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Background: Our previous studies in vitro and in vivo have shown anti-severe acute respiratory syndrome coronavirus 2 activity of
fingerroot extract (Boesenbergia rotunda) and its phytochemical panduratin A.

Aim of Study: Therefore, the objective of this study was to determine the pharmacokinetic profiles of panduratin A, as a pure
compound and in fingerroot extract, in rats.

Materials and Methods: Male rats were randomly divided into four groups. Rats underwent intravenous administration of 4.5 mg/kg
panduratin A, a single oral administration of 45 mg/kg panduratin A, or a multiple oral administration of 45 mg/kg panduratin
A-consisted fingerroot extract for 7 consecutive days. The concentrations of panduratin A in plasma, tissues, and excreta were
measured by using LCMS with a validated method.

Results: The rats showed no change in health status after receiving all test preparations. The absolute oral bioavailability of
panduratin A administered as pure panduratin A and fingerroot extract were approximately 9% and 6%, respectively. The peak
concentrations for the single oral doses of 45 mg/kg panduratin A and fingerroot extract, were 4833 + 659 and 3269 + 819 pg/L,
respectively. Panduratin A was mostly distributed in gastrointestinal organs, with the highest tissue-to-plasma ratio in the stomach.
Approximately 20-30% of unchanged panduratin A from the administered dose was detected in feces while a negligible amount was
found in urine. The major metabolites of administered panduratin A were identified in feces as oxidation and dioxidation products.
Conclusion: Panduratin A from fingerroot extract showed low oral bioavailability, good tissue distribution, and partially biotrans-
formed before excretion via feces. These findings will assist in developing fingerroot extract as a phytopharmaceutical product for
COVID-19 treatment.
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Introduction

In 2020, the world was faced with the event with the greatest impact in modern history, the outbreak of Coronavirus
disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)."? Even though in
2023 vaccines and medications are available, infection and death are still occurring.”* The utilization of herbal products
has been deemed a viable strategy for confronting the challenges of emerging and re-emerging diseases.”® In our
previous study, the 122 extracts from Thai medicinal plants and their active compounds that were screened for anti-
SARS-CoV-2 activity in Vero E6 cells, fingerroot extract, and its active constituent, panduratin A, demonstrated anti-
SARS-CoV-2 activity with ICsq values of 3.62 pg/mL and 0.81 uM, respectively, compared to that of remdesivir, with an
ICs50 0f 2.71 uM.7 However, fingerroot extract was used rather than pure panduratin A because of the limitations and cost
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of the purification process. We then verified the efficacy of an ethanol extract of fingerroot in SARS-CoV-2-infected
hamsters. Administration of 300-1000 mg/kg/day of ethanolic fingerroot extract for 7 days reduced lung inflammation
and cytokine levels.®

Boesenbergia rotunda (L). Mansf. (Zingiberaceae), or fingerroot is a plant used in local food and traditional medicine
located in Southern China, Southeast Asia, and South Asia.’ Fingerroot has been shown to exhibit antibacterial, anti-
inflammatory, antioxidant, anticancer, and nephroprotective effects.'®'> Fingerroot extract showed activities against
pathogenic bacteria (Listeria monocytogenes, Bacillus cereus, and Staphylococcus aureus) with an MIC value of 0.2—
0.4% (v/v).'"® Moreover, the plasma level of the cytokine interleukin-6 in ulcer rats was reduced by fingerroot.'’
Panduratin A, the major bioactive substance of fingerroot, contains physicochemical properties with the ability to donate
two and accept four hydrogen bonds, and it has a molecular weight of 406.5 g and an XlogP value of 7.08.'® In terms of
efficacy, panduratin A was reported to inhibited HIV-1 protease activity, with ICs, values of 18.7 uM."® Nitric oxide and
prostaglandin E2, which caused inflammation, were inhibited with ICs, values of 0.175 and 0.0195 uM, respectively.'®

