OAKYNTET ,,PAKYIITET ®PAPMALNA*
HEHTDHP 3A ITUCTAHIIMOHHO OBYYEHHUE

a MEANINWHCKA YHUBEPCUTET - IIVIEBEH

NMexuma Ne03

AHanu3 Ha nekKapcTBa, AeMCTBaluM Ha CbpAevYHo-CbaoBaTa
cucrtema - ACE nHxnbutopu, AT1 aHTaroHMcTi! y Basogunararopm,
1 yacr

npodch. AaHka O6pewkoBa, am, acpH



AHanu3 Ha ACE uHxubumopu, AT1
aHmaaoHuUcmu u easoousiamamopu



Sulfhydryl-containing agents:
Captopril (trade name Capoten)
Zofenopril

Angiotensin | converting
enzyme (peptidyl-
dipeptidase A) 1

Dicarboxylate-containing agents:
Enalapril (Vasotec/Renitec)
Ramipril
(Altace/Tritace/Ramace/Ramiwin)
Quinapril (Accupril)

Perindopril (Coversyl/Aceon)
Lisinopril (Lisodur/Lopril/Novatec/
Prinivil/Zestril)

Benazepril (Lotensin)

Phosphonate-containing agents:
Fosinopril (Monopril)

Naturally occurring:

casein

tripeptides Val-Pro-Pro and lle-Pro-
Pro



http://en.wikipedia.org/wiki/Captopril
http://en.wikipedia.org/wiki/Zofenopril
http://en.wikipedia.org/wiki/Enalapril
http://en.wikipedia.org/wiki/Ramipril
http://en.wikipedia.org/wiki/Quinapril
http://en.wikipedia.org/wiki/Perindopril
http://en.wikipedia.org/wiki/Lisinopril
http://en.wikipedia.org/wiki/Benazepril
http://en.wikipedia.org/wiki/Fosinopril
http://en.wikipedia.org/wiki/Casein
http://en.wikipedia.org/wiki/Tripeptide

" J
®YHKLIMU HA ACE :

1. It catalyses the conversion of angiotensin | to angiotensin Il, a potent
vasoconstrictor.

2. It is involved in the inactivation of bradykinin, a potent vasodilator.

These two actions of ACE make it an ideal targetin the treatment of
conditions such as high blood pressure, heart failure, diabetic nephropathy
and type 2 diabetes mellitus. Inhibition of ACE (by ACE inhibitors) results in
decreased formation of Angiotensin Il (a far more potent vasoconstrictor
than Angiotensin I) and decreased inactivation of bradykinin.

Angiotensin Il:

Asp-Arg-Val-Tyr-lle-His-Pro-Phe | His-Leu



" JJEE
AHann3 Ha ACE-nHxnoutopu
oeHTnduumpaHe

O

H COOH

- Me Captopril

(S)-1-(3-mepkamnTo-o-meTui- 1-okcompornmn)-L-ponua



Captopril
Solution S
ASSAY
Dissolve 0.5 g in carbon dioxide-free
water R and dilute to 25.0 ml with the Dissolve 0.150 g in 30 ml of
same solvent. water R. Titrate with 0.05 M

lodine, determining the end-
point potentiometrically

pH (2.2.3) (2.2.20). Use a combined
platinum electrode.

2.0 to 2.6 for solution S.
1 ml of 0.05 M iodine is
equivalent to 21.73 mg of

It dissolves in dilute solutions of alkali CoH1sNO3S.

hydroxides.



BETX onpenenaHe Ha npumecn

HO,C COLH
C H CH3 H CH3 \5

1,1-[disulphanediylbis[(2S)-2-methyl-1-oxopropane-
3,1-diyl]-bis[pyrrolidine-2-carboxylic] acid (captopril-disulphide).

CTaHOapTeH p-p Ha OHEYUCTBAHETO — NPUroTBS ce In Situ
ype3 obpaboTBaHe ¢ okucnurten (non)



" JE
TecT 3a NPUrogHOCT Ha cucTemMmara

OueHsiBa ce pas3gensHeTo Mexay Tpu XxpomaTorpadcku

nMKa, OBa OT KOUTO CbOTBETCTBAT Ha OCHOBHOTO
BELLIECTBO 1 NpMmeca

OueHKa Ha XpomaTtorpamara

[paHuMUya Ha [gonyctumMm npumecu — cymapHo 2%
[fpeHebpersatr ce BCUYKM TWUKOBE C BpPeEME Ha

3aabprkaHe no-manko ot 1,4 MuH.



