1.14[ 2.15] 1.32[ 2.24[ 1.59] - | --

Tyrosine | 4.22[ 1.09[ 4.06] 1.08] 3.00[ 1.44] 3.25[ 1.45[ - | --

--Not detected
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Figure(3-25) Plot of Capacity factor versus pesg of phosphate
buffer in EtOH, using acrylamide-bisacrylamide cahn (25x0.4 cm
(id)), flow rate 1.2ml/min, detection wavelength 28m and 10ppm of

phenylalanine tryptophane and tyrosine as samples.

Capacity factor&K ranged from 3.76-4.22, 3.30-4.06, 1.63-3.09 and
1.41-3.25 at 5%, 10%, 15% and 20% phosphate bulffas indicates a
good competitive interaction of these compoundsthadtationary phase
and the mobile phase at percentage of 15% phospbés.

The separation factossranged from 1.03-1.09, 1.14-1.0B32-1.44
and 1.45-1.59 at 5%, 10%, 15% and 20% phosphatéerbufhis
indicated that good separation factor, howevematy be possible to
achieve better separation at percentage of 15%pphats buffer as
showed in figure (3-25) and summarized in Tablda%3-

These amino acids were chromatographed with thelamaide-
bisacrylamide column, using 20ul sample loop, witbw rate of
1.2ml/min, mobile phase was a mixture of 15% phagsptbuffer and
85% ethanol at pH 6.0. The chromatogram of thesgooinds is showed
in figure (3X¥6). The more polar tyrosine appeared at high retertiime
of 7.58min and the nonpolar phenylalanine elutechadrter retention
time of 2.72min. This means that the of interact@tween amino acids

and stationary phase depended on the polarity stdt®nary phase, was
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relatively polar and interaction depended on tha&rbgen bonding
between N-H and O-H groups of amino acids with Nutdl O-H groups

of acrylamide-bisacrylamide polymer.
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Figure (3-26) Chromatogram of a standard of (2.ppm (a)
phenylalanine, (b) tryptophane and (c) tyrosinepW rate 1.2ml/min
using 15% phosphate buffer-85% ethanol as mobile.

The separation of a mixture of amino acidshisvged in figure (3-27)

using 15% phosphate buffer-85% ethanol mobile phase
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Figure(3-27) Chromatogram of standard mixturefo 0.2ppm
phenylalanine(1), 0.1ppm of tryptophane(2) and @pm of tyrosine(3),
using acrylamide-bisacrylamide column (25x0.4 cnd)ji. Eluent 15%
phosphate buffer-85% ethanol, flow rate 1.2ml/minné detection
wavelength 245nm.

The separation of this amino acids mixture was owed by using
gradient eluention programming. The best gradieogam was found to
be and listed in Table (3-16) and showed in figui@28).

Table (3-16): Time programming of gradient elugon for amino
acid separation used acrylamide-bisacrylamide colun@25x0.4 cm

(id)).

Time % flow rate of pump B % flow rate of pump A
Duration, min (phosphate buffer) (ethanol)
2 5 95
2 10 90
2 15 85
2 15 85
2 15 85
2 20 90
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Figure (3-28) Time programming of gradient eluentio
These analyzed amino acids compounds haven gnedl resolved
peaks as well as a good detector response. Thematwgraphic
separation of this mixture is showed in figure @-aising gradient
eluention. Gradient eluention gave a good resaiutio amino acids than

isocratic eluention.

mAU

Figure(3-29) Chromatogram of separation of stdawrd mixture of
0.2ppm phenylalanine(1), 0.1ppm of tryptophane(2)da0.5 ppm of
tyrosine(3), using acrylamide-bisacrylamide colun{@5x0.4 cm (id)).
Eluent gradient (0-15) % phosphate buffer in ethanoflow rate
1.2ml/min and detection wavelength 245nm.

0.2ppm phenylalanine, 0.1ppm of tryptophane @&dopm of tyrosine
using gradient eluent (0-15) % phosphate buffdtt@H at pH 6.0, flow
rate was 1.2ml/min, and detection wavelength ofn245 The average
(N) was found to be equal to 1154.5. Ti¥ (vas found to be equal to
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0.02cm; other chromatographic variations are listed in Table (3-17)

Table (3-17) Retention time tr, capacity fact&r, separation factou
, resolution, and peaks asymmetry for amino acidsjng acrylamide-
bisacrylamide column (25x0.4 cm (id)). Eluent gradit (0-15) %
phosphate buffer in ethanol, flow rate 1.2ml/min dn

wavelength245nm.

Compounds| Retntion| Capacity| Separation| Resolution Peak
time tr | factorK | factora Asymmetry

Phenylalanine| 2.72 1.73 0.99

Tryptophane | 3.22 1.84 1.06 1.02 1.15

Tyrosine 10.11 2.11 1.15 1.03 1.23

Table (3-17) listed the retention times fdralalyzed amino acids,
which were reproducible. The RSD% ranged from 0-6%B2% with an
average value 0.622%. The capacity factors ranged 1.73-2.11 with
an average value 1.92, selectivity factors rangenh f1.06-1.15 with an
average value 1.11 and peak asymmetries ranged0i@®al.23 with an
average 1.12.

