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Naringenin alters the pharmacokinetics G

of ranolazine in part through the inhibition
of cytochrome P450 (3A4) and P-glycoprotein
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Abstract

Background This study set out to look at how naringenin affected the pharmacokinetics of ranolazine in rats. The
pharmacokinetic investigation of ranolazine in rats following oral administration of ranolazine with or without coad-
ministration of naringenin was successfully conducted using the established technique. Animals were administered
the same medications for 7 days as part of a multiple dosage study (MDS), and the amount of ranolazine in plasma
was calculated on 18 days. The intestinal transit of ranolazine in the presence and absence of naringenin and vera-
pamil was examined in an in vitro experiment using the intestinal sacs of rats and chickens (P-glycoprotein inhibitor).

Results Naringenin raised the maximal level (Cmax) of ranolazine from 231+ 10.16 to 303.67 +9.46 and

32567 +£21.81 ng/mL in SDS and MDS, respectively. Moreover, naringenin elevated the area under the curve (AUC) of
ranolazine from 1293.54 £37.18 to 1505.38 £ 100.30 and 1575.42 £+ 76.98 ng/mL/h in SDS and MDS. In the presence
of naringenin, there was an increase in the transfer of ranolazine from the mucosal side to the serosal side. Narin-
genin inhibits the enzymes Cytochrome P450 (3A4) or (CYP3A4) and P-glycoprotein (P-gp). The findings showed that
naringenin might have a considerable impact on ranolazine pharmacokinetics, including extending its t; , and raising
its AUC.

Conclusions The findings of the study showed that naringenin inhibits the enzymes CYP3A4 and P-gp. Therefore,
naringenin might have a considerable impact on ranolazine pharmacokinetics, including extending its t, , and raising
its AUC.
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Background

Ischemic heart diseases are the leading cause of mortality
worldwide [1-3]. Myocardial infarction, a kind of coro-
nary artery disease, and stable angina pectoris are the
two most aggressive forms of this condition’s progression
[4, 5]. The greatest way to reduce the size of myocardial
infarcts and restore health is by leading percutaneous
coronary or rapid myocardial reperfusion with thrombo-
lytic therapy [6]. Different features of stable angina can
be prevented generally with the help of statins and aspi-
rin along with first-line therapy groups, such as nitrates,
B-blockers, and calcium channel blockers, according to
research [7].

Despite the fact that its precise function is yet
unknown, the medicine ranolazine, which is a particular
inhibitor of belated sodium ion entry, is likely to mini-
mize the abnormalities of ventricular action potentials
and contractility connected to ischemia [8]. The treat-
ment of chronic stable angina pectoris with the dis-
tinctive novel medication called ranolazine has been
approved, although it is not entirely apparent how it
works [9]. Furthermore, ranolazine illustrates potential
benefits for hyperglycemia, cardiac arrest, and arrhyth-
mias [10].

A fundamental change in the practice of medicine
has been brought about by recent improvements in
the bioavailability optimization of pharmaceuticals by

