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The effects of eight oral anti-coronavirus drugs (lopinavir, ritonavir, chloroquine, darunavir, ribavirin, arbidol,
favipiravir, oseltamivir) on the metabolism of four specific glycosides (polydatin, geniposide, quercitrin, glycyr-
rhizin) and on the activities of three major glycosidases (B-glucosidase, a-rhamnosidase, 3-glucuronidase) from
gut microflora were explored in vitro and determined by LC-MS/MS. The metabolism of polydatin, geniposide,
quercitrin and glycyrrhizin was significantly inhibited by one or several anti-coronavirus drugs of 100 uM around
1 hand 4 h (P<0.05), among which darunavir could strongly reduce the production of genipin (70.6% reduction),
quercitin (80.6% reduction) and glycyrrhetinic acid (37.9% reduction), which may cause a high risk of herb-drug
interactions (HDI). Additionally, chloroquine reduced the production of genipin and quercitin by more than 75%
(P<0.05), whereas arbidol had no significant influence on the metabolism of polydatin, quercitrin and glycyr-
rhizin (P>0.05) so that its risk may be lower. The inhibition of darunavir on B-glucosidase was relatively strong
(IC,, = 193+23 pM), and the inhibition became weaker on B-glucuronidase and a-rhamnosidase (IC,>500
pM). The consistency between gut microflora and glycosidase system indicated that the inhibition of darunavir
on the activity of B-glucosidase and B-glucuronidase may be the main reason for affecting the metabolism of
geniposide, glycyrrhizin and polydatin in gut microflora. However, for the inhibition of darunavir and chloroquine
on the metabolism of quercetrin, there was no correlation between gut microflora and a-rhamnosidase system.
Assessing the risk of HDI mediated by glycosidases in gut microflora may be conducive to the safety and

efficacy of combining traditional herbal and Western medicine for the treatment of patients with Covid-19.

1. Introduction

Integrating the information in the treatment guidelines issued by
the National Health Commission of P.R. China and the National
Institutes of Health of the United States and the latest reports, oral
anti-coronavirus drugs lopinavir, ritonavir, chloroquine, darunavir,
ribavirin, arbidol, favipiravir and oseltamivir showed inhibition
effects on the replication or invasion of SARS-CoV-2 in vitro. Most
of these drugs are enzymes inhibitors (Cai et al. 2020; National
Health Commission of China, 2020; National Institutes of Health
of the United States, 2020; Vafaei et al. 2020). Clinically, the
World Health Organization (WHO) and the U.S. Food and Drug
Administration (FDA) state that, though there are several ongoing
clinical trials of both western and traditional medicines, no medi-
cines have been shown to prevent or cure COVID-19 (FDA, 2020;
WHO, 2020).

In China, traditional medicines such as “AnGongNiuHuangWan”,
“LianHuaQingWenJiaoNang” and “HuoXiangZhengQiJiaoNang”
are containing a large number of glycosides, including polydatin,
geniposide, quercitrin and glycyrrhizin. These traditional medi-
cines were recommended by the National Health Commission of
China since they exhibited anti-coronavirus activity in vitro (Li et
al. 2020), and immunomodulatory, antipyretic activities or relieved
respiratory symptoms in patients with COVID-19 (National Health
Commission of China, 2020; Teng et al. 2020). Combination of
traditional Chinese and Western medicine in the treatment of
COVID-19 has improved the cure rate and reduced the mortality
rate in some hospitals, suggesting that the combination may be
feasible for COVID-19 (Teng et al. 2020). But the combination
may come with risks of herb-drug interaction (HDI). The report of
treatment-related adverse effects of COVID-19 indicated that the
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adverse effects of the combination mainly occurred in the gastro-
intestinal tract leading to diarrhea, which did not appear or was
milder when taking a single drug (Liu et al. 2020). So the efficacy
and safety of the combination needed to be evaluated.

