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Abstract

Background: Repaglinide, used for postprandial glucose control, is extensively metabolized by cytochrome P450 enzymes and transported by OATP and 
P-glycoprotein, making it susceptible to pharmacokinetic interactions. Indinavir, an antiviral protease inhibitor, aff ects metabolic and transport pathways, thereby altering 
the pharmacokinetic and pharmacodynamic profi le of repaglinide. This study investigated the interaction between repaglinide and indinavir in healthy rats and in rat 
models of diabetes and hepatic impairment.

Methods: Clinical doses of indinavir and repaglinide were converted to rat-equivalent doses using the Body Surface Area (BSA) method. Healthy, diabetic, and 
hepatic-impaired rats were administered indinavir (78 mg/kg, P.O), followed by repaglinide (0.5 mg/kg, P.O). Plasma concentrations of repaglinide were determined, and 
pharmacokinetic parameters, including maximum plasma concentration (Cmax), Area Under the Concentration–time curve (AUC), elimination half-life (t½), and plasma 
clearance (CL), were evaluated. Blood glucose levels were also measured to assess pharmacodynamic eff ects.

Results: In the presence of indinavir, repaglinide exhibited signifi cantly altered pharmacokinetics in normal (P < 0.005), diabetic (P < 0.0001), and hepatic-impaired (P 
< 0.0001) rats, characterized by increased maximum plasma concentration (Cmax), Area Under the Concentration–time curve (AUC), and elimination half-life (t½), along 
with a signifi cant reduction in plasma clearance (CL) across all groups compared with repaglinide alone. Pharmacodynamically, repaglinide in combination with indinavir 
produced a markedly greater (P < 0.0001) hypoglycemic eff ect in diabetic and hepatic-impaired rats than repaglinide administered alone.

Conclusion: The study demonstrates a signifi cant pharmacokinetic and pharmacodynamic interaction between indinavir and repaglinide, characterized by enhanced 
bioavailability and reduced total body clearance of repaglinide. These eff ects are likely mediated by the inhibitory action of indinavir on cytochrome P450 enzymes, as 
well as on OATP and P-glycoprotein transporters.
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variable infl uences on pharmacokinetic and pharmacodynamic 
processes, notably altering plasma protein binding, which 
subsequently impacts the distribution and elimination of 
numerous drugs [1]. HIV patients treated with combinations 
of antiretroviral therapy (HAART) regimens experience a 
signifi cant reduction in plasma HIV viral load, and restoration 
of CD4+ lymphocyte counts contributes to the deceleration 

