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Abstract

Artemisia annua L. is a medicinal herb used in traditional Chinese medicine and the
source of artemisinin, a component of a current leading antimalarial treatment. Traditionally,
Artemisia annua tea has been used as a treatment for a variety of illnesses including malaria.
However, artemisinin has been shown to inhibit P450 CYP3A4, which metabolizes
approximately half of clinically used drugs today. Among those drugs are caffeine and
acetaminophen, household staples that also inhibit CYP3A4 in great enough quantities. A
previous MQP used Promega's P450-glo assays to analyze the interactions of those drugs with
each other to determine, among other things, the safety of taking A. annua tea alongside either of
the other two drugs. However, due to time and cost restraints, they were unable to analyze the
full range of data necessary to make the proper analysis. In this MQP, we looked at using a 7-
Benzyloxy-4-(trifluoromethyl) coumarin (BFC) based fluorescence assay in order to achieve
similar results with a significantly reduced cost and equal convenience to the P45-glo assay. The
first step was using the BFC assay to analyze the metabolism of BFC by CYP3A4 when in the
presence of ketoconazole, a known CYP3A4 inhibitor, so as to independently confirm the
assay’s consistency and suitability for use in the lab. Following that, the team used the assay to
analyze A. annua tea, with the goal of performing assays on mixtures of A. annua tea with
acetaminophen or caffeine, as the prior MQP did, but on a larger scale so as to confirm or deny
their results using a wider range of concentrations. However, as we progressed through our
investigation, we determined that the A. annua tea had an inherent fluorescence that was
challenging the assay. By measuring the background fluorescence of the extract and subtracting
it from the final fluorescence the assay was useful in analysis of CYP 3A4 activity in the BFC
assay and may be useful in further studies subsequent to this project in measuring drug
interactions with A. annua tea.
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1.0 Background

1.1 Artemisia annua tea (rp)

1.1.1 Overview (rp)

Artemisia annua L. (Figure 1a) is an annual herb that is used in traditional Chinese
medicine for the purpose of making medicinal tea and was investigated for medical use in a
modern context for the sake of combating malaria (Millet et al., 2011). Its active ingredient,
artemisinin (Figure 1b), was derivatized to make the molecule more bioavailable; artemisinin
derivatives include artesunate, artemether, arteether, and dihydroartemisinin. They are the
primary drugs of choice used in malaria treatments, alongside other antimalarial drugs taken in
combination to reduce the emergence of artemisinin resistance (Cui et al., 2009). Despite this,
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Figurel: (A) An Artemisia annua plant growing in our lab. (B) Structure of Artemisinin.

Artemisinin Combination Therapy (ACT) can be expensive and inaccessible, sometimes
prohibitively so, as for a family of four living on a subsistence income of approximately $300-
$600 annually, even $6-$8 is a significant amount of money, particularly when malaria can be
caught repeatedly. Cost and accessibility lead many in low- and middle-income countries



(LIMC) to seek a more traditional alternative, sometimes not just for malaria, but other illnesses
and ailments as well, against which artemisinin and A. annua have demonstrated to have at least
some degree of efficacy (Weathers 2023).

The promotion or use of plant material from any Artemisia species, including A. annua,
as antimalarial medication is not supported by the World Health Organization (WHO) for a
variety of reasons, which they cite as highly variable content, the potential hastening and spread
of artemisinin resistance, and the presence of ACT treatments (World Health Organization,
2019). However, the WHO’s stance on the matter and the reasons given are not consistent with
the current research on the topic: for instance, there is no evidence of A. annua eliciting
artemisinin resistance (Weathers et al., 2022) (Elfawal et al., 2015). Regardless of the politics, it
is still used successfully, and consequently, the study of its interactions with other widely
available and frequently used drugs, such as caffeine and acetaminophen, is valuable to
understand the potential risks, or lack thereof, of taking both concurrently.

This topic was previously the subject of a prior MQP with the intent of filling in some
missing gaps (Duncan & Togneri, 2023). They reported CYP3A4 MIC and ICsp values using a
Promega P450-Glo luminescence assay. While the prior group tested concentrations of caffeine,
acetaminophen, in combination with A. annua tea for interaction with CYP3A4 the team
determined that A. annua tea likely had inhibitory reactions with both drugs. However, they were
unable to test the full range of either drug because of assay costs and a desire to focus more on
realistic concentrations of each drug that a human would consume. To provide those missing
data, we are endeavoring to validate a different assay system that is more affordable to facilitate
testing a broader range of each drug with A. annua tea.

1.1.2 Artemisinin (rk)

Artemisinin (Figure 1b) is primarily metabolized by the cytochrome P450 liver enzyme,
CYP2B6, with minor hepatic metabolism by CYP3A4 (Gordi et al., 2005). The metabolic liver
processing of artemisinin produces various compounds including deoxyartemisinin,
deoxydihydroartemisinin, and 9,10-dihydrodeoxyartemisinin (Lee and Hufford, 1990). However,
these metabolites are physiologically inert as they do not contain artemisinin’s peroxide group
(Lee and Hufford, 1990). Therefore, use of A. annua should not involve any harsh chemical
treatments to protect its peroxide group. Indeed, isolated artemisinin (the active ingredient) has
shown fewer synergistic effects than A. annua tea (Cai et al., 2017)

1.1.3 Artemisia annua (rk & rp)

A. annua, also known by its various common names, such as sweet wormwood, sweet
annie, and annual wormwood, is an annual herbaceous herb and a member of the Asteraceae
family, which also, of note, includes sunflowers, mugwort, dandelions, milk thistle, etc. (Powers
2023). A. annua is grown across Eurasia, as well as in the more temperate regions of Africa,
Australia, and the Americas (Septembre-Malaterre et al., 2020). In addition to the already-noted



medicinal uses as tea infusions, the plant has also been historically used as a dietary spice and for
herbal teas beyond medicinal purposes (Septembre-Malaterre et al., 2020). There are Chinese
and Vietnamese records going as far back as the second century BCE showing medicinal use of
A. annua. While ancient physicians had trouble with extraction they created an emulsified
mixture of flavonoids, oils, and plant matter in water by soaking and wringing the plant.
However, there are recordings of the plant’s juice being ingested instead of as a tea or as the
aforementioned mixture (Tu, 2011). Today, A. annua’s antimalarial effects have taken the
spotlight but there are records of Chinese physicians using A. annua to relieve boils, bug bites
and hemorrhoids as well as treating fevers (Hsu, 2006). Despite all this, there is modern debate
about the efficacy of A. annua’s antimalarial effects as the WHO disapproves of its antimalarial
use (World Health Organization, 2019). However, the political side of this matter has already
been noted in section 1.1.1.

1.2 Acetaminophen (rp)

Acetaminophen (APAP), a phenolic, often sold under the brand name of Tylenol, is a
widely used drug and according to some studies, the one most frequently used in the United
States, (McGill and Jaeschke, 2013). In 2008, over 20 billion doses were sold (Krenzelok, 2009).
APAP is used primarily to treat fevers and reduce pain, and is normally safe and effective;
however, it can cause liver damage when one overdoses on it by taking more than 4 grams over a
24-hour period (McGill and Jaeschke, 2013). With that in mind, the question of how APAP
interacts with A. annua tea becomes especially important, as, depending on the exact nature of
their interactions, it is entirely possible that taking them concurrently could lead to an ordinarily
safe dose of APAP becoming toxic.

Figure 2: Structure of acetaminophen (APAP).

1.2.1 Metabolism of Acetaminophen (rk)

While acetaminophen (APAP) has a high bioavailability of 88%, when it is ingested only
5% of it remains intact with roughly 95% of the ingested APAP metabolized by the liver (Figure



3). When hepatic CYP3A4 catalyzes oxidation of APAP there are three main metabolite
categories formed: 52-57% becomes pharmacologically inactive glucuronides (APAP-gluc), 30-
44% become pharmacologically inactive sulfur conjugates (APAP-sulfates) and 5-10% become
N-acetyl-p-benzoquinone imine (NAPQI), which is pharmacologically reactive (Mazaleuskaya et
al., 2015). When there is an excess of NAPQI, it begins to covalently bind to proteins that can
eventually lead to APAP toxicity. Additionally, other small molecule drugs can amplify APAP’s
liver toxicity and later damage the liver. A prime example of this is many epileptic drugs such as
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Figure 3: Metabolic pathway of acetaminophen’s oxidation via hepatic CYPs and other hepatic
enzymes (Mazaleuskaya, 2015).

phenytoin or phenobarbital. Those drugs increase APAP toxicity by inhibiting various enzymes
in the UGT family, another xenobiotic metabolizing family of enzymes. When enzymes in the
UGT family are inhibited, there is increased systematic exposure of co-administered drugs as
well as lowered metabolism leading to larger amounts of NAQPI with subsequent hepatotoxicity
(Kostrubsky et al., 2005).



1.3 Caffeine (rp)

Caffeine (CAF), a methylxanthine drug (Figure 4) is, in many ways, essentially
ubiquitous: it is in some of the most widely-consumed beverages — coffee, Camelia sinensis tea
(includes white, yellow, green, and red/black tea), and many soft drinks. Over 85% of adults and
about 75% of children in the US consume it regularly (Temple et al., 2017). Practically speaking,
CAF is a stimulant, frequently used for increasing a user’s energy, level of alertness, and ability
to concentrate; however, high doses, in excess of the equivalent of four cups of coffee, can lead
to symptoms such as insomnia, anxiety, and elevated heart rate (Nehlig, 1997). Overall, while
those symptoms are generally much less damaging than the effects of an APAP overdose, they
still have a dramatic effect on quality of life. Additionally, the interactions between artemisinin
and CAF could lead to a significantly worse outcome for a user.

Figure 4: Structure of caffeine (CAF).