" M

KonnyecTBeHO onpegensaHe

CybcTtaHuuga

logomeTpuyHo
TUTPYyBaHe,
NOTEHLMOMETPUYHO
onpenensiHe Ha

€KBUBAJ1IEHTHUA NMYHKT

TabneTku

—

Mabile Phase)
Reservoir
Pump '
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r Sample Manager
—®
Solvent ) ):-—- .

BETX

HPLC Column
Packing Matoral

acking Mator:

S —
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alp
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.
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Waste




Lisinopril Dihydrate

O K

H .CO-H
N7/“\N 2
s * , 2 H20
HO,C -;i/
HoN

(2S)-1-[(2S)-6-amino-2-[[(1S)-1-carboxy-3-
phenylpropyllJamino]hexanoyl]pyrrole-2-carboxylic acid

(S)-1-[N-(1-kapbokcu-3-peHunnnponun)-L-nnuann]-L-
NponuH guxmugpar



1 P WA i sinopril Dinydrate

(2RS)-2-amino-4-phenylbutanoic acid, ©\/\/NH2 and enantiomer

SO3H
4-methylbenzenesulphonic acid, /@”
H;C

3

(2S)-2-[(3S5,8aS)-3-(4-aminobutyl)-1,4-
dioxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-4-
phenylbutanoic acid (S,S,S-diketopiperazine),

(2S)-1-[(2S)-6-amino-2-[[(1R)-1-carboxy-3-
phenylpropyllamino]hexanoyl]pyrrole-2-carboxylic
acid (lisinopril R,S,S-isomer),

(25)-1-[(2S)-6-amino-2-[[(1S)-1-carboxy-3-
cyclohexylpropyl]amino]hexanoyl]pyrrole-2-
carboxylic acid (cyclohexyl analogue).

HO,C H

H
© N
©\/\/(N7\2\0
HOZCJHE/
HoN
S,5,S-diketopiperazine

o}

H
H .CO5H
) N
HO,C ji/
HoN

2

cyclohexyl analogue



" J
Bioequivalence evaluation of two brands of lisinopril tablets Biopharmaceutics &
(Lisotec and Zestril) in healthy human volunteers

Drug Disposition

J. J.l. Tamimi?l, I. . Salem !, S. Mahmood Alam 2, Q. Zaman 2,
Ruwayda Dham 2*

The bioequivalence of two brands of lisinopril 20 mg tablets was demonstrated in 28
healthy human volunteers after a single oral dose in a randomized cross-over study,
conducted at ACDIMA Center for Bioequivalence and Pharmaceutical Studies, Amman,
Jordan. Reference (Zestril, AstraZeneca, UK) and test (Lisotec, Julphar, UAE) products
were administered to fasting volunteers ®n 2 treatment days separated by a 2-week
washout period; blood samples were collected at specified time intervals, and the plasma
was separated and analysed for lisinopril using a validated LC-MS/MS method at ACDIMA
Laboratory. The pharmacokinetic parameters AUC, AUC,.,, Cmax, Tmax, T12 and the
elimination rate constant were determined from the plasma concentration-time profiles for
both formulations and were compared statistically to evaluate bioequivalence between the
two brands, using the statistical modules recommended by the FDA. The analysis of
variance (ANOVA) did not show any significant difference between the two formulations
and 90% confidence intervals fell within the acceptable range for bioequivalence. Based
on these statistical inferences it was concluded that the two brands exhibited comparable
pharmacokinetic profiles and that Julphar's Lisotec is bioequivalent to Zestril of
AstraZeneca, UK. Copyright © 2005 John Wiley & Sons, Ltd.



Enalapril Maleate

— HH CH3 CO,H

(2S)-1-[(2S)-2-[[(1S)-1-(ethoxycarbonyl)-3-phenylpropyl]
amino]propanoyl]pyrrolidine-2-carboxylic acid (Z)-butenedioate



" N
oeHTndounumnpaHe

[Mbpea rpyna — MY-cnektbp

BTopa rpyna — onpenenaHe Ha To4Ka Ha
TONEHE N ABE Ka4eCTBEHN LBETHU
peakuuu:

