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Minerals have been used in traditional medicine since an-
cient times and are still used in Indian Ayurveda and
Chinese medicines including Tibetan medicine [1-4]. The
processing/preparation procedures distinguish minerals
used in traditional medicines from environmental toxic
metals such as mercury-based Ayurveda [1], Zuotai, and
various Bhasmas [3]. Minerals are not used alone but as
polyherbal-metallic preparations for oral administration
[1, 2, 4]. The aim of this Special Issue is to collate original
research and review articles dealing with minerals in tra-
ditional medicines.

A review paper [5] summarized 10 herbo-mineral
preparations used in Sri Lanka regarding the purification,
detoxification, or incineration techniques. The minerals
included in the 10 traditional medicines are copper sulphate,
aluminum sulphate, borax powder, sulphur, cinnabar (HgS),
realgar (As,S,), orpiment (As,Os3), ammonium chloride,
magnesium silicate, zinc oxide, and mercury (Parada). It
should be noted that only sulfide and oxide forms of metals
are used in oral traditional medicines, and these detailed
methods highlight the importance of mineral processing
techniques before addition to traditional medicines. Pro-
cessing gypsum could change its mineral properties and
biological activities when used in traditional medicines [6].
The preparations of minerals used in traditional medicines
such as Zuotai and Bhasmas are very important and are
needed for quality control [1, 3, 7, 8].

Quality control is an important issue for mineral-con-
taining/contaminated traditional medicines. In this regard,
Xiao et al. [9] used HPLC-ICP-MS to detect arsenic content,
speciation, and distribution in wild Cordyceps sinensis, a
famous traditional medicine, to provide scientific basis of
quality control. Fu et al. [10] used ICP-MS to detect 18
element contents across 10 batches of Qishiwei Zhenzhu
pills (QSW) produced by 5 pharmaceuticals. QSW is a fa-
mous Tibetan medicine listed in Pharmacopeia of China for
many diseases. To establish a quality control for toxic ele-
ments (Hg, Pb, As, and Cd), essential elements with po-
tential toxicity (Cu, Mn, Cr, and Co) and elements with
medicinal use (Li and Au) could be used to ensure its efficacy
and reduce adverse effects and toxicity.

Oral administration is the main route for using herbo-
mineral preparations. Song et al. [11] determined 18 ele-
ments in QSW for absorption and distribution to the liver,
kidney, and brain and excretion by feces, urine, and hair in
rats with middle cerebral artery occlusion (MACO). The
majority of minerals were excreted by feces implying the
long-term stay of elements in the gut that could affect the
gut-microbiota-brain axis in QSW-induced protective ef-
fects against cerebral ischemia-reperfusion injury [12].

QSW is effective against cerebral ischemia stroke in
animal models. Mechanistic studies revealed QSW indeed
affected gut microbiota in rats with MACO. At the phylum
level, it can regulate the abundance of Firmicutes and
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Proteobacteria; at the genus level, it can adjust the abun-
dance of Escherichia and Shigella; and at the species level, it
can adjust the abundance of Lactobacillus johnsonii and
Lactobacillus reuteri. QSW can also decrease inflammatory
factor IL-18, TNF-a, and IL-6 expression in the hippo-
campus of MACO rats, thus reducing oxidative damage
caused by ischemia and reperfusion [12]. Cerebral ischemia
injury can also be alleviated by cinnabar (HgS) and realgar
(AssSy) containing An-Gong-Niu-Huang Wan (AGNH),
and cinnabar and realgar are shown to be essential ingre-
dients in the recipe [13]. The entire AGNH formulae can also
protect against the hepatorenal toxicity produced by cin-
nabar and realgar alone and reduce Hg and As accumulation
in tissues, implying herbal constituents in polyherbo-min-
eral preparations could offset the toxic effects of minerals
(14, 15].

New approaches are attempted to explore the phar-
macological basis of herbo-mineral preparations. The
mechanism of arsenic trioxide against hepatocellular car-
cinoma (HCC) was examined through network pharma-
cology, and various pathways including TNF signaling
pathway, AMPK signaling pathway, NF-kappa B signaling
pathway, and several targets-pathways-HCC network
molecules could be potential molecular targets for arsenic
against HCC [16]. Modulation of gut microbiota could be
an important target for QSW [12] to produce neuro-
protective effects but also for Hua-Feng-Dan to produce
neuroprotective effects [17] fortifying the role of metal
composition and herbal interactions in herbo-mineral
preparations. RNA-Seq technology was also employed to
analyze the adaptive mechanism of hepatoprotection with
cinnabar and realgar-containing Hua-Feng-Dan [18] and
antihepatic fibrotic mechanism with Ganxianfang formula
[19].

Thus, with contributions from investigators from dif-
ferent countries, this Special Issue presented recent ex-
perimental findings and reviews on pharmacology,
toxicology, and therapeutics of minerals in traditional
medicines. In this Special Issue, there are more valuable
manuscripts besides those given above. We hope the
readers will be interested in approaching minerals in tra-
ditional medicines from “processing,” “formulae,” quality
control, pharmacokinetics, pharmacology, toxicology, and
bioinformatics.
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Melanoma is a serious malignant form of skin cancer. Euphorbiaceae compound B (ECB, 2,4-dihydroxy-6-methoxy-3-meth-
ylacetophenone) is an acetophenone compound that is isolated from Euphorbia ebracteolata Hayata (EEH), an herbaceous
perennial, and has antitumor activity. Here, we transplanted human melanoma cells into zebrafish embryos to establish a
zebrafish/melanoma model. We showed that this model can be used to evaluate the therapeutic effect of EEH and ECB and
discussed its potential mechanism of action. The results showed that ECB was an active ingredient of EEH in inhibiting
melanoma-induced hyperplasia of blood vessels in zebrafish embryos, similar to the angiogenic inhibitor vatalanib. ECB inhibited
the number and length of subintestinal veins (p < 0.05), as well as the distribution of melanoma in zebrafish embryos (p <0.05).
More importantly, unlike vatalanib, ECB only inhibited melanoma-induced abnormal and excessive growth of blood vessels in
xenografts. In addition, ECB inhibited the mRNA expression of vegfr2 and vegfr3 in zebrafish. Both vegfr2 and vegfr3 are essential
genes that regulate blood vessel formation and upregulate the expression of p53 and casp3a genes in zebrafish. Together, the
above-mentioned results indicate that ECB has a potential antimelanoma effect in vivo, which may be mediated by inhibiting
vascular endothelial growth factor receptors.

1. Introduction

Malignant melanoma is the most serious type of skin cancer,
which is caused by hyperplasia of melanocytes in the skin. In
the body, melanoma cells can rapidly metastasize, and pa-
tients with metastatic melanoma have a survival of no more
than five years [1]. Euphorbiaceae compound B (ECB, 2, 4-

dihydroxy-6-methylbenzoidone) is a compound of benzene
ketones in the Euphorbia ebracteolata Hayata (EEH) and
Euphorbia fischeriana Steud [2, 3]. Studies that focused on
the anticancer effects of diterpenoids in Euphorbiaceae have
been reported; however, studies on ECB are limited.
Blocking the pathway underlying tumor angiogenesis may
be a unique way to block the growth of blood vessels that
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support tumor growth [4]. The zebrafish model can be used
as a viable model for whole-animal screening using small
molecules that affect tumor angiogenesis [5]. In particular,
the subintestinal vein (SIV) of zebrafish/tumor xenografts
can be visualized noninvasively in real time using vascular-
specific transgenic zebrafish or can be stained using blood
vessel dye and visualized under a microscope [6]. Koenig
et al. showed that vegfaa was expressed at the site of in-
testinal vascularization and might provide a guiding signal
and that vegfc overexpression could lead to SIV overgrowth.
The authors suggested that (1) Vegfaa signaling might
regulate endothelial cells to migrate out of the existing
vasculature and subsequently merge to form intestinal blood
vessels and that (2) Vegfc could induce growth of the SIV [7].
PTK787, a potent angiogenic inhibitor, inhibits vascular
endothelial growth factor receptors (VEGFR) and platelet-
derived growth factor receptor (PDGFR) tyrosine kinase and
blocks cell proliferation and cell survival, resulting in cell
death and reduced blood vessel density in leilomyosarcoma
cells, as well as in zebrafish xenografts [8, 9]. The potent B-raf
inhibitor PLX4720 (PLX) that acts against melanoma re-
duced the binding of C-MYC to the VEGF promoter to
reduce the expression of VEGF in melanoma cells and in-
creased the infiltration of adoptively transferred T cells,
thereby leading to an antitumor effect [10].

As a model for high-throughput screening of anticancer
drugs, zebrafish have been shown to be a potential model. In
this study, we used Tg(flk1:GFP) transgenic zebrafish as a
model to quantify fluorescent blood vessels after trans-
plantation of melanoma cells into zebrafish embryos. We
aimed to use this model for screening the antimelanoma
effect of ECB through tumor-induced angiogenesis and
metastasis. The potential underlying mechanisms involved
were also studied (see Graphic abstract).

2. Materials and Methods

2.1. Chemicals and Reagents. Human melanoma cells
(A2058 cells), originated from a 43-year-old Caucasian adult
male, were obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA). Human umbilical
vein endothelial cells (HUVECs) were extracted from hu-
man umbilical cord vein tissue and obtained from ScienCell
(San Diego, CA, USA). The Vybrant™ CM-Dil cell-labeling
solution (CM-Dil) was purchased from Invitrogen (Carls-
bad, CA, USA). Vatalanib (PTK) and PLX-4720 (PLX) were
purchased from MedChemExpress (Monmouth Junction,
NJ, USA). ECB was purchased from the National Institutes
for Food and Drug Control (Beijing, China). Other com-
pounds and reagents were purchased from Sigma-Aldrich
(St. Louis, MO, USA).

2.2. Preparation and High-Performance Liquid Chromatog-
raphy Analysis of EEH. Euphorbia ebracteolata Hayata
(EEH) was provided by Liang Xu’s Lab, and EEH was au-
thenticated and analyzed by Dr. Liang Xu from the Inner
Mongolia Key Laboratory for the Natural Products
Chemistry and Functional Molecular Synthesis, College of
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Chemistry and Chemical Engineering, Inner Mongolia
University for Nationalities (Tongliao, China). A total of 10 g
EEH powder was soaked into 100 mL of 90% ethanol at
room temperature for 24 hours. The supernatant was
concentrated to 10 mL after the mixture was refluxed for 3
hours, filtered through a 0.22 ym filter, and used as a 1 g/mL
stock solution. ECB is a major ingredient of EEH (Figure S1)
[11].

2.3. Zebrafish Breeding. Tg(flk1:GFP) zebrafish were donated
by the Chinese Academy of Sciences and raised in a zebrafish
breeding system (Environ Science, Beijing, China) at a water
temperature of 28.5°C and a 14 : 10-hour day-night cycle. The
zebrafish breeding and testing process was approved by the
Animal Protection Association of Inner Mongolia Univer-
sity for Nationalities (Tong Liao, China).

2.4. Establishment of a Zebrafish/Melanoma Xenograft Model.
Melanoma cells were labeled with a fluorescence dye (CM-
Dil), and zebrafish/melanoma xenografts were cultured in a
35°C incubator for 2 h, then transferred to a 28.5°C incubator
until 24 hours after injection (hpi) and 48 hpi. After 6h of
culture (6 hpi), zebrafish/melanoma xenografts that showed
the same amount of melanoma cells under a fluorescence
microscope were selected for further analysis.

2.5. EEH or ECB Treatment and Calculation of Blood Vessel
Number, Length, and CM-Dil Labeling (Melanoma Cells)
Area in Zebrafish. Zebrafish embryos were imaged using an
inverted fluorescence microscope (Olympus IX73, Tokyo,
Japan) at 24 hpi to capture SIV blood vessels and melanoma
fluorescence in zebrafish embryos. Image] software (NIH,
Bethesda, MD, USA) was used to measure the length of STV
ectopic blood vessels, the CM-Dil labeling area, and the
number of ectopic blood vessels. After imaging at 24 hpi, 10
zebrafish xenografts were placed in a 6-well plate and treated
with EEH, ECB, PTK, PLX, or buffer for the control group.
Zebrafish xenografts were cultured for an additional 24 h
prior to a second round of fluorescence imaging at 48 hpi for
quantification.

2.6. Cell Culture and Labeling. A2058 cells and/or HUVECs
were cultured in a 37°C cell culture incubator at 5% CO,.
Tumor cells at a confluency of 60%-70% were labeled with
CM-Dil for 20 min at 37°C, washed 3 times, 10 minutes with
HBSS, and cultured overnight at 37°C. The next day, cells
were trypsinized and collected for microinjection.

2.7. Total RNA Isolation and Quantitative Real-Time Poly-
merase Chain Reaction. Total RNA was extracted using the
TRIzol reagent [12]; vegfa, vegfr2, vegfr3, p53, casp3a, and 18s
(supplemental data: Table S1) genes were used for quanti-
tative real-time PCR. As an internal reference, 18S rRNA was
used. The delta-delta Ct (2722 1) method was used to
calculate the relative change in gene expression.
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2.8. Statistical Analysis. For statistical analysis, GraphPad
Prism 5 software (GraphPad Software Inc., La Jolla, CA,
USA) was used. Differences between groups were analyzed
using one-way analysis of variance (ANOVA) followed by
Tukey’s post hoc test. Significance levels were set to
*p<0.05 **p<0.01; and ***p <0.001.

3. Results

3.1. Inhibitory Effect of EEH or ECB on Melanoma-Induced
Hyperplasia of Blood Vessels in Zebrafish Embryos. A2058
cells were microinjected beneath the surface of the yolk area
at the 48 hpf stage in transgenic Tg(flk1:GFP) zebrafish
embryos. At 24 hpi, 50 yg/mL of EEH was added to the
embryo medium of the zebrafish/melanoma xenograft,
containing the injected cells labeled with red fluorescent dye
(CM-Dil, Invitrogen). Tumor-induced angiogenesis was
quantified by evaluating the number and length of ectopic
vessels in the SIV of zebrafish/tumor xenografts at 24 and
48 h after injection (24 and 48 hpi) (Figure 1). The length of
the SIV ectopic blood vessels in control HUVECs and
A2058 cells was measured. Our data showed that the length
of SIV ectopic blood vessels in the A2058 group was sig-
nificantly higher than that in the control group at both 24
and 48 hpi (p <0.001). In addition, treatment of xenografts
with 50 ug/mL EEH reduced the length of SIV ectopic blood
vessels of A2058 xenografts. To verify the results on ectopic
vessel length, we also quantified the number of ectopic
vessels in each xenograft and found that EEH had a more
clear effect on the inhibition of tumor angiogenesis in A2058
xenografts at 48 hpi (p <0.05).

Similar to EEH experiments at 24 hpi, 20 ug/mL of ECB
and 1 yM of PTK were added to the embryo medium of the
zebrafish/melanoma xenograft, and tumor-induced angio-
genesis was quantified by evaluating the number and length
of ectopic vessels in the SIV of zebrafish/tumor xenografts at
24 and 48 hpi (Figure 2). The length of SIV ectopic blood
vessels in control HUVECs and A2058 cells was measured.
Our data showed that the length of SIV ectopic blood vessels
in the A2058 group was significantly higher than that in the
control group at both 24 and 48 hpi (p <0.01). In addition,
treatment of xenografts with 20 ug/mL ECB or 1 uM PTK,
which is antiangiogenic, significantly reduced the length of
SIV ectopic blood vessels of A2058 xenografts (p <0.001).
Compared with control HUVECs, the length of ectopic
vessels in both of ECB or PTK groups was not significantly
different (p>0.05) (Figure 2). Because the number of ec-
topic vessels was very small, it would be unable to compare
the differences between treatments. To verify the results on
ectopic vessel length, we also quantified the number of
ectopic vessels in each xenograft and found that both ECB
and PTK had a similar effect on the inhibition of tumor
angiogenesis in A2058 xenografts at 48 hpi (p <0.05). No
significant differences were observed between A2058 cells
and control HUVECs.

In embryos that were treated with different concen-
trations of ECB and PTK, no significant differences were
observed at 72 hpf in perimeters or the area of the SIV
between ECB groups and the control group. However, the

positive control group that was treated with 1uyM PTK
showed reduction in both area and perimeter (length) of
SIV blood vessels of the SIV compared with the control
group/or the 20 ug/mL ECB-treated group (p <0.05). In
addition, intersegment vessels (ISVs), as well as trunk
artery and veins, were mostly missing in the 1 yM PTK-
treated group. Therefore, our findings suggested that ECB
treatment did not affect normal angiogenesis in zebrafish
embryos (Figure 3). This contrasted with the anti-
angiogenic molecule PTK that showed to be a potent in-
hibitor of all known VEGFRs (VEGFR-1, VEGFR-2, and
VEGFR-3).

3.2. Effect of ECB on the Metastasis of Melanoma Cells in
Zebrafish Xenografts. The same number of melanoma cells
(3%107 cells/mL) was injected into the superficial region of
the yolk sac after the zebrafish developed for 48h. The
metastatic effect of A2058 cells was observed in the zebrafish
embryos at 6 hpi, 24 hpi, and 48 hpi (Figure 4). At 24 hpi,
20 yg/mL ECB and the melanoma inhibitor PLX were added
and zebrafish/tumor xenografts were analyzed after 24 h. The
data showed that the area of CM-Dil labeling (melanoma
cells) at 6 hpi, 24 hpi, and 48 hpi in zebrafish embryos was
0.009 mm?, 0.012mm?, and 0.013 mm?’, respectively. In
zebrafish, the area of A2058 cells was reduced to 0.005 mm?
after treatment with 20 ug/mL ECB, and the area of A2058
cells was reduced to 0.004 mm? after treatment with 1 M
PLX for 24h (p <0.001) (Figure 4(g)).

3.3. Effect of ECB on Blood Vessels and the Expression of
Apoptosis-Associated Genes in a Zebrafish/Melanoma Xeno-
graft Model. A2058 cells were labeled with CM-Dil, injected
into zebrafish embryos at 48 hpf, and treated with 0
(Control) or 20 yg/mL ECB or 1 uM PTK for 24h from 72
hpf (24 hpi). Embryos were collected for the quantification
of mRNA expression of vegfa, vegfr2, and vegfr3 at 96 hpf (48
hpi) (Figure 5). The data showed that ECB or the vascular
inhibitor PTK downregulated the mRNA expression of
vegfa. Furthermore, PTK significantly downregulated the
mRNA expression of vegfr2, which was 0.6-fold compared
with that of the control group. Compared with the control
group, ECB or PTK significantly downregulated the mRNA
expression of vegfr3 by 0.5-fold and 0.38-fold, respec-
tively (p <0.05). Furthermore, compared with the A2058
cells-injected group, ECB significantly increased the mRNA
expression of p53 by 2.3-fold and increased that of casp3a by
2.9-fold (p < 0.05). No significant changes were observed for
PLX groups (p>0.05) (Figure 6).

4., Discussion

To evaluate the inhibitory effect of EEH and ECB on mel-
anoma, Tg(flk1:GFP) transgenic zebrafish embryos were
used as an in vivo model. In brief, A2058 cells were labeled
with red fluorescent dye and microinjected into 48 hpf
zebrafish embryos. Therefore, the labeled cancer cells can be
monitored for tumor growth and tumor-induced neo-
vascularization in developmental zebrafish embryos.
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FIGURE 1: Euphorbia ebracteolata Hayata (EEH) inhibited SIV ectopic hyperplasia induced by melanoma cells in transgenic Tg (flk1:GFP)
zebrafish embryos. Human melanoma cells were microinjected into zebrafish embryos at 48 hpf, and the resulting xenografts were imaged
with a fluorescence microscope after 24 and 48 h (hpi), respectively. (a, d) SIV ectopic vessels in green fluorescence (red arrows) at 24 hpi
zebrafish embryo (control). (b, e) SIV ectopic vessels (red arrows) at 48 hpi in zebrafish embryo (control). (c, f) SIV ectopic vessels after
treatment with 50 yg/mL EEH for 48 (h). (g) The length of ectopic blood vessels in A2058 or HUVEC xenografts at 24 and 48 hpi and the
effects after treatment with Euphorbia ebracteolata Hayata (EEH) (* p < 0.05). (h) The number of ectopic blood vessels in A2058 or HUVEC
xenografts at 24 hpi and 48 hpi and the effects after treatment with EEH (* p <0.05). Scale bar =200 ym.

Injection of melanoma cells into zebrafish embryos not only
resulted in the metastatic spread of melanoma cells but also
induced angiogenesis (SIV) in zebrafish/tumor xenografts
(Figure 1). Together, these results suggested that trans-
planted melanoma cells induced neovascularization in

zebrafish/tumor xenografts. First, we found that EEH sig-
nificantly inhibited the increase in length and number of
ectopic blood vessels of the SIV. Next, we confirmed that
ECB was the active ingredient of EEH and was more potent
in inhibiting the length and number of ectopic blood vessels
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FiGgure 2: Euphorbiaceae compound B (ECB) inhibited SIV ectopic hyperplasia induced by melanoma cells in transgenic Tg (flk1:GFP)
zebrafish embryos. Human melanoma cells were microinjected into zebrafish embryos at 48 hpf, and the resulting xenografts were imaged
with a fluorescence microscope after 24 and 48 h (hpi), respectively. (a, e) SIV ectopic vessels in green fluorescence (red arrows) at 24 hpi
zebrafish embryo (control). (b, f) SIV ectopic vessels (red arrows) at 48 hpi zebrafish embryo (control). (¢, g) SIV ectopic vessels after
treatment with 20 yg/mL ECB for 48 h. (d, h) SIV ectopic vessels after treatment with 1 uM PTK for 48 h. (i) The length of ectopic blood
vessels in A2058 or HUVEC xenografts at 24 and 48 hpi and the effects after treatment with ECB and PTK (* p < 0.05). (j) The number of
ectopic blood vessels in A2058 or HUVEC xenografts at 24 hpi and 48 hpi and the effects after treatment with ECB or PTK (* p < 0.05). Scale
bar =200 ym.
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FiGure 3: Effect of ECB on SIV and ISV angiogenesis in zebrafish embryos. Zebrafish embryos were imaged after treatment with ECB or
PTK from 4 hpf to 72 hpf. (a, b) Control group. (b, ) ECB group. (c, f) PTK group. Red arrows point to SIV vessels above the yolk region
(a—c). Yellow arrows show ISVs in the tail region (d-f). (g) The area covered by SIV vessels in zebrafish embryos (*** p <0.001). (h) The
perimeter (length) of SIV vessels in zebrafish embryos (*** p <0.001). Scale bar =200 ym.

of the SIV and inhibited the migration of A2058 cells in
zebrafish/melanoma xenografts. Furthermore, ECB reduced
the mRNA expression of zebrafish vegfa, vegfr2, and vegfr3
and induced the mRNA expression of zebrafish p53 and
casp3a in xenografts.

Remodeling of the vascular network was required to
support the tissues needed for oxygen and nutrients during
embryonic development [13]. The occurrence and metastasis
of tumors increased the proliferation of blood vessels.
Therefore, many anticancer drugs suppressed cancer by
inhibiting angiogenesis [14]. Even for short-term treatment
(1h), the angiogenesis inhibitor SU5416 prevented new
angiogenesis and angiogenic blood vessel formation.
However, TNP470 required continuous exposure to block
formation of the SIV and had no obvious effect on angio-
genesis [15]. To screen chemical compounds, Manfred et al.
made mitf:xmrk transgenic medaka. This was a stable
transgenic melanoma model in which tumor development
was observed in all gene carriers [16]. Here, we used a
zebrafish/melanoma xenograft model to evaluate tumor-

induced angiogenesis of the SIV in zebrafish embryos and
showed that EEH or ECB inhibited the length of SIV ectopic
blood vessels and reduced the number of blood vessels.
Lenard et al. believed that the decrease in blood vessels was
caused by cell self-fusion [13]. In addition, Koenig et al.
suggested that Vegfa signaling can guide endothelial cells to
migrate out of the existing vasculature and merge to form
intestinal blood vessels. A similar mechanism may be used
during angiogenesis in other organs [7]. Zhou et al. used
the VEGFRI1 antagonistic peptide F56 as an inhibitor to act
on blood vessels and found that F56 did not affect VEGF-A-
induced endothelial cell proliferation but did reduce en-
dothelial cell migration and angiogenesis. In addition, F56
inhibited angiogenesis of the chorioallantoic membrane in
chicken embryos and the SIV in zebrafish embryo. Mo-
nomeric peptide F56 has significant antitumor activity by
inhibiting angiogenesis [17]. Ponatinib is a vascular in-
hibitor that is used for FDA-approved cancer treatment
[18] and can also inhibit the formation of ISVs and the SIV
in zebrafish embryos. The antiangiogenic effect of
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F1GURE 4: Effect of Euphorbiaceae compound B (ECB) on metastasis of melanoma cells in zebrafish xenografts. Zebrafish embryos were
injected with A2058 cells at 48 hpf and observed at 6 hpi, 24 hpi, and 48 hpi, respectively. (a) Not injected. (b—d) A2058 cells were injected
into zebrafish embryos at 48 hpf and observed at 6 hpi, 24 hpi, and 48 hpi, respectively. (e) A2058 cells were injected into zebrafish embryos
and treated with 20 yg/mL ECB for 24 h and observed at 48 hpi. (f) A2058 cells were injected into zebrafish embryos and treated with 1 yM
PLX4720 (PLX) for 24h and observed at 48 hpi. (g) The area of CM-Dil labeling (melanoma cell) in the zebrafish embryos. Scale

bar =200 ym. *** indicates a significant difference (p <0.001).

Ponatinib on HUVECs was evaluated using cell prolifer-
ation and migration, angiogenesis, and wound-healing
assays. Ponatinib inhibited Vegf-induced phosphorylation
of Vegfr2 and its downstream signaling, including the Akt/
eNOS/NO pathway and the MAPK pathway (ERK and
p38MAPK) [12]. In addition, 12-deoxyphorbol 13-palmi-
tate in Euphorbia fischeriana Steud inhibited the Vegfr-2
signaling pathway, reduced microvessel density, inhibited
VEGF, and blocked the PI3K/Akt/mTOR signaling path-
way, thereby resulting in inhibition of MCF-7 breast cancer
cell proliferation in mice [19, 20]. Similar to these findings,
we found that ECB significantly inhibited the ectopic

vascular length of the SIV in zebrafish and inhibited the
mRNA expression of vegf, vegfr2, and vegfr3 in zebrafish
xenografts.