Introduction

Drug metabolism generally involves a number of different 
enzyme systems and pathways. Most drug metabolic reactions 
are catalyzed by one or multiple cytochrome P-450 isoforms. 
Prescribing drugs for hepatic impairment is a critical and 
complex component of clinical practice. Liver disease exerts 
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of disease progression and enhancement of patient survival 
outcomes [2]. Protease Inhibitors (PIs) based therapy has 
metabolic complications, including Glucose intolerance, 
diabetes mellitus, and insulin resistance. Long-term treatment 
of HIV can lead to hepatic dysfunction in HIV patients. A major 
challenge faced by healthcare clinicians treating patients 
with hepatic impairment, HIV infection is a complicated 
problem due to medication interactions that are associated 
with highly active antiretroviral treatment – HAART [3]. The 
simultaneous use of multiple therapeutic agents increases the 
potential for drug interactions. Such drug-drug interactions 
are especially concerning in patients with AIDS, as these 
individuals frequently necessitate multiple pharmacological 
agents, including antiretroviral therapies and medications 
targeting opportunistic infections and related comorbidities. 
Consequently, the risk of drug interactions constitutes a critical 
factor to consider in the management of treatment involving 
HIV protease inhibitors [4]. Repaglinide is a meglitinide class 
of new, rapid-acting prandial oral hypoglycaemic agents 
improved and developed for the therapy of patients with type 
2 diabetes. Repaglinide exhibits the binding affi nity towards 
the sulfonylurea binding pocket on pancreatic -cells & has a 
similar mode of action to that of sulfonylureas, but it displays 
specifi c therapeutic attributes compared to sulfonylureas. 
After administration, repaglinide is quickly absorbed, with 
peak concentrations occurring within 1 hour of an individual 
oral dose of 2mg of repaglinide [5]. Repaglinide exhibits high 
plasma protein binding (>98 %). It is quickly removed from 
the bloodstream, with a terminal elimination half-life (t1/2) of 
less than 1 hour. Repaglinide plasma concentrations decrease 
quickly, attaining pre-dose levels within 4 or 5 hours after oral 
intake of 2 mg of the drug [6]. Repaglinide is metabolized in the 
liver to inactive metabolites via the CYP3A4 enzyme system. It 
is primarily metabolized through oxidative biotransformation 
via the hepatic cytochrome P450 system, particularly with the 
CYP3A4 and CYP2C8 isoforms, and inactive metabolites are 
excreted mainly in the faeces. Repaglinide has an affi nity for 
P-gp and OATP transporters and can signifi cantly contribute 
to potential drug-drug interactions with other P-gp and OATP 
substrates or inhibitors [7]. Indinavir is primarily metabolized 
by the liver, and in vitro studies indicate that cytochrome 
P-450 3A4 (CYP3A4) is the major enzyme responsible for the 
formation of the oxidative metabolites. The co-administration 
of indinavir with other medications predominantly metabolized 
by CYP3A4 may result in elevated plasma concentrations of the 
other drugs, which could increase or prolong their therapeutic 
effects and may cause adverse effects. Based on in vitro data 
in human liver microsomes, indinavir is an inhibitor of the 
cytochrome P450 isoform CYP3A4 and a weak inhibitor of 
CYP2D6. The impact of indinavir on the 6-hydroxylation of 
testosterone catalyzed by the microsomal fraction of human 
liver has been extensively studied. Kinetic studies revealed 
that indinavir acts as a reversible inhibitor of testosterone 
6-hydroxylase, with a Ki value indicating its inhibitory 
potential toward CYP3A4 metabolized drugs. Additionally, 
the involvement of P-glycoprotein in regulating the cerebral 
accumulation of indinavir was confi rmed through an 
interaction study with cyclosporine in rat models. Concomitant 

administration of cyclosporine resulted in a more than 
threefold increase in indinavir concentrations in rats. A large 
fraction of pharmacokinetic drug interactions observed in HIV 
therapy is primarily caused by changes in ADME of either the 
HIV drug itself or the concurrently administered medication. 
They may involve alterations in drug metabolism mediated by 
the CYP-450 system, modulation of P-gp, and changes in drug 
elimination by hepatic or renal route [8].

The present study hypothesized that the elimination 
of repaglinide might be affected by CYP3A4 enzyme and 
transporter-mediated inhibition. The cytochrome P450 enzyme 
system metabolizes Repaglinide and serves as a substrate for 
the CYP3A4 enzyme, as well as the P-glycoprotein (P-gp) and 
Organic Anion-Transporting Polypeptide (OATP) transporters. 
Indinavir, an inhibitor of CYP3A4 enzyme, OATP, and P-gp 
transporters, might have altered the pharmacokinetics of 
repaglinide in vivo. Since the PK/PD drug-drug interaction 
between repaglinide and indinavir at therapeutic doses had not 
been reported, this study investigated the effects of indinavir 
on the pharmacokinetics and pharmacodynamics of repaglinide 
in healthy, diabetic, and liver-dysfunction rat models.

Materials & methods

Chemicals

Repaglinide was gifted as a gift sample from Dr. Reddy’s 
Laboratories (Hyderabad, India), while Indinavir was procured 
from AurobindoPharma Limited (Hyderabad, India). Alloxan 
monohydrate was purchased from Sigma-Aldrich (Bangalore, 
India). Glucose estimation kits were procured from Agappe 
Diagnostics (Mumbai, India). HPLC-grade acetonitrile and 
formic acid were obtained from Merck Chemicals (Mumbai, 
India).

