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Background: The aim of the study was to evaluate the pharmacokinetic (PK) properties and safety profiles of test and reference 
amlodipine/benazepril capsules under both fasting and fed states, determine the bioequivalence between the two formulations, and 
provide sufficient evidence for new drug application.
Subjects and Methods: The bioequivalence study was conducted utilizing a randomized, open-label design, involving two 
formulations administered in a single-dose format. Healthy Chinese participants who met the eligibility criteria were administered 
a single dose of the test or reference amlodipine/benazepril capsule. Blood samples were taken serially for up to 168 hours post- 
administration during each period, and the plasma levels of amlodipine, benazepril, and benazeprilat were measured using high- 
performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) method. For bioequivalence evaluation, geometric 
mean ratios comparing the pharmacokinetic parameters of the test drug with those of the reference drug were calculated along with 
their corresponding 90% confidence intervals. Safety assessments were conducted throughout the duration of the study.
Results: The PK parameters of the test formulation were found to be comparable to those of the reference formulation under both 
fasting and fed conditions. The 90% confidence intervals (CIs) for the geometric mean ratios comparing the test and reference 
formulations for the peak concentration (Cmax), the area under the curve from time zero to the last measurable concentration (AUC0-t), 
and the area under the curve from time zero to observed infinity (AUC0-∞) of amlodipine, benazepril, and benazeprilat fell within the 
range of 80.00% to 125.00% in both groups. Both formulations were well tolerated by participants, with no serious adverse events 
reported throughout the trial.
Conclusion: The pharmacokinetic bioequivalence between the test and reference formulation in healthy individuals was confirmed 
under both fasting and fed states, meeting regulatory standards set for the study. Both drug formulations demonstrated safety and 
tolerability.
Keywords: Amlodipine, benazepril, benazeprilat, bioequivalence, pharmacokinetics

Introduction
Hypertension is a condition with high blood pressure (SBP ≥140 mmHg or DBP ≥90 mmHg). It’s a major risk factor for 
heart disease and stroke. Managing hypertension can reduce risk of these conditions and mortality. 1,2 Most patients need 
two or more medications to reach target blood pressure levels.3,4

The guidelines of the International Society of Hypertension (ISH) in 2020 recommended the preferential utilization of 
angiotensin-converting enzyme (ACE) inhibitors or angiotensin-receptor blockers in combination with calcium channel 
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blockers (CCBs) for the treatment of hypertension.5 In the ACCOMPLISH trial,6 a subsequent study compared 
benazepril with amlodipine or hydrochlorothiazide combination. The findings indicated that the combination of benaze
pril and amlodipine was more effective than the combination of benazepril and hydrochlorothiazide in preventing 
cardiovascular events among patients with systolic blood pressure of ≤130 mmHg. Additionally, these benefits persisted 
in patients with apparent resistant hypertension who were taking four or more medications.7 Furthermore, the combina
tion of ACE inhibitors and CCBs exhibits fewer adverse effects compared to the individual administration of either 
medication. Clinical studies have demonstrated that the incorporation of ACE inhibitors results in a reduced incidence of 
peripheral edema induced by dihydropyridine calcium channel blockers.8,9

Currently, an escalating number of national protocols for managing hypertension recommend the utilization of single- 
pill combinations (SPC) for the treatment of hypertension.10–12 SPC is a composite preparation formulated by integrating 
two or more medications with distinct mechanisms of action into a single tablet. It can decrease the occurrence of adverse 
reactions and enhance patient compliance through cooperation with various antihypertensive mechanisms, enabling the 
utilization of the lowest effective dosage, and thereby achieving the desired antihypertensive effect.

Amlodipine, a calcium channel blocker (CCB), is used to treat hypertension and is mainly metabolized in the liver 
and excreted through the urine.13 Benazepril, a non-mercapto angiotensin-converting enzyme (ACE) inhibitor, is also 
used for hypertension and is metabolized to benazeprilat in the liver, which is then excreted by the kidneys.14 Combining 
benazepril and amlodipine does not significantly alter their pharmacokinetic properties, indicating no pharmacokinetic 
interaction between the two drugs.15

Amlodipine/benazepril (Lotrel®, Novartis) is a single-pill treatment for hypertension. Clinical trials show its adverse 
event rate is consistent with placebo, even though higher doses in monotherapy can increase such events. It maintains 
blood pressure control for 24 hours and is not significantly affected by missed doses.16–18 Additionally, it’s more cost- 
effective than using the components separately. Therefore, it’s reasonable to consider amlodipine/benazepril for mana
ging hypertension in patients after monotherapy trials.19

The exorbitant cost of genuine products has imparted a financial burden on patients. In comparison to the original 
products, the reduced costs associated with generic products can alleviate the economic burden on patients and enhance 
the availability of anti-hypertensive medications. Studies have shown common drugs for chronic diseases that could 
generate the greatest economic savings upon switching to generic formulations.20 The National Medical Products 
Administration (NMPA) mandates a comparative bioequivalence study between generic drugs and the original research 
products as a prerequisite for marketing a new generic drug. If there is no notable disparity in the absorption rate and the 
extent of absorption between the two products, it is deemed that generic drugs and reference drugs are bioequivalent.

