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Abstract

Background: Parsley (Petroselinum crispum L) (PAR) is used widely as an antioxidant, antihyperlipidemic, diuretic, and medication
to reduce hypertension. At the same time, conventional drugs such as Simvastatin (SV) are also used to manage hyperlipidemia in
hypertensive patients. However, no studies have reported any interactions for the concomitant use of PAR and SV.
Objectives: The study aimed to evaluate the enzyme-inducing or inhibiting role of PAR for SV at the level of cytochrome P-450
metabolic enzyme.
Methods: This is an open-label (unblinded) study conducted with 24 healthy albino rats (4X6 = 24), at Imam Abdulrahman Bin Faisal
University, Saudi Arabia, in the year 2018 with protocol approval No. IRB-2018-145-Pharm and approval date 18/04/2018. The animals
were administered with a loading single oral dose of SV (80 mg), Clarithromycin (CLAR; 80 mg), Carbamazepine (CBZ; 80 mg), and
PAR, i.e., dried herb powder (200 mg), in order to achieve a steady state concentration in the blood. Blood samples were collected
at specified time points including pre-dose (0.0) and after-treatment, i.e., 0.5, 1, 1.5, 2, and 3 hours, and centrifuged. The plasma was
extracted to analyze for SV by LC-MS using a previously developed method.
Results: The analysis of pharmacokinetic parameters revealed enhanced Cmax (mean plasma maximum concentration) and AUC0-∞
(area under the concentration-time curve) as 2 and 2.2 folds, respectively, for SV+PAR (P < 0.01) as compared to SV alone. A decrease
in CL/F (total-body clearance of drug from the plasma) for SV (P < 0.01) and an increased t1/2 (mean half-life) from 3.20 to 6.12 hours
for SV co-administered with PAR were observed.
Conclusions: Parsley combined with Simvastatin increased the Cmax and AUCs for Simvastatin as 2 and 2.5 folds; thereby, the moder-
ating enzyme-inhibiting role of Parsley for CYP 3A enzyme may be proposed. Hence, caution is required when administering Parsley
with Simvastatin for any therapeutic purpose.
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1. Background

Human beings are dependent on plants not only as
oxygen producers for breathing but also as sources of food,
shelter, and medicine. That indigenous people decide to
use which plant and how to use it is a cultural variation.
People in remote areas depend mostly on plants as their
basic element of food, as well as medicine for combating
various diseases (1).

Petroselinum crispum L. (Umbelliferae) commonly
known as Parsley (PAR) originates from Mediterranean

regions (2). The plant has been reported to possess many
phytochemicals; however, flavonoids are found to be more
dominant in this plant (3). Similarly, carbohydrates such
as D-glucose and apiose (4) and essential oils, i.e., apiol and
myristicin are also present as the main active compounds
(5), which are responsible for its antioxidant activity (6).

Parsley as a green herbaceous plant, apart from its us-
age as a vegetable and garnish, exhibits various potential
pharmacological activities and it is used in traditional and
conventional practice for many therapeutic purposes (7).
The traditional uses include seeds for antimicrobial, an-
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titussive and antispasmodic purposes (7-9), and leaf used
for the treatment of skin disorders (10) whereas the whole
plant is used to treat hypertension and diabetes (11, 12). In
most of the cases, the patients use herbs along with con-
ventional medications for a prompt and better outcome;
however, there has been increasing evidence and clinical
concern in terms of herb-drug interactions when used im-
properly (13). Few of such drug-herb interactions are re-
lated to warfarin; as reported in almost 50 drug-herb in-
teraction studies (14), when it is co-administered with gar-
lic (15), it results in bleeding in patients (16, 17) whereas
its use along with Panax ginseng and ginger have been re-
ported with a decrease in INR (18) and altered platelet ag-
gregation (19), respectively. Similarly, serotonin syndrome
has been reported in the case of St. John’s wort (Hypericum
perforatum) along with serotonin-reuptake inhibitors. Fur-
thermore, the concomitant use of digoxin, cyclosporine,
and theophylline with Panax ginseng in depressed patients
using antidepressants will lead to mania. A high risk
of hypertension is observed in patients using Yohimbine
(Pausinystalia yohimbe) with tricyclic antidepressants (20).

Parsley also has some documented interactions. Since
PAR has antidiabetic effects on pancreatic beta cells, it is
used among Turkish diabetic people. Medicinal amounts
of PAR should be used with moderate caution if it is com-
bined with antidiabetic medications (like Glimepiride,
Glyburide, Pioglitazone, Rosiglitazone, insulin, and so on)
due to its additive effect on lowering blood glucose (21,
22). PAR extracts might prolong the action of some medi-
cations like paracetamol, aminopyrine, and pentobarbital
(Nembutal), which may increase the effect and side effects
of these agents (23). In addition, PAR acts as a “water pill”
and too much amount of water may be lost if it used in
combination with diuretic medications without caution
(24).

Despite the numerous research studies in the litera-
ture, still, most of the plants lack information regarding
proper use along with conventional medications. PAR is
one of these plants, which has an unexplored mechanism
of interaction when used along with SV.