Jolkinolide B isolated from Euphorbia fischeriana Steud
induced apoptosis in a B16F10 mouse melanoma model by
altering glycolysis. In addition, jolkinolide B treatment in-
creased mRNA expression of the apoptosis gene Bax, Casp3,
and Casp9, reduced mRNA expression of antiapoptosis
genes Bcl2, reduced the mitochondrial membrane potential
of B16F10 cells, and increased the level of reactive oxygen
species (ROS), thereby having antitumor effects [21].
Moreover, 12-deoxyphorbol 13-palmitate isolated from
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FiGure 5: Effect of Euphorbiaceae compound B (ECB) on zebrafish vegfa, vegfr2, and vegfr3 mRNA expression in xenografts using real-time
PCR: (a) vegfa mRNA expression, (b) vegfr2 mRNA expression, and (c) vegfr3 mRNA expression. ™ and *** indicate a significant difference

(**p<0.01; ***p<0.001).

o w IS
1 1 J

casp3a mRNA expression/18s
1

(=]
L

*%p = 0,005 *p=0.023 *EEp = 0,000 *E%p = 0,000
| 17 | 25 | | | |
w
=)

= 2.0 -
o
2
3 1.5 -
oy
]
< 4
= 1.0
E
e« 0.5
un
: Y
A2058 A2058 A2058 0.0 - T
+ECB +PLX A2058 A2058
48 hpi +ECB
48 hpi

(a)

(®)

FIGURE 6: Euphorbiaceae compound B (ECB) affected the expression of zebrafish casp3a and p53mRNA in xenografts using real-time PCR.
A2058 cells were labeled with CM-Dil, injected into zebrafish embryos at 48 hpf, and treated with 20 ug/mL ECB and 1 uM PLX or the
medium only control at 72 hpf (24 hpi), respectively. Casp3a (a) and p53 (b) mRNA expressions were quantified. * p <0.05, ** p <0.01, and

***p<0.001.
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Euphorbia fischeriana Steud induced cell cycle arrest at the
G2-M checkpoint of BGC823 cells and upregulated the
expression of p53, p21, and IxB-« in tumor cells, leading to
tumor cell apoptosis and the inhibition of tumor growth
[22]. In this study, a zebrafish/melanoma xenograft model
was established to demonstrate that ECB from Euphorbia
ebracteolata treatment also inhibited proliferative blood
vessels, which was associated with increased mRNA ex-
pression of casp3a and p53 in zebrafish.

In this study, we investigated the inhibitory effect of
EEH or ECB on hyperplasia of blood vessels caused by
human melanoma cells in zebrafish embryos. EEH and ECB
inhibited melanoma-induced vascular proliferation of the
SIV in zebrafish. This inhibitory effect may be achieved by
blocking zebrafish vegfa and mRNA expression of the Vegf
receptors vegfr2 and vegfr3 that regulate blood vessels. The
decrease in blood vessels may be affected by the apoptotic
pathway. It is noteworthy that ECB treatment only
inhibited abnormal blood vessel development induced by
melanoma, which is different from vascular inhibitors that
universally inhibit blood vessel growth, including normal
angiogenesis. Taken together, these data show that ECB
may have potential therapeutic value for anticancer
treatment.
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An-Gong-Niu-Huang Wan (AGNH) has been a well-known cinnabar- and realgar-containing compound recipe for cerebral
diseases. Unfortunately, its clinical practice is often restrained by the specific hepatorenal toxicity of cinnabar and realgar (C + R).
In previous research studies, we have found that the antioxidative and anti-inflammatory effects of its herbal constituents could
mitigate the risks from the toxicity. The underlying detoxification mechanisms are still unsolved. The present study investigated
the protective effects of AGNH’s herbal constituents on hepatorenal injury induced by C + R. For the mice treated with C + R, the
increased expression levels of sensitive biomarkers of metal exposure and hepatorenal toxicity, including metallothionein (MT) in
both hepatorenal tissues and kidney induced molecule-1 (KIM-1) in the kidney, were simultaneously reduced when C+R
coadministered with other herbal medicines. In addition, the contents of trivalent As (As™), pentavalent As (As"), and mercury
(Hg) in hepatorenal tissues of mice were also significantly reduced benefiting from the herbal constituents in AGNH. Further
mechanism studies showed that the herbal constituents in AGNH could downregulate the expressions of uptake transporters
(AQP9 and OAT1) and upregulate the expressions of efflux transporters (P-gp, MRP2, and MRP4) in mice intoxicated by C + R.
Our results suggested that AGNH’s herbal constituents protect the body against C+ R-induced hepatorenal toxicity and ac-
cumulations of Hg and As, which could be associated with the reestablishment of heavy metal homeostasis and the
detoxification system.

1. Introduction

An-Gong-Niu-Huang Wan (AGNH) has been a renowned
compound recipe for treating cerebral diseases [1]. Mineral
medicinal materials cinnabar and realgar (C + R) (with 96%
of HgS and 90% of As,S,) are contained, accounting for
12.5% by weight in the formula [2]. In recent years, realgar-
induced hepatic injury and cinnabar-induced renal toxicity
have been reported [3-5], which are often associated with
overdose or prolonged exposure. Furthermore, it is evident
that AGNH contains multiple herbal ingredients, which are
deemed to function in delivering drugs to target tissues as

well as eliminating the harmful influences of the metallic
ingredients including mercury (Hg) and arsenic (As) [6].
Various metabolizing enzymes and transporters mediate
heavy metal compounds’ metabolism and secretion. As a
family of phase-2 detoxification enzymes in vivo, glutathione
S-transferases (GST) could catalyze the conjugation of re-
duced glutathione (GSH) to mercuric and arsenical species
[7, 8]. The generated Hg- and As- glutathione S-conjugates
were transported across the canalicular membrane into the
bile by the basolateral efflux transporters, such as P-glyco-
protein (P-gp) and members of the multidrug resistance-
associated protein family (MRP) [9]. These glutathione
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S-conjugates may also traverse the cell membrane at the
apical end of renal proximal tubular epithelial cells
(RPTECs) into urine assisted by the transporters akin to
those expressed in hepatocytes [10]. On the other hand,
drugs extracted from the blood into hepatocytes and renal
tubular cells are mediated by basolateral uptake transporters,
including organic anion and cation transporter (OAT/OCT)
family members [11, 12]. The coordinated action of efflux
and uptake transporters regulates the amount of mercuric
and arsenical glutathione S-conjugates that transverse out of
or return to hepatocytes and renal tubular cells. Our pre-
vious studies have shown that the combination of herbal
medicine in AGNH can mitigate inflammation and injury in
the liver and kidney tissues of mice induced by C + R [13, 14].
However, little is known about how AGNH’s herbal in-
gredients act on phase-2 sulfotransferases and phase-3
uptake and efflux transporters induced by C+R.

In the present study, we wanted to compare the toxicity
of AGNH with C+R in mice, focusing on the content of
total As, water-soluble As including trivalent As (As™) and
pentavalent As (As") in sera, hepatorenal tissues, and the
expressions of both metallothionein (MT) and kidney-in-
duced molecule-1 (KIM-1), and sensitive biomarkers of
metal exposure and hepatorenal toxicity. Furthermore, we
further investigated whether the alleviating effects of other
herbal medicines in AGNH to hepatorenal damage resulted
from the overload of Hg and As are mediated, at least in part,
by the drug-processing enzymes and transports in hep-
atorenal tissues of mice.

2. Materials and Methods

2.1. Chemicals and Animals. AGNH pill (weighted 3 g for
each), cinnabar (containing 96% of HgS), as well as realgar
(containing 90% of As,S,) were all provided by Guangzhou
Bai-Yun-Shan Zhong-Yi Pharmaceutical Company Ltd.
(Guangzhou, China). Methanol (Chromatographic grade)
was purchased from Sigma Chemical Company (St. Louis,
MO, USA), and ammonium carbonate (99.999%) was
purchased from Aladdin Industrial Corporation (Shanghai,
China). The As™, AsY, and Hg standard solutions (1000 mg/
L) were purchased from Sigma-Aldrich company, using as
the standard curve solution. The production of ultrapure
water (UPW) at 25°C depended on the Milli-Q® lab water
purifying system (Merck, MA, USA). Specific antigens for
the primary antibodies were as follows: GSTal, GSTmu,
OCT1, OCT2, MRPI, aquaporin-9 (AQP-9), and f-actin
(Bioworld Technology Co, Ltd, MN, USA); Na™-K'-
ATPase, and MT-1 (Santa Cruz, CA, USA); KIM-1, GSTpi,
MRP2, MRP4, P-gp, and OAT1 (Boster Biological Tech-
nology Co, Ltd., Hubei, China).

2.2. Animals and Experimental Design. Thirty-six Kunming
(KM) mice (20 +2 g bodyweight, half of male and female)
were provided by the Center of Experimental Animals of the
Army military Medical University in Chongqing, China, and
randomly assigned into 3 groups, with 12 in each group. All
mice were housed in an environment with the controlled
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temperature of 22 + 1°C and the humidity of 50 + 2% under a
12:12 h light/dark (L/D) cycle. Before experiments, the mice
were acclimatized to standard rodent diet and free access to
water for 1 week. Mice were then treated with saline (ve-
hicle), AGNH (2.5g/kg), and equal amounts (0.14g/
kg +0.14 g/kg) of C+R by intragastric administration once
daily for 4 weeks, respectively. According to the Chinese
Pharmacopoeia (2020 edition), the daily dosage of AGNH is
3 g/day for adults. In the present study, the dosage chosen for
the mice (2.5g/kg/day) is equal to five times the clinical
equivalent dose. Since equal amounts (0.056 g) of cinnabar
and realgar were contained in per gram AGNH, one group of
mice was treated by oral administration of cinnabar (0.14 g/
kg) and realgar (0.14 g/kg) per day for comparison. The
details of the dosing regimen were described in our previous
report [13, 14]. At 1h after the last dosing, mice were
anesthetized by pentobarbital sodium (50 mg/kg) intraper-
itoneally and sacrificed by cervical dislocation after collec-
tion of blood samples from the eyeballs. Hepatorenal tissues
of mice were also collected and reserved for further analysis.
All animal procedures were carefully approved by the In-
stitutional Ethics Committee of the Chongging University of
Technology and performed in complete accordance with the
National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals (8th Edition, 2011).

2.3. Analysis of the Speciation of As and the Content of Hg in
the Sera and Hepatorenal Tissues of Mice. Serum samples
(55 ul) were added to 0.3 ml of mixture of methanol-water
(v/v, 1:1), fully mixed using vortex for 30 sec. Subsequently,
the mixture was extracted in the ultrasonic waterbath
(10 min) and centrifugated (10 min, 15,000¢g). Then, ion
chromatography inductively coupled plasma mass spec-
trometry (IC-ICP-MS, Thermo Fisher Scientific, MA, USA)
was applied for the analysis of As speciation in the super-
natant of the mixture (180 ul). The supernatant (150 ul) left
was diluted to 1.5ml in purified water for the Hg content
assay using the ICP-MS system (Thermo Fisher Scientific).

Hepatorenal tissues weighing 35mg were mixed with
2 ml ultrapure water, followed by homogenization, bath in
the ultrasonic waterbath (10 min) as well as centrifugation
(15,000 g, 50 min, 4°C). The supernatant of the mixture was
filtered through a 0.22 ym polytetrafluoroethylene (PTFE)
membrane prior to IC-ICP-MS and ICP-MS analyses.

The ICP-MS (ICAP-Q) was programmed to detect the
speciation of As and the content of Hg in our study, mainly
including the parameters of forward radiofrequency (RF)
power (1550 W), auxiliary gas flow rate of argon (12.9 1/min),
gas flow rate of nebulizer argon (0.701/min), and dwell time
(200 ms). Chromatographic separation of As speciation was
carried out using the Thermo Scientific Dionex ICS-5000 IC
system coupled with Thermo Scientific Dionex IonPac AS7
Specialty Anion-Exchange (AE) Column (4 x250mm for
pore size, 10 um for bead diameter). The mobile phase was
composed of ammonium carbonate (mobile phase A, 5 mM)
and ammonium carbonate (mobile phase B, 200 mM). Be-
sides, the gradient elution system was programmed as 0% B
for 0-2.0min, 0-100% B for 2.0-2.1min, 100% B for
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2.1-5.5min, 100-0% B for 5.5-5.6min, and 0% B for
5.6-10 min, setting the flow rate of the mobile phase to
1.0 ml/min as well as the injected sample volume to 25 ul. In
addition, linearity, accuracy, precision, LOD (limit of de-
tection), and LOQ (limit of quantitation) of IC-ICP-MS
were fully verified by characteristic indicators.

2.4. Immunohistochemical Examination. Paraffin-embedded
sections of hepatorenal tissues were dewaxed with xylene
and hydrated with gradient ethanol. For antigen retrieval,
the slices were then put into a boiled citrate bufter for 20 min
(pH 6.0, 10 mM). Afterwards, H,O, of 3% (v/v) was adopted
for the inactivation of endogenous enzymes such as per-
oxidase. Subsequently, sections were probed with the pri-
mary antibody (dilution, 1:150) against MT-1 or KIM-1
overnight at 4°C. Secondary antibody incubation was per-
formed with a Polink-2 polymer conjugated with horse-
radish peroxidase (HRP, Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd., Beijing, China). Positive reactions
in 3, 3’-diaminobenzidine- (DAB-) stained areas were then
visualized. Hematoxylin was further adopted for counter-
staining the nuclei. Images for immunohistochemistry
staining (n=5 per mice) were acquired on a bright-field
Olympus microscope (BX51) at a magnification of x200. The
expression levels of MT-1 and KIM-1 were quantified using
the integrated optical density (IOD) for immunoreactive
regions. Five random fields were collected from each section,
and their IOD values were determined by the image analysis
software of Image-Pro ° Plus (Version 6.0, Media Cyber-
netics Inc., USA).

2.5. Western Blotting (WB) Analysis. The extraction of the
total protein from hepatorenal tissues of mice was per-
formed using RIPA buffer (Beyotime Biotechnology,
Jiangsu, China) plus protease inhibitors (Solarbio, Beijing,
China). Then, the bicinchoninic acid (BCA) protein assay
was available in kit (Beyotime) to further quantify the
concentrations of protein. Proteins (30 ug) were resolved by
sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE)
electrophoresis and transblotted to PVDF membranes,
which were subsequently blocked with skimmed milk (5%
w/v) in Tris-buffered saline with Tween 20 (TBST) for 1h.
The desired primary antibodies against KIM-1, MT-1,
GSTal, GSTmu, GSTpi, OCT1, OCT2, MRP1, MRP2, MRP4,
P-gp, OAT1, AQP-9, and B-actin were probed onto the
membranes overnight at the temperature of 4°C. After
washing in TBST, membranes were further incubated for 1 h
with specific secondary antibodies at the dilution of 1:10000
(Bioworld). Besides, S-actin or Na*-K"-ATPase was referred
as an loading control. An enhanced chemiluminescence kit
(Millipore, MA, USA) was adopted for the visualization of
immunoprobed proteins. The capture of immunosignals
depended on Amersham™ Imager 600 (Amersham Biosci-
ences-GE Healthcare, UK). In addition, the quantification of
band intensities was performed using the software of
Quantity One for WB analysis (Version 4.62, Bio-Rad
Laboratories, Inc., USA). Defining the level in the saline

control group as 1-fold, the variations in the band intensity
were presented as changes of fold.

2.6. Statistical Analysis. The statistical analysis was con-
ducted with IBM® SPSS® statistical software package for
Windows (Version 18.0, Chicago, IL, USA). Values for
continuous variables were described as mean + standard
deviation (SD). One-way analysis of variance (ANOVA) was
used to compare the significance of variation among the 3
groups, applying P <0.05 as the level of statistical signifi-
cance in all cases.

3. Results

3.1. Toxicity-Related Protein Expressions in Hepatorenal
Tissues of Mice. Hepatorenal tissues are the major target
tissues of As and Hg toxicity. MT plays a key part in the
detoxification of As and Hg, and therefore, this protein is
often considered to be one of the sensitive biomarkers to
evaluate the injury to the hepatorenal tissues [15]. Immu-
nohistochemical analysis showed both hepatocytes and
RPTEC:s stained strongly positive for MT-1 when mice were
treated with cinnabar combined with realgar for 28 days
(Figures 1(a) and 1(b)), whereas positive staining for MT-1
was weak in the sections of hepatorenal tissues in mice
treated with saline or AGNH. Besides, results obtained from
WB analysis also revealed that MT-1 expression levels in
hepatorenal tissues of mice were unchanged between groups
of AGNH and saline (Figures 1(d) and 1(e)), but combined
administration of C + R exerted a significant increasing effect
on MT-1 protein levels in hepatorenal tissues of mice.
KIM is another biomarker whose expression is highly
increased in the renal proximal tubule in mice after kidney
injury [16]. By immunohistochemical staining, almost all
RPTECs from mice coexposed to C + R were strongly stained
positive for KIM-1 (Figures 1(a) and 1(c)); whereas, few
KIM-1-positive RPTECs were found in the mice groups of
saline and AGNH. By WB analysis, we also found that
compared to that of the saline group, exposed to C+R
markedly increased the KIM-1 expression level in the kidney
of mice (Figures 1(d) and 1(f)); whereas, no significant
difference of KIM-1 expression was detected between the
mice treated with AGNH and those treated with saline.

3.2. Asand Hg Quantification in the Sera, Liver, and Kidneys of
Mice. As™ and As" are well separated by optimization of
mobile phase and gradient, and representative ion chro-
matograms of As speciation in the sera, liver, and kidneys of
mice are shown in Supplemental Figure 1. Linearity, R* and
linearity range, LOD, LOQ, precision, and the accuracy of
the IC-ICP-MS method for the analysis of As'' and As" were
tested. The precision of IC-ICP-MS was tested by relative
standard deviation (RSD) in percentage. Detailed infor-
mation is shown in Supplemental Table 1.

As shown in Figure 2(a), hepatic Hg content reached
0.12 ng per mg liver in the C+ R group when compared to
0.004 ng per mg liver in the AGNH group, which was slightly
higher than the saline control group (0.002 ng per mg liver).
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FIGURE 1: AGNH’s herbal constituents alleviate hepatorenal impairment induced by cinnabar and realgar (C + R) in mice. Mice received
saline (vehicle), AGNH (2.5 g/kg), as well as C+R (0.14 g/kg + 0.14 g/kg) orally once daily for 4 weeks, respectively. (a) Representative
immunostaining images of MT-1 and KIM-1 in the hepatic and renal sections of mice. Scale bar: 100 ym. (b), (c) Semiquantitative
immunohistochemical analysis of MT-1 and KIM-1 in the respective group. (d) WB analysis of MT-1 and KIM-1 levels in the hepatorenal
tissues. The level of housekeeping protein S-actin was referred as a control for equal protein loading. (e), (f) Band intensities were converted
to arbitrary densitometric units (ADUs), normalized by the value of S-actin, and finally expressed according to the levels in saline-treated
mice (defined as 1-fold). Each bar represents mean + standard deviation (SD) from six mice. *P < 0.05 compared to the saline control group;
#P <0.05 compared to the C+R coadministration group.
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FIGURE 2: AGNH’s herbal constituents prevented Hg and As accumulation induced by C + R in the hepatorenal tissues and sera of mice.
Mice received saline (vehicle), AGNH (2.5 g/kg), as well as C + R (0.14 g/kg + 0.14 g/kg) orally once daily for 4 weeks, respectively. (a) Hepatic

and (b) renal tissues from mice were obtained on day 28. As (As™

and As") and Hg contents in the hepatorenal tissues from mice were

analyzed by IC-ICP-MS. (c) Blood specimens from mice were also obtained on day 28. The signal intensity of Hg in the sera from mice was
measured by ICP-MS. (d) As (As™ and As") contents in the sera from mice were analyzed by IC-ICP-MS. Values for continuous variables
are described as mean + standard deviation (SD), n=12. *P < 0.05 compared to the saline control group; #Pp<0.05 compared to the C+R

coadministration group.

Similar results were obtained with the As™ and As" content

assay in the liver of mice, where the As™ and AsV contents in
the C+R coadministrated mice were found to be signifi-
cantly increased when compared with the saline-treated
group, whereas there was no difference with statistical
significance in contents of both As™ and As" between the
mice treated with AGNH and those treated with saline.

Renal Hg content in the mice after C+R coadminis-
tration was 3-4 folds higher than those in the mice treated
with vehicle and AGNH (Figure 2(b)). Interestingly, the
content of As'™" in the kidneys of mice was even less in the
group treated with AGNH than in the group treated with
saline. Moreover, no obvious difference was detected con-
cerning As" content in the kidneys among the groups of
mice.

Since Hg of the sera could be detected only in trace
amount, we selected signal intensity from ICP-MS to
evaluate the differences in Hg content between different
groups. Results showed that the average signal intensity of
sera from C+R cotreated mice was 2.9 times higher than
that from the saline control group (Figure 2(c)).

Coadministration of other herbal medicines with C+R in
AGNH led to signal intensity that was only 76.70% of the
intensity from C + R cotreated mice, despite having stronger
signal intensity than that from the saline control group.
Besides, similar results were discovered in the As"" and As"
content assay (Figure 2(d)).

3.3. Phase-2 Conjugation Enzyme and Transporter Expressions
in the Hepatorenal Tissues of Mice. The potential detoxifi-
cation mechanisms involved in metal-herb interactions in
AGNH are further explored. GST catalyzes the conjugation
of GSH with Hg and As and convert them to water-soluble
glutathione S-conjugates, which are easily excreted to the
bile with the help of the basolateral efflux transporters,
including MRP2 and P-gp. The Hg- and As-glutathione
S-conjugates may also traverse the luminal plasma mem-
brane of RPTECs into urine by MRP2 and 4 [17]. WB
analysis revealed that compared with the saline group, co-
administration of C + R upregulated the expressions of GST
family members (GSTal, GSTmu, and GSTpi) in the livers of



6 Evidence-Based Complementary and Alternative Medicine

Ctrl AGNH C+R Ctrl AGNH C+R Ctrl AGNH C+R
GSTal (s s e - “ P-gp |- P e o ‘ MRP2 |& , ! =] ‘
GSTmu — —‘MRPZ |- - = e ‘ MRP4 |— — ey ey - ‘
GSTPi| -.‘OCTI |- - s ‘ oCT1 |- m ‘
B-Actin I“-“-‘ oCT2 | TR SEEE _ | oCT2 |- - a» o= ‘
v e o e G
AQPY |- -— —--‘ OAT1| b“‘
e .
R P — Na K| s i cain g e
-ATPase -ATPase
B-Actin | s i e e-—" E ‘l B-Actin --““‘
(a) (b) (c)
£g’ 52 ° sz .
£ 86 * £85 X 2§ 12
o o i=}
SE° 52, S
554 58 5% 8
S8 £83 =
£ 3 z 3z Tz
o g 2 S 215
S22 # sz # a2 #
£2 £, £E10
E=ie} = © = °
= 5= 5z 05
) &~ S & 8
= Ctrl AGNH C+R = Ctrl  AGNH C+R = Ctrl  AGNH C+R
B GSTal/B-Actin Bl GSTmu/B-Actin B GSTPi/-Actin
(d)
1.5 - 1.5 - 9 -
s 3 93 93] *
=1 = =
g2 ZZ 124 d 22 74
s o =] E=E =}
= £ o R
T E T .E # = 4
£3 £3 099 £3 7
= =8 £8
z 5 ]
Il o8 52104 #
Eg| z = *# * ==
g5 5 5 55
5= 25 031 32 054
=2 =2 =2
Ctl  AGNH C+R Ctl  AGNH C+R Ctrl  AGNH C+R
B P-gp/Na'-K'-ATPase B OCT1/Na'-K'-ATPase B AQPY/Na'-K'-ATPase
@ MRP2/Na'-K'-ATPase [ OCT2/Na'"-K'-ATPase
(e)
2.0 - 25 - 7 -
w3 v 3 w3 *
) =1 5 6
gz # 22 20- z £
S8 15 = 8 = 8
=Y # g9 S5 5
3 E 35 3 E
5% 5% 197 5% 41
S5 101 £5 # £8
z g 5t
53 2% 10 552
8 & 8 & 2 &
=g P = 5 054 =g #
T = T = g = 14
=) 2] * ok &2
Ctl  AGNH C+R Ctl  AGNH C+R Ctrl  AGNH C+R
Bl MRP2/Na'-K'-ATPase Bl OCT1/Na'-K'-ATPase Bl OATI1/Na'-K'-ATPase
[ MRP4/Na'-K'-ATPase [ OCT2/Na"-K'-ATPase
)

FiIGUre 3: AGNH’s herbal constituents inhibited expressions of GST and uptake transporters induced by C+R but enhanced the
expressions of efflux transporters in the hepatorenal tissues of mice. Mice received saline (vehicle), AGNH (2.5 g/kg), as wellas C+ R (0.14 g/
kg +0.14 g/kg) orally once daily for 4 weeks, respectively. Hepatorenal tissues from mice were obtained on day 28. WB analysis of GST-«1,
GSTmu, GSTpi, P-gp, MRP2, MRP4, OCT1/2, AQP9, and OATI in (a, b) hepatic and (c) renal tissues. The protein level of -actin or Na*-K*-
ATPase was referred as a loading control. (d-f) Band intensities were measured in arbitrary densitometric units (ADUs), normalized by the
value of B-actin or Na*-K"-ATPase and finally expressed according to the levels in saline-treated mice (defined as 1-fold). Values for
continuous variables are described as mean + standard deviation (SD), n=6. *P <0.05 compared to the saline control group; #P<0.05
compared to the C+R coadministration group.
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mice (Figures 3(a) and 3(d)). In contrast, expressions of
efflux family proteins including P-gp and MRP2 in the livers
(Figures 3(b) and 3(e)) and MRP2 and 4 in the kidneys were
downregulated after treating mice with C+R (Figures 3(c)
and 3(f)). However, no significant differences in the ex-
pressions of GST and efflux family members were detected
between the mice groups treated with AGNH and saline.

AQP9, an aquaglyceroporin protein, facilitates hepatic
uptake of As from the portal blood and accelerates hepa-
tocellular injury in the liver [18]. Furthermore, basolateral
uptake transporters at RPTECs, including the members of
OAT/OCT, extract the Hg-glutathione S-conjugates from
the bloodstream, causing renal tubular injury [19]. WB
analysis revealed that compared with the saline control
group, C + R coadministration induced a marked increase in
the protein expressions of AQP9 in the livers and OAT1 in
the kidneys of mice (Figures 3(b), 3(c), 3(e), and 3(f)).
Unexpectedly, C+R coadministration caused an obvious
decrease in the protein expressions of OCT1 and 2 in the
hepatorenal tissues of mice (Figures 3(b), 3(c), 3(e), and
3(f)). However, the protein expressions of AQP9, OATI,
OCTI, and OCT2 did not differ significantly between the
mice groups treated with AGNH and saline.

4. Discussion

Our previous study has shown that the hepatorenal toxicity
induced by C+R could be mitigated when used in com-
bination with other herbs in AGNH [13]. Consecutive 28-
day intragastric administration of C + R merely increased the
aspartate aminotransferase (AST) activity as well as the
alanine aminotransferase (ALT) activity in liver homoge-
nates. However, it did not significantly influence blood
biochemical parameters, suggesting routine serum bio-
chemical markers may not be sensitive indices of hep-
atorenal impairment induced by C + R [14]. MTs are a family
of cysteine-rich intracellular proteins with a well-known
metal-binding ability that participate in heavy metal de-
toxification. MTs have been widely used as specific bio-
markers reflecting heavy metal-induced tissue injury [20]. In
addition, KIM-1 is a reliable histological biomarker to detect
the progression of renal tubular injury [16]. Currently,
compared with the saline group, MT-1 expressions in
hepatorenal tissues and KIM-1 expression in the kidney
were significantly higher in the C+ R group, while levels of
MT-1 and KIM-1 protein were similar after treatment with
AGNH to the levels after coexposed to vehicle alone. The
aforementioned studies further confirmed that the com-
bined use of other herbal medicine in AGNH could at-
tenuate the hepatorenal damage induced by C+R.

It is generally assumed that the hepatorenal toxicity
induced by C+R relies on the amount and the diverse
chemical forms of heavy metals in the target tissues; we next
examined the As and Hg accumulation in the blood and
hepatorenal tissues of mice. Treatment of C + R increased As
(As™ and As") and Hg levels in the liver, suggesting cin-
nabar- and realgar-induced hepatotoxicity may be initiated
by As (As" and As") and Hg deposition. The changes of the
As (As™ and As") level in the kidney were different from

those in the liver. Although C + R failed to increase the level
of As (As™ and AsY), this does not exclude the possibility
that the oxidase and methylase in the kidney catalyzed the
ingested As"" and As" to form monomethyl arsenic acid
(MMA" and MMA™) and dimethyl arsenic acid (DMAY),
which could be important sources of chronic nephrotoxicity
in mice intoxicated by C + R [21]. In contrast, compared with
the saline control group, AGNH, an Hg and As-containing
traditional Chinese compound prescription, did not induce
any significant Hg and As accumulation in hepatorenal
tissues, suggesting that other herbal constituents in AGNH
might promote Hg and As elimination from the hepatorenal
tissues of mice. Further studies in future are necessary for
exploring the potential mechanisms.

