Blad) &y sga
adadl Candly Alad) anleil) 3054
asial) A< [ hagall daals
shaasl) acd

AxiliygSy dataha 3k aladiuly dailgall CliSyal) Gy pafs

s\ Jle Jilad) Ld)e gilag S dilis

CMad) dana aslu G933 (DA

ol)5iS3 dag Lol
T plal [ slasl agle

il

Ahl Gaadl ue 09 ale Lo Skl pldds mawa Ju o

e"~"" FAREE1



dLadAl
tdguad dayf e da gl anals
Jsba ) SH _ag Lgiaahs o3 ) sl ClSpall (e Aale dadie (e 13 Jaaadl
Ayl gliay pala¥) gole 6 Lnlalasials Lgnaaly itind) sy 233 5010 yuglly
EDAN Algall LSyl Gl g & Aeasieall Adiall AL B3R e b dilasly
el (e Caaglls
) (e (9Sang Afleall LSyl puadl ds kel dall 3R e Jaids 1 AU Juadl)
PN
Sy Jsbad)Sl G A Je il oozl Jolind QU il Lyl Zaykall :J3Y) gad
(Enamine) oaelid) e 58 3 3l @i, Sl (anla 3ga0 2lgalliy oS )2 —¢
el s Tiiese il (55 Gl JlA) (e (Joalll Jaasll 3 anY) (g5l 53
[ebeasSole 0uv=r.0 gaall aa u O ik L juegili OFY asall Johall die (aliaial
G Mo TUse 3l ) 4 IX8.4627 oIS Jelill mill (gpall (aliaia¥) Jalaag ¢ yille
(oabdl) AV asal) clpanieal Lo bk da fikal) 32kl
adial )} Sl Ll (8 Jobad S paml 5yilae e daids dapla e Jaidy 1 AU giad)
e by b 2S5a ale diaass pgalisll Clagnm (e B35 ae Jshad)SH saus] e di )kl
a0 el o 2aS3all dalall (o duzildll dpasl) Jans ) cctiiiall clslSs pagll Gaals
ol Johall vie dugiial) Linall (ol Gubd wung Jelill Jag ) diliaally T=35m¥) 2S5 )
Vo.v=e.o il cnidll SHN e O Bl Cigylall Cadt dasy sl oY+ sl
i O T Y T XYY E L (gl almia) dalee LSy ille fale g Sila
(o=ldl) ¥ arall cpmaiad) & Jobad Sl i b o las Akl
OollY) RIS ae ade iy al)slSs gl padil Syilae dodada Ayl (el tEU gyl
Al Usle 330 Jaa) Al sl Jelis D elldy glhaall Jsilisall (e Jawss & S- peaY]
Oada Je il bl ddadll Glanu¥) CuilSy Fuagils OFY agal) Johll vie aliaial e
VoYV E bl (g ¥eall (alaial) Jalas dad cuilSy jille falie g Sle YooY (sadll
A aral) Slpantod) 8 25l sl gl ad A g lats Zalll i M Tau e L )
- (o=t
deliy slall D agullS Giliudygl il 5 8be daid ddnh o Jad) izl gal)
s e (SoTang BluSe)lS Liaala diiag () (9-50) AobéglSonl) 48y



I

el Uigle a3l axd 5Sal el Sl (mals 39asn Mlgaalliis S e JonSs jus
Aphd Galaialy Sl o A8 il iagils 0A L asall Jsdall die 4l (ol
Sl @¥sall Galaia¥) dulea (S5 sills fale g Sl 000 = 00 e 58Il (52 (yan
aseallS itid) sV i e - lady da el Al ciids a7 Jse .3l 10%%5.3576
(o=l ¥l Chpasiadl

il 4laS g 5eS Ll aladialy Luhal) 28 Aol LSyl paki e il Juadl)
telal O e Juadll Jadng

il o3 b dariiceall Ailias Sl GHLI e dde dadie e dad :J5) gl
Al 03 b deadiuaall Al alsally e e 1 SGH gl