The day-day, week-week and month-month retentiime
reproducibility expressed in (RSD) for all analytsalyzed on the new
column are list Table in (3-18).

The day-day retention time reproducibility'sngad from 0.568-
0.856% with an average value 0.648%. The week-\R&iR ranged from
0.688-0.946% with an average value 0.793%. Whi ¢fh month-month
RSD ranged from 0.963-1.572% with an average vhl286%.
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Table (3-18): RSD in retention time

compounds RSD%* RSD%* RSD%* RSD% *
Same day| day-day | weak-weak | month-month
Furosmide 0.423 0.568 0.688 0.963
Atenolol 0.389 0.467 0.566 0.897
Amiloride 0.452 0.559 0.652 0.941
Phenylalanine] 0.591 0.763 0.814 1.025
Tryptophane 0.632 0.785 0.895 1.078
Tyrosine 0.582 0.687 0.831 0.985

*each result was calculated for at less 5 runs

The results that given in Table (3-10) andl&gB-18) indicate that
acrylamide-bisacrylamide was better than triethamohe-glycerol-
maleate column in term of retention time reprodiityts.

Table (3-19) showed the comparison betweentitie¢hanolamine-
glycerol-maleateand acrylamide-bisacrylamide columns in term of
effective plate number, plate height, retentionetimapacity factor and
separation factor. F-test was also calculated %4 @5L. and the values
were ranged from 6.41-6.54. The calculated valueatgr than F values
(6.39) This is due to the number of functional gr®un acrylamide-
bisacrylamide polymer is more than the functionalougs in
triethanolamine-glycerol-maleagolymer, this mean that the interaction

of analytes with polymer was better.
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Table (3-19) separation factor, capacity factoemd peak asymmetry
for amino acids and drugs using, (l) triethanolamaiglycerol-maleate
and (II) acrylamide-bisacrylamide column (25x0.4cfnd)).

Compounds N H |tr+RSD%| K A Peak
asymmetry

#| Name Col
1| Phenylalanin| 71 | 1233.5| 0.02] 3.12+0.756| 1.73 1.08
IT | 11545 | 0.02| 2.72+t0.591| 1.62 0.99
2| Tryptophane| 7 | 1233.5| 0.02| 4.850.648| 1.94 | 1.12 1.04
IT | 11545 0.02] 3.22+t0.632| 1.84 1.06 1.15
3 Tyrosine I | 1233.5| 0.02| 8.23t0.712| 2.13 | 1.11 1.32
IT | 11545 0.02] 10.1#0.58| 2.11 1.15 1.23
4| Furosmide I 779.3 | 0.03] 4.65t0.594| 1.52 1.14
IT | 1589.5| 0.01] 4.91+0.423| 2.30 1.04
5 Atenolol I 779.3 | 0.03] 7.05:0.423| 1.85 | 1.22 0.99
IT | 1589.5| 0.01] 9.9#0.389| 2.65 1.33 1.05
6 Amiloride I 779.3 0.03] 9.1at0.522| 2.13 1.45 1.02
IT | 1589.5| 0.01] 13.24t0.42| 3.02 151 1.01

Amiloride, atenolol and furosmide samples wehegomatographed
using commercial C-18 column, with flow rate of @8nin. The mobile
phase used to analyze amiloride was a mixture % f@osphate buffer
and 40% methanol at pH 2.6. Furosmide was chromapbgd using a
mixture of 46% methanol and 54% phosphate bufferpkt 2.0
(orthophosphoric acid). However atenolol was chrmeaphed using
mixture of 65% methanol - 5% THF - 30% buffer phuosie at pH
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2.6"%%3s it is showed in figures (3-30), (3-31) and (3;32spectively
These analyzed drugs have given symmetrical peakael as good
detector response. The separation of a mixture atabha performed

because of the difference mobile phase compositiahused to analyze

the drugs.
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Figure (3-30) Chromatogram of a standard of doride 5.0 ppm,
using C-18 column (25x0.4 cm (id)). Eluent 60% pipbste buffer and
40% methanol at pH 2.6, flow rate 0.8ml/min, retémt time 3.35min

and detection wavelength 233nm.
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Figure (3-31) Chromatogram of a standard ofeaiolol5.0 ppm,
using C-18 column (25%0.4 cm (id)). Eluent 65% matiol — 5% THF —
30% phosphate buffer at pH 2.6, flow rate 0.8mifmretention time

7.55min and detection wavelength 233nm.
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Figure (3-32) Chromatogram of a standard of fosmide5.0 ppm,
using C-18 column (25x0.4 cm (id)). Eluent 40% matiol — 60%
phosphate buffer at pH 2.6, flow rate 0.8ml/min, temtion time
23.35min and detection wavelength 233nm.

