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ABSTRACT

Benazepril is the efficacious ACE inhibitor for treating high blood pressure. This drugs clinical and pharmaceutical analysis necessitates efficient analytical
techniques for quality assurance, pharmacodynamics, pharmacokinetic, and stability investigations. We have reviewed in detail the literature from many journals
related to analytical and pharmaceutical chemistry, and we have looked at instrumental analytical methods that were created and used to find a drug in bulk drugs,
formulations, and biological fluids, either by itself or in combination with other drugs. This review covers the most recent analytical methods including, HPTLC,
UV, RP HPLC, UPLC and liquid chromatography were reported.

Keywords: Benazepril, Blood pressure, Method development, validation.

Introduction

Benazepril is an Angiotensin-Converting Enzyme Inhibiting medication used to treat high blood pressure, heart failure, and diabetic kidney disease. It
is a reasonable initial treatment for high blood pressure. In terms of chemistry, it is 2-[(35)-3-[[(2S5)-1-ethoxy-1-0x0-4-phenylbutan-2-yl]amino]-2-oxo-
4,5-dihydro-3H-1-benzazepin-1-yl]acetic acid, which belongs to the group of medicines called ACE inhibitors!!l. A Literature survey revealed that there
are various methods that have been reported for estimation of benazepril, such as TLC, UV and HPLC, individually and in combined dosage form with
other drugs.

Drug Profile?!

IUPAC name: 2-[(35)-3-[[(2S)-1-ethoxy-1-0x0-4-phenylbutan-2-yl]Jamino]-2-oxo- 4,5-dihydro-3H-1-benzazepin-1-yl]acetic acid
Molecular formula : C24H2sN>Os

Chemical structure :
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Molecular weight : 424.49 g/mol.
Solubility : freely soluble in solvents like methanol, water, acetonitrile.
CAS number : 86541-75-5
Category : Anti-hypertensive
Sub Category : Angiotensin-converting enzyme Inhibitors (ACE inhibitors)
Appearance : White or almost white crystalline powder
Melting point : 148°C - 149°C
Storage conditions : Desiccated, Protected from Light

Mechanism of Action

Benazeprilat, the active metabolite of Benazepril, competes with angiotensin I for binding at the angiotensin-converting enzyme, blocking the
conversion of angiotensin I to angiotensin II. Inhibition of ACE results in decreased plasma angiotensin II. As angiotensin II is a vasoconstrictor and a
negative-feedback mediator for renin activity, lower concentrations result in a decrease in blood pressure and stimulation of baroreceptor reflex

mechanisms, which leads to decreased vasopressor activity and to decreased aldosterone secretion;s 4).



International Journal of Research Publication and Reviews, Vol 5, no 12, pp 443-450 December 2024 445

Sympathetic Stimulation
Hypotension
Decreased Sodlum Delivery

._> Renin rAnglotensmogen

Adrenal
ACE Cortex

Cardiac & Vascular g— AIl — Pituitary
Hypertrophy y Aldosterone

Thirst ADH

Systemic
- Vasoconstriction
Renal
4—-"‘" Sodium & Fluid
Retention
Figure 1: Mechanism of Action of Benazepril
Table 1: Thin Layer Chromatographic Methods
STATIONARY MOBILE PHASE DETECTION SPECIFICATION REFERENCE
PHASE
Silica gel GF2s4 Carbon 240 nm Stability-Indicating HPTLC [5]
tetrachloride: Method for Estimation of
Methanol: Benazepril in Bulk and
Triethylamine (7.6: Tablet Dosage Form
2.4:0.1 v/v)
HPTLC silica gel 60 Fass | Ethyl acetate: | 240 nm Simultaneous Determination | [6]
methanol:  glacial of Hydrochlorothiazide and
acetic acid (85:2:0.3 Benazepril Hydrochloride or
VIVIV) Amiloride Hydrochloride in
Presence of
Hydrochlorothiazide
Impurities: Chlorothiazide
and Salamide by HPTLC
Method
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silica gel 60 F254 Ethyl acetate: | 215 nm Development and Validation | [7]
acetone: acetic acid: of an HPTLC—Densitometric
water,  8:2:0.5:0.5 Method for Determination of
(v/v) ACE Inhibitors
Aluminium sheets | Ethyl acetate: | 238 nm Application of LC and [8]
of silica gel 60 Fas4 methanol: HPTLC-densitometry for the
chloroform (10:3:2 simultaneous determination
v/v) of benazepril hydrochloride
and hydrochlorothiazide
Silica gel 60 Fas4 Ethyl acetate: | 240 nm Reversed-phase high [9]
methanol: ammonia performance liquid
(85:20: 10 v/v) chromatographic and thin
layer chromatographic
methods for the simultaneous
determination of benazepril
hydrochloride and
hydrochlorothiazide in
cibadrex tablets
Table 2: UV Spectrophotometric Methods
SOLVENT DETECTION SPECIFICATION REFERENCE
Methanol 240 nm Revolutionizing tablet analysis: concurrent [10]
spectrophotometric quantification of benazepril
hydrochloride and hydrochlorothiazide
Methanol-water 237 nm UV Spectrophotometric Method Development and [11]
Validation of Benazepril Hydrochloride
0.IM HCl 240 nm New spectroscopy methods development for [12]
simultaneous estimation of Benazepril and
Hydrochlorothiazide in pharmaceutical dosage form
Methanol 240 nm Quantification of Benazepril Hydrochloride and [13]
Hydrochlorothiazide in Tablet Dosage Form by
Simultaneous Equation Spectroscopy
0.1M NaOH 242 nm Determination of Benazepril HCI and [14]
Hydrochlorothiazide in Pharmaceutical
Preparations Using UV-Visible Spectrophotometry
and Genetic Multivariate Calibration Methods

