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Abstract

Ethnopharmacological relevance: The two 7inospora species, T. crispaand T. sinensis,
native to Southeast Asia, are integral components of various traditional preparations with
structure-function claims to treat various disorders, including diabetes and inflammation.

Aim of the study: To assure the safety of the botanicals finished products, herb-drug interaction
potential of 7. crispa and T. sinensis was investigated by testing their extracts and compounds for
in vitro activation of the pregnane X-receptor (PXR) and the modulation of CYP3A4 isozyme,
selectively.

Materials and methods: A total of sixteen fully characterized phytochemicals from 7.
crispaand T. sinensis were evaluated for PXR activation by luciferase reporter gene assay.
CYP3A4 inhibition studies were carried out for eleven compounds. In addition, docking studies
were performed to elucidate the possible binding modes to the PXR by the compounds using
computational methods.

Results: Significant activation of PXR (2-fold) was observed for both extracts and non-polar
fractions of 7. crispa. Among the pure compounds, columbin showed highest activation of PXR
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(3-fold), which was comparable with the positive control, rifampicin. Vital interactions were
predicted with docking simulation of PXR-columbin complex with critical amino acid residues
(Trp-299) that are known for the activation of PXR. The methanolic extracts of 7. crispaand T.
sinensis also showed considerable CYP3A4 inhibition.

Conclusion: T. crispaand T. sinensis, both demonstrated the potential to mediate herb-drug
interaction through PXR activation and inhibition of CYP3A4 isozyme. Moreover, the elucidation
of the potential to induce herb-drug interaction, by the phytochemicals of these Tinospora plants,
thereby supports the need for further investigation to establish the clinical relevancy of these
constituents for possible adverse interactions with pharmaceutical drugs.
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1. Introduction

The medicinal plants of the genus 7inospora, including 7. crispa, T. sinensis and

T. cordifoliain particular, have traditional significance in the therapy of numerous
ailments. 7. crispaand T. sinensis, native to Southeast Asia, are integral components of
various traditional preparations with structure-function claims to treat various disorders,
including diabetes and inflammation. These two species are of interest for research for

a better understanding of their safety profile and associated health hazard due to their
substitution for 7. cordifolia. According to Ayurveda, 7. cordifolia (aka Guduchi) is an
adaptogen with antipyretic, anti-inflammatory, antirheumatic, spasmolytic, hypoglycemic,
and hepatoprotective properties. Particularly the stems of 7. cordifolia have been
traditionally practiced for treating various ailments such as fever, jaundice, diarrhea, bone
fractures, leucorrhea, skin diseases, poisonous bites, and eye disorders (Chi et al., 2016).
Akin to 7. cordifolia, the stems of 7. crispa (aka Boraped) are widely used for treating
several disorders in Malaysia, Thailand, and other south Asian countries (Ahmad et al.,
2016). 7. sinensis (aka Kuan Jin Teng), another botanically close mimic, is used in China
to treat bone fractures, lumbar disc herniation, and chronic rheumatism (Chi et al., 2016).
The possibility of their substitution with 7. cordifolia coupled with reports of mislabeling of
dietary supplements containing either of the two species with labels of 7. cordifolia further
highlighted the need to probe the phytoconstituents in 7. crispaand 7. sinensis. The most
likely attributes for the ongoing (un) intentional adulteration or substitution of 7. cordifolia
with these two species in global markets are overlapping geographical occurrence, demand
in traditional medicines, and morphological resemblance (Sereena et al., 2014) in addition
to lack of appreciation for the varied phytochemical attributes at species level. An accurate
and rapid UHPLC-UV-MS method has been reported to identify and differentiate 7. crispa
from other closely related species including 7. sinensis both qualitatively and quantitatively
(Parveen et al., 2020Db).