Al b Aexiiesa) Alay oS (ihlall dsslially il e Jaidy N gl

O8I aday Lasyall dagall (sialilgd A ooty Jobiad )l llual) o jpadil) il
5 i & Jealall il ai e dishal) adiad 3] Jalall Qidaidll dieass (GCE) alas)
Aot calgh ). Y0 agall vie b€y g Aal) Jals Ll yeasdlls (HNO2) s iil) (iasls
dad alid) Coaling Y.Y —Y. 0 dicaala 3 die caalall Tagll 8 Jsbad IS 26l
(AIp) s Sl (s A8 ) 2ies Al 8 Gluadl) Jsbad) ISl 5855 o ((Alp ) bl
108 % (V1,94 = 1.44) 5 108%(0.49 — +.£39) 3 &5 (0w pihad o le ¢ lacl
oz ey Aaphll agda L Jsall e 0.957450.9937  (R?) s lebaas (55
(o=bY) LY sl yasiod) 8 Jobad)\<)

G oo clldg dayyall Lagall (5raliled A olasials a3biis) olSe gl dlaall & jagil)
dolhadll (ERO-T) T— a5¥) )<, daeal J5ia¥) dage 5Lo (& Jalal) (aliadl] am
(e gn gssary Al (galalsil) A plasn uly (GE) @l ol gl e
— agal) v Ja) ange axis LilieS Uladl) 53¥) Cliia (e a9 i V.0 I Lo
Oy Al (At Gaay Gia 9.0 dnaalad) Al e (gael b 818 0.16
O 3l Gaua ks Alp andiy 2l )olS5 gl 5285 (o A8 CwilSy ¢ 2l ylS g gl
il Ly Aanpal) cuiada 10,9947 aiil) Jalas dady g¥se 108X (072 -4.94) 3150
(b)) (Y amall spumaiie b il ol yugl

& Rlealhh wSoHne—t RSl ae aldln Guh ge Bake g ARk Jsbad)lsl)
(TEATFB) <52 5058 (ol asisal d81 ol (e Jolas aladinliy oumals Jaug
dagy GO (a5 ) (galilsh A aaniialy , lase Cady S diaag 70l S5
Dbty calgh +.10 aga vie daaly Sl dad gl oSyt e s dale 0l



11

ey Moy c5¥50 107X 550 bl Joba 8)\SH Jslas d8lia) pa aBlin 4l o2a
Cadlsll Ll dad 8 palaad) Jas ) Alprs 3Sal s o) Iprs 5Kl o 2801
Jalaasg dudad Ale culael culgh +. 10 Zagall die (Jobad SN (e dadlaial) cliliay) da oS
LS N5e 107X (0. Y A=+ .0 49) 385 (5305 0.9495 s

il ae adaln PLA e aailig slSengd) Jpa Jobadylsll dlaal) o jpal)
diags /o) 385 TEATFB Jslae aladialiy (caals aus (3 2lgalliy oSy et
dule ahaid dbiag (ple Yoo) hai Bl el e Al (grialiloal) Ay dilass g i)
Om s Ip1 5 KA o A a e AR dpal) 6 dndial) Bl Cagylall i e
1070%(£9.vo—+.+49) 3€al aie Ldad A8 calac] calgh +.70 aga aic Alprs S5l
ISl cadacf 35500 €0.9864 ja Jalaay Jobasd )<Y e AL ST Ji 85 (55
sl gyl Gt cn CadlSl pe Je i (slly 3Ll y5l<s gl asmss Jsbad)lSll i
) 4aS olgi) day Jobiad Sl dasls calgi +. Y0 agall e LnuSh dage sk Ll
S die Grided eBle calael culgh 2. Y0 agall vie lally 3K Al ) dieg
Al S QA5G a5 100X (VYALFY=Y4.9Y )5 (5¥5e 106X (YV.4Y-4.49)
+ sl (Ao 097855 0.9810 s alaass iall (8 23k09 56185 ynell 35asr Jsbad)S
deall e sanas Aage yedwimiall (g¥se TOOX(VYALFY = V.44YF) 58150 (gas e
Cabael g V.0 v Lally Sl (o 3B au) Sy 0l 5lSs jugll dads ag s V.0
1070x (VYA.FY=£4.V0) (g5« 100x (Y4.41-V.44F) 5 Sl o ol cpmidle
I9asr 23k o180 gl) e Allall SSIAN JAd ag ¢ ATVY 5 AN i Lelaar (g)Y5e
ey Alally AL SSIEL Joba 8)SH pun B o Lay Al o ieda (Joba8)\S))
.CO-Dilatrol Vauall jasivall & Ll 5SHlk a5l )5is gl