Phenylalanine, tryptophane, and tyrosine weremhtographed using
C-18, with flow rate 1.0ml/min. Mobile phase wasmaxture of 18%
methanol-2.5%THF- 79.5%sodium acetate (0.2M) abgH On the other
hand, these analyzed amino acids have given symncalgbeaks as well
as a good detector response. The separation oftarenbf amino acids is
showed in Figure (3-34). The difference in retemttimes of these

amino acids may indicate a good separation as givehable (3-20).
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(b)
Figure(3-33) Chromatogram of a standard of (d@nylalanine, (b)

tyrosine and (c)tryptophane 2.0 ppm, flow rate 112mn. Used 18%
methanol-2.5% THF-79.5% sodium acetate(0.2m) at pH.9
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Figure(3-34) Chromatogram of separation of stdawd mixture of
0.2ppm phenylalanine(1), 0.1ppm of tyrosine (2) a5 ppm of
tryptophane (3), using C-18column (25x0.4 cm (idBluent gradient
18% methanol-2.5% THF-79.5% sodium acetate (0.2rhpH 5.9, flow
rate 1.0ml/min and detection wavelength 245nm
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Table (3-20) Retention time tr, capacity factl , separation factor
a, resolution and peak asymmetry for amino acidsingsC-18 column
(25x0.4 cm (id)). Eluent gradient 18% methanol-2.5%HF-79.5%
sodium acetate (0.2m) at pH 5.9, flow rate 1.0mihmand detection
wavelength 245nm.

Compounds| Retntion| Capacity| Separation| Resolution Peak
time tr | factor K | factora Asymmetry/

Phenylalanine| 3.53 1.99 1.24

Tryptophane 4.66 2.44 1.23 1.28 1.05

Tyrosine 6.32 3.36 1.38 1.31 1.31

Figure (3-34) shows a chromatogram of 2ppmhanylalanine, 3ppm
of tyrosine, and 5 ppm of tryptophane using 18%ieeth-2.5%THF-
79.5% sodium acetate (0.2cm) at pH 5.9, flow ra@m¥/min, and
detection wavelength at 245nm. The averddewas found to be 1235,
and the ) was calculated and found to be equal to 0.02a&hler(3-20)
lists the retention times for the analyzed amindadSD% ranged from
0.698-0.743% with an average value 0.685%. The aigpdactors
ranged from 1.99-3.36 with an average of 2.68 cseiéy factors ranged
from 1.23-1.38 with an average value 1.31 and @esgknmetries ranged
from 1.05-1.31 with an average 1.18. Tables (3-{2)17), and (3-19)
gave that the chromatographed of phenylalanineosiye and
tryptophane using acrylamide-bisacrylamide colunfwmctv show a better
than chromatographed of amino acids usingthanolamine-glycerel
maleate column and C-18 column.

Vitamin E was chromatographed using C-18 columrthvilow at
1.2ml/min and mobile phase was a mixture of 5%ilbkdt water-95%

ethanol. This analysis has given a well shaped stncal peak as well
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as a good detector response, as it is showed iarefig3-35).
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Figure (3-35) Chromatogram of a standard of athin E 5.0 ppm,
using C-18 column (25x0.4 cm (id)). Eluent 5% dlktd water and 95%
ethanol, flow rate 1.2ml/min, retention time 4.65miand detection

wavelength 229nm.

Table (3-21) shows the comparison between theth&molamine-
glycerol-maleatél), acrylamide-bisacrylamide (1) and commerciall8
(111 columns with respect to an effective platenmher, a plate height, a
retention time, a capacity factor and a separdtiotor. F-test was, also
calculated at 95% C.L. between C-18 column andth@i®olamine-
glycerol-malate column, the values was ranged feb33-4.78. The
calculated values were lower than F table (6.38)esin the F-test was
also calculated at 95% C.L. between C-18 column aad/lamide-
bisacrylamide column, the values were ranged fro@v-%5.23 so the

calculated values lower than F table values.
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Table (3-21) separation factor, capacity factoand peak asymmetry
for amino acids and drugs using, (l) triethanolam@iglycerol-maleate

and (1) acrylamide-bisacrylamide column and C-1®lamn (25%x0.4cm

(i.d)).

Compounds N H t, tRSD%| K A Peak
asymmetry

# | Name Col
1| Phenylalanin| 7 | 1233.5| 0.02] 3.12+0.756| 1.73 1.08
IT | 11545 0.02] 2.72t0.591| 1.62 0.99
Ir | 1235.0 0.02] 3.53t0.662| 1.99 1.24
2| Tryptophane| 7 |1233.5 | 0.02| 4.850.648| 1.94 | 1.12 1.04
IT | 11545 0.02] 3.22+0.632| 1.84 1.06 1.15
Ir | 1235.0 0.02| 6.32t0.644| 3.36 1.23 1.31
3 Tyrosine I | 1233.5| 0.02| 8.23t0.712| 2.13 | 1.11 1.32
IT | 11545 0.02] 10.1#0.58| 2.11 1.15 1.23
Irr | 1235.0 0.02| 2.44t0.671| 4.66 1.38 1.05
4| Furosmide I 779.3 | 0.03] 4.65t0.594| 1.52 1.14
IT | 1589.5| 0.01] 4.91+0.423| 2.30 1.04
Ir | 1601.0| 0.01] 23.4t0.372| 1.88 1.08
5 Atenolol I 779.3 | 0.03] 7.05t0.423| 1.85 | 1.22 0.99
IT | 1589.5| 0.01] 9.940.389| 2.65 1.33 1.05
Irr | 1601.0| 0.01] 7.55t0.321| 2.61 1.16
6 Amiloride I 779.3 0.03] 9.1at0.522| 2.13 1.45 1.02
IT | 1589.5] 0.01] 13.24t0.42| 3.02 151 1.01
Ir | 1601.0| 0.01] 3.35+0.321| 2.79 1.09
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3.9.Quantitative analysis

Calibration curves for drugs, amino acids, aitdmin E analyzed on
triethanolamine-glycerol-maleate column using geati eluention
program. Figure (3-36) show the calibration cuweMitamin E. A linear
equation dependence of the peak area and the amduhe sample

injected was evidence down to the detection limit.