1.3.1 Metabolism of Caffeine (rk)

While CAF is metabolized in the liver by CYP3A4, it is primarily metabolized by
CYP1AZ2 into paraxanthine with varying efficiency among individual humans (Figure 5). The
range of difference can be up to an order of magnitude more efficient. This difference in activity
of CYP1A2 can vary 5 to 15-fold and is assumed to be a result of both genetic and
environmental factors (Urry et al., 2016). However, CAF metabolism is complex as it involves
multiple enzymes and has upwards of 20 observed metabolites (Figure 5; Sevrioukova, 2023).
CAF can bind to multiple sites within CYP3A4 and is also capable of multiple substrate binding.
It is posited that CAF modulates enzymatic activity of CYP3A4 (Sevrioukova, 2023).
Additionally, CAF has some observed drug-drug interactions (Sevrioukova, 2023). Indeed, CAF
has a wide variety of caffeine-drug interactions as well as caffeine-caffeine interactions. For
example, CAF has been observed creating “n-n stacking complexes between caffeine and
polyaromatic pharmaceuticals, such as daunomycin, doxorubicin, and mitoxantrone” where it
reduces the bonded drugs’ chemical availability (Sevrioukova, 2023). Additionally, caffeine has
been shown to dimerize and polymerize, which is hypothesized to be chemically unpredictable
but important to cell function although it is largely unstudied (Sevrioukova, 2023). However,
some caffeine-caffeine compounds have been studied directly binding to a variety of enzyme’s



active site but this interaction and its effect on CYP3A4 xenobiotic metabolism are still largely
unknown.
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Figure 5: Metabolic Pathway of CAF by C;YPS and other hepatic enzymes (Mazaleuskaya, 2015)

1.4 CYP3A4 Herb Assays (rp)

There is already considerable literature on many methods for studying activity of
CYP3A4 that can be used to also measure interactions with medicinal herbs (Table 1). While the
list of methods in Table 1 is not exhaustive, it does display the information from a fair number of
papers, many of which measured quite different things. Generally, there is one of two primary
factors measured when looking at the interaction between CYP3A4 and medicinal herbs: the
inhibition of CYP3A4, or the modulation of CYPP450 production. For example, in Al-Dosari
and Parvez (2018) 58 different plants were screened for changes in CYP3A4 activity. Extracts
from four of those species induced production of CYP3A4: Ficus palmata, Euphorbia tirucalli,
Dodonaea angustifolia, and Alternanthera pungens (Al-Dosari and Parvez, 2018). In that study,
they measured induction of CYP3A4 in 80% ethanol extracts via a luciferase gene reporter
assay, using firefly luciferase as the reporter in a cell culture and normalizing it to renilla
luciferase. In another instance, Mazzai et al. used qPCR and measured the induction of CYP3A4
transcripts in four native Brazilian medicinal plant extracts, with Solanum paniculatum the only
species that inhibited CYP3A4’s induction (Mazzari et al., 2016).
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Table 1: Examples of methods used in other CYP3A4-Herb studies..

Assay method Ref.
7-Benzyloxyquinine Fluorescence Assay, using plant succus, a (Larson et al., 2016)
traditional method of preparing herbal medicine
7-Benzyloxyquinine Fluorescence Assay, using a methanol (Larson et al., 2014)
extract
High Performance Liquid Chromatography (HPLC) (Kondza et al., 2023)
HPLC (Georgiev et al., 2019)
HPLC, primarily of testosterone 6-hydroxylation (Sunaga et al., 2012)
Liquid chromatography—mass spectrometry (LCMS) (Yilue etal., 2019)
Promega P450-Glo CYP3A4 Assays (Ashour et al., 2019;
Desrosiers et al., 2020)
Promega Dual-Luciferase Reporter Assays (Al-Dosari and Parvez, 2018)
RT-gPCR or the associated gene (Mazzari et al., 2016)
Ultra-performance liquid chromatography—mass spectrometry (Feltrin et al., 2020)
(UPLCMS)

Unlike Al-Dosari and Parvez, who made 50 pg/mL ethanol extracts via grinding up the
components before going through cycles of suspension and resuspension, Mazzari et al. made
infusions of the herbs for 20 min, although neither the temperature nor the solvent was specified.
In another report, investigators focused on developing a Caco-2 based assay for measuring
CYP3A4 and CYP2D6 activity, in response to extracts of Cecropia glaziovii, llex
paraguariensis, Bauhinia forficata, and an Echinacea species, on their activity (Feltrin et al.,
2019). Those results showed that Caco-2 based fluorescence assays were a potential and viable
route for studying CYP3A4 induction. However, Caco-2 cells are intestinal cells and thus not
directly applicable to liver metabolism of artemisinin.

The focus of many of the studies was not induction, but inhibition, measured as an ICsp,
the percentage of activity remaining after exposure to a certain herb, or the percent inhibition
caused by a given herb. The largest study was that by Ashour et al. that measured data with the
latter criterion (Ashour et al., 2019). In that study, they used Promega P450-glo assays to analyze
the inhibition of CYP3A4 caused by agueous and methanol extracts of 57 different herbs used in
Traditional Chinese Medicine, checking three different concentrations of each: 1000, 200, and
100 pg/mL for the aqueous extract, and 500, 200, and 100 pg/mL for the methanol extract.

Table 2: Interactions of CYP3A4 with various plant extracts.
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Herb Measure Type Source
Abrus cantoniensis| 22.40 + 2.65% |Inhibition in 100 pg/mL refluxed water extract (Ashour et al., 2019)
19.29 + 2.78% | Inhibition in 100 pg/mL refluxed methanol
extract
Acacia catechu | 96.01 £5.92% ([Inhibition in 100 pg/mL refluxed water extract
62.34 + 3.40% | Inhibition in 100 pg/mL refluxed methanol
extract
Andrographis 87.57 + 3.62% |Inhibition in 100 pug/mL refluxed water extract]
paniculata 17.65 + 2.56% | Inhibition in 100 pg/mL refluxed methanol
extract
Alpinia galanga | 24.92 + 4.19% |Inhibition in 100 pg/mL refluxed water extract

52.53 +2.18%

Inhibition in 100 pg/mL refluxed methanol
extract

Alternanthera 1.74 fold Induction in 50 pg/mL ethanol extract (Al-Dosari and Parvez, 2018)
pungens
Arctium lappa | 93.47 £ 5.93% |Inhibition in 100 pg/mL refluxed water extract (Ashour et al., 2019)
47.92 £ 3.66% | Inhibitionin 100 pg/mL refluxed methanol
extract
Areca catechu 98.94 + 6.24% |[Inhibition in 100 pg/mL refluxed water extract
56.94 £ 4.35% | Inhibitionin 100 pg/mL refluxed methanol
extract
Artemisia afra 5.59 uM ICsp in tea (Desrosiers et al., 2020)
Artemisia annua | 83.96 + 4.62% |Inhibition in 100 pg/mL refluxed water extract (Ashour et al., 2019)
31.01 + 3.98% | Inhibition in 100 pg/mL refluxed methanol
extract
5.67 uM ICsp in tea (Kondza et al., 2023)
5.67 uM ICsp in tea (Desrosiers et al., 2020)
Artemisia capillaris| 82.36 +5.40% |Inhibitionin 100 pug/mL refluxed water extract (Ashour et al., 2019)
33.95+ 2.27% | Inhibition in 100 pg/mL refluxed methanol
extract
Belamcanda 85.90 + 2.05% |[Inhibition in 100 pug/mL refluxed water extract
chinensis 42.99 + 2.55% | Inhibition in 100 pg/mL refluxed methanol
extract
Bupleurum 96.98 + 3.14% |Inhibition in 100 pg/mL refluxed water extract
marginatum 47.21+3.15% | Inhibition in 100 pg/mL refluxed methanol
extract
Calophyllum 79% Inhibition with 100 uM succus (Larson et al., 2016)
inophyllum 79% Inhibition with 100 M methanol extract (Larson et al., 2014)
Camellia sinensis | 1.35 mg/mL ICso of extracted methylxanthines (Georgiev et al., 2019)
(Bancha green tea)
Camellia sinensis | 1.28 mg/mL ICso of extracted methylxanthines

(Pu-erh green tea)

Capsella bursa-

17.13 + 4.64%

Inhibition in 100 pg/mL refluxed water extract

(Ashour et al., 2019)

pastoris 7.35+3.22% | Inhibition in 100 pg/mL refluxed methanol
extract
Cassia alata 62% Inhibition with 100 uM succus (Larson et al., 2016)
57% Inhibition with 100 uM methanol extract (Larson et al., 2014)
Cassia tora 58.72 + 3.70% |Inhibition in 100 pug/mL refluxed water extract] (Ashour et al., 2019)
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16.38 £ 3.08% | Inhibition in 100 pg/mL refluxed methanol
extract
Casuarina 74% Inhibition with 100 uM succus (Larson et al., 2016)
equisetifolia 61% Inhibition with 100 uM methanol extract (Larson et al., 2014)
Celosia cristata | 37.38 £ 3.99% |Inhibition in 100 pg/mL refluxed water extract (Ashour et al., 2019)

1.79+£1.02% | Inhibitionin 100 pg/mL refluxed methanol
extract
Centella asiatica | 64.16 + 2.40% [Inhibitionin 100 pg/mL refluxed water extract
22.89 £3.22% | Inhibitionin 100 pg/mL refluxed methanol
extract
Centipeda minima | 75.33 £5.71% |[Inhibition in 100 pg/mL refluxed water extract

12.14 + 3.05%

Inhibition in 100 pg/mL refluxed methanol
extract

Cecropia glaziovii | 102.1 pg/mL ICsq in aqueous extract (Feltrin et al., 2020)
Chrysanthemum | 89.88 + 3.91% |Inhibitionin 100 pug/mL refluxed water extract] (Ashour et al., 2019)
indicum 46.18 +4.99% | Inhibitionin 100 pg/mL refluxed methanol
extract
Chrysanthemum | 79.67 + 5.06% |Inhibition in 100 pg/mL refluxed water extract|
morifolium 41.00 £ 4.26% | Inhibitionin 100 pg/mL refluxed methanol
extract
Cnidium monnirei | 59.79 + 3.51% [Inhibition in 100 pg/mL refluxed water extract

1.51 +£1.46%

Inhibition in 100 pg/mL refluxed methanol
extract

Cronton tiglium

71.14 + 4.64%

Inhibition in 100 pg/mL refluxed water extract

16.86 + 3.14%

Inhibition in 100 pg/mL refluxed methanol
extract

Cymbopogon 14.72 + 2.21% |Inhibition in 100 pg/mL refluxed water extract
distans 2.71+1.53% | Inhibition in 100 pg/mL refluxed methanol
extract
Cynanchum 27.95 + 3.90% |Inhibition in 100 pug/mL refluxed water extract]
paniculatum 22.62 +3.62% | Inhibition in 100 pug/mL refluxed methanol
extract
Cyrtomium fortune| 74.91 + 3.39% [Inhibition in 100 pug/mL refluxed water extract
15.47 +4.11% | Inhibitionin 100 pg/mL refluxed methanol

extract

Dendrobium 64.47 + 1.40% |Inhibition in 100 pg/mL refluxed water extract
loddigesii 4.44 +2.37% | Inhibition in 100 pg/mL refluxed methanol
extract
Desmodium 11.16 + 2.78% [Inhibition in 100 pg/mL refluxed water extract

styracifolium

10.22 + 3.12%

Inhibition in 100 pg/mL refluxed methanol
extract

Dodonaea 2.62 fold Induction in 50 pg/mL ethanol extract (Al-Dosari and Parvez, 2018)
angustifolia
Dysosma versipellis| 93.49 + 4.60% [Inhibitionin 100 pug/mL refluxed water extract (Ashour et al., 2019)
5.97 + 2.88% | Inhibitionin 100 pg/mL refluxed methanol
extract
Eclipta prostata | 54.43 + 3.51% |Inhibition in 100 pg/mL refluxed water extract
14.49 + 2.02% | Inhibitionin 100 pg/mL refluxed methanol

extract
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Eleutherococcus
senticosus