Instrumentation

An Agilent Technologies HPLC system (California, USA) 
coupled with an API-3200MS/MS mass spectrometer Sciex 
Technologies (Foster City, CA, USA), and equipped with a 
Hypersil GOLD column, C18, 5μm, 50*4.6mm internaldiameter 
(Thermo Scientifi c) was used for chromatographic separation 
and integration of the analytes.

Methods

Pharmacokinetics and Pharmacodynamics Interaction 
Study: Male albino Wistar rats, with a bodyweight ranging 
from 200-250 g, were procured from Jeeva Life Sciences 
(Hyderabad, India).To understand the conditions, the animals 
were housed at Jeeva Life Sciences, Hyderabad, under a 12-
hour light/dark cycle. The rats were fasted overnight before 
dosing and for 4 hours following dosing. Water was provided 
ad libitum throughout the deprivation period. Prior approval 
of the experimental design was issued by the institutional 
animal ethics committee (1305/ac/09/CPCSEA). For Control 
and Supervision of Experiments and Animals (CPCSEA), the 
experiments were conducted according to the guidelines 
provided by the committee.Ratsweredividedinto4 groups (n=6 



011

https://www.pharmascigroup.us/journals/international-journal-of-pharmaceutical-sciences-and-developmental-research

Citation: Jeevan Karthik M, Aakarsha T, Lokesh J, Manaswini C, Rameshbabu J, Srinivas M. Repaglinide-Indinavir Pharmacokinetic and Pharmacodynamic 
Interaction: Non-Clinical Evaluation in Hepatic and Diabetic Impairment models. Int J Pharm Sci Dev Res. 2026;12(1):009-016. Available from: https://dx.doi.
org/10.17352/ijpsdr.000059

per group): Group 1, Group 2 consisted of healthy rats, Group 
3 included diabetic rats, and Group 4 comprised hepatically 
impaired rats. Groups 2, 3, and 4 received indinavir at a dosage 
of 78 mg/kg. After an interval of 30 minutes, repaglinide was 
administered at a dosage of 0.5 mg/kg to all four groups [9,10]. 
The oral dosing formulation was prepared using the gravimetric 
dilution method with 1% Tween-80 and 0.5% methylcellulose 
as the vehicle [11].

Induction of diabetes: Diabetes was experimentally 
established in rats through the intraperitoneal administration 
of alloxan monohydrate dissolved in ice-cold normal 
saline at doses of 100 mg/kg and 50 mg/kg body weight, 
given consecutively over two days [12]. At 72 hours post 
administration, blood samples were withdrawn from the 
surviving rats via retro-orbital puncture, and plasma glucose 
concentration was analyzed. Animals with circulating glucose 
concentration equal to or exceeding 200 mg/dL were selected 
for the study [13].

Induction of hepatic impairment: Hepatic impairment in 
rats was experimentally induced through the intraperitoneal 
administration of a carbon tetrachloride and olive oil mixture, 
combined in equal proportions, at a dosage of 2 mL/kg for a 
duration of one day [14]. After 24 hours, blood samples were 
collected from rats by retro-orbital puncture of all surviving 
animals, and the serum was analyzed for elevated total 
bilirubin (>2mg/dL), alanine transaminase (>150 mg/dL), 
aspartate transaminase (>200mg/dL), and albumin (<3 mg/dL) 
were selected for the study [15].

The blood samples were obtained by retro-orbital puncture 
at the subsequent time points: 0, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 
and 24h from all animal groups in duplicate. For plasma 
collection, blood samples were drawn into EDTA-coated tubes, 
while serum samples were collected in regular tubes. These 
samples were then centrifuged at 8000rpm for 10 minutes. The 
supernatant was transferred into vials and stored at -80 °C. 
Plasma samples were analyzed using LC/MS-MS, while serum 
samples were used for blood glucose estimation at respective 
time points [12].