GSTis an important phase-2 drug-metabolizing enzyme,
which conjugates Hg and As with GSH to accelerate their
biliary excretion [7]. The current study found that coad-
ministration of C+ R potently upregulated the hepatic ex-
pression of GSTal, GSTmu, and GSTpi, while treatment of
AGNH had little effect on the expression of GST family
members. This increase in the GST protein level facilitates
biliary excretion of Hg and As-GSH conjugates, which might
be an adaptive mechanism aimed at protecting the body
against Hg and As overload in hepatocytes.

Xenobiotic transporters in the hepatorenal tissues have
been found to be essential for the bile/urinary secretion and
reabsorption of heavy metals [22]. As one of the most
predominant mechanisms of Hg and As accumulation in
hepatorenal tissues, C + R coadministration reduced Hg and
As excretion via urine and bile, as reflected by a simulta-
neous decrease in the expressions of efflux transporters (P-
gp, MRP2, and MRP4) and increase in the expressions of
uptake transporters (AQP9 and OAT1), relative to those in
saline-treated mice. However, no significant difference be-
tween the mice groups treated with AGNH and saline was
discovered. There have been numerous reports that multiple
herbal constituents in AGNH, such as curcumin, baicalin,
berberine, and quercetin, possess a wide range of phar-
macological activities including anti-inflammatory, anti-
oxidative, and detoxifying activities [23-26]. In addition,
they could interfere with the hepatobiliary and urinary
elimination of drugs through affecting the major uptake and
efflux transporters [23, 27-30]. Thus, it is reasonable to
speculate that herbal constituents in AGNH could alleviate
hepatorenal toxicity induced by C+R, probably by the
decreased reabsorption and enhanced excretion of Hg and
As in hepatorenal tissues.

5. Conclusion

In short, this study demonstrates that AGNH’s herbal
constituents protect against the accumulations of Hg and As
and hepatorenal toxicity induced by C+R by decreasing
expressions of uptake transporters and increasing expres-
sions of efflux transporters in the hepatorenal tissues. These
findings provide the first detailed detoxification metabolism
regarding the herbal constituents in AGNH that protect
from hepatic and renal injuries initiated by Hg and As
deposition. Notably, blood Hg and As levels were



significantly increased in the AGNH group than in the saline
group. Thus, long-term consumption of AGNH at the higher
dose should be considered with caution.
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Raw gypsum (RG) and calcined gypsum (CG) are widely used in traditional Chinese medicine (TCM). RG is usually taken orally
to resolve heat and diminish inflammation, while CG is only used externally to treat ulcerations and empyrosis. Calcination at
different temperatures, three phase CG structures, namely, bassanite, anhydrite III, and anhydrite IT, may be generated. We herein
investigated the relationship between the phase structure and the efficacy of CG and the optimum phase structure for CG. RG has a
compact structure, small pore size, weak anti-inflammatory effect, but no antibacterial effect, and has almost no effect on the repair
of scalds. CG150 (bassanite) has a loose texture, large pore size and specific surface area, and certain antibacterial and anti-
inflammatory effects, but it has a poor repair effect on scalds. CG750 (anhydrite II) has a compact structure, small pore size and
specific surface area, and low antibacterial and anti-inflammatory effects, but it has a certain repair effect on scalds. Only CG350
(anhydrite III) has good performance in texture, pore size, specific surface area, antibacterial, anti-inflammatory, and scald repair.
Our research has proved that the mineral properties and biological activities of CG are different due to different phase structures.

CG350, namely, anhydrite III, is considered by our research to be the optimal phase structure as CG.

1. Introduction

Gypsum is a monoclinal crystal mineral. Its main compo-
nent is CaSO,=2H,0 [1]. Referred to as “Shi Gao” in Chi-
nese, it has been used as a mineral medicine in China for
thousands of years. Gypsum was first recorded in China’s
earliest materia medica book called “Shen Nong’s Classic
Materia Medica” (“Han” dynasty), and it is still widely used
in the clinical practice of traditional Chinese medicine in
modern times.

In TCM, gypsum can be used in two forms: raw gypsum
(RG) and calcined gypsum (CG) [2], which are very different
in their functions and usage. RG is usually used in decoction
for oral administration, treating high fever, headache, and
various inflammations [3, 4]. However, CG is the only
medicine for external application, treating empyema, ulcers,
and empyrosis [2]. According to Chinese Pharmacopeia

requirements, CG should be calcined at a high temperature
until it is crispy and easily crushed. However, the optimal
calcination temperature for preparing CG is not specified.
Studies have shown that three different phase structures,
namely, bassanite, anhydrite III, or anhydrite II [5-7], will be
produced when calcined at different temperatures. Previous
studies only focused on changes of Ca** or whether the
crystal water was utterly removed before and after calci-
nation [8]. As far as we know, the changes of mineral
properties of CGs with different phase structures or their
antibacterial, anti-inflammatory, and scald treatment effects
have never been studied hitherto.

CG is usually used to treat scald, with exudate absorp-
tion, wound healing, and muscle regeneration. According to
TCM theory, CG needs to be calcined to opaque, crisp, and
reddish. In the process of producing CG, colour and texture
are essential appearance indexes to control product quality.
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Microstructure and pore size are often considered as min-
eralogical properties related to the exudate absorption ability
of CG. When the scald occurs, wounds often suffer from
microbial infections in untreated situations. After wounds
infection, toxic molecules and metabolites produced by
persistent inflammatory and bacterial and immune re-
sponses adversely affect wound repair [9]. According to
related studies, E. coli, as a Gram-negative bacterium, is a
relatively common strain of scald infection, which secretes
toxins (exotoxins) that affect tissue repair [10]. During the
inflammatory reaction stage of scald, there are often many
overexpressed inflammatory factors, such as interleukin-13
(IL-1p) and nitric oxide (NO), which inhibit wound healing
[11]. So, inhibiting microbial infection and alleviating in-
flammation can promote wound healing. Therefore, in this
study, the efficacy of CG can be comprehensively evaluated
by in vitro bacteriostatic and anti-inflammatory experiments
and the expression of growth factor (transforming growth
factor, TGF) related to animal scald.

To clarify which phase structure is most suitable for
being included in the clinical practice, we investigated the
mineralogical properties and biological activities of CGs
calcined at different temperatures (150°C, 350°C, and 750°C)
and RG. Fourier transform infrared spectroscopy (FTIR)
and X-ray diffraction (XRD) were used to confirm the phase
structure and phase composition. Scanning electron mi-
croscopy (SEM) was applied to detect the variation of mi-
crostructure. A surface area porosity analyzer (SAPA) was
used to measure the pore volume and surface area, and a
colorimeter was conducted to qualify the colour. In vitro, the
bacterial experiment was carried out to detect the bacte-
riostatic activity, and a cell experiment was implemented to
detect the anti-inflammatory activity. In vivo, a scald animal
model was constructed to detect the repairing effect of CGs
with different phase structures on scaled skin.

2. Materials and Methods

2.1. Preparation of Samples. Gypsum (license number:
1903137) was purchased from Beijing Shengshilong Phar-
maceutical Co., Ltd. and identified by Professor Jingjuan
Wang, an expert at Beijing University of Chinese Medicine.

Preparation of RG samples: crushing GF by ultrafine
pulverizer and then sieved through a 200-mesh to obtain fine
powder (particle size less than 0.074 mm).

Preparation of CG samples: 10 g of RG was put into a
muffle furnace (KSW-6-12 ASP, Beijing Kewei Yongxing
Instrument Co., Ltd.) and calcined at 150°C, 350°C, and
750°C for 1.5 hours, respectively, to obtain CG samples
named CG150, CG350, and CG750, respectively.

2.2. Determination of Phase Structure

2.2.1. FTIR Analysis. To reveal changes in the molecular
structure of RG, CG150, CG350, and CG750, RG, CG150,
CG350, and CG750 were mixed with KBr at the ratio of 1:
100 and pressed into transparent sheets, respectively. FTIR
spectroscopic characterization was determined using a FTIR
spectrometer equipped with a DTGS detector (MB104, ABB
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Bomen Co., Quebec, Canada) in the range of
4000-400 cm™". Each spectrum was recorded at the reso-
lution of 4cm™" with 64 coadded scans. Spectrum Version
5.0 software (PerkinElmer Company) was used to collect all
sample data. The data were processed by OMNIC 6.0
software (Thermo Electron Corporation, Madison, WI,
USA).

2.2.2. XRD Analysis. To analyze the phase composition of
RG, CG150, CG350, and CG750, we detected all samples by
using XRD. XRD patterns were collected on a diffractometer
(Rigaku D/max 2500) with a detector voltage of 30kV and
30 mA using a CuKa radiation source, and the scan speed
was 8°min~" with the 20 range of 10-80°.

2.3. Mineralogical Properties Analysis

2.3.1. SEM Observation. The samples’ microstructure was
observed utilizing field emission scanning electron mi-
croscopy (FESEM) (JSM-7001F, Japan). The powders of RG,
CG150, CG350, and CG750 were evenly dispersed on the
sample table with double-sided adhesive tape and then were
sputter-coated with gold (Au) and observed using FESEM.
Measurement conditions: scanning electron microscope
resolution, 2nm (30 KV)/3.0nm (1 KV); acceleration volt-
age, 20KV.

2.3.2. Textural Properties. The nitrogen isotherms at the
liquid nitrogen temperature were measured on SAPA (3H-
2000, Beishide, China). The Brunauer-Emmett-Teller (BET)
model [12] was used to obtain the surface area. Pore size
distribution curves and average pore sizes were calculated by
analyzing the adsorption branches of isotherms, based on
the Barrett-Joyner-Halenda (BJH) algorithm [13].

2.3.3. Colour Quantification. The colors of RG, CGI50,
CG350, and CG750 sample powders were measured by a
colorimeter (Konica Minolta Japan, CM-5). The colorimeter
consists of a measuring head, white calibration board, black
calibration board, and colour management software
(SpectraMagic NX). Six random measurements were taken
on the samples and values of 3 reflectance coordinates: L*
(lightness), a* (redness), and b* (yellowness) [14] were
determined. The average values of 6 consecutive measure-
ments were calculated separately.

2.4. Anti-Inflammatory Activity

2.4.1. Preparation of Samples. Samples of RG, CGI50,
CG350, and CG750, 20g each, were soaked in 100 mL of
distilled water for 30 min, stirring with a glass rod, decocted
for 30 min before filtration. The first portion of water extract
was collected. The residue material then underwent the
second and third extractions with boiling water, each for 30
minutes, and the second and third portions of the extract
were collected. The three portions were combined and
concentrated through rotary evaporation at 45°C. Finally,
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the extract was concentrated to 20 ml. The sample extract
with a concentration of 1g/ml was prepared.

2.4.2. RAW264.7 Cells Culture. The RAW264.7 cells were
purchased from the National Infrastructure of Cell Line
Resource. The cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) medium containing 10% fetal
bovine serum, 1% penicillin and streptomycin, and grown in
incubators at 37°C and 5% CO,. DMEM was replaced every
two days, and cells were allowed to subculture when they
reached 80%-90% confluency.

2.4.3. RAW264.7 Cells Viability Assay. Raw 264.7 cells were
treated with extract solution of different concentrations of
RG, CG150, CG350, and CG750 (100, 250, 500, 750, 1000,
1500, 2000, or 2500 mg/ml). After 24h incubation, the
medium was removed following incubation, and 20 uL of
MTT (5 mg/mL) was added into the wells and incubated for
another 4h. Finally, 150 uL of DMSO was added, and the
absorbance at 490nm was determined. The experiments
were repeated three times independently. Cell viabili-
ty = (experimental pore/blank pore) x 100%.

2.4.4. NO Determination. RAW264.7 cells were seeded on
96-well plates at a density of 1 x 10° cells/ml. The cells were
incubated at 37°C and 5% CO,. RAW264.7 cells were treated
with LPS (1 yg/mL), LPS + quercetin (5ug/mL), LPS+RG
(100, 250, or 500 mg/ml), LPS + CG150 (100, 250, or 500 mg/
ml), LPS+ CG350 (100, 250, or 500 mg/ml), and LPS+ 750
(100, 250, or 500 mg/ml). All the agents were added at the
same time, and the groups were treated for 24 h. The su-
pernatant of cells was mixed with an equal volume of Griess
reagent, and the absorbance of the mixture was measured at
540nm. The experiments were repeated three times
independently.

2.5. Bacteriostatic Activity

2.5.1. E. coli Viability Assay. E. coli (ATCC 8739) was placed
in a triangular flask containing 100 ml Luria-Bertani broth
medium and cultured for 20h in a constant temperature
rotary shaker at 37°C. All samples were sterilized in an
autoclave (121°C, 15 min) before microbial testing to remove
any environmental bacteria. After sterilization, cool to room
temperature. 1 ml of bacterial suspension (~10° CFU/ml)
was added to media containing 20 g sterilized samples and
cultured for 20h at a rate of 150 r/min at a constant tem-
perature in a rotary shaker at 37°C. The mixture of bacteria
and samples cultured in Luria-Bertani medium was con-
tinuously diluted to 10°® times, and 100 ul was taken and
evenly coated on Luria-Bertani agar plate and incubated in
an incubator for 20 hours. Finally, the number of colonies on
the agar plate was observed.

2.5.2. Morphology Observation of E. coli. On treatment with
RG, CG150, CG350, and CG750, specific morphological
changes of Escherichia coli (ATCC 8739) were observed by

FESEM (JSM-7001F, Japan). E. coli was cultured in 250 ml
triangular flasks with 5 g/ml RG, CG150, CG350, and CG750
for 7 and 14, respectively. At 7 and 14, respectively, 1 ml of
bacterial liquid was sucked, centrifuged, and separated
(8000 rpm, 10 min) to obtain the bacterial bodies, washed
three times with PBS, and finally fixed with 2.5% glutaral-
dehyde fixative for 4h. Then, the samples were then
dehydrated by increasing ethanol concentrations (30, 50, 70,
80, 90, 95, and 100%) for 10 min each time. E. coli grown in
the blank medium was employed as a control. The bacterial
morphology was fixed with 2.5% gluta fixation fluid. After
being dried in air at room temperature and coated by gold
sputter, samples were examined with FESEM.

2.6. Scald Healing Assay

2.6.1. Animals. 126 SPF male Kun Ming (KM) mice
weighing 20-25 g were purchased from Beijing Vital River
Laboratory Animal Technology Co., Ltd. (License number:
SCXK (Jing) 2016002, Beijing, China). The mice were raised
in the animal feeding room of BUCM under specified
conditions, i.e., temperature: 22 +2°C; relative humidity:
50 + 5%; and 12/12 h light-dark cycle. All the methods and
procedures of animal experiments were audited and ap-
proved by the Animal Experimental Welfare Ethics Com-
mittee of BUCM (BUCM-4-2019051002-2100).

2.6.2. Treatment and Assessment of Scald Healing. The scald
model was created using the method described by Said et al.
[15] with some modifications. For scald wound infliction,
the animals were first anesthetized with pentobarbital so-
dium (50 mg/kg, b. w.), followed by removal of hairs from
the dorsal area of mice using a hair trimmer. The model was
established by heating copper sheets to induce skin scald
(200°C, 3's) with a wound diameter of 1.5 cm on the back of
mice.

Preparation of ointment: RG, CG150, CG350, and
CG750 were mixed with sesame oil in the ratio of 4:6,
respectively, and RG ointment, CG150 ointment, CG350
ointment, and CG750 ointment were prepared.

A total of 126 animals were used and divided into 7
different groups (normal group, model group, RG group,
CG150 group, CG350 group, CG750 group, and positive
control group, n = 18, respectively), each having 6 animals.
The model group was treated with sesame oil and considered
as vehicle control. The RG group was topically treated with
RG ointment; the CG150 group was topically treated with
CGI150 ointment; the CG350 group was topically treated
with CG350 ointment; and the CG750 group was topically
treated with CG750 ointment. The positive control group
was topically treated with Jingwanhong Scald Ointment
(JSO) purchased from Tianjin Darentang Jingwanhong
Pharmaceutical Co., Ltd. (batch number: 712020440,
Tianjin, China). The treatment was given two times a day for
21 days.

On 5, 10, and 15 days after injury, 6 animals in each
group were anesthetized and euthanized by intraperitoneal
pentobarbital sodium injection (150 mg/kg, b. w.). Then, the



skin tissues from the wound site were excised for histological
observation and immunohistochemical study. For histo-
logical and immunohistochemical analyses, tissues were
fixed in 10% formalin at room temperature, and unbound
fixative was removed by washing in PBS.

2.6.3. Histopathological Observation. The formalin-fixed
tissue specimens were dehydrated by passing through gra-
dient alcohol of 90%, 95%, and then absolute alcohol for 5, 5,
and 5min, respectively. This was followed by removing
alcohol in the xylene solution and, finally, embedded in hot
paraffin to prepare blocks. Blocks of a tissue section of 5y
thickness were cut with a microtome. Hematoxylin and
eosin (H&E) staining was used to show the morphology of
skin tissue. Slice images were captured and digitized by a
microscope (Nikon Eclipse Ti-SR, Nikon, Japan).

2.6.4. Immunohistochemical Analysis. On 5, 10, and 15 days
after injury, the expression of IL-1f and TGF was detected by
immunohistochemistry in wound tissue sections. Immu-
nohistochemical reactions were performed and incubated
overnight at 4°C. Then, they were incubated with a secondary
antibody (DAKO, China) for 50 minutes. After adequate
diaminobenzidine staining and hematoxylin counter-
staining, the positive expression can be observed and
recorded under the microscope. The integrated optical
density (IOD) was quantitatively analyzed using ImagePro
Plus software (Media Cybernetics, USA).

2.7. Statistical Analysis. SPSS 16.0 software was used for
statistical analysis, and one-way ANOVA and Student’s ¢-
test were used. All data were expressed as the mean-
+standard deviation. P <0.05 was considered significant,
and P <0.01 was considered extremely significant.

3. Results

3.1. FTIR Spectroscopy Analysis. As shown in Figure 1(A), the
main phase composition of RG is gypsum. It is conclusive that
the IR absorption bands of RG are located at around
1620cm™ and 1687cm™ (bending vibration H,0),
3405cm™ and 3545cm™! (stretching vibration H,0),
601cm™' and 668cm™' (bending vibration SO,*”), and
1115cm ™ and 1141 cm™ (stretching vibration SO,%) [1, 16].

As revealed in Figure 1(B), compared with RG, the
intensity of the IR absorption peak of CG150 for bending
vibration (1620cm™", 1687 cm™) and stretching vibration
(3405cm™' and 3545cm™) of H,O decreased, corre-
sponding to bassanite [17]. For CG350 (Figure 1(C)), there
was a great deal of loss in absorbance at bending vibration
and stretching vibration of H,O. CG350 FTIR peaks at
673cm” ' and 1155 cm ™! were attributed to anhydrite III [7].
For CG750, as shown in Figure 1(D), any bending vibration
and stretching vibration of H,O were not detected, and the
IR absorption peak of CG750 was located at 594cm™’,
613cm™’, and 676 cm ™', demonstrating that the main phase
of CG750 was anhydrite II [7].
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FiGure 1: The infrared spectrum of RG (a), CG150 (b), CG350 234
(c), and CG750 (d).

3.2. XRD Spectroscopy Analysis. XRD was employed to
analyze the phase composition changes of samples. XRD
data were further processed by Jade 9 software for phase
analysis. In Figure 2, the diffraction pattern of RG is con-
sistent with the PDF file no.04-008-9805 (gypsum), showing
that the main crystal structure of RG is gypsum; three
prominent diffraction peaks correspond to (020), (040),
and (041) crystal faces of the standard peak. The diffrac-
tion pattern of CG150 is consistent with the PDF file no. 97-
038-0286 (bassanite), and four weak peaks correspond to
(200), (020), (220), and (204) crystal faces, indicating that the
main crystal structure of CG150 is bassanite. CG350 pattern
matches the PDF file no. 04-011-1764 (anhydrite III); four
weak peaks correspond to (110), (310), (400), and (112)
crystal faces, illustrating that the main crystal structure of
CG350 is anhydrite III. The diffraction pattern of CG750 is
in keeping with the PDF file no. 04-008-2486 (anhydrite II);
four weak peaks corresponding to (020), (210), (202), (220),
and (212) crystal faces, illustrating that the main crystal
structure of CG750 is anhydrite II. The results are in good
agreement with those of FTIR.

Integrating FTIR and XRD detection results, we con-
firmed that the phase structures of RG, CG150, CG350, and
CG750 are gypsum, bassanite, anhydrite III, and anhydrite IT
in order. In the next study, we will explore these four dif-
ferent phase structures’ mineralogical properties, their an-
tibacterial and anti-inflammatory effects, and their healing
effects on scald injuries.

3.3. SEM Observation. SEM images clearly showed differ-
ences in texture among RG, CG150, CG350, and CG750
(Figure 3). As shown in Figure 3(a), no defects were ob-
served on RG particles’ surface, and the surface is plate-like
and overlapped. While, small cracks appeared on the outside
of CG150, as shown in Figure 3(b). For CG350, there are
many pore structures with faults, and the marks are arranged
longitudinally parallel. However, interestingly, the surface of
CG750 began to appear as small and dense cracks instead of
becoming looser.
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FIGURE 2: The XRD patterns of RG (A), CG150 (B), CG350 (C), and CG750 (D).

FiGURe 3: The SEM images of (a) RG, (b) CG150, (c) CG350, and (d) CG750.

According to the description of CG [2], loose and fragile = 3.4. SAPA Measurement. The N, adsorption-desorption
means better quality. From our results, we can see that the  isotherms of RG, CG150, CG350, and CG750 powders are
order of the cracks on CGs from large to small is CG350,  shown in Figure 4. The N, adsorption-desorption isotherms
CG150, CG750, and RG; the corresponding phase structures ~ of RG and CG750 followed type III with an H1 hysteresis
are anhydrite III, bassanite, anhydrite II, and gypsum. loop [18] in the relative pressure range of 0.8-1.0, which
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FiGURe 4: Nitrogen adsorption-desorption isotherms of (a) RG, (b) CG150, (c) CG350, and (d) CG750 powder.

means that the powder has macroporous characteristics. The
N, adsorption-desorption isotherms of CG150 and CG350
were consistent with type IV with an H3 hysteresis loop [18]
in the relative pressure range of 0.4-1.0, which means that
the characteristics of the materials are mesoporous [19].

It can be seen from Table 1, as the calcination tem-
perature of RG rises from 150°C to 750°C, the specific surface
area and pore volume of the calcined products first increase
and then decrease. Among RG, CG150, CG350, and CG750,
CG150 and CG350 had the larger specific surface area and
pore volume. The increase of the specific surface area and
pore volume of CG150 and CG350 may be due to dehy-
dration and dehydroxylation reactions in gypsum with the
increase of calcination temperature [20]. When the calci-
nation temperature is set at 750°C, due to the influence of
high temperature, the internal chemical bonds of CG750 are
broken, and the molecular structure is rearranged, resulting
in smaller pore volume and specific surface area [21]. The

relatively large surface area and pore volume mean more
space to absorb exudate and keep the wound surface dry for
external use. The experimental results are consistent with
those of SEM observation.

3.5. Colour Measurement. The colorimetric characteristics,
lightness (L*), redness (a*), and yellowness (b*) values are
presented in Figure 5(b). The L* value results showed that
the colour of all the calcined samples is lighter than the
gypsum. From the detected a” value results, it can be found
that the colour of gypsum gradually turns to red after cal-
cination: the colour of CG750 is redder than that of CG350
and CG150, and the colour of CG350 is redder than that of
CG150. CG750, CG350, and CG150’s b* value measured
with the colorimeter was significantly higher than that of
RG, meaning that the colour of calcined samples was yellow,
and the order of yellowness was CG350 > CG750 > CG150.
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TaBLE 1: The textural properties of RG, CG150, CG350, and CG750 powder.

Sample RG CG150 CG350 CG750
BET surface area (m*/g) 1.1215 11.0159 12.5437 31734
Pore volume (ml/g) 0.0063 0.0409 0.0438 0.0163
Average pore size (nm) 22.4699 14.8513 13.9672 20.5458
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Shape, colour, smell, and texture are the traditional the difficulty of quantification and the high dependence on
indicators commonly used to evaluate the quality of Chinese =~ experience. Many evaluation methods based on colour
medicine. However, the application of them is limited dueto ~ measurement have been developed in modern times to



evaluate the quality of traditional Chinese medicine [22].
According to the Chinese Pharmacopoeia, CG should be
white and opaque with red lustre [2]. However, it is difficult
to distinguish the difference between samples with the naked
eye. Colour as an appearance indicator of CG has not been
determined by a quantitative method. Our colour mea-
surement results also provide a reference for the quality
control of CG.

3.6. Cell Experiment Results

3.6.1. Effect on the Viability of RAW 264.7 Cells. The effects
of RG, CG150, CG350, and CG750 on RAW264.7 cell vi-
ability are shown in Figure 6. On treatment with 100, 250, or
500 mg/ml, the cell viability was above 90%, implying that
RG, CG150, CG350, and CG750 did not produce harmful
toxicity. The LD50 of the RG group was 2853 mg/ml, that of
the CG150 group was 1933 mg/ml, that of the CG350 group
was 1304 mg/ml, and that of the CG750 group was 1685 mg/
ml. Samples significantly decreased the cell viability at
1000 mg/ml and 2000 mg/ml (P <0.01). Therefore, con-
centrations of 100, 250, and 500 mg/ml of samples were
selected for further investigation.

3.6.2. Effects on NO Production in LPS-Induced RAW264.7
Cells. To evaluate the effect of RG, CG150, CG350, and
CG750 on inflammation, the LPS-induced inflammation
model was successfully established. As shown in Figure 7,
compared with the LPS model group, the NO expression
level in the quercetin-positive group was significantly de-
creased (P <0.01). All samples had inhibitory effects on NO
production in LPS-induced RAW264.7 cells (P <0.01). The
inhibitory effects of CG150 and CG350 on the release of NO
were stronger than those of RG and CG750 (P <0.01), and
there was no significant difference between the effects of
CG150 and CG350 (P> 0.05).

NO can be stimulated by a variety of harmful stimuli,
such as pathogens, damaged cells, or irritants [23]. Excessive
production of NO can induce chronic inflammation in
macrophages [24, 25]. Our results showed that RG, CG150,
CG350, and CG750 could dose-dependently inhibit the
production of NO produced by LPS-stimulated cells, while
CG350 and CG150 have a stronger effect. All these indicate
that CG150 and CG350 will perform better in the inflam-
matory response induced by injuries such as burns or ulcers,
compared with RG and CG750.

