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ABSTRACT: Rheumatoid Arthritis is an autoimmune inflammatory joint disease. Disease-modifying anti-rheumatic
drugs and Non-steroidal anti-inflammatory drugs are being used for its management and found to have better
improvement when combined with a traditional medicine. Withania somnifera (Ashwagandha) is one among the
medicinally important herb which is known to be beneficial in these conditions. The root of the plant is safely being
used however, very less is known about the aerial part usage; and their interactions with anti-rheumatic drugs.
Cytochrome P450 enzymes inhibition assay for subtypes CYP3A4 and CYP2D6 isozyme was used in concoction of
hydroalcoholic and methanolic extracts of root and aerial part of the plant with the anti-arthritic drugs. All the four
Withania somnifera extracts showed significantly higher (P<0.001) IC50 value against CYP3A4 and CYP2D6 (IC50
>100ng/mL) compared to positive control ketoconazole and Quinidine respectively. Combination of formulation and
anti-rheumatic drugs showed significantly (P<0.001) less inhibition on CYP3A4 and CYP2D6 as compared to positive
control. To conclude, methanolic and hydroalcoholic extracts of both aerial and root part of Withania somnifera mixture
with anti-rheumatic drug regimen had negligible CYP3A4 and CYP2D6 inhibition.

KEYWORDS: Withania somnifera; Ashwagandha; Herb-drug interaction; High-throughput screening; CYP
inhibition.

1. INTRODUCTION

Rheumatoid Arthritis is a progressive autoimmune inflammatory condition affecting the joints and associated
tissues, which in due course affects the quality of life [1]. Management of the disease includes
immunosuppression with conventional disease-modifying anti-rheumatic drugs (DMARDs i.e.
hydroxychloroquine, methotrexate, leflunomide and sulphasalazine), inhibition of specific inflammatory
process by Biologics, anti-inflammatory drugs (Non-steroidal anti-inflammatory drugs - NSAIDs) and
corticosteroids [2, 3]. With the progression of the disease, patients are routinely being managed in a stepwise
manner [4] and the combination DMARD therapy were found to be more effective than monotherapy [5]. The
benefits of DMARDs also comes with adverse effects in prolonged administration [3] resulting in increased
preference towards the use of Complementary and Alternative medicine (CAM) because of the holistic
approach to health care [6]. These are often used as single or in various combinations and either as first line of
therapy or in collaboration with other therapies [7, 8]. Methotrexate the most frequently used among the
DMARDs [2] was found to have better improvement when combined with a traditional medicine in
suboptimal relief cases of rheumatoid arthritis [9].
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The herbs known for their Rasayana (rejuvenation) properties are hypothesised to improve nonspecific
immune response to withstand antigenic challenge. They are considered to have adaptogenic and
immunomodulatory properties [10, 11]. Large number of herbs in this category are well documented for their
role in management of arthritis [12]. Withania somnifera (Aswagandha), a small evergreen shrub is one among
them which is known to have therapeutic usage in inflammatory conditions [13]. The herbs are considered as
safe in India by virtue of their usage since thousands of years in Indian system of medicine and folklore [14].
However, the therapeutic use of herbs warrants trained experts, evidence-based researches and complete
safety profile understanding which otherwise can be hazardous to the humankind [15]. To authenticate safe
use of a product in humans during its developmental stage, safety evaluation is an essential task [16]. The
question arises regarding the safety of a particular herb when added in the prescription regimen [17]. The
likelihood of herb-drug interactions is higher than drug-drug interactions because of multiple bioactive phyto-
compounds which requires mapping with the prescription drugs [17, 18]. This leads to an evidence-based
approach through various experimental and clinical models especially cytochrome P450 (CYP450) enzymes
[19]. These enzymes in humans are involved in the metabolism of majority of drugs with approximately 50%
through CYP3A4 and 25% by CYP2D6 [20, 21]. Inhibition of these enzymes may affect the metabolism of drugs
when co-administered with herbs and can result in unexpected undesired effects leading to toxicity or can
lead to diminished activity [22]. CYP inhibition studies have been conducted on ashwagandha root extracts
with both CYP3A4 and CYP2D6 enzymes [23]. Primarily the roots of Withania somnifera (W. somnifera) are
being used for its therapeutic use in form of whole root powder or extracts [24]. Roots possess anti-
inflammatory property and have been extensively researched for its anti-arthritis potential [25, 26, 27].
Traditionally it is used in Indian system of medicine as anti-inflammatory and rejuvenator herb [28, 29].
However, few references are available for its use of other aerial parts [30, 31], especially the leaves having anti-
inflammatory property and are being studied in treatment of arthritis [27, 32]. Fresh leaves are referred in
ancient medicinal text to be used topically in rheumatoid arthritis [28]. The root part is safely being used since
ages with some reference on aerial part however, very less is known about their interactions with anti-
rheumatic drugs [33]. The present study is an attempt to understand the herb-drug interactions (HDI) of both
the roots and the aerial part in their methanolic and hydroalcoholic extract forms when given in combination
of the commonly used treatment of arthritis.