Vitamin E

40000
30000 "”",,,—4——.
20000

10000

Area(mAU)

5 10
Conc.(ppm)

Figure (3-36) Calibration curve of Vitamin Esing triethanolamine-
glycerokmaleatecolumn (25x0.4 cm (id)). Eluent 100% acetonitrile,

flow rate 1ml/min and detection wavelength  229nm

The slope of the linear calibration curve Wtamin E was 11229.1,
the correlation coefficient was averaged 0.9998|, detection limit was
0.1ppm. Standard solutions of vitamin E were irgdctor at least three
times under the same condition, and the measuszdveas employed to
calculate their concentration using the linear équaThe recovery was
90.95% and a relative error was 0.6% as listed abl@ (3-23).

Different amino acids were analyzed (at leasin®es for each one)
starting from 10ppm to the concentration was thekpaea was difficult
to calculate due to the high background signalsTduncentration was

considered as detection limit for that samples pefakach amino acid
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was plotted against its concentration. These i curves are shown
in figure (3-37).
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Figure (3-37) Calibration curve of amino acidsusing
triethanolamine-glycerolmaleate column (25x0.4 cm (id)). Eluent
gradient (0-15) % buffer in acetonitrile, flow ratelml/min and
detection wavelength 245nm.

The slopes for the linear calibration curveswino acid were ranged
from 55561.6-59316.9 depended upon kind of amind aad type of
mobile phase. The correlation coefficients rangeunf0.9996-0.9998
and detection limits ranged from 0.05-0.1ppm, uginadient eluention,

these values are summarized in Table (3-22).
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Table(3-22)

Linear equation,

correlation codaffents R, and

detection limit of amino acids using triethanolame-glycerotmaleate
column (25%0.4 cm (id)). Eluent 15% buffer- 85% doaitrile, flow rate

1ml/min and detection wavelength 245nm.
Compounds Linear Equation | Conc.| R Detection
Y*=mx*+b range Limit (ppm)
Phenylalanine | Y=55561.6x-41453.4| 0.1-10 [ 0.9996 0.10
Tryptophane | Y=57002.1x-45944.6 | 0.05-10| 0.9997 0.05
Tyrosine Y=59316.9x-46122.2| 0.1-10 | 0.9998 0.10

*y represent peak area, * x represent concentration
Standard solutions of amino acids were inppéde at least three times
under the same condition and their concentratios @aculated using
their linear equation. The recoveries ranged frérA@®00-97.00% with
an average value 93.53% and relative errors rarged 3.00-4.00%
with an listed in Table 3B-2

average value 3.33% as

Table (3-23) Recovery and percentage relativ@reof amino acids
using triethanolamine-glycereimaleate column (25x0.4 cm (id)).

Eluent 15% buffer- 85% acetonitrile, flow rate 1nmhin and detection

wavelength 245nm.

Amino acids | Conc. Conc. Recovery| Relative
Injected | Found(calculated*) % error%
(ppm) (ppm)
Phenylalanine] 1.00 0.96 96.00 4.00
Tryptophane 1.00 0.97 97.00 3.00
Tyrosine 0.50 0.45 90.00 4.00
* using the linear equation for each amino acids
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Figure (3-38) Calibration curve of drugs usingriethanolamine-
glycerokmaleatecolumn (25x0.4 cm (id)). Eluent gradient (0-20) %
phosphate in MeOH, flow rate 1ml/min and detection
wavelength233nm.

The same procedure was used to construct the atadibrcurve for the
studied medical drugs. The linear calibration cusvghown in figure (3-
38). The slopes for the linear calibration curvasged from 56221.6-
59495.9 depended upon kind of drugs. The correlatoefficients
ranged from 0.9997-0.9998 and detection limits eahdgrom 0.05-
0.1ppm, using gradient eluention, these valuesamemarized in Table
(3-24).
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Table (3-24) Linear equation, correlation cdiients R, and
detection limit of drugs using triethanolamine-glgcol-maleate

column (25x%0.4 cm (id)). Eluent gradient (0-20) %@sphate buffer in

MeOH, flow rate 1ml/min and detection wavelength3gn.

Compounds Linear Equation | Conc.| R Detection
Y*=mx*+b range Limit (ppm)
Furosmide Y=56221.6x-35273.4| 0.1-10 | 0.9998 0.10
Atenolol Y=58962.1x-37301.6 | 0.05-10| 0.9997 0.05
Amiloride Y=59495.9x-38576.2 | 0.05-10| 0.9998 0.05

*y represent peak area, * x represent concentration

Standard solutions were injected for at leastethiraes under the same
condition mentioned earlier using the linear ecquatiThe recovery
ranged from 95.00-98.00% with an average valuecdd® and relative
errors ranged from 2.00-5.00% with an average vafit825% as listed in
Table (3-25).