oo Vanall syianiie Ay il ala slal) (AN ageadlS opilind) i i) padil
ladl) ddmsy (Lale Yor) ol (il mdais o alglaal e Sl @lslad) L) 3k
Osaiig) = Gigr dsdas 352515 (DPV) Laalall anll (gpalalgdll dad aladinly dalal
A€o el @lol ) a)d L sila ol iU Jylae ddmsy 2 dacaals A0 e ol )
N asallS (il )51 Taey 3 ) gyl il g slall D a0l (piltid 55U
5l pe 52uSY) L daid 8 50l Langly culsh 1100 aga e daaly Bpauslh dase oLl
SISAN G AR aasy die g bl Ala 4l Adlanall il DA e Gilied )51 <5
o Jaleass 5V 107% (118.57-4.99) 585 (52 Audad ABle culael Slall (g



v

A arall iy casioal 8 ol a1 i b o lak ds gl Akl < 09761
(=l8Y))

Ay ladtials 235855 puglly Jsba I (e ia s basd (paiad gl il
iy ,Cig g5 (o daadll 25025 ,(RP-HPLC) (esSall shall ¢sY) Jle dilaadl Lihe il g <
5% :Acetonitrile :Methanol ) o= Os<iall dyaiall Hslall dugia dayn VY ajha 4oy
Ol deyw dady [ yulla Yov (Y eV orVo) ciligSall dpanall il (Phosphoric acid
230 asall Johall 22 Diode Array Detection gsi (e GliSally (ubially célyaiall ghall
al oag AR Y.YYY Slamal (e die B9)d ysglas mpall Jmd il cudaely L unagils
Sy Qb S A als g AR ATEY Saial) (e die (558l 55535 il 9IS el
G2l Genn e gl addll o aal) Jeadll e J55 ded a5 £.YVY (Rs) zsagl dale Ao
Ve ohs die 3K IS8 0 Aaluall dad Gug KA G 3B 0L aag) clusY L cuial)
[eheasSile Youv—e) 58I (oaa (B lgualid a8 Al bt il Jolae (e sy Sila
o) 3 Jsbad)lSllg 25805 pagll B o Loy Aa gl Al cuida ¢ il
-(u=L#l) CO-Dilatrol ¥ awall



D)

Summary
This thesis contains four chapters:

Chapter one: Involves a general introduction of studied drug compounds
(carvedilol, hydrochlorothaizide and atorvastatin calcium trihydrade), their
importance, their uses in the treatment of diseases, some of their physical
and chemical properties, as well as the analytical methods used in the
quantitative estimation of these drug compounds.

Chapter two: Includes the suggested spectrophotometric methods for the
determination of drug compounds and it is consists of four parts:

First part: the spectrophotometric method for the determination of
carvedilol using the condensation reaction between carvedilol and the
reagent 4-hydroxybenzaldehyde in the presence of concentrated sulfuric
acid. The reaction involved the formation of enamine with a red color
formed in alcoholic media of absolute ethanol. The product is stable and
gives maximum absorption at 533 nm. The Beer's law was applied within
the concentration range of 0.5-5.0 pg/ml, and the molar absorption
coefficient was 8.4627x10* 1. mol'. cm™. The proposed method has been
successfully applied in the determination of carvedilol in its pharmaceutical
preparations (tablets).