2. Objectives

The current study aimed to investigate the nature of
PAR as inducer or inhibitor for SV at the hepatic level.
The study deals with the in vivo drug-herb interaction in
an animal model to determine the AUC (area under the
curve) and Cmax (maximum plasma concentration) in ani-
mal plasma using LC/MS. Till date, no studies have reported
such interactions, and it will be a first-time study to report
the PAR and SV interaction in an animal model.

3. Methods

3.1. Chemical and Solvent Used

Simvastatin (CYP3A substrate) as a standard drug
(Sigma-Aldrich Merck), CLAR (potent inhibitor for CYP3A
enzyme), and CBZ (inducer for CYP3A enzyme) were pre-
pared. PAR was used as a dried herb powder. HPLC-
grade acetonitrile, ammonium acetate, ammonium for-
mate, and methanol were purchased from Sigma-Aldrich
(St Louis, MO). A Milli-Q water purification system (Milli-
pore, Bedford, MA, USA) was used for the purification of
deionized water.

3.2. Instruments and Equipment Used

We used an HPLC apparatus (LCMS-2020 Shimadzu,
Japan) fitted with a degasser unit (DGU-20A3R), binary
pumps (LC-20AD), autosampler (SIL-20AC HT), and a PDA
detector. Moreover, column (Ultra C-18, Particle diame-
ter 3µm, and dimensions 150 X 4.6 mm), sonicator (Bran-
sonic® Ultrasonic cleaner 5510E-DTH, USA), centrifuge ma-
chine (Kubota Japan 400X; Model 4000; Frequency 50/60
Hz), Vortex mixer (Corning® LSE™ with standard tube
head, Sigma-Aldrich Germany), balance (A & D weighing
GR-200 lab balance, USA), and blender (Blender HGB660,
60 Hz, USA) were employed.

3.3. PAR Powder Preparation

The herb was purchased from the local market and
identified by Dr. Rizwan Ahmad and Dr. Amir (Pharmacog-
nosy department, College of Clinical Pharmacy, Imam Ab-
dulrahman Bin Faisal University, Saudi Arabia). A voucher
specimen (Voucher ID: IAU-PHG-P005) has been submit-
ted to the natural products lab at Imam Abdulrahman
Bin Faisal University, Saudi Arabia. The herb was made to
spread over a large sheet of filter paper and kept for 15 days,
to dry in shade, under controlled room temperature con-
ditions. The dried herb was powdered with the help of a
stainless steel blender and the powder, thus, obtained was
properly stored in a refrigerator (2°C - 8°C) with controlled
humidity.

3.4. Mass Spectrophotometer (MS) Conditions

MS with SIM (selected-ion monitoring) and
Quadrupole operating conditions were as follows: high-
resolution mass with positive (+ve) mode, scan time (1.0
minute), inter-scan delay (0.02 second).
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3.5. High-Performance Liquid Chromatography (HPLC) Condi-
tions

For bioanalysis, a previously developed and reported
method by Jemal et al. (25) was reproduced. HPLC with
binary solvent system, tunable mass detector, and column
was used as mentioned earlier whereas chromatographic
conditions for separation were as follows: degassed and
sonicated solvents with isocratic mobile phase, i.e., ace-
tonitrile (95%): 5 mM ammonium acetate (5% v/v), flow rate
of 0.600 mL/min, injection volume of 10 µL/run, and a re-
tention time of 5.022 min with a total chromatographic
run time of 8.00 minutes (Figure 1A).

3.6. Venue and Year of Study

This study was performed at the Natural Products and
Alternative Medicine laboratory at Imam Abdulrahman
Bin Faisal University, Dammam, Saudi Arabia, in the year
2018.

3.7. Study Design

The study was designed to compare in-vivo drug-herb
interaction with CLAR, CBZ, and PAR and without the pres-
ence of interacting substances, i.e., SV alone. In addition,
the study was open-label (unblinded), i.e., without phar-
macodynamics endpoints, with a loading dose of the drug,
i.e. maximum single dose for a steady-state concentration
of the drug, and parallel design, i.e. SV alone, SV+PAR,
SV+CLAR, and SV+CBZ administered to animals (26, 27).

3.8. Ethical Approval

A proper ethical approval was obtained from the Ethics
Committee of Imam Abdulrahman Bin Faisal University,
Dammam, Saudi Arabia, which ensured that the ethical
guidelines confirmed the National Guidelines on the Care
and Use of Laboratory Animals, with protocol approval No.
IRB-2018-145-Pharm and approval date 18/04/2018.

3.9. Study Population

One week before experiments, Wistar rats (weight: 200
- 250 g and age: 8 - 10 weeks) were maintained in an environ-
ment with controlled room temperature (25°C ± 2°C) and
humidity (60% ± 5%) for a 12-hour dark-light cycle. In ad-
dition, standard pelleted diet and water were used to feed
animals. Before experiments, the rats were kept on fasting
overnight (26, 28).