Research shows that HDI is related to gut microflora (Li et al.
2009). About 70% of the oral drugs are metabolized or activated by
gut microflora after encountering commensal microorganisms in
the small and large intestine (Zimmermann et al. 2019). Generally,
the bioavailability of glycosides in traditional Chinese medicine
is low and glycosides are stable in hepatic enzymes (Li et al.
2008). However, glycosides could be hydrolyzed by glycosidase
from gut probiotic microflora to produce more pharmacologically
active and absorbable aglycones (Li et al. 2009). When traditional
Chinese and Western medicines are used in combination, some
oral Western medicines may reach a high concentration (>1 mM)
in the gastrointestinal tract, which could change the composi-
tion and number of gut microbiota (such as antibiotics), thereby
affecting the metabolism and activation of traditional Chinese
medicine, even leading to the accumulation of toxic products and
induce adverse effects (Maier et al. 2018). Essentially, metabolism
changes are due to enzyme changes in gut microflora. If Western
medicines will directly change the activity of enzymes in gut
microflora, this may lead to rapid alteration of metabolism and
a high risk of HDI. However, the role of most Western medicines
on the metabolism enzymes in gut microflora remains unknown.
Therefore, the effects of eight oral anti-coronavirus drugs
(lopinavir, ritonavir, chloroquine, darunavir, ribavirin, arbidol,
favipiravir, oseltamivir) on the metabolism of four glycosides
(polydatin, geniposide, quercitrin, glycyrrhizin) and on the activ-
ities of three major glycosidases (B-glucosidase, a-rhamnosidase,
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Fig. 1: Metabolic reactions of four specific substrates, their enzymes and corresponding metabolites. (Glu, glucose; Rha, rhamnose; GLA,
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-glucuronidase) from gut microflora will be explored in vitro
metabolic system and determined by LC-MS/MS (Fig. 1). It is the
first time to evaluate the risk of HDI mediated by glycosidases in
gut microflora, which may be conducive to the safety and efficacy
of integrating traditional Chinese and Western medicine.

2. Investigations and results

2.1. Establishment of analysis method

The developed method was successfully applied to simultaneously
detect the four glycosides and four aglycones in human gut micro-
flora or enzyme buffer. The standard curve and quality control
(QC) in each analytical batch were within the acceptance criteria.
Selectivity is shown in Fig. 2. No interference was found. The
calibration curve of four glycosides and four aglycones was linear
giving a correlation coefficient (r?) >0.99.

2.2. Invitro inhibitory effects of anti-coronavirus drugs
on glycosides metabolism in human gut microflora

The concentration of aglycones in the negative control group
was taken as 100% to normalize the concentration of aglycones
in the anti-coronavirus drugs groups. Since polydatin, geniposide
and quercitrin were rapidly metabolized in human gut microflora,
metabolism samples taken at 1 h and 4 h were used to evaluate the
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inhibitory effects on them. Glycyrrhizin was eliminated relatively
slowly, thus metabolism samples at 4 h and 10 h were used.

The results in Fig. 3A show that resveratrol, the metabolite of
polydatin, was significantly reduced at 1 h in the presence of
ribavirin, lopinavir and castanospermine (P<0.05), whereas there
was no decline with darunavir. Similarly, genipin was significantly
decreased at 1 h under the inhibition of eight anti-coronavirus drugs
(P<0.05), especially 100 uM chloroquine reduced the production
of genipin by more than 80%. Significant reductions were also
observed in quercetin at 1 h except for the arbidol and ribavirin
group, while chloroquine and darunavir could reduce quercetin
production by more than 70% (P<0.05). For glycyrrhetinic acid
at 4 h, the metabolism was slightly activated by ribavirin, and it
was significantly inhibited by darunavir (37.9% reduction) and the
positive inhibitor amoxapine (P<0.05).

The results in Fig. 3B showed that a few incubation hours later,
the inhibitory effects of anti-coronavirus drugs on the production
of genipin, quercetin and glycyrrhetinic acid were still sustained.
However, there was no significant difference between control and
treatments for resveratrol at 4 h, which suggested that the inhibi-
tion was reversible and the metabolism could gradually return to
normal.