Second part: this part involved an indirect spectrophotometric method for
the carvedilol determination in aqueous media. This method depends on the
oxidation of carvedilol in the presence of dilute hydrochloric acid with an
excess of potassium peridolate as an oxidizing agent, and the remaining
amount of the oxidizing agent works as a color shortness of eriochrome
black-T, which is added to the reaction media and the color of the remaining
dye is measured at 520 nm. The absorption is directly proportional to the
amount of carvedilol. The optimum conditions were tested, Beer's law was
applied within the concentration range of 0.5-15.0 pg/ml and the molar
absorption coefficient was 1.1340x10* 1. mol'. cm™. The suggested method
has been successfully applied in the determination of carvedilol in its
pharmaceutical formulations (tablets).

Third part involves a direct spectrophotometric estimation of
hydrochlorothiazide by its reaction with the alizarine red —S in absolute
methanol media through the formation of colored charge transfer copmplex
solution that gives a maximum absorption at 537 nm. The relation between
concentration and absorbance was linear within the concentration range of
0.1-2.5 pg / ml with the molar absorption coefficient equal to 1.2774 x 10° 1.
mol!. ¢cm™. The method was successfully applied for estimation of
hydrochlorothiazide in its pharmaceutical preparations (tablets).

Fourth part includes a direct spctrophotometric method for estimating of
the atorvastatin calcium trihydrate through the nucleophilic addition reaction




cC B

D)

(acetal formation) where atorvastatin as carboxylic acid in two hydroxyl
groups with 2-Hydroxynaphthylaldehyde, with the presence of concentrated
sulfuric acid to gave higher absorption at wavelength 580 nm. The relation
between absorbance and concentration was linear within the concentration
range of 0.1 - 5.0 pg / ml, ,the molar absorptivity was 5.3576x 10* 1.
mol.cm™. The proposed method was successfully applied for the estimation
of calcium atorvastatin in its pharmaceutical preparations (tablets).

Chapter three: Involves the estimation of the studied drug compounds
using different electrochemical techniques. This chapter includes three parts:

First part includes a general introduction to the electrochemical methods
used in this study.

Second part includes the devices and chemicals used in this study.

Third part consists of the results and discussion for the electrochemical
methods used in this study, this part can be divided into the following.

Results for the indirect determination of carvedilol using square wave
voltammetric technique with glassy carbon electrode (GCE) as a working
electrode. The method depends on the decrease in the oxidation peak current
of nitrous acid (HNO;), which was prepared simultaneously in the
electrochemical cell. Nitrous acid gives well-defined oxidation peak
appared at a 1.35 V versus Ag/AgCl sat.KCl in an acidic medium ( pH 2.0-
2.2), this peak is gradually decrease with the sequence addition of carvedilol
standard solution. The plot of carvedilol concentration added and the
differencess in peak current (Alp) gaves two straight lines within the
concentration ranges (0.499 - 5.99) x 10® and (6.99 - 11.98) x 10 M with
determination coefficients (R?) 0.9937, 0.9574, respectively. The method
was successfully applied for the determination of carvedilol in its
pharmaceutical formulations (tablets).

Results for the indirect determination of hydrochlorothiazide using
square wave voltammetric technique by following the decrease in the
reduction peak current of the eriochrome black-T dye, at (-0.16) V in an
alkaline media (pH = 9.0), plated electrochemically on the graphite
electrode (GCE) surface. The relation between the hydrochlorothiazide
concentrations and the Alp gives a straight line within the concentration
range of (9.99-530) x 10 M with the determination coefficient (R?) 0.9947.
The method was successfully applied for the determination of
hydrochlorothiazide in its pharmaceutical preparation (tablets).