The study aimed to compare the pharmacokinetic parameters and bioequivalence of new amlodipine/benazepril 
capsules (5/10 mg) with a reference product in healthy Chinese volunteers under both fasting and fed conditions. 
The goal was to fully understand the new product’s characteristics and provide scientific evidence for its marketing 
approval in China.

Materials and Methods
Ethics Statement of Human Rights
The study was registered on the Chinese Clinical Trial website (http://www.chinadrugtrials.org.cn/index.html, number: 
CTR20221788, date: July 18, 2022). The bioequivalence clinical trial was retrospectively registered with the Chinese 
Clinical Trial Registry, which is recognized by the WHO [https://www.chictr.org.cn/] (number: ChiCTR2400082941, 
date: April 11, 2024). The Independent Ethics Committee of Hebei General Hospital conducted a review and approved 
the clinical trial scheme and its subsequent revision On May 25, 2022 (ethical code: 2022–10). In the study, the date on 
which the first subject provided informed consent was July 26, 2022, whereas the date on which the follow-up for the last 
subject was completed was December 21, 2022. This study was conducted in strict accordance with the Guidelines for 
Good Clinical Practice recommended by the National Medical Products Administration (NMPA), the International 
Conference on Harmonization’s Good Clinical Practice Guidelines, as well as the ethical principles outlined in the 
Declaration of Helsinki.
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Study Population
Prior to the commencement of the study, all participants provided their written informed consent, which encompassed 
details regarding the research objectives, procedures, and potential risks involved. They underwent a thorough medical 
evaluation, encompassing routine physical examinations, vital sign assessments, orthostatic hypotension measurements, 
medical history reviews, laboratory testing, chest radiography, 12-lead electrocardiography, and color Doppler ultra
sonography of the renal artery, all of which were conducted to ascertain their health condition and detect any clinically 
significant diseases.

During the study period, all participants were afforded the option to withdraw at any time. During the screening 
period, participants of both genders, aged 18 and above, with weights exceeding 50 kg for males and 45 kg for females, 
and possessing a body mass index (BMI) within the range of 19.0 to 26.0 kg/m2, were eligible for inclusion in the study. 
Subjects were excluded from the study if they possessed the following medical history or evidence: acute or chronic 
clinical-related diseases; a history of drug, nicotine, or alcohol abuse; an allergic constitution, particularly an allergy to 
any component of amlodipine/benazepril capsules; a history of blood donation or acute blood loss exceeding 400 mL 
within the past three months; or if they had taken any medications or supplements within 30 days prior to the initial 
administration. Female subjects were excluded if they were pregnant or breastfeeding during the study period, or if they 
planned to become pregnant one month prior to administration or six months following the conclusion of the study.

Study Drugs
Amlodipine/benazepril capsules (5/10 mg per capsule, batch number: 22030252) manufactured and supplied by Hebei 
Longhai Pharmaceutical Co., Ltd were used as the test preparations. The reference preparations utilized were amlodipine/ 
benazepril capsules (5/10 mg per capsule, batch number: KV0241), marketed under the brand name Lotrel® and 
manufactured by Novartis Pharmaceuticals Corporation. During each treatment period, participants were administered 
a single-pill capsule containing amlodipine/benazepril (5/10 mg) as either the test or reference formulation.

Study Design
This research comprised two distinct clinical trials (the fasting study and the fed study), both of which constituted randomized, 
open-label, two-formulation, single-dose, two-sequence, two-period crossover bioequivalence studies conducted at the Phase 
Ι Clinical Research Center of Hebei General Hospital, located in Shijiazhuang, Hebei Province, China. In each trial, 
participants were allocated randomly to either the T-R or R-T group (where T represented the test product and 
R represented the reference product) in a 1:1 ratio, based on a random number table produced by SAS statistical software 
(version 9.4). In the T-R group, the participants were administered the test product during the initial treatment period and 
subsequently received the reference product in the second treatment period. Conversely, the R-T group underwent the opposite 
sequence of administration. A washout period of 21 days was implemented to separate the two treatment periods. In the 
context of fasting, each participant was orally administered a single dose of either the test or reference capsule, accompanied 
by 240 mL of warm water, following an overnight fast of at least 10 hours. Under fasting conditions, participants in the fed 
state consumed a standard high-fat breakfast (containing approximately 800–1000 kcal, with approximately 150 kcal from 
protein, 250 kcal from carbohydrates, and 500–600 kcal from fat) 30 minutes prior to each drug administration, adhering to the 
same protocol. For one hour prior to and following the administration of the drug, water intake was prohibited. At four hours 
and ten hours post-drug administration, standardized lunches and dinners were provided, respectively. Throughout the 
duration of the study, a safety assessment was conducted.

Previous studies indicate that the inter-individual coefficient of variation (CV) for amlodipine and benazepril is less 
than 30%.21 Consequently, amlodipine/benazepril is classified as a drug with moderate variation. It was assumed that the 
geometric mean ratio (GMR) of the test (T) to reference (R) was between 0.95 and 1.05, and the CV was 25%. The 
sample size needed to establish bioequivalence limits of 80.00% to 125.00% between T and R, with 80% power at 
a significance level of 5%, was determined. Considering a dropout and/or withdrawal rate of approximately 20% and the 
effects of food on pharmacokinetics, 36 participants in the fed group and 56 in the fasted group were sufficient to meet 
statistical requirements.
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Pharmacokinetic Assessment
Blood samples were collected into coded, pre-cooled K2- EDTA anticoagulation tubes pre-dose (0 h, baseline) and 0.17, 
0.33, 0.5, 0.75, 1, 1.25, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 14, 24, 48, 72, 96, 120, 144 and 168h post-dose followed by 
centrifugation at 1,700 g at 4°C for 10 min within 1 h of collection. Plasma was collected and stored at −70°C ±10°C 
within 2 h of collection until their use for analysis. All blood samples were light-proofed throughout collection, 
processing, and storage.