51.73 + 2.30%

Inhibition in 100 pg/mL refluxed water extract

29.03 £4.51%

Inhibition in 100 pg/mL refluxed methanol
extract

Equisetum hiemale

21.99 + 3.11%

Inhibition in 100 pg/mL refluxed water extract

20.49 £3.09% | Inhibitionin 100 pg/mL refluxed methanol
extract
Euphorbia tirucalli 1.95 fold Induction in 50 ug/mL ethanol extract (Al-Dosari and Parvez, 2018)
Euterpe oleracea | 28.03 ug/ul ICso0 in methanol extract (Yilue etal., 2019)
Evodia lepta 31.27 + 2.48% |Inhibition in 100 pug/mL refluxed water extract] (Ashour et al., 2019)
42.95 + 3.82% | Inhibition in 100 pg/mL refluxed methanol
extract
Evodia rutaecarpa| 14.27 + 3.07% |Inhibition in 100 pg/mL refluxed water extract

32.85£4.25% | Inhibitionin 100 pg/mL refluxed methanol
extract
Ficus palmata 1.65 fold Induction in 50 ug/mL ethanol extract (Al-Dosari and Parvez, 2018)
Grapefruit Juice | 14.4 £1.8% of | Activity after 20 min in 20% ethyl acetate (Sunaga et al., 2012)
(Citrus paradisi) control extract
Harpagophytum | 29.66 + 2.88% [Inhibition in 100 pug/mL refluxed water extract (Ashour et al., 2019)
procumbens 15.56 £ 3.13% | Inhibition in 100 pg/mL refluxed methanol

extract

Hedyotis diffusa | 9.29 +£2.34% |Inhibition in 100 pug/mL refluxed water extract
25.49 £3.91% | Inhibitionin 100 pg/mL refluxed methanol
extract
Houttuynia cordata| 15.76 + 3.94% [Inhibition in 100 pug/mL refluxed water extract
24.26 + 3.69% | Inhibition in 100 pg/mL refluxed methanol
extract
llex paraguariensis| 124.2 pg/mL ICs in 1:1 methanol-water extract (Feltrin et al., 2020)
Ipomoea pes- 70% Inhibition with 100 uM succus (Larson et al., 2016)
caprae 60% Inhibition with 100 pM methanol extract (Larson et al., 2014)
Isatis indigotica | 23.96 + 4.41% [Inhibition in 100 pg/mL refluxed water extract (Ashour et al., 2019)
19.99 £ 3.21% | Inhibition in 100 pg/mL refluxed methanol

extract

Kadsura

49.55 + 3.16%

Inhibition in 100 ug/mL refluxed water extract

longipedunculata | 48.30 + 4.70% | Inhibition in 100 pug/mL refluxed methanol

extract
Lepidium meyenii | 32.73 pg/pl ICs0 in methanol extract (Yilue etal., 2019)
Lonicera confusa | 60.91 + 7.46% [Inhibition in 100 pug/mL refluxed water extract (Ashour et al., 2019)

0.44 £0.27% | Inhibition in 100 pg/mL refluxed methanol
extract
Lycopersicon 30.1+£3.9% | Activity after 20 min in ethyl acetate extract (Sunaga et al., 2012)
esculentum
(Squeezed whole
tomato)
Lycopersicon 29.8 £ 0.1% Activity after 20 min in 20% ethyl acetate
esculentum extract
(Tomato Juice A)
Lycopersicon 258+ 1.7% Activity after 20 min in 20% ethyl acetate

esculentum
(Tomato Juice B)

extract
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Lycopersicon 16.5+3.1% Activity after 20 min in 20% ethyl acetate

esculentum extract
(Tomato Juice C)
Magnolia 58.68 + 5.96% |Inhibition in 100 ug/mL refluxed water extract] (Ashour et al., 2019)

officinalis 14.85 + 0.62% | Inhibition in 100 pg/mL refluxed methanol

extract
Mahonia bealei | 35.54 £ 4.31% |Inhibition in 100 pug/mL refluxed water extract
56.72 + 4.93% | Inhibition in 100 pg/mL refluxed methanol

extract

Mentha haplocalyx

52.15+4.91%

Inhibition in 100 pg/mL refluxed water extract

1.19+0.37%

Inhibition in 100 pg/mL refluxed methanol
extract

Ophioglossum

60.86 * 5.09%

Inhibition in 100 pg/mL refluxed water extract

vulgatum 24.91 + 0.54% | Inhibition in 100 pg/mL refluxed methanol
extract
Panax notoginseng| 44.91 + 5.41% |Inhibition in 100 pg/mL refluxed water extract

29.83 + 3.86%

Inhibition in 100 pg/mL refluxed methanol
extract

Paris polyphylla

4.08 £2.19%

Inhibition in 100 pg/mL refluxed water extract

2.92 +1.18%

Inhibition in 100 pg/mL refluxed methanol
extract

(Ashour et al., 2019)

Passiflora foetida 64 + 5% Inhibition with 100 uM succus (Larson et al., 2016)
51% Inhibition with 100 uM methanol extract (Larson et al., 2014)
Patrinia 37.78 £ 3.69% |Inhibition in 100 pug/mL refluxed water extract (Ashour et al., 2019)
scabiosaefolia 0.61 £0.04% | Inhibitionin 100 pg/mL refluxed methanol
extract
Polygonum 74.20 + 8.05% |Inhibition in 100 pg/mL refluxed water extract]
cuspidatum 39.81 +4.68% | Inhibition in 100 ug/mL refluxed methanol
extract
Polygonum 40.41 + 2.49% |Inhibition in 100 pg/mL refluxed water extract
multiflorum 18.02 +3.41% | Inhibition in 100 pg/mL refluxed methanol
extract
Punica granatum | 33.48 + 4.75% [Inhibition in 100 pg/mL refluxed water extract

16.76 + 2.18%

Inhibition in 100 pg/mL refluxed methanol
extract

Rosa laevigata

37.37 £ 3.53%

Inhibition in 100 pg/mL refluxed water extract

21.52 + 3.73% | Inhibition in 100 pg/mL refluxed methanol
extract
Sanguisorba 83.94 + 7.95% |[Inhibition in 100 pg/mL refluxed water extract

officinalis

59.96 + 3.52

Inhibition in 100 pg/mL refluxed methanol
extract

Saposhnikovia

13.69 + 1.51%

Inhibition in 100 pug/mL refluxed water extract

divaricata 8.21 +£3.14% | Inhibitionin 100 pg/mL refluxed methanol
extract

Scutellaria 59.43 + 3.90% |Inhibition in 100 pg/mL refluxed water extract]

baicalensis 20.55 +4.91% | Inhibition in 100 ug/mL refluxed methanol
extract

Selaginella 36.23 +2.13% |[Inhibition in 100 pg/mL refluxed water extract
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tamariscina

28.89 + 1.93%

Inhibition in 100 pg/mL refluxed methanol
extract

Senecio scandens

61.07 = 4.98%

Inhibition in 100 pg/mL refluxed water extract

15.80 + 3.14%

Inhibition in 100 pg/mL refluxed methanol
extract

Inhibition in 100 pg/mL refluxed methanol
extract

Taxillus chinensis

61.50 * 5.69%

Inhibition in 100 pg/mL refluxed water extract

4741 £1.07%

Inhibition in 100 pug/mL refluxed methanol
extract

Siegesbeckia 22.79 + 2.17% |Inhibition in 100 pg/mL refluxed water extract]
orientalis 28.76 + 4.82% | Inhibition in 100 pg/mL refluxed methanol
extract
Sida rhombifolia 60% Inhibition with 100 uM succus (Larson et al., 2016)
Solanum 2.4 fold Expression inhibition in 100 pg/mL extract (Mazzari et al., 2016)
paniculatum
Spatholobus 91.50 £ 7.65% ([Inhibition in 100 pg/mL refluxed water extract (Ashour et al., 2019)
suberectus 36.42 + 2.13%

extract

Terminalia catappa 87% Inhibition with 100 uM succus (Larson et al., 2016)
80% Inhibition with 100 uM methanol extract (Larson et al., 2014)
Verbena officinalis| 11.85 +2.10% ([Inhibition in 100 pg/mL refluxed water extract (Ashour et al., 2019)
9.54 +3.26% | Inhibitionin 100 pg/mL refluxed methanol
extract
Viola yezoensis 9.29 £ 4.67% [Inhibition in 100 pg/mL refluxed water extract]
2497 £2.75% | Inhibitionin 100 pg/mL refluxed methanol

Only the 100 pg/mL aqueous extract data were included in Table 2, primarily due to

space concerns, it was the concentration most analyzed by the paper, and the aqueous extracts
tended to have higher inhibitions than the methanol ones. Unfortunately, Ashour et al. did not
explain their rationale for using different extract concentration ranges. Instead of using
fluorescence-based assays, the majority of studies on herbal inhibition of CYP3A4 seem to have
used chromatography assays, directly analyzing the products resulting from CYP3A4
metabolism of specific substrates. For instance, Sunaga et al.(2012) used three different
substrates, testosterone, nifedipine, and midazolam, to measure CYP3A4 activity in ethyl acetate
extracts of tomato juice. Although they used three substrates, the majority of their data reported
the 6p-hydroxylation of testosterone (Sunaga et al., 2012). This approach, compared to using
fluorescence-based assays, has the potential to allow for more specific measurements,
particularly when the herbal extract being used is itself fluorescent. However, unlike when
performing chromatography with pure chemicals, there is a lot of potential interference when
using herbal extracts, particularly if the specific composition of the extract is unknown.
Fluorescence-based assays, consequently, can be considered to be more generally reliable than
chromatography assays for analyzing the effect of herbal medicines on CYP3A4.

While the above table does not deal with interactions between different drugs, it does
look at the essential first component to determining that: how the drugs operate on their own.

16



The data produced by the numerous studies on the topic, looking at, primarily, inhibition,
provides a good start point for interaction studies, such as via a checkerboard assay.

1.5 Measuring drug-drug interactions (rp)

People do not always take one drug at a time. Even if when taking multiple drugs they do
so individually, the drugs themselves or any number of biological derivatives of them may
chemically interact. Drugs may be consumed concurrently or in near time proximity to one
another such that the pharmacokinetics (PK) and pharmacodynamics (PD) of the drugs create an
interaction. Indeed, because of the peripheral blood system, two drugs may cause activity in the
same parts of the body without either being near that part of the body or each other.