The importance for probing 7. crispaand T. sinensis gained significance following reports
of hepatotoxicity from their use on the basis of traditional knowledge. 7. cordifolia has

been reported to be safe and exhibiting less interaction potential with CYP isozymes
(Bahadur et al., 2016). 7. crispaand 7. sinensis, on the contrary, have been reported to cause
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hepatotoxicity as a result of self-medication by consumers of botanical supplements (Denis
etal., 2007; Langrand et al., 2014; Pelclova et al., 2013). The furanoditerpenoid constituents
in 7. crispa and T. sinensis have been implicated with hepatotoxicity as a result of xenobiotic
metabolism (Cachet et al., 2018; Huang et al., 2019). The metabolic activation of the furan
ring into a cis-enedione intermediate by CYP 3A isozymes triggers hepatotoxicity (Peterson,
2013). Usually, the toxic conditions are reversed upon cessation of the consumption of
herbal medicine (Calitz et al., 2015). It is also likely that herb-drug interaction may be an
underlying cause for the occurrence of the reported cases of hepatotoxicity caused by 7.
crispaor T. sinensis.

Pregnane X receptor (PXR) and Cytochrome P450 enzymes (CYPs) are two of the three
main modulators of drug-drug interactions that may lead to adverse drug effects as a

result of alteration in their pharmacokinetics (Chauncey Leake, 1975; Sionneau P, 1995).
PXR, being a nuclear receptor that regulates the expression of drug metabolizing enzymes
and transporters, is known to regulate xenobiotic metabolism. There has been a recent

surge in interest in this target as the activation of PXR by herbal constituents has been
identified to be responsible for herb-drug interactions that could render clinical drugs

less effective due to enhanced clearance. St John’s wort is a well-studied example of

causing herb-drug interaction through PXR-mediated mechanism (Moore et al., 2000).

PXR has a vast control upon many metabolic enzymes and transporters. So far, it

has been shown to control the target genes of phase | CYP450 (CYP2A6, CYP2B6,
CYP2C8, CYP2C9, CYP2C19, CYP3A1, CYP3A4, CYP3A5, CYP3A7, CYP4F12, CYP24,
and CYP27A1), phase Il uridine diphosphate (UDP)-glucuronosyltransferases (UGT1A1,
UGT1A3, UGT1A4, UGT1A6, and UGT1A9), sulfotransferases (Sult2al), and glutathione
S-transferases (Gsta2, GSTAA4). In addition to the carboxylesterases and phase I11 P-
glycoprotein (MDR1/ABCB1), multidrug resistance-associated protein 1 (Abccl), multidrug
resistance-associated protein 2 (Abcc2), multidrug resistance-associated protein 3 (Abcc3)
and organic anion transporting polypeptide 2 (OATP2) (Hogle et al., 2018). Parallel to the
other nuclear receptors, it functions as a ligand-induced transcriptional factor. The binding
of the ligand elicits a conformational change in the protein that initiates a cascade of

events leading to a controlled and specific genetic induction. As a result, PXR regulates

the expression of many metabolic enzymes and transporters responsible for xenobiotics’
excretion. In addition, it has a vital role in endobiotic synthesis, metabolism and homeostasis
including bile acids, lipids, glucose, bilirubin, vitamins and other steroidal hormones (Tirona
and Kim, 2005).

The availability of 7inospora dietary supplements and the possibility of their concomitant
use with the clinical drugs highlight the need to investigate the potential of these two
Tinospora species and their phytochemicals to affect drug-metabolizing enzymes and
transporters. Several recent studies have shown that dietary phytochemicals can exhibit
dual-functional behavior. They function as agonists for nuclear receptors and increase the
expression of metabolically active CYP proteins. At the same time, they may act as catalytic
inhibitors for post-translationally matured proteins that are actively involved in phase-1 drug
metabolism (e.g. CYPs and P-gp) (Husain et al., 2021a). Cytochrome P450s (CYPs) is a
superfamily of membrane-bound, heme-containing mixed-function oxygenases which play
a vital role in phase-I metabolism of drugs and xenobiotics as well as biosynthesis of
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endobiotics such as steroid hormones, cholesterol, and bile acids (Husain et al., 2021b).
PXR is a key regulator of xenobiotic-inducible CYP3A4 which constitutes about 46%

of total cytochrome P450 enzymes and is involved in the metabolism of >50% of the
medicines marketed (Kamel and Harriman, 2013). Activation of the PXR mediates CYP3A4
induction as a mechanism to metabolize and eliminate xenobiotics from the body (Sinz,
2013). Several phytoconstituents have been frequently reported to interact with CYP3A4
(such as hyperforin from St John’s wort and bergamottin from grapefruit), predisposing the
patients to unpleasant episodes of herb-drug interactions.