Comparing different anti-coronavirus drugs, it was found that
darunavir showed a relatively strong inhibition on the metabolism
of the three substrates (geniposide, quercitrin and glycyrrhizin),
which may have a higher risk of HDI, affecting the activation and
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Fig. 2: The total ion chromatography (TIC) of four glycosides, four aglycones and IS apigenin in MRM mode for the blank human gut
microflora solution (A) and the metabolism sample at 1 hour in gut microflora (B).

efficacy of glycosidic traditional Chinese medicines. Chloroquine
also displayed strong inhibition on the metabolism of geniposide
and quercitrin. Whereas arbidol had no significant influence on the
metabolism of polydatin, quercitrin and glycyrrhizin (P>0.05) so
its risk may be lower. Therefore, whether darunavir or chloroquine
can inhibit the metabolism by glycosidase inhibition was explored
in the next step.

2.3. In vitro enzyme activity inhibition of bacterial
p-glucosidase, a-rhamnosidase and f-glucuronidase by
darunavir or chloroquine

Under the same concentration of 100 uM substrates, similar
concentration range of darunavir and similar metabolic rate as the
gut microflora experiment, the enzyme activity inhibition assay
was performed. The concentration of aglycones at 0 uM darunavir
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or chloroquine was taken as 100% to normalize the concentration
of aglycones in the other groups. The relative concentration of
aglycones represented the relative activity of glycosidase.

Fig. 4A shows that the inhibition was more significant in the
genipin group (P<0.05) than in the resveratrol group for darunavir,
though both resveratrol and genipin are markers for -glucosidase
activity. The production of quercitin indicated that darunavir had
no inhibition effect on o-rhamnosidase. And B-glucuronidase
was only weakly inhibited by darunavir. In Fig. 4B, chloroquine
showed a weak inhibitory effect on -glucosidase and no inhibition
on o-rhamnosidase.

Since B-glucosidase was strongly inhibited by darunavir in geni-
poside metabolism, its ICSO value was determined to be 193+23
pM. The inhibition curve is presented in Fig. 5. The IC, values
of darunavir on o-rhamnosidase and pB-glucuronidase were greater
than 500 pM.
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3. Discussion

This method has successfully determined the eight compounds
simultaneously and applied to the metabolism study of four glyco-
sides in human gut microflora. The four “specific substrates” were
selected as markers depending on their specific glycosyl groups.
Both the gut microflora system and enzyme system were used
to explore the inhibition of anti-coronavirus drugs on glycoside
metabolism and glycosidases under similar conditions, such as
the same substrate concentration of 100 uM, the same inhibitor
concentration range from 50 uM to 500 uM, and similar metabolic
rate (which means similar enzyme concentration) (Zimmermann
et al. 2019).

Clinically, the oral dose of darunavir is 600 mg/tablet, and its esti-
mated intestine concentration is about 330 uM (Arab-Alameddine
et al. 2014; Maier et al. 2018). In human gut microflora, 100 pM
darunavir could significantly inhibit the metabolism of geniposide,
glycyrrhizin and polydatin which may induce inflammation or
damage if the glycosides accumulate in the intestine, suggesting
that oral high-dose darunavir may bring high risk of HDI (Xu and
Li 2012; Wang et al. 2013). After further investigating the enzyme
activity, it was observed that the inhibition effects of darunavir
on the three glycosides were successively weakened (geniposide
> glycyrrhizin > polydatin), which showed consistency between
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the gut microflora system and the enzyme system, indicating that
the change in B-glucosidase and B-glucuronidase activity may be
the main factor affecting the metabolism of the three glycosides.
It should be noted that, although both geniposide and polydatin
are substrates of B-glucosidase, they reflected different levels of
inhibition on B-glucosidase by darunavir. Probably due to the
different metabolic binding sites of geniposide and polydatin on
B-glucosidase, darunavir mainly blocked the combination of geni-
poside and B-glucosidase resulting in stronger inhibition (Dopitova
et al. 2008).

However, darunavir showed huge differences on the inhibition of
quercitrin metabolism between the gut microflora system and the
enzyme system. The inhibition was strong in the gut microflora
system while almost no inhibition on o-rhamnosidase activity.
It has been tested that darunavir has antibacterial and antifungal
activities in the digestive tract, suggesting that darunavir may
destroy certain microorganisms containing o-rhamnosidase and
indirectly reduce the amount of a-rhamnosidase (Brilhante et al.
2020).