Liquid chromatography-mass spectrometry method: 
The repaglinide concentrations in rat plasma samples were 
determined using a validated liquid Chromatography/Mass 
Spectrometry (LC-MS/MS) technique. Positive-ion multiple 
reaction monitoring enabled the tandem mass spectrometric 
detection of repaglinide, indinavir, and rosuvastatin. The 
selected precursor ions were [M+H] + at m/z 453.2 for 
repaglinide and m/z 482.3 for rosuvastatin, with corresponding 
fragment ions monitored at m/z 230.3 and 258.15 for 
repaglinide and rosuvastatin (internal standard), respectively. 
The chromatographic separation was achieved using a Hypersil 
GOLD C18 column (4.6 x 100 mm, 5 μm), maintained at 40 °C 
with a fl ow rate of 1.3 mL/min. The mobile phase consisted 
of 10 mM ammonium acetate and acetonitrile, utilizing 
isocratic elution in a 50:50 ratio and an overall run time of 
6.0 minutes. In vivo, samples were prepared through protein 
precipitation by adding 200 μL of acetonitrile spiked with the 

internal standard, rosuvastatin, to 50 μL of the sample. The 
samples were vortexed and centrifuged at 4000 rpm for 10 
minutes before evaporating the supernatant. The developed 
method was validated following the International Conference 
on Harmonization [16].

Pharmacokinetic profi ling and statistical analysis: 
Pharmacokinetic parameters were obtained by fi tting plasma 
concentration-time data to a non-compartmental model 
utilizing Phoenix software (v6.3.0.395; Pharsight, Mountain 
View, CA). The maximum plasma concentration (Cmax) and 
the time to reach Cmax (Tmax) were analyzed, while the 
elimination half-life (t½) was determined by dividing 0.693 
by the slope derived from the log-linear regression of the 
terminal phase of the plasma concentration profi le. The area 
under the concentration-time curve from time zero to the last 
measurable concentration (AUC0-t) and extrapolated to infi nity 
(AUC0-∞) were calculated employing the linear/log trapezoidal 
method. Total plasma clearance (CL) was also estimated using 
the Phoenix software. Data are expressed as mean ± standard 
deviation (SD), and statistical signifi cance was assessed via 
one-way Analysis Of Variance (ANOVA), followed by Dunnett’s 
test with a threshold of p < 0.0001 considered indicative of 
signifi cance.

Estimation of glucose: The glucose concentrations were 
determined by using the glucose oxidase peroxidase method, 
following the instructions provided with the commercial kits. 
The assay utilized glucose (S.L) R1 reagent, which consisted of 
tris buffer, phenol, glucose oxidase, and 4-amino phenazone, 
along with a glucose standard solution (100mg/dL). Assay 
blank, standard, and test samples were prepared by mixing 
1 ml of glucose (S.L) R1 reagent with 10μl distilled water, 
glucose standard, and plasma sample. Upon reaction, a colored 
complex was formed, and the intensity of the developed color 
was measured by a colorimeter at 530 nm.

Eq. (1) Relative decrease in BGL = ((IBGL– FBGL) / IBGL) 
x 100

BGL stands for blood glucose level, IBGL indicates the 
Baseline blood glucose level, and FBGL represents the Post 
blood glucose level [17].