3.7. Bacteriostatic Experiment Results

3.7.1. Antibacterial Activity. In Figure 8, there was no sig-
nificant difference in the number of colonies in the RG group
compared with the control group, which implied that RG has
no inhibitory effect on E. coli. It is worth noting that the
inhibition rate of CG350 on E. coli was 91.26+7.33%.
However, CG750 exhibited lower antibacterial activity, with
its inhibition rate at 35.54 + 0.57%, and the inhibition rate of
CG150 was 65.50 +12.43%. So, CG350 performs obvious
bacteriostatic advantages on E. coli, compared to RG,
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CG150, and CG750 (P <0.05). The differences in the bac-
teriostatic effect between samples were unexpected. Our
results indicated that all CG samples exhibit bacteriostatic
effects after calcination, while CG samples with different
phase structures showed a different antibacterial effect.
Bacterial infections are very common in burns and other
traumas [26]. European Wound Management Association
(2005) described that E. coli is an important organism
causing wound infections [27]. Our results showed that
CG350 has an excellent effect in inhibiting E. coli, which
provides a piece of evidence for CG350 as a better phase
structure for external use. However, the antibacterial effects
of CG with different phase structures on other bacteria still
need to be further studied to support this conclusion.

3.7.2. Bacterial Morphological Changes. The morphology of
E. coli after being cultured with RG, CG150, CG350, and
CG750 for 7h and 14 h is shown in Figure 9. Under normal
conditions, E. coli is short rod-shaped and have a smooth
surface; their diameter is about 800 n. Compared with the
control group, RG showed no effect on the cell membrane of
E. coli at both 7h and 14 h, while CG150, CG350, and CG750
excreted different degrees of damage to the cell membrane.
Compared with normal E. coli, the shape of E. coli that
interacted with CG150 and CG350 became irregular. The cell
membrane was damaged and could not be kept intact. The
membrane and structure of E. coli interacted with CG350
were more seriously damaged and broken compared with
CG150 and CG750. The results of the influence on the
morphology of E. coli are consistent with those of the an-
tibacterial effect on E. coli.

Infection is one of the severe complications of trauma
[28]. Over the past decades, many studies have confirmed
this view that microorganisms are critical causes of delayed
healing and infection of acute or chronic burn wounds
[29, 30]. E. coli is the most common pathogen causing
wound infection [31]. However, most pathogenic bacteria’s
resistance increases year by year with the widespread use of
antibiotics [32]. It is urgent to find nontoxic materials to
resist bacterial infection. CG is a widely used external
medicine for wound healing in Chinese medicine. Patho-
genic bacteria easily infect wounds after formation, so
inhibiting the growth of bacteria is an important indicator to
evaluate the efficacy of CG. In this experiment, CG showed a
strong antimicrobial effect.

3.8. Results of Histopathological Analysis

3.8.1. Histopathological Examinations. As shown in Fig-
ure 10, histological observations of wounds in different
groups are presented. The normal anatomy of skin tissues
stained with H&E showed healthy granulation, hair follicles,
epithelial cells, fibroblast cells, blood vessels, epithelial,
epidermal, and dermal layers (Figure 10).

On the 5th day, in the RG group and CG150 group, skins
had more severe damage to the epidermal tissue, a large
number of necrotic tissue debris, pus cells, adipocyte cav-
ities, and exudates formed by the crust structure covering,
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Ficure 7: NO content of RG, CG150, CG350, and CG750. NO
assay using the cells treated with LPS (I yg/ml) in the absence or
presence of RG, CG150, CG350, and CG750 at different concen-
trations (100, 250, and 500 mg/ml, respectively) for 24h
(**P<0.01 vs. LPS; *®*P<0.01 vs. CG150 (100 mg/mL) and
CG350 (100 mg/mL); **P<0.01 vs. CGI50 (250mg/mL)
and CG350 (250 mg/mL); “*P <0.01 vs. CG150 (500 mg/mL) and
CG350 (500 mg/mL)).

with a large number of inflammatory cell infiltration and
more bleeding phenomenon. The damaged skin of the
CG150 group had signs of exfoliation. In the CG350, CG750,
and positive drug groups, the necrotic epidermal tissues

began to recover, with tiny scabs, a small number of in-
flammatory cells scattered around, a small number of fi-
broblasts and new capillaries visible, as well as mature
granulation tissue proliferation and repair, and more fi-
broblasts and collagen fibres visible.

On day 10, the skin of CG350, CG750, and positive drug
groups recovered well and generated a large amount of
mature hair follicle tissue, fat vacuoles, and arranged
complete muscle tissue. The model group, RG group, and
CG150 group had worse skin recovery. The model group and
RG group had early hair follicle tissue generation, while the
CG150 group had no hair follicle tissue generation and
muscular tissue of which was also irregularly arranged.

On day 15, the skin in other groups except the CG150
group grew more mature granulation tissue, fibroblasts,
collagen fibres, and many mature hair follicle tissues.
Compared with other groups, the CG350 and positive drug
groups had more new well-arranged hair follicle tissues and
well-recovered skin blood vessels.

It is surprising in the experimental results that the effect
of CG150 on wound healing is worse than that of the model
group. The reason for this result may be that CG150, whose
main phase structure is bassanite with strong water ab-
sorption [33], leads to excessive dryness of the wound,
resulting in a secondary pus discharge from the wound [34].

3.8.2. Immunohistochemical Analysis. The expression of IL-
18 and TGF in the wound site was detected by immuno-
histochemistry. Immunohistochemical examination of the
vital wound is summarized in Figures 11 and 12. On the 5th
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F1curk 10: Histological appearance of scald wounds stained with hematoxylin and eosin (20x magnification, the scale is marked in the lower

left corner).

10", and 15™ day, compared with the control group, the
content of IL-1f3 in the model group was high (P <0.01). On
the 10" day, compared with the model group, the IL-1j
expression levels of CG350, CG750, and the positive groups
decreased significantly (P <0.01). Compared with the
CG350 group, the IL-1f expression levels of the model, RG,
CG150, and CG750 groups increased significantly (P < 0.05).
On the 15" day, compared with the model group, the IL-1f
expression levels of CG350 and the positive group decreased

significantly (P <0.01). There was no significant difference
between CG350 and the positive group (P >0.05). Com-
pared with the CG350 group, the IL-1f expression levels of
the model, CG150, RG, and CG750 groups increased sig-
nificantly (P <0.05).

In terms of TGF expression, on the 5%, 10" and 15™ day,
compared with the control group, the content of TGF in the
model group was high (P <0.01). On the 5™ day, compared
with the model group, the expression of TGF in the CG350
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FIGURE 12: TGF expression levels in RG, CG150, CG350, and CG750 groups (&&P <0.01 vs. the control group. “*P <0.01 and "P < 0.05 vs.

the model group. **P <0.01 and *P <0.05 vs. the CG350 group).

group and positive group was significantly higher (P < 0.01).
Compared with the CG350 group, the TGF content of RG,
CG150, and model groups was decreased (P < 0.05). On the
10™ day, compared with the model group, the TGF content
of CG350 and positive groups was increased (P <0.05).
Compared with the CG350 group, the TGF content of RG,
CG150, CG750, and model groups was decreased (P < 0.01).
On the 15™ day, compared with the model group, the TGF
expression of the CG350 group and positive group increased
significantly (P <0.01). Compared with the CG350 group,
the TGF content of RG, CG150, CG750, and model groups
was decreased (P < 0.05).

After scald injuries, a natural repair process is initiated,
consisting of hemostasis, inflammation, proliferation, and
remodelling [35]. High levels of proinflammatory cytokines
and mediators, such as IL-1f, delayed wound healing [36].
TGF is the primary growth factor responsible for epithelial-
mesenchymal transitions and has a generous contribution to
skin fibrosis [37].

Our study results corroborated that CG350 had a repair
effect on scalded skin. More notably, CG350 significantly
downregulated the expression of IL-1 and upregulated the
expression of TGF to improve scald wound healing.

4. Discussion

CG is commonly used to treat scalds and has the effects of
secretion absorption, wound healing, and muscle regener-
ation [38]. According to traditional trait requirements, CG
needs to be calcined to be opaque, brittle, and reddish [39].
During calcination, colour and texture are essential ap-
pearance indicators to control product quality. Micro-
structure and pore size are generally considered to be
mineralogical properties related to the exudate absorbing
capacity of CG. When scalds occur, wounds tend to become
infected with microorganisms without treatment [40].
Following wound infection, toxic molecules and metabolites
produced by persistent inflammation, bacteria, and immune
responses adversely affect wound repair [41]. So far, it is still
unclear how the material phase structure of CG impacts the
treatment of scald wounds.

In this study, three kinds of phase structures are pro-
duced after gypsum calcination: CG150, CG350, and
CG750 correspond to bassanite, anhydrite III, and anhy-
drite II, respectively. CG350 was the most brittle with the
largest specific surface area and pore volume, followed by
CG150 and CG750. RG’s main component is CaSO,#2H,0;
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when the calcination temperature rises to 150°C, the in-
ternal water molecules spill from the structure, the mo-
lecular structure stabilized by RG is destroyed, the spatial
structure is unstable, the internal pores increase, and
bassanite is generated. A larger crack appeared on the
surface of CG150, and the specific surface area and pore
volume increased correspondingly. When the calcination
temperature was 350°C, anhydrite III without crystallo-
graphic water was formed. CG350 showed a larger surface
crack, larger specific surface area, and pore volume.
Nevertheless, when the temperature increased to 750°C,
anhydrite IT was formed, the structure was compact, and
the specific surface area and pore volume became small.
The reason is that high temperature makes CG350 internal
sintering, and stable state molecules (or atoms) attract each
other [42], thus forming particle binding and powder
strength. In turn, the crack, specific surface area, and pore
volume of CG750 are smaller than CG350. After scalding,
abscesses are easily formed on the skin surface, CG350 has a
large pore structure, and its phase structure is anhydrite III,
which has a strong water absorption capacity [43]. Thus,
CG350 can better absorb exudation in wound abscess,
promoting the disappearance of the abscess, which is
conducive to scald healing.

Our research group found that the calcium dissolution of
RG, CG150, CG350, and CG750 was 3.17%, 3.25%, 4.76%,
and 3.19%, respectively. The dissolution of calcium ions in
samples is closely related to the pore structure. When
CG150, CG350, and CG750 were in contact with water, the
water molecules then moved along the channel towards the
crystal’s interior and interacted with the surrounding ions.
After interacting with the surrounding ions, the crystal
structure is destroyed, further expanding the contact surface
between the crystal and water molecules, accelerating the
crystal breaking and forcing Ca®* and SO,*” to move to
water [44]. CG350 has the most extensive porosity, specific
surface area, and pore volume, so calcium ion dissolution is
the highest. Studies have shown that calcium ion plays a vital
role in scald healing [45] and the anti-inflammatory effect
[46]. Cadherin is a kind of cell adhesion glycoprotein with
the characteristics of convergence and calcium dependence.
It plays an essential role in cell recognition, migration, tissue
differentiation, and adult tissue and organ composition [47].
Therefore, it is speculated that the different degrees of
dissolution of calcium ions caused by the phase structure
may be an important factor causing the difference in bio-
logical activity.

Based on the above analysis, the biological activity
exerted by CG is closely related to the phase structure, which
affects the mineralogical properties and the dissolution of
calcium ions. The experimental results showed that CG350,
the main phase structure of anhydrite III, exhibited more
advantages in texture, pore size, specific surface area, an-
tibacterial, anti-inflammatory, and scald repairing. FTIR and
XRD are the most common and reliable methods to de-
termine the phase structure [48, 49]. In the process of
calcining gypsum, FTIR and XRD are suggested to identify
the phase structure of CG, which is of great significance for
the quality control of CG.

Evidence-Based Complementary and Alternative Medicine

5. Conclusions

In summary, RG, CG150, CG350, and CG750 are different in
mineral properties and biological activities. RG has a dense
structure, small pore size, a weak anti-inflammatory effect,
but no antibacterial effect, and has almost no effect on the
repair of scalds. CG150 has a loose texture, large pore size,
and specific surface area and has a unique antibacterial and
anti-inflammatory effect, but it has a low repair effect on
scalds. CG750 has a compact structure, small pore size and
specific surface area, and low antibacterial and anti-in-
flammatory effects, but it has a specific repair effect on
scalds. Only CG350 has good properties in texture, pore size,
specific surface area, antibacterial, anti-inflammatory, and
scald repair. Our research has proved that, on the one hand,
it is reasonable to not use RG for external use to treat trauma.
On the other hand, the mineral properties and biological
activities of CG are different due to different phase struc-
tures; an appropriate temperature should be selected in
order to prepare CG with a better curative effect. CG350,
namely, anhydrite III, is considered by our research to be the
optimal phase structure for CG. Our research provides a
reference for determining the best temperature for preparing
CG and evaluating CG quality.
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The excessive arsenic content in wild Cordyceps sinensis has caused great concerns on human health. The toxicity of arsenic
depends on its concentration, chemical form, and valence. The source studies of arsenic in C. sinensis are essential for safety
evolution and quality control. We used ICP-MS and HPLC-ICP-MS methods to determine the total arsenic amount and the
arsenic speciation. Synchrotron-based XANES and micro-XRF imaging techniques were used to characterize arsenic valence and
distribution. The total arsenic amount range in wild C. sinensis samples was 5.77-13.20 ug/g with an average of 8.85+ 2.5 ug/g.
As(III) and As(V) were the main species in wild C. sinensis samples. The iAs only accounts for 4.47-11.42% of the extracted
arsenic. Trivalent and pentavalent forms were the dominant chemical forms of arsenic. Besides, we found that arsenic was

accumulated at the digestive tract of the host larva.

1. Introduction

Cordyceps sinensis (C. sinensis) is a traditional medicine in
China and eastern Asia. It is a complex of C. sinensis fungus
and host larva that grow well at altitudes 3000-5000 m [1, 2].
C. sinensis occurs in the Qinghai-Tibet plateau and sur-
rounding areas, including Tibet, Qinghai, Sichuan, Gansu,
and Yunnan provinces [3]. Yushu and Guoluo prefecture of
Qinghai province and Naqu region of Tibet are the core
natural distribution areas [4, 5]. C. sinensis medicinal
benefits include lung protection and kidney improvement
[1, 2], immunomodulation [2, 6], antitumour effects [7],
hepatoprotection [8], and increased endurance [9].

Some wild C. sinensis samples have a high arsenic
content [10, 11] and some samples do not comply with the
limit standard of BS ISO 18664:2015 [12]. Arsenic is a
common element in air, soil, and groundwater [13]. Acute
and chronic human exposure to arsenic causes a series of

adverse health effects. These include pulmonary and re-
spiratory, cardiovascular and hematological, gastrointesti-
nal, hepatic, renal, neurological, = immunologic,
developmental, and reproduction diseases and cancer
[14-16]. Arsenic is a harmful element, and most countries
have established arsenic limits for drinking water, food, and
medicine. The pharmacopoeia of China [1] requires the total
arsenic content for most Chinese traditional medicines to be
lower than 2 mgkg ™.

The toxicity of arsenic depends upon its concentration,
chemical form, and valence. The chemical speciation of
arsenic greatly affects its toxicity. Different arsenic specia-
tions vary in their toxicity to humans. Inorganic arsenic,
including arsenate and arsenite, is more toxic than organic
forms like arsenosugars and arsenolipids [16]. The valence of
arsenic affects its toxicity, and trivalent arsenicals are more
toxic than the pentavalent forms for inorganic arsenic (iAs),
monomethylarsonic acid (MMA), and dimethylarsinic acid
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(DMA) in vitro [16, 17]. Naranmandura [18] calculated
LC50 values for human cells as 571, 843, 5.49, and 2.16 uyM
for iAs¥, DMAY, iAs™, and DMA™.

Arsenic in C. sinensis remains a serious problem for
users. Questions to be addressed are the following: (1) What
is the range of the total arsenic concentration in wild
C. sinensis? (2) What are the chemical speciation and valence
of arsenic in wild C. sinensis (3) What is the arsenic dis-
tribution in C. sinensis and where does the arsenic originate?

The total arsenic of C. sinensis samples has been
documented [11, 19-22], and some studies have reported the
arsenic speciation analysis of wild C. sinensis [21-25].
However, valence analysis and in vivo arsenic distribution in
wild C. sinensis are rare. Basic research on the content, form,
and valence of arsenic in C. sinensis is critical for under-
standing C. sinensis. The arsenic distribution in medicinal
C. sinensis is important for arsenic source investigation. The
arsenic source can be inferred from the distribution results
of arsenic, and it provides data related to the accumulation
and mechanism of arsenic in C. sinensis. Therefore, it is
important and necessary to study the distribution of arsenic
in C. sinensis.

Inductively coupled plasma-mass spectrometry (ICP-
MS) [26] is a powerful technique for element detection with
very low detection limits and wide linear dynamic range.
ICP-MS hyphenated with chromatographic separation
techniques such as liquid chromatography, gas chroma-
tography, and capillary electrophoresis was used in ele-
mental speciation analysis in clinical, environmental, food,
and life sciences [26-28]. ICP-MS and HPLC-ICP-MS
methods are useful tools for arsenic content determination
and arsenic chemical species studies [29] and are applied in
plant hyperaccumulation studies [30] and environmental
and health studies [31].

Synchrotron-based X-ray techniques, including X-ray
absorption near-edge structure spectroscopy (XANES) and
micro X-ray fluorescence spectroscopy (4-XRF), can provide
molecular-level information and spatial imaging capabilities
[32]. Synchrotron-based X-ray techniques are widely used in
physics, chemistry, earth and environmental sciences, and
life and agricultural sciences [32-36].

The aim of this research was to acquire information of
the total arsenic content, arsenic speciation, arsenic valence,
and distribution of arsenic in wild C. sinensis by ICP-MS,
HPLC-ICP-MS, SXANS, and p-XRF techniques. The data
reveal the chemical form and distribution of arsenic in wild
C. sinensis, suggest the sources of arsenic, and provide a
reference for additional safety assessments of wild
C. sinensis.

2. Materials and Methods

2.1. Chemicals and Reagents. Element reference standard
solutions of arsenic (As, GBW(E)080117, 1000 yg/ml), ar-
senite (As(III), GBWO08666, 75.7+1.2ug/g), arsenate
(As(V), GBWO08667, 17.5+0.4 ug/g), monomethylarsonic
acid (MMA, GBWO08668, 25.1 £0.8 ug/g), dimethylarsinic
acid (DMA, GBWO08669, 52.9+1.8ug/g), arsenobetaine
(AsB, GBWO08670, 38.8+1.1ug/g), arsenocholine (AsC,
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GBWO08671, 28.0 + 1.1 ug/g), and standard reference material
GBWO09588 (Atractylodes macrocephala) were obtained
from the National Institute of Metrology (Beijing, China),
with their concentrations guaranteed. Working mixture
standard solutions of arsenic speciation were prepared daily
by diluting the source standard solutions to proper con-
centrations with pure water. Tune solution and mixed in-
ternal standard were provided by PerkinElmer (MA, USA).
Na3AsOy, NaAsO,, and As (Cys); were also provided by the
National Institute of Metrology (Beijing, China).

Nitric acid (HNO;, 68%, ultrapure) and hydrogen
peroxide (H,0,, 30%, ultrapure) were purchased from
Suzhou Crystal Clear Chemical Co., Ltd. (Suzhou, China).
High purity argon (Ar, 99.999 %) was obtained from Jinxin
Gas Co., Ltd. (Xining, China). HPLC grade methanol
(Merck, Germany), HPLC grade ammonium dihydrogen
phosphate, and aqueous ammonia were obtained from
ANPEL Laboratory Inc. (Shanghai, China). Ultrapure water
(18.2MQ) prepared with a Milli-Q system (Millipore, Co.,
USA) was used for all solution preparations. The glassware
and plasticware used in this experiment were soaked in 20%
HNO; solution for 24 h prior to use.

2.2. Sample Collection and Preparation. Six wild C. sinensis
samples (C1-C6) (each 20g) were purchased from native
habitats, Zaduo, Chengdu, Yushu, Nangqian, Zhiduo, and
Qumalai county, Yushu prefecture, Qinghai province,
China. Samples were authenticated by professor Yuzhi Du, a
certified pharmacist of traditional Chinese medicine.

Samples were rinsed with deionized water to remove
dust and soil from surface, dried at 40°C for 48 h, and then
stored at —20°C before use. Before experiments, the samples
were ground into powder and passed through a 40 mesh
sieve.

2.3. Instrumentation. A NexION™ 350D ICP-MS (Perki-
nElmer, Waltham, MA, USA) and A-30 UPLC (Perki-
nElmer, Waltham, MA, USA) were used. The separation of
arsenic species was performed on a PerkinElmer Altus A-30
UPLC system, equipped with a solvent delivery module
(quaternary pump) and sampling module. Separation was
achieved using a  Hamilton PRP100  column
(250 mm x 4.6 mm id, 5ym) (Hamilton, Sweden). The ICP-
MS was operated on the standard mode. The pH values were
measured using a Mettler Toledo FiveEasy Plus pH meter
(Mettler Toledo Co., Shanghai, China). Milli-Q purified
water was obtained from a Milli-Q (reference) purified water
apparatus (Millipore Co., USA). A microwave oven
(MASTER 40 Digestion/Extraction/Synthesis Microwave
Labstation) equipped with forty 70 ml TFM Teflon vessels,
with an energy output of 3600W, was used to digest samples.
The maximum digestion temperature and pressure were
220°C and 3 Mpa, respectively. An ECH-20 digital tem-
perature control heater was used for evaporating excess
nitric acid. The microwave oven and ECH-20 digital tem-
perature control heater were products of Sineo Microwave
Chemistry Technology Co., Ltd. (Shanghai, China).
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The XAFS experiment end station 1W1B, Beijing
Synchrotron Radiation Facility (Beijing, China); micro
X-ray fluorescence beamline BL15U at Shanghai Syn-
chrotron Radiation; infrared tablet presser (HY-12, Tianjin
Skylight Optical Instrument Co., Ltd); vacuum freeze dryer
(FD-1D-50, Beijing Boyikang Laboratory Instrument Co.,
Ltd); frozen microtome (CM 1950, Leica Co., Ltd, Ger-
many); and positive optical microscope imaging system
(E200, Sony Co., Ltd., Japan) were used.

2.4. Determination of Total Arsenic

2.4.1. Sample Ingestion. An ICP-MS system coupled with
the microwave digestion technique was used for sample
preparation and detection. C. sinensis powder, 0.25g, was
decomposed using microwave equipment with a mixture of
HNO; (4.0 mL) and H,0, (2.0 mL). The operating program
of the microwave system was as follows: the samples were
heated to 120°C from room temperature in 5 min and held
for 5 min, then heated to 160°C in 5 min and held for 10 min,
and heated to 200°C in 15 min and held for 15 min. During
the digestion process the wave power was set to 1800 W.
After digestion, the samples were cooled to room temper-
ature. Excess HNO; was removed by heating the sample
solution at 120°C for 20 min. The digestion sample solutions
were cooled to room temperature and diluted with ultrapure
water up to 50 mL.

2.4.2. Conditions and Methods. The analysis conditions,
including RF power, plasma gas flow, auxiliary gas flow,
nebulizer gas flow, sampling depth, and peristaltic pump
rate, were 1250 W, 18 L/min, 1.2 L/min, 0.72 L/min, 6 mm,
and 35 r/min, respectively. Besides, selected isotope m/z 75
was detected ion. Samples were quantified with external
calibration curve As standards (calibration points: 1, 5, 10,
20, and 50ng/mL), and internal standards (40 ng/mL of
7*Ge) were used for metal determination by ICP-MS. Before
determination, the status of ICP-MS was adjusted to opti-
mum with the tuning solution. The internal standard was
used, and internal standard solution was introduced into the
sample flow with a T shape pipe online. Triplicate analyses
were performed for each sample. The corresponding di-
gestion blanks (reagent blanks) were also measured. The
arsenic of CRM GBW09588 (Atractylodes macrocephala)
was determined and used for quality control purposes using
the same methods.

2.5. Arsenic Speciation Analysis

2.5.1. Sample Preparation. The extraction methods were
performed with reference to the method of Guo et al. [21]
and Zhou et al. [23]. Approximately 0.5g of each powder
sample of C. sinensis was added to 10 mL of 0.15 mol/L dilute
nitric acid solution and soaked in the mixture overnight.
Then, the mixtures were heated in an incubator for 150 min
at 90°C and shaken for 1 min every 30 min. The mixtures
were cooled to room temperature and centrifuged at
8000 r/min after heat extraction. The supernatants were

removed, and 5mL of 0.15 mol/L dilute nitric acid solution
was added to the residue. The extraction was repeated using
the procedure described above. The combined supernatants
from the two rounds of extraction were analyzed immedi-
ately after filtration with a 0.22ym PTEF membrane. A
corresponding reagent blank was made, and the procedure
was performed in triplicate.

2.5.2. Arsenic Speciation Analysis Method. The different
species of arsenic were separated by HPLC and detected by
ICP-MS. An anion-exchange column (Hamilton RPR 100
column, 250 mm x 4.6 mm, 5um) was used for separation
with a gradient system of eluent A, 10 mmol/L NH,H,PO,
(containing 1% methanol V/V, NH;-H,O adjusted pH 9.7),
and eluted with B, 40 mmol/L NH,H,PO, (containing 1%
methanol V/V, NH;-H,O adjusted pH 6.7) solution, at a flow
rate of 1.0mL/min. The HPLC elution condition was
achieved using the following procedures. For eluent A,
100.0% initial proportion, 100.0% maintained for 4.0 min;
linear decrease to 0.0% at 4.5 min and 0.0% maintained for
13.5 min; linear increase to 100.0% at 14.0 min; equilibrium
maintained for for 4.0 min. The total sample injection time
was 18.0min, and the acquisition time was 14 min. The
injection volume was 10.0 uL.

The method of arsenic speciation analysis was validated
by the standard addition method, and the recoveries of each
arsenic speciation were used for evaluating the method
feasibility. The total arsenic in the extraction solution and the
residue of the extracted sample were ingested by microwave
digestion method, and the total arsenic was determined by
the method in Section 2.4. Then, total arsenic results of
extraction solution and residue of extraction were compared
with the results of sum of six arsenic species in C. sinensis.

2.6. Arsenic Valance Analysis In Vivo

2.6.1. Sample Preparation and Reference Materials.
C. sinensis samples were ground into fine powder and then
pressed into round tablet with 1 cm diameter. All samples
were coded and examined by X-ray absorption spectroscopy.
The reference materials NazAsO, and As (Cys); were used.

2.7. Arsenic Distribution in Wild C. sinensis

2.7.1. Sample Preparation. A C. sinensis sample from Zhiduo
county was frozen, and sections of 50 ym thickness were
made from the stroma, head, thorax, and abdomen (the
location of the thin slices of the samples is shown in Figure 1)
and pasted on the XRF tape (TF-500) for y-XRF imaging.

2.7.2. Facility Conditions. The distribution of As in
C. sinensis samples was analyzed with y-XRF at the beamline
BL15U at the Shanghai Synchrotron Radiation Facility
(SSRF, Shanghai, China). The continuous synchrotron
X-rags were monochromatized by a Si(111) double-crystal
monochromator. A monochromatic X-ray beam with
photon energy of 13 keV was used to excite the samples. The
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F1GURE 1: The location of thin slice on C. sinensis.

cross section of the beam irradiation on the samples was
adjusted to about 200 x 200 mm? with an about 10'" phs/s
photon flux. The sample was placed at a 45° angle to the
incident X-ray beam, and X-ray fluorescence was detected
with a 50 mm? silicon drift detector (Vortex, USA) oriented
at a 90" angle to the incident beam. A light microscope was
coupled to a computer for sample viewing. The sample
platform was moved by a motorized x-y mapping stage. The
As distributions in the sections of different parts of the
caterpillar were continuously scanned at a step of 125 ym for
both x and y directions. Each spot was irradiated for 5s.

2.7.3. Data Analysis. The X-ray spectra were analyzed by the
AXIL program (Canberra Benelux, Belgium), and all the ele-
ment fluorescence intensities and the Compton scattering
intensity were normalized to the collecting time and the
changes in 10, which was measured by an upstream ion
chamber. The relative quantitative images of metals were
obtained using software IGOR Pro 6 (WaveMetrics Inc., USA).