Supercritical carbon dioxide (CO,) extraction is a novel option for the extraction process of herbal medicines owing
to its benefit of being clean, safe, reusable, and compatible when compared to the old approach, such as solvent
extraction and distillation.”® Supercritical CO, extraction results in a higher concentration of nonpolar compounds in
the final product, which is compliant with lipophilicity compounds like panduratin A.>' We collaborated with the Chao
Phraya Abhaibhubejhr Hospital Foundation to develop supercritical CO, extraction of fingerroot, which increased the
percentage of panduratin A to 15.0%. Our previous sub-chronic toxicity study showed that the administration of 25—
100 mg/kg/day of fingerroot extract formulation in rats for 90 days showed no evidence of toxicity or mortality.?*
Therefore, a dose of 45 mg/kg/day of panduratin A-consisted fingerroot extract was administered to examine absolute
oral bioavailability, tissue distribution, metabolism, and excretion recovery in rats. In our previous study, healthy dogs
were injected with 1 mg/kg/day of pure panduratin A and fed with 5 and 10 mg/kg/day of panduratin A-consisted
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fingerroot extract formulation that showed acceptable pharmacokinetic parameters and possible metabolic pathways.*?
Other research groups have reported pharmacokinetic studies of panduratin A in fingerroot extract using ethanolic
extraction with 5-10% w/w in animal models.** However, there is a lack of information comparing oral administration of
pure panduratin A and panduratin A-consisted fingerroot extract. Due to a limited supply of pure panduratin A, we could
not experiment with dogs. Therefore, small animals such as rats were selected for this study. We experimented using
supercritical CO, extraction of fingerroot extract with a concentration of 15% w/w panduratin A. The tissue distribution
study of panduratin A-consisted fingerroot extract was conducted in rats for 7 consecutive days. All major tissues related
to COVID-19 infection, such as lungs, heart, and brain, were collected to determine panduratin A level. The extract of
fingerroot that has been enriched can potentially lower the required dosage, minimize adverse effects of water-soluble
minor components, enhancing patient compliance. With the potential for enriched fingerroot extract, this medicinal plant
could be developed as a complementary or alternative medicine for COVID-19 treatment. Obtaining pharmacokinetic
profile data is a crucial step towards advancing phytopharmaceutical development.

Materials and Methods

Chemicals and Materials

Supercritical CO, extraction of 15.0% w/w panduratin A-consisted fingerroot, as determined by liquid chromatography-
tandem mass spectrometry (LCMS) analysis, and production of panduratin A (purity >93.6%) was performed by the
Chao Phraya Abhaibhubejhr Hospital Foundation, Thailand (Figure 1). Dimethyl sulfoxide was purchased from Merck,
Germany. Panduratin A standard reference with >98% purity was purchased from Biosynth Carbosynth, UK.
A glycyrrhizin standard reference with >90% purity was purchased from Wako Pure Chemical Industries, Japan.
Aerrane (Isoflurane USP), was purchased from Baxter Healthcare Corporation, USA.

Supercritical CO, Extraction of Fingerroot

Dried powder of fingerroot rhizome with moisture less than 3.5% w/w was extracted by supercritical carbon dioxide
extraction. The extraction was conducted using a supercritical fluid extractor under optimal extraction conditions in the
industrial process, which the Chao Phraya Abhaibhubejhr Hospital Foundation carried out. A yellow extract with an
approximate extraction yield of 5% w/w was collected, and stored at 4°C until analysis.

Animals

Male Wistar rats aged 812 weeks and weighing approximately 400 g were obtained from the Chulalongkorn University
Laboratory Animal Center (CULAC), Chulalongkorn University. The rats were housed in a controlled environment with
a temperature of 20-24°C, relative humidity of 30-70%, and a 12:12 h light/dark cycle. Food and water were available
ad libitum. The rats were fasted 12 h before the experiment and had free access to water. After administration of the test
substances, the rats were placed in metabolic cages until 72 h post-administration. All animal experiments were approved
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Figure | The physical appearance of (A) the fingerroot rhizome, (B) supercritical CO, fingerroot extract, and (C) panduratin A chemical structure.
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by the Institutional Animal Care and Use Committee of the CULAC, Chulalongkorn University, Bangkok, Thailand
(Protocol number 2173003, Approval date: March 12, 2021). The experiments were conducted under the guidelines for

the Care and Use of Laboratory Animals and were conducted in compliance with the ARRIVE guidelines.?~°