In our continued quest to probe the safety of botanicals, the methanolic extracts and
phytochemicals of 7. crispaand T. sinensiswere evaluated /in vitro to gauge their potential
to activate the PXR which may result in inducing the expression of CYP3A4 enzyme. To
date, no PXR activation studies have been reported for 7. crispaand 7. sinensisto the best
of our knowledge. The methanolic extract of 7. crispa has been reported to inhibit the drug
metabolism mediated by CYP3A4 and CYP2D6 isozymes (Subehan Usia et al., 2006; Usia
et al., 2006). However, the active phytoconstituents responsible for the inhibition were not
identified. In case of 7. sinensis, CYP3A4 inhibitory activity has not been reported for either
the extract or its phytochemicals.

Hence, the study of PXR mediated drug metabolism is extensively important. We kept
these findings in mind, and investigated the effect of 7inospora species on PXR mediated
CYP3A4 induction. /n vitroPXR and CYP3A4 assays are, thus, useful in predicting the
risk of herb-drug interactions resulting from the concomitant use of herbal supplements and
pharmaceutical drugs.

2. Material and methods

2.1. Preparation of plant extracts/fractions/compounds

Whole stems of 7. crispa (NCNPR# 17091) and 7. sinensis (NCNPR# 17003) were obtained
from commercial sources. These were authenticated by co-TLC with voucher samples of

7. crispa (NCNPR# 17320) and 7. sinensis (NCNPR# 17322) respectively, deposited at

the Botanical Repository of the National Center for Natural Products Research (NCNPR),
University of Mississippi, Mississippi, United States. The methanolic extracts were prepared
by the method of percolation followed by evaporation of solvent under reduced pressure

in the rotary evaporator. The extracts were freeze dried for the complete removal of traces

of solvents. The methanolic extract of 7. crispa was fractionated with hexanes, chloroform,
ethyl acetate and n-butanol successively and were available in sufficient quantities to be used
in this study. However, fractionation and isolation procedures for 7. sinensis extract ended
in amounts that were insignificant due to which it was not considered for the study. The
extracts/fractions of 7. crispaand 7. sinensis were subjected to repeated chromatographic
procedures for isolation of phytochemicals. The characterization of the phytochemicals used
in this study has been reported earlier (Parveen et al., 2020a, 2021). The structures of

the isolated compounds were elucidated by 1D and 2D NMR and further confirmed by
HRESIMS. The purity of compounds was confirmed by injecting concentrated standards

(1 mg/mL) with detection by PDA and MS. Sixteen phytochemicals with purity higher

than 95% were included in this study and their chemical structures are given in Fig.
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1. These included tinosineside A, tinosinen, tinosposinoside, and cordifoliside C isolated
from 7. sinensis and borapetosides B, C and F, (2R,5R,6R,8R,9S5, 105,12 5)-15,16-epoxy-2-
hydroxy-6-O-(B-D-glucopyranosyl)-cleroda-3, 13(16),14-trien-17,12-olid-18-oicacidmethyl
ester, baenzigeride A, columbin, cycloeucalenol and N-trans-feruloyl tyramine isolated from
7. crispa. Jatrorrhizine and palmatine were purchased from Wuhan ChemFaces Biochemical
Co., Ltd (China). Magnoflorine and berberine were obtained from the NCNPR natural
product repository.