Interestingly, although it is reported that chloroquine did not show
inhibitory effects on the growth of 40 major human gut bacterial
strains at the estimated intestine concentration of 96 puM, it was
observed that 100 uM chloroquine strongly inhibited the metabo-
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lism of geniposide and quercetrin in human gut microflora, which
may result in high risk of diarrhea or hepatotoxicity if geniposide
or quercetrin accumulates in the intestine (Maier et al. 2018; Xu
and Li 2012; Wang et al. 2013). After investigation on enzymes
activity, chloroquine did not show significant inhibition on the
activities of B-glucosidase or o-rhamnosidase (IC,>500 uM).

100% 1
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0% T T T
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Fig. 5: Inhibition curve of darunavir on the activity of B-glucosidase in geniposide
metabolism (n=3).
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Since B-glucosidase is a secreted extracellular enzyme, a-rhamno-
sidase is a membrane-bound enzyme, and chloroquine could influ-
ence the membrane permeability in yeast cells, we hypothesized
that chloroquine may obstruct the contact between substrate and
enzyme by affecting the enzyme’s extracellular secretion pathway
or drug transporters (Kotal et al. 1988; Nunoura et al. 2014; Reisky
et al. 2019). Besides, the impact of chloroquine on the expression
of bacterial glycosidases will be studied in the further protein
quantitative analysis in probiotic bacterial strains.

Among the eight drugs, arbidol displayed the weakest influence
on the metabolism of glycosides, which was likely to associate
with the lower incidence of adverse reaction for combined use of
arbidol than chloroquine or lopinavir/ritonavir in clinical (Chen et
al. 2020; Liu et al. 2020; Xue et al. 2020). Considering that the
other seven anti-coronavirus drugs could significantly change the
metabolism of glycosides in gut microflora, it may come with a
high risk of HDI for the patients with COVID-19 who already has
susceptible gut microbiota. Hence, arbidol may be more suitable
for combining with traditional Chinese medicines in patients,
which could reduce the impact on the efficacy and toxicity.
Moreover, it was found that the inhibition effect of anti-corona-
virus drugs on the metabolism of traditional Chinese medicine was
serious at 1 h and 4 h after incubation. It will be further explored
whether proper extension of the interval time between the admin-
istration of Chinese medicine and Western medicine is beneficial
to reduce the risk of HDI.
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In conclusion, our research indicated that eight anti-corona-
virus drugs of 100 uM had a rapid and varying influence on the
metabolism of three different kinds of glycosides respectively,
in particular, significantly inhibited the deglycosylation of
compounds containing glucoside and rhamnoside in vitro human
gut microflora. Glycosidase inhibition experiments revealed that
the inhibition of darunavir on the activity of B-glucosidase and
[-glucuronidase was the main reason for inhibiting the metabolism
of geniposide, glycyrrhizin and polydatin in gut microflora.
Nowadays the Covid-19 epidemic is rebounding around the world.
Regarding darunavir (with high HDI risk), when patients with
Covid-19 use traditional herbal and anti-coronavirus medicines in
combination, it is necessary to adjust the interval time to avoid
alteration of efficacy and toxicity, so as to prevent/mitigate adverse
effects. Another way may be choosing alternative drugs with the
same indications and less impact on gut microflora, like arbidol.

4. Experimental

4.1. Chemicals and reagents

<exp>The standards (purity>99%) of glycosides (polydatin, geniposide, quercitrin,
glycyrrhizin), aglycones (resveratrol, genipin, quercetin, glycyrrhetinic acid) and
apigenin (internal standard, IS) were obtained from Chengdu Pufei De Biotech Co.,
Ltd (Chengdu, China). Lopinavir, ritonavir, chloroquine, oseltamivir, darunavir,
ribavirin, favipiravir, arbidol, castanospermine (inhibitor of B-glucosidase) and
amoxapine (inhibitor of B-glucuronidase) were purchased from Aladdin Biochemical
Technology Co., Ltd (Shanghai, China) and their purity was more than 99% (Ahmad
et al. 2012; Taylor et al. 1994). B-Glucosidase (EC No. 3.2.1.21, from Agrobacterium
sp.) and o-rhamnosidase (EC No. 3.2.1.40, from prokaryote) were bought from Mega-
zyme International Ireland Ltd (Ireland). B-Glucuronidase (EC No. 3.2.1.31, from
Escherichia coli) was purchased from Sigma-Aldrich (St. Louis, MO, USA). Brain
Heart Infusion (BHI) Broth was purchased from Qingdao Hope Bio-technology Co.,
Ltd. HPLC grade methanol and acetonitrile were obtained from Merck (Darmstadt,
Germany). The other reagents were of analytical grade. The distilled water was puri-
fied by a Milli Q water purification system from Millipore Corporation (MA, USA).