Pharmacokinetic Experiments

Rats were randomly divided into four groups (n=5 per group). For intravenous injections, single doses of 4.5 mg/kg pure
panduratin A solution in 50% dimethyl sulfoxide were freshly prepared and then injected via the lateral tail vein of the
rats. For oral administration, single doses of 45 mg/kg pure panduratin A or 45 mg/kg panduratin A-consisted fingerroot
extract were fed to rats once, except for the group that received multiple doses of 45 mg/kg panduratin A-consisted
fingerroot extract, which was fed once daily for 7 consecutive days to investigate panduratin A accumulation. The stock
solutions of panduratin A for injection and oral administration were prepared using 50% DMSO to achieve the final
concentration of 9 and 45 mg/mL, respectively. Before blood collection, rats were induced into the anesthetic state using
a small animal anesthesia machine (Model R500IP; RWD Life Science, China). Rats were put in an induction chamber
with 2-3% isoflurane vaporized by 1.0 L/min of oxygen and then transferred to a table while keeping light anesthesia by
1.0% isoflurane through a facial mask. A pre-heparinized syringe was used to collect 300 uL of blood sample from the
lateral tail vein on day 1 at O (pre-dose), 0.08, 0.25, 0.5, 1, 2, 4, 8, 24, 48, and 72 h and on day 7 at O (pre-dose), 0.08,
0.25, 0.5, 1, 2, 4, 8, 24, 48, as well as 72 h after test substance administration. The blood samples were centrifuged at
5000 g for 10 min at 4°C to collect plasma, which was then stored at —20°C until analysis. Urine and fecal samples were
collected in metabolic cages 0—24 and 24-72 h after the administration of test substances. To verify the health status of
the rats before and after administration, blood samples were collected at 0 and 24 h after administration of test substances
and sent to the Small Animal Hospital, Faculty of Veterinary Science, Chulalongkorn University for blood tests to
determine creatinine, alanine transaminase (ALT), and aspartate transaminase (AST) with normal range 0.2-0.7 mg/dL,
13-56 U/L, and 34-109 U/L, respectively.*’

Tissue Distribution Experiments

To investigate the tissue distribution of panduratin A, a total of 16 rats were randomly divided into four groups (n=4 per
group) depending on the time point of sacrifice including 0 (pre-dose), 0.25, 1, and 4 h after dosing. The rats were orally
administered 45 mg/kg panduratin A-consisted fingerroot extract daily for 7 consecutive days before sacrifice. The stock
solution of panduratin A for oral administration was prepared by using 50% DMSO to achieve a final concentration of
45 mg/mL. Then, rats were euthanized with 30-40% isoflurane to collect nine tissues (brain, heart, kidney, liver, lung,
spleen, stomach, small intestine, and large intestine). The tissue samples were washed with normal saline, dried with filter
paper, weighed, and stored. Then, tissue samples were cut and weighed into 100 mg sections and mixed with 400 pL of
methanol in tubes containing 1.0-mm zirconia beads (BioSpec Products, USA) and homogenized using a BeadBug bead
homogenizer (Benchmark Scientific, USA) at 4000 rpm for 2 min. The mixtures were then centrifuged at 5000 g for 5
min. The supernatant was transferred to a 1.7 mL tube and stored at —20°C until analysis.

Sample Preparation and Instrumentation
Feces were weighed into 100 mg sections and mixed with 400 pL of methanol in tubes containing 1.0-mm zirconia beads
(BioSpec Products, USA) and homogenized using a BeadBug bead homogenizer (Benchmark Scientific, USA) at
2000 rpm for 2 min. The mixtures were then centrifuged at 5000 g for 5 min. The supernatant was transferred to
a 1.7mL tube and stored at —20°C until analysis.

All biological samples (plasma, urine, feces, and organs) were processed by protein precipitation to extract panduratin
A; 200 pL of methanol with glycyrrhizin, used as an internal standard (IS), was added to 50 pL of the biological sample,
and the mixture was vortexed for 10 min. Then, the samples were centrifuged at 12,000 g for 10 min at 4°C, and 10 pL of
the supernatant was then injected into the LCMS instrument. Fecal samples were homogenized by adding methanol; then,
the mixture was centrifuged at 1500 g for 10 min at 4°C to collect the supernatant. When the concentration of
a biological sample exceeded the linear calibration curve, blank matrices were used to dilute the sample before protein
precipitation.
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The LCMS system consisted of an LCMS-8060 (Shimadzu, Japan) instrument equipped with a C18 reverse phase
column (Synergi 4 pm Fusion-RP 80 A 50x2 mm, Phenomenex, USA). The column temperature was maintained at
40°C, and analysis was performed using a mobile phase consisting of 0.2% formic acid in water (solvent A) and 100%
methanol (solvent B) applied as a gradient (0-0.5 min, 10% B; 0.5—1.5 min, increase to 90% B; 1.5-2.5 min, 90% B;
2.5-3.5 min, decrease to 10% B; 3.5-4.5 min, 10% B) at a flow rate of 0.5 mL/min, with a 10 pL injection volume.
A triple quadrupole mass spectrometer with negative mode electrospray ionization was used. The mass-to-charge ratios
of panduratin A and glycyrrhizin were 405.10/165.90 and 821.25/350.90 Da, respectively. All operations were controlled
and data acquisition and analysis were conducted using LabSolution software, version 5.86 (Shimadzu, Japan). The
LCMS method was validated according to the guidance on bioanalytical method validation recommended by the
USFDA.”® The calibration curves of panduratin A were in the range of 0.98-1000 pg/L. The accuracy, precision,
selectivity, specificity, linearity, recovery, matrix effect, and stability of the three quality control samples (10, 150, and
600 pg/L) were within a +15% acceptable range. In addition, the lower limit of quantification (0.98 ng/L) was within
a +20% acceptable range (Figure S1-5 and Table S1-2).