Regardless of the means through which different drugs, or at least the effects of different
drugs, come into contact, they do not always simply produce their effects separately. Frequently,
they interact with one another in ways that are either synergistic where one or both drugs
augment the effects of the other, or antagonistic where one or both drugs counteract the other
(Bijnsdorp 2011). There can be merits and demerits to both, depending on the specifics. For
instance, a synergistic pair of drugs could produce an effect equivalent to a larger amount for a
reduced cost, but more action is not necessarily beneficial: overdosing would be more likely
even if both drugs were used safely and responsibly. Meanwhile, while an antagonistic
combination could lead to wasted resources, it could also involve one drug suppressing the
detrimental side effects of another, leading to a result that is safer overall. To determine whether
a drug combination is safe or healthy in each combination, one must understand how those drugs
interact, if at all

To attain that understanding, one first establishes how each drug works in insolation and
establish its minimum inhibitory concentration (MIC), then combinations of drugs are tested on
biological components they would normally affect, whether those components are whole cells,
entire organisms, or artifacts of destroyed cells like microsomes. The combination’s effect is
quantified and compared against the effects of each drug individually on the given components.
The discrepancy, or lack thereof, is used to determine if the interactions, if extant, are
synergistic, antagonistic or independent of one another.

1.5.1 Checkerboard Assay (rp)

A Diagonal Checkerboard Assay is used for interaction studies. This assay has
advantages over other assay methods when studying the interaction between two different
chemicals within a given assay and can even be used in a multi-plate setup to effectively measure
the interactions between three different chemicals (Cokol-Cakmak et al., 2018). The primary
idea behind this assay is to have a pair of gradients, one for each drug, up and down the x and the
y axes of the plate, thus causing each well to have a different ratio of each chemical, while also
reducing tedium in the process of filling the wells in question.
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This assay can have three overall results, as determined by the pattern of the
“checkerboard,” and perhaps most importantly, shape of the contour of the well results (Cokol-
Cakmak et al., 2018). In cases where the contour is straight, the two drugs that aren’t varying
within a given plate have additive interactions, indicating no significant difference or interaction
between the drugs. When the shape is convex, however, a synergistic interaction is apparent,
indicating that the interaction of the two drugs enhances the activity of the reporter. Finally,
when the shape is concave, they’re antagonistic drugs, meaning that their interaction inhibits the
reporter to a lesser degree than either individually.

1.6 Enzyme kinetics (rk)

Enzyme kinetics are typically influenced by three key parameters: the Michaelis constant
(Km), maximal velocity (Vmax), and the catalytic constant (kcar) (Voet et al., 2016). The Michaelis
constant signifies the amount of substrate required for an enzyme to operate at half of its
maximum velocity and is closely associated with the enzyme's affinity for a substrate. Maximal
velocity is the highest rate at which an enzyme generates product from the substrate when the
substrate is in excess in the solution (Voet et al., 2016). The catalytic constant, also known as the
turnover number, represents the frequency with which a single active site on an enzyme converts
substrate to product within a given time frame (Voet et al., 2016).

These parameters play a crucial role in the Michaelis-Menten Equation, yet a significant
aspect remains unexplored: inhibitors. Inhibitors, whether proteins or substances, bind to
enzymes, diminishing their productivity. In the Michaelis-Menten Equation, they are represented
by the term (1 + I/Kj). Various inhibitors exist, each specific to the enzyme to which it binds
(Voet et al., 2016,). K; is the dissociation constant of a complex formed by the enzyme and
inhibitor. Another relevant term is the ICso that represents the concentration of inhibitors
required to reduce enzyme activity to 50% efficiency. Competitive, noncompetitive, and
uncompetitive inhibitors are classified based on how they impact the velocity of the equation.

Competitive inhibition is when the substrate and inhibitor bind at the same active site but
are mutually exclusive (Strelow et al., 2012). This is characterized by an increased Km but no
change in Vmax. With high enough substrate concentrations there can be a relevant increase in Ki.
Noncompetitive inhibition is characterized by a decreased Vmax with no change in Kior Km. A
high-profile example of competitive inhibition is a protease inhibitor which is a common
treatment for hepatitis or HIV/AIDS (Eatemadi et al., 2017). The protease inhibitor blocks the
active site of the protease preventing propagation of the virus as the next generation of viruses
are created in a long chain.

Noncompetitive inhibition happens when the inhibitor binds to the enzyme at an
allosteric site which means it is not the active site preventing substrate from binding with the
enzyme (Strelow et al., 2012. An example of noncompetitive inhibition is cyanide’s effect on
cytochrome C oxidase where the cyanide binds to the enzyme changing its conformation and
preventing any further activity within the active site thus halting cellular metabolism (Leavesly
et al., 2008). This is not to be confused with uncompetitive inhibition where the inhibitor binds

18



to an allosteric site while the substrate is in the active site preventing its dissociation. Most cases
of uncompetitive inhibition are observed when the active site has multiple substrates enter the
active site. Uncompetitive inhibition is characterized by a decrease in both Vmax and Km with a
variable Kjvalue. A relevant example of uncompetitive inhibition is between acetaminophen and
the COX2 enzyme. COX2 has two active sites. The first active site accepts and binds with
arachidonic acid and the second binds with two oxygens. Acetaminophen’s binding with COX2
prevents these two oxygens from leaving the active site and thus preventing the metabolism of
arachidonic acid (Spence, 2022). Both noncompetitive inhibition and uncompetitive inhibition
are forms of allosteric inhibition. Finally, there is partial inhibition where the inhibitor slows the
function of the enzyme without preventing the enzyme from binding with the substrate (Strelow
etal., 2012).

1.7 Microsomes and CYP (rk & rp)

Microsomes are small vesicles derived from the endoplasmic reticulum of cells that
contain a variety of enzymes, many of which are cytochrome P450s (CYPs) (Palade, 1956).
These enzymes primarily metabolize foreign organic compounds (EI-Sherbeni, 2017). While the
size of the microsomes often varies, the contents and their properties are often predictable.
“Human liver microsomes provide the most convenient way to study CYP-mediated
metabolism” (Jia, 2007). As a result, human liver microsomes are “the model of choice” for
studying human drug metabolism because they contain the most relevant of the metabolizing
enzymes in a simplified system as long as studies use a large pool from diverse individuals
(Parmentier, 2007). Microsomes are much more convenient to use than liver cells.

The most relevant of the microsomal enzymes is the Cytochrome P450 (CYP) family.
The CYP family is composed of 57 hemeprotein enzymes responsible for mainly metabolizing
foreign organic and biotic chemicals (McDonnell and Dang, 2013; Sevrioukova and Poulos,
2013). This CYP family metabolizes foreign compounds by serving as catalysts in oxidation
reactions between diatomic oxygen and the foreign compounds. The resulting products tend to be
more water-soluble and therefore easier for the liver and urinary system to handle either by
excretion or detoxification. The CYP enzymes tend to have similar structures but usually unique
substrate specificity. However, the most prolific of these enzymes is CYP3A4. CYP3A4 belongs
to the CYP3A family along with 3A43, 3A5 and 3A7 and it is considered the most important
member of the family due to its sheer abundance as well as its broad metabolic promiscuity
(Wright, 2019). CYP3A4 is responsible for about 50% of the metabolism of clinically
prescribed drugs (de Wildt et al., 1999; Agrawal et al., 2010). CYP3A4 is also prone to
cooperative substrate binding where more than one substrate binds to its active site (Sevrioukova
and Poulos, 2013). This allosteric behavior is caused by the simultaneous binding of more than
one substrate molecule in or near the active site. This also makes CYP3A4 somewhat
unpredictable in its metabolism of xenobiotics as there are often other interactions between
foreign compounds and the enzyme. Between its promiscuity and its unpredictable cooperative
binding CYP3A4 is prone to undesirable drug-drug interactions and resulting toxicity such as the
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aforementioned caffeine-caffeine oligomer that serves as an inhibitor of CYP3A4 (Sevrioukova
and Poulos, 2013). For these reasons, CYP3A4 interactions between APAP and CAF with A.
annua extracts are the focus of this study as they are common household drugs prone to drug-
drug interactions.

Among the various molecules CYP3A4 interacts with is 7-benzoyloxy-4-trifluoromethyl
coumarin (BFC), a pro-fluorescent molecule that, when oxidized by CYP3A4, yields a
fluorescent product, at a rate that is linear with respect to BFC concentration up to 100 uM
(Cheng and Guengerich, 2013). This interaction makes BFC ideal for use in assays that measure
the activity of CYP3A4, as the degree to which a given solution fluoresces will be dependent on
the degree to which a given molecule enhances or inhibits the activity of CYP3AA4.

2.0 Hypothesis and Objectives

To determine CYP3A4 interactions between an herbal extract and a pure drug like APAP
or CAF, a valid assay is needed. Prior studies used the Promega P-450 Glo assay specific for
CYP3A4, but that proved quite costly, so this project aimed to validate the use of a more
affordable assay using BFC.

2.1 Hypothesis (rp)

It was posited that the BFC assay would be a useful method whereby interactions can be
measured between CAF and APAP and A. annua tea.

The null hypothesis is that the BFC assay will not provide a valid means to measure
herbal extract interactions with pure drugs.

2.2 Objectives (rp)

1. Validate the efficacy of a BFC-based CYP3A4 assay using ketoconazole, a known
inhibitor of CYP3A4.
2.  Determine how A. annua tea interacts with BFC.
2.1.  Measure CYP3A4 activity in solutions with varying concentrations of A. annua
tea to determine the ICso of the tea using the BFC assay method.
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3.0 Materials and Methods

3.1 Plant material and tea infusion preparation(rk)

The Artemisia tea was prepared as described by Kane et al (2022). Hot water extracts of
A. annua were prepared using the following method: 2 g of dried leaves were boiled on a stir
plate in 200 mL of water for 10 minutes, resulting in a concentration of 10 g/L. The tea was then
filtered through a 2 mm stainless steel sieve, cooled, and sterile-filtered (0.22 pum), before being
stored at —20°C.

3.2 Reagents (rk)

The human liver microsomes #H2620 (HLMSs) were sourced from a 200-donor pool of
males and females (Sekisui XenoTech, Kansas City, KS, USA) (Desrosiers et al., 2020) and
diluted in a 250 mM sucrose solution #S-1888. BFC (7-benzyloxy-4-(trifluoromethyl)coumarin)
#35721 was sourced from Cayman Chemical Company lot (Ann Arbor, Mi, USA). Ketoconazole
#51212 was sourced from Cayman Chemical Company (Ann Arbor, Mi, USA). Potassium
phosphate buffer was a 7.4 pH 0.1 M KPO4 mixture of potassium phosphate dibasic from Fisher
Bioreagents #BP363-500 (Pittsburgh, Pa, USA) and potassium phosphate monobasic #P5655
from Sigma Aldrich (St. Louis, MO, USA). Typically, this solution was made with 1.39 grams of
potassium phosphate monobasic and 0.27 grams of potassium phosphate dibasic. Methanol was
sourced from Fisher Chemical Thermo Fisher Scientific #203403 (Waltham, MA, USA). Tris
buffer was 10 mM, with a pH of 8.0 created from 10 mM Tris HCI #T-3253, for a pH of 8.0, and
was from Sigma Aldrich (St. Louis, MO, USA). If needed, the pH was adjusted to 8.0 with
Trizma base #T1503-500G from Sigma Aldrich (St. Louis, MO, USA). The NADPH solution
was mixed from the previously mentioned Tris buffer and NADPH tetrasodium salt #481973
sourced from EMG Millipore corp. (Darmstadt, Germany) to create a solution of 4 mM NADPH
in 10 mM, pH 8 Tris buffer.