2. RESULTS AND DISCUSSION

2.1. Phyto-chemical analysis of WSEs

The phytochemical analysis of W. somnifera have revealed several groups of bioactive compounds such as
flavonoids, tannin, alkaloids, steroidal lactones, and alkaloids [34]. The most therapeutically important
chemicals are withanolides [35]. The present phytochemical study analysis also showed accumulation of
withaferin A and withanolide A with variations in their concentrations in the different parts of Ashwagandha.
The phyto-constituents Withaferin A and Withanolides are studied scientifically to possess
immunomodulatory as well as anti-inflammatory properties thus making the herb a potential candidate in
management of arthritis [36, 37].

The HPTLC analysis method was validated by ICH guidelines (International Conference on Harmonization).
Concentrations of the compounds in sample chromatograms (Figure 1) were determined from the intensity of
absorbance at 232 nm. Evaluation was made via peak areas versus withanolides amount in linear regression.
The withanolides present in the extracts were identified by comparing HPTLC spectrum of the standards
(Figure 2).
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Figure 1. HPTLC chromatogram of standards and extracts

A: Withaferin A; B: Withanolide A; C: W. somnifera aerial - aqueous methanol extract;
D: W. somnifera root - aqueous methanol extract
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Figure 2. HPTLC spectrum of Withanolides

Estimation: The quantities of withanolides are present more in 50% aq-methanolic extracts of root part of
W. somnifera (Table 1).

Table 1. Accumulation of withaferin A and withanolide A in various W.somnifera parts

S No Plant parts Withaferin A Withanolide A
1 Aerial 0.70% 0.03%
2 Root 0.50% 0.08%
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2.2. Herb-drug interactions of W. somnifera

For the CYP 3A4 assay, to authorize the correctness of the assays Ketoconazole was used as positive control
and for accuracy samples were analyzed in triplicate. The percentage inhibition of the standard inhibitors was
recorded in different concentrations and IC50 values were calculated. IC50 value for Ketoconazole was
calculated to be 4.38 pg/ml (Table 2).

Table 2. Percentage inhibition of the standard inhibitors

Standard inhibitor Ketoconazole (CYP3A4 Quinidine (CYP2D6
[Concentration (ug/ml)] enzyme % inhibition) enzyme % inhibition)
10 100 100.00
5 64.39 75.17
2.5 31.55 53.38
1.25 15.75 30.44

