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a b s t r a c t 

Background: MenoAct851 (Varanasi BioResearch Pvt. Ltd., Varanasi, India) is a patented polyherbal for- 

mulation developed to manage menopause symptoms that can be taken along with other allopathic 

medicines. 

Objective: The present study aims to evaluate the drug interaction potential of MenoAct851 to inhibit 

cytochrome (CY) P450 in vitro in rats, and to measure its effects on simvastatin pharmacokinetic param- 

eters in healthy human volunteers. 

Methods: CYP450-carbon monoxide assay of MenoAct851 was performed in rat liver microsomes to cal- 

culate the percentage inhibition. Fluorometric assays of CYP3A4 and CYP2D6 determined half maximal 

inhibitory concentration value. A double-blind, randomized, placebo-controlled drug interaction study of 

MenoAct851 was conducted in 24 healthy adult female volunteers aged 25 to 50 years. The selected vol- 

unteers were randomized to receive placebo or MenoAct851 500 mg BID PO for 14 days. On the 15th day, 

each group received 40 mg single-dose simvastatin. Blood samples were drawn at different intervals to 

measure simvastatin pharmacokinetic parameters. 

Results: The mean (SD) CYP450 concentration of the diluted microsome sample was calculated and found 

to be 0.405 (0.12) nmol/mg. The inhibitory potential of MenoAct851 (41.16% [1.24%]) was found to be less 

than ketoconazole. Half maximal inhibitory concentration values of MenoAct851 on CYP3A4 and CYP2D6 

were 11.96 (1.04) μg/mL and 15.24 (0.58) μg/mL, respectively, but they were higher than respective pos- 

itive controls. There was no statistically significant difference between MenoAct851 and placebo groups 

concerning the pharmacokinetic parameters such as C max , T max , t ½, and mean residence time of simvas- 

tatin; however, AUC showed a significant difference ( P < 0.05) between the groups. 

Conclusions: MenoAct851 produced weaker interaction potential with CYP3A4 and CYP2D6 sub- 

strates based on in vitro assays, but the findings of clinical pharmacokinetic analysis indicate that 

MenoAct851 increased the AUC of simvastatin and simvastatin hydroxy acid. Therefore, coadministration 

of MenoAct851 might lead to drug-herb interaction, thereby affecting the therapeutic effect of CYP3A4 

substrates. ( Curr Ther Res Clin Exp. 2020; 81:XXX–XXX) 

© 2020 Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Transition to menopause is associated with a period of in- 