3.3 Ketoconazole 1Cso determination via BFC assay (rk)

To determine the CYP450 3A4 ICso for A. annua tea infusion, an assay using BFC as a
fluorescent analyte and ketoconazole as an inhibitor was first used to validate the assay. Each
trial was performed using a 96-well white assay plate (flat bottom polystyrene) #33-754 from
Genesee Scientific and fluorescence read using the Victor Nivo plate reader with excitation at
435 nm and emission at 530 nm. The ketoconazole was dissolved in methanol at 1 pg/pL, from
which 10 pL were removed and added to a 90 pL methanol solution and mixed before 10 pL
were transferred to the next 90 puL of methanol. This continued three more times until the final
dilution concentration of 1.88 x 10-* mM was achieved. This experiment was repeated twice with
each experiment containing three technical replicates which can be viewed in further detail in
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Appendix A. The dilution concentrations, in pug/pL, were as follows: 0.00001, 0.0001, 0.001,
0.01, 0.1, and 1. Once the analytic wells received their respective masses of ketoconazole, the
plate was incubated at 37°C for ten min to evaporate the methanol, followed by an aquarium air
pump used to evaporate any remaining methanol. Each analytical well in the BFC assay
contained 29 pL of 0.2 pg/pL HLM, 45 pL of 100 mM KPOg4 buffer (pH 7.4), and 1 pL of 5 mM
BFC. Control wells containing no microsomes and no ketoconazole inhibitor were also done in
triplicate. The microsome aliquot was replaced by 29 uL of a 250 mM sucrose solution; it was a
microsome-free control. Following the addition of those reagents, the plate was incubated for 5
min at 37°C, before 25 uL of 4 mM NADPH in 10 mM Tris HCI was added to each well. The
plate was incubated for an additional 30 min. Fluorescence was measured in the 96 well plate at
a constant distance of 5 mm from the bottom of the plate. The no inhibitor control (NIC) wells
were guidelines for the upper bounds of the fluorescence results and the no microsome (NMC)
control fluorescence was subtracted from the fluorescence results:

Final Fluorescence = Recorded Fluorescence — NMC Fluorescence

Table 3: Concentrations of ketoconazole used in ICsp testing.

Ketoconazole (ug per 100 pL in well) Ketoconazole (mM)
0.0001 pg/pL 0.000188
0.001 pg/pL 0.00188

0.01 pg/pL 0.0188
0.05 pg/pL 0.094
0.1 pg/uL 0.188
0.5 pg/pL 0.94
1 po/pul 1.88
5 pg/pL 9.4
10 pg/pL 18.8
20 pg/pL 37.6

The data were analyzed using nonlinear regression analysis by GraphPad Prism 10 (San
Diego, CA, USA) to provide an ICso value that was used for further analysis. The data were not
manipulated or normalized in any way as normalization would change the 1Csp and there was no
need for a background.
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3.4 I1Cso determination of A. annua tea (rk & rp)

To determine the 1Cso concentration for artemisinin in A. annua DLA tea infusion the
team adapted the previous MQP’s process (Duncan & Togneri, 2023). The previous project used
the Promega P450-Glo Assay specific to 3A4 to find their 1Cso, but we adjusted their process to
be more consistent with our other BFC assays. The following serial dilutions were created with
the tea and distilled water. This assay was repeated twice with technical triplicates and had the
same assay reagent composition as the ketoconazole assay (Appendix A); however, the 45 puL of
100 mM KPOyq buffer was replaced with 5 uLL of 900 mM KPO4 buffer and 40 pL of a given tea
dilution. This allowed testing of higher tea concentrations with limited dilution. Serial tea
dilutions were performed resulting in a concentration series from 580 uM to 0.563 pM. These
dilutions were pipetted into wells of a Genesee Scientific 96-well plate corresponding to their
concentration. Following that and the addition of 1 uL of 5 mM BFC and 29 pL of HLMs to
each well, the plate was incubated at 37°C for 5 min, before being removed from the incubator
and 25 pL of NADPH solution added per well. After that, the plate was returned to the incubator
for 30 min, after which fluorescence was read using a Victor NIVO plate reader at EX/Em
435/530 nm. The fluorescence derived from the plate was analyzed using a nonlinear regression
analysis by GraphPad Prism 7 (San Diego, CA, USA) to provide an ICsp value that was available
for further analysis.

Table 4: Concentrations of artemisinin used in 1Csp testing.

Dilution Ratio A. annua tea (UM tea artemisinin in well)
1 122.2
1:2 61.1
1:4 30.5
1:8 15.3
1:16 7.63
1:160 0.763
1:1600 0.0763
1:16000 0.00763
1:160000 0.000763

Most plant extracts have an innate fluorescence, so it was necessary to subtract the innate
fluorescence of A. annua tea, to identify the actual fluorescence resulting from the BFC reaction.
Two methods, ultimately, were used to accomplish this. In the differential method, a series of no
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microsome controls (NMCs), repeating the concentrations of the tea, was added to the plate on
the row below the corresponding experimental wells that contained microsomes. The
fluorescence of the NMC wells was subtracted from the fluorescence of the experimental
reaction (+HMC) wells:

Final Fluorescence = (+HMC Fluorescence) — (NMC Fluorescence)
The time based method subtracted the innate background fluorescence just prior to initiation of
the reaction with NADPH, then NADPH was added and the plate incubated for 30 min after
which the fluorescence was again read and recorded:

Final Fluorescence = Fluorescence at ~30 min post NADPH — Initial Fluorescence at -NADPH

4.0 Results (rp)

4.1 Ketoconazole 1Cso Determination via BFC Assay (rp, rk’s data)

Calculation of the ICso of ketoconazole with respect to CYP3A4 was used to validate that the
BFC method could be used to measure the necessary data for use in drug-herb interactions. The
ketoconazole analyses are shown in Figure 6. This was repeated once more, and the average of
the resulting values was taken to approximate the overall 1Cso that was 7.01 + 2.77 pM. For 1Cso
measurements the two values were reasonably replicated and are summarized in Table 5 along
with an average of the two independent trials.
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Figure 6: The overlaid ketoconazole inhibitory concentration curve had an averaged 1Cso of 7.01
+ 2.77 uM. N=2 with each trial having 3 technical replicates. Bars represent Standard Error. (rk)
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Table 5: 1Cso values of the two triplicates, as calculated using AAT Bioquest’s ICso software, and

the average of the two values.

Replicate Ketoconazole ICsp Value (uM)
1 4.24
2 9.79

Average 7.01+2.77

4.2 A. annua Tea Post-Incubation Reaction Experimentation (rp)

To determine the stability of the reaction before measuring the fluorescence in the plate
reader we measured the fluorescence output at 4 and 35 min post incubation. This information
allowed us to determine if there was a significant impact on the acquired fluorescence data.
Thus, the plate was read as quickly as feasible after the completion of the incubation with
NADPH, or within 4 minutes, and then 30 minutes later. Ultimately, it was determined that the

error that would be generated by variance in the time to read the plate was not major (Figure 7).
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Figure 7: A dilution series comparing a 96-well plate incubated at 37°C for 30 minutes to a well
incubated for 30 minutes then left at room temperature for 35 minutes. Standard error bars were
included but they were too small to be seen without intense zooming. Calculated via Graph Pad

Prism 10’s software. (rk)
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4.3 A. annua Tea ICso Determination via BFC Assay (rp, rk’s data)

Using the differential and time-based methods, we assessed which method would best
account for the innate fluorescence in the Artemisia tea. Using the differential method, an 1Cso of
1.95 uM was determined (Figure 8). Meanwhile, using the time-based method, an I1Cso of 4.74
was measured (Figure 9). The ICso values between the two methods used to account for the
innate fluorescence of the Artemisia tea were not substantially different from one another.
Because in the developing world Artemisia tea use is based on the amount of the plant’s dried
leaves used to brew the tea, the 1Cso values in pg of dried plant leaves were also calculated from
the artemisinin-based values and for the differential and time-based methods were, 2.5 and 6.08
Hg, respectively (Table 6).
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Figure 8: The results of the differential method for accounting for the innate A. annua
fluorescence with an ICsp of 1.95 uM. Calculated via Graph Pad Prism 10’s four parameter
model. This experiment was done with three technical replicates. The above data show the three
replicate data points at each concentration. (rk)
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Figure 9: The results of the differential method for accounting for the innate A. annua
fluorescence with an ICsp of 4.74 uM. Calculated via Graph Pad Prism 10’s software. This
experiment was done with three technical replicates. The above data show the three replicate
data points at each concentration. (rk)

Table 6: 1Cso values compared between two methods to account for the innate fluorescence of
the tea extract. Methods 1 and 2 are differential and time-based methods, respectively.

Method [Tea Artemisinin] ICso Value (uM) [A. annua tea dry weight
equivalent] I1Cso Value (ng)
1 1.95 2.5
2 4.74 6.08
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5.0 Discussion and Conclusions (rk & rp)

The team sought a more affordable assay than the previously used P450-Glo CYP3A4
assay that was also convenient to use in a 96 well plate format for measuring hepatic CYP3A4
enzyme activity in liver microsomes (Duncan & Togneri, 2023). We thus focused on the
suitability and usability of the fluorescent BFC-based CYP3A4 assay. While we found that this
method was highly effective with pure drugs, e.g. ketoconazole, there were challenges when
using plant extracts that are inherently fluorescent. When ketoconazole was used, an ICsp for
CYP3A4 was determined to be 7.01 £ 2.77 uM, which correlated well with the range of values in
the literature of 4.24 £2.83 uM to 1.75 £ 0.18 uM and well within 1 order of magnitude
(Utkarsh et al., 2016; Cheng and Guengerich, 2013). Another study used a BFC assay and
despite not using human liver microsomes had a similar CYP3A4 ICso (Hansen et al. 2008).
Furthermore, using the P450-Glo CYP 3A4 Desrosiers et al. (2020) measured an 1Cso value of
5.67 uM for CYP3A4 in A. annua tea, which was close to what we measured using the BFC
assay.