Results 

Bioanalytical validation of the LC-MS/MS Method

The analysis of plasma samples was conducted following 
a comprehensive validation of the LC-MS/MS methodology. 
No interfering peaks were detected in the chromatograms of 
blank plasma at the elution times corresponding to Indinavir 
and repaglinide, thereby demonstrating the selectivity of the 
employed method. The elution times for repaglinide and the 
internal standard were recorded at 3.56 and 3.47 minutes, 
respectively (Figure 1). Linearity was evaluated using nine 
calibration standards of repaglinide, a range of concentrations 
from 14.5 to 20,000 ng/mL. The correlation coeffi cient (r2) for 
repaglinide was determined to be 0.994 (Figure 2). Quality 
Control (QC) samples were prepared at low, medium, and high 
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concentrations to assess accuracy, precision, and recovery. The 
intraday precision (within the same day) and interday precision 
(over three consecutive days), based on measurements of at 
least three replicates, were both less than 2% relative standard 
deviation, with a recovery rate of 98 to 102% in rat plasma 
(Table 1). The lower Limit Of Quantifi cation (LOQ) and lower 
Limit Of Detection (LOD) were determined by injecting three 
replicates of 29 ng/mL based on the signal-to-noise ratio. 
The quantifi able LOQ was 9 ng/mL, and the detectable but not 
quantifi able LOD was 5 ng/mL.

Infl uence of indinavir on the pharmacokinetics and 
pharmacodynamics profi les of repaglinide

The mean plasma concentration of repaglinide was 
measured in healthy, diabetic, and hepatic-impaired rats, 
both with and without indinavir (Figure 3 and Table 2). 
Administration of a single dose of indanavir resulted in 
signifi cant changes to the pharmacokinetic parameters of 
repaglinide, including maximum concentration (Cmax), Area 
Under the Curve (AUC), and total plasma clearance (CL), in all 
experimental groups relative to the group receiving repaglinide 
alone.TheCmax, AUC0-t, and CL found were 533 ng/mL, 678 

ng/mL.h, and 11 ml/minute/kg respectively in group 1 healthy 
rats,1766 ng/mL, 10428 ng/mL.h, and 0.78 ml/minute/kg 
respectively in group 2 healthy rats, 2894 ng/mL, 23893 ng/
mL.h, and 0.31 ml/minute/kg respectively in group 3 diabetic 
rats and 3481 ng/mL, 23395 ng/mL.h, and 0.31 ml/minute/kg 
respectively in group 4 hepatic impaired rats (Table 3). When 
compared to the repaglinide alone group, the Cmax of the 
remaining groups was increased by 3.3 to 6.5 fold. Similarly, 
AUC0-t was increased by 15.3 to 35.2 fold, and additionally, CL 
was reduced by 35.4 fold (Table 3).

The hypoglycemic effect of repaglinide is attributed to its 
ability to stimulate the release of insulin from pancreatic beta 
cells. Serum samples were analyzed for blood glucose levels at 
various time intervals to calculate the percentage reduction in 
blood glucose levels. The results indicated a decreasing trend 
in glucose reduction for group 1, which ranged from 37.6% at 
0.25 hours to 10.2% at 1 hour. In contrast, groups 2, 3, and 
4 displayed an increasing trend in glucose reduction, with 
reductions ranging from 14.8% to 59.8% at intervals of 0.25 to 
4 hours, 12.6% to 65.9% at 0.25 to 4 hours, and 14.4% to 61.7% 
at 0.25 to 4 hours, respectively (Figure 4 and Table 4).

Figure 1: Representative chromatograms of repaglinide and internal standard in rat plasma, showing well-resolved and sharp peaks at retention times of 3.56 min (repaglinide) 
and 3.47 min (internal standard). The method demonstrates good specifi city and sensitivity with no signifi cant interference from endogenous plasma components.

 

Figure 2: Representative calibration curve of repaglinide in rat plasma showing a linear relationship between concentration and peak area ratio (repaglinide/internal 
standard).
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Table 1: Results of accuracy and precision.

Actual Concentration 
(ng/mL)

Intra-day precision  (Day-1) Inter-day precision (Day-2) Inter-day precision  (Day-3)

Mean (ng/mL) %RSD Accuracy (%) Mean (ng/mL) %RSD Accuracy (%) Mean (ng/mL) %RSD Accuracy (%)

29 28.8 1.8 99.3 28.5 1.2 98.3 28.4 1.7 98.6

6000 6024.2 1.4 100.4 6030.1 1.8 100.5 6051.4 1.3 100.5

15000 15240.1 1.2 101.6 15050.3 1.6 100.3 15026.5 2.0 98.6

a. Mean concentrations are expressed in nanograms per milliliter (ng/mL).
b. %RSD denotes percentage relative standard deviation.
c. Accuracy (%) was calculated as the percentage of measured concentration relative to the nominal concentration.