reased risk for problematic symptoms, including hot flashes, 

ight sweats, sleep disturbances, sexual dysfunction, mood dis- 

rders, weight gain, and cognitive declines. 1 Hormone therapy 

s the first-line management for menopause symptoms. How- 

ver, many women choose not to use it because of the adverse 

ffects of hormone therapy. 2 Thus, some investigators/physicians 

ttempt to substitute hormone therapy with polyherbal formula- 

ions (PHFs). PHFs have been used all around the world due to 

heir medicinal and therapeutic applications. 3 Hence, PHFs (eg, 

enoAct851, Varanasi BioResearch Pvt. Ltd., Varanasi, India), which 

ontains freeze-dried hydroalcoholic extracts of Dioscorea bulbifera 

ubers, Terminalia arjuna bark, Bambusa arundinacea leaves, and 

ithania somnifera roots were developed. The rationale behind 

his product is that a combination of herbs may act on multi- 

le targets simultaneously to provide relief superior to what is 

ossible with maximal doses of a single herb. Dioscorea sp have 

n abundance of diosgenin—a steroidal saponin and a precursor 

n the synthesis of corticosteroids, estrogen, contraceptives, and 

pironolactone that reduces the incidence of cardiovascular com- 

lications in menopausal women. 4 T arjuna is reported to promote 

ffective cardiac functioning, regulate blood pressure, and treat os- 

eoporosis and other bone-related disorders because it can im- 

rove the synthesis and secretion of female hormones. 5 B arund- 

nacea contains phytoestrogens that bind to estrogen receptors. Pa- 

ients who consume such a supplement can compensate for their 

strogen paucity because phytoestrogens are reported to allevi- 

te postmenopause symptoms. 6 , 7 Stress is a significant cause of 

enopause symptoms, leading to mood disorders such as anxiety 

nd depression. 8 In an 8-week, randomized, double-blind, placebo- 

ontrolled study, W somnifera was associated with greater reduc- 

ions in anxiety, morning cortisol, C-reactive protein, pulse rate, 

nd blood pressure in chronically stressed adults when compared 

ith the placebo. 9 

PHFs use is more common in developing countries because of 

asy accessibility, availability, affordability, and societal acceptabil- 

ty 10 ; however, when the PHFs are administered in combination 

ith allopathic drugs, this increases the potential of herb-drug in- 

eractions. 11 Drug metabolism inhibition/induction is a common 

ause of clinically important pharmacokinetic herb-drug interac- 

ions. 12 , 13 However, enzyme induction is usually less important 

han inhibition of cytochrome (CY) P450s, because enzyme inhi- 

ition can cause rapidly elevated drug levels in the blood, leading 

o excessive toxicity. 

The MenoAct851 formulation could increase the potential for 

n herb-drug interaction when it is coadministered with an al- 

opathic medication if the herbal product affects the allopathic 

rug’s metabolism. CYP450 enzymes play a significant role in the 

hase I oxidative metabolism of a wide variety of exogenous chem- 

cals, including drugs; carcinogens; toxins; and endogenous com- 

ounds such as steroids, fatty acids, and prostaglandins. Isoforms 

f CYP450 such as CYP3A4, CYP2D6, CYP2C9, CYP2C19, and CYP1A2 

re primarily responsible for metabolizing a majority of the drugs 

sed to treat human beings. 14 , 15 Fifty percent of drugs are me- 

abolized by CYP3A4, followed by 25% and 20% by CYP2D6 and 

YP2C family enzymes, respectively. Existing knowledge also indi- 

ates that herbal formulations must not be taken at the same time 

s other drugs that are substrates of CYP450 isoforms. Therefore, 

e hypothesized that coadministration of MenoAct851, an inhibitor 

f the microsomal CYP3A4 enzyme system, could affect the elim- 

nation rate of simvastatin-sensitive CYP3A4 probe substrates. The 

resent study was designed to assess the potential drug interac- 

ion of MenoAct851 by in vitro high throughput fluorometric as- 

ay, and by evaluating the changes of pharmacokinetic parameters 
2 
f simvastatin in adult, healthy female volunteers when adminis- 

ered placebo versus MenoAct851. 