There are variations among different BFC protocols as noted in the literature. For
example, we added NADPH, but many BFC-based fluorescence assays used NADPH-
regeneration systems (Cheng and Guengerich, 2013). Indeed, nearly all the herb-CYP3A4
inhibition assays that could be found in the literature used an NADPH-generating system, which
is more cost effective and produces a reliably consistent concentration of active NADPH, a
molecule that is quite labile especially after long term storage. We also scaled down the quantity
of each reagent proportionally so that the assay could be run in a 96-well plate. However, the
largest issue of all was that there was fluorescence coming from the A. annua tea itself, which at
high concentrations caused fluorescence values within unreacted tea to be almost 150% more
than the fully reacted tea at the most dilute concentrations. Although this caused a lot of variance
seen as noise in the higher concentration portions of our graphs, generally at or above 10 uM.

Another problematic issue was that the tea would regularly precipitate out a brown solid
even when frozen, filter sterilized, and kept in a sterile environment. This precipitate seemed to
be the result of freeze-thaw cycles and future work should all be done with tea from one
consistent source, e.g., freshly made or all from the same thawed fraction. Otherwise there
seemed to be unwanted scattering within trials that were dependent on how well mixed and how
old the A. annua tea was, which proved challenging to standardize for experiments.

To address the issue of the innate fluorescence of A. annua tea, the team used two
methods for dealing with it: subtraction of the fluorescence of reagents without microsomes, and
subtraction of the fluorescence immediately after the addition of NADPH. The former method
entailed creating another row of wells with equivalent concentrations of A. annua and equivalent
concentrations, but without any microsomes, which is the source of the CYP3A4 enzyme.
Instead of microsomes, their solvent, sucrose, was added in their stead. Essentially, the team
made a series of no microsome controls. The fluorescence of these no microsome controls was
subtracted from the fluorescence of the analytical wells.
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The alternate method entailed taking fluorescence measurements just before adding the
NADPH and then subtracting that from the fluorescence of the completed reaction. NADPH
addition initiates the assay reaction and thus is a key point whereby one can account for all pre-
reaction fluorescence.

To our knowledge there are no other studies that used the BFC assay to analyze the ICsp
of a plant extract. Rather, most methods use various chromatography assays (Kondza et al.,
2023; Georgiev et al., 2019; Sunaga et al., 2012; Yilue et al., 2019; Feltrin et al., 2020).
However, we aimed for a faster assay that could be done in a 96-well plate similar to that used
for the P450-Glo CYP3A4 assay previously used. While the P450-Glo CYP3A4 assay was
highly effective with plant extracts (Ashour et al., 2019; Desrosiers et al., 2020), for an MQP the
cost was prohibitive for obtaining adequate data to test a broader concentration series and drug-
herb interactions.

6.0 Conclusions

As a result of the work that we conducted in this MQP, the BFC assay is suitable for use
with both pure drugs and plant extracts, so long as one properly accounts for plant extract
background fluorescence using either one of the methods described in this report.
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Appendix A — SOP BFC Assay Ketoconazole IC50 Determination

(rk)

BFC Assay

Reagents:

1.

2.
3.
4

o o

Tools:

arwbd

Ketoconazole: from Cayman Chemical Company #51212
Methanol: from Fisher Chemical Thermo Fisher Scientific #203403
100 mM BFC solution: dissolved in DMSO Cayman Chemical Company #3572

. 7.4 pH KPO4 Buffer 0.1 M created with both potassium phosphate dibasic (BP363-500)

and potassium phosphate monobasic anhydrous both sourced from Fisher Bioreagents.
Sucrose solution: 250 mM diluted in water and sourced from Sigma Aldrich

Distilled water

Human Liver Microsomes: sourced from Sekisui XenoTech #H2620 with a protein
content of 20 mg/ml and a P450 content of 335 pmol/mg diluted with 250 mM sucrose
#S-1888 to 0.2 pg/uL.

NADPH: 4 mM in NADPH in pH 8 10 mM Tris HCI

Tris buffer: 10 mM of Tris HCI #T-3253 from Sigma Aldrich diluted in water. The pH
was adjusted to 8.0 with Trizma base #T1503-500G from Sigma Aldrich.

96-well white assay plate (flat bottom polystyrene) #33-754 from Genesee Scientific
Incubator set to 37°C

1000, 200, 100, 20, and 2 pL micropipettes

Victor Nivo Plate Reader

Aquarium Air Pump

Procedure:

1.
2.

Removed KPO4 from the 4°C refrigerator to warm to room temperature.
Dissolved ketoconazole in corresponding pLs methanol and pipetted it into the wells of a
96 well 300 uL white assay plate.

a. Refer to the table below for amounts.

b. The 96-well plate was placed into the 37°C incubator to evaporate the methanol.
The remaining methanol was evaporated using the air pump.
Human liver microsome (HLM) aliquots of 0.2 pg/uL are removed from the -20
freezer°C.
A master solution of 1 uL. 100 mM BFC was diluted in 19 pL water for each well used.
Then 45 pL of KPO4 and 29 pL. of HLM was added for each well used. The master
solution was mixed by pipetting. 75 pL of mixture was pipetted into each well.
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6.

10.

a. There were typically 27 wells so a solution of 2.3 uL. BFC was mixed with 43.9
pL of water
b. One column received no inhibitor but had all of these reagents added via the
master mixture.
The NMC was prepared separately with these three wells receiving 29 pL of sucrose, 45
puL of KPOsand 1 pL of the diluted BFC (and no ketoconazole) to create No Microsome
Control (NMC).
The plate was then pre-incubated at 37°C for 5 minutes.
25 uL of 4 mM NADPH (in 10 mM Tris buffer at pH 8) is added to each well by a multi-
channel pipette to start the reaction.
The wells were then incubated at 37°C for 30 minutes.
The plate’s fluorescence was then read by the Victor NIVO plate reader on another floor.
The fluorescence of the analytical wells was prepared for analysis by subtracting the
average fluorescence of the wells with the highest inhibitor concentration from the well
being analyzed. While the NIC wells were supposed to account for all background
fluorescence, the fluorescence of the lowest inhibitor concentration wells was still
sometimes higher. For example, the raw A3 fluorescence - average column 11
fluorescence = adjusted A3 fluorescence.
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Table 6: Table showing the contents of each well within a 96 well plate. Rows 2-11 are
analytical wells. Columns 1 and 2 contain NMC’s and NIC’s for further calculations and
calibrations.

Amount | NMC | NIC | 0.0001 | 0.001 [001 005 |01pg |05ug [1ng |[5ng |10ug |20pg
of Keto ug ng ug ug
1 2 3 3 4 5 6 7 8 9 10 11
A 1uL 1puL 1 pL 1 uL 1 uL 1 pL 1 uL 1ulL 1ulL 1uL 1puL 1 pL
BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC, 29 | BFC, 29
s s s pL ns ne ns puL s s pL s
Sucrose, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, 45
45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL ns
KPOxs, KPOxs, KPOxs, KPOs, KPOs, KPOs, KPOs, KPOs, KPOs, KPOxs, KPOxs, KPOs,
25uL 25uL 25uL 25uL 25ul 25ul 25uL 25uL 25uL 25uL 25uL 25uL
NADPH NADPH NADPH NADPH NADPH | NADPH | NADPH NADPH NADPH NADPH NADPH NADPH
B 1 pL 1 pL 1 pL 1 pL 1 uL 1 uL 1 uL 1 pL 1 pL 1 pL 1 pL 1 pL
BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC, 29 | BFC, 29
pL pL pnL pnL nL pL pL pL pL pL pL pL
Sucrose, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, 45
45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL uL
KPOs, KPOs, KPOs, KPOs, KPQOs, KPOQOs, KPOys, KPOyq, KPOys, KPOs, KPOs, KPOs,
25uL 25uL 25uL 25uL 25ul 25uL 25uL 25uL 25uL 25uL 25uL 25uL
NADPH NADPH NADPH NADPH NADPH | NADPH | NADPH NADPH NADPH NADPH NADPH NADPH
C 1L 1puL 1puL 1 pL 1 pL 1 uL 1 uL 1 uL 1pL 1L 1puL 1 pL
BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC,29 | BFC, 29 | BFC, 29
pL pL pL ns ns ns ne ns ns ns pL pL
Sucrose, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, 45
45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL 45 uL uL
KPOq, KPOq, KPOq, KPOg, KPOg, KPQOq, KPO., KPOq, KPOs, KPOs, KPOs, KPOs,
25uL 25uL 25uL 25uL 25uL 25pL 25uL 25uL 25uL 25uL 25uL 25uL
NADPH NADPH NADPH NADPH NADPH | NADPH | NADPH NADPH NADPH NADPH NADPH NADPH
Flnal S uM S uM S uM S uM S uM S5 uM S uM S uM S uM S uM S uM S uM
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,
Conce 725mM | 725mM | 725mM | 725mM | 725mM | 725 mM | 725 mM | 725mM | 725 mM | 725 mM | 725 mM | 72.5 mM
. sucrose, sucrose, sucrose, sucrose, sucrose, sucrose, sucrose, sucrose, Sucrose, Sucrose, sucrose, sucrose,
ntratio | 4smm, [ 45mm, [ 45mm, | 45mm, [ 45mm, [ 45mm, | 45mMm, | 45mMm, | 45mMm, | a5mMm, | a5mm, | a5 mm,
KPOq, KPOq, KPOq, KPOg, KPOg, KPOq, KPOq, KPOq, KPOq, KPOq, KPOq, KPOs,
ns mM mM mM 1mM 1mM 1mM mM mM mM mM mM 1mM
NADPH NADPH NADPH NADPH NADPH | NADPH | NADPH NADPH NADPH NADPH NADPH NADPH,
0.00188 0.0188 0.094 0.188 094 uM | 1.8 uM | 9.4 uM 18.8 uM | 37.6 uM
M uM uM uM Keto Keto Keto Keto Keto
Keto Keto Keto Keto
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Appendix B — SOP BFC Assay Caffeine IC50 Determination (rk)

BFC Assay

Reagents:

1.

ok wn

~N o

10.

Tools:

a b wn

4.48 M Caffeine: from Sigma Aldrich #C0750

Ketoconazole: from Cayman Chemical Company #51212

Methanol: from Fisher Chemical Thermo Fisher Scientific #203403

100 mM BFC solution: dissolved in DMSO Cayman Chemical Company #3572

7.4 pH KPO4 Buffer 0.9 M created with both potassium phosphate dibasic (BP363-500)
and potassium phosphate monobasic anhydrous both sourced from Fisher Bioreagents.
Sucrose solution: 250 mM diluted in water and sourced from Sigma Aldrich

Distilled water

Human Liver Microsomes: sourced from Sekisui XenoTech #H2620 with a protein
content of 20 mg/ml and a P450 content of 335 pmol/mg diluted with 250 mM sucrose
#5-1888 to 0.2 pg/pL.