3. Results

3.1. Total Arsenic Content of Wild C. sinensis Samples.
The amount of total arsenic in wild C. sinensis was deter-
mined by microwave digestion coupled with the ICP-MS
method. Total arsenic content of the six C. sinensis samples
ranged from 5.77 to 13.20 ug/g, with RSD of 2.1-5.4% and
mean of 8.85+2.5ug/g (details are provided in Table 1 and
Supplementary Table 1).

The "°As standard curve was Y=0.010X +0.002 with a
correlation coefficient (r) of 0.9999, and the detection limit
was 0.011ng/ml. The total As of CRM GBWO09588 was
0.202+0.005 ug/g (n=3). This result was similar to the
certificate value of 0.211 +0.008 ug/g.

3.2. Arsenic Speciation of Wild C. sinensis. The arsenic
speciation analysis was performed on a HPLC-ICP-MS
using the established method. The representative chro-
matograms for typical separation of arsenic species are
shown in Figure 2. The analysis methodology data including
regression equations, correlation coeflicients, linear ranges,
detection limits, and recoveries are shown in Table 2. The
recoveries of As(III), As(V), MMA, DMA, AsC, and AsB
were 94.4%, 79.6%, 95.6%, 96.7%, 93.7%, and 94.9%, re-
spectively. Accordingly, we can state that the results of re-
covery of HPLC-ICP-MS method are reliable. The contents
of different arsenic species in the samples are shown in
Table 3 and Figure 3.

3.3. Arsenic Valence of Wild C. sinensis. The raw XAFS data
of C. sinensis samples and the references were preprocessed
through conventional procedures by normalizing to the unit
edge jump after removing the atomic background as
implemented in the IFEFFIT package, shown in Figure 4.
The Fourier transforms of k2-weighted EXAFS were con-
ducted over the k range [3-10 A™'] for all samples. Speciation
analysis was conducted on the XANES region, the 20eV
below and 50 eV above the absorption edge, for all samples
using the selected standards. Due to the limitation of the
standards library, the useful standards were selected by
comparing the spectral fingerprint of the sample and that of
the standards. We narrowed the fingerprint to two com-
pounds, i.e., NazAsO4-As>" and As-Cys-As>", each of which
showed distinctive fingerprints in the XANES region (details
are provided in Supplementary Figure 1).

3.4. Distribution of Arsenic in Wild C. sinensis. The different
C. sinensis sections of stroma, larva head, larva thorax, and
larva abdomen were imaged using the synchrotron radiation
u-XRF method. Sampling location is shown in Figure 1, and
As distribution is shown in Figure 5. The relative level of
arsenic is represented by the intensity or counts of fluo-
rescence photons. Figure 5 shows the As micro distribution
in the host body of C. sinensis. The micro distribution of As
shows that As exists in the larva and is concentrated in the
mid-thorax and the abdomen. We speculated that it was the
digestive tract according to the location and shape of As
focusing. Compared to the larval thorax and abdomen, the
stroma and head had low photon counts, indicating their
low As content.

4. Discussion

4.1. Total Arsenic Content of Wild C. sinensis. The total As
results in this study were consistent with previous studies of
wild C. sinensis. The total arsenic results of Guo [21] were
4.00-5.25 mg/kg in C. sinensis samples from Litang, Naqu,
and Yushu. They were 2.560-5.590 mg/kg with mean of
1.032 +0.989 mg/kg in 45 samples from a Beijing market that
were collected from major origins of wild C. sinensis in Lu’s
studies [19]. Li [20] documented 5.9-12.5mg/kg of five
samples from Qinghai, Tibet, and Gansu provinces. Zuo
et al. [22] found 8.53+3.49mg/kg in 34 samples from
Qinghai, Tibet, Sichuan, Gansu, and Yunnan provinces.
Zhou et al. [23] found 9.70 +0.62 mg/kg in a sample from
Qinghai province.



Evidence-Based Complementary and Alternative Medicine

5
TaBLE 1: Total arsenic content of wild C. sinensis.
0,

No. Sample Origin As (mg/kg) R(SnD_(S?)
1 C1 Yushu city 8.08 2.8
2 C2 Nanggian county 5.77 2.2
3 C3 Qumalai county 9.18 2.9
4 C4 Chengdu county 9.38 44
5 C5 Zhiduo county 7.49 2.1
6 Ce6 Zaduo county 13.20 5.4
Average 8.85
SD 2.50
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FiGure 2: Chromatogram of arsenic speciation analysis of wild C. sinensis using the HPLC-ICP-MS method: (a) mixed standard of six
arsenic species; (b) sample of wild C. sinensis; (c) blank (0.15 mol/L HNO3). 1: AsC; 2: AsB; 3: As(III); 4: DMA; 5: MMA; 6: As(V).
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TABLE 2: Regression equations, correlation coefficients, linear ranges, detection limits, and recoveries of HPLC-ICP-MS method.

Analyte Linear equation R Linear range (ug/L) LOD (ug/L) Recovery (%)
AsC Y=11589X - 10045 0.9999 4.13-264.01 0.41 93.7
AsB Y=12052X+ 19812 0.9998 5.05-322.95 1.35 94.9
As(I1I) Y =9814.4X + 28579 0.9997 10.77-689.02 0.35 94.4
DMA Y=12006X + 34041 0.9996 7.98-510.86 0.80 96.7
MMA Y=10794X+13051 0.9993 3.76-240.38 1.51 95.6
As(V) Y =12410X - 15367 0.9991 2.75-176.27 2.06 79.6
TaBLE 3: As speciation analysis in wild C. sinensis preparations by 0.15 mol/L HNOs.

No. AsC AsB As(111)* DMA MMA As(V)? iAs ETAs" RTAs® iAs? (%)
C1 ND ND 0.127 +0.007 ND ND 0180+0.006  0.307 6.858 1.103 4.47
C2 ND ND 0.202 +0.004 ND ND 0.263+0.017  0.465 4.073 1.546 11.42
c3 ND ND 0.126 +0.002 ND ND 0.191+0.013 0.316 5.231 3.722 6.05
C4 ND ND 0.215 +0.001 ND ND 0.208+0.025  0.422 8.415 0.917 5.02
cs ND ND 0.194 +0.043 ND ND 0.196+0.000  0.391 4.949 2.435 7.89
C6 ND  ND  0473+0.058 ND ND 0.265+0.016  0.738 6.745 5.984 10.94

Note. ND: not detected. *Data are the mean + SD, ug/g. "Total arsenic of sample extracted solution, ug/g. “Arsenic content of residues after the extraction, ug/g.

Percentage of inorganic arsenic in extracted solution (%).
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FiGure 3: Content of TAs, ETAs, and iAs in wild C. sinensis. TAs represent total arsenic of C. sinensis, ETAs represent total extracted arsenic
with 0.15mol/L HNO; of C. sinensis, and iAs represents the sum of As(IIT) and As(V) of extracted solution.

4.2. Arsenic Speciation Concentration of Wild C. sinensis.
For six arsenic species, AsC, AsB, As(II1), MMA, DMA, and
As(V), were separated well in 14min (Figure 2). Perfor-
mance parameters of established methods (Table 2) showed
that the detection limits for the six arsenic species ranged
from 0.41 pug/L to 2.06 ug/L. The standard curve prepared for
each arsenic species was linear, and the correlation coeffi-
cients were 0.9991 to 0.9999. The relative standard deviations
(RSDs %) were less than 5%.

The arsenic speciation results showed that AsC, AsB, MMA,
and DMA were not detected in the six samples of wild C. sinensis
from Yushu prefecture. Two inorganic arsenic species, As(III)
and As(V), were the major species in wild C. sinensis. Their
concentration ~ ranged  from  0.126+0.002ug/g  to
0.473 +0.058 pg/g, and 0.180 + 0.006 pg/g to 0.265 +0.016 ug/g,

respectively. The total iAs was 0.307-0.738 pg/g and amounted
to 4.47-11.42% of the total arsenic. Compared with the total
arsenic result of C. sinensis (Table 1), the extracted arsenic was
less than the former.

The total arsenic results of extraction solution and
residue of extraction were compared with the results of the
total arsenic of C. sinensis samples by microwave digestion
method (Tables 1 and 3). The sum of total arsenic in the
extraction and residue is basically consistent with the total
arsenic content of each C. sinensis sample.

Using the same extraction solution of 0.15 mol/L HNO;
and temperature of 90°C, the arsenic speciation results of the
present study were in partial agreement with the results of
Guo et al. [21] who discovered AsB in C. sinensis samples
from Litang, Naqu, and Yushu, and the iAs content ranged
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FIGURE 4: Experimental and fitted spectra of two samples (C1 and C4).
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FIGURE 5: Arsenic distribution in wild C. sinensis.

from 0.31 to 0.38 ug/g (6.0- 8.3%). The extraction time for
these two studied samples differed, with 12 hours for Guo
etal. [21] and 2.5 hours for the present study. Guo et al. [21]
had an extraction efficiency of 92.3-104% for total arsenic,
which is higher than that in the present study (51.1-89.7%).
In arsenic speciation analysis, different extraction methods
produce different results. HNO; solution is superior for re-
covery of iAs compared to simulated gastrointestinal juice. The
results of Guo et al. [21], Zuo et al. [22], Zhou et al. [23], Li et al.
[24], and the present research all support this conclusion.
Unknown arsenic species exist in wild C. sinensis based
on the present study and published results [22-24, 37].
Other studies indicate that the unknown arsenic species were
in organic form and Guo’s results [22] supported this
conclusion using an H,O, oxidation test. Li et al. [24]

showed that unknown organic arsenic was abundant in wild
C. sinensis using SEC-HPLC- ICP- MS and continuous
extraction methods. Arsenic is distributed in lipids, proteins,
polysaccharides, and other chemical compositions [24].

4.3. Arsenic Valence. The speciation of the samples was
analyzed using linear combination fitting (LCF), which is
implemented in the ATHENA-IFEFFIT package. By care-
tully calibrating the energy and allowing a small shift of
energy as a fitting parameter, the proportion of constituent
species can be obtained by linear combinations of the se-
lected standards. The acceptable criterion for LCF is to
obtain fitting with minimum residual and full physical
meaning, shown in Figure 4.



The LCF was conducted for the XANES region: -20 eV
to+60eV from the edge. We did not constrain the sum of
the individual weights, because there should be some
missing references that are not included in the standards
library. Fortunately, the major constituents are included in
the analysis. There are spectral features that cannot be fully
reproduced, considering the difference between the natural/
complex samples and the synthesized/simpler standards.

4.4. Arsenic Distribution and Source of Arsenic. Arsenic was
concentrated in the larva digestive tract, which indicates that
the arsenic source is the larval food. This is likely because the
host larva spends most of its life in the soil, and soil humus is
documented as a larval food. The results of stable isotope
composition showed that [38] soil humus is one of the foods for
the host of C. sinensis in the Qinghai-Tibet plateau. Addi-
tionally, the levels of As in Cordyceps are correlated with the soil
samples from their collection locations [39], suggesting that As
in C. sinensis likely originates from the soil.

5. Conclusion

The study documented high total arsenic concentrations in
wild C. sinensis with most levels exceeding 2 mg/kg. Most
arsenic detected was inorganic, and it existed in trivalent and
pentavalent forms. The soil and food of the host larva of
caterpillar of C. sinensis were the source of arsenic. Unknown
organic arsenic species exist in a large amount in C. sinensis;
therefore, the chemical properties and toxicity of the unknown
organic arsenic speciation decide the health risk of C. sinensis.
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Airway remodeling is one of the typical pathological characteristics of asthma, while the structural changes of the airways in asthma
are complex, which impedes the development of novel asthma targeted therapy. Our previous study had shown that Bu-Shen-Yi-Qi
formula (BSYQF) could ameliorate airway remodeling in chronic asthmatic mice by modulating airway inflammation and oxidative
stress in the lung. In this study, we analysed the lung transcriptome of control mice and asthmatic mouse model with/without BSYQF
treatment. Using RNA-sequencing (RNA-seq) analysis, we found that 264/1746 (15.1%) of transcripts showing abnormal expression
in asthmatic mice were reverted back to completely or partially normal levels by BSYQF treatment. Additionally, based on previous
results, we identified 21 differential expression genes (DEGs) with fold changes (FC) > (+) 2.0 related to inflammatory, oxidative
stress, mitochondria, PI3K/AKT, and MAPK signal pathways which may play important roles in the mechanism of the anti-
remodeling effect of BSYQF treatment. Through inputting 21 DEGs into the IPA database to construct a gene network, we inferred
Adipogq, SPP1, and TNC which were located at critical nodes in the network may be key regulators of BSYQF’s anti-remodeling effect.
In addition, the quantitative real-time polymerase chain reaction (QRT-PCR) result for the selected four DEGs matched those of the
RNA-seq analysis. Our results provide a preliminary clue to the molecular mechanism of the anti-remodeling effect of BSYQF

in asthma.

1. Introduction

Asthma, a chronic inflammatory respiratory disease, is
caused by complex factors and affects approximately 300
million people of all ages worldwide [1]. The pathogenesis of
asthma is characterized by airway inflammation and airway
hyperresponsiveness (AHR), and airway remodeling is the
main pathophysiological feature [1, 2]. Airway remodeling is
usually observed in asthma and can be driven by pathways
that are partly independent of airway inflammation. It in-
cludes airway smooth muscle (ASM) mass, peribronchial
collagen deposition, goblet cell, and glandular hyperplasia
and angiogenesis [3, 4]. The progression of asthma is as-
sociated with the functional changes of the airways [5],
whereas the complexity of airway function and structure

changes in asthma has impeded the development of novel
asthma targeted therapy.

Asthma-related morbidity results from immune im-
balances caused by the release of inflammatory mediators
including reactive oxygen species (ROS), cytokines, and
growth factors [4]. ROS could induce cell damage, change
the physiological function of structural cells, and play a key
role in initiation as well as amplification of inflammation in
asthma [6, 7]. Meanwhile, accumulating evidence has sug-
gested that ROS is involved in airway remodeling in asthma.
ROS can enhance release of transforming growth factor-f1
(TGF-f1) and vascular endothelium growth factor (VEGF),
which contribute to subepithelial fibrosis and airway
remodeling [6]. Mitochondria are one of the important
sources of basal endogenous ROS production in the lung [8].
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Furthermore, airway abnormalities, particularly secretion of
various cytokines, leads to the activation of intracellular
signaling pathways which are involved in airway inflam-
mation as well as remodeling process. The PI3K/AKT
pathway has been proved to play an important role in
regulating cell proliferation, growth, differentiation, and
metabolism [9]. As well, the mitogen-activated protein ki-
nase (MAPK) pathway is known to regulate a variety of
biological processes like cell growth and proliferation,
chemotaxis, degranulation, and other processes [10].
Therefore, PI3K/AKT and MAPKs signal pathways are
considered as therapeutic targets in airway remodeling of
asthma.

Traditional Chinese medicines (TCMs) were derived
from thousands of years of clinical use in China. TCMs
containing multiple bioactive ingredients are potential novel
resources for asthma treatment drugs. BSYQF is used in the
clinical treatment of asthma in China and is composed of
Astragalus membranaceus (Fisch.) Bunge, Rehmannia glu-
tinosa Libosch, and Epimedium brevicornu Maxim. The
chemical fingerprint of BSYQF contains at least 16 chemical
components including icariin, acteoside, catalpol, leonuride,
calycosin, and epimedin A. This indicates that multiple
compounds in BSYQF may deliver an integrated anti-
asthma effect through multiple targets and their associated
molecular pathways.

The anti-remodeling effects of BSYQF including the
inhibition of ASMC proliferation and peribronchial collagen
deposition in chronic asthmatic mice have been demon-
strated in our previous study [11]. We also preliminarily
explored the anti-remodeling mechanism of BSYQF, which
may be related to its anti-inflammatory, antioxidant, and
mitochondrial structure restoration. To further investigate
the molecular mechanism of BSYQF, we used lung samples
obtained from previous experiments and took advantage of
high-throughput whole-transcriptome analyses to explore
molecular mechanisms targeted by BSYQF. BSYQF is a
multicompound formula with wide molecular mechanisms.
Given this complexity of multiple targets and their associ-
ated molecular pathways, increased understanding of the
mechanisms of BSYQF might be best derived from the
available experimental results. Hence, according to our
previous result, we mainly focused on inflammatory, oxi-
dative stress, and mitochondria in GO enrichment and
PI3K/AKT and MAPKs signal pathways which are thought
to play an important role in asthma airway remodeling to
identify differentially expressed genes (DEGs) which may be
therapeutic targets of BSYQF.

2. Materials and Methods

2.1. Animals. Lung tissue samples were obtained from our
recently published study that tested the effects of BSYQF on
airway remolding in murine chronic asthma [11]. Female
BALB/c mice were sensitized and challenged with ovalbu-
min for 8 weeks to establish chronic asthmatic model as
described previously [11]. BSYQF was prepared as described
previously [12]. Briefly, Astragalus membranaceus (Fisch.)
Bunge, Rehmannia glutinosa Libosch, and Epimedium
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brevicornu Maxium were decocted in the ratio of 3:2:1.5(w/
w). From day 14, mice in BSYQF group were oral admin-
istrated 20g raw herbs/kg body weight, and mice in control
and asthma groups were oral administrated with saline. At
the end of experimental period, mice were euthanized and
lung tissues used to extract RNA were harvested immedi-
ately and frozen in liquid nitrogen.

2.2. Tissue Sample RNA Isolation. For RNA-seq, we used 3
lung tissue samples from control mice, 3 from asthmatic
mice, and 3 from BSYQF treatment mice. Total RNA was
isolated using Trizol reagent as described previously [13].
The quality of RNA was checked by 1% agarose gels elec-
trophoresis, and quantity was determined with Nano-
Photometer spectrophotometer (IMPLEN, CA, USA).
Optical density values were confirmed an A, Asgo ratio
above 1.9. RNA integration number (RIN) was measured
using the RNA Nano 6000 Assay Kit of the Bioanalyzer 2100
system (Agilent Technologies, CA, USA) to confirm RIN
above 7.

2.3. Library Preparation and Transcriptome Sequencing.
We used NEBNext® Ultra™ RNA Library Prep Kit for
Mumina (NEB, USA) to construct sequencing libraries
according to the manufacturer’s recommendations. Briefly,
using poly-T oligo beads, the mRNA was purified from total
RNA. In NEBNext First-Strand Synthesis Reaction Buffer,
fragmentation was performed using divalent cations.
M-MuLV Reverse Transcriptase (RNase H) was used to
synthesize the first strand cDNA, and DNA polymerase I
and RNase H were used to synthesize the second-strand
cDNA. Via exonuclease/polymerase activities, and
remaining overhangs were transformed into blunt ends. The
NEBNext adaptor with the hairpin loop structure was ligated
and prepared for hybridization after the 3 '-end of the DNA
fragment was identified. Using AMPure XP system (Beck-
man Coulter, Beverly, USA), we purify the library fragments
and the ¢cDNA fragment with length of 250-300bp was
selected preferentially. Finally, PCR products were purified
using AMPure XP system, and on the Agilent Bioanalyzer
2100 system, the library quality was evaluated. TruSeq PE
Cluster Kit V3 -cBot-HS (Illumia, San Diego, CA, USA) was
preformed to cluster the index coded samples according to
the manufacturer’s protocol on the cBot Cluster generation
system. After cluster generation, sequenced library was
prepared on Illumina Novaseq6000 platform to generate
150 bp paired end reads.

2.4. Quality Control, Mapping, and Quantification of RNA-Seq
Reads. Firstly, clean reads were obtained by removing reads
containing adapter or ploy-N as well as low quality reads
from raw reads. Meanwhile, the Q20, Q30, and GC contents
of clean data were calculated. All downstream data were
analysed on the basis of high quality cleaning readings.
STAR was performed to align clean reads to reference ge-
nome. In the mapping speed, STAR outperformed other
aligners by a factor of >50 and improved alignment
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sensitivity and precision [14]. The HTSeq V0.6.0 count was
mapped to the reading for each gene. The value of the FPKM
(number of segments per thousand base exon; mapping per
million segments) is calculated based on the length of the
gene as well as the read count mapped to the gene.

2.5. Differential Expression Analysis. After the significant
analysis and FDR analysis, only genes under |log2FC| > 1
and p value <0.05 criteria were included in the analysis.
DESeq2 algorithm was applied to filter the differentially
expressed genes.

2.6. Functional Analysis. The gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis were
performed to describe the function of each DEGs. We ap-
plied the ingenuity pathway analysis (IPA, Redwood City,
CA, USA) to construct gene interaction network.

2.7. Real-Time PCR. The primers used in this study were
purchased from BioTNT (Shanghai, China). Total RNA
from treated, asthma, and control lung samples was
extracted by the TRIZOL method. cDNA synthesis was
performed using cDNA Reverse Transcription Kit (Takara)
according to the manufacturer’s instructions. qRT-PCR was
performed using TB Green Premix Ex Taq Kit (Takara). We
used GAPDH gene as an internal reference to normalize the
expression of target genes. Reactions were run on the 7500
Real-time PCR system (ABI, USA), and the data were
analysed using its software. Ct (threshold cycle) was used to
determine the target gene expression levels.

2.8. Statistical Analysis. Intergroup differences were ana-
lysed using one-way ANOVA. Data in the experiments
are expressed as mean + SD. All statistical analyses were
accomplished by using PRISM version 7.0 (GraphPad). A
p value of <0.05 was considered statistically significant.

3. Results

3.1. Gene Expression Analysis. DEGseq analysis results ap-
plied on RNA-seq FPKM. The RNA expression result in lung
tissue showed significant differences among control (C,
control), asthma (M, model), and BSYQF treatment in the
mouse model of asthma (T, treatment). As shown in
Figure 1(a), clustering analysis was used to detect overex-
pressed genes and underexpressed genes.

3.2. Gene Expression Regulated by Asthma and BSYQF.
Gene expression differences between the asthmatic com-
pared to control (A vs C) and asthma compared to BSYQF
treatment (A vs T) groups were shown in the Venn diagram
in Figure 1(b) and Table 1. As the Venn diagram shown,
changes in expression levels were observed in 1,899 tran-
scripts in the lung. 271 (180 +7+84 +0) of these were reg-
ulated by both asthma and treatment. As shown in Table 1,
1,746 transcripts were regulated by asthma with log2 fold
changes (FC) ranging from —8.6 to 11.7, p <0.05. Of these,

1,025 were upregulated and 721 were downregulated by
asthma. BSYQF treatment alters the expression of 424
transcripts with FC between —5.5 and 7.8 (p < 0.05). Among
these, 325 were upregulated and 99 were downregulated. By
BSYQF treatment, a total of 264/1746 (15.1%) transcripts
including 180 upregulated and 84 downregulated tran-
scripts, and their expression levels were reversed to normal
levels.

3.3. Volcano Results. In Figure 1 C/D, the volcano plot shows
transcriptome changes in asthmatic compared to control (A
vs C) and asthma compared to BSYQF treatment (A vs T)
groups in the lung tissues of mice. The scatter plot showed
that the distribution of genes in significance (y axis, -log10
(p value)) vs fold changes (x axis, log2 (normalized fold
change (FC)). As shown in Figure 1 C/D, genes are outside
the midline of the absolute normalized FC>=(+)1, and
-logl0 (p value)>=1.3 are colored red for overexpressed
genes and blue for underexpressed genes. The underlying
key genes in asthma pathogenesis and those regulated by
treatment including Adipoq, HMOXI1, SPP1, Cyp2el, TNC,
MB, MPO, Col9al, Ckmt2, and Erbb4 were taken as ex-
amples to illustrate the positions and relationships with
other points and midline in the figure. There were small
changes in the expression levels of many genes in both
directions, but only the FC > =(+)1 and p <0.05 genes that
met our screening criteria were meaningful in this study.

3.4. BSYQF Treatment Normalized Gene Expression Altered in
Asthma. From this analysis (Table 1 A/B), we found a small
group of genes that showed significant (above 50%) or
complete reversal of changes in asthma during BSYQF
therapy. These genes are listed in Table 1 C and rank-ordered
by FC> =(+)5 (p < 0.05). These DEGs were regulated by both
asthma and BSYQF and may be closely related to the
mechanism of BSYQF’s anti-asthma.

3.5. Key Gene Interaction Network Identification. Based on
the gene expression analysis and our previous results, 21
genes were selected from DEGs between asthma group and
treatment group according to their relevant functions with
inflammatory, oxidative stress, mitochondria, PI3K/AKT,
and MAPKs signal pathways which are thought to be related
to the action mechanism of BSYQF (Table 2). Then, we
applied IPA software to identify gene networks about 21
DEGs (Figure 2). 11 of 21 input genes could be located in this
network including Adipoq, HMOX1, SPP1, Cyp2el, TNC,
MB, MPO, Col9al, Ckmt2, Erbb4, and MAPKI10. In the
network, Adipoq, HMOXI1, SPP1, and TNC appeared to be
key components which directly or indirectly interact with
multiple genes and participate in multiple biological
functions.

3.6. Verification of Selected DEGs. According to IPA analysis
result, Adipoq, HMOX1, SPP1, and TNC were selected for
turther validation. We performed qRT-PCR analysis on the
four genes to confirm the results of DEGs in the lung. As
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FIGURE I: (a) The clustering heat maps of gene expressions. Red represents the upregulation expressions; blue represents the downregulation
expressions. The color brightness is associated with differences in multiples. (b) The Venn diagram shows RNA-seq data for all genes that
were regulated in asthma compared to control (M vs C) and by BSYQF treated compared to non-treated asthma controls (T vs M). FC: fold
changes. Blue: M vs C, positive FC (FC > 1). Yellow: M vs C, negative FC (FC < 1). Green: M vs T, positive FC (FC > 1). Pink: M vs T, negative
FC (FC < 1). (¢). Volcano plot (M vs C). (d) Volcano plot (M vs T). Genes of interest are labeled as examples to show changes in expression
levels. Horizontal dashed line represents expression value p = 0.05. Genes outside the midline have FC > 1.

shown in Figure 3, a significant reduction of adiponectin
(Adipoq) gene expressions in asthma group compared with
control group were observed. In addition, the expressions of
heme oxygenase 1 (HMOX1), tenascin C (TNC), and

secreted phosphoprotein 1 (SPP1) in asthma group com-
pared with control group genes were significantly elevated,
while BSYQF treatment completely or partially reversed
asthma-induced expression changes of Adipoq, HMOXI,
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TasLE 1: Differently expressed genes showing the highest fold changes (in either direction) in lung samples of the mice in the control (C),

asthmatic model (M), and BSYQF treatment (T) groups.