2.2. Pregnane X receptor activation by luciferase reporter gene assay

The methanolic extracts and the compounds of 7. crispaand 7. sinensis were tested for
PXR activation by the method described earlier (Fantoukh et al., 2019b; Husain et al.,
2021c). Briefly, transiently transfected HepG2 cells (ATCC) with pSG5-hPXR (25 pg) and
PCR5 plasmid DNA (25 pug), were seeded in 96-well plates at a density of 50, 000 cells
per well and incubated for 24 h for confluency. Test samples of extracts and compounds
were added at desired concentrations (100, 50, and 25 pg/mL for extracts and 50, 25, and
12.5 ug/mL for compounds) followed by an additional incubation of 24 h. The media was
aspirated, and luminescence was measured on the Spectramax M5 plate reader (Molecular
devices) after the addition of 40 UL luciferase reagent (Promega Corporation). The results
for PXR activation were calculated as fold increase in the luminescence of sample-treated
cells compared to the vehicle-treated cells. Rifampicin (10, 5 and 2.5 uM) was used as the
positive control.

2.3. Cytochrome P450 inhibition assay

CYP 3A4 inhibition assay was conducted as reported earlier (Crespi et al., 1997; Fantoukh
et al., 2019) in a total volume of 200 pL in 96-well microplates. Test samples or positive
controls were serially diluted in a solution (100 pL) of cofactors mix, control protein (0.05
mg of protein/mL), and G- 6-PDH to achieve six desired test concentrations (200, 66.67,
22.22,7.41, 2.47, 0.82 pg/mL for extracts and 100, 33.33, 11.11, 3.70, 1.23, 0.41 pug/mL
for compounds). The plates were incubated at 37 °C for 10 min. Initiation of the reaction
was achieved by adding an enzyme-substrate mixture (100 uL), followed by incubation for
15 min. Termination of reaction was achieved by addition of 75 pL of ice-cold acetonitrile/
0.5M Tris base (80:20). Fluorescence was measured on a Spectramax M5 plate reader
(Molecular Devices) at specified excitation and emission wavelengths. ICsq values were
obtained from concentration-response curves generated by plotting concentration versus %
inhibition. Ketoconazole (1.0-0.004 uM) was used as the positive control. Only eleven
compounds were tested for CYP3A4 inhibition activity while the remaining five could not
be tested due to insufficient amounts.

2.4. PXR docking study

The X-ray crystal structure INRL (resolution: 2 A) in a complex with SR12813 and the
SRC-1 coactivator peptide (Watkins et al., 2003) was downloaded from the protein data
bank (https://www.rcsb.org/). For docking simulation, the protein was loaded into Maestro
(Schrédinger software). Chains A and C were deleted, whereas chains B and D were kept
and processed with the protein preparation wizard. Default optimization parameters at pH
7.4 were applied. Further investigation for the protonation and sidechain orientation of the
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binding site residues was carried out using an interactive optimizer. Only water molecules
with 2 H-bonds to non-waters were kept within 5 A of the ligand. Geometry refinement

of the protein-ligand complex was done. The grid box was generated without constraints.

In this study, the PXR analyzed phytochemicals (16 compounds) were prepared in Maestro
using the Lig-prep module. The prepared ligands were confined to the absolute configuration
of the compounds reported in the native plant. The glycosides tested were prepared twice
with and without their sugar units for comparison. The prepared ligands were docked into
the generated grid using XP docking protocol, and the best docking pose was kept for

each ligand. The estimated energy differences of the optimized ligand-protein complex were
calculated using the prime MM-GBSA model in kcal/mol.

3. Results and discussion

The results of the /n vitrotesting of the extracts and phytochemicals of 7. crispaand
T. sinensis for PXR activation (Tables 1 and 2) and CYP3A4 inhibition (Table 3) are
represented as mean + SD of three independent experiments.

Phytochemicals interact with PXR and mediate herb-drug interaction by upregulating phase-
I and phase-1l metabolic enzymes and transporters due to increased transcriptional activity
of PXR (Husain et al., 2021c). The methanolic extracts of both species activated PXR
demonstrating activation higher than two fold at 100 ug/mL concentrations (Table 1). 7.
crispa extract seemed to be effective at lower concentrations as well. Among the fractions