NADPH: 4 mM in NADPH in pH 8 10 mM Tris HCI

Tris buffer: 10 mM of Tris HCI #T-3253 from Sigma Aldrich diluted in water. The pH
was adjusted to 8.0 with Trizma base #T1503-500G from Sigma Aldrich.

96-well white assay plate (flat bottom polystyrene) #33-754 from Genesee Scientific
Incubator set to 37°C

1000, 200, 100, 20, and 2 pL micropipettes

Victor Nivo Plate Reader

Aquarium Air Pump

Procedure:

1.
2.

Removed KPO4 from the 4°C refrigerator to warm to room temperature.
Dissolved ketoconazole in corresponding pLs methanol and pipetted it into the wells of a
96 well 300 puL white assay plate.

a. Refer to the table below for amounts.

b. The 96-well plate was placed into the 37°C incubator to evaporate the methanol.
The remaining methanol was evaporated using the air pump.
Human liver microsome (HLM) aliquots of 0.2 pug/uL are removed from the -20
freezer°C.
A master solution of 1 uL. 100 mM BFC was diluted in 19 pL water for each well used.
Then 5 uL of KPO4 and 29 pLL of HLM was added for each well used. The master
solution was mixed by pipetting. 75 puL of mixture was pipetted into each well.
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6.

10.

c. There were typically 27 wells so a solution of 2.3 uL. BFC was mixed with 43.9
pL of water
d. One column received no inhibitor but had all of these reagents added via the
master mixture.
The NMC was prepared separately with these three wells receiving 29 pL of sucrose, 45
puL of KPOsand 1 pL of the diluted BFC (and no ketoconazole) to create No Microsome
Control (NMC).
The plate was then pre-incubated at 37°C for 5 minutes.
25 uL of 4 mM NADPH (in 10 mM Tris buffer at pH 8) is added to each well by a multi-
channel pipette to start the reaction.
The wells were then incubated at 37°C for 30 minutes.
The plate’s fluorescence was then read by the Victor NIVO plate reader on another floor.
The fluorescence of the analytical wells was prepared for analysis by subtracting the
average fluorescence of the wells with the highest inhibitor concentration from the well
being analyzed. While the NIC wells were supposed to account for all background
fluorescence, the fluorescence of the lowest inhibitor concentration wells was still
sometimes higher. For example, the raw A3 fluorescence - average column 11
fluorescence = adjusted A3 fluorescence.
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Table 7: Table showing the contents of each well within a 96 well plate. Rows 4-11 are
analytical wells. Columns 1 -3 contain NMC’s and NIC’s for further calculations and

calibrations and a ketoconazole well for control.

Amount | Keto NMC NIC 0.0448 0.448 4.48 44.8 448 4480 0.00448 | 0.0448 0.448 4.48 M
of (0 5 uM M uM uM uM uM M M M CAF
. CAF CAF CAF CAF CAF CAF CAF CAF CAF

Caffeine | pg per
well )
1 2 3 4 5 5 6 7 8 9 10 11 12

A 1 uL 1pL 1uL 1 uL 1pL 1uL 1 uL 1pL 1uL 1 uL 1pL 1 pL 1 uL
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, 29
29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL ne
HLM, Sucrose | HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM,
5uL ,Sul 5uL 5uL 5uL 5uL 5uL 5uL 5uL 5uL 5uL SuL 5uL
KPQy, KPOq, KPOq, KPOy, KPOq, KPOq, KPO., KPQOg, KPOs, KPOs4, KPOs, KPOs, KPOy4,
25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL
NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADPH
H H H H H H H H H H H H

B 1 uL 1 pL 1pL 1 uL 1 pL 1uL 1 uL 1 pL 1uL 1 uL 1 pL 1L 1 uL
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, 29
29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL ns
HLM, Sucrose | HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM,
5uL s S5uL 5uL 5uL S5uL 5uL 5uL 5uL 5uL 5uL SuL 5uL
KPOy4, SuL KPOq4, KPOy4, KPOy4, KPOq4, KPOj, KPOy4, KPOq4, KPOg4, KPOy4, KPOy4, KPOs4,
25uL KPOs, | 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL
NADP 25uL NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADPH
H NADP H H H H H H H H H H

H

C 1 uL 1uL 1 ulL 1 uL 1 pL 1uL 1 pL 1 uL 1ulL 1 uL 1 uL 1uL 1 uL
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, 29
29uL | 29pL | 29pL | 29pL [ 29pL |20 | 2oL | 29uL | 29pL [ 29pL | 29pL | 20pL uL
HLM, Sucrose | HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM,
SuL s SuL 5puL SuL 5puL 5puL SuL 5 uL 5uL 5uL 5uL 5puL
KPQs, 5uL KPOs, KPQs, KPQs, KPOs, KPOs, KPQs, KPOs, KPOys, KPQs, KPOs, KPOys,
25uL KPOq, 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL
NADP 25uL NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADPH
H NADP H H H H H H H H H H

H

Flnal 1 pL .5 uM SuM SuM .S uM SuM SuM .S uM SuM SuM .S uM S uM SuM
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,

Conce 29 uL 725 72.5 72.5 72.5 725 72.5 72.5 725 72.5 72.5 725 72.5

R HLM, mM mM mM mM mM mM mM mM mM mM mM mM

ntrati 5uL sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose,
KPOs, 45mM, | 45mM, | 45 mM, | 45mM, | 45mM, | 45mM, | 45mM, | 45 mM, | 45mM, | 45 mM, | 45 mM, | 45 mM,

ons 2suL | kPO, | kPO, | KPO,, | KPO., | KPO., | KPO., | KPO. | KPO. | kPO, | KPO | KPO. | KPOL,
NADP imM 1mM 1mM 1mM 1mM 1mM 1mM 1mM 1mM 1mM imM 1mM
H, NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADPH
0.094 H H H, H H H H H H H H )
uM 0.0448 0.448 4.48 44.8 448 4480 0.00448 | 0.0448 0.448u 4.48 M
Keto uM M uM uM M uM M M M CAF

CAF CAF CAF CAF CAF CAF CAF CAF CAF
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Appendix C — SOP BFC Assay Acetaminophen 1C50
Determination (rk)

1.

o rwd

N o

10.

Tools:

a ko

3.84 mM acetaminophen from Thermo Fisher Scientific #102330050

Ketoconazole: from Cayman Chemical Company #51212

Methanol: from Fisher Chemical Thermo Fisher Scientific #203403

100 mM BFC solution: dissolved in DMSO Cayman Chemical Company #3572

7.4 pH KPO4 Buffer 0.9 M created with both potassium phosphate dibasic (BP363-500)
and potassium phosphate monobasic anhydrous both sourced from Fisher Bioreagents.
Sucrose solution: 250 mM diluted in water and sourced from Sigma Aldrich

Distilled water

Human Liver Microsomes: sourced from Sekisui XenoTech #H2620 with a protein
content of 20 mg/ml and a P450 content of 335 pmol/mg diluted with 250 mM sucrose
#S-1888 to 0.2 pg/puL.

NADPH: 4 mM in NADPH in pH 8 10 mM Tris HCI

Tris buffer: 10 mM of Tris HCI #T-3253 from Sigma Aldrich diluted in water. The pH
was adjusted to 8.0 with Trizma base #T1503-500G from Sigma Aldrich.

96-well white assay plate (flat bottom polystyrene) #33-754 from Genesee Scientific
Incubator set to 37°C

1000, 200, 100, 20, and 2 pL micropipettes

Victor Nivo Plate Reader

Aquarium Air Pump

Procedure:

1.

Removed KPO4 from the 4°C refrigerator to warm to room temperature.

2. Dissolved ketoconazole in corresponding pls methanol and pipetted it into the wells of a

96 well 300 puL white assay plate.
a. Refer to the table below for amounts.

b. The 96-well plate was placed into the 37°C incubator to evaporate the methanol.

The remaining methanol was evaporated using the air pump.
Human liver microsome (HLM) aliquots of 0.2 pg/uL are removed from the -20
freezer°C.
A master solution of 1 uL. 100 mM BFC was diluted in 19 pL water for each well used.
Then 5 pL of KPO4 and 29 pL of HLM was added for each well used. The master
solution was mixed by pipetting. 75 puL of mixture was pipetted into each well.

e. There were typically 27 wells so a solution of 2.3 uL. BFC was mixed with 43.9

pL of water
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6.

10.

f.  One column received no inhibitor but had all of these reagents added via the
master mixture.

The NMC was prepared separately with these three wells receiving 29 uL of sucrose, 45
pL of KPOsand 1 pL of the diluted BFC (and no ketoconazole) to create No Microsome
Control (NMC).
The plate was then pre-incubated at 37°C for 5 minutes.
25 uL of 4 mM NADPH (in 10 mM Tris buffer at pH 8) is added to each well by a multi-
channel pipette to start the reaction.
The wells were then incubated at 37°C for 30 minutes.
The plate’s fluorescence was then read by the Victor NIVO plate reader on another floor.
The fluorescence of the analytical wells was prepared for analysis by subtracting the
average fluorescence of the wells with the highest inhibitor concentration from the well
being analyzed. While the NIC wells were supposed to account for all background
fluorescence, the fluorescence of the lowest inhibitor concentration wells was still
sometimes higher. For example, the raw A3 fluorescence - average column 11
fluorescence = adjusted A3 fluorescence.
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Table 8: Table showing the contents of each well within a 96 well plate. Rows 4-11 are
analytical wells. Columns 1 -3 contain NMC’s and NIC’s for further calculations and

calibrations and a ketoconazole well for control.