The PK analysis set comprised all participants randomly assigned to any group who completed periods 1–2 without 
any major protocol deviations. The primary PK endpoints were Cmax, AUC0-t, and AUC0-∞. The terminal half-life of the 
analyte in plasma (t1/2), time of maximum plasma concentration (Tmax), AUC_%Extrap, and terminal rate constant (λz) 
were the secondary endpoints.

Due to data missing caused by subject dropout or exclusion for various reasons, this study did not employ any method 
for data imputation. For sample concentrations below the lower limit of quantification, a value of “0” was assigned for 
the time points before Tmax and recorded as missing data after Tmax during PK analysis.

Because of the difference in the half-life of amlodipine, benazepril, and the active metabolite benazeprilat, the 
AUC0-168h of amlodipine, and the AUC0-48h of benazepril and benazeprilat were used for PK assessment.

Bioequivalent Assessment
To assess the bioequivalence of the test formulations relative to the reference formulations, the 90% CIs for the geometric 
least-squares mean ratios of the test formulations to the reference formulations were computed. The acceptance criteria 
for bioequivalence stipulated that 90% CIs for Cmax, AUC0-t, and AUC0-∞ for amlodipine, benazepril, and benazeprilat 
must fall entirely within the range of 80.00% to 125.00%. For the analysis of Tmax between the two formulations, the 
Wilcoxon signed-rank test was employed.

Bioanalytical Methods
The plasma concentrations of amlodipine, benazepril, and benazeprilat in healthy individuals were determined using 
a newly devised and validated HPLC-MS/MS method. An HPLC system from ExionLC AD (SHIMADZU, JAPAN) and 
a TRIPLE QUAD 6500 Mass Spectrometer with an ESI source (AB SCIEX, USA) were utilized. Briefly, amlodipine-d4, 
benazepril-d5, and benazeprilat-d5 were incorporated as internal standard, and the precipitation of protein was conducted 
from the plasma samples. Then 10 μL of the supernatant of amlodipine and 5 μL of the supernatant of benazepril and 
benazeprilat were injected and separated on an ACE Excel 3 C18-PFP (50 x 2.1mm) column with gradient elution at 
a flow rate of 0.4 mL/min (mobile phase A, 0.05% formic acid and 2.00 mm NH4Ac in water; mobile phase B, methyl 
alcohol). The temperature of the column was kept at a constant level of 40°C. The monitored transitions were m/z 409.1/ 
238.1 for amlodipine, m/z 413.2/238.1 for amlodipine-d4, m/z 425.2/190.0 for benazepril, m/z 430.2/190.0 for benaze
pril-d5, m/z 397.2/351.2 for benazeprilat, and m/z 402.2/356.2 for benazeprilat-d5 in positive electrospray ionization. 
The optimal instrument settings were configured as follows: The heater temperature was set to 400°C. The ion spray 
voltage was adjusted to 5500 V. For both amlodipine and amlodipine-d4 (IS), the declustering potential was established 
at 20 V. The collision energy was set to 18 V for amlodipine and 15 V for amlodipine-d4 (IS). For both benazepril and 
benazepril-d5 (IS), the declustering potential was set at 100 V, with a collision energy of 44 V for both. The declustering 
potential for both benazeprilat and benazeprilat-d5 (IS) was configured at 95 V, with collision energies of 29 V and 27 V, 
respectively. The curtain gas pressure was set to 40 psi, while both gas 1 and gas 2 pressures were adjusted to 50 psi.

Safety Assessment
In this study, all participants were incorporated in the safety analysis. The safety analysis encompassed laboratory 
examination, combined medications, physical assessments, vital sign monitoring, 12-lead electrocardiography (ECG) 
evaluations, adverse events (AEs), and serious adverse events (SAEs). Vital signs, including blood pressure, heart rate, 
and body temperature, were systematically monitored at pre-dose (within 1 h), as well as at 2h, 4h, 6h, 8h, 12h, 24h, 48h, 
72h, 96h, 120h, 144h, and 168h following each drug administration during each treatment period. All participants 
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underwent physical examinations, laboratory tests, and 12-lead ECG assessments both at the screening stage and 
168 hours following the second administration. Throughout the trial, all AEs were closely monitored by the study 
doctors or voluntarily reported by the participants. The grading of the severity of AEs was conducted in accordance with 
the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0, issued by the National Cancer Institute.

Statistical Analysis
Based on the plasma concentration data, the pharmacokinetic parameters for amlodipine, benazepril, and benazeprilat 
were determined using a non-compartmental analysis model, employing the Phoenix WinNonlin software (Pharsight 
Corporation, Mountain View, CA, USA; version 8.2). The values of Cmax and Tmax were directly ascertained from the 
observed plasma concentration-time curve. The AUC0-t and AUC0-∞ were computed employing the trapezoidal method. 
The elimination rate constant (λz) was ascertained through log-linear regression analysis of the plasma concentration as 
a function of time during the terminal phase. The t1/2 was subsequently computed as 0.693 divided by λz.