The standard drugs of Methotrexate, Sulfasalazine, Hydroxychloroquine, Leflunomide, Prednisolone and
Diclofenac were used in concentrations from 62.5, 125, 250 and 500 pg/ml. The percentage inhibition was
found to be higher with IC50 value being >500pg/ml (Figure 3 A). The W. somnifera extracts (WSEs) were used
in concentrations of 12.5, 25, 50 and 100 pg/ml. The IC50 values for all the four WSEs were found to be >100
pg/ml (Figure 3 B). The mixture of the standard drugs and WSEs were evaluated in concentration between
12.5 to 100 pg/ml. The percentage of inhibition showed similar trend as of individuals and the IC50 was
calculated to be >100pg/ml (Figure 3 C - F). For the CYP 2D6 assay, the positive control Quinidine was used
and the IC50 value was calculated as 2.70 pg/ml (Table 2). The assay results were similar to that of CYP3A4
in all the groups of the standard drug regimen, WSEs and combinations (Figure 4 A - F). The IC50 values for
standards were >50011g/ ml, WSEs and combinations were >100 pg/ml. All the four WSE showed significantly
higher (P<0.001) IC50 value against CYP3A4 and CYP2D6 (IC50 >100ng/mL) compared to positive control
ketoconazole and Quinidine, respectively. Combination of formulation and anti-rheumatic drugs showed
significantly (P<0.001) less inhibition on CYP3A4 and CYP2D6 as compared to positive control. Dose response
inhibition studies showed that inhibition of CYP3A4 and CYP2D6 by WSE from both the roots and aerial part
were concentration dependent (Figure 3 and 4).
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Figure 3. Herb drug interaction of Withania somnifera and Anti-rheumatic drugs on CYP 3A4 inhibition assay.
Percentage inhibition of: A: Anti-rheumatic drugs; B: Extracts of W. somnifera root and aerial parts; C: Cocktail of
WSR (HA) and Anti-rheumatic drugs; D: Cocktail of WSR (MeOH) and Anti-rheumatic drugs; E: Cocktail of WSA
(HA) and Anti-rheumatic drugs; F: Cocktail of WSA (MeOH) and Anti-rheumatic drugs; Statistically significant
difference (p<0.001) were denoted with the symbol “a” as compared to standards.

Anti-rheumatic drugs: Disease-modifying antirheumatic drugs (DMARDs) and Anti-inflammatory drugs; WSR
(HA): W. somnifera root — aqueous alcoholic extract; WSR (MeOH): W. somnifera root - aqueous methanol extract;
WSA (HA): W. somnifera aerial - aqueous alcoholic extract; WSA (MeOH): W. somnifera aerial - aqueous methanol

extract.
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Figure 4. Herb drug interaction of Withania somnifera and Anti-rheumatic drugs on CYP 2D6 inhibition assay.
Percentage inhibition of: A: Anti-rheumatic drugs; B: Extracts of W. somnifera root and aerial parts; C: Cocktail
of WSR (HA) and Anti-rheumatic drugs; D: Cocktail of WSR (MeOH) and Anti-rheumatic drugs; E: Cocktail of
WSA (HA) and Anti-rtheumatic drugs; F: Cocktail of WSA (MeOH) and Anti-rheumatic drugs; Statistically
significant difference (p<0.001) were denoted with the symbol “b” as compared to standards.

Anti-rheumatic drugs: Disease-modifying antirheumatic drugs (DMARDs) and Anti-inflammatory drugs; WSR
(HA): W. somnifera root - aqueous alcoholic extract; WSR (MeOH): W. somnifera root - aqueous methanol
extract; WSA (HA): W. somnifera aerial - aqueous alcoholic extract; WSA (MeOH): W. somnifera aerial - aqueous
methanol extract
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The collaborative therapy may have synergistic or negative effects. V. somnifera in a collaborative therapy with
anti-tubercular drugs such as rifampicin, pyrazinamide, ethambutol and isoniazid did show encouraging
results [8]. It is used in combination therapy for musculoskeletal painful conditions [38]. As a precaution,
results in other studies are suggestive that it should be thoughtfully used in Parkinson’s disease, may augment
paclitaxel effects [39] and potentiate the sedative effects of barbiturates and some benzodiazepines [40].
Despite of its usage only few evidences are available of HDI on the root extracts but not on the aerial part of
the plant. Savai et.al. documented no inhibition of CYP3A4 and CYP2D6 with root extracts of W. somnifera and
isolated phyto-constituents withaferin-A, withanolide-A and withanoside-IV [41, 42]. However, in an in-vivo
experiment on methanolic extract of W. somnifera (500 mg/kg) in rats, it induced CYP1A enzyme activity and
altered phenacetin pharmacokinetic profile [42]. The present study also deciphered the no interaction potential
of W. somnifera standardized methanolic and hydro-methanolic extracts from both the aerial and root with
CYP3A4 and CYP2D6 when tested with anti-arthritis drug regimen through specific high-throughput
screening assays.