substances of botanical origins. Because a considerable
amount of a dosage never reaches the plasma or does
not exert its pharmacological action until extremely
large doses are administered, which may induce seri-
ous adverse effects, poorly bioavailable medications
continue to be below the therapeutic level. Any appre-
ciable increase in bioavailability will lead to a reduc-
tion in the dose or the frequency of that specific drug’s
doses. The current global focus is on techniques
designed to lower medication doses and, consequently,
drug treatment costs [11]. Herbal bioenhancers are
said to increase the bioavailability and bioefficacy of
therapeutic medications or nutrients when coupled
with them without having any usual pharmacological
effect of their own at the dosage employed. The history
of the idea of bioenhancers with botanical origins may
be traced back to the ancient knowledge of the Indian
medical system (Ayurveda). When long pepper was
added to an Ayurvedic formula including vasaka (Adh-
atodavasica), Bose (1929) observed that the mixture’s
antiasthmatic effects were significantly boosted [12].
Bioenhancers work in a variety of ways. They have an
impact on the drug target, drug metabolism, or the
absorption process. The non-toxicity, effectiveness at
low concentration levels, and ease of formulation pro-
cedures of bioenhancers are a few of the acknowledged
justifications for their usage. When combined with
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other pharmacological classes including antibiotics,
antituberculosis, antiviral, antifungal, and anticancer
medicines, bioenhancers are successful. Bioenhancers
also enhance the oral absorption of several nutrients,
including vitamins, minerals, amino acids, and others
[13]. Citrus trees, in particular, contain significant lev-
els of flavonoids, and citrus fruits and juices are widely
consumed across the world. Several of the most prom-
inent biologically active flavonoid is naringenin, which
is primarily present in several edible fruit species
including those of the citrus genus and tomatoes [14].
Naringenin (7-[[2-O-(6-deoxy-a-L-mannopyranosyl)-
B-D-glucopyranosyl]oxy]-2,3-dihydro-5-hydr-oxy-
2-(4hydroxyphenyl)-4H-1-benzopyran-4-one), a
flavanone glycoside (rutinoside), occurs naturally in
the pericarp of citrus fruits and grapefruits (Citrus
paradisi; Family: Rutaceae) [15]. Emerging research
either from in vivo experiments findings has supported
a number of naringenin’s therapeutic potential use in
conditions related to the neurological, liver, cardio-
vascular, digestive system, metabolic process, auto-
immune dysfunction, pathogenic conditions, and
neo-plastic condition [14]. Naringenin has the capac-
ity to inhibit cytochrome P450, namely CYP3A4, as
well as the P-gp export pump [16—18]. Drug and food
interactions are becoming more widely acknowledged
as great clinical occurrences, and other drugs can lead
to unexpected, synergistic, additive, and antagonis-
tic outcomes Medications may interfere with several
bioactive molecules via altering drug-metabolizing
enzymes that may inhibit or induce metabolism [19,
20]. Numerous medication interactions involving nar-
ingenin have been documented, including a reduc-
tion in pre-systemic metabolism by inhibition of the
CYP3A4 enzyme, P-glycoprotein (P-gp), and multid-
rug resistance protein-2 (MRP2) [21, 22]. Ranolazine is
quickly and severely processed in the liver and gastro-
intestinal tract by the CYP3A4 enzyme, and to a lesser
extent by CYP2D6, with around 5% being removed
renally unmodified [23].

Ranolazine has a bioavailability of around 30-55%
[23]. The goal of the study was to raise the blood lev-
els of ranolazine using the biological bio-enhancer nar-
ingenin. The cardiovascular system also appears to be
protected by naringenin, and if ranolazine’s bioavail-
ability increases, the medication’s dose and cost may
be reduced. In light of these results, the current study’s
objective was to find out whether the flavonoid narin-
genin would alter the pharmacokinetics of ranolazine.
For the detection of ranolazine in rat plasma, a sim-
ple and precise quantification method based on high-
efficiency liquid chromatography was developed and
assessed.
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Methods

Working standards for naringenin and ranolazine were
purchased from Sigma-Aldrich. HPLC-grade acetonitrile,
methanol, water, and dimethyl sulfate were bought from
Merck. All other materials and chemicals were of analyti-
cal reagent grade.

Animals used in the investigation

The animal ethics committee (IAEC/TRS/PT/22/26)
authorized all animal research and ensured that they
were carried out in accordance with the institution’s
policies for the care and use of laboratory animals. Six
male Wistar rats (180-220 g) were confined in cages
with unrestricted access to fresh water and food in typi-
cal controlled environments for a minimum of 7 days.
The animals received a 12-h fast well before the program
began, and they were denied access to food and drink
while it was being conducted. The broiler chicks were
bought from nearby farms and kept in carefully regulated
circumstances.

Analysis techniques

A modified version of the approach recently reported by
Nalawade et al. (2010) was used to quantify the plasma
levels of ranolazine. A pump (LC-20AD), C18 column
(Zorbax, Agilent) 75*4.6 mm, 5 m particle size, and a
dual-wavelength ultraviolet (UV)-visible detector made
up of a Shimadzu HPLC system (Shimadzu, Tokyo,
Japan) (SPD-10A). Data collection and processing were
carried out using LC solution software (Tokyo, Japan).
The mobile phase was composed of acetonitrile and
water (80:20 v/v) and 0.2 percent acetic acid.