of T. crispatested, hexane and the chloroform fractions caused a 2-fold or more activation
of PXR at both 50 and 25 ug/mL. In contrast, the ethyl acetate fraction was not as active
(<2-fold activation), and the butanolic fraction showed negligible fold-induction (Table 1).
The PXR activation profile of phytochemicals from 7. crispaand T. sinensisis shown in
Table 2. Among the constituents from 7. sinensis, cordifoliside C showed stronger PXR
activation potential (1.95-fold at 50 pg/mL) in comparison to tinosineside A, tinosinen, and
tinosposinoside (1.4-1.5-fold). Among the compounds isolated from 7. crispa, columbin
showed the highest PXR fold-activation (3.58-fold at 50 pg/mL) followed by baenzigeride
A (1.96-fold), cycloeucalenol (2.42-fold), and N-trans-feruloyl tyramine (2.29-fold) whereas
the borapetosides B, C and F did not show any activation of PXR. Among the alkaloids,
jatrorrhizine was the most effective in activating PXR with 2.44, 1.94, and 1.48-fold
induction at 50, 25, and 12.5 ug/mL, respectively.

Among all phytoconstituents, columbin, a furano-lactone diterpene, was the only compound
that activated PXR greater than 2 -fold at the lowest tested concentration of 12.5 pg/mL,
which aspired us to elucidate its interactions with the PXR binding site by docking studies
(Fig. 2) and compare it with other similar furanoterpenoid glycosides (tinosineside A,
borapetosides B, C, and F). The docking simulation results were found to be in accordance
with the /n vitroresults. Columbin had a confound fit in the binding site of PXR along with
multiple vital interactions known for PXR induction, including Trp-299 inevitable to the
activity (Banerjee et al., 2016; Huber et al., 2021). On the contrary, the furanoditerpenoid
glycosides returned with unfavorable docking poses and inferior interactions with critical
residues. The furan ring in these furanoditerpenoids appears to play a vital role by
occupying the hydrophobic groove through - interactions with the aromatic amino acids
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W299 and Y306. In addition, the docking poses of the glycosides were further contrasted
with their respective aglycones, which led us to the conclusion that the presence of the
sugar unit connected to the furanoterpenoid will flip the orientation of the furan ring to

the opposite side to fit itself in the pocket as shown for borapetoside C (Fig. 3). The
positioning of the sugar unit in proximity to the aromatic cage will circumvent the rt-n
bond necessary to stabilize the C-terminal activation function 2 helix in the inward position.
After being stabilized in the inward position by ligand binding, the later C-terminal will
interact with different transcriptional factors (Huber et al., 2021). The calculation of the
MMGBSA energy, in combination with the pose analysis for the tested compounds and
their hypothetical aglycone counterparts, supports our observation (Table 4). Our findings
lead us to postulate that the highly polar glycosides could be more soluble in water extract
of the herbal preparation. After ingestion of which, their possible hydrolysis with different
glycosidases might potentially give rise to multiple furanoditerpenoid aglycones with greater
potential for PXR activation.

The results presented in Table 3, clearly showed, the methanolic extracts derived from

T. crispaand T. sinensis significantly inhibited the catalytic activity of CYP3A4, and

the concentrations responsible for 50% inhibition (ICsg) were identified as 5.9 pg/mL

and 8.9 pg/mL, respectively. Among the four major furanoditerpenoids, borapetoside B
showed the least activity (ICsg 100 pg/mL), whereas borapetoside F showed the highest
inhibitory activity with an 1Csg of 13 pg/mL. On the other hand, A-#rans-feruloyl tyramine,
a phenyl amide, showed stronger inhibitory activity (ICsq 2.7 ug/mL) than borapetoside F.
Phenylpropanoids are substrates for CYP450 enzymes, which are also responsible for their
hydroxylation, as a post-translational modification, in their biosynthesis. Consequently, the
substrate-inhibitor inter-relationships of these compounds are comprehensible.

Most plants in 7inospora genus have been reported to contain quaternary alkaloids viz
berberine (Bisset and Nwaiwu, 1983), palmatine (Dong et al., 2010), magnoflorine (Igbal
Choudhary et al., 2010; Yusoff et al., 2014), and jatrorrhizine (Maurya et al., 2009).