After converting Cmax and AUC0-t to their natural logarithmic values, a linear mixed model was used to analyze the 
variance (ANOVA) to evaluate the influence of formulation, dosing sequence, trial period, and subjects.

When the AUC%Extrap exceeds 20% for amlodipine, benazepril, or benazeprilat during any period, the AUC0-∞, t1/2, and λz 
were not statistically analyzed. When the drug plasma concentration before dosing was not below the quantifiable limit (BQL) 
and was greater than 5% of Cmax, the corresponding cycle data of the subject were not included in the bioequivalence evaluation.

Results
Study Population
During the trial, a total of 281 participants were screened, respectively, and 92 participants were enrolled for the fed and 
fed groups (n=36 for the fasted group, and n=56 for the fed group). Figure 1 shows the distributions of screening and 
inclusion criteria for the participants within the two groups. Two participants from the fasted group and four participants 
from the fed group exited the trial.

In the fasted group, subject K012 exited the trial due to personal reasons following blood collection within 12 hours 
of the second period. Additionally, subject K018 was disqualified from the trial because this individual had 
been in close contact with COVID-19 prior to the second administration period.

In the fed group, subjects C001 and C007 were withdrawn from the trial prior to the first period of administration due 
to trypanophobia. Subject C038 was withdrawn from the trial prior to the second administration period as a result of 
a positive urine drug screening. Subject C054 was withdrawn from the trial after blood collection within 96 hours of 
the second period for personal reasons.

Figure 1 Flow Chart of Subjects. Flow chart of the subjects in the fasted group (A). Flow chart of the subjects in the fed group (B). (N) the number of subjects.
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The fundamental characteristics of each subject are outlined in Table 1. All individuals involved in the study fulfilled 
the established inclusion criteria.

PK Results
All pharmacokinetic concentration sets (PKCS) and pharmacokinetic parameter sets (PKPS) were utilized for the analysis 
of all pharmacokinetic (PK) parameters. In the fasted group, subject K018 from the R-T group withdrew from the trial prior 
to the second administration period and was therefore excluded from the PKCS and PKPS analysis for amlodipine, 
benazepril, and benazeprilat. Due to the AUC%Extrap >20% for amlodipine of K012 (the R-T group) during period 2, 
K021 (the R-T group) across both periods, and K029 (the R-T group) during period 1, the AUC0-∞, t1/2, and λz of were not 
statistically analyzed. In the fed group, subject C038 in the R-T group withdrawn from the trial prior to the second 
administration period was excluded from the PKCS and PKPS of amlodipine, benazepril, and benazeprilat. Due to the 
AUC%Extrap >20% for amlodipine of C023 (the T-R group), C049 (the R-T group), and C054 (the T-R group) in period 2, the 
AUC0-∞, t1/2 and λz of were not statistically analyzed. Because of the AUC%Extrap >20% of benazepril of C020 (the 
R-T group) in period 1, the AUC0-∞, t1/2, and λz were not statistically analyzed. The plasma concentration data for 
benazepril was deemed valid for fewer than 3 points following the Tmax observed in C005 (the R-T group) during Phase 1 
and C018 (the T-R group) during Phase 2, consequently, statistical analysis was not conducted for AUC0-∞, t1/2, λz, and 
AUC%Extrap. The other participants were registered in the PKCS and PKPS within the fasted group and the fed group.

The mean plasma concentration-time curves for amlodipine, benazepril, and benazeprilat in both fasted and fed 
groups after completing the two cycles are depicted in Figures 2 and 3.

Table 1 Demographic Baseline

Variable The Fasted Group The Fed Group

Age (years)

Mean±SD 34±8 29±9

Min; Max 22~49 18~48

Sex n (%)

Male 21(58.3) 42(75.0)

Female 15(41.7) 14(25.0)

Ethnicity n (%)

Ethnic Han 34(94.4) 56(100.0)

Others 2(5.6) 0(0.0)

Height (cm)

Mean±SD 164.7±7.7 167.2±7.8

Min; Max 149.0~179.5 150.0~184.0

Weight (kg)

Mean±SD 63.8±7.4 64.1±7.6

Min; Max 51.1~81.2 52.0~78.8

BMI (kg/m2)

Mean±SD 23.4±1.5 22.9±1.9

Min; Max 21.1~26.0 19.4~26.0
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Figure 2 Mean plasma concentration-time profiles of amlodipine (A), benazepril (B), and benazeprilat (C) after oral administration of 5/10 mg of the test (n=17) and 
reference (n=18) amlodipine/benazepril capsules in healthy subjects in the fasted group. The data depicted represent the mean value, with the error bars indicating the 
standard deviation (SD).
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Figure 3 Mean plasma concentration-time profiles of amlodipine (A), benazepril (B), and benazeprilat (C) after oral administration of 5/10 mg of the test (n=17) and 
reference (n=18) amlodipine/benazepril capsules in healthy subjects in the fed group. The data depicted represent the mean value, with the error bars indicating the SD.
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The major PK parameters of amlodipine, benazepril, and benazeprilat in the fasted and fed groups were calculated 
using a non-compartmental model, and are summarized in Table 2.