Table 2: Mean plasma concentrations of repaglinide (ng/mL)

Time (h) Repaglinide only 
(Control)

Repaglinide in the presence of indinavir in 
untreated rats

Repaglinide in the presence of indinavir in 
hyperglycemic rats

Repaglinide in the presence of indinavir 
in liver–impaired rats

0 0.0 0.0 0.0 0.0

0.25 533.6 361.8 1579.5 2129.0

0.5 331.1 472.5 1952.2 2582.0

1 119.1 876.7 2285.5 2889.0

2 48.9 1166.8 2601.5 3481.0

4 45.3 1766.5 2894.2 1919.0

6 44.4 973.3 1612.2 1493.0

8 25.5 781.0 848.2 978.0

12 10.9 138.0 660.3 572.0

24 0.0 0.0 203.8 132.0

a. The Plasma concentrations are represented as the mean in (n=6) rats.
b. Concentrations are reported in nanograms per milliliter (ng/mL).

Table 3: Pharmacokinetic parameters of repaglinide.

Pharmacokinetic parameters Repaglinide only 
(Control)

Repaglinide in the presence of 
indinavir in untreated rats

Repaglinide in the presence of 
indinavir in hyperglycemic rats

Repaglinide in the presence of 
indinavir in liver–impaired rats

Tmax (h) 0.25±0.0 4.0±0.0 4.0±0.0 2.0±0.0

AUC0-t (ng/mL.h) 678±51 10428±364** 23893±467*** 23395±344***

AUC0-∞(ng/mL.h) 726±55 10872±420** 26248±739*** 24360±443***

Oral T half (t1/2) (h) 3.0±0.1 2.2±0.1 5.5±0.4** 7.8±0.6***

Oral CL (ml/min/kg) 11±1 0.78±0.02** 0.31±0.02*** 0.31±0.01***

a. Values are expressed as mean ± standard deviation in (n = 6) rats.
b.Cmax, maximum plasma concentration; Tmax, time to reach maximum plasma concentration; AUC0–t, area under the plasma concentration–time curve from zero to last 
measurable time point; AUC0–∞, area under the plasma concentration–time curve from zero to infi nity; t1/2, elimination half-life; CL, clearance.
c. Statistical analysis was performed using one-way ANOVA followed by Dunnett’s test.
d. **Statistically signifi cant diff erence at P < 0.005 compared with the repaglinide control-only group.
e. ***Statistically signifi cant diff erence at P < 0.0001 compared with the repaglinide control-only group.

Table 4: Average percentage reduction in blood glucose levels associated with repaglinide administration.

Time (h) Repaglinide only (Control) Repaglinide in the presence of 
indinavir in untreated rats

Repaglinide in the presence of indinavir in 
hyperglycemic rats

Repaglinide in the presence of 
indinavir in liver–impaired rats

0.25 37.60±3.37 14.78±10.25 12.62±2.07*** 14.44±3.71***

0.5 25.65±5.40 16.30±3.13** 21.81±2.09*** 28.47±4.60***

1 20.29±5.00 31.24±5.38** 27.99±2.29*** 36.04±3.66***

2 12.38±4.8 46.14±2.20** 52.98±1.95*** 43.43±4.18***

4 10.16±2.61 59.80±4.92** 65.98±1.50*** 61.74±3.93***

6 7.56±4.54 47.40±1.75** 31.32±2.06*** 32.12±5.03***

8 3.47±3.35 30.96±4.12** 21.19±2.06*** 20.81±4.78***

12 2.28±6.08 16.63±7.42** 17.65±3.46*** 10.76±6.07***

24 0.34±4.88 4.39±3.41 8.67±1.97*** 4.65±6.25***

a. Values are expressed as mean ± standard deviation in (n = 6) rats.
b. Percentage reduction represents a decrease in blood glucose levels relative to baseline.
c. *** Statistical signifi cance diff erence was observed at P < 0.0001 when compared to the repaglinide – only control group.
d. ** Statistical signifi cance diff erence was observed at P < 0.001 when compared to the repaglinide - only control group.
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Discussion