Plasma extraction of ranolazine

The plasma was removed by centrifugation at 4000 rpm
after the blood was drawn into plastic tubes containing
K, EDTA as an anticoagulant. Around 0.4 mL of plasma
was combined with 2 mL of ethyl acetate for 5 min before
the mixture was centrifuged at 4000 rpm for 5 min at
room temperature. The organic layer was then removed,
and using a nitrogen stream, it was evaporated to dryness
at 50 °C. In order to perform chromatographic analy-
sis, the residue was concentrated with 0.150 mL of the
mobile phase.

Ranolazine’s pharmacokinetics in SDS and the impact

of naringenin

Group I received ranolazine 14 mg/kg therapy, Group
II received naringenin 25 mg/kg treatment, and Group
III received ranolazine 14 mg/kg treatment followed by
naringenin 25 mg/kg treatment after 30 min. Oral gav-
ages were used to provide each medication to the appro-
priate group. Following treatment, blood samples were
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taken from the retro-orbital plexus at 0.0, 0.5, 1, 2, 3, 4,
4.5, 5, 6, 8, 12, and 18 h. The concentration of ranolazine
in the plasma was then calculated using the RP-HPLC
technique.

Ranolazine’s pharmacokinetics in MDS and the impact

of naringenin

Rats with MDS were given the same medications for
7 days. On the 8th day, the blood sample was collected
from the retro-orbital plexus at 0.0, 0.5, 1, 2, 3, 4, 4.5, 5, 6,
8, 12, and 18 h. The ranolazine concentration in plasma
was estimated by the RP-HPLC method.

Naringenin’s impact on ranolazine intestinal absorption

in rat-everted sac

The gastrointestinal P-gp transit of compounds from the
mucosal to the serosal surface was investigated using the
everted sac technique [24]. Pentobarbital was given to
male Wistar rats (weight 180-220 g) at a dose of 30 mg/
kg (s.c.). An abdominal incision was made midline. The
rats were killed by puncturing their hearts. A glass rod
was used to quickly remove and evert the small intestine,
which had a length of 10-12 cm from the Treitz ligament
to the ileocaecal junction. The 2 mL of a pH 7.4 Krebs—
Henseleit bicarbonate buffer solution containing 0.4 per-
cent glucose was added to the sacs. For sample collection,
one end was ligated and the other end was ligated with
a needle. The sac was incubated at 37 °C in a glass con-
tainer with 25 mL of the same buffer solution and was
gassed at a ratio of 95/5. Ranolazine (50 pM) solution
was added to the glass jar after 5 min, and the prepara-
tion was then incubated once more. At 10, 20, 30, 40, 50,
and 60 min, 0.5 mL of sample was taken from the sac and
0.5 mL of buffer was added. The process was repeated
with more sacs. Verapamil (10, 50, 100, and 200 puM) and
Naringenin (25, 50, 100, and 200 pM) were present. The
RP-HPLC technique was used to measure the ranolazine
transfer from the mucosal to the serosal side at 225 nm.

Naringenin’s impact on the intestinal absorption

of ranolazine from the chicken everted sac

Activity evaluation was done by the new P-gp model in
the intestinal sac everted by a chick. For the study, we
employed this model. To prepare and mount tissue, I
strictly adhered to the process outlined in Tanaka K.et al.
[25]. Animals were killed, and their intestines were har-
vested from the duodenal loop’s proximal end to its distal
end immediately (2 min); the caecal attachment was with-
drawn, and ice-cold ringer solution was used for flushing.
The intestine was everted, the sleeves were shortened to
1.5 cm, and by securing the tissue to stainless steel rods
precisely one centimeter apart over grooves.
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Calibration curve standards and quality control (QC)
sample preparation

Methanol was used to dissolve precisely weighted ranola-
zine, creating a standard primary solution with a 1 mg/
mL concentration. By sequential diluting the primary
solution with methanol: water (50:50), the secondary
working solution with concentrations of 50, 100, 200,
1000, 5000, 10,000, 20,000, 30,000, 40,000, and 50,000 ng/
mL was produced. 100 pL of blank rat plasma and 5 pL
of each working solution were combined to create the
calibrator standards, which had nominal values of 2.5, 5,
10, 50, 250, 500, 1000, 1500, 2000, and 2500 ng/mL. The
same method was used to create the quality control (QC)
samples from a separated stock solution at concentra-
tions of 15, 80, 900, and 2100 ng/mL.