An Agilent 6540 QTOF (Agilent Technologies, USA) coupled with an Agilent HPLC 1260 (Agilent Technologies,
USA) was utilized for detecting the main metabolites of panduratin A in biological samples including plasma, urine,

and feces of rats after intravenous administration with panduratin A 4.5 mg/kg. ZORBAX Eclipse Plus C18, 4.6 mm x
100 mm, 3.5 um column (Agilent Technologies, USA), was selected as the stationary phase at 35 °C. 0.1% formic acid in
water (solvent A) and 0.1% formic acid in acetonitrile (solvent B) were applied as the mobile phase, with a following
gradient system (0 min, 30% B; 0-20 min, increase to 90% B; 20-25 min, increase to 95% B; 25-30 min, 95% B), post-
run 5 min, at a flow rate of 0.5 mL/min, with a 10 pL injection volume. The LCMS with positive and negative mode
ionization with ESI were performed by inspecting a mass range of 100 to 1000 m/z at a scan rate of 4 spectra per second.
The qualitative analysis of mass spectra was carried out using the Mass Hunter program version B.06.00 (Agilent
Technologies, USA).

Data Analysis

PK solution software version 2.0 (Summit Research Services, USA) was used to perform a non-compartmental analysis
of the pharmacokinetic parameters. The pharmacokinetic parameters in this study were as follows: maximum plasma
concentration (C,ax), time to reach the maximum plasma concentration (T ,.x), area under the plasma concentration—time
curve from 0 to 72 h (AUCy.7;), area under the plasma concentration—time curve from time O-infinity, absolute
bioavailability, accumulation ratio, mean residence time (MRT), volume of distribution (Vd), total clearance (CL), and
elimination half-life. Statistical analyses were performed using SPSS version 22.0 (IBM, USA). The normality of the
data was determined using the Shapiro—Wilk test. A paired Student’s #-test was used to determine significant differences
in the health status of the rats. A Student’s #-test or Mann—Whitney U-Test was used to determine significant differences
in pharmacokinetic parameters between oral administration of pure panduratin A and fingerroot extract, and between oral
administrations of fingerroot extract for 1 day and 7 days. The percentage recovery of panduratin A was estimated by
dividing the total quantity of the test compound detected in urine or feces by the administered dosage. All data are
expressed as the mean + standard deviation, except for the T,,., and half-life, which are expressed as the median (IQR).
Differences were considered significant at p < 0.05.

Results
Tolerability of Drug Administration by Rats

The health status of the rats during the experiment was evaluated by observing their physical appearance, monitoring their
weight, and collecting blood both before and after intravenous administration of panduratin A or oral administration of
panduratin A and fingerroot extract. None of the rats showed a significant change in physical appearance or weight. The
kidney and liver function values also showed no significant differences between the pre-dose and post-dose values in any
group (Table 1). Consecutive oral dosing of fingerroot extract for 7 days did not result in toxicity or abnormalities in rats.
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Table | Physical and Biochemical Profiles of Experimental Rats

Biochemical Normal Experimental groups
parameters range R . R R .
Baseline | Panduratin A | Panduratin | Fingerroot extract Fingerroot extract

4.5 mg/kg A 45 mg/kg | (panduratin A 45 mg/kg) (panduratin A 45 mg/kg)
i.v. p.o. Day | p.o. Day | p.o. Day 7

Physical Normal Normal Normal Normal Normal

appearance

Weight (g) 41312 | 41515 418 £ 11 410 + 20 4148

Creatinine (mg/dL) | 0.2-0.7 03+0.1 [ 02%0.1 03 £0.1 03 +0.1 02 £0.1

ALT (U/L) 13-56 346 39+4 29 +3 32+4 33+3

AST (U/L) 34-109 737 71 £ 9 77 5 757 80 +9

Notes: Data are expressed as mean + SD, (n = 5); Decimal numbers were reported according to laboratory standards of Small Animal Hospital, Faculty of Veterinary
Science, Chulalongkorn University.
Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase.