4.2. Instrumentation and LC-MS/MS method

The LC-MS/MS analysis was performed using a Shiseido Nanospace 1312 HPLC
system coupled with an AB Sciex 4000 Q Trap™. Data acquisition and quantification
were conducted using Analyst 1.6 (AB Sciex, USA).

The four glycosides and four aglycones were simultaneously analyzed using a Welch
XB-C,; column (2.1x50 mm, 3.0 um, Lot number: 1101.23) at ambient temperature
with a flow rate of 0.4 mL/min. The mobile phase A was composed of methanol and
water at ratio of 5:95, v/v, and phase B, methanol and water (95:5, v/v). Both phases
contained 0.1% formic acid. In the LC gradient profile, the mobile phase B was 10%
(v/v) for 0.3 min and linearly increased to 100% from 0.3 to 3.0 min, it was held at
100% from 3.0 to 4.5 min, and it was then brought back to 10% at 4.6 min. The entire
running time was 7.0 min. The retention times of polydatin, resveratrol, geniposide,
genipin, quercitrin, quercetin, glycyrrhizin, glycyrrhetinic acid, and apigenin (IS) are
shown in the Table.

MS/MS conditions were optimized as follows: source temperature, 550 °C; ion spray
voltage, -4500 V; curtain gas, 30 psi; nebulizing gas, 55 psi; turbo ion spray gas,
50 psi; and collision gas, medium. The ion pairs, declustering potential (DP) and
collision energy (CE) for the glycosides and aglycones in negative multiple reaction
monitoring (MRM) are presented in the Table.

Table: Ion pairs, declustering potential (DP), collision energy (CE) and
retention times for each analyte

Analyte Ton pair (m/z) Declustering  Collision energy  Retention time
potential (V) (eV) (min)
Polydatin 389.0—227.0 -100 -20 2.77
Resveratrol 227.0—143.0 -110 -25 3.08
Geniposide ~ 387.0—225.0 -60 -14 2.61
Genipin 225.0—123.0 -60 -20 2.81
Quercitrin 447.0—-301.0 -100 -20 3.15
Quercetin 301.0—151.0 -100 -30 3.35
Glycyrrhizin -~ 821.4—351.0 -110 -65 4.05
Glycyrrhetinic  469.4—355.0 -100 -50 4.58

acid

Apigenin (IS)  269.0—-117.0 -100 -25 3.57

4.3. Preparation of calibration samples

Stock solutions of the glycosides, aglycones, anti-coronavirus drugs and IS were
prepared using dimethyl sulfoxide (DMSO). The working solutions containing eight
compounds were serially diluted in methanol to obtain concentrations from 1 pM to
1,000 uM for glycosides and from 0.1 uM to 100 uM for aglycones. Standard curve
and quality control (QC) samples in gut microflora solution or enzyme buffer were
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prepared with blank gut microflora solution or enzyme buffer, respectively. The final
concentrations were 0.1, 0.2, 0.4, 2, 8, 40, 80 and 100 uM for glycosides and 0.01,
0.02,0.04,0.2,0.8, 4, 8 and 10 uM for aglycones after mixing with the blank matrices.
QC samples were at the concentrations of 0.2, 2 and 80 uM for glycosides and 0.02,
0.2 and 8 uM for aglycones. All working solutions, stock solutions, standard curve
and QC samples were stored at 4 °C.

4.4. Sample preparation

An aliquot of gut microflora solution or enzyme buffer (50 uL), with 5 uL. methanol
or working solutions, were added to a 2 mL centrifuge tube and vortex-mixed. An
amount of 450 uL ice-cool acetonitrile with IS (1 pg/mL) was immediately added to
the mixture and vortex. The mixture was ultrasonicated for 1 min. After centrifugation
at 14,000 g for 30 min at 4°C, 5 uL supernatant of each sample was injected into the
LC-MS/MS system for analysis.