Statistic evaluation

The data were presented as mean SEM. Standard statisti-
cal procedures were used to determine the significance at
p<0.05 level using GraphPad Prism 8.0 (GraphPad Prism
Software Inc., San Diego, USA).

Results

The body weight of different groups is represented in
Fig. 1. Also, Fig. 1 illustrates that there were no signifi-
cant (p>0.05) changes in body weight among the differ-
ent groups as determined by statistical analysis.

Group-I received ranolazine 14 mg/kg therapy; Group-
II received naringenin 25 mg/kg treatment; and Group-
III received ranolazine 14 mg/kg treatment followed by
naringenin 25 mg/kg treatment after 30 min.
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Fig. 1 In the presence and absence of naringenin and verapamil,
the transfer of ranolazine from the serosal to mucosal side of the
chick-everted ileum (n=6). R stands for ranolazine, N for naringenin,
and MDS is for multidose study
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Ranolazine pharmacokinetics in rats and the impact

of naringenin

The pharmacokinetics (PK) parameters of ranolazine
were computed in SDS and MDS (AUC, area under
the curve; AUMC, area under the moment curve;
t1/9, half-life; Cmax, maximum concentration; Tmax,
the time required to reach maximum concentration;
MRT, mean retention time). The PK characteristics of
ranolazine were significantly changed by naringenin.
In SDS and MDS, correspondingly, naringenin raised
the peak rat plasma concentration of ranolazine from
231£10.16 to 303.67£9.46 and 325.67 £21.81 ng/
mL. The naringenin-induced increase in ranola-
zine’s AUC was also seen in SDS and MDS, where it
went from 1293.544+37.18 to 1505.38 £100.30 and
1575.42+76.98 ng/mL/h, respectively. The outcomes
are displayed in Table 1.
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Naringenin impact upon ranolazine absorption from rat
everted sacs during intestinal transit

The impact of naringenin on the intestinal transit of
ranolazine was investigated using rat-everted intesti-
nal sacs. Naringenin and verapamil, a common P-gp
inhibitor, substantially (»p<0.01) enhanced the trans-
fer of ranolazine from the mucosal side to the serosal
side. Ranolazine’s transport was boosted by naringenin
(100 pM) from 20.95+2.01 to 30.83£20 at 60 min. But
with Naringenin 100 and 200 pM, no appreciable trans-
fer was seen. Ranolazine’s transport was boosted by
verapamil (100 uM) from 20.31+£1.56 to 36.47 £1.38 at
60 min. Tables 2 and 3 include the results.

Naringenin’s impact on the intestinal absorption

of ranolazine from chick-everted sacs

The impact of naringenin on the intestinal transit of
ranolazine was also investigated using the gastrointes-
tinal sacs of chicks. In the presence of 10, 50, 100, 200,
and 300 puM naringenin, correspondingly, the transfer of

Table 1 Naringenin's impact on ranolazine’s pharmacokinetics in SDS and MDS (n=6)

Pharmacokinetic parameter Ranolazine Ranolazine + Naringenin (STD) Ranolazine + Naringenin
(MTD)
Cmax (ng/mL) 231+£10.16 303.67 £9.46* 325.67+£2181*
Trax (h) 454032 4540 4540
AUC,_;4(ng/mL/h) 1293.54+37.18 1505.38 £ 100.30%* 157542 £76.98**
AUC,_o, (ng/mL/h) 1328.52+39.69 1546.74 +£104.05 1616.01 £78.82
AUCy; extrapolation 26+034 2671044 251+£033
AUMC,_;5 (ng/mL/h2) 8677.67 £305.37 9739.13 £ 906.61** 10,265.99 + 646.85**
AUMCy_s, (ng/mL/h2) 9307.954344.15 10,493.22+964.19 9236.7 £4566.05
MRTg 5 (0) 6.71+0.08 646+021* 6.45+0.17*
MRT_o () 7.01£0.09 6.78+0.2 6.74+0.17
Ky(h™") 0.234+0.01 0.23+£001% 023+£0.01%
ty, () 3.024+0.12 3.01+£0.11* 2954+0.1%

AUC Area under the curve, AUMC Area under the moment curve, t, , half-life; Cmax Maximum concentration, Tmax Time required to reach maximum concentration,
MRT Mean retention time