Table (3-25) Recovery and percentage relativereof drugs using
triethanolamine-glyceroilmaleate column (25x0.4 cm (id)). Eluent
gradient (0-20) % phosphate buffer in MeOH, flow tea 1ml/min and

detection wavelength 233nm.

Drugs Conc. Conc. Recovery Relative
Injected | Found(calculated*) % error%
(PPM) (PPM)
Furosmide 3.00 2.94 98.00 2.00
Atenolol 1.50 1.46 97.37 2.67
Amiloride 1.00 0.95 95.00 5.00

* using the linear equation for each drugs
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Calibration run of the drugs and amino acids aredyan acrylamide-
bisacrylamide column using gradient eluention dmewsed in figure (3-
39) and figure (3-40). A linearity dependence of ffeak area of each

analytes and on the amount injected in evidenaliaompounds down to
the detection limit.
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Figure (3-39) Calibration curve of drugs usingacrylamide-
bisacrylamide column (25x%0.4 cm (id)). Eluent is@tic 10% phosphate

buffer-90% EtOH, flow rate 1.2ml/min and detectiomnvavelength
233nm.
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Figure (3-40) Calibration curve of amino acidgsing acrylamide-
bisacrylamide column (25%0.4 cm (id)). Flow ratew rate 1.2ml/min.
Used (0-15) % phosphate buffer in ethanol and deéimc wavelength

245nm.

The slopes for the linear calibration curves oélges drugs were
ranged from 23268.6-26638.6 depended upon type rafsd The
correlation coefficients ranged from 0.9996-0.9%9®l detection limits

ranged from 0.05-0.1ppm, using an isocratic eloentthese values are
summarized in Table (3-26).
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Table (3-26) Linear equation, correlation cdiients R, and

detection limit of drugs using acrylamide-bisacrytade column
(25x0.4 cm (id)). Eluent isocratic 10% phosphateflen-90% EtOH,

flow rate 1.2ml/min and detection wavelength 233nm.

Compounds Linear Equation Conc.] R Detection
y*=mx*+b range Limit (ppm)
Furosmide Y=23268.6x+12673.4 | 0.05-10| 0.9997 0.05
Atenolol Y=25872.5x+12905.2 | 0.05-10| 0.9998 0.05
Amiloride Y=26638.6x+13700.2 | 0.1-10 | 0.9996 0.10

*y represent peak area, * X represent concentration

Prepared standard solutions of the above dwege injected for at

least three times under the same conditions anddbecentrations were

calculated using linear equation. The recovery ednffom of 97.33-

99.00% with an average value of 98.18% and relaivers ranged from
1.00-2.67% with an average value 1.78% as listedrable (3-27).

Table (3-27) Recovery and percentage relative ewbdrugs using

acrylamide-bisacrylamide column (25x0.4 cm (id))luént isocratic
10% phosphate buffer-90% EtOH, flow rate 1.2ml/mand detection

wavelength 233nm.

Drugs Conc. Conc. Recoveny| Relative
Injected | Found(calculated*) % error%
(PPmM) (PPM)
Furosmide 3.00 2.95 98.33 1.67
Atenolol 2.00 1.98 99.00 1.00
Amiloride 1.50 1.46 97.33 2.67
* using the linear equation for each drugs
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The slopes for the linear calibration curvasamino acid ranged from
60561.6-61002.1 depended upon kind of amino aditie. correlation
coefficients ranged from 0.9996-0.9998 and detadiits ranged from
0.05-0.1ppm, using gradient eluention, these vaAressummarized in
Table (3-28).

Table(3-28) Linear equation, correlation coeffents R, and
detection limit of amino acids using acrylamide-hizrylamide column
(25%0.4 cm (id)). Flow rate flow rate 1.2ml/min. dgd (0-15) %

phosphate buffer in ethanol and detection wavelem@d5nm.

Compounds Linear Equation | Conc.| R Detection
Y*=mx*+b range Limit (ppm)
Phenylalanine | Y=60561.6x-48153.4] 0.1-10 | 0.9996 0.10
Tryptophane | Y=61002.1x-49544.6 | 0.05-10( 0.9997 0.05
Tyrosine Y=61316.9x-60122.2 | 0.1-10 | 0.9998 0.10

*y represent peak area, * x represent concentration
Prepared standard solutions of amino acid wgeeted for at least
three times under the same condition and their exnation was
calculated using the linear equation. The recoser@mged from 95.00-
97.14% with an average value 96.13% and relativereranged from
2.00-5.00% with an average value 5.00% as listedrable (3-29).
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Table (3-29) Recovery and percentage relatim@reof amino acids
using acrylamide-bisacrylamide column (25x0.4 cnd)j. Flow rate
flow rate 1.2ml/min. Used (0-15) % phosphate buffier ethanol and

detection wavelength 245nm

Amino acids | Conc. Conc. Recovery| Relative
Injected | Found(calculated*) % error%
(PPmM) (PPmM)
Phenylalanine|] 2.00 1.94 97.03 3.00
Tryptophane 2.00 1.96 97.14 2.00
Tyrosine 1.00 0.95 95.00 5.00