4.5. Preparation of human gut microflora solution

Fresh human fecal samples (2 g in total) were obtained from six healthy Chinese
volunteers (29-37 years, three males and three females) from Guangzhou Red
Cross Hospital (Guangzhou, China) according to a protocol approved by the Ethics
Committee of Guangzhou Red Cross Hospital (approval number 2020-176-01). They
were pooled and mixed with 20 mL sterile phosphate buffer (0.1 M, pH 7.4) in a
sterile centrifuge tube. The mixture was centrifuged at 200xg and 4 °C for 10 min,
and then the resulting supernatant was collected and centrifuged at 5000xg at 4 °C
for 10 min. The obtained precipitate was resuspended in 40 mL of sterile Brain Heart
Infusion (BHI) Broth (pH 7.4) to produce the human gut microflora solution (Lee et
al. 2009).

4.6. In vitro inhibitory effects of anti-coronavirus drugs on glycosides
metabolism in human gut microflora

To evaluate the inhibitory effects of anti-coronavirus drugs on glycosides metabolism,
four glycosides with specific monosaccharide were used to indicate the influence on
different enzymes (Fig. 1). The stock solutions of polydatin, geniposide, quercitrin
and glycyrrhizin were mixed equally to produce the substrate solution (10 mM). A
final concentration of 100 uM for the eight anti-coronavirus drugs or positive control
(castanospermine or amoxapine) were mixed with the above human gut microflora
solution respectively, and then pre-incubated at 37 °C for 5 min. DMSO was also
mixed with the human gut microflora solution and used as negative control. The
substrate solution was added into the pre-incubation solution to initiate the reaction
(final concentration 100 pM for each glycoside). The reaction was anaerobically incu-
bated at 37 °C in triplicate. At incubating time 0, 1, 4 and 10 h, 50 pL of the incubation
solution were respectively transferred into 450 pL ice-cool acetonitrile (with IS) to
stop the reaction. The resulting solutions were prepared according to the section ‘4.4
sample preparation’ to quantified glycosides and their aglycones by LC-MS/MS. The
effect of anti-coronavirus drugs on glycosides metabolism was assessed by comparing
with the negative control using their aglycones as markers.

4.7. In vitro enzyme activity inhibition assay of bacterial f-glucosidase,
a-rhamnosidase and f-glucuronidase by darunavir

Since darunavir showed significantly inhibition on geniposide, quercitrin and glycyr-
rhizin metabolism in human gut microflora, darunavir was selected for further enzyme
activity inhibition assay. Polydatin and geniposide was used as probe substrates in
B-glucosidase assay, while quercitrin was used in o-rhamnosidase assay, and glycyr-
rhizin was used in B-glucuronidase assay, respectively. Initial linear reaction time was
investigated by metabolic stability experiments for the 4 probe substrates (Fig. 6).
Each enzyme activity inhibition assay was conducted in the presence of 100 uM probe
substrate, corresponding enzyme and positive inhibitor/darunavir in phosphate buffer
(0.1 M, pH 7.4) anaerobically incubated at 37 °C in triplicate. The final concentrations
of darunavir were O uM (control), 50 uM, 200 uM and 500 uM. The positive inhibitors
were 100 uM castanospermine or 100 uM amoxapine. The enzyme concentrations
were set to 12 pg/mL for B-glucosidase, a-rhamnosidase and B-glucuronidase, based

100%

te~. —— Polydatin
~<lTk

= <@ —® Geniposide
50%
++<A** Quercitrin
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=% - Glycyrrhizin

Percentage of remaining
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Fig. 6: Metabolic stability of 100 uM different glycosides in different glycosidase
systems. (n=3)
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on the depletion rate of substrates. In each assay, the probe substrate and inhibitor
were mixed and pre-incubated for 5 min, and then the enzyme was added to start the
reaction. After reaction for 20 min, 50 uL of the incubation solution were transferred
into 450 pL ice-cool acetonitrile (with IS) to stop the reaction. The resulting solutions
were prepared according to the section ‘4.4 sample preparation’ to quantified glyco-
sides and their aglycones by LC-MS/MS. Metabolites resveratrol and genipin were
chosen as markers for B-glucosidase activity. Quercetin was chosen as markers for
a-rhamnosidase activity. Glycyrrhetinic acid was chosen as markers for -glucuroni-
dase activity. The remaining activity after inhibition was assessed by comparing with
the O uM (control) which served as 100%.