These alkaloids are also widely distributed in nature (Grycova et al., 2007). In our study;,
berberine and jatrorrhizine, showed stronger CYP3A4 inhibitory activity (IC5¢ 0.7 and 9.5
ug/mL), whereas magnoflorine and palmatine were marginally active (ICsq 36 and 34 g/
mL). Protoberberine alkaloids, in general, have been extensively studied for toxicity and
safety (Chatuphonprasert et al., 2011; Lo et al., 2013); berberine has been reported to be
cytotoxic to a higher degree than palmatine (Ma et al., 2010; Yi et al., 2013). Berberine
has been demonstrated to decrease hepatic CYP total content and mediate a concentration
dependent inhibition of CYP2E1 and CYP1A2 (Zhao et al., 2008). It has also been
reported to inhibit CYP2C9, CYP2D6, CYP3A4 and CYP1A2 (Chatterjee and Franklin,
2003; Zhao et al., 2012). The nature of herbal remedies, however, as a multi-component
system should not be overlooked. The presence of multiple phytoconstituents in extracts
of 7. crispaand 7. sinensis might increase the chance of their interaction with CYP3A4
by synergism. Due to the increase in demand for complementary and alternative medicing,
the sales of many herbal supplements have outpaced the proper understanding of their
safety and efficacy. Mistakenly perceived all-natural as safe, many patients self-medicate
their chronic diseases with herbal supplements without consulting their healthcare providers.
Occasionally, this will predispose the patients to fatal results, especially when consuming
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narrow therapeutic index drugs concomitantly. Our studies indicate that the consumption

of Tinosporaformulated dietary supplements could increase half-life of conventional drugs
which are CYP3A4 substrates. Subsequently, the different phytochemical classes of 7. crispa
and T. sinensis including furanoditerpenoids and alkaloids which have strong potential

for CYP3A4 inhibition may significantly be contributing in hepatotoxicity. However, for
strengthening this phenomenon, more in depth studies are required.

4. Conclusions

Plant extracts are multi-component systems that confer complexity to a biological response,
whether efficacious or toxicological. The investigation undertaken constitutes the first report
on the PXR activation studies for 7. crispaand T. sinensis and their phytochemicals. To
conclude, among the furanoditerpenoid constituents of 7. crispa, columbin showed strong
PXR activation potential, whereas borapetoside F caused strong CYP3A4 inhibition. A-trans
feruloyl tyramine, an amide, and jatrorrhizine, an isoquinoline alkaloid, showed CYP3A4
inhibition and PXR activation potential. Based on these findings, we may infer that 7.
crispaand 7. sinensis contain chemical constituents that could modulate the activity of the
CYP 3A4 enzyme leading to a possibility of pharmacokinetic herb-drug interaction. Further
investigation is needed to establish the role of these constituents in mediating herb-drug
interactions clinically.
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Fig. 1.
Structures of compounds employed in the study.
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Fig. 2.
Columbin (represented in teal ball and stick) docked into the active site of PXR (PDB

ID: INRL). Key amino acids found in the binding pocket are labeled (represented in thick
orange tubes). The ligand docking pose emphasizes r-r interaction (Blue dashed lines) with
the aromatic amino acids T299 and Y306. The figure was generated using Maestro.
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Fig. 3.
Comparison between the docking poses of glycoside, borapetoside C (upper right)

represented in cyan ball and stick and its aglycone (upper left) represented in thick yellow
tubes in the binding site of PXR (PDB ID:1NRL). -1t stacking is shown in red dashed
lines, and hydrogen bonds in gray dashed lines. This figure is generated using Maestro.
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PXR activation by 7inospora species methanolic extracts/fractions.

Table 1

Test extracts and fractions Fold induction in PXR activity at
100 pg/mL 50 pg/mL 25 pg/mL

T. sinensis crude methanolic 2.24+£0.04 1.73+£0.07 151+0.10
T. crispa crude methanolic 2.16+0.004 223+0.16 2.00+0.38
T. crispa hexane Fraction 0.90+0.19 250+012 2131044
T. crispa chloroform Fraction 1.81+0.28 200+0.48 1.78+0.33
T. crispa ethyl acetate Fraction  1.68 +0.28 123+0.12 1.12+0.06
7. crispa butanolic Fraction 1.05+0.03 1.01+0.07 0.94+0.14
Rifampicing 3.25+0.08 3.24+0.15 262+0.33

a .. .
Positive control; Test concentrations: 10, 5 and 2.5 uM.
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Table 2

PXR activation by phytochemicals of 7. crispaand T. sinensis.