Plasma Concentration-Time Profiles

The plasma concentration—time profiles of panduratin A after intravenous administration of panduratin A and oral administration
of panduratin A and fingerroot extract are shown in Figure 2. After intravenous administration of 4.5 mg/kg pure panduratin A,
the plasma concentration reached a maximum of approximately 20,000 pg/L obtained using the extrapolation from PK solution
software, and then decreased to 500 pg/L after 72 h. After a single oral administration of 45 mg/kg pure panduratin A, the plasma
concentration reached a maximum of approximately 5000 ng/L and then decreased to 500 pg/L after 72 h. After a single oral
administration of 45 mg/kg panduratin A-consisted fingerroot extract, the plasma concentration reached a maximum of
approximately 3000 pg/L and then decreased to 200-300 ug/L after 72 h. After 7 consecutive days of oral administration of
the fingerroot extract, the T,,.x of panduratin A was not significantly different from the first day of administration. The
accumulation ratio of panduratin A was approximately 1.47 after oral administration of fingerroot extract for 7 consecutive days.

Pharmacokinetic Parameters
The pharmacokinetic parameters of panduratin A for all experimental groups are listed in Table 2. A single oral dose of
45 mg/kg panduratin A-consisted fingerroot extract showed a significantly lower AUC than a single oral dose of 45 mg/

100000 | (a)

1 Day administration (B) 7 Day administration

10000

1000

plasma concentration (ug/L)

100

10 / 4

0 12 24 36 48 60 72 12 24 36 48 60 72

Time (h)
—=—4 .5 mg/kg panduratin A i.v.

—=—45 mg/kg panduratin A p.o. 45 mg/kg panduratin A-consisted fingerroot extract p.o.

Figure 2 Plasma concentration-time profile of panduratin A after intravenous dosing as 4.5 mg/kg pure panduratin A, and oral dosing as 45 mg/kg pure panduratin A, and
45 mg/kg panduratin A-consisted fingerroot extract. (A) single administration on day I. (B) multiple administration for 7 consecutive days.
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Table 2 Pharmacokinetic Parameters of Panduratin a After Intravenous Injection of 4.5 Mg/Kg Panduratin a, Oral Administration of 45
Mg/Kg Panduratin a, and 45 Mg/Kg Panduratin a-Consisted Fingerroot Extract as Single and Repeated Doses

Pharmacokinetic parameters Panduratin A
Panduratin A Panduratin A Fingerroot extract Fingerroot extract
4.5 mgl/kg 45 mgl/kg (panduratin A 45 mg/kg) (panduratin A 45 mg/kg)
i.v. p.o. Day | p.o. Day | p.o. Day 7

Crax (Hg/L) 18,367 + 3594 4833 + 659 3269 + 819* 3608 + 713**

Tonax (h) N/A 8.00 (0.25) 8.00 (0.25) 8.00 (0.25)

AUC.7,* (ug.h/L) 130,706 * 19,457 132,309 + 33,525 77,086 * 32,119* 113,194 + 20,100%*

AUCif" (ug-h/L) 152,296 + 30,227 138,223 + 37,673 87,581 * 31,691* 132,614 + 33,945**

Absolute bioavailability® (%) N/A 9.08 5.75 N/A

Accumulation ratio® N/A N/A N/A 1.47

MRT® (h) 32.53 + 8.8l 43.55 £ 13.50 45.07 £ 10.45 53.83 + 17.06

Vd?® (L/kg) 1.28 £ 0.39 7.16 £ 1.75 1321 + 4.35* 11.38 + 2.70**

CL® (L/h/kg) 0.03 + 0.01 0.29 £ 0.10 0.57 + 0.20* 0.36 + 0.10%*

Half-life® (h) 23.51 (3.19) 17.70 (1.90) 17.40 (3.65) 21.50 (2.61)