* using the linear equation for each amino acids

Calibration curves for the analyzed drugs, aminmsa@nd vitamin E
compounds on Octadecaylsilanolol ODS (C-18) coluen@ shown in
figure (3-41), figure (3-42) and figure (3-43) respively. A linear
dependence of peak area on the amount injectedewidgnt for all

compounds down to the detection limit.
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Figure (3-41) Calibration curve of drugs usinG-18 column (25x%0.4
cm (id)). Different eluent, flow rate 0.8ml/min andetection wavelength
233nm.

The slopes for the linear calibration curvetlé analyzed drugs
ranged from 23935.6-28636.9. The correlation cokffits ranged from
0.9997-0.9998 and detection limit was 0.05ppm asnsarized in Table
(3-30).

Table (3-30) Linear equation, correlation cdiients R, and
detection limit of drugs using C-18 column (25x0c#n (id)). Flow rate

flow rate 1.0ml/min. Used deferent eluent and ddier wavelength
233nm.

Compounds | Linear Equation | Conc. R Detection Limit
range (ppm)
Amiloride Y=23935.6x-18138.4| 0.05-10] 0.9997 0.05
Atenolol Y=26758.1x-20244.6 0.05-10[ 0.9997 0.05
Furosemide | Y=28636.9x-22922.2[ 0.05-10| 0.9998 0.05

*y represent peak area, * x represent concentration
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Standard solutions of the analyzed drugs wgeeted for at least three
times under the same condition of their concemmatising the linear
equation. The recoveries ranged from 96.15-98.25% an average
value 97.21% and relative errors ranged from 1.80% with an

average value 3.07% as listed in Table (3-31).

Table (3-31) Recovery and percentage relative ewbdrugs using
C-18 column (25x0.4 cm (id)). Flow rate flow rateOml/min. Used

deferent eluent and detection wavelength 233nm.

Drugs Conc. Conc. Recovery Relative
Injected | Found(calculated*) % error%
(PPM) (PPM)
Furosmide 5.00 4.91 AA, YO 1.80
Atenolol 5.00 4.86 97.21 2.80
Amiloride 5.00 4.77 96.15 4.60

* using the linear equation for each drugs
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Figure (3-42) Calibration curve of amino acidssing C-18 column
(25%0.4 cm (id)). Eluent, flow rate 1.0ml/min andcetection wavelength
245nm.

The slopes of the linear calibration curvedarino acid ranged from
28025.6-32031.9. The correlation coefficients rahigem 0.9997-0.9998
and detection limit ranged from 0.05-0.10ppm asmanked in Table

(3-32).

Table(3-32) Linear equation, correlation coeffents R, and
detection limit of amino acids using C-18 column520.4 cm (id)).

Eluent, flow rate 1.0ml/min and detection wavelehg245nm.

Compounds Linear Equation R Detection Limit
(ppm)
Phenylalanine | Y=28025.6x-23193.4  0.9998 0.10
Tyrosine Y=30158.8x-24924.1 0.9997 0.10
Tryptophare | Y=32031.9x-25249.9 0.9998 0.05

Prepared standard solutions of amino acid wejected for at least
three times under the same condition and their exnation was
calculated using the linear equation. The recovemged from of
80.00%-93.50% with an average value of 85.26% aaldtive errors
ranged from 6.50-19.00% with an average value 1226%sted in Table
(3-33).

Table (3-33) Recovery and percentage relative ewbamino acids
using acids using C-18 column (25%x0.4 cm (id)). uEht, flow rate

1.0ml/min and detection wavelength 245nm

Amino acids | Conc. Conc. Recovery| Relative
Injected | Found(calculated*) % error%
(PpM) (Ppm)
Phenylalanine|] 2.00 1.87 93.50 6.50
Tryptophane 1.00 0.81 80.00 19.00
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Tyrosine 2.00 1.79 89.50 10.50

* using the linear equation for each amino acids
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Figure (3-43) Calibration curve of vitamin E usopn C-18 column
(25%0.4 cm (id)). Flow rate flow rate 1.2ml/min.l&ent 5%distilled
water-95%ethanol and detection wavelength 229nm.

A slope for the linear calibration curve 30Zb@epended upon kind
of vitamin E and type of mobile phase, the correfatcoefficient was
0.9998 and detection limit was 0.10ppm. Standalatisms were injected
for at least three times under the same conditientioned earlier by

using the linear equation. The recovery was 87.9nth a relative error
was 1.80%.
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Table (3-34) Correlation coefficients R, detectidimit, recovery and
percentage relative error of vitamin E, amino acidsd drugs using
(Dtriethanolamine-glycerol-maleate, (Il)acrylamidéisacrylamide, and
(1) C-18 column (25x%0.4 cm (id)).