In the bioequivalence trial, the factors of period, sequence, and formula may potentially influence the equivalence 
between the test preparation and reference preparation. To assess the impact of these extraneous factors on the present 
study, the linear Mixed Model was employed to conduct a multivariate analysis of variance, following the log 
transformation of each primary parameter in both the fasting and postprandial states. The results indicated that, as 
determined by ANOVA, there were statistically significant differences in Cmax, AUC0–t, or AUC0–∞ in the different 
periods and formulations in the fasting group and the fed group (P < 0.05, the specific values are presented in Table 3). 
However, the differences did not alter the bioequivalence conclusion.

Table 2 The PK Parameters of Amlodipine, Benazepril, and Benazeprilat After Oral T and R Formulations in the Fasted 
and the Fed Groups

PK Parameters The Fasted Group The Fed Group

Mean±SD Mean±SD

T R T R

Amlodipine

Cmax(ng/mL) 3.25±0.52(n=35) 3.11±0.56(n=36) 3.26±0.63(n=53) 3.25±0.64(n=54)

AUC0-t(h·ng/mL) 174.00±50.20(n=35) 177.00±46.40(n=36) 171.00±39.90(n=53) 169.00±41.00(n=54)

AUC0-∞(h·ng/mL) 191.00±47.0(n=33) 189.00±51.60(n=34) 186.00±47.60(n=52) 182.00±41.40(n=52)

Tmax (h), median (Q1, Q3) 5.99(1.99,13.99)(n=35) 5.99(2.49,14.09)(n=36) 5.99(3.99,14.00)(n=53) 5.99(5.99,13.99)(n=54)

λz(1/h) 0.02±0.00(n=33) 0.02±0.00(n=34) 0.02±0.00(n=52) 0.02±0.00(n=52)

t1/2(h) 47.30±11.10(n=33) 46.20±10.90(n=34) 47.10±11.60(n=52) 45.50±8.75(n=52)

AUC%Extrap(%) 8.70±4.40(n=33) 8.40±4.40(n=34) 8.50±4.00(n=52) 8.10±3.70(n=52)

benazepril

Cmax (ng/mL) 181.00±54.4(n=35) 193.00±73.10(n=36) 62.70±17.20(n=53) 69.20±21.60(n=54)

AUC0-t(h·ng/mL) 153.00±40.70(n=35) 144.00±41.00(n=36) 152.00±34.70(n=53) 148.00±35.30(n=54)

AUC0-∞(h·ng/mL) 154.00±40.60(n=35) 145.00±41.10(n=36) 153.00±34.80(n=53) 150.00±36.10(n=51)

Tmax (h), median (Q1, Q3) 0.49(0.32,1.24)(n=35) 0.49(0.32,2.49)(n=36) 2.49(0.32,3.99)(n=53) 2.49(0.50,4.00)(n=54)

λz (1/h) 0.743±0.149(n=35) 0.724±0.148(n=36) 0.726±0.230(n=53) 0.774±0.218(n=51)

t1/2(h) 0.963±0.163(n=35) 0.992±0.185(n=36) 1.05±0.318(n=53) 0.982±0.326(n=51)

AUC%Extrap(%) 0.5±0.2(n=35) 0.5±0.2(n=36) 0.6±0.3(n=53) 0.6±0.3(n=51)

Benazeprilat

Cmax(ng/mL) 226±50.2(n=35) 227±48.1(n=36) 157±34.7(n=53) 157±37.3(n=54)

AUC0-t(h·ng/mL) 1335±290(n=35) 1293±251(n=36) 1251±257(n=53) 1198±235(n=54)

AUC0-∞(h·ng/mL) 1365±289(n=35) 1320±249(n=36) 1284±260(n=53) 1232±235(n=54)

Tmax (h), median (Q1, Q3) 1.49(0.99,2.99)(n=35) 1.49(0.99,3.99)(n=36) 3.99(2.99,9.99)(n=53) 3.99(1.49,6.00)(n=54)

λz(1/h) 0.0739±0.0225(n=35) 0.0708±0.0118(n=36) 0.0759±0.00997(n=53) 0.0740±0.0115(n=54)

t1/2(h) 9.83±1.68(n=35) 10.1±1.78(n=36) 9.29±1.31(n=53) 9.59±1.47(n=54)

AUC%Extrap(%) 2.3±0.9(n=35) 2.2±0.9(n=36) 2.7±0.8(n=53) 2.8±0.8(n=54)
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Table 3 The Results of Variance Analysis of the Main PK Parameters After Logarithmic Transformation

Effect Factor The Fasted Group (P) The Fed Group (P)

Amlodipine Benazepril Benazeprilat Amlodipine Benazepril Benazeprilat

lncmax lnauc0-t lnauc0-∞ lnCmax lnAUC0-t lnAUC0-∞ lnCmax lnAUC0-t lnAUC0-∞ lnCmax lnAUC0-t lnAUC0-∞ lnCmax lnAUC0-t lnAUC0-∞ lnCmax lnAUC0-t lnAUC0-∞