A.Mvs C B.Tvs M C
Gene Fold change Gene Fold change Gene Mvs C Tvs M
Increased Increased Timpl 6.22 -3.01
Chil4 11.74 A530016L24Rik 7.79 Regl 6.20 -3.30
Sprr2a3 11.18 Tmem179 7.17 Dmpl 5.65 -4.15
Clcal 9.86 Serpinbl1 7.01 Glod5 5.55 -5.52
Mcptl 8.71 Ebf2 6.85 Rnf17 5.35 -5.33
Rnase2a 8.43 Htr3a 6.59 Dspp 5.14 =511
Capn9 7.48 Lep 6.52 Lep -8.64 6.52
Saa3 7.42 Glycaml 6.43 A530016L24Rik -8.36 7.79
Saal 7.23 Syt4 6.39 Tmem179 -7.57 717
Saa4 7.18 Lrtml 5.95 Letl -7.36 5.20
Retnlb 7.09 Nalcen 5.91 Ebf2 -6.77 6.85
A 6.93 Slc5a8 5.89 Nalcn —6.42 5.91
Cd209e 6.93 Dsc3 5.84 Adipoq -5.97 5.80
Mmpl2 6.84 Adipoq 5.80 Htr3a -5.58 6.59
Timd2 6.78 Lsmem1 5.76 Myhl -5.57 4.94
Retnla 6.64 Ugt2b34 5.57 Car3 -5.50 5.10
Cblnl 6.47 Cartpt 5.54 Gm10382 —-5.40 4.72
Mrgprg 6.32 Dnmt3c 5.51 Lrtml -5.39 5.95
Prss32 6.27 Nefm 5.46 Slc5a8 -5.29 5.89
Timpl 6.22 Slc38a3 5.42 Histlh4k -5.27 5.29
Regl 6.20 Pnoc 5.39 Keng3 -5.26 522
Fgll 6.18 Hist1h4k 5.29 Pnoc -5.18 5.39
Btbdl6 6.12 Krt6a 5.26 Dnmt3c -5.16 5.51
Nuggc 6.11 Serpinale 5.24 Retn -5.09 4.96
Decreased Acp7 5.24 Cfd -5.06 5.01
Lep —-8.64 Krt5 5.23 Lsmeml -5.03 5.76
A530016L24Rik -8.36 Kceng3 5.22
Tmem179 -7.57 BC117090 5.21
Lctl -7.36 Lctl 5.20
Ebf2 -6.77 BC016579 5.19
Gys2 —6.69 Car3 5.10
Ebf3 -6.58 Gmb5416 5.09
Nalcn -6.42 Dynclil 5.03
Cfd 5.01 o o
Decreased

Glod5 —-5.52
— — Rnfl7 -5.33

Dspp -5.11

Gm49320 -5.03
Azgpl -5.03

A, all genes with increased or decreased expression levels by FC > (+)6 (p <0.05) in the asthma group (M) relative to the control group (C); B, all genes
upregulated or downregulated by the BSYQF treatment group (T) with FC > =(£)5 (p < 0.05) relative to the asthma group (M). C, all genes with FC > (+)5
(p <0.05) that were reverted in their expression towards normal levels by BSYQF treatment. Genes are ranked orderly by FC (positive or negative values).

SPP1, and TNC. The results showed that the expression of
the four genes from qRT-PCR was consistent with the RNA-
seq analysis pattern.

4. Discussion

In this research, we identified a set of transcriptome changes
in the lung of chronic asthmatic mice with and without
BSYQF treatment. Lung tissues were taken from our recently
published study in which we have demonstrated that BSYQF
treatment could ameliorate airway remodeling in asthmatic
mice by reducing airway inflammation and oxidative stress
in the lung [11]. The results from this study provided us

insight into the molecular mechanism of BSYQF’s anti-
airway remodeling in chronic asthmatic mice.

We identified genes whose expression in asthmatic mice
were impacted by BSYQF treatment. 264/1746 (15.1%) of
genes showing abnormal expression in asthma group were
reverted back to completely or partially to normal levels by
BSYQF treatment. These included Adipoq, also known as
Adiponectin, which in this study was found to be one of the
most prominently downregulated genes in asthma and
completely reversed back by BSYQF treatment. It has been
shown that Adiponectin is an anti-inflammatory adipokine
[15]. Since BSYQF has been shown to effectively regulate
many pathological processes in asthma, we proposed that
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TasLE 2: Differently expressed gene with FC > (+) 2.0 in asthma group (M) relative to treatment group (7) related to inflammatory, oxidative
stress, mitochondria, PI3K/AKT, and MAPK signal pathways.

Gene name Description log2 fold change (A vs T)
Adipoq Adiponectin C1Q and collagen domain containing 5.80
Nefm Neurofilament medium polypeptide 5.46
Car3 Carbonic anhydrase 3 5.10
Mb Myoglobin 3.94
Krt15 Keratin 15 3.99
Cyp2el Cytochrome P450 family 2 subfamily e polypeptide 1 3.71
Gdapl Ganglioside induced differentiation associated protein 1 3.66
Cyp4al2b Cytochrome P450 family 4 subfamily a polypeptide 12B 3.10
Cacna2d2 Calcium channel voltage dependent alpha 2 delta subunit 2 2.77
Mpo Myeloperoxidase 2.77
Ckmt2 Creatine kinase mitochondrial 2 2.75
Erbb4 Erb-B2 receptor tyrosine kinase 4 2.63
Mapkl10 Mitogen-activated protein kinase 10 2.47
Pln Phospholamban 2.42
Obscn Obscurin cytoskeletal calmodulin and titin interacting RhoGEF 2.24
Cox8b Cytochrome c oxidase subunit VIIIb 2.23
Col9al Collagen type IX alpha 1 —4.69
Mt-Nd4l Mitochondrially encoded NADH dehydrogenase 4L -2.94
Hmox1 Heme oxygenase 1 —2.48
Tnc Tenascin C -2.16
Sppl Secreted phosphoprotein 1 -2.02
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this core set of genes may be related to the pathology of
asthma and represent key BSYQF targets.

Based on previous result, we identified a set of genes
related to inflammatory, oxidative stress, mitochondria,
PI3K/AKT, and MAPKs signal pathways which may play
important roles in the mechanism of BSYQF’s anti-
remodeling. We screened 21 DEGs with FC> (+) 2.0 that
were differentially expressed between asthma and treatment.
Additionally, 21 DEGs were input into IPA database to
obtain gene networks related to regulatory functions. Gene
network analyses by IPA are based on current known
pathways. We used IPA because we aimed to elucidate the
interaction of the gene expression found in specific functions
and pathways which are thought to be related to BSYQF’s
anti-remodeling. Furthermore, we identified the possible key
targets of BSYQF through IPA. In the gene network analyses
by IPA, we found that Adipoq, HMOX1, SPP1, and TNC are
genes at critical nodes. We also verified the four DEGs
selected through qRT-PCR and confirmed that their vari-
ation trend were consistent with the RNA-seq analysis.

Adipoq, also known as diponectin, is an important
adipokine with anti-inflammatory and antioxidative effects
[16]. Adiponectin plays a physiological role by activating
receptors such as AdipoR1, AdipoR2, and T-cadherin
which are expressed on airway epithelial and endothelial
pulmonary cells playing functional roles on lung physi-
ology [17, 18]. AdipoRs mediate pleiotropic adiponectin
actions through signaling mechanisms including AMPK,
AKT, ERK1/2, and P38 [19]. Previous study reported that
adiponectin was reduced in the asthmatic murine model
[20]. Additionally, adiponectin attenuated the airway in-
flammation and AHR in asthmatic mice [20]. Another
study has also shown that adiponectin can reduce in-
flammation and suppress oxidative stress in vivo [21].
Adiponectin not only downregulates proinflammatory
cytokines including TNF-a, IL-6, and NF-xB but also
upregulates anti-inflammatory cytokines such as IL-10
[22]. Benjamin D et al. found that adiponectin deficiency

increased allergic airway inflammation and pulmonary
vascular remodeling [23]. In our RNA-seq result, Adipoq
was significantly downregulated more than five-fold in
asthma group and reversed completely after BSYQF
treatment which drew our attention. The qRT-PCR results
further confirmed the result of RNA-seq. Furthermore, in
the gene network analysed by IPA, Adipoq interacted with
multiple genes and participated in multiple cellular
functions. Hence, the mechanism related to Adipoq ex-
pression might provide a new understanding for illus-
trating the therapeutic target of BSYQF’s anti-remodeling.

HOMX]1, known as HO-1, is a rate-limiting enzyme that
catalyzes the degradation of heme into biliverdin, ferrous ion,
and carbon monoxide [24]. Studies have shown that HO-1 has
anti-inflammatory, excessive cell proliferation and interstitial
fibrosis effects [25]. Previous study has shown that HO-1 could
ameliorate airway inflammation by downregulating the tumor
necrosis factor receptor (TNFR)1 dependent oxidative stress
[26]. In asthma, increased HO-1 expression and activity are
considered protective. The expression level of HO-1 was as-
sociated with its anti-asthma effect. Our results turned out that
HO-1 gene expression was increased in asthmatic mice which
was consistent with that in the previous study [27]. However,
there are conflicting results about the role of BSYQF in reg-
ulating the HO-1 expression. We observed BSYQF treatment
reduced HO-1 gene expression by using RNA-seq analysis and
qRT-PCR. This implies that it is possible that the effect of
BSYQF on HO-1 expression differs between gene and protein
levels and further studies are needed.

SPP1 (secreted phosphoprotein 1, also known as
osteopontin) is a phosphorylated glycoprotein secreted by
activated  macrophages, leueocytes, and activated
T lymphocytes [28]. It is recognized as a key cytokine in-
volved in Thl cytokine expression and immune cell re-
cruitment at sites of inflammation [28, 29]. It is also a
mediator of tissue repair and remodeling [30, 31]. According
to RNA-seq and qRT-PCR results, we found the SPP1 ex-
pression increased in asthma and decreased after BSYQF



treatment which suggested that SPP1 might play important
effect on the mechanism of BSYQF’s anti-remodeling.

TNC is considered an important gene in asthma
pathogenesis [32] and known as an extracellular matrix
(ECM) protein whose expression is increased in asthma
[32]. TNC plays important roles in cell communication and
signal transduction and regulates cell adhesion, migration,
proliferation, and differentiation [32, 33]. Study in TNC
knockout (KO) mice showed that lung disease phenotype
was largely attenuated in the absence of TNC in OVA-
induced asthma [34]. Our RNA-seq and qRT-PCR results
confirmed that TNC up-regulation in asthma. Addition-
ally, we found that TNC mRNA expression decreased after
BSYQF treatment. These results provided that BSYQF may
have a beneficial effect on asthma by reducing the TNC
expression.

5. Conclusion

In this study, we used RNA-seq analysis to obtain the dif-
ferentially expressed genes. We found expressions of a group
of coding genes were altered in asthmatic mice. Treatment
with BSYQF reversed the expressions of a specific subset of
these genes in asthmatic mice. As BSYQF was previously
shown to ameliorate airway remodeling by reducing airway
inflammation and oxidative stress in asthmatic mice, we
enriched a group of genes related to inflammatory, oxidative
stress, mitochondria, PI3K/AKT, and MAPKs signal path-
ways and used IPA to construct gene network. Based on gene
network, we inferred that Adipog, SPP1, and TNC may be
key regulators of BSYQF’s anti-remodeling effect. While
RNA-seq analysis could not show protein levels and the
precise role of these genes needs further verification, they
provided initial clues to explore the mechanisms of BSYQF’s
anti-remodeling in asthma.
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Cardiac hypertrophy is a major pathological process to result in heart failure and sudden death. Rutaecarpine, a pentacyclic indolo-
pyridoquinazolinone alkaloid extracted from Evodia rutaecarpa with multiple pharmacological activities, yet the underlying protective
effects and the mechanisms on cardiac hypertrophy remain unclear. This study aimed to evaluate the potential effects of rutaecarpine on
pressure overload cardiac hypertrophy. Cardiac hypertrophy in rat was developed by abdominal aortic constriction (AAC) for 4 weeks,
which was improved by rutaecarpine supplementation (20 or 40 mg/kg/day, i.g.) for another 4 weeks. The level of angiotensin II was
increased; the mRNA expression and the activity of calcineurin in the left ventricular tissue were augmented following cardiac hy-
pertrophy. Rutaecarpine administration decreased angiotensin II content and reduced calcineurin expression and activity. Noteworthily,
in angiotensin II-induced cardiomyocytes, rutaecarpine ameliorated the hypertrophic effects in a dose-dependent manner and
downregulated the increased mRNA expression and activity of calcineurin. In conclusion, rutaecarpine can improve cardiac hypertrophy

in pressure overload rats, which may be related to the inhibition of angiotensin II-calcineurin signal pathway.

1. Introduction

Cardiac hypertrophy is considered as a compensatory re-
sponse to maintain cardiac output during various physio-
logical and pathological conditions. However, prolonged
hypertrophy often leads to decompensation, resulting in
heart failure and sudden death. Many factors including
mechanical stress and neurohumoral stimulation induce
cardiac hypertrophy [1]. Among them, angiotensin II has
been identified as one of the most powerful stimuli in in-
ducing cardiac hypertrophy. It has been reported that an-
giotensin Il-activated Ca®" signaling pathway initiated the
progress of cardiomyocytes hypertrophy. Angiotensin II
activates G protein-dependent signaling pathways in car-
diomyocytes that evokes Ca** entry [2]. The sustained

intracellular Ca* concentration ([Ca®*];) increase induces
pathological myocardial hypertrophy through activation of
Ca’"-dependent signaling pathway such as Ca**-calcineurin,
which directly participates in several extracellular signal
pathways causing myocardial hypertrophy.

Evodia rutaecarpa (Wu-Chu-Yu), a traditional Chinese
herb, has been used to treat various diseases for centuries.
Rutaecarpine, one of the main bioactive components of
Evodia rutaecarpa and other related herbs, is a pentacyclic
indolopyridoquinazolinone alkaloid with multiple phar-
macological activities, including anticoagulation, vasodila-
tion, and anticholinesterase [3]. Rutaecarpine has
multifactorial cardiovascular actions, such as cardiotonic
responses, vasodilatory and blood-pressure lowering effects,
endothelium protection, and antiplatelet activation.
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Therefore, it can be used to treat various cardiovascular
diseases, including atherosclerosis, myocardial injury, and
hypertension [4]. It can also attenuate ventricular remod-
eling in rats induced by isoprenaline or hypoxia [5, 6].
Recently, Zeng et al. found that rutaecarpine could prevent
hypertensive cardiac hypertrophy [7]. However, little is
known about the potential therapeutic effect of rutaecarpine
on pressure overload cardiac hypertrophy. It has been found
that some mechanisms are involved in the antihypertrophic
effect of rutaecarpine, such as the stimulation of calcitonin
gene-related peptide (CGRP) [5, 6, 8] and the inhibition of
NADPH oxidase 4 (Nox4) reactive oxygen species (ROS) via
the disintegrin and metalloproteinase-17 (ADAM17)
pathway [7]. In addition, rutaecarpine could inhibit an-
giotensin II-induced proliferation of vascular smooth
muscle cells and senescence of endothelial progenitor cells
[8, 9]. Nevertheless, the underlying mechanisms of rutae-
carpine on angiotensin II-related signal pathways in cardiac
hypertrophy have not been fully clarified, especially the
effect on angiotensin II-calcineurin remains unknown.

In the present study, therefore, the therapeutic effect of
rutaecarpine on pressure overload cardiac hypertrophy and
the possible mechanisms related to angiotensin II-calci-
neurin were investigated in vivo and in vitro.

2. Materials and Methods

2.1. Chemicals and Reagents. Rutaecarpine (MW: 287.32;
purity: HPLC >98%) was purchased from Nanjing Zelang
Biotechnology Co., Ltd. (Jiangsu, China); BCA assay kit was
purchased from Beyotime Biotechnology Co. Ltd. (Jiangsu,
China); a-actin and calcineurin antibodies were purchased
from Abcam (Cambridge, MA, USA); 4/, 6-diamidino-2-
phenylindole (DAPI) was purchased from Sigma-Aldrich
(St. Louis, MO, USA); angiotensin II radioimmunoassay kit
was purchased from Beijing North Institute of Biological
Technology (Beijing, China); calcineurin activity kit was
purchased from Nanjing Jiancheng Biology Engineering
Institute (Shanghai, China); RT-qPCR primers were cus-
tom-synthesized and purified by Invitrogen (Shanghai,
China). All other reagents were from commercial suppliers
and were of standard biochemical quality.

2.2. Induction of Cardiac Hypertrophy In Vivo. Healthy adult
male Sprague-Dawley (SD) rats weighing between 190 and
220 g were purchased from Daping Experimental Animal
Center of the Third Affiliated Hospital of Army Medical
University (Chongging, China, Animal qualified certificate:
SCXK 2012-0005) and provided humanitarian care. Animals
were housed in a temperature-controlled room (25 +2°C)
with a 12 h light/dark cycle and were given free access to
standard laboratory pellet diet and water. All experimental
procedures were in accordance with the NIH Guide for Care
and Use of Laboratory Animals and approved by the Animal
Experiment Ethics Committee of Zunyi Medical University.

Pressure overload was produced by abdominal aortic
constriction (AAC), which has primarily been used as a
model of cardiac hypertrophy [9]. Briefly, rats (n =46) were
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anesthetized using 5% pentobarbital (60 mg/kg, ip) and the
aorta was exposed through a midline abdominal incision.
For the banding model, a blunt 21-gauge needle was placed
adjacent to the abdominal aorta between the renal arteries
just below the renal bifurcations, and a ligature was tight-
ened around the aorta and adjacent needle. The sham
procedure for the control rats included injection of the same
dose of combination anesthesia, an incision of approxi-
mately the same size, and the placement of a loosely tied
ligature at the same position on the abdominal aorta. The
muscular layer was sutured, followed by the abdominal skin
suture, and the animals were isolated in a cage for recovery.
Each rat was given penicillin 120 000 units i.p. for 3 days to
avoid infection.

Similar to the results of our pervious [10] and other
studies [11, 12], the left ventricular hypertrophy developed
on the 4th week after AAC in rats, which was confirmed by
pathological observation and atrial natriuretic factor (ANF)
mRNA expression in six randomly selected AAC rats. The
remaining AAC rats, that is, cardiac hypertrophy rats, were
then randomly assigned to three groups (1 =28 per group),
including untreated AAC rats (Model) and AAC rats treated
with rutaecarpine 20 or 40mg/kg/day i.g., respectively.
Rutaecarpine was formulated freshly using 1% carboxy
methyl cellulose (CMC) in distilled water and administered
orally at different doses for another 4 weeks. The sham-
operated rats and cardiac hypertrophy rats were given an
equal volume of 1% CMC solution for 4 weeks.

Rats were sacrificed under anesthesia. Body weight (BW)
was recorded and heart was separated into the left ventricle
with septum (LV+S) and the right ventricle (RV) and
weighed separately. Finally, the (LV +S)/RV and (LV +S)/
BW were calculated to evaluate cardiac hypertrophy.

2.3. Pathological Examination in Left Ventricle. The left
ventricular tissue was fixed with 10% formaldehyde solution
for 48h, then dehydrated with graded alcohol, and then
embedded in paraffin and 3-5 ym thick sections were stained
with H&E. The histopathological changes were examined
with an optical microscopic (BX-43, Olymous Co. Ltd.,
Tokyo, Japan).

2.4. Induction of Cardiomyocytes Hypertrophy In Vitro.
Ventricular myocytes from 1- to 3-day-old SD rats were
prepared and cultured for 48h in Dulbecco’s modified
Eagle’s medium (DMEM) containing 20% fetal bovine se-
rum and 0.1 mmol/L 5'-bromodeoxyuridine. The seeding
density was about 1x 10> cells/mL for measuring cell di-
ameters or 1x10° cells/mL for evaluating cellular total
protein content by BCA kits. The medium was replaced by
serum-free DMEM for a further 48 h before pharmacological
treatment. Angiotensin II at 1 ymol/L was used to stimulate
the cardiomyocytes. The antihypertrophic effects of rutae-
carpine (dissolved in DMSO of the final concentration less
than 0.1%) from 0.1 to 10 ymol/L were studied.
Immunofluorescence staining was performed to identify
the cardiomyocytes by a-actin antibody (red fluorescence)
and DAPI (blue fluorescence). Cellular hypertrophy was
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evaluated by the increase of cardiomyocytes diameter and
protein level. The diameter of single cells was measured by a
digital image analysis system (Leica QwinV3, Leica
Microsystems Ltd., USA). Five random fields (with ap-
proximately 10 to 15 cells per field) from every sample were
averaged and expressed as um/cell. Collected car-
diomyocytes protein was extracted with RIPA lysate and
determined by BCA assay. The protein concentration per 10°
cells was detected to calculate the amount of protein per cell.
All experiments were repeated six times.

2.5. Measurement of ANF and Calcineurin mRNA by RT-
qPCR. According to the instructions, Trizol was used to
extract total RNA from left ventricle tissue or cultured
cardiomyocytes. The real-time PCR reaction procedure
(95°C for 30s; 95°C for 55, 60°C for 30s, 40 cycles) was
carried out on a RT-qPCR instrument (Bio-Rad CFX96, CA,
USA). The primer sequences used were shown in Table 1 and
B-actin was used as an internal reference gene. The Ct value
was used as the statistical parameter and the expression fold
of mRNA was expressed as 2 “*“'. All experiments were
repeat four times for each group.

2.6. Measurement of Angiotensin II Level and Calcineurin
Activity. The left ventricle tissue or cultured cardiomyocytes
were homogenized with RIPA lysate and finally centrifuged
at 4°C for 20 min at 13, 000 xg. The protein concentration in
the supernatant was detected with a BCA assay Kkit.
Meanwhile, the level of angiotensin II in tissue was detected
with an angiotensin IT radioimmunoassay kit. The activity of
calcineurin was detected with a calcineurin assay kit and was
expressed as Pi produced by the calcineurin decomposition
of substrate PNPP per hour from per mg of total protein
(umol pi/h mg pro). All experiments were repeated six times.

2.7. Statistical Analysis. Results were expressed as
mean + SD and statistical analysis was performed using SPSS
20.0. The mean value among groups was analyzed by one-
way analysis of variance (ANOVA) and P <0.05 was con-
sidered statistically significant.

3. Results

3.1. Effects of Rutaecarpine on AAC-Induced Cardiac
Hypertrophy. Figure 1 showed that there was no significant
change in BW in every group (P >0.05). However, (LV +S)/
BW, (LV + S)/RV, and ANF mRNA expression significantly
increased in model group (P <0.05), in comparison with
sham-operated group. The pathomorphology of the left
ventricle showed that larger cardiomyocytes and irregular
and disruptive fiber in model group were observed. Ad-
ministration of rutaecarpine at 20 or 40 mg/kg/d could
significantly improve cardiac hypertrophy in AAC-induced
rats, which decreased (LV +S)/BW, (LV +S)/RV, and ANF
mRNA expression in a dose-dependent manner and ame-
liorated the pathological changes of the left ventricle
(Figure 1).

3.2. Effects of Rutaecarpine on Angiotensin II Level, Calci-
neurin mRNA Expression, and Activity in Left Ventricle of
AAC-Induced Rats. The level of angiotensin II, the mRNA
expression, and the activity of calcineurin in the left ventricle
increased significantly in AAC-induced rats. Rutaecarpine
administration decreased the elevated angiotensin II and
calcineurin in the model rats (P <0.05) (Figure 2).

3.3. Effects of Rutaecarpine on Cardiomyocytes Hypertrophy
Induced by Angiotensin II. Angiotensin II (1 ymol/L) stim-
ulation caused significant cardiomyocytes hypertrophy
following 48 h incubation. Cell diameter and total protein
content increased by 75.0% and 31.2%, respectively, while
ANF mRNA increased 2.3-fold compared with the control
group (P <0.05) (Figure 3). Treatment with rutaecarpine
(from 0.1 to 10 ymol/L) significantly relieved the changes
induced by angiotensin II in a concentration-dependent
manner (P <0.05).

3.4. Effects of Rutaecarpine on Calcineurin mRNA Expression
and Activity in Angiotensin II-Induced Hypertrophic
Cardiomyocytes. In  angiotensin  II-conditioned  car-
diomyocytes, calcineurin mRNA increased by 167.9%, while
calcineurin activity increased by 56.5% after 48 h incubation
(P<0.05). Treatment with rutaecarpine (from 0.1 to
10 umol/L) significantly relieved the changes induced by
angiotensin II in a concentration-dependent manner
(P <0.05) (Figure 4).

4. Discussion

Cardiac hypertrophy is an adaptive response of the heart to
pressure or volume overload, myocardial infarction, and
other cardiovascular stimuli [13]. Hypertension is the most
important background of cardiac overload. In the response
to long-standing arterial hypertension, heart function is
maintained through enlarged cardiomyocytes and increased
protein synthesis, accompanied by the reactivation of the
fetal gene expression, such as ANF, which are the charac-
teristics of cardiac hypertrophy. The abdominal aorta is
constricted to increase cardiac pressure overload and induce
cardiac hypertrophy, which is more clinically relevant and
similar to the human form of the disease [9, 14]. Numerous
studies have found that the left ventricular hypertrophy was
developed on the 4th week after AAC in rats, which was
similar to the results in the present study (data not shown).
In the end of the experiment, the AAC-operated rats de-
veloped significantly cardiac hypertrophy, which manifested
as increased (LV +S)/BW, (LV +S)/RV, and ANF mRNA
expression, as well as the histopathological changes of left
ventricle. Rutaecarpine has protective effects in different
cardiac hypertrophy rats [8]. In hypertensive cardiac hy-
pertrophy, rutaecarpine has also shown a preventive role [7].
Our results found that rutaecarpine treatment could im-
prove the pathological changes and decrease the mRNA
expression of ANF in a dose-dependent way in AAC-in-
duced hypertrophy. The results suggested that rutaecarpine
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TaBLE 1: Primer sequences for real-time quantitative RT-PCR.

Gene Forward primer (5'-3) Reverse primer (5'-3")
ANF TGACAGGATTGGAGCCCAGAG TCGAGCAGATTTGGCTGTTATCTTC
CaN CTGAGATGCTGGTAAACGTCCTGA TGCTCGGATCTTGTTCCTGATG
B-actin GGAGATTACTGCCCTGGCTCCTA GACTCATCGTACTCCTGCTTGCTG
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FiGure 1: Effects of rutaecarpine on left ventricular hypertrophy induced by AAC. (a) Body weight (BW) (n=38); (b) (LV + S)/BW (n =8);
() (LV +S)/RV (n=8), (d) ANF mRNA expression (n =4), and (e) myocardial morphological changes by H&E staining. #P <0.05 versus
sham-operated; * P <0.05 versus model. LV +S: left ventricle with septum; RV: right ventricle.
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F1GURE 2: Effects of rutaecarpine (Rut) on angiotensin II (Ang IT) level (a) (n=6) and calcineurin (CaN) mRNA expression, (b) (n=4) and
CaN activity, and (c) (n=6) in left ventricle in AAC-induced rat. #P < 0.05 versus sham- operated; * P <0.05 versus model.
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Ficure 3: Continued.
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FI1GURE 4: Effects of rutaecarpine (Rut) on calcineurin (CaN) level and CaN activity in angiotensin II- (Ang II-) induced cardiomyocytes.
(a) mRNA expression (n=4) and (b) CaN activity (n=6). #P <0.05 versus control; * P < 0.05 versus Ang II.

has also a beneficial therapeutic effect against ventricular
hypertrophy induced by pressure overload.

Mechanical stress and neurohumoral mechanisms are
known to stimulate the initiation of myocardial hypertro-
phy. Angiotensin II, an important active peptide from the
renin-angiotensin system, has been defined as a powerful
stimulus to induce cardiac hypertrophy [15]. Similar to the
studies, angiotensin II was also increased in left ventricular
tissue in AAC-induced rats. In cultured primary car-
diomyocytes cultures, angiotensin II caused significant
hypertrophy by increasing cell diameter, protein content,
and ANF mRNA expression. Rutaecarpine is effective
against angiotensin II-induced rat vascular smooth muscle
cells proliferation [16]. It can also counteract angiotensin II-
induced endothelial progenitor cells senescence [17]. Our
results showed that the antihypertrophic effect of rutae-
carpine was accompanied by the decrease of angiotensin IT
level in AAC-operated rats. In angiotensin II-induced pri-
mary cardiomyocytes, rutaecarpine also showed significant
antihypertrophic effects in a concentration-dependent way.
Combined with the results from in vivo and in vitro, the
effect of rutaecarpine may be related to the inhibition of
angiotensin II.