*p <0.05, when compared to ranolazine treatment alone

**p<0.01, when compared to ranolazine treatment alone

Table 2 Naringenin's impact on the movement of ranolazine from the rat-everted ileum’s mucosal to serosal side (n=6)

Time (min)  Ranolazine (50 uM)  Ranolazine Ranolazine Ranolazine Ranolazine
(50 pM) + naringenin(10 pM) (50 puM) + naringenin (50 uM) 4 naringenin (50 pM) + naringenin
(50 pm) (100 pM) (200 pM)

10 10.01+£1.49 10.62+1.31* 12.23+1.24* 14.97 +1.03* 1534+£152
20 1414+£1.03 1798 4+1.13% 19.9+ 1.54* 2299+ 1.56* 2296+16

30 20414198 2222+£143% 24.58 £ 1.05% 26.84+£141% 2644+1.36
40 21.81£2.11 2474+ 1.36* 268+ 1.21* 2831£1.14* 29642.02
50 21424232 26.78+£1.26% 2887+£194 29.934+1.53* 31.28+£2.79
60 20954201 27.37+1.38* 29.28+ 1.68* 30.83 £2.00*% 31.06+2.19

*p<0.05, when compared to ranolazine treatment alone
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Table 3 Verapamil'simpact on the movement of ranolazine from the rat everted ileum’s mucosal to serosal side (n=6)

Time (min) Ranolazine (50 uM) Ranolazine Ranolazine Ranolazine Ranolazine
(50 pM) + verapamil (50 pM) 4 verapamil (50 pM) + verapamil (50 pM) 4 verapamil
(10 pM) (50 pM) (100 pMm) (200 uM)

10 9.35+£094 10.72£0.83* 13.54£1.36* 16.69 £ 1.54% 16.014£0.97

20 14.02+0.83 18.08 £0.79* 21.24+£1.71% 2473 £1.24* 25824188

30 21.12+£145 2326+ 122 2566+ 1.20% 2577 +£331% 2835+ 196

40 2083+£1.24 24.58+0.95* 28.17+£1.14* 3098+ 1.87* 321117

50 20.58+1.35 27.00£0.88% 299+ 1.81* 3251+£1.19% 33.11+£1.36

60 2031£1.56 27.98+1.03* 31.04+1.87* 3647+ 1.38* 3721115

*p<0.05, when compared to ranolazine treatment alone
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Fig. 2 Ranolazine plasma concentration levels in SDS and MDS
with and without naringenin (n=6). SDS single-dose study, MDS
multi-dose study

ranolazine from the mucosal to serosal end accelerated
from 2.68+£0.8 to 843+1.69, 9.52+1.56, 11.78+1.59,
and 12.98+2.09 after 10 min of exposure. Following
10 min of exposure, the transfer of ranolazine from its
mucosal to the serosal end improved from 2.97 +1.05 to
10.08+1.8, 10.7£1.88, 13.524+2.87 and 17.65+2.26 ug/
mL, correspondingly, inside the condition of 10, 50, 100,
200, and 300 M verapamil (a prominent P-gp inhibitor).
Figure 2 reports the outcomes.

Discussion

Kinetics and metabolic alterations are important
because they can affect in vivo pharmacological action.
The CYP450 enzyme system is crucial in the bio-trans-
formation of a vast array of drugs with a wide range of
chemical compositions. Due to restrictions or activa-
tion, several drugs interact dynamically with cellular
enzymes [21]. P-glycoprotein (P-gp), an ATP-binding
nucleotide shuttle that has been extensively studied,
acts as a physiological barrier by expelling various com-
pounds, including hazardous substances, from tissues.

P-gp is critical for the absorption and elimination of
medicines both in vivo and in vitro, according to sev-
eral studies. Similar to CYP450 enzymes, P-gp restric-
tion, and activation was also shown to be important
factors in drug-drug interactions. Since many proto-
typical blockers and stimulators affect both CYP3A4
and P-gp, there are many pharmacological interac-
tions. Medically, it can be quite difficult to tell the dif-
ference between P-gp and CYP3A4-driven drug effects.
Ranolazine is effective for treating ischemia when taken
by alone [26].