Patients infected with HIV often undergo polypharmacy, 
putting them at a heightened risk for drug-drug interactions. 
This creates prescribing challenges for clinicians managing HIV 
infections. Antiretroviral therapy has been linked to increased 
rates of insulin resistance, glucose intolerance, and diabetes 
mellitus, which presents a pharmacological challenge due to 
potential pharmacokinetic interactions between anti-diabetic 
and antiretroviral medications [18]. Most drug interactions 
in HIV treatment are pharmacokinetic, arising from changes 
in the Absorption, Distribution, Metabolism, and Excretion 
(ADME) profi les of either the HIV drug or the medications taken 
concurrently. These interactions may include modifi cations 
in drug metabolism mediated by the CYP-450 system, 
P-glycoprotein (P-gp), and Organic Anion Transporting 
Polypeptides (OATPs) modulation, which collectively regulate 
drug bioavailability and systemic exposure [19]. Antiretroviral 
drugs primarily undergo oxidative metabolism via the hepatic 
cytochrome P-450 system, particularly through the CYP3A4 
isoform, which is the most prevalent in the human liver and 
plays a crucial role in metabolizing various medications [20].

Drug interactions with repaglinide have been noted, 
particularly with drugs that inhibit CYP 3A4, CYP2C8, 
and transporters such as OATP1B1 and P-gp, Repaglinide 
is primarily metabolized by CYP2C8, with a secondary 
contribution from CYP3A4, especially in intestinal fi rst-

pass metabolism, and is also a substrate for hepatic uptake 
transporter OATP1B1 [21].In addition to metabolic pathways, 
transporter proteins such as OATP1B1 play a crucial role in 
hepatic drug uptake. Pharmacovigilance data have indicated 
that certain antiretroviral agents, including indinavir, exhibit 
OATP1B1 inhibitory properties, which contributed to altered 
pharmacokinetics and increased systemic exposure of substrate 
drugs [22]. P-gp works alongside CYP3A4 and glutathione-
S-transferase and may work synergistically to regulate the 
bioavailability of drugs administered orally. OATPs serve as 
membrane infl ux transporters that control the cellular uptake 
of various endogenous substances and important clinical drugs 
[23].

The plasma concentrations and percentage reduction in 
blood glucose levels of repaglinide were signifi cantly altered 
in indinavir-treated rats, including normal, diabetic, and 
those with hepatic impairment, following a single dose 
administration. Indinavir notably increased the Cmax and 
AUC of repaglinide, indicating that it inhibited the CYP3A4-
mediated metabolism of repaglinide, predominantly affecting 
fi rst-pass metabolism in the intestine.

This suggests inhibition of both intestinal CYP3A4-
mediated metabolism and transporter-mediated drug 
disposition (OATP1B1 and P-gp), leading to increased systemic 
exposure of repaglinide. Signifi cant quantities of CYP3A4 are 
present in the mucosa of the small intestine, which plays a 
crucial role in drug interactions involving CYP3A4 inhibitors 
like indinavir.

The elevated plasma concentrations of repaglinide were 
noticeably greater in hepatic-impaired rats compared to normal 
and diabetic groups, indicating inhibited CYP 3A4 metabolism 
and altered activity of transporters (P-gp, OATP). This effect 
may be attributed to decreased hepatic metabolic capacity 
combined with impaired transporter function, resulting in 
reduced drug clearance and accumulation.