It has been reported that angiotensin II-activated Ca**
signaling pathway initiated the progress of cardiomyocytes
hypertrophy [18, 19]. Angiotensin II activates AT receptor
induces Ca®* influx via complex interacting signaling
pathways involving G protein-mediated activation of
phospholipase C (PLC), which in turn generates diac-
ylglycerol (DAG) and inositol 1,4,5-trisphosphate (IP;) that
are responsible for sustained increase in [Ca®*]; [20]. The
increasing [Ca']; stimulates Ca**-related signal pathway,
for example, calcineurin. The activation of calcineurin in
cardiac cells is sufficient to induce cardiac hypertrophy [15].
However, little is known about the effect of rutaecarpine on
angiotensin II-calcineurin pathway. In the present study, the

mRNA expression and the activity of calcineurin were up-
regulated in AAC-model rats and in angiotensin II-induced
cardiomyocytes. Rutaecarpine treatment could reduce the
levels of calcineurin in AAC-operated model rats; notably,
rutaecarpine could also downregulate the increases of cal-
cineurin in angiotensin II-induced cardiomyocytes. These
results suggested that the antihypertrophic effect of rutae-
carpine is related to reducing the activity of angiotensin II-
calcineurin signal pathway.

Taken together, the present study showed that rutae-
carpine has potential therapeutic effect on pressure overload
cardiac hypertrophy induced by AAC-operated rats, which
may be, at least partly, related to the downregulation of
calcineurin via the inhibition of angiotensin II pathway.
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Background. Herbo-mineral therapies are very popular in traditional medical systems and formulations consisting of specific
minerals or metals or mixture of both and mixed with organic components derived from plants. Purification/detoxification or
incineration procedures play an important role to detoxify these and metals and minerals. Objective. In the present review, an
attempt was made to gather herbo-mineral formulations which are used commonly in traditional medicinal systems in Sri Lanka
and recapitulate the purification/detoxification or incineration techniques. Method. Commonly used herbo-mineral formulations
are collected from a text book of Vatikaaprakarana. However, the purification/detoxification and incineration techniques for all
minerals/metals are not mentioned in Vatikaaprakarana, and these techniques were collected from journal articles published
between 1% January 2000 and 1* June 2020 through searching PubMed (US National Library of Medicine, USA), Science Direct
(RELX Group, Netherlands), and Semantic Scholar (Allen Institute for Artificial Intelligence, USA). Results. Ten herbo-mineral
formulations were selected, and purification/detoxification or incineration techniques were described in brief for copper sulphate,
aluminum sulfate, borex powder, sulphur, sodium chloride, cinnabar, arsenicals, realgar, orpiment, ammonium chloride,
magnesium silicate, zinc, and mercury. Conclusion. The review has demonstrated different types of purification/detoxification or
incineration techniques of minerals used in herbo-mineral preparations. In addition, there is an urgent need for comprehensive
survey or evaluation to check whether purification/detoxification or incineration techniques of metals/minerals are practiced
properly in the country.

1. Introduction

Sri Lanka has its own indigenous scheme of healing systems
including Ayurveda, Siddha, Unani, and traditional medi-
cine. Sri Lankan traditional medical system is based on a
series of prescriptions handed from generation to generation
over 3000 years [1]. Herbo-mineral therapies are very
popular in traditional medical systems of Sri Lanka specially
for diseases which are related to neuromuscular disorders,
malnutrition, different types of fever, and worm and di-
gestive tract disorders, and herbo-mineral formulations

consist of specific minerals (e.g., mica, realgar (As,S,), or-
piment (As,S;), chalk (CaCOs3), salts (NaCl or KCI), mag-
netite (Fe;0,), pyrite (FeS,), etc.) [2] or metals (e.g., gold,
copper, iron, zinc, mercury, etc.) [3] or mixture of both. In
addition, some herbo-mineral formulations consist of plant/s
along with minerals or metals or both. Herbo-mineral for-
mulations are used in Rasayana therapy for several external
and internal diseases [4]. It is claimed that herbo-minerals can
become very less or nontoxic due to the purification and
detoxification techniques during the drug preparation pro-
cedures. Many metals such as zinc [5, 6], copper [7, 8], and
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iron [9, 10] exhibit many therapeutic benefits in humans.
However, excess amounts of these metals may exhibit toxic
effects. Therefore, metals/minerals present in herbo-mineral
formulations should be subjected to purification/detoxifica-
tion and/or incineration procedures.

Most of raw materials (metals/minerals) are collected
from earth and there is a chance for mixing of impurities,
toxins, and heterogeneous and unwanted substances to a
large extent. Hence, these are subjected to various methods
of purification and detoxification techniques (Shodhana)
and incineration (Marana) to make them competent for
medicinal use. Both purification/detoxification and incin-
eration techniques are indicated to induce certain qualities,
which are essential for making sure of the safe and easy
assimilation of the material in the living body.

Most of the herbo-mineral recipes mentioned in tradi-
tional medicine in Sri Lanka are in the form of paste (kalka)
or in pills (guli). Buddharaja kalka and Desadun kallka are
used in the form of paste. Seetarama guliya, Koladavunde,
Suranvidura guliya, Diyatarama guliya, and Krimiraja guliya
are the common form of pills. These pastes or pills contain
the minerals such as thurisi (copper sulphate), savindalunu
(rock salt), sinakkaram (aluminium sulphate), pushkara
(borax sodium biborate), nellikka gendagam (sulpher sub-
limatum), sivanguru (kaolinumbolerubja (china clay)),
sadilingam (hydragyrisulpidum), haritala (trisulfide of ar-
senic), manosila (arsenigralar), galmada (rock alum), gal-
nahara (asbestos), black salt (suwasa lunu), swarna makshika
(ferri sulphuratum), and shilajathu (asphaltum/asphalt
mineral). In this review, an attempt was made to gather the
herbo-mineral formulations which are used commonly in
traditional medicinal systems in Sri Lanka and display the
purification/detoxification and incineration techniques.

2. Materials and Methods

In Sri Lanka, traditional herbo-mineral formulations are
documented in the textbook known as Vatikaaprakarana
[11]. In the present survey, some of the herbo-mineral
preparations described in Vatikaaprakarana are costly and
the processes of purification/detoxification and incineration
techniques need much effort. Total numbers of 143 for-
mulations (both herbal and herbo-mineral) are found in
Vatikaaprakarana. In addition, all the purification/detoxi-
fication and incineration techniques for herbo-minerals are
not mentioned in Vatikaaprakarana. Therefore, commonly
used purification/detoxification and incineration techniques
are followed whenever required. In the present survey,
purification/detoxification and incineration techniques were
collected from journal articles published between 1°** January
2000 and 1** June 2020 through searching PubMed (US
National Library of Medicine, USA), Science Direct (RELX
Group, Netherlands), and Sementic Scholar (Allen Institute
for Artificial Intelligence, USA). The keywords are “herbo-
minerals and toxicity” and “herbo-minerals and purification
and incineration”. From a total number of 165 results, 40
were excluded due to duplication or being irrelevant for the
title. The frequently used traditional herbo-mineral for-
mulations used in Sri Lanka are given in Table 1.
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3. Purification/Detoxification and
Incineration Techniques

Purification/detoxification and incineration of minerals and
metals are very essential to avoid unwanted hazards caused
by herbo-minerals.

3.1. Copper Sulphate-Palmanikkam

3.1.1. Method 1. Seven hundred and fifty grams of crude
copper sulphate is dissolved in water, filtered through a cloth
and dried in shade to remove external impurities. Dried
copper sulphate is put into a mortar and 350 ml of Citrus
acida Roxb juice is poured to make it sufficiently wet. Then,
content is triturated manually using the paste under con-
stant pressure for 6 h. The paste is allowed to dry and then
preserved. Approximately 1% weight loss can be observed
after purification of copper sulphate [12].

3.1.2. Method 2. Copper sulphate is converted into a
powder form using “khalva yantra” (it is an instrument
that can made up of good quality of stone useful for
trituration and levigation). After that, copper sulphate
powder is collected on a three-layered cloth and closed
firmly by a tight knot. Subsequently, cow urine is col-
lected and filtered to a steel vessel through a filter paper.
Then, 8 L of cow urine is added to a special vessel called
“dolayantra” and copper sulphate which is tightened
with cloth which is dipped in three fingers above from the
bottom of vessel. Then, “dolayantra” is kept on a stove
and exposed to mild heat and the cow urine is left to boil
for 9 hours. When the level of cow urine is decreased,
extra 500ml cow urine is added again to it. After
completion, leave it to cool and allow it to settle down for
re-crystallization for 24 hours under room temperature.
The crystals of copper sulphate are formed at bottom of
the “dolayantra” and supernatant liquid is removed.
Copper sulphate crystals are collected and allowed to dry
in shade [13].

3.2. Aluminum Sulfate/X Al(SO,),12H,0O-Alum (Phitkari).
Formulation is X Al(SO,),12H,0, where X is a monovalent
cation such as potassium or ammonium. Alum or phitkari is
a transparent salt-like substance that is used in cooking as
well as for medicinal purposes. In Ayurveda, alum (phitkari)
is used in the form of Bhasma (Pure Ash) called Sphatika
Bhasma.

Method: impure alum is dissolved in water and the
insoluble impurities are removed through filtration. Then,
the solution is concentrated and kept in a container with
cooled water [14, 15].

3.3. Borax Powder (Sodium Borate)-Puskara/Tankana.
Puskara or tankana kshra ([Na,B,O5(OH),].8H,0) is
composed of boric acid and soda. Chemical name of borax is
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TaBLE 1: Traditional herbo-mineral formulations in Sri Lanka.

Traditional preparation Minerals/chemicals in nomenclature

Medicinal plants in number

Cinnabar (Hydragyri sulphidum HgS)-sadilingam,
Trisufide of arsenic (As,S;)-haritala (orpiment)
Rock alum-galmada

1 Buddharaja kalka Asbestos-galnahara 16
Copper sulphate-palmanikkam
Arsenic sulfide-a-As,S, manosila
Sodium chloride/rock salt-saindhava lavana
2 Desandun kalka Sodium chloride/rock salt-saindhava lavana 7

Copper sulphate-palmanikkam
Aluminum sulfate [Al,(SO4);]-sinakkaram
3 Diyatarama Borax powder (sodium borate)-puskara/tankana
Ammonium chloride-navasaran
Zinc oxide-ridithththam

31 + ghee, bees’ honey, neem oil (oil of
Azadirachta indica)

Borax powder (sodium borate)-puskara/tankana
Copper sulphate-palmanikkam
4 Koladavundaya Sodium chloride/rock salt-saindhava lavana arsenic sulfide
(a-As,S,)-Manashila
Aluminum sulfate-sinakkaram

33

Sodium chloride/rock salt-saindhava lavana
5 Mandam guliya Aluminum sulfate [Al,(SO4);]-sinakkaram
Borax powder (sodium borate)-puskara/tankana

22

Arsenic sulfide (a-As,S,)-manashila
Trisulfide of arsenic (As,S;3)-haritala (orpiment)
Copper sulphate-palmanikkam
Borax powder (sodium biborate)-puskara/tankana
Aluminum sulfate [Al,(SO,);]-sinakkaram
Rock alum-galmada
Asbestos-galnahara
Ammonium chloride-navasaran

6 Mattupaha

28

Arsenic trioxide, vitrious arsenic, arsenolite (As,O3) (white
7 Ratnadi guliya arsenic)-gouripashana
Cinnabar (hydragyri sulphidum HgS)-sadilingam

Murcury-rasadiya
Borax powder (sodium biborate)-puskara/tankana
8 Sanni gajankushaya Sodium chloride/rock salt-saindhava lavana
Arsenic trioxide vitrious arsenic, arsenolite (As,O3) (white
arsenic)-gouripashana

Arsenic sulfide-a-As,S,-manosila
Sodium chloride/rock salt-saindhava lavana

Copper sulphate-palmanikkam
Aluminum sulfate-sinakkaram

Borax powder (sodium biborate)-puskara/tankana

Rock alum-galmada
Trisulfide of arsenic (As,S;)-haritala (orpiment)
Cinnabar (hydragyri sulphidum HgS)-sadilingam

9 Seetarama guliya

29

Borax powder (sodium biborate)-puskara/tankana
Aluminum sulfate-sinakkaram
Copper sulphate-palmanikkam
10 Suranvidura Sulpher sublimatum-gendagam
Trisulfide of arsenic (As,S;)-haritala (orpiment)
Sodium chloride/rock salt-saindhava lavana
China clay-siwanguru

23

sodium tetraborate decahydrate. Scientific investigations  3.3.1. Method 1. Borax powder is put into a clean and dry
have proven the antimicrobial [16] and anti-inflammatory = “khalva yantra” and crushed well to prepare powder. This
activities [17] and wound healing [18] properties of borax =~ powder is added to a clean earthen pot and heated under
powder. moderate heat to maximum heat until all the water content is



completely evaporated to obtain borax powder. This pro-
cedure should be repeated thrice to obtained pure borax and
approximately 50% weight loss can be observed [19, 20].

3.3.2. Method 2. Raw borax is powdered, then put to a hot
iron pot, and stirred till it intumesces. Finally, borax is taken
out and ground to become fine powder [21].

3.3.3. Method 3. Borax is dissolved in water, strained
through a cloth, and evaporated to dryness [22].

3.4. Sulphur-Sulphur Sublimatum/Gandhaka. Sulphur sub-
limatum or gandhaka is one of the members of Upa Rasa (one
of the two groups of alchemical mineral agents, according to
the Rasashashtra) by Rasa Vagbhata found and described in the
Bible as brimstone [23]. The sulphur is extensively used in
herbo-mineral preparations especially in various mercurial
operations. There are several methods, which have been
mentioned in different texts, for the Shodhana of gandhaka. It
can purify blood, support for healthy digestion, and prevent
build-up of toxic substances [24]. Gandhaka contains two
kinds of impurities: (a) stone powder or clay (b) As, Pb, or both
[25]. Therefore, it is important to remove physical and
chemical impurities in sulphur.

3.4.1. Method 1. The commonest method consists of heating
of sulphur with cows’ ghee into its melting stage and filtering
into a vessel containing cow milk through a cloth. Finally, it
is washed with hot water and the whole procedure should be
repeated three to seven times using fresh ghee and fresh cow
milk. In the present process, chemical impurities bind with
ghee and physical impurities are removed while filtering
through the cloth [26, 27].

3.4.2. Method 2. Crude sulphur (100g) is powdered and
placed on an iron/steal spoon containing 25 ml of cow’s ghee
and subjected to mild heat while stirring the content using a
glass rod. After all the solid particles are melted, the content
is filtered through a cloth into a vessel containing freshly
prepared Eclipta prostrate L. (Bhringaraja) juice. Sulphur
becomes solidified with presence of Eclipta prostrate juice.
Then, collected sulphur is washed with hot water to remove
the traces of ghee and juice. This purification procedure
should be repeated at least six times using the fresh juice of
Eclipta prostrate [28].

3.4.3. Method 3. Cow milk (2L) and ghee (150 ml) are added
to an earthen vessel with wide mouth and covered by a cloth
and tied with an iron wire. Approximately 500 g of coarse
powder of gandhaka is applied on the inner surface of the
cloth which covers the lower earthen vessel containing cow
milk and ghee. Then, the lower pot is covered with another
earthen vessel by placing in up-down position. The edges of
both earthen vessels are sealed with a cloth applied with
Fuller’s earth and allowed to dry and kept inside a pit (1.5
feet from the upper surface of the earth) in a way that the
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brim of the vessel should be at ground level. Then, cow dung
cakes are kept on the brim of the vessel and fire is set and the
sulphur is allowed to flow down into the vessel containing
cow milk and ghee. Once it is cooled, whole vessel is taken
out from the pit and opened. The purified sulphur is col-
lected and washed with hot water to remove the traces of
ghee and shade dried [29].

3.4.4. Method 4. The sulphur purification steps for heating,
melting, and filtering are the same as method 2 [28]. In brief,
Millettia pinnata L. oil (Karanja oil, 25ml) and Ricinus
communis oil (Erand oil, 25 ml) are mixed together and used
instead of ghee. In addition, goat milk and Datura metelis
L. (Dhattura patra) juice are used instead of Eclipta prostrate
juice. Sulphur is filtered through the cloth into a vessel
containing goat milk and Datura metelis juice thrice, re-
spectively. Finally, sulphur is washed and dried [28].

3.5. Sahindava Lavana-Sodium Chloride/Rock Salt/Bay Salt.
There are five types of lavana commonly used in treatments.
Among the lavana, saindhava lavana is the best and con-
sidered as sodium chloride/rock salt/bay salt chemically.
Rock salt is the purest form of salt, which is free from
environmental pollutants and chemical components and
does not require a refining process [30]. Rock salt is used to
cure several disorders and ailments including rheumatic
pains, herpes, inflammation, common cold, and cough [31].

3.6. Cinnabar (Hydrargyri-HgS). Sadilingam or hingula is an
important drug in Ayurveda which is used as single remedy
or as an ingredient in various herbo-mineral preparations.
By most of the Ayurveda Rasa Shastra classics, it is grouped
under Sadharana Rasa Varga. Hingula is the prime source of
mercury. Chemically, it consists of mercury (86%) and
sulphur (13.5%), with molecular formula HgS, called red
mercury sulphide. Purified mercury is used in the treatment
of eye diseases, disorders in liver and pancreas, rheumatoid
arthritis, fever, and skin disorders [32].

3.6.1. Method 1. A paste of cinnabar is prepared by tritu-
rating with Zingiber officinale Roscoe. (Aardraka Swarasa) or
Citrus limon L. (Nimbu Swarasa) or Allium sativa
L. (Lakucha Swarasa) and applying on the inner surface of
the upper pot. The lower pot filled with sufficient amount of
water is buried in the earth with neck above. Then, the pot
that cinnabar paste is applied to is placed in an up-down
position and the edges of both earthen vessels are sealed.
Then, cow dung cakes are kept on the top of the upper vessel
and fire is set and allowed to heat for three hours. The
purified mercury from base of upper pot gradually collected
trickles down and gets collected at the base of the lower pot.
After 24 h, the lower pot is taken out with mercury [32].

3.6.2. Method 2. Unpurified hingula is smashed into powder
in mortar triturated with ginger juice (Zingiber officinale)
seven times using a pestle. After seven times trituration,
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hingula turns into a crystallized powder form bearing an
acidic pH. Then, crystallized powder is washed with hot
water until acidity is completely removed and dried in sun
light [33].

3.6.3. Method 3. Hingula is soaked in Citrus limon juice
until the colour of the powder becomes dark red, then it is
washed with water at least seven times [34].

3.7. Arsenicals. a-As,S, is structurally identical to realgar
(Manashila) among the three distinct As,S, polymorphs
[35] and identified as a promising drug for cancer treatments
[36, 37]. Realgar has been used as an ingredient in Chinese
Traditional Medicine for many centuries and some of the
Realgar contained in Hong Ling San, Sha Yao, Qi Zhen Wan,
etc. [38]. Other two polymorphs are orpiment (haritala) and
white arsenic (gouripasana) with chemical structures of
As,S; and As, O3, respectively [39]. Some of the therapeutic
uses of three As,S, polymorphs are listed in Table 2.

Arsenic is listed as the most hazardous element by
Agency for Toxic Substances and Diseases Registry (ATSDR)
among the top 20 hazardous substances [41]. Therefore,
purification is essential.

3.7.1. Realgar (Manashila, Arsenic Disulphide-a-As,S,).
Realgar is used only in purified and detoxified condition for
the therapeutic purposes as internal as well as external
medicine. The most of the formulation of Manahshila is used
for external application, whereas fine powders of these
processed minerals are used for both external and internal
applications. Purification of realgar is generally carried out
by trituration with Sesbania grandiflora L. (Agastya), Zin-
giber officinale (Ardraka) (Rosc.), Citrus medica (Bijaura
Nimbu), Sesbania sesban L. (Jayanti), and Eclipta alba
L. (Bhringaraja) juice [42].

(1) Method 1. Realgar is placed in a mortar and mixed with
the Zingeber officinalis juice and triturated with a pestle
manually until the material in the mortar dries. This is
repeated seven times with fresh Zingeber officinalis juice.
Finally, purified realgar is shade-dried and powdered [43].

(2) Method 2. Realgar is triturated to 120 mesh size for
particle size reduction. Detoxification of realgar (400g) is
done by boiling it in Ecipta alba juice, Sesbania grandiflora
juice, Sesbania sesban juice, and Zingiber officinale juice
sequentially, each for 12 hours in Dolayantra. Detoxified
realgar is then washed with Kanjika (sour liquid prepared
with of rice grain, etc.) and kept in airtight container after
drying [44].

3.7.2. Orpiment (Haratala-As,S;)

(1) Method 1. Orpiment is steamed (Swedana) followed by
submerging the drug in liquid media for a whole night and
during day time it is to be dried under sun light (Bhavana) or
both [45]. The liquids like Tilaksarajala, Salmali mula

Kwatha, lime juice, and Balamula Kwatha are also used by
one or two Acharyas for the purification of orpiment either
for Swedana or Bhavana. Swedana-Haritala churna should
be kept in a pottali and this pottali should be placed in
dolayantra containing various types of liquids. The
dolayantra should be subjected to fire for given time [46].

(2) Method 2. Haratala is powdered and subjected to Bha-
vana for twenty-one days with the juice of Ficus religiosa
L. (Asvattha). Using a clean mortar, haratala is made into a
ball and kept in a vessel where one half is filled with ashes.
The vessel is closed with a basin and subjected to inciner-
ation for 12h [47].

3.7.3. White Arsenic (Gouripasana-As,0;). It is a crystalline
or amorphous substance. When heating with intense heat, it
evaporates and gives garlic oduor [48].

(1) Method 1. White Arsenic is kept inside a large fruit of
Momordica charantia L. (Bitter gourd), then tied well, and
subjected to steam Dolyantra (hanged in a big pot which is
filled with water) for three hours. This process purifies the
white arsenic [49].

(2) Method 2. White arsenic is kept inside a large fruit of
Momordica charantia and tied well and subjected to steam in
Dolyantra (hanged in a big pot which is filled with borex
water or cow milk) for 24 hours [50].

Steaming of bitter gourd (filled with Gouripashana) is
done in borex water (tankana jala) or cow’s milk (godugdha)
with the help of dolayantra, for one day. Cow’s milk or borex
water purifies the gouripashana [51].

(3) Method 3. Take purified (Shuddha) gouripashana in a
mud pot. Put 15 g of Goat’s milk and cover by a cloth. Place
this in a pit and cover it by using mud by the width of middle
phalanges of middle finger. Then, ignite using dried cow-
dung as the fuel. This procedure is repeated 21 times. For
each burning, add 56 ml goat’s milk and finally get purified
yellow red gouripasana [52, 53].

3.8. Sal-Ammoniac/Ammonium Chloride-NH ,Cl-Navasadara.
It is a crystalline, inorganic salt, white in colour and highly
soluble in water [54].

3.8.1. Method 1. Water (three parts) is added to navasaran
(one part), stirred well, and filtered into a vessel using a cloth.
Then, the vessel is heated until the solution is dried [55].

3.8.2. Method 2. Water is added to navasaran, stirred well,
and filtered to a pan and subjected to dry conditions in sun
light [56].

3.9. Magnesium Silicate (Asbestos)-Gal Nahara

3.9.1. Method. Boil magnesium silicate using Buffalo urine
for three hours. Then, wash it and dry properly [14].
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TaBLE 2: Medicinal uses of arsenicals.
Name_: of the Medicinal uses References
arsenicals
Skin diseases, diarrhea, high fever, coma, heart stroke, abdominal pain, ulcers in tongue and mouth, sore
Realgar [38, 39]
throat, toothache
Orpiment Skin diseases, it increases appetite and cures leprosy [39]

White arsenic

Hemicrania, headache, sinusitis, syphilis, elephantiasis, anemia, psoriasis, asthma, osteoarthritis,
splenomegaly, impotency, cancer

[39, 40]

3.10. Rock Alum-Gal Mada. No purification method is
mentioned in texts though these ingredients are commonly
mentioned in traditional recipes. Further, according to
Ayurvrda Pharmacopoeia in Sri Lanka [57], the materials gal
mada and gal nahara can be used for medicinal preparations
after removing the dirty particles.

3.11. Zinc Oxide-Ridi Thuththam. Zincis a trace element and
plays a vital role in all physiological processes in human. It
has been introduced as a drug in the prevention and
treatments of diseases for the last two decades. The Ayur-
vedic physicians have practiced both oral and topical ap-
plications of zinc after purification and calcification before
14th century A.D.

Rasaka or Kharpara (zinc ore or zinc carbonate), Yasada
(zinc metal), Puspanjana (zinc oxide), and Pittala (brass) are
zinc-containing minerals used as therapeutic agents in
Ayurveda [58].

3.11.1. Method 1. Raw Yashada pieces are heated in an iron
ladle till they melt completely and then poured into a
mixture of sour gruel, butter milk, decoction of Dolichus
biflorus, cow’s urine, and oil of Sesamum indicum. This is
repeated 3 times in each liquid medium, in the same order
[59].

3.11.2. Method 2. Five hundred grams of zinc granules is
kept in iron utensil and placed on a gas burner. Zinc granules
are heated till they melt. The molten mass is poured in a
container containing milk (200 ml). This exercise is repeated
21 times [60].

3.12. Mercury-Parada. Mercury (Parada) has many syno-
nyms. Mercury is the best among all medicines which is
effective in low dose and fast acting in the eradication of
disease without causing anorexia or other side effects.
Mercury in the form of one of its common ores, cinnabar, is
used in various traditional medicines, especially in tradi-
tional Chinese and Indian medicine [57].

Mercury also undergoes extensive detoxification pro-
cedures before being used in medical formulations. Mercury
obtained by all these procedures is an inorganic form of
mercury (mainly sulphides). Studies have also validated this
fact and showed that mercury used in Ayurveda is of in-
organic form. Moreover, inorganic mercury does not cross
the blood-brain barrier as well as placental barrier [58].

3.12.1. Method 1. Equal quantities of mercury (500 g) and
Sudha churna (limestone-500 g) are taken into a mortar and
triturated for 36 hours (3 hours for 12 days). Mercury is
collected from limestone filtered through a cloth. The
remaining mercury is obtained by washing it with warm
water. The wet powder of limestone is allowed to dry. After
drying of these carefully, mercury is collected from these
trays. Then, equal quantity of Lashuna Kalka 439 g (paste of
garlic) is added to the obtained mercury and half the
quantity of saindhava lavana (219.5g) is added and tritu-
rated for 8 hours. Washing of garlic paste is done with
lukewarm water. The salt present in it dissolves in water
leaving behind the garlic paste from which again mercury
can be collected. Once again, drying of the remaining garlic
paste into trays is done for 6 days and then triturated into
fine powder and filtered through cloth to obtain the
remaining mercury from the garlic paste to avoid the loss of
mercury. The collected mercury is known as purified
mercury [59].

3.12.2. Method 2. Mercury is taken with Piper betel
L. (Nagavalli svarasa, 50 ml), Zingiber officinalae (Ardraka
svarasa, 50 ml), and Trikshara (Yavakshara, Sarjika kshara
and Tankana kshara, each of 50 g) in a clean Khalva Yantra.
The above-said materials are rubbed in Khalva Yantra for
eight hours per day for three days. The obtained material is
washed and poured out with the help of lukewarm water
several times until we get the pure mercury [57].

3.12.3. Method 3. Mercury is roasted in a covered crucible
with asafetida (dried latex exuded from Ficus oppositifolia
Roxb) [61].