Results for the indirect determination of carvedilol through its
interaction with 4-hydroxybenzaldehyde in acidic media using a 0.1%
solution of  tetracthylammonium tetrafluoroborate (TEATFA) as a
supporting electrolyte, cyclic voltammetric technique with 2mm platinum
electrode as working electrode. 4-hydroxybenzaldehyde gives a well-defined
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oxidation peak at 0.65 V, this peak decrease with the sequence additions of
standard carvedilol solution (1x10 M). The plot of carvedilol concentration
added versus Ip; or concentration versus Alp; at 0.65V gives straight line
within the carvedilol low concentrations rang (0.099-52.38) x10% M with
determination coefficients R?= 0.9495.

Results for the indirect determination of carvedilol in the presence of
hydrochlorothiazide through its interaction with 4-hydroxybenzaldehyde in
acidic media using a 0.1% solution of TEATFA as supporting electrolyte,
cyclic voltammetric technique with 2mm platinum electrode as working
electrode, under the same measured optimum conditions. The plot of
carvedilol concentration added versus Ip; or concentration versus Alp: at
0.65V gives straight line within the carvedilol low concentrations rang
(0.099-49.75) x10°® M with determination coefficients R?>= 0.9864. The
method proved the possibility of carvedilol determination in the presence of
hydrochlorothiazide, which does not interact with the reagent under the same
conditions. Another oxidation peak appeared at 0.25V which is belonging
to carvedilol after the amount of the reagent ended. The plot of carvedilol
concentration and the peak current at 0.25V, gaves two straight lines within
concentrations range (9.99-27.921) x 10° M and (29.91-128.33) x 10 M,
which represent the high concentrations of carvedilol in the presence of
hydrochlorothiazide in mixture with R? 0.9810 and 0.9785 respectivly. At
the mixture concentrations range (7.993 - 128.33) x 10° M, a new peak
appared at 1.5V, which is attribute to the hydrochlorothiazide, and the plot of
the hydrochlorothiazide concentration and peak current at 1.5V, gaves two
straight lines within the concentrations range (7.993-29.91) x 10® M and
(49.76-128.33) x 10 M, which represents the high concentrations of
hydrochlorothiazide with carvedilol in mixture, with R? = 0.9891 and
0.9371respectivly. The method was applied successfully for the
determination of carvedilol at low, high concentrations and
hydrochlorothiazide at high concentrations in their pharmaceutical
preparation (CO-Dilatrol).

Results for the direct determination of atorvastatin calcium trihydrate in
pure form and in its pharmaceutical formulation using differential pulse
voltammetric (DPV) technique, 2mm gold electrode as the working electrode
and Britton-Robinson buffer (BRB) solution (pH 2) as supporting
electrolyte. The electrochemical behavior of atorvastatin was studied, the
optimum conditions were examined. Atorvastatin gives a well-defined
oxidation peak at 1.05 V. An increase in the peak current was observed with
the increasing additions of atorvastatin concentration. The relation between
the concentration and the current was linear within the concentrations range
(4.99-118.57) x 107 M with R*> = 0.9761. The proposed method was
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successfully applied for the determination of atorvastatin calcium trihydrate
in its pharmaceutical preparations (tablets).

Chapter four: Includes the determination of carvedilol and
hydrochlorothiazide in mixture using reverse phase high-performance liquid
chromatography (RP-HPLC), Cis separation column, ( Methanol
:Acetonitrile: 5% Phosphoric acid ) as mobile phase consisting of with the
volumetric ratios of the components (75:15:10), 1.0 ml /min. flow rate of the
mobile phase, the detector at a wavelength of 230 nm and a column
temperature of 23 C°. The mixture separation showed a peak at a retention
time of 2.731 min., which is belong to hydrochlorothiazide, and another peak
at a retention time of 8.343 min. which is refer to carvedilol. The value of
resoulution factor (Rs) = 4.373, which is indicates a good separation occur
between the peaks because it is located within the range mentioned by the
literature. A linear relationship between the concentration and the peak area
was observed within concentration range 0.1-30.0 pg / ml. The method was
applied successfully for the determination of mixture of hydrochlorothiazide
and carvedilol in their pharmaceutical formulation (CO-Dilatrol tablets).
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