Amount | Keto NMC | NIC 1.9 3.9 7.81 15.62 | 31.25 | 62.5 62.5 125 0.384 | 3.84m

of 0.5 uM uM uM 5uM | uM uM uM uM mM M

APAP ug per
well )
1 1 2 3 3 4 5 6 7 8 9 10 11

A 1 uL 1 pL 1 ulL 1 uL 1 pL 1uL 1 uL 1 uL 1uL 1 uL 1 pL 1uL 1 uL
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,
29 uL 29 pL 29 uL 29 uL 29 puL 29 uL 29 uL 29 pL 29 uL 29 uL 29 pL 29 uL 29 uL
HLM, Sucrose | HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM,
5uL ,5uL 5uL 5uL 5puL 5uL 5puL 5nuL 5uL 5uL 5puL 5uL 5nuL
KPQOs, KPOs, KPOys, KPOQOs, KPOs, KPOys, KPOQOs, KPQyg, KPOys, KPOs, KPQyg, KPOys, KPOys,
25ul 25uL 25uL 25ul 25uL 25uL 25ul 25uL 25ul 25uL 25uL 25uL 25ulL
NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP
H H H H H H H H H H H H H

B 1 uL 1uL 1 ulL 1 uL 1 pL 1ulL 1 uL 1 uL 1 uL 1 uL 1 uL 1uL 1 uL
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,
29uL | 29uL | 29pL | 29uL | 20uL | 29pL | 29pL | 29pL | 29pL | 29uL | 29uL | 29uL | 29 L
HLM, Sucrose | HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM,
5uL s 5uL 5puL 5uL 5uL 5puL 5uL 5uL 5puL 5uL 5uL 5uL
KPOs, 5 uL KPOq, KPOs, KPOg, KPOq, KPOQy, KPOg, KPOq, KPOy4, KPOg, KPOq, KPOq,
25ul KPOq, 25uL 25ul 25uL 25uL 25ul 25uL 25uL 25ulL 25uL 25uL 25uL
NADP 25uL NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP
H NADP H H H H H H H H H H H

H

C 1 uL 1pL 1uL 1 uL 1pL 1uL 1 uL 1pL 1L 1 uL 1pL 1uL 1 uL
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,
29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL
HLM, Sucrose | HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM,
5uL s 5uL 5uL SuL 5uL 5uL 5uL 5uL 5uL 5uL 5uL 5uL
KPOy4, SuL KPOs4, KPOy4, KPOy4, KPOq4, KPOy4, KPOy4, KPOy4, KPOy4, KPOy4, KPOs, KPOs4,
25uL KPOs, | 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL
NADP 25uL NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP
H NADP H H H H H H H H H H H

H

Flnal 1 uL S5 uM S uM S5 uM S5 uM S5 uM S5 uM S5 uM S5 uM S5 uM S5 uM S5 uM S5 uM
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,

Conce 29 uL 72.5 72.5 72.5 725 725 72.5 72.5 725 72.5 72.5 72.5 72.5

. HLM, mM mM mM mM mM mM mM mM mM mM mM mM

ntrati 5uL sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose,
KPOs, 45mM, | 45mM, | 45mM, | 45mM, | 45mM, | 45mM, | 45mM, | 45mM, | 45mM, | 45 mM, | 45mM, | 45 mM,

ons 25uL | KPOs, | KPOs, | kPO., | KPOs, | KPOs, | KPO., | KPOs, | kPO, | kPO. | kPO, | kPO. | KPOS
NADP imM 1mM 1mM 1mM iImM 1mM 1mM 1ImM 1mM 1mM imM 1mM
H, NADP NADP NADP NADP NADP NADP NADP NADPO | NADP NADP NADP NADP
0.094 H H H H H H H .384 H H H H,
M 3.84 38.4 384 uM | 3.84m mM 3.84 38.4 0.384M | 3.84m
Keto uM uM APAP M mM mM APAP M

APAP APAP APAP APAP
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Appendix D — SOP BFC Assay A. annua Tea ICso Determination

(rk)

BFC Assay

Reagents:

1.

o Uk wnN

Artemisia annua tea Lot # containing 306 uM artemisinin.

3.84 mM acetaminophen from Thermo Fisher Scientific #102330050

Ketoconazole from Cayman Chemical Company #51212

Methanol from Fisher Chemical Thermo Fisher Scientific #203403

100 mM BFC solution: dissolved in DMSO Cayman Chemical Company #3572

7.4 pH KPO4 Buffer 0.9 M created with both potassium phosphate dibasic (BP363-500)
and potassium phosphate monobasic anhydrous both sourced from Fisher Bioreagents.

7. Sucrose solution: 250 mM diluted in water and sourced from Sigma Aldrich

8. Distilled water
9. Human Liver Microsomes: sourced from Sekisui XenoTech #H2620 with a protein
content of 20 mg/ml and a P450 content of 335 pmol/mg diluted with 250 mM sucrose
#5-1888 to 0.2 pg/uL.
10. NADPH: 4 mM in NADPH in pH 8 10 mM Tris HCI
11. Tris buffer: 10 mM of Tris HCI #T-3253 from Sigma Aldrich diluted in water. The pH
was adjusted to 8.0 with Trizma base #T1503-500G from Sigma Aldrich.
Tools:
6. 96-well white assay plate (flat bottom polystyrene) #33-754 from Genesee Scientific
7. Incubator set to 37°C
8. 1000, 200, 100, 20, and 2 pL. micropipettes
9. Victor Nivo Plate Reader
10. Aquarium Air Pump
Procedure:
1. Removed KPO, from the 4°C refrigerator to warm to 25°C.
2. The Artemisia annua tea is serially diluted to a molarity of 1/8000 of the original
3. 40 pL of each tea dilution is pipetted into the wells
a. Refer to the table below for amounts.
4. Human liver microsome (HLM) aliquots of 0.2 pg/uL are removed from the - 20 °C

freezer.
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10.

11.
12.

Another analogous dilution series was created with each well containing 40 pL tea, 1 uL
of BFC, 29 uL of sucrose, 5 uL. of KPO4 and 25 pL of NADPH. This will serve as the
background control.
A master solution of 1 uL. 100 mM BFC was diluted in 19 pL water for each well used.
Then 5 pL of KPO4 and 29 pL of HLM was added for each well used. The master
solution was mixed by pipetting. 75 puL of mixture was pipetted into each well.

g. There were typically 27 wells so a solution of 2.3 uL. BFC was mixed with 43.9

pL of water
h. One column received no inhibitor but had all of these reagents added via the
master mixture.

The NMC was prepared separately with these three wells receiving 29 pL of sucrose, 45
pL of KPOgand 1 pL of the diluted BFC (and no ketoconazole) to create No Microsome
Control (NMC).
The plate was then pre-incubated at 37°C for 5 minutes.
25 pL of 4 mM NADPH (in 10 mM Tris buffer at pH 8) is added to each well by a multi-
channel pipette to start the reaction.
Immediately after pipetting the NADPH into the wells the fluorescence was measured
using the Victor NIVO.
The wells were then incubated at 37°C for 30 minutes.
The Fluorescence of the wells was then read via the Victor NIVO. At the start of the
method development, the fluorescence of a well was compared to the fluorescence of a
control well (Row D). For instance, fluorescence of A1l - D11 or Fluorescence of B9-
D9. Later in the method development, the plate’s fluorescence after the reaction and
incubation was compared to the fluorescence right after the NADPH’s addition
(Fluorescence after incubation - Fluorescence immediately after the addition of NADPH).
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Table 9: Table showing the contents of each well within a 96 well plate. Rows 4-11 are
analytical wells. Columns 1 -3 contain NMC’s and NIC’s for further calculations and

calibrations and a ketoconazole well for control.

Amount | Keto | NMC [ NIC 0.000 | 0.000 | 0.007 | 0.076 | 0.763 | 7.63 15.3 30.5 61.1 122
of Tea 0.5 076 76 6 3uM | uM M uM uM M uM
Artemisi | pg per uM uM M
nin well )
1 1 2 3 3 4 5 6 7 8 9 10 11
A 1 uL 1L 1 uL 1 uL 1L 1uL 1 uL 1pL 1uL 1 uL 1pL 1 pL 1 uL
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,
29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL
HLM, Sucrose | HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM,
5uL ,SulL 5uL 5uL 5uL 5uL 5uL 5uL 5uL 5uL 5uL SuL 5uL
KPOg, KPOq, KPOq, KPOg, KPOq, KPOq, KPOy, KPOg, KPOq, KPOs4, KPOg, KPOq, KPOy4,
25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL
NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP
H H H H H H H H H H H H H
B 1 pL 1puL 1 uL 1 pL 1 pL 1uL 1 uL 1 pL 1 uL 1 uL 1 pL 1L 1 uL
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,
29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL
HLM, Sucrose | HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM,
5uL , 5uL 5uL SuL S5uL 5uL 5uL 5uL 5uL 5uL SuL 5uL
KPOg, 5uL KPOq, KPOg, KPOq, KPOq, KPOys, KPOg, KPOs, KPO., KPOg, KPOq, KPOy4,
25uL KPOs, | 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL
NADP 25uL NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP
H NADP H H H H H H H H H H H
H
C 1 uL 1uL 1 ulL 1 uL 1uL 1ulL 1 pL 1 pL 1ulL 1 uL 1 uL 1uL 1 uL
BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,
29uL | 29 uL 29 uL 29uL | 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29uL | 29 uL 29 uL
HLM, Sucrose | HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM, HLM,
5uL , 5uL 5uL 5uL 5puL 5uL SuL 5uL 5uL 5uL 5uL 5uL
KPOg, 5 puL KPOq, KPOg, KPOq, KPOq, KPOy, KPOg, KPOq, KPOq, KPOg, KPOq, KPOq,
25uL KPOq, 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL
NADP 25uL NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP
H NADP H H H H H H H H H H H
H
D 1 pL 1puL 1uL 1 uL 1puL 1uL 1 uL 1 pL 1uL 1 pL
(Back- BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,
ground) 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL 29 uL
Sucrose | Sucrose | Sucrose | Sucrose | Sucrose | Sucrose | Sucrose | Sucrose | Sucrose | Sucrose
5uL 5uL S5uL 5uL 5uL S5uL 5uL 5uL S5uL 5uL
KPQOs, KPOs, KPOys, KPQOs, KPOs, KPOys, KPOqs, KPQOyg, KPOys, KPOy,
25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL 25uL
NADP NADP NADP NADP NADP NADP NADP NADP NADP NADP
H H H H H H H H H H
Final 1 pL S uM 5 uM S5 uM S5 uM S5 uM .5 uM S5 uM S5 uM 5 uM S5 uM S uM S5 uM
Concentrati BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC, BFC,
ons 29 uL 72.5 72.5 72.5 72.5 725 72.5 72.5 725 72.5 72.5 725 72.5
HLM, mM mM mM mM mM mM mM mM mM mM mM mM
5uL sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose, | sucrose,
KPOg, 45mM, | 45mM, | 45 mM, | 45mM, | 45mM, | 45mM, | 45mM, | 45mM, | 45 mM, | 45 mM, | 45 mM, | 45 mM,
25ul KPOq, KPOq, KPOg, KPOq, KPOq, KPOy, KPOg, KPOq, KPOq, KPOg, KPOq, KPOq,
NADP imM 1mM 1mM imM 1mM 1mM 1mM imM 1mM 30.5 61.1 1mM
H, NADP NADP NADP NADP NADP NADP NADP NADP NADP uM Tea | uM Tea | NADP
0.094 H H H H H H H H H Artemis | Artemis | H,
uM 0.00007 | 0.00076 | 0.00763 | 0.0763u | 0.763pn 7.63 15.3 inin inin 122 uM
Keto 6uM UM Tea | uM Tea | M Tea M Tea uM Tea | uM Tea Tea
Tea Artemis | Artemis | Artemis | Artemis | Artemis | Artemis Artemis
Artemis | inin inin inin inin inin inin inin
inin

47