aterials and Methods 

HF 

MenoAct851is a novel PHF developed at the National Facility for 

ribal and Herbal Medicine, Banaras Hindu University, Varanasi, In- 

ia, in collaboration with Interdisciplinary Institute of Indian Sys- 

em of Medicine and SRM Institute of Science and Technology, 

hennai, India, for managing menopause symptoms. The formula- 

ion was put into capsule doses from freeze-dried, hydro-alcoholic 

 bulbifera tuber extracts, T arjuna bark, B arundinacea leaves, 

nd W somnifera roots through a memorandum of understand- 

ng with a traditional health practitioner using high ethical stan- 

ards. 16 The phytochemistry lab of the Interdisciplinary Institute of 

ndian System of Medicine, SRM Institute of Science and Technol- 

gy, carried out the quality control analyses. The acute, short-term 

oxicity, pharmacological profile in animals, and clinical studies 

ere conducted to establish the safety and efficacy of MenoAct851 

patent No. 851/DEL/2007 and dossier No. T.12016/26/2010-DCC 

YUSH). 17 , 18 

hemicals 

All of the chemicals and solvents for the preparation of rat 

iver microsomes and CYP450-carbon monoxide complex assay 

ere of analytical grade (potassium chloride [catalog No. P9333], 

nd sodium hydrosulfite [catalog No. 71699]), and purchased from 

igma-Aldrich, Mumbai, India. Vivid CYP450 Screening Kit and 

ivid Substrates were purchased from Invitrogen Drug Discovery 

olutions (Waltham, Massachusetts). Vivid CYP3A4 Red (catalog 

o. P2856) and Vivid CYP2D6 Blue (catalog No. P2972) screening 

its included baculosome respective isozymes and nicotinamide 

denine dinucleotide phosphate-P450 reductase; regeneration sys- 

em glucose-6-phosphate; glucose-6-phosphate dehydrogenase and 

icotinamide adenine dinucleotide phosphate were used for the 

tudy. Ninety-six well black, flat-bottom, polystyrene, untreated 

icroplate were obtained from Corning (Corning, New York). Ke- 

oconazole was obtained as a gift sample from M/s Micro Labs 

vt Ltd, Hosur, Tamil Nadu, India, and quinidine was obtained as 

 gift sample from M/s Trigenesis Life Sciences Pvt Ltd, Banga- 

ore, Karnataka, India. LC-MS grade methanol (catalog No. 34860- 

.5L-R) and ammonium acetate (catalog No. V80 0 034) were used 

or the pharmacokinetic parameters study. The probe drug, sim- 

astatin, and the internal standard, lovastatin, were obtained from 

ankind Pharmaceuticals Pvt Ltd, Bangalore, India. 

YP450-carbon monoxide complex assay 

Liver microsomes were isolated from male Wistar rats weigh- 

ng 200 to 250 g, based on the method described by Pandit et 

l 14 by the Institutional Animal Ethical Committee (approval No. 

AEC151/2015), SRM College of Pharmacy, SRM Institute of Science 

nd Technology approved the experimental protocol. Based on the 

ethod described by Vijayakumar et al, 19 screening the inhibitory 

ctivity of MenoAct851was performed with pooled rat liver micro- 

omes in 96-well microplates. The following is the formula used to 

alculate the concentration of CYP450: 

Y P 450 mM) = 

�APC − �AP 

91 

A PC is the absorbance difference of the sample kept in the in- 

ubator (PC sample) and �A P is the absorbance difference of the 



V. Thangavel Mahalingam, I. Kaliappan, S.K. Rajappan Chandra et al. Current Therapeutic Research 94 (2021) 100619 

s

b

%

H

w

F

m

a

g

i

d

t

t

%

w

C

I

m

t

H

t

a

i

c

t

i

S

h

n

y

t

n

a

d

e

o

a

e

c

p

t

h

a

j

C

d

f

S

s

i

p

M

f

s

w

b

4

u

a

s

t

t

2

f

t

v

A

o

u

S

w

6

i

w

p

i

J

i  

(

r

B

i

m

e

t

i

L

5

t

s

g

t

a

b

g

m

c

s

D

t

i

t

f

m

o

t

w

ample kept at room temperature (P sample). The percentage inhi- 

ition is calculated using the following formula: 

 inhibition = 

Blank − Test 

Blank 
× 100 

igh throughput fluorometric assay of CYP3A4 and CYP2D6 

High throughput screening assays were performed in black 96- 

ell microplates. Fluorescence readings were obtained on BioTek- 

Lx 800 fluorescence microplate reader (BioTek, Winooski, Ver- 

ont) using appropriate excitation/emission wavelength ( λ). The 

ssay was performed according to a protocol provided by Invitro- 

en Drug Discovery Solutions. All measurements were performed 

n triplicate. Product formation from the fluorogenic probes was 

etermined from the fluorescence data at 7 different concentra- 

ions of the inhibitors and tests. The following formula determines 

he half-maximal inhibitory concentration (IC 50 ): 

 inhibition = 

(
1 − RF U in presence of test compound 

RF U in absence of test compound 

)
× 100 

here RFU = relative fluorescence units. 