Table 3: High Performance Liquid Chromatographic Methods

150 x 4.6 mm L.D.)

column

mixture containing 45%
(v/v) acetonitrile adjusted to
pH 3.

of RPLC method for the
simultaneous analysis of ACE
inhibitors in tablet

formulations

STATIONARY MOBILE PHASE DETECTION SPECIFICATION REFERENCE
PHASE
YMC Triart Cig (3 pm, Acetonitrile: water binary 210 nm Development and validation [15]
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Atlantis T3 column 59 mM potassium phosphate | 225 nm and 237 Development and Validation [16]
(250 x4.6 mm x 5 m) buffer (pH 5.4):methanol nm of a Reverse Phase-High
(69:31) and acetonitrile: Performance Liquid
water (60:40) Chromatography Method for
the Assay of Benazepril
Hydrochloride using a
Quality-By-Design Approach
Inertsil ODS (4.6 x 100 | Mixture of 0.1% 235 nm Method development and [17]
mm, 5 pm) Triethylamine: methanol: validation for the
acetonitrile (40:30:30) simultaneous determination of
amlodipine and benazepril by
reverse phase high-
performance liquid
chromatography in its bulk
and pharmaceutical tablet
dosage form using biorelevant
dissolution media.
Shodex Cis Se column. Potassium dihydrogen 237 nm Development and validation [18]
phosphate buffer pH 5.3: of RP-HPLC and UV-
Acetonitrile (55:45 v/v). spectrophotometric methods
for rapid simultaneous
estimation of amlodipine and
benazepril in pure and fixed
dose combination
Ci3 (250 x 4.6 mm 5.0 0.02M tetrabutylammonium | 240 nm A New Simultaneous HPLC [19]
um) hydroxide + 0.05% v/v Analytical method for
acetic acid: methanol in the Quantification of Benazepril
ratio of 50: 50 (v/v) Hydrochloride and its related
Impurities in Bulk Drug
Product
Hichrom 5 C8 column Mixture of methanol: formic | 242 nm A Validated Stability- [20]
(250 x 4.6 mmid., 5 acid 0.1 M (63:37, v/v) Indicating Liquid
um particle size) Chromatographic Method for
the Simultaneous
Determination of Amlodipine
and Benazepril in Capsules
Dosage Form
Symmetry C18, (4.6 x 700 mL of DI Water, 200 240 nm New Stability Indicating [21]
150 mm, 5 micron) mL of Acetonitrile and 100 Method for Quantification of
mL of Methanol, Added 2.0 Impurities in Amlodipine and
mL of Octylamine and Benazepril Capsules by
mixed well. Adjusted the pH Validated HPLC
to 2.50
Diamond C18 (150 mm 0.1% acetic acid: Mass Simultaneous determination [22]
x 4.6 mm, 5 pm) acetonitrile (50:50, v/v), spectrometer of lercanidipine, benazepril