3.10. Sample Size Calculation and Power of the Study

The power of a study intends to find an effect. Though
it is kept mostly between 80 and 99%, the most accept-
able power in many studies, as used here, is 80% (29).
Similarly, a series of software is available to calculate the
number of animals for a study such as G Power, Open Epi,
Biomath, and StatPages; however, the calculation with the
mentioned software needs various factors. These factors
include the power of the study, the magnitude of response,
expected attrition or death, type-I error, etc. As this study
was conducted for the first time and no previous data (fac-
tors mentioned above) are available to be used for calcula-
tion through such a method, “resource equation” was ap-
plied in our study. This method is applicable in studies
that are novel and have no previous reports regarding the
factors needed for sample size calculation (29, 30). This
method involves ANOVA and E value (degree of freedom)
which must be between 10 and 20 for animals; that is it may
not be less the 10 and can go above 20. The formula used is
as follows:

E = Total number of animals−Total number of groups

Based on the formula, the number of animals required
for this study was 20, which was the required sample size.

3.11. Choice of the Substrate and Interacting Drugs

The study focused on drugs associated with the P450
system of enzymes as either an inhibitor or an inducer. In
order to assess the impact of the interacting drug, it is rec-
ommended to select very sensitive substrates for CYP P450
systems. Herein, the substances/drugs selected were en-
tirely related to the CYP system. SV is considered as the best
substrate for CYP3A4/CYP3A5 whereas the drugs with the
potential to either inhibit or induce the metabolism for SV
at the CYP level are CLAR and CBZ, respectively, as reported
elsewhere (26).

3.12. Route of Administration

The route of administration is very important for any
herb-drug interaction and mainly depends on the product-
labeled method. In addition, the herbal products mostly
available in the market are in the oral dosage form. Based
on the availability of the route of administration for the
test substance and substrate, the oral route was chosen
(26).

3.13. Dose Selection and Sampling Time Point

Generally, it is preferred to have a maximum planned
dose for finding an interaction. The animals were admin-
istered with an oral loading dose of PAR powder (200 mg),
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Figure 1. (A) Plasma Extracted SV, (B) calibration graph (1.0 - 500.0 ng/mL)

SV (80 mg), CLAR (80 mg), and CBZ (80 mg) in order to eval-
uate the inhibitive or inductive nature for PAR in described
groups. The required drugs and PAR were dissolved in wa-
ter and filtered. 2 mL of each drug (equal to 80 mg) and PAR
(equal to 200 mg) were administered to respective groups.
The blood samples (1 - 2 mL) were collected in proper va-
cutainer using a cardiac puncture subsequently for each
specified time point, i.e. pre-dose (0.0) and after-treatment
including 0.5, 1, 1.5, 2, and 3 hours, washed twice using nor-
mal saline solution and made free from adhering (31), fol-

lowed by centrifugation (3500 rpm, 10 minutes), separa-
tion of plasma, and storage at -40°C in a deep freezer until
further analysis (26, 28).

3.14. Experimental Protocol

Prior to pharmacokinetic studies, rats fasted for 12
hours. It is a kind of parallel study including groups of al-
bino rats (six in each group with total number of animals
up to 4 x 6 = 24) including G-I (SV only as the control group),
G-II (SV + enzyme inducer), G-III (SV + enzyme inhibitor),

4 Iran Red Crescent Med J. 2019; 21(2):e85783.

http://ircmj.com


Ahmad R et al.

and G-IV (SV + PAR). The animals were held from the back
in slanted position during oral administration/dosing.

3.15. Quality Control (QC) Sample and Standard Sample Prepa-
ration

For stock solution preparation, the required amount
of SV was dissolved in acetonitrile to prepare a solution of
1 mg/mL and sonicated (20 minutes; 44 kHz/ 250W). For
working solutions, water and acetonitrile (1:9) were used as
a mixture in order to dilute the stock solution. For CC (cal-
ibration curve), eight-non-zero (A-H) concentrations were
prepared from the standard solution as a 2% aqueous an-
alyte (20 µL) was spiked with blank homogenate, i.e. rat
plasma (980 µL), thus yielding different concentrations
ranging from 1 to 500 ng/mL for SV (1, 2, 16, 105, 210, 320,
430, and 500 ng/mL). Four QC level samples were prepared
as high-quality control (HQC; 400 ng/mL), middle-quality
control (MQC; 200 ng/mL), low-quality control (LQC; 2.9
ng/mL), and LLOQC (1.01 ng/mL) (28). The storage at 2°C -
8°C was ensured for all solutions until use.

3.16. Sample Preparation Protocol for Plasma

For sample preparation, a 600µL sample in a glass tube
with 200µL of 5% formic acid (for breaking plasma protein
binding) was vortexed (300 rpm for 5 minutes), followed
by addition of 5 mL of an extraction solution (ethyl acetate)
in order to extract out the analyte. The glass tubes were
placed in a centrifuge (400 rpm; 4°C) for 10 minutes, and
the supernatant organic layer (4 mL) was poured off into a
clean glass tube. The obtained supernatant was dried with
the help of nitrogen stream (psi ≤ 20; 50°C ± 2.0°C), re-
constituted in 600 µL of the respective mobile phase, and
finally transferred (10 µL) to HPLC vials for injections (28).