Compounds | Column R Detection| Recovery| Relative
limit error

/ 0.9998] 0.10 90.95 0.60

Vitamin E // * * * *
" 0.9998] 0.10 89.97 1.80

/ 0.9996 0.10 96.00 4.00

Phenylalanine // 0.9996 0.10 97.03 3.00
" 0.9998| 0.10 93.50 6.5

/ 0.9998] 0.10 97.00 3.00

Tryptophanel  // 0.9997 0.05 97.14 2.00
" 0.9998] 0.05 80.00 19.0

/ 0.9998] 0.10 90.00 2.00

Tyrosine /i 0.9998| 0.10 95.00 5.11
" 0.9997| 0.10 89.50 10.0

/ 0.9998| 0.10 98.00 2.00

Furosmide /l 0.9997] 0.05 98.33 1.67
" 0.9998] 0.05 4A,Y0 4.60

/ 0.9997] 0.05 97.37 2.67

Atenolol /l 0.9998] 0.05 99.00 1.00
" 0.9997] 0.05 97.21 2.80
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/ 0.9998] 0.10 95.00 5.00
Amiloride / 0.9996 0.10 97.33 2.66
1/ 0.9997] 0.05 96.15 1.80

3.10. Analysis of real samples

Solutions of furosmide, atenolol, and amileridbtain from three
different tablets manufactures were analyzed udmgthanolamine-
glycerol-malate column, mobile phase wgaadient (0-20)% phosphate
buffer in MeOH, flow rate 1ml/min, and detectionwetength 233nm as
shown in figure (3-44) the RSD% concentration clafton were
averaged 0.845%, 0.841% and 0.809% for furosmidenodol and

amiloride, respectively as listed in Table (3-35).

Table (3-35) Analysis Amiloride (5mg) in tabletuFosmide (20mg) in
tablet, and Atenolol (50mg) in tablet, using trietholamine-glycerol-

maleatecolumn (25x0.4 cm (id)). Eluent gradient (0-20) phosphate

buffer in MeOH, flow rate 1ml/min and detection wailength 233nm.

Companies Amiloride | Furosemide| Atenolol
Samara Wt.(mg) 5.00 20.00 50.00
injected
Wt.(mg) 4.98 19.95 49.97
calculated
Recovery % 99.25 99.77 99.42
India Wt.(mg) 5.00 20.00 50.00
injected
Wt.(mg) 4.84 17.98 48.12
calculated
Recovery % 96.24 88.28 95.64
Egypt Wt.(mg) 5.00 20.00 50.00
injected
Wt.(mg) 4.91 18.84 48.53
calculated*
Recovery % 98.16 94.23 97.44
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Figure(3-44) (a)Amiloride 5mg, (b) Furosemid0mg and
(c)Atenolol 50mg , using triethanolamine-glyceroitaleate column

(25x0.4 cm (id)). Eluent gradient (0-20) % phospkatuffer in MeOH,
flow rate 1ml/min and detection wavelength 233nm.

The same method was applied usiagrylamide-bisacrylamide
column, mobile phase gradient (0-10)% phosphatéebuf EtOH, flow
rate 1.2ml/min, and detection wavelength 233nmhasva in figure (3-
45). The RSD% for their analysis to determine ttancentration ranged
from 0.611%, 0.726% and 0.794% for furosmide, dtdramd amiloride
as listed in Table (3-36) and.
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Table (3-36) Analysis Amiloride (5mg) in tabletuFosmide (20mg) in
tablet, and Atenolol (50mg) in tablet, using acryfade-bisacrylamide
column (25x%0.4 cm (id)). Eluent gradient (0-10) %@sphate buffer in

EtOH, flow rate 1.2ml/min and detection wavelengt233nm.
Companies Amiloride | Furosemide| Atenolol
Samara Wt.(mg) 5.00 20.00 50.00
injected
Wt.(mg) 4.97 19.98 49.99
calculated
Recovery % 99.44 99.90 99.98
India Wt.(mg) 5.00 20.00 50.00
injected
Wt.(mg) 4.80 17.78 48.52
calculated
Recovery % 96.00 88.9 97.04
Egypt Wt.(mg) 5.00 20.00 50.00
injected
Wt.(mg) 4.93 18.99 49.29
calculated
Recovery % 98.60 94.95 98.58
-t -
- -
2 ! 2
i . X
(a)

I(b)
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Figure(3-45)  (a)Amiloride 5mg, (b) Furosemide20mg and
(c)Atenolol 50mg , using acrylamide-bisacrylamidelemn (25x0.4 cm
(id)). Eluent gradient (0-10) % phosphate buffer iBtOH, flow rate
1.2ml/min and detection wavelength 233nm

Furosmide, atenolol and amiloride in serum, wanalyzed using
triethanolamine-glycerol-malate column; mobile ghagsgradient (O-
20) % phosphate buffer in MeOH, flow rate 1ml/mand detection
wavelength 233nm. The value for lazix ranged froén7Z-17.86 after
two hours, for tenormen ranged from 45.44-46.8@raftvo hours and for
amiloride ranged from 4.23-4.41 also after two Iscas showed in figure

(3-46).