Notes: * Data are expressed as mean * SD; ® Data are expressed as median (IQR); © Absolute bioavailability was calculated as (AUCpo/DOSEpo)/(AUC;,/DOSE;,) x 100; d
Accumulation ratio was calculated as AUC,_7;, at day 7/AUC, 7, at day |; * P <0.05 for significant differences from panduratin A 45 mg/kg PO.; ** P < 0.05 for significant
differences from CO, fingerroot extract PO. Day |; C,,,,: maximum plasma concentration; Ty, time to reach C,.; AUCy.75: area under the plasma concentration—-time
curve from time 0-72 h; AUCq_;: area under the plasma concentration—time curve from time 0-infinity; MRT: mean resident time; Vd: volume of distribution; CL: clearance.

kg pure panduratin A, with absolute oral bioavailability of approximately 6 and 9%, respectively. While MRT and half-
life exhibited no difference between fingerroot extract and pure panduratin A group. However, the Vd and CL of the
fingerroot extract group were higher than the pure panduratin A group (p < 0.05). The pharmacokinetic parameters after
multiple oral administrations of fingerroot extract exhibited significantly higher AUC compared with those obtained after
a single administration, with an accumulation ratio of 1.47. While MRT and half-life showed no difference, Vd and CL

were lower than a single administration (p < 0.05).

Tissue Distribution Profiles

The tissue distribution profiles of panduratin A-consisted fingerroot extract in rats at different time points are shown in
Figure 3. Panduratin A could be detected in all collected organs, including the brain. The highest tissue-to-plasma ratio of
panduratin A was 100-fold in the stomach within 15 min (0.25 h). The concentrations in organs other than gastrointestinal
organs were approximately 1—-10 fold within 15 min (0.25 h). In the kidney, the concentration was approximately 0.1-fold
within 15 min (0.25 h). In other major organs including the lung, heart, and spleen, the concentration was approximately
1-10 fold within 15 min (0.25 h). No differences were observed in the tissue-to-plasma ratios among samples from the
same organs collected at 0.25, 1, and 4 h. The Results indicated that panduratin A was widely distributed in the
gastrointestinal tract and major organs, especially lungs and heart which were targeted organs for anti-SARS-CoV-2
and anti-inflammatory.

Biotransformation and Excretion

Using QTOF LCMS analysis, three panduratin A metabolites were observed in feces, 0—24 h after intravenous injection
of pure panduratin A 4.5 mg/kg (Figure 4). Two major peaks in the feces samples at 0-24 h were detected as hydrogen
deduct with oxidation [M-H] + OH of panduratin A, by observing that the molecules had the same molecular weight
(421.18 g/mol) but distinct retention times (14.97 and 15.62 min), we concluded that the molecules were the same deduct
with a different attachment of the hydroxyl group. Another major peak in the feces samples at 0-24 h was deduced to be
a hydrogen deduct with dioxidation [M-H] + 20H of panduratin A, with a molecular weight of 437.1835 g/mol and
a retention time of 10.89 min. However, none of the metabolites of panduratin A were detected in plasma or urine as
determined by QTOF LCMS under the experiment conditions.
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Figure 3 Tissue to plasma ratio of panduratin A in internal organs at (A) 0.25, (B) I, and (C) 4 h after oral dosing as 45 mg/kg panduratin A-consisted fingerroot extract.
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Figure 4 Biotransformation and excretion route of panduratin A in rats.
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Table 3 The Percentage Recovery of Panduratin a in Excreta of All Experimental Groups

Percent recovery Experimental groups
(% from ) ) ) )
. Panduratin A Panduratin A Fingerroot extract Fingerroot extract
administered dose) . .
4.5 mg/kg 45 mgl/kg (panduratin A 45 mg/kg) | (panduratin A 45 mg/kg)
i.v. p.o. Day | p.o. Day | p.o. Day 7
0-24 h 24-72 h 0-24 h 24-72 h 0-24 h 24-72 h 0-24 h 24-72 h
Urine
Panduratin A 0.70 £ 0.25 1.42 £ 054 | 007 £0.02 | 0.15+0.04 | 11.02+0.88 | 223 £0.34 | 1041 £1.09 | 0.8] +0.29
Feces
Panduratin A 1747 £ 156 | 7.66 £ 0.38 | 13.31 £0.95 | 821 £ 049 | 26.96 £ 4.02 | 563 +0.77 | 43.16 £ 597 | 1670+ .12

Notes: Data are expressed as mean + SD, (n = 5).