3.17. Endpoint and Data Analysis

All the plasma samples were included in the pharma-
cokinetic data analysis. For plasma concentrations of SV,
the following PK-parameters were determined: AUC (0 - t)
(area under the concentration-time curve from time zero
to t), AUC(0-∞) (area under the concentration-time curve
from time zero to infinity), Cmax (maximum plasma drug
concentration), Tmax (time to reach maximum concentra-
tion following drug administration), t1/2 (half-life), and
elimination rate constant, in order to assess the effects of
PAR herb drug powder, CLAR, and CBZ on the PK of SV. The
results of drug interaction studies were reported with a
90% confidence interval (26, 28).

3.18. Statistical Analysis

The data were entered into IBM SPSS Statistical for Win-
dows, Version 22.0 (IBM Corp., Armork, N.Y., USA). S.D (stan-
dard deviation), along with 90% CI and the P value of 0.01,
was used to report the results of herb-drug interaction
whereas, for inter-rat variations, a CV (coefficient of Vari-
ation, %) was applied. The results were analyzed and ex-
pressed as means± standard error of the mean (SEM). The
student’s t test was applied for differences between un-
paired observations using ANOVA (P value < 0.05).

4. Results

4.1. Pharmacokinetics Endpoints Analysis

4.1.1. HPLC Analysis

The reproduced method showed a retention time (RT)
of 5.02 minutes whereas the calibration curve for SV repro-
duced method showed a linearity in a concentration range
of 1 - 500 ng/mL with least-squares regression r2 ≥ 0.997;
also, accuracy and precision for SV calibration curve stan-
dards were within acceptable limits as per the 2001 FDA
guidelines (28) as shown in Figure 1B.

4.1.2. MS Analysis

Mass spectrometry used for quantification showed a
transition, i.e. RT at m/z 419.5, as shown in Figure 2.

4.2. Pharmacokinetics of SV

The main pharmacokinetic parameters for SV are listed
in Figure 3 and Table 1. Figure 3 shows the mean plasma
concentrations and AUC0-∞ for SV following the oral ad-
ministration of SV alone and combined with PAR, an en-
zyme inducer (EI), and an enzyme inhibitor (EIn).

For SV, the co-administration with PAR resulted in in-
creased Cmax, AUC(0-t), and AUC(0-∞) with a two-fold in-
crease (P < 0.01) whereas the co-administration with CBZ
resulted in a significant (P < 0.01) decrease in Cmax. Sim-
ilarly, the co-administration of SV and CLR showed an in-
creased (> two folds) Cmax, AUC(0-t), and AUC(0-∞) for SV as
shown in Table 1 and Figure 3 (P < 0.01).

The CV (coefficient of variation) showed an inter-rat
variation for Cmax and AUCs; however, the exact mecha-
nism for this variability was not completely understood. It
may be due to the variation of CYP3A4 activity among rats.
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5. Discussion

This study was performed to determine whether PAR
could alter the pharmacokinetics of SV when given con-
comitantly in healthy albino rats. The study has an im-
portant implication in terms of outcome due to the po-
tential interaction of PAR with the widespread use of SV in
hypertensive patients who use SV for reducing lipid levels.

Herein, for the first time, we report a practical interaction
for PAR and SV at the level of the microsomal hepatic en-
zyme. This will help elucidate the theory for possible in-
duction or inhibition between PAR and SV when used to-
gether. The study was conducted in strict compliance with
USFDA (the United States food and drug administration)
guidelines (28). The half-life of SV is low (two hours), and
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Table 1. SV PK Parameters Following Oral Administration of SV Alone and in Combination with PAR, CBZ, and CLAR

PK- Parameters SIM SIM+PAR SIM+ CRBZ SIM+ CLAR

Cmax , ng/mL 12.01± 1.33 26.39± 2.56 5.63± 1.03 28.36± 2.98

Tmax , h 1.50 1.50 1.50 1.50

t1/2 3.20± 0.69 6.12± 1.66 17.80± 3.69 16.23± 2.99

Ke , h- 1 0.2166 0.1132 0.0389 0.0427

AUC0 - t , ng h/mL 14.90± 2.59 31.46± 5.63 7.26± 1.89 34.08± 6.48

AUC0-∞ , ng h/mL 21.87± 3.01 66.87± 9.56 37.81± 5.87 151.42± 15.64

thus, a loading single dose was administered in order to
achieve a steady state concentration (26). Similarly, SV is
considered the best substrate for CYP3A4 and A5; hence, the
study focused on inducers and inhibitors for SV, which was
a substrate for CYP3A4/A5. CLAR and CBZ are reported as the
best inhibitor and inducer, respectively, for SV at CYP3A4/A5
enzyme level. The investigated drug here was PAR powder.
PAR is widely used as a diuretic as mentioned in many stud-
ies in the literature (32, 33). However, no studies have re-
ported herb-drug interaction for PAR in hypertensive pa-
tients using SV for lowering lipid levels. This is a first-time
study of the interaction of PAR with SV at the level of CYP
enzyme in the presence of inducers or inhibitors.