Page 16

Plant source  Test sample Fold induction in PXR activity at
50 pg/mL  25pg/mL 12.5 pg/mL
T.sinensis Tinosineside A 153+0.11 150+0.00 1.42+0.06
7. sinensis Tinosinen 142+006 1.67+0.02 1.48+0.06
T. sinensis Tinosposinoside 152+0.15 155+0.08 1.30+0.08
T. sinensis Cordifoliside C 1.95+0.04 147+0.03 1.22+0.06
T. crispa Borapetoside B NA NA NA
T. crispa Borapetoside C NA NA NA
T. crispa Borapetoside F NA NA NA
T. crispa (2R, 5R6R8RIS, 105, 125) -15,16-epoxy-2-hydroxy-6-O-(B-D-glucopyranosyl)  1.39+0.11 1.01+0.13 0.93+0.04
-cleroda-3,13(16),14-trien-17,12-olid-18-oic acid methyl ester
T. crispa Baenzigeride A 196+0.16 154+0.16 1.18+0.09
T. crispa Columbin 358+0.61 2.89+0.62 2.02+0.02
T .crispa Cycloeucalenol 242+030 191+0.23 142+0.06
T. crispa N trans-feruloyl tyramine 229+041 216+0.27 1.59+0.07
T. crispa Palmatine 143+0.00 1.30+0.00 1.08+0.00
Jatrorrhizine 244+0.05 194%0.04 148x0.01
Magnoflorine 141+0.12 116+0.15 1.01+0.15
Berberine NA NA NA

NA-No activation.
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Table 3

In vitro CYP3A4 inhibition by phytochemicals of 7. crispaand T. sinensis.

Page 17

Plant Source

Test sample

CYP 3A4 Inhibition - 1Cgq (ug/mL)

T. crispa
T. crispa
T. crispa
T. crispa

T. crispa

T. crispa
T.crispa
7. sinensis
T. sinensis

T. sinensis

Positive control

Methanolic extract
Borapetoside B
Borapetoside C
Borapetoside F

(2R, 5R6R8R9510S, 125) —15,16-epoxy-2-hydroxy-6-O-(B-D-glucopyranosyl)
-cleroda-3,13(16), 14-trien-17,12-olid-18-oic acid methyl ester

N-trans-feruloyl tyramine
Palmatine

Methanolic extract
Tinosineside A
Tinosinen

Berberine

Jatrorrhizine
Magnoflorine

Ketoconazole

590+1.22
100.0 +0.00
37.50 £ 12.27
13.00+0.82
29.00 £0.82

2.70 £0.08
34.00 £ 0.00
8.90+0.73
45.00 £5.72
>100
0.72+0.17
9.50 £2.29
36.00 + 3.27
0.03+0.01
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MMGBSA energy calculated for the test compounds and their hypothetical aglycone.

Table 4

Page 18

Ligand MMGBSA energy@
Palmatine -64.08
Cordifoliside C -62.96
Tinosinen -61.23
N-trans-feruloyl tyramine -60.20
Borapetoside B aglycone -59.98
Magnoflorine -59.05
Borapetoside F aglycone -57.32
Borapetoside C -53.74
Borapetoside C aglycone -53.57
Columbin -52.16
Tinosineside A -48.92
Jatrorrhizine -47.59
(2R, 5R6R8R9S510S, 125) -15,16-epoxy-2-hydroxy-6-O-(B-D-glucopyranosyl) -cleroda-3,13(16),14-trien-17,12- -47.20
olid-18-oic acid methyl ester-aglycone

Borapetoside B -45.72
Tinosineside A aglycone -42.73
Borapetoside F -37.79
Cycloeucalenol -37.47
Baenzigeride A -37.24

a . . .
The relative energy is calculated in kcal/mol.
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