linical study protocol 

SRM Medical College Hospital and Research Centre and SRM 

nstitute of Science and Technology, Kattankulathur ethics com- 

ittees approved the protocol (approval No. 476/IEC/2013) and 

he study was conducted in accordance with the Declaration of 

elsinki in its revised edition, the Guidelines of Good Clinical Prac- 

ice (CPMP/ICH/135/95), and directives 2001/20/EC and 2005/28/EC 

nd with international and local regulatory requirements. Follow- 

ng a full explanation of the study, volunteers provided written 

onsent to participate. Volunteers were compensated per Institu- 

ional Ethics Committee (IEC) guidelines. 20 This study is registered 

n the clinical trial registry of India (CTRI/2014/02/004406). 

tudy participants 

Twenty-four female volunteers who were healthy, nonsmokers, 

ad undergone the tubal ligation method of contraception, tested 

egative for alcohol and drug abuse, aged between 25 and 50 

ears, and had a body mass index of 18 to 29, were included in 

his study. Volunteers were excluded if they had any clinically sig- 

ificant history or presence of a cardiovascular, pulmonary, hep- 

tic, renal, hematologic, gastrointestinal, endocrine, immunologic, 

ermatologic, or neurologic disease/disorder. A volunteer also was 

xcluded if she had a psychological; psychiatric; or metabolic dis- 

rder, including eating disorders; or if she had experienced any 

cute illness within the previous 4 weeks. Female volunteers were 

xcluded if they were pregnant (positive test for serum human 

horionic gonadotropin at screening or check-in), breastfeeding, or 

lanning to conceive a child within 30 days of treatment cessa- 

ion. The volunteers were forbidden from using any medications or 

erbal products for 15 days before and during the study. Drugs that 

re known to cause enzyme induction or inhibition and grapefruit 

uice were not allowed for the 30 days leading up to the study. 

onsuming coffee, tea, alcohol, and cola drinks were not allowed 

uring the study. Nicotine use was assessed by the Fagerstrom test 

or nicotine dependence. 21 

tudy design and procedure 

The study was a double-blind, randomized, placebo-controlled, 

ingle-dose simvastatin and multiple-dose MenoAct851 drug-herb 

nteraction study. The selected volunteers were randomized to 
3 
lacebo (inert substitute for a treatment or intervention) or 

enoAct851 formulation (500 mg BID for 14 days in double-blind 

ashion) groups. Double-blinded treatments were allocated using 

equentially numbered drug containers. The randomization code 

as concealed to avoid selection bias, which secured the trial’s 

linding codes. On day 15 of the trial, each group was received a 

0 mg single-dose simvastatin. Per the schedule, the selected vol- 

nteers fasted overnight on those days. As soon as the volunteers 

ssembled, Venflon Paul Medical Systems, Chennai, India was in- 

erted by vein puncture into each volunteer’s forearm vein before 

he drug administration, and 5 mL blood was drawn at T 0 . Next, 

he simvastatin tablet was administered to the volunteers, with 

00 mL water. They were seated and instructed to remain seated 

or 3 hours after receiving the drug. A warm meal was served after 

he 3 hours and a light meal was served 7 hours after taking sim- 

astatin. All volunteers were monitored for safety during the study. 

dverse events with special attention to signs of drowsiness either 

bserved by the investigator or reported spontaneously by the vol- 

nteers were recorded throughout the study. 

ample collection 

Following the administered dose of simvastatin, blood samples 

ere taken at the following intervals: 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 

, 8, 12, and 24 hours after the administration of the drug, includ- 

ng predose (total of 13 samples, each 3 mL). All of the samples 

ere collected by trained personnel using an intravenous cannula 

laced in a forearm/arm vein using prelabeled vacutainers contain- 

ng K 3 EDTA (Becton, Dickinson, and Company, Franklin Lakes, New 

ersey) at the scheduled time points. Blood samples collected dur- 

ng the study were centrifuged at 40 0 0 rpm for 10 minutes at 4 °C
 ±2 °C) 5430R Centrifuge, (Eppendorf, Germany). Plasma was sepa- 

ated into single aliquots and stored at approximately –80 °C. 