Sequence 0.8977 0.2756 0.0520 0.2323 0.6071 0.6014 0.6863 0.3376 0.3247 0.3746 0.3573 0.2645 0.3746 0.8977 0.9100 0.4388 0.7865 0.7896

Formulation 0.0007 0.0000 0.0002 0.0618 0.0089 0.0089 0.5383 0.0405 0.0379 0.0413 0.0041 0.0088 0.4737 0.0318 0.0385 0.9862 0.0457 0.0369

Period 0.1652 0.9067 0.9450 0.7676 0.0086 0.0087 0.9837 0.0640 0.0595 0.8501 0.5640 0.4716 0.0520 0.0808 0.1568 0.9521 0.0082 0.0099
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Table 4 Results of the Equivalence Determination of the T and R Formulations in the Fasted and the Fed Groups

PK Parameters The Fasted Group The Fed Group

GLSM and Ratio Intra-Subject  

CV (%)

90% CI (%) Power (%) GLSM and Ratio Intra-Subject  

CV (%)

90% CI (%) Power (%)

Test Reference Test /  

Reference (%)

Test Reference Test /  

Reference (%)

Amlodipine

Cmax(ng/mL) 3.18 (n=34) 3.06 (n=35) 104.03 11.54 99.24~109.05 >99.99 3.20 

(n=52)

3.19 (n=54) 100.45 12.05 96.58~104.47 >99.99

AUC0-t(h·ng/mL) 169.53 (n=33) 169.04 (n=35) 100.29 10.00 96.20~104.56 >99.99 167.03 (n=51) 165.42 (n=53) 100.97 8.44 98.19~103.83 >99.99

AUC0-∞(h·ng/mL) 181.30 (n=32) 180.95 (n=34) 100.19 11.12 95.57~105.04 >99.99 182.29 (n=51) 179.97 (n=52) 101.29 8.77 98.33~104.33 >99.99

Benazepril

Cmax(ng/mL) 173.42 (n=35) 177.14 (n=36) 97.90 30.57 86.80~110.42 82.89 60.26 (n=52) 65.92 (n=54) 91.42 23.43 84.77~98.59 89.88

AUC0-t(h·ng/mL) 148.33 (n=34) 138.84 (n=36) 106.84 9.77 102.65~111.20 >99.99 148.45 (n=52) 143.93 (n=54) 103.14 8.87 100.18~106.18 >99.99

AUC0-∞(h·ng/mL) 149.10 (n=34) 139.59 (n=36) 106.81 9.75 102.63~111.16 >99.99 149.32 (n=52) 145.54 (n=51) 102.59 8.85 99.58~105.70 >99.99

Benazeprilat

Cmax(ng/mL) 221.72 (n=35) 221.60 (n=36) 100.05 10.83 95.78~104.52 >99.99 152.65 (n=52) 152.91 (n=54) 99.83 14.60 95.19~104.69 >99.99

AUC0-t(h·ng/mL) 1324.53 (n=34) 1267.46 (n=36) 104.50 9.51 100.52~108.65 >99.99 1222.89 (n=52) 1176.37 (n=54) 103.95 7.21 101.53~106.44 >99.99

AUC0-∞(h·ng/mL) 1354.20 (n=34) 1296.23 (n=36) 104.47 9.27 100.58~108.51 >99.99 1256.55 (n=52) 1210.64 (n=54) 103.79 7.10 101.40~106.24 >99.99
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BE Results
In the fastest group, subject K029 in the R-T group during the two periods was excluded from the Bioequivalence Set 
(BES) due to the plasma concentration of the drug prior to dosing exceeding 5% of Cmax. For the purpose of 
pharmacokinetic (PK) bioequivalence evaluation, the remaining subjects in both the fasted and fed groups were included 
in the bioequivalence analysis set (BES), consistent with the protocols of PKPS.

Table 5 Summary of AEs of Healthy Subjects in the Fasted and the Fed Groups

The Fasted Group The Fed Group

T (n=35) R (n=36) T (n=53) R (n=54)

AE count n (%) AE count n (%) AE count n (%) AE count n (%)

Total 23 19(54.3) 26 16(44.4) 39 26(49.1) 45 34(63.0)

Results of inspection 23 19(54.3) 25 16(44.4) 36 26(49.1) 36 32(59.3)

γ GT elevated 0 0(0.0) 0 0(0.0) 0 0(0.0) 2 2(3.7)
ALT elevated 0 0(0.0) 0 0(0.0) 1 1(1.9) 1 1(1.9)

Blood bilirubin increased 0 0(0.0) 0 0(0.0) 0 0(0.0) 1 1(1.9)

MCH decreased 1 1(2.9) 1 1(2.8) 0 0(0.0) 0 0(0.0)
The percentage of EO increased 1 1(2.9) 0 0(0.0) 0 0(0.0) 0 0(0.0)

EO count decreased 1 1(2.9) 0 0(0.0) 0 0(0.0) 0 0(0.0)

AST elevated 0 0(0.0) 0 0(0.0) 1 1(1.9) 0 0(0.0)
ECG abnormality 0 0(0.0) 2 2(5.6) 2 2(3.8) 1 1(1.9)

TC elevated 0 0(0.0) 0 0(0.0) 0 0(0.0) 1 1(1.9)

TBIL elevated 0 0(0.0) 0 0(0.0) 0 0(0.0) 1 1(1.9)
TG elevated 2 2(5.7) 2 2(5.6) 2 2(3.8) 2 2(3.7)