Compared to administration of repaglinide alone (control 
group), the half-life of repaglinide was markedly prolonged in 
untreated, hyperglycaemic, and liver-impaired rats co-treated 
with indinavir, accompanied by a reduction in repaglinide 
clearance. These fi ndings indicate a decreased elimination 
of repaglinide, which is likely attributable to alterations in 
hepatic cytochrome P450 enzyme-mediated metabolism and 
OATP transporter activity. The enhanced plasma exposure of 
repaglinide was particularly pronounced in liver-compromised 
rats, potentially refl ecting a combined effect of transporter-
mediated suppression and compromised hepatic function. 
The observed enhancement in repaglinide bioavailability, 
as evidenced by increased Area Under the Curve (AUC) and 
maximum concentration (Cmax), is associated with elevated 
systemic drug levels and reduced elimination rates, as indicated 
by clearance and half-life parameters. Importantly, these 
pharmacokinetic alterations were associated with enhanced 
pharmacodynamic effects, as evidenced by a signifi cant 
reduction in blood glucose levels. The increased systemic 
exposure of repaglinide was co-administered with indinavir 
likely prolonged insulin secretion from pancreatic -cells 
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through inhibition of ATP-sensitive potassium channels, 
thereby enhancing its glucose-lowering effect. However, this 
augmented pharmacological response may also increase the 
risk of hypoglycemia due to drug accumulation and delayed 
elimination.

From a clinical perspective, these fi ndings are highly 
relevant in HIV-infected patients receiving indinavir-based 
antiretroviral therapy. Co-administration of repaglinide in 
such patients may necessitate dose adjustment and careful 
therapeutic monitoring to avoid severe hypoglycemic events 
[24].

Kinetic investigations employing human liver microsomes 
have demonstrated that indinavir functions as a reversible 
suppressor of cytochrome P-450 enzymes. Notably, no time-
dependent diminution of enzymatic activity was detected 
upon incubation of human liver microsomes with indinavir 
and NADPH. Additional examination of indinavir’s impact on 
testosterone 6-hydroxylation by human liver microsomes 
indicated that indinavir acts as a competitive antagonist, 
with an inhibition constant (Ki) of 0.5 mM [25]. Noted that 
all clinically available HIV protease suppressors can interact 
with numerous drugs through competition for CYP3A4, and 
indinavir could inhibit drugs metabolized by this enzyme 
[26,27]. Highlighted that co-administering repaglinide with 
a well-established P-glycoprotein suppressor cyclosporine 
signifi cantly elevated the plasma concentration levels of 
repaglinide; this effect is likely due to inhibition of repaglinide 
metabolism by CYP3A4 and decreased hepatic uptake mediated 
through OATP1B1. Consequently, cyclosporine might amplify 
the antidiabetic action of repaglinide and elevate the risk of 
hypoglycemia in humans [27]. Our fi ndings align with those 
by [28], which demonstrated that clarithromycin, a known 
CYP3A4 blocker, markedly increased the AUC0-∞ and Cmax of 
repaglinide, enhancing its blood glucose-lowering impact [29]. 
Furthermore, [27] noted that both gemfi brozil and atorvastatin 
led to a signifi cant rise in the AUC0-∞ of repaglinide, 
consequently enhancing its hypoglycemic effects [30].

Conclusion

This study found that indinavir increased the bioavailability 
of repaglinide by inhibiting CYP3A4-facilitated metabolism 
(both intestinal and hepatic). Additionally, it hinders the 
hepatic OATP transport activity, mediated by Indinavir. The 
observed effect was evident across absorption (fi rst pass 
effect), metabolic (liver-mediated), and excretion (OATP 
transporter suppression) stages. This research highlights the 
risk of potential drug interactions when repaglinide is used 
alongside indinavir in populations such as those who are 
normal, diabetic, or have hepatic impairments. Consequently, 
the concomitant use of repaglinide and indinavir with caution 
or avoided in clinical practice. Given the clinical implications, 
further investigation through controlled clinical trials is 
warranted to elucidate the extent and impact of this interaction.
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