The literature reports a well-established route of degra-
dation for SV, i.e., CYP450 (CYP3A4-mediated) (34, 35). How-
ever, in some instances, the drug may be reversibly con-
verted to SV-hydroxy-acid through esterase enzyme. The
current study revealed an increase in the mean values of
Cmax and AUC0-t (> two folds), as well as an increase in
the mean t1/2 (from 3.20 to 6.12 hours), for SV when co-
administered with PAR; hence, it indicates the inhibition
of the primary mechanism of CYP3A4 responsible for bio-
transformation of SV to its respective metabolites. It may
be concluded that in the presence of PAR, plasma levels of
standard doses of drugs (mainly degraded by the CYP3A4
system) may increase (Table 1); hence, it may be considered
as a CYP 3A4 inhibitor for SV. The labeling implications as
per USFDA and drug interaction studies requirements (26)
state any investigational drug when administered at the
highest dose if increases the AUC for oral CYP3A4 substrate
between two and five folds (> two and < five folds) is la-
beled to be “moderate inhibitor.” Based on the assumption,
PAR inhibited CYP3A4 and enhanced the AUC for SV by two
folds; thus, PAR may be identified as a moderate inhibitor
of CYP3A4.

It is quite true to understand the complex nature
of herbs in such studies; however, numerous plant food
constituents such as flavonoids (36), isothiocyanates (37),
and allyl sulfides (38) have exhibited a potent role of CYP

monooxygenases modulator, both in vitro and in animal
models. Sometimes, the effects of such phytochemicals
are complex as they may inhibit certain CYP enzymes at
high concentrations and activate moderately the same en-
zyme at lower concentrations (39). Up to now, numer-
ous compounds have been reported as competitive CYP in-
hibitors even at low concentrations that their actions may
become pronounced at the CYP level when combined with
other compounds/drugs (40). A similar CYP1A2 inhibitory
activity for PAR has already been reported by Peterson et
al. using apiaceous vegetables. Cytochrome P-450 1A2 is
known as a biotransformation enzyme responsible for the
activation of several pro-carcinogens, such as aflatoxin-
B1 (41). Furanocoumarin derivatives present in PAR plant
have been reported to inhibit the CYP3A4 system (42). The
mentioned studies confirm and support the current obser-
vations for PAR, as an inhibitor at the CYP level for drugs
including SV.

The design of the study allows only for the limited in-
terpretation of results, i.e. the effects of PAR on the plasma
level of SV, and no correlation or evidence was established
to report the efficacy of SV in the presence of PAR in re-
ducing the lipid levels. The main aim was to mark the in-
hibitory or inducing role of PAR for SV at the already estab-
lished and reported CYP system. For more PK and PD out-
comes as associated with the concomitant use of PAR and
SV, more in-depth studies using cell culture systems and
different enzyme models may be employed. Furthermore,
the study is a preliminary study conducted in animal mod-
els and may not have the same inhibitory or inducing ef-
fects in humans as reported here. Thus, further clinical tri-
als are needed to establish the interaction of PAR and SV
in the view of inducing or inhibitory effect for each other.
This will further confirm the role of PAR in patients using
SV and dose adjustment, as well as the effect on the thera-
peutic value of SV when used together with PAR.

5.1. Conclusions

The co-administration of PAR herb powder at a steady
state with SV significantly (P < 0.01) increases the exposure
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(Cmax and AUCs) to SV by more than two folds confirming
the inhibitory role of PAR for CYP3A4-mediated biotrans-
formation. PAR as a potential inhibitor reported in ani-
mal models may have a therapeutic application in case of
avoiding drug interaction for patients using SV and PAR to-
gether. Therefore, caution and consultation with a physi-
cian are required when administering PAR in any kind of
use for patients who take SV.
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topoulos V. Antioxidant potential and phytochemical content of se-
lected fruits and vegetables consumed in Cyprus. Biotechnol Food Sci.
2018;82(1).

6. Zhang H, Chen F, Wang X, Yao HY. Evaluation of antioxidant activ-
ity of parsley (Petroselinum crispum) essential oil and identification
of its antioxidant constituents. Food Res Int. 2006;39(8):833–9. doi:
10.1016/j.foodres.2006.03.007.

7. Craft JD, Setzer WN. The volatile components of parsley, Petroselinum
crispum (mill.) fuss. Am J Essent Oil Nat Prod. 2017;5(1):27–32.

8. Marin I, Sayas-Barbera E, Viuda-Martos M, Navarro C, Sendra E. Chemi-
cal composition, antioxidant and antimicrobial activity of essential
oils from organic fennel, parsley, and lavender from Spain. Foods.
2016;5(1). doi: 10.3390/foods5010018. [PubMed: 28231113]. [PubMed
Central: PMC5224583].