For the enzymes that strongly inhibited by darunavir, IC, value (concentration of
inhibitor to cause 50% inhibition of original enzymes activity) was determined. The
serial concentrations of darunavir were O uM (control), 10 uM, 50 uM, 200 uM, 500
uM and 2000 puM in triplicate. Other reaction conditions were the same as mentioned
above. The IC, value was calculated by SPSS Statistics 22.0 (Chicago, USA) with
Probit-Logit regression analysis.

4.8. Statistical analysis

Statistical analyses were performed with SPSS Statistics 22.0 (Chicago, USA). Differ-
ences of the remaining activity of B-glucosidase, a-rhamnosidase or p-glucuronidase
between inhibition groups and negative control were compared using two-tailed t-test,
respectively. P value of less than 0.05 was considered statistically significant.

Acknowledgement: This work was supported by Guangzhou Science and technology
project of traditional Chinese medicine and integration of traditional Chinese and
Western Medicine (grant numbers: 20192A010009, 20202A011011); Guangzhou
Health Technology General Guidance Project (grant numbers: 20171A011252;
20191A011018); Guangdong traditional Chinese medicine Project (grant numbers:
20171207).\

Conflicts of interest: none declared.

References

Ahmad S, Hughes MA, Yeh LA, Scott JE (2012) Potential repurposing of known drugs
as potent bacterial beta-glucuronidase inhibitors. J Biomol Screen 17: 957-965.
Arab-Alameddine M, Lubomirov R, Fayet-Mello A, Aouri M, Rotger M, Buclin T,
Widmer N, Gatri M (2014) Population pharmacokinetic modelling and evaluation
of different dosage regimens for darunavir and ritonavir in HIV-infected individ-

uals. J Antimicrob Chemother 69: 2489-2498.

Brilhante R, Silva J, Araujo G, Pereira VS, Gotay W, Oliveira JS, Guedes G, Perei-
ra-Neto WA, Castelo-Branco D, Cordeiro RA, Sidrim J, Rocha M (2020) Darunavir
inhibits Cryptococcus neoformans/Cryptococcus gattii species complex growth
and increases the susceptibility of biofilms to antifungal drugs. J Med Microbiol
69: 830-837.

Cai Q, Yang M, Liu D, Chen J, Liu L (2020) Experimental treatment with favipiravir
for COVID-19: an open-label control study. Engineering-PRC 6: 1192—1198.

Chen X, Wen H, Shi F (2020) A case report of combined traditional Chinese and
western medicine for pneumonia caused by new coronavirus infection. Hunan J
Trad Chin Med 36: 90-92.

Dopitova R, Mazura P, Janda LR, Chaloupkova R, Bek PJ, Damborsky J, Filipi TS,
Kiran NS, Brzobohaty B (2008) Functional analysis of the aglycone-binding site
of the maize b-glucosidase Zm-p60.1. FEBS J 275: 6123-6135.

Kotal P, Kotyk A, Jirsa M, Kordac V (1988) Effect of chloroquine on membrane
permeability in yeast--release of cellular coproporphyrin. Int J Biochem 20:
539-542.

Pharmazie 76 (2021)

Li H, Zhou M, Zhao A, Jia W (2009) Traditional Chinese medicine: balancing the gut
ecosystem. Phytother Res 23: 1332-1335.

Li R, Hou YL, Huang JC, Pan WQ, Ma QH, Shi YX, Li CF, Zhao J, Jia ZH, Jiang
HM, Zheng K, Huang SX, Dai J, Li XB, Hou XT, Wang L, Zhong NS, Yang ZF
(2020) Lianhuagingwen exerts anti-viral and anti-inflammatory activity against
novel coronavirus (SARS-CoV-2). Pharmacol Res 156: 104761.

Li YM, Li XM, Zhu Z (2008) Advances in biotransformation of glycosides from
Chinese medicinal by human intestinal bacteria. World Chinese J Digestology 16:
2144-2148.