The most prevalent CYPs in the liver and intestine—
specifically, CYPs 3A4 and 3A5—are responsible for
metabolizing 45% of all therapeutic medicines. They
are also a significant predictor of first-pass (hepatic and
notably intestinal) metabolism and oral bioavailability
of many medications. P-gp, an ATP-binding membrane
transporter, serves as a biological barrier by driving
toxicants and hazardous chemicals out of cells. P-gp is
important for the uptake and elimination of drugs. P-gp
inhibition and induction have both been identified as
contributing factors to drug-drug interactions, just like
CYP enzymes. Many medication interactions gener-
ated by these inhibitors and inducers include these two
systems since many prototypical inhibitors and induc-
ers impact both CYP3A4 and P-gp [27]. Due to (a) their
co-existence in small intestine enterocytes, (b) the sub-
stantial overlap in their substrate specificities, and (c) the
low oral bioavailability of medicines that are substrates
for both CYP3A and P-gp, CYP3A and P-gp play a key
role in restricting oral drug delivery [28]. Many of the
same substances also activate or inhibit these enzyme
and drug transporter proteins. P-gp facilitates recurrent
drug cycling by diffusion and active efflux, increasing
the exposure of pharmaceuticals to CYP3A4 in the gut
[29]. Naringenin can inhibit cytochrome P450, namely
CYP3A4, as well as the P-gp efflux pump [13, 30-32].

Ranolazine is mostly excreted in 5% unchanged via
glomerular filtration after being processed to different
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degrees by cytochrome P450 (CYP3A4) and CYP2D6
processors. The piperidine ring is N-dealkylated, the
methoxyphenyl moiety is o-de-arylated, the amide
group is hydrolyzed, the mother molecule is oxygen-
ated four times, and then it is conjugated with glucu-
ronic acid to generate the primary metabolite. The
systemic content of ranolazine was significantly raised
in the proposed quantitative analysis by the addition
of naringenin, going from 231410.16 to 303.67 £9.46
and 325.67+21.81 in SDS and MDS, respectively.
Additionally, naringenin raised the AUC in SDS and
MDS from 1293.54+37.18 to 1505.38+100.30 and
1575.42+76.98 ng/mL/h, correspondingly. The out-
comes have all been displayed in Figs. 3 and 4. Hence
from the obtained results it has been concluded that
naringenin alters the pharmacokinetics of ranolazine
in part through the inhibition of CYP3A4. The liver is
typically thought to be the principal site of drug bio-
transformation due to its size and abundance of drug-
metabolizing enzymes. In relation to the liver, the
intestinal tract, and kidney may also significantly con-
tribute to general biotransformation, which suppresses
P-gp synthesis. P-gp and CYP3A4 both like a variety of
targets. As a result, CYP3A4 and P-gp have a startling
similarity in targets. Numerous medication conflicts
may include both the enzymatic and exporter pathways
since CYP3A4 and P-gp have similar targets, and sev-
eral medications can impact both CYP3A4 and P-gp.
Ranolazine is metabolized by the CYP3A pathway, and

4001

sk

300

2004

Cmax (ng/mL)

1004

Fig. 3 Area under the curve of ranolazine alone and when
naringenin was present in SDS and MDS (n=6). SDS, single-dose
study; MDS, multi-dose study
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Fig. 4 The movement of ranolazine from the serosal to the mucosal
side of the rat-everted ileum (n=6) in the presence and absence of
naringenin. R, ranolazine; N, naringenin

its levels are raised by ketoconazole, a CYP3A inhibi-
tor that is given concurrently with ranolazine. Ranola-
zine quantities are unaffected by simvastatin, while
ranolazine slightly enhances the initial levels and area
under the curve of simvastatin. Digoxin abundances are
around 1.5 times higher when ranolazine quantities are
at their highest. Ranolazine’s circulating systemic lev-
els can rise 2.3 times as a result of verapamil, a mild
CYP3A4 blocker, which can boost ranolazine’s uptake.
People with a history of QTc elongation, hepatic or
renal dysfunction, all those who are receiving medica-
tions that extend the QTc, or those who are on strong
CYP3 blockers should not use ranolazine. The findings
of the current investigation indicated that naringenin
strongly suppresses CYP3A4. Thus, it raises ranola-
zine’s content and AUC.