9. Savary F, Moazedi AA, Gharib NMK, Zadkarami MR. [The role of GABAA
receptor in antispasmodic activity of hydroalcholic extract of Pet-
roselinum crispum (parsley) seed in rat ileum]. J Arak Univ Med Sci.
2017;19(10):25–38. Persian.

10. Aljanaby AAJJ. Antibacterial activity of an aqueous extract of Pet-
roselinum crispum leaves against pathogenic bacteria isolated from
patients with burns infections in Al-najaf Governorate, Iraq. Res Chem
Intermediate. 2012;39(8):3709–14. doi: 10.1007/s11164-012-0874-5.

11. Tuttolomondo T, Licata M, Leto C, Bonsangue G, Letizia Gargano M,
Venturella G, et al. Popular uses of wild plant species for medic-
inal purposes in the Nebrodi Regional Park (North-Eastern Sicily,
Italy). J Ethnopharmacol. 2014;157:21–37. doi: 10.1016/j.jep.2014.08.039.
[PubMed: 25239832].

12. Polat R, Satil F. An ethnobotanical survey of medicinal plants in
Edremit Gulf (Balikesir-Turkey). J Ethnopharmacol. 2012;139(2):626–41.
doi: 10.1016/j.jep.2011.12.004. [PubMed: 22193175].

13. Izzo AA, Hoon-Kim S, Radhakrishnan R, Williamson EM. A critical ap-
proach to evaluating clinical efficacy, adverse events and drug in-
teractions of herbal remedies. Phytother Res. 2016;30(5):691–700. doi:
10.1002/ptr.5591. [PubMed: 26887532].

14. Ge B, Zhang Z, Zuo Z. Updates on the clinical evidenced herb-warfarin
interactions. Evid Based Complement Alternat Med. 2014;2014:957362.
doi: 10.1155/2014/957362. [PubMed: 24790635]. [PubMed Central:
PMC3976951].

15. Leite PM, Martins MAP, Castilho RO. Review on mechanisms and
interactions in concomitant use of herbs and warfarin therapy.
Biomed Pharmacother. 2016;83:14–21. doi: 10.1016/j.biopha.2016.06.012.
[PubMed: 27470545].

16. Morihara N, Hino A. Aged garlic extract suppresses platelet aggre-
gation by changing the functional property of platelets. J Nat Med.
2017;71(1):249–56. doi: 10.1007/s11418-016-1055-4. [PubMed: 27766480].

17. Chegu K, Mounika K, Rajeswari M, Vanibala N, Sujatha P, Sridurga P, et
al. In vitro study of the anticoagulant activity of some plant extracts.
World J Pharm Pharm Sci. 2018;7(5):904–13.

18. Ramanathan MR, Penzak SR. Pharmacokinetic drug interactions with
panax ginseng. Eur J DrugMetab Pharmacokinet. 2017;42(4):545–57. doi:
10.1007/s13318-016-0387-5. [PubMed: 27864798].

19. Jeong D, Irfan M, Kim SD, Kim S, Oh JH, Park CK, et al. Ginseno-
side Rg3-enriched red ginseng extract inhibits platelet activation
and in vivo thrombus formation. J Ginseng Res. 2017;41(4):548–55.
doi: 10.1016/j.jgr.2016.11.003. [PubMed: 29021703]. [PubMed Central:
PMC5628340].

20. Kattura RS, Crismon ML. Clinically significant interactions with stim-
ulants and other non-stimulants for ADHD. Appl Clin Pharmacokinet
PharmacodynamPsychopharmacol Agent. 2016:535–49. doi: 10.1007/978-
3-319-27883-4_21.

21. Akhter M. Herbal drug interactions. In: Tangkiatkumjai M, Casarin A,
Chen LC, Walker DM, editors. Complementary and alternative medicine
and kidney health. 2018. p. 201–31. doi: 10.4018/978-1-5225-2882-1.ch008.

22. Bai RR, Wu XM, Xu JY. Current natural products with antihyper-
tensive activity. Chin J Nat Med. 2015;13(10):721–9. doi: 10.1016/S1875-
5364(15)30072-8. [PubMed: 26481372].