Liu L, Zheng Y, Yang J, Lv J, Fan C (2020) Clinical observation on 13 novel coro-
navirus pneumonia cases treated with integrated traditional Chinese and Western
Medicine. Zhejiang J Integr Tradit West Med 30: 349-351.

Maier L, Pruteanu M, Kuhn M, Zeller G, Telzerow A, Anderson EE, Brochado AR,
Fernandez KC, Dose H, Mori H, Patil KR, Bork P, Typas A (2018) Extensive
impact of non-antibiotic drugs on human gut bacteria. Nature 555: 623-628.

National Health Commission of P.R. China (2020) Coronavirus Disease 2019
(COVID-19) Diagnosis and Treatment Guidelines (Version 7). http://www.nhc.
gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e694
5832a438eaae415350a8ce964 (accessed 4 March 2020).

National Institutes of Health of the United States (2020) Coronavirus Disease 2019
(COVID-19) Treatment Guidelines. https:/files.covidl9treatmentguidelines.nih.
gov/guidelines/covid19treatmentguidelines.pdf. (accessed 19 December 2020).

Nunoura N, Ohdan K, Yano T, Yamamoto K, Kumagai H (2014) Purification and
Characterization of B-DGlucosidase (B-D-Fucosidase) from Bifidobacterium breve
clb Acclimated to Cellobiose. Biosci Biotech Biochem 60: 188-193.

Reisky L, Prechoux A, Zuhlke MK, Baumgen M, Robb CS, Gerlach N, Roret T,
Stanetty C, Larocque R, Michel G, Song T, Markert S, Unfried F, Mihovilovic
MD, Trautwein-Schult A, Becher D, Schweder T, Bornscheuer UT, Hehemann JH
(2019) A marine bacterial enzymatic cascade degrades the algal polysaccharide
ulvan. Nature Chem Biol 15: 803-812.

Taylor DL, Kang MS, Brennan TM, Bridges CG, Sunkara PS, Tyms AS (1994) Inhi-
bition of alpha-glucosidase I of the glycoprotein-processing enzymes by 6-O-bu-
tanoyl castanospermine (MDL 28,574) and its consequences in human immuno-
deficiency virus-infected T cells. Antimicrob Agents Chemother 38: 1780-1787.

Teng J, Jiang Y, Chai X, Wang Q, Liu Y, Wang Y, Zhao Y, Zhang Y (2020) Research
Progress of COVID-19 Treated with Integration of Chinese and Western Medicine.
China J Chin Med 35: 720-725.

U.S. Food and Drug Administration (2020) FDA Combating Covid-19 with therapeu-
tics. https://www.fda.gov/media/136832/download. (accessed 2 December 2020).

Vafaei S, Razmi M, Mansoori M, Asadi-Lari M, Madjd Z (2020) Spotlight of remde-
sivir in comparison with ribavirin, favipiravir, oseltamivir and umifenovir in coro-
navirus disease 2019 (COVID-19) pandemic. Available at SSRN: https://ssrn.com/
abstract=3569866

Wang ZY, Zhang HY, Yang M, Gao LT, Lu Q, Song W, Liu H, Wang JM (2013)
Preliminary studies on liver toxicity of gardenoside with four different pathways
of administration. Prog Mod Biomed 13: 824-827.

World Health Organization (2020) Q&A on coronaviruses (COVID-19). https://www.
who.int/zh/emergencies/diseases/novel-coronavirus-2019/question-and-answers-
hub/g-a-detail/q-a-coronaviruses. (accessed 12 October 2020).

Xu XY, Li GD (2012) Diarrhea caused by compound glycyrrhizin tablets: a case
report. Pharm J Chin PLA 28: 178.

Xue R, Pan C, Li G, Yan J, Liu Y, Wang D, Zhang D (2020) Clinical characteristics
of novel coronavirus pneumonia and analysis of 17 cases of integrated traditional
Chinese and Western Medicine. Chin Remed Clin 20: 2041-2043.

Zimmermann M, Zimmermann-Kogadeeva M, Wegmann R, Goodman AL (2019)
Mapping human microbiome drug metabolism by gut bacteria and their genes.
Nature 570: 462-467.

201