-B3anmopgencrtaume c bpomHa
BoAa/pe3opLUuH

-XngpokcamoBa npoba — gokasBaHe Ha
KapOoKkcunHa rpyna



" J
KoHTpon Ha yncToTarta — rpagueHTHa
BETX

OHeuvncTBaHuda — ot A oo |
[Tpumec C Enalaprilat

[lpmecu, KOUTo ce oueHaBaT — CYMapHO He

noseye ot 1%

HacT oT oHe4yncTBaHnATa camo ce AC€TEKTUPAaT



" B
KonnyecTtBeHO onpenensHe

HeyTpannsayMoHeH TUTPUMETPUYEH
aHanms

CbC CTaHAApPTEH p-p Ha HAaTPUEB XMOpPOKCUA

BOOHa cpefa
NOTEHLUNOMETPUYHO YCTaHOBABAHE Ha Kpas
Ha TUTPYBaHETO MO BTOpaTa MHAJIEKCHa
TOYKa



Enalapril Maleate

ASSAY

Dissolve 0.100 g in carbon dioxide-free water R and dilute to 30 ml with the
same solvent. Titrate with 0.1 M sodium hydroxide determining the end-point
potentiometrically (2.2.20). Titrate to the second point of inflexion.

1 ml of 0.1 M sodium hydroxide is equivalent to 16.42 mg of C,,H3,N,O,.

pH (2.2.3)

The pH of solution Sis 2.4 to 2.9.



"

Quinapril

COOH

H-C O. _0O
3 ~ CH3 5
N
NH/L\W/
O



"
Quinapril is a prodrug. It is converted to its active metabolite, Quinapril
quinaprilat, in the liver.

Indications

Quinapril is indicated for the treatment of high blood
pressure (hypertension) and as adjunctive therapy
in the management of heart failure. It may be used
for the treatment of hypertension by itself or in
combination with thiazide diuretics, and with
diuretics and digoxin for heart failure.

Contraindications

Pregnancy

Impaired renal and liver function

Patients with a history of angioedema related to
previous treatment with an ACE inhibitor.
Hypersensitive to Quinapril

Side effects
Side effects of quinapril include dizziness, cough,
vomiting, upset stomach, angioedema and fatigue.


http://en.wikipedia.org/wiki/Prodrug

Ramipril

HOOC

H-C O
NG CH3 kX

NOEHTUYHOCT N KONMNYECTBEHO onpenendHe —

aHarnorn4Ho ¢ Enalapril maleate



KonnyecTtBeHO
onpegenaHe
Ha cpoaHW
BeLlecTBa

Bpeme 3a yctaHOBsIBaHE Ha paBH

MoauduumpaHe

Henoaxoadila 3a aHanm3 6as3oBa .

Time  Mobile phase A Mobile phase B Comment
{min) {per cent V/T) (pex cent V/V)

0-6 90 isocratic
6-7 90 — 75 linear gradient
7-20 75— 65 linear gradient
20 - 30 65 — 25 linear gradient
30-40 25 isocratique
40 - 45 25 — 90 linear gradient
45 -55 90 re-equilibration

Ha

NOOBWXKH:




" JJEE
YcnoBua 3a BanMOHOCT Ha pe3ynrartuTe oT
XpomaTtorpagockma aHanms

CTteneH Ha pasfernsiHe — OCHOBHO BeLLEeCTBO U npumec A

OTHOLLEHME CUrHaN/LLYM PakTop Ha cMMeTpuS
2H Wo.05

sin=22 A
h °2d

WAV AN, ~—d—
4 5




It is well known from NMR studies that both, priles and prilates, as a substituted
amides, can exist in solution as cis and trans rotamers and may interconvert around
the amide bond (see for example, rotamers of ramipril and ramiprilat).

CH, CH, H
M M
M M
H —_— H H
O COH 0
Famipeil F=FEt
Famipeilat F = H

The cis-trans isomerization process observed under HPLC condition can lead to
misinterpretation of the identity of a peak, because peak broadening or even
splitting can be easily attributed to an impurity. This should be taken into account
when describing ACE inhibitors and their metabolism products in Pharmacopoeia.




"

Moexipril




Perindopril Trandolapril




Cilazapril
N
NH \
N

(1S5,95)-9-[[(1S)-1-(ethoxycarbonyl)-3-
phenylpropyllamino]-10-oxooctahydro-6H-
pyridazino[1,2-a] [1,2]diazepine-1-carboxylic acid



Spirapril

s )
O O
~_~ S
NH

CHs
Jn
|

O

H,C

COOH

(8S)-7-[(2S)-2-[[(1S)-1-ethoxycarbonyl-3-phenyl-propyl]
amino]propanoyl]-1,4-dithia-7-azaspiro[4.4]nonane-8-
carboxylic acid



" N

Pharmacokinetic data
Bioavailability 50%

Metabolism converted to spiraprilat
Half life 30 to 35 hours
Excretion Hepatic and renal