8 Iran Red Crescent Med J. 2019; 21(2):e85783.

http://dx.doi.org/10.1016/j.jtcme.2016.05.002
http://www.ncbi.nlm.nih.gov/pubmed/28417090
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5388086
http://dx.doi.org/10.1007/s10068-016-0103-x
http://www.ncbi.nlm.nih.gov/pubmed/22570982
http://dx.doi.org/10.1016/j.foodres.2006.03.007
http://dx.doi.org/10.3390/foods5010018
http://www.ncbi.nlm.nih.gov/pubmed/28231113
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5224583
http://dx.doi.org/10.1007/s11164-012-0874-5
http://dx.doi.org/10.1016/j.jep.2014.08.039
http://www.ncbi.nlm.nih.gov/pubmed/25239832
http://dx.doi.org/10.1016/j.jep.2011.12.004
http://www.ncbi.nlm.nih.gov/pubmed/22193175
http://dx.doi.org/10.1002/ptr.5591
http://www.ncbi.nlm.nih.gov/pubmed/26887532
http://dx.doi.org/10.1155/2014/957362
http://www.ncbi.nlm.nih.gov/pubmed/24790635
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3976951
http://dx.doi.org/10.1016/j.biopha.2016.06.012
http://www.ncbi.nlm.nih.gov/pubmed/27470545
http://dx.doi.org/10.1007/s11418-016-1055-4
http://www.ncbi.nlm.nih.gov/pubmed/27766480
http://dx.doi.org/10.1007/s13318-016-0387-5
http://www.ncbi.nlm.nih.gov/pubmed/27864798
http://dx.doi.org/10.1016/j.jgr.2016.11.003
http://www.ncbi.nlm.nih.gov/pubmed/29021703
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5628340
http://dx.doi.org/10.1007/978-3-319-27883-4_21
http://dx.doi.org/10.1007/978-3-319-27883-4_21
http://dx.doi.org/10.4018/978-1-5225-2882-1.ch008
http://dx.doi.org/10.1016/S1875-5364(15)30072-8
http://dx.doi.org/10.1016/S1875-5364(15)30072-8
http://www.ncbi.nlm.nih.gov/pubmed/26481372
http://ircmj.com


Ahmad R et al.

23. Mamindla S, Prasad KV, Koganti B. Herb-drug interactions: An
overview of mechanisms and clinical aspects. IJPSR. 2016;7(9):3576–86.

24. Wright CI, Van-Buren L, Kroner CI, Koning MM. Herbal medicines
as diuretics: A review of the scientific evidence. J Ethnopharmacol.
2007;114(1):1–31. doi: 10.1016/j.jep.2007.07.023. [PubMed: 17804183].

25. Jemal M, Ouyang Z, Powell ML. Direct-injection LC-MS-MS method for
high-throughput simultaneous quantitation of simvastatin and sim-
vastatin acid in human plasma. J PharmBiomedAnal. 2000;23(2-3):323–
40. doi: 10.1016/S0731-7085(00)00309-5. [PubMed: 10933525].

26. Huang SM, Temple R, Throckmorton DC, Lesko LJ. Drug interac-
tion studies: Study design, data analysis, and implications for
dosing and labeling. Clin Pharmacol Ther. 2007;81(2):298–304. doi:
10.1038/sj.clpt.6100054. [PubMed: 17259955].

27. US Department of Health and Human Services. Guidances (drugs).
About FDA Guidances. New Hampshire: US Food and Drug Adminis-
tration; [cited 2018]. Available from: https://www.fda.gov/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/default.
htm.

28. FDA. Guidance for industry bioanalytical method validation. 2018.
29. Charan J, Kantharia ND. How to calculate sample size in animal stud-

ies? J Pharmacol Pharmacother. 2013;4(4):303–6. doi: 10.4103/0976-
500X.119726. [PubMed: 24250214]. [PubMed Central: PMC3826013].

30. Ilyas MN, Adzim MKR, Simbak NB, Atif AB. Sample size calculation for
animal studies using degree of freedom (E), an easy and statistically
defined approach for metabolomics and genetic research.Curr Trends
Biomed Eng Biosci. 2017;10(2).

31. Ahmad N, Ahmad R, Alam MA, Ahmad FJ. Quantification and brain tar-
geting of eugenol-loaded surface modified nanoparticles through in-
tranasal route in the treatment of cerebral ischemia.DrugRes (Stuttg).
2018;68(10):584–95. doi: 10.1055/a-0596-7288. [PubMed: 29669380].

32. Yarnell E. Botanical medicines for the urinary tract. World J Urol.
2002;20(5):285–93. doi: 10.1007/s00345-002-0293-0. [PubMed:
12522584].

33. Campos KE, Balbi APC, Alves MJQ. Diuretic and hypotensive activ-
ity of parsley seeds (Petroselinum sativum hoffman) in rats. Revista
Brasileira de Farmacognosia. 2009;19(1A and 1B):41–5.

34. Shitara Y, Sugiyama Y. Pharmacokinetic and pharmacodynamic al-

terations of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) re-
ductase inhibitors: drug-drug interactions and interindividual dif-
ferences in transporter and metabolic enzyme functions. Pharma-
col Ther. 2006;112(1):71–105. doi: 10.1016/j.pharmthera.2006.03.003.
[PubMed: 16714062].

35. Dresser GK, Spence JD, Bailey DG. Pharmacokinetic-
pharmacodynamic consequences and clinical relevance of cy-
tochrome P450 3A4 inhibition. Clin Pharmacokinet. 2000;38(1):41–57.
doi: 10.2165/00003088-200038010-00003. [PubMed: 10668858].

36. Li Y, Ning J, Wang Y, Wang C, Sun C, Huo X, et al. Drug interaction
study of flavonoids toward CYP3A4 and their quantitative structure
activity relationship (QSAR) analysis for predicting potential effects.
Toxicol Lett. 2018;294:27–36. doi: 10.1016/j.toxlet.2018.05.008. [PubMed:
29753067].