ioanalytical methods 

Simvastatin and simvastatin hydroxy acid with lovastatin as an 

nternal standard were determined in plasma by validated LC-MS 

ethod. 22 , 23 The LC-MS 2020 system (Shimadzu, Kyoto, Japan) was 

quipped with LC10ADVP binary pump, photodiode array detec- 

or, a Prominence-7725i Spinco Biotech Pvt Ltd, Chennai, India, 

njection valve with a sample loop of 20 uL, and Phenomenex- 

una (Torrance, California) RP C18 column i.d. (250 × 4.6 mm, 

 μm particle size) was used as a stationary phase for separa- 

ion. The MS compartment consisted of a single quadrapole mass 

pectrometer with electrospray ionization ESI source and nitro- 

en gas to assist nebulization with a flow rate of 1.5 L/min. The 

emperature was set for curved desolvation line and heat block 

t 280 0 °C and 320 0 °C. All data were collected and processed 

y Lab Solution Software version 7.1 (Shimadzu). The chromato- 

raphic separation was achieved by mobile phase, consisting of 

ethanol:water:ammonium acetate 5 mM or 90:10:0.1 v/v by iso- 

ratic elution with a flow rate of 0.8 mL/min and the detector was 

et at 238 nm with the temperature column oven of 30 °C. 

etermination of simvastatin and simvastatin hydroxy acid 

An amount of 50 μL internal standard lovastatin was added 

o tubes containing 200 μL plasma. After a thorough vortex mix- 

ng for 30 seconds, mixtures were extracted with 2 mL acetoni- 

rile, vortex-mixed for 3 minutes, and centrifuged at 40 0 0 rpm 

or 10 minutes. An amount of 1.5 mL of the organic layer was re- 

oved to another centrifuge tube and evaporated under a stream 

f nitrogen gas in the thermostatically controlled water-bath main- 

ained at 40 °C until completely dry. The dried residue obtained 

as dissolved in 100 μL methanol, vortex-mixed for 2 minutes, 
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Figure 1. Percentage inhibition of MenoAct851 versus positive controls (n = 3). Val- 

ues are expressed in mean (SD). ANOVA followed by Dunnett’s multiple comparison 

test. DMSO = dimethyl sulfoxide. ∗Level of significance at P < 0.05. 

Table 1 

Half maximal inhibitory concentration (IC 50 ) value of positive controls and 

MenoAct851 (Varanasi BioResearch Pvt. Ltd., Varanasi, India). 

Test sample IC 50 (μg/mL) ∗

Cytochrome P3A4 Cytochrome P2D6 

MenoAct851 11.96 (1.04) 15.24 (0.58) 

Ketoconazole 0.74 (0.66) –

Quinidine – 3.32 (1.42) 

∗ Values are expressed as mean (SD). 
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entrifuged at 40 0 0 rpm for 10 minutes, and 20 μL of the su- 

ernatant liquid was injected into the LC-MS system. The created 

trategy was linear in the fixation scope of 0.100 to 74.626 ng/mL 

or simvastatin and 0.100 to 48.971 ng/mL for simvastatin hy- 

roxy acid, with connection coefficient more prominent than 0.99 

or both analytes. The approach demonstrated considerable repro- 

ucibility for all analytes, with intra- and interday precision with 

 5.6%, and intra- and interday precision of ±10.1% of nominal val- 

es. Quantitation was performed by multiple reaction monitoring 

ode of precursor–production transitions at m/z 435.2 → 281.2 for 

imvastatin, m/z 412.3 → 286.3 for simvastatin hydroxy acid at 150 

s per transition. Limit of quantitation was 0.24 ng/mL and 0.22 

g/mL for simvastatin and simvastatin hydroxy acid, respectively. 