3. CONCLUSION

Methanolic and hydroalcoholic extracts obtained from both aerial and root part of the plant Withania somnifera
mixture with anti-rheumatic drug regimen had negligible CYP3A4 and CYP2D6 inhibition. Thus, co-
administration of formulation prepared with these extracts along with selective disease modifying anti-
rheumatic drugs may be considered as safe without any significant CYP inhibition mediated herb-drug
interaction. However, there remains always scope for further research to get a comprehensive profile of the
herb such as irreversible inhibition mechanism, phase II conjugating enzyme activity and Clinical studies.

4. MATERIALS AND METHODS
4.1. Chemicals and Reagents

Vivid™ CYP3A4 Blue Screening Kit (catalogue number P2856), Vivid® CYP2D6 Blue (Cat. no. P2972),
Quinidine and ketoconazole were procured from Sigma Chemical Co. (St. Louis, MO, USA). All the solvents
and chemicals for standardization and sample preparation i.e. n-hexane (AR grade), ethyl acetate (AR grade),
n-butanol (AR grade), and methanol (HPLC grade) were purchased from Merck & Co., USA.

4.2. Raw materials and DMARDS

W. somnifera raw material of aerial part Lot No.: ASHW/PLPLR30/NOV19 and Ashwagandha aerial part
hydroalcoholic extract 5%, Lot No: ASHW /PLPL30/NOV were procured from Phyto Life sciences Pvt Ltd,
Ahmedabad, Gujarat. The root powder was obtained from Emami Ltd, Research and Development Centre,
Kolkata. Both the raw material of aerial and root were further used to get the methanolic and hydroalcoholic
extracts in the phytochemistry laboratory of Emami Research and Development Centre. The Anti-arthritic
drugs were purchased from the local pharmacist - Methotrexate 25 mg (Folitrax) Batch No. At 071110,
Hydroxychloroquine (HCQS 200) Batch No. GPDO089010BH, Leflunomide (Lefna 20) Batch No.
GOVO19005AS, Sulfasalazine (Saaz) Batch No. ECL079007AS marketed by IPCA Laboratories Ltd, Mumbai.
Prednisolone (Wysolone 10) Batch No. 753495 of Pfizer India and Diclofenac (Voveran 50) Batch No. 195009MB
of Novartis India Ltd were also used.

4.3. Preparation of W. somnifera extracts (WSEs)

100 g of dried powdered material of roots and aerial part of W. somnifera were defatted with petroleum ether
(AR grade) at room temperature for 18 hours with intermittent shaking. This was followed by extraction (cold
maceration technique) using 500 ml of methanol, aqueous-methanol (water and methanol in equal ratio) and
water individually to check the yield of methanolic, aqueous-methanolic, and aqueous extracts of both plants.
Alcoholic and hydroalcoholic extracts were evaporated to dryness using rotary vacuum evaporator at 50 °C,
whereas aqueous extracts were dried by lyophilization. Further, all the extracts were dried and stored in
vacuum desiccator till use. Initial HPTLC qualitative studies showed that the aqueous-methanolic extracts of
both plant parts contain higher amounts of withanolides than all other extracts. Further a HPTLC quantitative
analysis has been done on aqueous-methanol extracts of both the plant parts with respect to two withanolide
markers (withaferin A and withanolide A) [27, 43].
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4.4. HPTLC instrumentation and chromatographic conditions

4.4.1. Sample preparation

Accurately weighed 1.0 g of leaf and root powder was soaked separately in 50 ml conical flask with 20 ml of
50% ag-methanol. Both the samples were sonicated at 60 °C for 30 minutes. The samples were filtered through
Whatmann No.1 filter paper to 25 ml volumetric flasks. Then the volumetric flasks are made up to 25 ml
volume. The concentration of sample solution was prepared as 40 mg/ml.