MMMMMMM

(a) (b)
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(c) I(d)
Figure(3-46) (a) Lazix 20mg, (b) tenordin50mg@jixture of Lazix

and tenormen and (d) Amiloride 5mg, using triethalamine-glycerol-
maleatecolumn (25x0.4 cm (id)). Eluent gradient (0-20) phosphate

buffer in MeOH, flow rate 1ml/min and detection walength 233nm

In analyzed furosmide, atenolol and amilorides@num, the samples
were analyzed using acrylamide-bisacrylamide coluEloent gradient
(0-10) % phosphate buffer in EtOH, flow rate 1.2mifl, and detection
wavelength 233nm three times. The value for laamged from 17.63-
18.36 after two hours, for tenormen ranged fronb86l7.21 after two
hours and for amiloride ranged from 4.65-4.83 after two hours as
showed in figure (3-47).

(a) (b)
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Figure(3-47) (a) Lazix 20mg, (b) Tenormin50m(@) Amiloride5mg
and (d) mixture of Lazix and tenor men, using adaynide-
bisacrylamide column (25x0.4 cm (id)). Eluent gradit (0-10) %
phosphate buffer in EtOH, flow rate 1.2ml/min and etection

wavelength 233nm.

In the analyzed vitamin E in serum the samplepared diluted to
10ml and filtrated by minipore were analyzed using khagtolamine-
glycerol-maleate column. Eluent gradient 100% auétte, flow rate
1.2ml/min, and detection wavelength 229nm threee$imThe value
ranged from 8.63-9.87 for female and ranged fro23%.57 for male as

showed in figure (3-48).
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mAU

(b)

Figure (3-48) (a) female, and (b) male, usingiethanolamine-
glycerol-maleate column (25x0.4 cm (id)). Eluent ggtient 100%
acetonitrile, flow rate 1.0ml/min and detection walength 229nm
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Conclusion

New stationary phases were prepared. The foslymer was
synthesized by condensation reaction between glcerethanolamine
with maleic anhydride. The second polymer was msied by addition
polymerization of free radical for acrylamide, losdamide with
ammonium persulphate and N, N,N,N-tetramethyldi@{ifEMED). The
products were characterized by FTIR & X-ray. Theufeed polymer have
high rigidity and easily grinded, with high statyli The polymers were
used as a stationary phase for HPLC. This stayophase has been
packed into stainless steel column. The chromaptgegrerformances of
the newly packed columns were characterized.

The new triethanolamine-glycerol-maleate statrg phases packed in
to HPLC column was used for the analysis of vitafainThe average
value of capacity factors was 1.39, peaks asymmatiye was 1.11 and
retention times was 4.68min, using 5%water and @#anol as mobile
phase. In the analysis of amino acids with the seohemn, the average
value of plate numbers N was 1233.5. The plate tgigvas 0.06cm,
capacity factors were ranged from 1.73-2.13, seéjargdactors were
ranged from 1.10-1.12, peaks asymmetry values varged from 1.04-
1.32 and retention times were ranged from 3.12f{8r2Bhenylalanine,
tryptophane and tyrosine, using gradient elution(®f15)%phosphate
buffer adjusted at pH 6.0 in acetonitrile as mophase.

However, in the analysis of drugs with the samolimn, the average
value of plate numbers N was 779.3. The plate heighas 0.02cm,
capacity factors were ranged from 1.52-2.13, seéjpardactors were
ranged from 1.22-1.27, peaks asymmetry values varged from 0.99-

1.14 and retention times were ranged from 4.65-9dr6furosmide,
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atenolol and amiloride, using gradient elution @20)%phosphate buffer
adjusted at pH 8.0 in methanol as mobile phase.

In the analysis of drugs using acrylamide-bngamide column, the
average value of plate numbers N was found to &89.50 The plate
height was 0.03cm, capacity factors were rangedn fr2.30-3.02,
separation factors were ranged from 1.13-1.15, paasimmetry values
were ranged from 1.01-1.14 and retention times wanged from 4.91-
13.24 for furosmide, atenolol and amiloride, usisgcratic elution of
10%phosphate buffer adjusted at pH 6.0 and 90%nethas mobile
phase.

However, in the analysis of amino acids witle same column, the
average value of plate numbers N was 1154.5. Thte gleights was
0.05cm, capacity factors were ranged from 1.71;2séparation factors
were ranged from 1.06-1.15, peaks asymmetry vake¥s ranged from
0.99-1.23 and retention times were ranged from -ZOS8B for
phenylalanine, tryptophane and tyrosine, using igrddelution of (O-
15)%phosphate buffer adjusted at pH 6.0 in ethas@ohobile phase.

Calibration curves for all analyzed compoundseneear from their
detection limit to at least 10.0ppm with correlatiooefficient ranged
from 0.9996-0.9998, the detection limit ranged fro®5-0.10 at signal to
noise ratio of three or more, recovery percentagged from 82.00-91.23

and relative error ranged from 0.60-5.00.
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Suggestions for future studies

1. A analysis of organic compounds using new prepaodanns.

2. Using small particles size of triethanolamine-ghptenaleate
column and acrylamide-bisacrylamide column for pregon of new
stationary phases.

3. The use of other chromatographic detector refractnex (RI) for
detection of non UV-Visible absorbing species afieparated with

new columns.
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