harmacokinetic parameter analysis 

Simvastatin and simvastatin hydroxy acid concentrations were 

alculated for each volunteer when simvastatin was dosed with the 

lacebo, and in combination with MenoAct851 formulation, a non- 

ompartmental method was applied using WinNonlin professional 

ersion 5.0.1 (Pharsight Corp, Mountain View, California). The key 

harmacokinetic parameters calculated for simvastatin and simvas- 

atin hydroxy acid included C max, the maximum observed concen- 

ration; T max , the time at which C max occurs; t ½, the elimination 

alf-life; AUC 0–∞ 

, the AUC curve extrapolated to infinity; and mean 

esidence time (MRT). 

tatistical analysis 

The results are presented as the mean (standard deviation). 

C 50 values concentration required to cause a 50% inhibition in en- 

yme activity were obtained using mean enzyme activity versus 

nhibitor concentration curves created in GraphPad prism version 

.01 (GraphPad Prism Software Inc, La Jolla, California). The differ- 

nce in the C max , T max , T t ½, AUC 0- ∞ 

, and MRT were analyzed by

aired Student t test. P < .05 was considered statistically signifi- 

ant. 

esults 

nhibition of CYP450 by MenoAct851 

The mean (SD) concentration of protein in isolated rat liver 

icrosome was 6.2 (0.81) mg/mL (n = 3). CYP450-carbon monox- 

de complex assay was used to assess the inhibitory potential 

f MenoAct851. The mean (SD) CYP450 concentration of the di- 

uted microsome sample was calculated and was found to be 0.405 

0.12) nmol/mg protein (n = 3). Two different solvents ethanol and 

imethyl sulfoxide were used for CYP450 inhibition assay to con- 

rm the solvent effect. 24 The percentage inhibition of MenoAct851 

n CYP450 showed a significant difference when compared to ke- 

oconazole in ethanol (95% CI, 19.20–35.28; P = 0.015) and dimethyl 

ulfoxide (95% CI, 0.5609–11.87; P = 0.042. However, no significant 

ifference was noted with quinidine in both solvents ( Figure 1 ). 

etermination of MenoAct851 inhibitory potency on CYP3A4 and 

YP2D6 

MenoAct851 and positive controls were assayed between con- 

entrations ranging from 1.5 to 25 μg/mL. All samples were as- 

ayed in triplicate, the end point mode was selected, and IC 50 val- 

es were calculated ( Table 1 ). Concentration-dependent percentage 

nhibitions of the test compound on both isozymes were observed 

n Figure 2 . Percentage inhibition of the samples on CYP3A4 and 

YP2D6 increases with the rise of concentration. Mean (SD) IC 50 

alues of MenoAct851 dissolved in dimethyl sulfoxide on CYP3A4 
4 
nd CYP2D6 were 11.96 (1.04) μg/mL and 15.24 (0.58) μg/mL, re- 

pectively. IC 50 values of the positive controls were in good agree- 

ent with the literature. 24 In the high throughput fluorometric as- 

ay, MenoAct851 showed a weaker interaction potential on CYP3A4 

nd CYP2D6 when compared with ketoconazole and quinidine, re- 

pectively. 

harmacokinetic parameters of simvastatin and simvastatin hydroxy 

cid 

LC-MS chromatograms of standard simvastatin, plasma-spiked 

imvastatin, and the volunteers’ plasma samples are shown in 

igure 3 . The main pharmacokinetic parameters of simvastatin 

nd its hydroxy acid metabolite for the 24 female volunteers 

ere determined by noncompartmental model analyses listed in 

ables 2 and 3 . The mean (SD) for each parameter was given for 

he 2 groups in which simvastatin was administered. The mean 

SD) plasma concentrations of simvastatin, its metabolite simvas- 

atin hydroxy acid, and internal standard lovastatin are shown in 

igure 4 . Maximal simvastatin levels were observed in the placebo 

roup after 1.32 (0.44) hours and 1.92 (0.26) hours in MenoAct851 

roup ( Figure 5 ). Maximal simvastatin hydroxy acid levels were 

bserved in placebo group after 1.28 (0.66) hours and 1.51 (0.24) 