Accurately weighed 10.0 mg of both the standards (withaferin A and withanolide A) were dissolved with
methanol in 5 ml volumetric flasks. The flasks were made up to the volume to 5.0 ml. Stock solution
concentration was 2.0 mg/ml. Working standard solution were prepared by further 10-fold dilution of the
stock solutions. Visualization of the TLC plate is being done at 254 nm and after derivatization with a freshly
prepared anisaldehyde spray reagent.

4.4.2. HPTLC instrumentation

The chromatographic estimation was performed by using silica gel aluminum sheet plate 60 F254 (E. Merck,
Darmstadt, Germany). The samples, 10pL each were applied on the plate by using Linomat V sample
applicator. Plates were developed using a mobile phase consisting of n-hexane: ethyl acetate (3:1, v/v) in a
twin-trough glass chamber. The length of chromatogram run was 6.0 cm. The slit dimension settings of length
5.0 mm and width 0.45 mm, and a scanning rate of 20 mm s—1 were employed.

Densitometric scanning was performed using a CAMAG TLC Scanner 4 in the absorbance mode at 232 nm
and operated by winCATS planar chromatography version 1.4.9.

4.5. CYP3A4 and CYP2D6 isozyme inhibition assay

The inhibition assays were conducted by adapting the method narrated by Li et.al. [44], and as per the standard
protocol provided with Vivid™ CYP3A4 and CYP2D6 Blue Screening Kit (Invitrogen). These Screening Kits
allow rapid measurement of the drug and Cytochrome P450 enzymes interactions by using a “mix-and-read”
fluorescent assay technique. These are specifically designed for high-throughput screening in multiple-well
plates. Separately, each 40 pl of positive inhibition control (Ketoconazole for 3A4 and Quinidine for 2D6)
and/or test samples i.e. WSEs, Cocktails of WSEs and Anti-arthritic drugs, and Drugs were added in Black 96
well plate. 40 pl of buffer solution was added as solvent control. 50 ul CYP450 BACULOSOMES® Plus (CYP
enzyme) and 100 pl Vivid® Regeneration System was mixed to prepare the Master Pre-Mix (10 nM), and 50 pl
of this Master Pre-Mix was dispensed to each well. The 96-well plates were kept for 10 minutes of incubation
at room temperature to allow the compounds to interact with the CYP3A4 and CYP2D6. The reaction was
started by adding 10 pl per well of the Vivid® Substrate (BOMR) and NADP+(2 mM BOMR, 1000 uM NADP+).
Further, the plates were incubated for 1 hour for 37°C. In order to extinguish the reaction finally, the stop
reagent was added to each well. Fluorescent microplate reader (SpectraMax i3x from Molecular Devices, USA)
was used to measure the fluorescence intensity with excitation and emission wavelength of 535 and 590 nm
respectively. Percentage of inhibitions and their corresponding IC50 values were calculated basis the formula
described in Pandit et al., 2017 [22]. The percent inhibition was calculated due to presence of test compound
or positive inhibition using the below mentioned equation:
% of Inhibition = [1-(X-B)/(A-B)]

Where X denotes the fluorescence intensity observed in the presence of test compound, A is the fluorescence
intensity observed without inhibitor (solvent control or no inhibitor control, as appropriate), and B is the
fluorescence intensity observed with the positive inhibitor control.

4.6. Statistical analysis

The results were analyzed using one-way analysis of variance (ANOVA), followed by Tukey post-hoc test.
Data are expressed as mean * standard deviation (5.D) and the differences between groups were considered
to be statistically significant when p < 0.05. The statistical analysis was performed in GraphPad Prism® 5.0
software (CA, USA), using the four-parameter logistic non- linear regression model. Graphs are made using
OriginPro8 software.
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