column

and benazeprilat in plasma by
LC-MS/MS and its
application to a toxicokinetics

study
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Zorbax-SB Cis column 0.1% formic acid— Mass Simultaneous determination [23]
(50 x 4.6 mm, 5 mm) acetonitrile (15:85, v/v) spectrometer of atorvastatin, amlodipine,
ramipril and benazepril in
human plasma by LC-MS/MS
and its application to a human
pharmacokinetic study
Hypersil BDS C18 A mixture of acetonitrile 237 nm Simultaneous and rapid [24]
analytical column (5 m, | (A) and phosphate buffer quantitation of benazepril and
300 mm x 4.6 mm) (pH 2.6, 10 mM) (B) benazeprilat in human plasma
by high performance liquid
chromatography with
ultraviolet detection
PGC analytical column Mobile phase consists of Mass Development and validation [25]
(2.1 x125.0 mmi.d., 55% acetonitrile in water spectrometer of a liquid
particle size 5 um) containing 0.3% v/v formic chromatographic/electrospray
acid ionization mass spectrometric
method for the determination
of benazepril, benazeprilat
and hydrochlorothiazide in
human plasma
Zorbax SB Cis, (5 um, Phosphate buffer and 240 nm Stability indicating RP-HPLC | [26]
250 mm x 4.6 mm i.d. acetonitrile in the proportion method for simultaneous
column) of 65:35 (v/v) with apparent determination of amlodipine
pH adjusted to 7.0 and benazepril hydrochloride
from their combination drug
product
Johnson Spherigel Acetonitrile (A) and 0.1% Mass Simultaneous determination [27]
analytical column (250 formic acid aqueous spectrometer of benazepril hydrochloride
mm % 4.6 mm) packed solution (B) and benazeprilat in plasma by
with 5 um C18 silica high-performance liquid
chromatography/electrospray-
mass spectrometry
Hypersil MOS (5 um Mixture of acetonitrile— 215 nm Liquid Chromatographic [28]
particle size, 250 mm % | phosphate buffer (50:50 v/v) Studies of the Stability of
4 mm) Benazepril in Pure Form and
in Tablets
ODS Phenomenex Acetonitrile and water 240 nm Application of LC and [29]
(150x4.6 mm, Spm) (35:65 v/v) and adjusting to HPTLC-densitometry for the
column pH 3.3 with acetic acid simultaneous determination of
benazepril hydrochloride and
hydrochlorothiazide
Hichrom RPB Cis, 5 Solvent A (500 ml of 240 nm A validated method for the [30]

mm particle size,
250%4.6 mm

aqueous 0.025 M sodium
dihydrogen phosphate
buffer, adjusted pH to 2.8
with concentrated
orthophosphoric acid was
mixed with 300 ml of
acetonitrile and 200 ml of
methanol) Solvent B

(acetonitrile)

determination and purity
evaluation of benazepril
hydrochloride in bulk and in
pharmaceutical dosage forms
by liquid chromatography
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Bondapak Cis (10 A mixture of methanol: 240 nm Reversed-phase high [31]
micron, 250 x 4.6 mm). acetonitrile: water: acetic performance liquid
acid (40: 30: 30: 0.5 v/v) chromatographic and thin
layer chromatographic
methods for the simultaneous
determination of benazepril
hydrochloride and
hydrochlorothiazide in
cibadrex tablets
BDS C-18 micro-bore Mixture of 0.025 M sodium | 250 nm Simultaneous determination [32]
analytical column dihydrogen phosphate (pH of benazepril hydrochloride
4.8) and acetonitrile (55:45, and hydrochlorothiazide by
v/v) micro-bore liquid
chromatography
Table 4: Ultra Performance Liquid Chromatographic Methods
STATIONARY MOBILE PHASE DETECTION SPECIFICATION REFERENCE
PHASE
A Cosmosil C18 (250 | 0.1%  Triethylamine | 236 nm Stability indicating UPLC method for | [33]
mm x 4.6ID, 5 | phosphate: Methanol estimation of benazepril and
micron) (25:75vIv hydrochlorothiazide in bulk and combined
dosage form
Agilent SB- | Methanol and 0.1% | Tandem mass | Simultancous ultraperformance liquid | [34]
Cis column (50 mm x | formic acid in water | spectrometer chromatography/tandem mass spectrometry
2.1 mm, 1.8 pm) (95:5, v/v) determination of four antihypertensive
drugs in human plasma using hydrophilic—
lipophilic balanced reversed-phase sorbents
sample preparation protocol
Acquity UPLC, BEH | Solvent-A (1.36 g of | 240 nm Stability-Indicating RP-UPLC Method for | [35]
Cis (100 x 2.1 mm, | potassium dihydrogen the  Simultaneous  Determination  of
1.7 pm) phosphate dissolved in Potential  Degradation and  Process
one Liter of water, Impurities of Amlodipine Basylate and
adjusted to pH 3.0 with Benazepril HC1 in Pharmaceutical Dosage
orthophosphoric  acid) Form
and Solvent-B
(acetonitrile) (8:2)
Acquity UPLC BEH | Acetonitrile and 0.1% | Mass Development, optimization and validation | [36]
Cig(50x 2.1 mm, 1.7 | formic acid spectrometer of a highly sensitive UPLC-ESI-MS/MS
pm) column method for simultaneous quantification of
amlodipine, benazeprile and benazeprilat in
human plasma:  Application to a
bioequivalence study

CONCLUSION

This literature review represents an up to date survey about all reported methods that have been developed for determination of benazepril in their pure
form, combined form with other drugs, combined form with degradation products, and in biological samples such as liquid chromatography and
spectrophotometry.
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