ours in MenoAct851 group ( Figure 6 ). Simvastatin and simvastatin 

ydroxy acid’s peak plasma concentration in the placebo group 

as 17.51 (2.65) ng/mL and 12.58 (0.88) ng/mL, respectively. The 

eak plasma concentration of simvastatin 18.44 (1.56) ng/mL and 

imvastatin hydroxy acid 14.11 (2.12) ng/mL in MenoAct851 group 

as slightly higher than the placebo group. 
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Figure 2. Concentration dependent inhibitory effect of MenoAct851 and positive controls dimethyl sulfoxided (DMSO). (A) cytochrome (CY) P3A4. (B) CYP2D6. Values are 

expressed as mean (SD) (n = 3). 

Figure 3. Chromatogram. (A) Standard simvastatin. (B) Blank plasma spiked with simvastatin. x- axis = runtime; y- axis = mV. 

Table 2 

Pharmacokinetic parameters of simvastatin with placebo and in combination with MenoAct851 

(Varanasi BioResearch Pvt. Ltd., Varanasi, India) formulation. 

Pharmacokinetic parameter Simvastatin + placebo ∗ Simvastatin + MenoAct851 ∗ P value 

T max , h 1.32 (0.44) 1.92 (0.26) 0.250 

C max , ng/mL 17.51 (2.65) 18.44 (1.56) 0.174 

AUC 0–∞ 56.16 (1.42) 65.44 (0.88) 0.0417 † 

t ½ , h 5.74 (0.79) 5.77 (0.88) 0.342 

Mean residence time 8.68 (1.32) 8.16 (2.66) 0.508 

∗ Values are expressed as mean (SD). 
† A difference was considered significant at P < 0.05. 

5 



V. Thangavel Mahalingam, I. Kaliappan, S.K. Rajappan Chandra et al. Current Therapeutic Research 94 (2021) 100619 

Table 3 

Pharmacokinetic parameters of simvastatin hydroxy acid with placebo and in combination with MenoAct851 (Varanasi BioRe- 

search Pvt. Ltd., Varanasi, India) formulation. 

Pharmacokinetic parameter Simvastatin hydroxy acid + placebo ∗ Simvastatic hydroxyl acid + MenoAct861 ∗ P value 

T max , h 1.28 (0.66) 1.51 (0.24) 0.327 

C max , h 12.58 (0.88) 14.11 (2.12) 0.142 

AUC 0–∞ 45.75 (2.21) 54.44 (2.05) 0.0422 † 

t ½ , h 4.21 (1.76) 4.98 (2.67) 0.176 

Mean residence time 6.05 (1.06) 7.77 (2.08) 0.759 

∗ Values are expressed as mean (SD). 
† A difference was considered significant at P < 0.05. 

Figure 4. Chromatogram. (A) Internal standard lovastatin. (B) Plasma obtained from the volunteer received single oral dose of 40 mg simvastatin. x- axis = runtime; y- 

axis = mV. 
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rug tolerability 

MenoAct851 was well tolerated throughout the study and also 

hen coadministered with simvastatin. No serious adverse events 

ccurred. The only adverse events reported by more than 1 vol- 

nteer during MenoAct851 or placebo treatment period were nau- 

ea and abdominal discomfort. All mean laboratory parameters for 

erum chemistry, hematology, and urinalysis remained within ref- 

rence range during their discharge. There were no remarkable 

ndings in the vital signs, echocardiograms, physical examinations, 

isual acuity tests, and slit-lamp examinations in this study. None 

f the adverse events resulted in discontinuation from the study. 