After intravenous administration of pure panduratin A, a portion of panduratin A was excreted unchanged via the
feces within 072 h (25% of the administered dose). However, only negligible amounts of unchanged panduratin A were
excreted in the urine within 0-72 h (2% of the administered dose). Similarly, for oral administration of pure panduratin
A, approximately 22% and 1% of the administered dose was excreted unchanged in the feces and urine, respectively,
within 0-72 h. However, an increased amount of unchanged panduratin A excretion in both feces and urine within 072
h (33% and 13% of the administered dose, respectively) was observed with oral administration of the fingerroot extract.
In the group that received oral administration of the fingerroot extract for 7 days, the amount of unchanged panduratin
A excreted via the feces was most significantly increased (60% of the administered dose), and no difference in the
amount excreted in the urine was observed (11% of the administered dose), as shown in Table 3.

Discussion

In a previous in vitro study, fingerroot extract and panduratin A inhibited SARS-CoV-2 infection.” Furthermore, an in vivo
study showed that fingerroot extract could reduce the severity of lung pathology in infected hamsters.® To continue clinical
trials, preclinical data including the efficacy, toxicity, and pharmacokinetics of panduratin A are necessary.>” In this study, the
pharmacokinetic parameters of panduratin A as a pure compound and in a fingerroot extract were determined using a rat
model. All experimental animals tolerated the test compounds after either intravenous or oral administration and showed no
abnormalities or signs of toxicity. This finding indicated the safety of the administration of the treatment compounds within the
examined dosing range. The results are consistent with those of another toxicity study in which 60-240 mg/kg of fingerroot
extract was orally administered to rats for 60 days, resulting in no notable changes in weight, blood, biochemical profiles of
liver and kidney function, or histology.*® Moreover, functional dyspepsia patients who received 350 mg of fingerroot extract
three times per day for 1 month tolerated treatment and showed no change in gastric histopathology.>' These results indicate
the safety of fingerroot extract in animals and humans to some extent.

The C,.x of panduratin A after oral administration of 45 mg/kg pure panduratin A surpassed the ICso value, by
approximately 15-fold, of that obtained in an in vitro study using SARS-CoV-2, while the minimum plasma concentra-
tion at 24 h remained approximately 10-fold higher than the ICs, value.” Meanwhile, the C,,, of panduratin A after oral
administration of 45 mg/kg of panduratin A-consisted fingerroot extract surpassed the ICs, value by approximately 10-
fold of that obtained in an in vitro study using SARS-CoV-2, and the minimum plasma concentration at 24 h remained
approximately 4-fold higher than the ICsq value. The absolute oral bioavailability values of pure panduratin A and that in
fingerroot extract were approximately 9% and 6%, respectively. Differences in pharmacokinetic profiles were observed
between pure panduratin A and that in fingerroot extract. The fingerroot extract exhibited a lower C,., lower AUC,
higher Vd, and faster CL than those of pure panduratin A. These differences might be caused by the supercritical CO,
extraction process, in that the non-polar property of CO, increases the solubilization of lipophilic substances such as
panduratin A.?' However, high lipophilicity causes low water solubility and low oral absorption.*> Additionally, the high
lipophilicity and low solubility of CO, fingerroot extract resulted in decreased absorption and increases in distribution,
metabolism, and excretion.>® These differences in pharmacokinetic profiles could result from differences in extraction
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methods from fingerroot. Extraction techniques were reported to influence the quantity of active substances and the
diversity of minor compounds, which resulted in differences in the pharmacokinetic parameters.>* The difference of
Cmax and T1/2 in our previous study in dogs, might be caused by various factors e.g. we used fingerroot extract
formulation with improved water solubility in a solid dosage form for the dog study, but in the rat study we used
fingerroot extract in liquid dosage form. Therefore, the maximum concentration of different preparations could result in
the difference of Cmax. In addition, interspecies differences especially in clearance and elimination half-life are common
phenomena among mammal species such as small rodents (rats) and large animals (dogs). In another study on a different
species treated with a fingerroot extract, the difference in elimination half-life has also been reported.>* According to
Lipinski’s rule of five,” panduratin A does not completely comply with the rule because of its high logP value, which
may cause low water solubility and affect its oral bioavailability. Natural compounds from medicinal plants usually have
low water solubility and high lipophilicity, which results in inadequate absorption and bioavailability. The addition of
inactive substances and different formulations could enhance water solubility and improve bioavailability.>® For the
biopharmaceutical classification system (BCS), panduratin A is considered a BCS class II drug, with low solubility but
high permeability.>” To overcome the limitation, surfactants, complexing agents, or nanoparticle formulation might be
required.’” Potentially, to develop solid dosage medication for humans, cyclodextrin is used as an inactive ingredient to
improve the water solubility and bioavailability of drugs or herbal medicines and is safe in animals and humans.*®
Cyclodextrin improved the water solubility and bioavailability of methoxyflavones from Kaempferia parviflora Wall. ex
Baker extract.®® In addition, the Inclusion complex of zerumbone isolated from Zingiber zerumbet (L). Roscoe ex Sm
with hydroxypropyl--cyclodextrin improved the solubility with water.** By promoting water solubility, the bioactive
substances could be more readily absorbed, resulting in increases in plasma levels and oral bioavailability.*'