HGB decreased 2 2(5.7) 2 2(5.6) 0 0(0.0) 1 1(1.9)

CREA elevated 0 0(0.0) 1 1(2.8) 1 1(1.9) 0 0(0.0)
MB increased 1 1(2.9) 0 0(0.0) 0 0(0.0) 1 1(1.9)

Hyperuricacidemia 0 0(0.0) 1 1(2.8) 0 0(0.0) 0 0(0.0)

FIB increased 1 1(2.9) 0 0(0.0) 0 0(0.0) 0 0(0.0)
NEUT decreased 1 1(2.9) 0 0(0.0) 0 0(0.0) 0 0(0.0)

Positive urine leukocytes 0 0(0.0) 4 2(5.6) 2 1(1.9) 0 0(0.0)

Urinary sediment detected 0 0(0.0) 2 2(5.6) 1 1(1.9) 0 0(0.0)
Urine erythrocyte positive 0 0(0.0) 1 1(2.8) 0 0(0.0) 0 0(0.0)

BLD Positive 0 0(0.0) 1 1(2.8) 0 0(0.0) 0 0(0.0)

Urinary bacteria positive 0 0(0.0) 1 1(2.8) 1 1(1.9) 0 0(0.0)
Blood pressure decreased 13 13(37.1) 7 7(19.4) 24 24(45.3) 24 24(44.4)

Heart rate decreased 0 0(0.0) 0 0(0.0) 1 1(1.9) 0 0(0.0)

Heart rate increased 0 0(0.0) 0 0(0.0) 0 0(0.0) 1 1(1.9)
Blood and lymphatic system disorders 0 0(0.0) 1 1(2.8) 0 0(0.0) 2 2(3.7)

Anemia 0 0(0.0) 1 1(2.8) 0 0(0.0) 2 2(3.7)

Infection diseases 0 0(0.0) 0 0(0.0) 2 2(3.8) 1 1(1.9)
Localized infection 0 0(0.0) 0 0(0.0) 1 1(1.9) 0 0(0.0)

Upper respiratory tract infection 0 0(0.0) 0 0(0.0) 1 1(1.9) 1 1(1.9)

Nervous system diseases 0 0(0.0) 0 0(0.0) 1 1(1.9) 1 1(1.9)
Dizziness 0 0(0.0) 0 0(0.0) 1 1(1.9) 1 1(1.9)

Systemic diseases 0 0(0.0) 0 0(0.0) 0 0(0.0) 3 1(1.9)

Acratia 0 0(0.0) 0 0(0.0) 0 0(0.0) 1 1(1.9)
Chest discomfort 0 0(0.0) 0 0(0.0) 0 0(0.0) 1 1(1.9)

Chest pain 0 0(0.0) 0 0(0.0) 0 0(0.0) 1 1(1.9)

Cardiac disease 0 0(0.0) 0 0(0.0) 0 0(0.0) 2 2(3.7)
Palpitation 0 0(0.0) 0 0(0.0) 0 0(0.0) 1 1(1.9)

Sinus tachy-cardia 0 0(0.0) 0 0(0.0) 0 0(0.0) 1 1(1.9)
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The 90% CIs and the geometric least-squares mean ratios of amlodipine, benazepril, and benazeprilat for Cmax, 
AUC0-t, and AUC0-∞ were used to evaluate equivalence, as shown in Table 4. All 90% CIs for Cmax, AUC0-t, and 
AUC0-∞ were within the established bioequivalence range of 80.00% to 125.00%. The findings demonstrated that the 
amlodipine/benazepril capsule test product exhibited bioequivalence to the reference product in the fasted group and the 
fed group.

Bioanalytical Methods Validation
The linear concentration ranges for amlodipine were 0.02 ng/mL to 5.00 ng/mL, for benazepril were 0.30 ng/mL to 
300.00 ng/mL, and for benazeprilat were 0.40 ng/mL to 400.00 ng/mL. The lower limits of quantitation (LLOQ) for 
amlodipine, benazepril, and benazeprilat were 0.02, 0.30, and 0.40 ng/mL, respectively. The intra-batch and inter-batch 
precision values for amlodipine in plasma samples were less than 7.4% and 9.9%, respectively; for benazepril, they were 
less than 3.9% and 4.0%, respectively; and for benazeprilat, they were less than 4.7% and 6.2%, respectively. The intra- 
batch and inter-batch accuracy ranged from −6.2% to 11% and −1.6% to 5.3% for amlodipine, from −5.1% to 6.3% and 
−1.3% to 3.3% for benazepril, and from −6.0% to 8.3% for benazeprilat, respectively.

Safety Results
The assessment of the safety and tolerability of the amlodipine/benazepril capsule was conducted based on the safety 
analysis set (SS), which included all subjects who had received at least one dose of the study drug. Both the test and 
reference formulations demonstrated favorable safety profiles in healthy Chinese participants, irrespective of whether 
they were in the fasted or fed groups.