37. Abdull Razis AF, Konsue N, Ioannides C. Isothiocyanates and xeno-
biotic detoxification. Mol Nutr Food Res. 2018;62(18). e1700916. doi:
10.1002/mnfr.201700916. [PubMed: 29288567].

38. Cho HJ, Yoon IS. Pharmacokinetic interactions of herbs with cy-
tochrome p450 and p-glycoprotein. Evid Based Complement Alternat
Med. 2015;2015:736431. doi: 10.1155/2015/736431. [PubMed: 25632290].
[PubMed Central: PMC4302358].

39. Korobkova EA. Effect of natural polyphenols on CYP metabolism:
Implications for diseases. Chem Res Toxicol. 2015;28(7):1359–90. doi:
10.1021/acs.chemrestox.5b00121. [PubMed: 26042469].

40. Basheer L, Kerem Z. Interactions between CYP3A4 and di-
etary polyphenols. Oxid Med Cell Longev. 2015;2015:854015.
doi: 10.1155/2015/854015. [PubMed: 26180597]. [PubMed Central:
PMC4477257].

41. Kim JK, Strapazzon N, Gallaher CM, Stoll DR, Thomas W, Gallaher
DD, et al. Comparison of short- and long-term exposure effects of
cruciferous and apiaceous vegetables on carcinogen metabolizing
enzymes in Wistar rats. Food Chem Toxicol. 2017;108:194–202. doi:
10.1016/j.fct.2017.07.057.

42. Masuda M, Watanabe S, Tanaka M, Tanaka A, Araki H. Screening of fu-
ranocoumarin derivatives as cytochrome P450 3A4 inhibitors in cit-
rus. J Clin Pharm Ther. 2018;43(1):15–20. doi: 10.1111/jcpt.12595. [PubMed:
28749005].

Iran Red Crescent Med J. 2019; 21(2):e85783. 9

http://dx.doi.org/10.1016/j.jep.2007.07.023
http://www.ncbi.nlm.nih.gov/pubmed/17804183
http://dx.doi.org/10.1016/S0731-7085(00)00309-5
http://www.ncbi.nlm.nih.gov/pubmed/10933525
http://dx.doi.org/10.1038/sj.clpt.6100054
http://www.ncbi.nlm.nih.gov/pubmed/17259955
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://dx.doi.org/10.4103/0976-500X.119726
http://dx.doi.org/10.4103/0976-500X.119726
http://www.ncbi.nlm.nih.gov/pubmed/24250214
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3826013
http://dx.doi.org/10.1055/a-0596-7288
http://www.ncbi.nlm.nih.gov/pubmed/29669380
http://dx.doi.org/10.1007/s00345-002-0293-0
http://www.ncbi.nlm.nih.gov/pubmed/12522584
http://dx.doi.org/10.1016/j.pharmthera.2006.03.003
http://www.ncbi.nlm.nih.gov/pubmed/16714062
http://dx.doi.org/10.2165/00003088-200038010-00003
http://www.ncbi.nlm.nih.gov/pubmed/10668858
http://dx.doi.org/10.1016/j.toxlet.2018.05.008
http://www.ncbi.nlm.nih.gov/pubmed/29753067
http://dx.doi.org/10.1002/mnfr.201700916
http://www.ncbi.nlm.nih.gov/pubmed/29288567
http://dx.doi.org/10.1155/2015/736431
http://www.ncbi.nlm.nih.gov/pubmed/25632290
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4302358
http://dx.doi.org/10.1021/acs.chemrestox.5b00121
http://www.ncbi.nlm.nih.gov/pubmed/26042469
http://dx.doi.org/10.1155/2015/854015
http://www.ncbi.nlm.nih.gov/pubmed/26180597
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4477257
http://dx.doi.org/10.1016/j.fct.2017.07.057
http://dx.doi.org/10.1111/jcpt.12595
http://www.ncbi.nlm.nih.gov/pubmed/28749005
http://ircmj.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Chemical and Solvent Used
	3.2. Instruments and Equipment Used
	3.3. PAR Powder Preparation
	3.4. Mass Spectrophotometer (MS) Conditions
	3.5. High-Performance Liquid Chromatography (HPLC) Conditions
	Figure 1

	3.6. Venue and Year of Study
	3.7. Study Design
	3.8. Ethical Approval
	3.9. Study Population
	3.10. Sample Size Calculation and Power of the Study
	3.11. Choice of the Substrate and Interacting Drugs
	3.12. Route of Administration
	3.13. Dose Selection and Sampling Time Point
	3.14. Experimental Protocol
	3.15. Quality Control (QC) Sample and Standard Sample Preparation
	3.16. Sample Preparation Protocol for Plasma
	3.17. Endpoint and Data Analysis
	3.18. Statistical Analysis

	4. Results
	4.1. Pharmacokinetics Endpoints Analysis
	4.1.1. HPLC Analysis
	4.1.2. MS Analysis
	Figure 2


	4.2. Pharmacokinetics of SV
	Figure 3
	Table 1


	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Considerations: 
	Funding/Support: 

	References