iscussion 

Herb-drug interactions incidence was predicted to increase 

ue to herbal medicines’ worldwide popularity with the devel- 

pment of several herbal formulations with improved bioavail- 
6 
bility. Numerous case studies have described harmful herb-drug 

nteractions that could lead to morbidity or mortality. 25 , 26 De- 

iding whether herb-drug interactions occur based on data from 

YP450-CO inhibition assays and in vitro studies is inadequate. 

esults from the above studies need to be evaluated further, us- 

ng well-conducted clinical trials to validate their clinical signifi- 

ance. Hence, this study is designed to assess the effects of mul- 

iple doses of MenoAct851 on the pharmacokinetic parameters of 

imvastatin, a substrate of CYP3A4. Simvastatin was chosen as an 

n vivo probe drug for this study because its pharmacokinetic pa- 

ameters is very sensitive to inhibition of CYP3A4. 27 Databases 

uch as PubMed, Scopus, Medline, Cochrane Library, and ScienceDi- 

ect were scanned for literature containing articles published be- 

ween 2008 and 2019. Keywords such as CYP450 mediated interac- 

ion, pharmacokinetic parameters of MenoAct851, drug-herb inter- 

ctions etcetera, and found that this is the first report to evaluate 

he effect of MenoAct851 on simvastatin in female healthy adult 

olunteers. 
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Figure 5. Mean plasma concentration time-profiles of simvastatin after a single 

oral dose of 40 mg simvastatin with placebo and after pretreatment with 500 mg 

MenoAct851 BID PO for 14 days. 

Figure 6. Mean plasma concentration time-profiles of simvastatin hydroxy acid af- 

ter a single oral dose of 40 mg simvastatin with placebo and after pretreatment 

with 500 mg MenoAct851 BID PO for 14 days. 
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In the present study, an approach is made to evaluate the in- 

eraction potential of MenoAct851 on CYP450, through rat liver 

icrosomes and high throughput fluorescence screening assays. 

rally administered medicinal products were mostly metabolized 

y gut flora before being absorbed into the systematic circula- 

ion. 28 CYP450 had very significant role as a metabolizing enzyme 

hat was involved in the biotransformation of substances taken 

y oral route, whereas the presystemic metabolism of these drugs 

ook place before entering the liver cell. 13 , 29 Concentration depen- 

ent CYP450 inhibition was found in fluorescence screening assay 

y the MenoAct851 and standard positive controls. 

There was no statistically significant difference between the 

enoAct851 and the placebo groups with respect to the mean 

harmacokinetic parameters like C max , T max , t ½, and MRT of sim- 

astatin but AUC showed significant difference ( P < 0.05) between 

he groups. Gurley et al 30 first observed that Hydrastis canadensis 

upplements significantly inhibited CYP2D6 and CYP3A4 in healthy 

olunteers. In subsequent investigations with the CYP3A4 substrate 

idazolam, Gurley et al 30 further demonstrate that 14 days of 
7 
 canadensis supplementation with ∼209 mg isoquinoline alka- 

oids daily significantly increases midazolam AUC, C max , and half- 

ife elimination. 

tudy limitations 

Lack of nicotine estimation in the volunteers was the limita- 

ion of the clinical pharmacokinetic parameters study. This study 

eports only the effects of MenoAct851 on CYP3A4 and CYP2D6 

soforms, the effects on other isoforms remains unknown. Further 

ests on other CY isoforms and transporters should be conducted to 

etermine whether MenoAct851 has any additional effects on allo- 

athic medicines’ metabolism and pharmacokinetic parameters. 

onclusions 

Coadministered, repeat 500-mg doses of MenoAct851 with a 

ingle 40-mg dose of simvastatin resulted in significant change in 

he plasma simvastatin and simvastatin hydroxy acid AUC, indicat- 

ng an inhibitory effect of MenoAct851 on CYP3A4 activity. Thus, 

enoAct851 is likely to affect the exposure of CYP3A4 substrates 

ollowing coadministration. Accordingly, caution should be taken 

hen MenoAct851 formulations are used in combination with al- 

opathic drugs metabolized by CYP3A4. 
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