The incidence of adverse events (AEs) for both the fasted and fed groups has been summarized in Table 5. In the 
fasted group, 36 subjects were enrolled in the safety set (SS), with 49 AEs reported for 25 subjects, resulting in an AE 
incidence rate of 69.44% (25/36). All reported AEs were mild and did not necessitate any treatment. In the fed group, the 
AE incidence rate was 72.22%, with 84 AEs occurring in 39 subjects. All AEs were classified as mild and did not require 
further medical intervention. Notably, all AEs either resolved or remained stable upon completion of the study. The 
results indicated that the incidence and types of AEs were comparable between the two formulations, regardless of 
whether the subjects were in the fasted or fed state.

Discussion
In this research, we presented evidence demonstrating the bioequivalence of test and reference amlodipine/benazepril 
capsules in healthy Chinese participants under both fasting and fed conditions. These conditions met the established 
acceptance criteria and were deemed to exhibit bioequivalence. Both formulations were well-tolerated, and no serious 
adverse events (SAEs) were reported.

In accordance with the bioequivalence guidelines issued by the FDA,22 the pharmacokinetic properties of amlodipine, 
benazepril, and its active metabolite, benazeprilat, were assessed. Benazepril undergoes metabolic conversion in the liver to 
form its active metabolite, benazeprilat, which binds irreversibly to ACE.23 Benazeprilat is not utilized as an oral medication 
due to its inadequate absorption from the gastrointestinal tract, exhibiting an oral bioavailability of under 7%.24 Benazeprilat 
exhibits greater efficacy as an ACE inhibitor compared to benazepril, with an exposure level approximately 10 times higher. 
Consequently, the study also assessed the bioequivalence of benazeprilat.

In adults, approximately 37% of orally administered benazepril is rapidly absorbed and subsequently metabolized into 
its active form, benazeprilat, within the liver. Both benazepril and benazeprilat undergo glucuronidation and are 
subsequently excreted in both urine and bile. A maximum concentration of benazeprilat was observed approximately 1 
to 6 hours following administration, with a plasma half-life of 10 to 11 hours. A mere fraction of the administered 
Lotensin dose is recoverable in the urine in its unchanged form as benazepril, whereas approximately 20% of the dose is 
excreted as benazeprilat, 4% as benazepril glucuronide, and an additional 8% as benazeprilat glucuronide.25

The pharmacokinetic profiles observed in healthy volunteers in this study were comparable to those previously 
reported for amlodipine and benazeprilat in references.26–29 Specifically, the Tmax and t1/2 values of amlodipine 
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administered as a single capsule in this study were consistent with those from previous research, suggesting that the rates 
of absorption and elimination in this study were in line with previous findings.

In our study of amlodipine 5 mg and benazepril 10 mg, the Cmax, Tmax, and AUC0-t of both benazepril and its active 
metabolite benazeprilat were comparable to those reported in previous research findings,26,27 however, significant 
differences were observed in the t1/2 of benazeprilat. In previous research findings, the t1/2 was reported to be 
17 hours and 14 hours, respectively. However, in our study, the half-life of benazeprilat was found to be approximately 
10 hours, which aligns closely with the information provided in the prescription information for Lotensin® (Benazepril 
hydrochloride). Therefore, it is reasonable to assume that an extended sampling time would result in a more detailed 
compartmentalization observed in the distribution map of benazeprilat, which is utilized for the calculation of the t1/2. In 
previous studies,26,27 the average sampling time was 72 hours and 84 hours, whereas in the present study, it was 48 hours. 
The sampling duration affects the noncompartmental half-life determination, and the sampling scheme spanned over 2 
and 4 half-lives was required to have acceptable precision and bias in the noncompartmental t1/2 estimates. The t1/2 of 
benazeprilat is approximately 10 hours, making a sampling scheme that spans over 48 hours reasonable in the study.

A bioequivalence study of the generic drug was a prerequisite for marketing approval. The 90% CIs of amlodipine, 
benazepril, and benazeprilat for Cmax, AUC0-t, and AUC0-∞ were within the established bioequivalence range of 80.00% 
to 125.00%. The findings demonstrated that the amlodipine/benazepril capsule test product exhibited bioequivalence to 
the reference product in both the fasted and fed groups. The current research offers further substantiation that the single- 
pill capsule formulation of amlodipine plus benazepril, manufactured by generic companies, demonstrates equivalent 
clinical efficacy to that of branded products that provide scientific evidence for its marketing approval in China. The 
active constituents of generic medications are identical to those of their branded counterparts, and the pricing is 
significantly lower.30 This cost advantage endows generic drugs with the capacity to enhance patient adherence and 
continuation of therapy.31,32 Upon establishing drug equivalence and bioequivalence with the reference products, the 
generic versions are authorized for use.

There exist certain research limitations: In this study, the pharmacokinetic parameters of amlodipine/benazepril 
capsules were assessed in healthy individuals. However, it is possible that the absorption, metabolism, or distribution 
of amlodipine/benazepril capsules may vary in hypertensive patients. Regarding the impact of food on the pharmaco
kinetics and bioequivalence of amlodipine/benazepril capsules, our investigation was limited to high-fat diets.

Conclusion
According to the findings of this study, amlodipine/benazepril capsules available in China demonstrate bioequivalence to 
the reference formulation (Lotrel®) with respect to the rate and extent of absorption, both under fasting and fed 
conditions. Both formulations exhibited general good tolerability among the healthy Chinese population and may be 
used interchangeably in clinical practice, thereby alleviating the economic burden on hypertensive patients in China.
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