Oral administration of fingerroot extract from CO, extraction has the potential to maximize clinical benefits, including
decreased duration of COVID-19 and reduced post-acute sequelaec of SARS-CoV-2 infection, as well as limited adverse
effects from water-soluble minor components. However, the low oral bioavailability of panduratin A poses a challenge to its
anti-SARS-CoV-2 efficacy.** Panduratin A is highly lipophilic'® and tends to be distributed in the tissue rather than
circulating in the blood vessels. In the present study, panduratin A accumulation mainly occurred in the gastrointestinal
organs, which could have been caused by its high lipophilicity and route of administration. Normally, lipophilic compounds
exhibit a large tissue distribution.>® The lowest tissue-to-plasma ratio was found in the kidney, which is consistent with the
high lipophilicity of panduratin A. In another study, oral administration of ethanolic fingerroot extract to rats revealed the
distribution of panduratin A in various tissues, mainly including the skin, lungs, and heart.** In our study, panduratin A was
found in all major organs including the lung, heart, spleen, and brain which were targets for COVID-19 manifestations. The
difference between the kidney distribution of panduratin A in another study,” might be caused by various factors e.g.
extraction method (solvent or supercritical CO, extraction) which causes a difference in minor compounds, rat species
(Sprague-Dawley or Wistar), dosage, or solvent vehicle (corn oil or DMSO). In addition, differences in vehicle use also
affected the pharmacokinetic parameters, especially the absorption and bioavailability.** The lung is mainly related to
SARS-CoV-2 infection with angiotensin-converting enzyme 2 receptors as a key binding target.*> In COVID-19 patients,
cardiovascular diseases have been correlated with severe complications, while neurological symptoms have been reported
during and after the infection.***’” Panduratin A exhibits anti-inflammatory effects, COVID-19 causes inflammation due to
infection and cytokine storm in the host.**® Thus, the existence of panduratin A in these organs shows a potential for
a COVID-19 treatment. With the concept of combination drug therapies, this natural remedy could serve as a starting point
for further drug development in treating these lung diseases.*’

Panduratin A was predominantly biotransformed after the intravenous injection of the test compound and was
excreted as biotransformed products within 24 hours. The QTOF LCMS analysis revealed that panduratin
A metabolites were present in the feces, which decreased its lipophilicity by adding a hydroxyl group resulting in
decreased retention time of reversed-phase chromatography. However, the glucuronidation form of panduratin A was not
detected in rats but could be found in dogs.”> The differences in glucuronidation activity between species could be
observed even between rodent species.”® It is noteworthy that the potential biotransformation of Panduratin A has been
observed to consist of Phase I metabolism, specifically oxidation. This metabolic process enhanced the solubility of the
compound in water and assisted excretion of the xenobiotics such as panduratin A from the mammal body. The
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panduratin A excretion results were consistent with the tissue distribution profiles and the high lipophilicity of panduratin
A. The amount of panduratin A elimination via the urine was negligible, at approximately 1-10% of the administered
dose, and excretion through the feces was dominant, at approximately 22-60% of the administered dose. Biliary
excretion is expected to be the main route of elimination because bile acids allow solubilization of lipid-soluble
substances.”’ Thus, further pharmaceutical development is essential to improve the water solubility and bioavailability
of panduratin A for the use of fingerroot extract as a phytopharmaceutical product.

Conclusion

Intravenous administration of panduratin A as a pure compound and oral administration of CO, fingerroot extract did not show
toxicity in rats. The oral bioavailability of the fingerroot extract was slightly lower than that of pure panduratin A because of its
high lipophilicity. Panduratin A was mostly distributed in the gastrointestinal organs and was mainly excreted via the fecal
route. The main metabolites of panduratin A detected in feces were oxidation and dioxidation products. Furthermore, the
impact of food on the absorption of panduratin A as a lipophilic compound should be investigated in future research. These
pharmacokinetic results could promote further phytopharmaceutical development of fingerroot extract for clinical applications.
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