Therapeutic considerations
Pregnancy cat. P
L egal status R Prescription only

Routes Oral

Spirapril


http://en.wikipedia.org/wiki/Bioavailability
http://en.wikipedia.org/wiki/Drug_metabolism
http://en.wikipedia.org/wiki/Biological_half-life
http://en.wikipedia.org/wiki/Excretion
http://en.wikipedia.org/wiki/Pregnancy_category
http://en.wikipedia.org/wiki/Regulation_of_therapeutic_goods
http://en.wikipedia.org/wiki/Route_of_administration




AHanun3 Ha BasogunartaTopwu

Pentoxifylline
0

oA
|

AN
Ve



[Tooxoau npn naeHTndoununpaHe

[TbpBa rpyna — onpegensiHe Ha To4ka Ha
ToneHe n N4Y-cnektbp

BTopa rpyna — 1.1., TCX n ka4yecTtBeHa
peakuusi 3a AoKa3BaHe Ha KCaHTUHMW



MypekcuaHa npoba

HNO,

O

@)
| H N
. N
PN
O/ N \O NHz _COZ
H —NH;

o _0 O N
OX|dat|on T> o

//L~ SN

Oy

)f



0
H
HNj/ H, OéQ
+
Q)\N o
H
—H20l+H+
\EINH
e




" O
KonnyecTtBeHO onpenensHe

NOTEHLNOMETPUYHO TUTPYBaAHE
C NepxnopHa KucenmnHa
B cpefa OT nefeHa oueTHa KnucenuHa

N.B. CybcTaHuusita e
pa3TBOpMMAa BbB BoAa




Naftidrofuryl Oxalate

[

o~ > N _-CHs (|302H

7

CO,H

CHj

and stereoisomers



" JE
[loaxoaun npun naeHTuduLnpaHe
[TbpBa rpyna — NY-cnektsup

BTopa rpyna — T1.T., YB-cnekTtbp 1 KadectBeHa
peakums 3a gokassaHe Ha okcanartu

OnpepensaHe Ha npumecn — BETX
KonnyecTtBeHO onpeaensHe —

NOTEHLMOMETPUYHO TUTPYBAHE C NepxropHa
KMCenuHa B cpefa oT flefeHa oueTHa K-Ha



NOEeHTUYHOCT Nicotinic acid
T.7. n U4-cnektbp y

=
TecT 3a uncroTa AN

COOH

TCX, rpaHunuya — 0.5%

KonnyecTtBeHO onpegensiHe

NHankatopHo TutpyBaHe ¢ NaOH BbB BogHa cpefa



Betahisine Mesilate

N NHMe

Pa3TBopyM BbB BoAa
| ,CH3SO3H

\

[TbpBa rpyna — NY-cnektsup
Bropa rpyna — 1.T., TCX 1 Ka4ecTBeHa peakuusa 3a

OoKasBaHe Ha cynghaTtu



TecT 3a ocTarbyeH 2-nNponaHors-ra3zosa
Xpomatorpadous. ['paHnya — 0.5 %

KoHTpon Ha ynuctotata — BETX ¢ MOHHM OBOUKU
CTtaHOapTeH p-p ,a — CMeC OT OCHOBHO BELLIECTBO U
npumec A (BUHUNMNPUAOMH)-TECT 3a NPUrO4HOCT Ha C-
mMarta

CTtaHoapTeH p-p ,,B" — NPUroTBS Ce Ypes paspexjaHe
Ha n3cneaBaHuns p-p

[ paHuua Ha gonyctumm npumecn — 0.2 %
nootaenHo, 0.5 % cymapHo



KonnyecTtBeHO onpegensaHe
[loTeHumomeTpuyHo TutpyeaHe ¢ HCIO, B cpena ot

oLeTeH aHXMapua




Nimodipine

and enantiomer

>KBbNTO KpUcTtanHo B-BO, HEPA3TBOPMMO BbB BOAa

[Tpy NnpoBexXaaHe Ha TECTOBETE, Pa3TBOPUTE Ce NPUTOTBAT
HenocpeacTBeHO Npean ynotpeda — nonyyasa ce

HUTPOMEHNNTNNPNONHOBO Npon3soaHo (Nnpumec A) noa
BNUSIHWE Ha CBETMMHA



BETX KOHTpoOn Ha YncTtoTaTa

y
HsC. _O ® _CH
3 Y X \/\O 3
CH; O 0
NO,
[Tpumec A

[Mpumec B. R = CH(CHy,),

KonnyecTtBeHo CbAbpXaHne — uepnmeTpmn4Ho TUTpyBaHe