To predict drug permeability and evaluate the effect
of influx and efflux transporters, such as P-glycoprotein
(P-gp), on drug absorption, several in-situ, in-vivo, ex-
vivo, and in-vitro models have been created over time
[33, 34]. The everted gut sac model has advantages since
it is an easy, quick, and affordable procedure. Addition-
ally, it has been demonstrated in earlier investigations
that this method may be employed as a useful tool to
evaluate P-function gp’s in the intestinal absorption of
many different therapeutic molecules [24, 35, 36]. In
published data, the reliability of this in-vitro model by
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histological examinations was investigated [37-39].
In this study, naringenin and verapamil improved the
transfer of ranolazine through the mucosal to the sero-
sal portion of the rat and chick intestinal tract. Ranola-
zine’s transit was boosted by naringenin (100 pM) from
20.95£2.01 to 30.83 £20 at 60 min. However, no appre-
ciable transit was seen with naringenin at 100 or 200 pM
concentrations. Ranolazine’s transit was boosted by
verapamil (100 uM) from 20.31 £1.56 to 36.47+1.38 at
60 min. The outcomes are displayed in Figs. 5 and 6. Fol-
lowing medication absorption, in vitro tests provided the
first demonstration of the role of gastrointestinal P-gp in
blood supply into the gut lumen (rat- and chick-everted
intestinal sacs). The findings of the current investiga-
tion clearly showed that P-gp is important for ranolazine
absorption. This may be due to naringenin compounds’
inhibitory effects on the P-gp efflux transporter as
well as naringenin’s inhibitory effects on the intestinal
cytochrome P450 (CYP) 3A4 isoenzyme activity [40—43].

A substance referred to as a bio-enhancer has the power
to raise the drug’s bioavailability or bio-efficacy when
used in combination with a certain drug. There are many
different pharmacological properties of the flavanone
glycoside naringenin, which is present in citrus fruits.
Previously, it was reported that naringenin’s therapeutic
potential was used in conditions related to the neuro-
logical, liver, cardiovascular, digestive system, metabolic
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process, autoimmune dysfunction, pathogenic condi-
tions, and neo-plastic conditions [14]. The cytochrome
P450 enzyme CYP3A4 and the P-gp efflux pump are
both capable of being inhibited by naringenin. By block-
ing CYP-mediated metabolism and/or P-gp-mediated
permeability. Naringenin is well-known for increasing
the bioavailability of several structurally and therapeuti-
cally varied medications (verapamil, diltiazem, paclitaxel,
tamoxifen) in rats by inhibiting CYP-mediated metabo-
lism and/or P-gp-mediated permeability [13, 43-45].
Ranolazine, a specific inhibitor of belated sodium ion
entry is likely to have a cardioprotective activity and
illustrates potential benefits for ischemia, cardiac arrest,
arrhythmias, and hyperglycemia [8—10]. Ranolazine oral
bioavailability was restricted by P-gp and it is metabo-
lized in the liver by cytochrome P450 CYP3A4. In the
present study, naringenin alters the pharmacokinetics of
ranolazine in part through the inhibition of CYP3A4 and

P-gp.

Conclusions

The use of approaches helps to keep therapy costs low.
The herbal bioenhancer is crucial in improving poorly
accessible medications in order to lower healthcare
costs by boosting therapeutic efficacy. Global attention
is currently being paid to strategies for lowering medi-
cine doses, which will lower the price of the therapy.
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Fig.5 The movement of ranolazine in the rat-everted ileum from the serosal to mucosal side in the presence and absence of verapamil (n=6). R,

ranolazine; V, verapamil
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Fig. 6 The movement of ranolazine in the rat-everted ileum from the serosal to mucosal side in the presence and absence of verapamil (n = 6). R,

ranolazine; V, verapamil

Increasing medication bioavailability is one strategy
to reduce drug dose and, as a result, drug toxicity and
expense. Ranolazine has a low bioavailability. The rec-
ommended maximum dosage is 1000 mg. The find-
ings of this investigation demonstrated that naringenin
increases ranolazine’s bioavailability. As a bioenhancer,
naringenin works through a number of methods. A
mechanism of action involves inhibiting drug efflux
pumps and drug-metabolizing enzymes.
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