3.12.4. Method 4. The seeds of Achyranthes aspera L and
Ricinus communis L are pounded together and mercury is
placed inside the powder. Then, the whole mass is subjected
for incineration [61].

3.13. Safety Studies on Herbo-Minerals. Literature on eval-
uation of toxicity levels of metals/minerals in herbo-mineral
preparations after purification/detoxification or incineration
is limited. Some experiments were carried out to determine
the overall toxicity of herbo-minerals using animal exper-
iments in terms of hepatotoxicity, hemototoxicity, renal
toxicity, etc. However, purification/detoxification or incin-
eration techniques of herbo-minerals were not properly
documented in those studies. Thus, one example is cited here
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in order to get an idea about toxicity of herbo-minerals.
Doddamani and co-workers [62] found that Tribhuvan
Keerthi rasa (contains cinnabar), Swasakutara rasa (contains
mercury and sulphur), Smritisagara rasa (contains orpi-
ment), Sutashekara rasa (contains mercury), Lashunadi vati
(contains sulphur), and Agnitundi vati and Arogya vardini
vati (contain both mercury and sulphur) did not affect
kidney functions in terms of urea and creatinine levels. More
than one purification/detoxification or incineration tech-
nique are available for metals/minerals. Therefore, without
knowing the purification/detoxification or incineration
technique, there is a difficulty to interpret the suitability of
the techniques towards safety studies of herbo-minerals.

4. Conclusion

In the present study, an attempt was done to collect the
commonly used traditional herbo-mineral formulations and
their purification/detoxification or incineration techniques.
The review illustrated different types of purification/de-
toxification or incineration techniques of minerals used in
herbo-mineral preparations. In addition, there is an urgent
need for comprehensive survey or evaluation to check
whether purification/detoxification or incineration tech-
niques of minerals are practiced properly in the country.
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The bark of Ulmus parvifolia Jacq. (UP) was traditionally used as a diuretic and to treat intestinal inflammation. With modern
evidence of the correlation of diuretics, gut inflammation, and obesity, our study has shown the antiobesity effects of the bark of
UP. UP treatment reduced lipid production and adipogenic genes in vitro. In vivo studies revealed that UP 100 mg/kg and UP
300 mg/kg treatment significantly reduced mouse weight without reducing food intake, indicating increased energy expenditure.
UP significantly reduced the weight of epididymal and subcutaneous adipose tissue and decreased liver weight. Histological
analysis revealed improvement in the progression of nonalcoholic fatty liver disease and epididymal white adipose tissue hy-
pertrophy induced by a HFD. Real-Time PCR of epididymal adipose tissue revealed significant increases of uncoupling protein-1
(UCP-1) and peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a) expression after UP 300 mg/kg
treatments. Phosphorylation of AMP-activated protein & (AMPKa) was increased, while phosphorylation of Acetyl-CoA
Carboxylase (ACC) was reduced. Our findings reveal the ability of UP to reduce the occurrence of obesity through increased
browning of white adipose tissue via increased AMPKa, PPARy, PGC-1a, and UCP-1 expression.

1. Introduction

The Ulmus genus are elm trees found in North America [1],
the Himalayas, and East Asia [2]. Ulmus parvifolia Jacq. (UP)
which is native to Japan, Korea, and China has been reported
for its antioxidant and anti-inflammatory activities [3]. The
leaves of UP were traditionally used as an external dressing
on wounds and ulcerous tissue [4] and as a lithontripic agent
[5]. According to the Chinese Supplement to Materia
Medica (Bencao Gangmu Shiyi), the bark of UP is nontoxic

and was used to treat strangury, burns, and intestinal in-
flammation [6]. Its bark was also used for its demulcent and
lithontripic properties other than treating cough and fever. It
was also used as a diuretic [7]. Insulin resistance was said to
be related to hypertension as the release of free fatty acids
due to excess adipose tissue lipolysis induces various met-
abolic abnormalities, as well as vascular dysfunction. There
was also evidence suggesting that peptides derived from
adipocytes may affect arterial pressure, contributing to
hypertension [8,9]. Diuretics have also been commonly used
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to treat obesity [10,11]. In obesity, adipocytes secrete
proinflammatory cytokines (TNF-a and IL-6), also known as
adipokines, into the circulation [12]. The ability of UP to
treat burn injury and intestinal inflammation suggests its
anti-inflammatory properties that could inhibit the proin-
flammatory state in adipose tissue. Gut anti-inflammatory
agents were also used to regulate obesity-related insulin
resistance [13], which suggests that UP may also be used to
treat obesity as UP was traditionally used to treat intestinal
inflammation. We have also reported that UP exhibits
antiplatelet and antithrombotic activity [14]. Existing tra-
ditional and modern evidence and reports suggest that UP
may exhibit antiobesity properties.

UP was also reported to inhibit nitric oxide production
in lipopolysaccharide-treated RAW 264.7 murine macro-
phages [15], exhibit anticancer and antiviral properties
[16], and accelerates skin wound healing [17]. However,
there were no reports on the antiobesity effects of the bark
extract of UP. Fat tissue is an organ that serves as a survival
adaptation in humans by providing a source of energy
during starvation and heat insulation in cold weather.
Adipose tissue exists in two forms, white adipose tissue
(WAT) and brown adipose tissue (BAT) [18]. Triglycerides
are stored in WAT as lipids in unilocular white adipocytes.
Excessive accumulation of WAT has been shown to lead to
cardiovascular diseases [19], type 2 diabetes [20], and
cancer [21]. BAT dissipates heat due to the activity of
uncoupling protein-1 (UCP-1). Hence, BAT is active
metabolically. UCP-1 functions through the dissipation of
the proton gradient into the inner mitochondrial mem-
brane [22]. Increasing UCP-1 expression increases the
conversion of free fatty acids during heat dissipation, hence
reducing the amount of triglycerides in the body. This
could potentially be one target for therapeutic methods for
reducing the incidence of obesity.

In this study, we investigate the antiobesity effects of
ethanol extracts of the bark of UP in vitro using 3T3-L1
preadipocytes and in vivo in a model of mice fed a high-fat
diet (HFD). Our study demonstrates that UP inhibits lipid
generation and adipocyte differentiation and also inhibits
expression of various adipogenetic genes. In vivo studies
reveal effective inhibition of HFD-induced obesity, as well as
decreased serum triglyceride levels, decreased body weight,
and reduction of fatty liver. Orlistat, also known as tetra-
hydrolipstatin, is an inhibitor of gastric and pancreatic li-
pases. It acts in the gastrointestinal (GI) lumen, and it is also
a widely used pharmacological drug to treat obesity [23].
Although orlistat has produced positive results in ran-
domized placebo-controlled trials [24], there have been
occurrences of fatty and oily stool and faecal urgency in
patients [25]. Hence, our study aims to discover natural
health supplement alternatives with the potential to treat
obesity.

Our study has also revealed the ability of UP to increase
metabolic activity via increased the expression of UCP-1 and
PGC-1a in WAT. UP has increased browning of WAT.
Therefore, energy expenditure is increased by increasing
thermogenesis. However, more studies should be conducted
to confirm the conversion of triglycerides through fatty acid
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oxidation and the role of Sirtuin 1 (Sirtl) in mitochondrial
biogenesis in conjunction with treatment with UP.

2. Materials and Methods

2.1. Reagents. The bark of UP was kindly provided by the
Herbal Crop Research department of the Korean National
Institute of Horticultural and Herbal Science (voucher
number: NIHHS-0169), which is sourced from Danyang
Province, Chungbuk, Republic of Korea. UP was verified by
Professor Lee Seung Eun. Dulbecco’s modified Eagle Me-
dium (DMEM), fetal bovine serum (FBS), streptomycin, and
penicillin were purchased from Welgene (Daegu, Republic
of Korea). Insulin, 3-isobutyl-1-methylxanthine (IBMX),
indomethacin, Oil Red O, orlistat, and neutral buffered
formalin were purchased from Sigma-Aldrich (St. Louis, MI,
USA). TRIzol reagent was purchased from Invitrogen
(Carlsbad, CA, USA). Primers used in this study displayed in
Table 1 were purchased from Bioneer (Daejeon, South
Korea). Antibodies for p-AMPKa, AMPKa, p-ACC, and
p-actin were purchased from Cell Signaling Technology
(Danvers, MA, USA). Standards of (+)-catechin (product
no. ES090-A) and catechin-7-O-f-D-apiofuranoside
(product no. ES060-A) were purchased from Ensol Bio-
sciences Inc. (Daejeon, Republic of Korea), both having a
purity >95%.

2.2. Preparation of U. parvifolia. Bark of UP was collected
and shredded. The bark was extracted using 70% ethanol at
80°C, filtered through filter paper (Whatman, USA), and
condensed using a rotary evaporator before lyophilization to
obtain the powder form of the extracts and weighed
according to the desired concentrations.

2.3. UPLC-QTof MS Analysis of U. parvifolia. A UPLC system
(Waters Corp., Milford, MA, USA) equipped with a binary
solvent delivery system, an autosampler, and a UV detector
was used. Briefly, aliquots of 2.0 uL of UP were injected into
a BEH Cig column (2.1 x 100 mm X 1.7 ym) at a flow rate of
0.4mL/min and were eluted with a chromatographic gra-
dient consisting of two mobile phases, which are A, water
containing 0.1% formic acid; B, acetonitrile containing 0.1%
formic acid. A linear gradient was optimized: 0 min, 5%;
0-8 min, 5-15% B; 8-11min, 15-80% B; 11-12min,
80-100% B; 12-13.3 min, 100% B; and 13.4-15 min, back to
5% B. Using a negative ion mode with a capillary voltage of
2.3kV, cone voltage of 50V, source temperature of 110°C,
and a desolvation temperature of 350°C, the quadrupole
time-of-flight mass spectrometer (Q-Tof Premier™, Waters
Corp., Milford, MA, USA) was operated. A reference so-
lution of leucine-enkephalin ([M - H] ™ m/z 554.2615) in the
form of a spray was used as the lock mass. The full-scan data
and the MS/MS spectra were collected with MassLynx
software (Thermo Fisher, MA, USA).

2.4. GCMS Analysis of U. parvifolia. An Agilent 7890A GC
(Agilent Technologies, Santa Clara, CA, USA) with a
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TaBLE 1: Primer sequences for real-time PCR.

Gene Primer Sequence
FAS Forward 5'_-CTGAGATCCCAGCACTTCTTGA-3'
Reverse 5'-GCCTCCGAAGCCAAATGAG-3'
PPARy FAM 5'_"TCGGAATCAGCTCTGTGGACCTCTCC-3'
aP2/FABP4 Forward 5'-TGGGAACCTGGAAGCTTGTCTC-3'
Reverse 5'-GAATTCCACGCCCAGTTTGA-3'
C/EBPa Forward 5" TGGACAAGAACAGCAACGAGTAC-3'
Reverse 5'-CGGTCATTGTCACTGGTCAACT-3'
Adipsin Forward 5'-CACCATCGACCACGACCTC-3'
Reverse 5'-AGTGTGGCCTTCTCCGACAG-3'
IGF-1 Forward 5'-CCGTCGATAGTGGCATCCATGAAAC-3'
Reverse 5'-GGACCAATACCTGCTATAGGG-3'
ACC Forward 5 _ATTGTGGCTCAAACTGCAGGT-3'
Reverse 5'-GCCAATCCACTCGAAGACCA-3'
Adiponectin Forward 5'-GTCTCAGCTGTCGGTCTTCCCCT-3'
Reverse 5'-CCCTGGCTTTATGCTCTTTGC-3'
Leptin Forward 5'-CCAAAACCCTCATCAAGACC-3'
Reverse 5'-GTCCAACTGTTGAAGAATGTCCC-3'
AMPKal Forward 5'_AAGCCGACCCAATGACATCA-3'
Reverse 5'-CTTCCTTCGTACACGCAAAT-3'
AMPKa2 Forward 5'-GATGATGAGGTGGTGGA-3'
Reverse 5'-GCCGAGGACAAAGTGC-3'
Forward 5'-AGCCTGGCCATCTGTGAGAA-3'
SREBP1c/ADDI Reverse 5'_-CAGACTGGTACGGGCCACAA-3'
PGC-1a Forward 5'-AAGACAGGTGCCTTCAGTTCACTCTCAG-3'
Reverse 5'-AGCAGCACACTCTATGTCACTCCATACAG-3'
UCP-1 Forward 5'-ACTGCCACACCTCCAGTCATT-3'
Reverse 5'-CTTTGCCTCACTCAGGATTGG-3'
GAPDH Forward 5'_CACTCACGGCAAATTCAACGGCAC-3'
Reverse 5'-GACTCCACGACATACTCAGCAC-3'

30m x 0.25mm i.d. DB-5MS column and an Agilent 5975C
mass selective detector (MSD) were used to separate and
quantify the constituents of UP. Samples were injected in
split mode with a temperature of 250°C. The transfer line
temperature was 280°C, and the ion source temperature was
230°C. The column temperature was held at an initial
temperature of 70°C for 1 min and was raised to 300°C at a
rate of 5°C/min and held at a final temperature of 300°C for
30 min. Helium was used as a carrier gas at a constant flow
rate of 1 mL/min. Mass spectrometry was performed using
the electron ionization (EI) and scan modes.

2.5. Cell Culture. 3T3-L1 preadipocytes purchased from
ATCC (Manassas, VA, USA) were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) supplemented with 10%
fetal bovine serum, 100 IU/mL penicillin, and streptomycin
and maintained at 5% CO, and 37°C. Differentiation was
induced with media supplemented with insulin, indo-
methacin, and IBMX. Cells were allowed to differentiate for
3 days and then cultured with normal media supplemented
with insulin for postdifferentiation maintenance. Cells were
differentiated for a total of 10 days for consecutive
experiments.

2.6. Oil Red O Staining. Cells were differentiated using
differentiation media and simultaneously treated with 6.25,
12.5, and 25ug/mL of UP. After 10 days, the cells were

stained with Oil Red O staining. Oil Red O solution was then
added to plates cultured with 3T3-L1 cells for visualization
of lipids secreted by the cells under a microscope.

2.7. Cell Viability Assay. Viability of undifferentiated 3T3-
L1 cells were assessed by using a 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The cells
were seeded in 24-well plates for 24 h. Incubation of UP in
specified concentrations was performed. Proceeding steps
were carried out as previously reported [26]. Briefly, MTT
was added to wells and left to incubate for 3h. DMSO was
added to each well to dissolve violet crystals of MTT and left
on a rocker for 10 min. Plates were then read at 560 nm using
a plate reader.

2.8. High-Fat Diet Induced Obesity in Mice. All experiments
were approved by the Institutional Animal Care Committee
of Kyungpook National University in accordance to NIH
guidelines (approval number: 2018-0117). Four-week-old
male ICR mice were purchased from Orient Bio (Gyeonggi-
do, Republic of Korea), maintained in a 12-h light/dark
controlled room with regulated temperature at 22 +2°C and
humidity of 50 + 10%. The mice were given access to chow
and water ad libitum and allowed to acclimatize for one
week, grouped in numbers of 6 with a total of 5 groups. Six
mice were given normal chow, and the remaining mice were
fed an HFD (D12492; Research Diets, New Brunswick, NJ,



USA). Mouse weight, food intake, and water intake were
measured weekly. After four weeks of a HFD, mice were
given an oral administration of orlistat (10 mg/kg) and UP at
100 mg/kg and 300 mg/kg for an additional 8 weeks. Twenty-
four hours after the final administration, mice were
anaesthetized and blood was collected by cardiac puncture.
Organs and adipose tissue were immediately harvested,
weighed, frozen, and fixed in neutral buffered formalin. The
food efficiency ratio (FER) was calculated as the amount of
intake per mouse divided by the weight of the mouse.

2.9. RT-PCR and Real-Time PCR of 3T3-L1 Preadipocytes and
Epididymal Adipose Tissue of Mice. RNA was extracted from
3T3-L1 preadipocytes and epididymal adipose tissue from
HFD mice using TRIzol solution. Brown adipose tissue was
extracted from mice fed with normal chow and used as a
positive control for browning genes. Proceeding steps were
conducted as reported [27]. Briefly, RNA was separated
using chloroform and purified using alcohol. The RNA was
resuspended in DEPC-DW, and the concentration was
measured using a nanophotometer. Reverse-transcriptase
PCR was conducted using a premix (Bioneer, Daejeon,
Republic of Korea). Real-Time PCR was then conducted
with the resultant cDNA using target primers of adipo-
genesis-related genes and browning-related genes, as shown
in Table 1. For C/EBPa and PPARy, RNA was extracted at
day 5 of differentiation, while RN A was extracted at day 8 for
other target genes.

2.10. Western Blot Analysis of Epididymal Adipose Tissue and
Liver Tissue. Proteins were extracted from 3T3-L1 cells and
liver tissues of mice and analyzed using western blot analysis.
Cells and liver tissues were homogenized with Pro-Prep
protein lysis solution (Invitrogen, Daejeon, Republic of
Korea), and protein concentrations were analyzed using the
Bradford method. Proceeding procedures were conducted as
previously reported [28]. Briefly, proteins were separated
using 10% SDS-PAGE and transferred to a PVDF mem-
brane, followed by blocking with 5% skim milk at room
temperature for 1h. The membranes were then incubated
with the respective primary antibodies (1 :3,000) overnight,
followed by incubation with a secondary antibody (1 :1,000)
at room temperature for 90 min. The membranes were then
washed with 1% Tween-20 TBS before developing the
membranes using ECL chemiluminescence in a gel devel-
oper (General Electric, Boston, MA, USA). Western blot
analysis was repeated in triplicate, and the relative expres-
sions were quantified using ImageJ software (NIH, USA).

2.11. Serum Chemistry. Collected blood was allowed to
separate for 2h and centrifuged at 3,000 rpm for 15 min.
Serum was collected and analyzed using a blood analyzer for
triglyceride, glucose, total cholesterol, LDL, HDL, ALT, and
AST levels.

2.12. Hematoxylin and Eosin (H&E) Staining. Harvested
liver tissue and epididymal adipose tissue were directly fixed
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in neutral buffered formalin after harvesting and weighing.
Images of the slides were acquired using a Nikon Eclipse
E6000 microscope (Nikon, Minato-ku, Tokyo, Japan).
Dehydrated tissues were fixed in paraffin and sectioned
before staining with H&E. Size of adipocytes was determined
using AdipoCount [29].

2.13. Statistical Analysis. Statistical significance was ana-
lyzed using Graphpad Prism version 7.00 (San Diego, CA,
USA) and one-way ANOVA with Dunnett’s posttest.
P <0.05 was considered significant. Data were presented as
mean + SD.

3. Results

3.1. UPLC-QTof MS Analysis and GCMS Analysis of
U. parvifolia. Using UPLC-QTof MS, the compounds
identified in ethanol extract of the bark of UP are as shown in
Figure 1(a). Peak 1 was identified as +(-) catechin as
compared to its standard shown in Figure 1(b), and peak 2
was identified as catechin-7-O-f-D-apiofuranoside as
compared to its standard, as shown in Figure 1(c). The
concentration of catechin detected is 6.14 mg/g, whereas that
of catechin-7-O-B-D-apiofuranoside was 156.3 mg/g, as
previously described [14]. GCMS analysis revealed that the
main components are hexadecanoic acid and f-sitosterol
(Table 2).

3.2. U. parvifolia Inhibited Production of Lipid in 3T3-L1
Preadipocytes. Lipid is produced when preadipocytes dif-
ferentiate into adipocytes. UP reduced lipid production in
differentiated 3T3-L1 preadipocytes (Figure 2(a)). The
concentrations of UP used were not toxic, as determined by
an MTT assay on 3T3-L1 cells (Figure 2(b)). Expression of
adipogenic genes FAS, PPARy, aP2/FABP4, C/EBPa, adip-
sin, IGF-1, ACC, adiponectin, leptin, AMPKal, and
SREBPI1c/ADDI was decreased with increasing concentra-
tions of UP treatment (Figure 2(c)). However, AMPKa2
expression was increased. AMPK is a main regulator of
metabolism, and its phosphorylated form was increased with
increasing concentrations of UP treatment, while p-ACC
protein expression was reduced (Figure 2(d)). No change
was observed in ACC expression. The relative expressions of
AMPKa and ACC were quantified using Image] software
(NIH, USA), as shown in Figures 2(e) and 2(f).

3.3. U. parvifolia Inhibits Development of Obesity in Mice Fed
an HFD. There were no significant differences in food and
water intake between the groups (Figures 3(a)-3(c)).
However, mice that were administered orlistat daily and UP
100 or UP 300 exhibited notable decreases in weight
(Figure 3(e)). Orlistat group mice exhibited a significant
reduction as compared to mice consuming only an HFD
from week 5, whereas UP 100- and 300-treated groups
exhibited a significant reduction from week 6. FER was
significantly reduced in both UP-treated groups in a dose-
dependent manner (Figure 3(d)). Subcutaneous adipose
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F1GURE 1: UPLC-QTof MS identification of UP. Peaks detected in ethanol extract of the bark of UP (a). Peaks 1 and 2 were quantified by using
a UV detector at 280 nm for target catechin glycosides. Peak 1 was identified as +(-) catechin as compared to its standard shown in (b), and
peak 2 was identified as catechin-7-O-B-D-apiofuranoside as compared to its standard as shown in (c).

TaBLE 2: Components detected by GCMS analysis of UP.

Retention time Area (%) Compound

29.993 20.37 Hexadecanoic acid
51.024 14.83 B-Sitosterol

51.861 7.1 2(1H) Naphthalenone
47.525 5.84 1-Naphthalene-sulfonic acid
47.138 3.78 2-Ethylacridine

tissues were significantly reduced in the orlistat and UP 300-
treated groups, whereas epididymal adipose tissue was re-
duced significantly only in UP 300 (Figure 3(f)). The weight
of the liver has decreased in treated groups, whereas there
was no significant change in kidney and spleen weight in all
groups (Figure 3(g)). From the results, it can be seen that UP
treatment significantly reversed weight gain in mice and
reduced FER and weight of adipose tissue and the liver.

3.4. U. parvifolia Improved Histological Damage Induced by an
HFD in Mice. There was a visible change in body size as
shown in the representative pictures of mice for each group;
mice were significantly increased in size in the HFD-group,

whereas there was a visible reduction in size in mice from the
groups treated with orlistat and UP 100 or UP 300
(Figure 4(a)). Liver tissue extracted after the mice were
euthanized was compared (Figure 4(b)). There was a visible
increase in size and change in coloration to a paler shade,
indicating the occurrence of fatty liver after consuming an
HFD. This change was improved with orlistat and UP 100 or
UP 300 treatment. This observation was further confirmed
with histological analysis of liver tissue and epididymal
adipose tissue stained with H&E. The hepatocytes in HFD-
treated mice were remarkably increased in size, and the pale
coloration was visible due to accumulation of lipids. There
was also a visible decrease in size of hepatocytes in the
orlistat and UP-treated groups. Ballooning of hepatocytes,
macrovesicular steatosis (indicated by arrows), and the
foamy characteristics of the hepatocytes as depicted in
microvesicular steatosis were also identified in the HFD-
treated group, indicating the occurrence of nonalcoholic
fatty liver disease (NAFLD). Infiltration of inflammatory
cells was also observed (indicated by arrowheads)
(Figure 4(c)). Therefore, treatment of orlistat and UP has
remarkably inhibited the progression of NAFLD. The size of
adipocytes in HFD-treated mice was significantly larger, as
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FIGURE 2: UP inhibits secretion of lipid droplets in 3T3-L1 preadipocytes. 3T3-L1 preadipocytes were differentiated or undifferentiated
(UD) and treated with or without UP for 10 days before they were stained with oil red O (a). Cell viability was confirmed with an MTT assay
after 3T3-L1 cells were treated with different concentrations of UP (b). Real-Time PCR was carried out by extracting RNA of differentiated
3T3-L1 cells with or without treatment of UP (c). Western blot analysis of p-AMPKa« and p-ACC against the housekeeping gene f-Actin.
3T3-L1 cells were treated with or without UP after differentiation. After 10 days, protein was extracted from the cells, separated using SDS-
PAGE, transferred to a PVDF membrane, incubated overnight with the primary antibody, incubated with secondary antibody, and
developed (d). Expressions of genes were compared against the differentiated control group. Western blot was repeated in triplicate, and
images were quantified using Image] (e and f). Statistical analysis was performed using one-way ANOVA with Dunnett’s posttest, and
P <0.05 was considered significant.
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F1GURre 3: UP reduced obesity in mice. Food intake and water intake were monitored weekly and averaged as shown in (a—c). Food efficiency
ratio was calculated using the weight gain to intake of food ratio (d). Weight of mice for each group was recorded every week for a period of
12 weeks. Mice in the normal group (nor) were given normal chow, whereas all other groups were given a HFD. After 4 weeks, oral
administration of orlistat and UP was given daily for 8 weeks (e). After 12 weeks, mice were euthanized, and the fat tissue, liver, spleen, and
kidney were harvested and weighed immediately (f and g). Statistics were analyzed using one-way ANOVA with Dunnett’s posttest, and
P <0.05 was considered significant. Statistical significance of HFD as compared to the control group in (d) are indicated by $; *, for the
orlistat group against HFD; #, for UP 100 against HFD; and +, for UP 300 against HFD.

compared to mice fed normal chow, indicating hypertrophy
of adipocytes. Adipocytes were shown to decrease with
treatment of orlistat and UP. UP 300 in particular reduced
the size of adipocytes as compared to the adipocytes of mice
fed normal chow. Adipocyte count per frame was also
significantly recovered in UP 300-treated mice (Figure 4(d)).
This has confirmed the efficacy of UP in reversing obesity
induced with an HFD and demonstrates the therapeutic
potential of this compound for increasing metabolism and
reversing obesity.

3.5. U. parvifolia Increased Browning-Related Genes in Adi-
pose WAT. Using real-time PCR, the expression of PGC-1«
and UCP-1 were shown to increase in particular with
treatment of UP 300 (Figures 5(c) and 5(e)). The products of
real-time PCR were run on ethidium bromide-stained

agarose gel for confirmation (Figure 5(a)). The protein
expression of p-AMPKa was increased significantly, whereas
the expression of p-ACC was decreased only in UP 300
(Figure 5(b)). No change was observed in ACC expression.
The gel images were quantified using Image]J (Figures 5(d)
and 5(f)). Our results have shown that UP has induced
browning of epididymal adipose tissue in mice fed an HFD.

3.6. Serum Biochemistry of Mice in a High-Fat Model.
Serum triglyceride levels were significantly reduced by
orlistat and UP 100 or UP 300 treatment. LDL levels were
decreased with UP treatment. However, there were no
significant decreases in glucose levels, total cholesterol, and
HDL in any treated groups. ALT and AST are both markers
of liver damage and did not show significant change in all
groups (Figures 6(a)-6(g)).
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FIGURE 4: UP reduced the size of mice and mouse livers and improved the histology of the liver and adipose tissue induced by an HFD. Mice
were fed with an HFD for a total of 12 weeks, and oral administration of orlistat and UP was carried out after 4 weeks of a daily HFD.
Representative images of mice and livers for each group (a-b). Liver tissues and epididymal adipose tissue were dehydrated and fixed in
paraffin and then sectioned before staining with H&E (c-d). Liver tissues (c) and epididymal adipose tissue (d) were observed at 100x.
Arrows indicate balloon cells, and arrowheads indicate the infiltration of inflammatory cells. CV indicates the location of the central vein,
whereas PV indicates the portal veins. Magnified image of the CV area of the liver tissue in HFD-treated group was taken at 200x. Statistical
analysis for adipocyte count performed using one-way ANOVA with Dunnett’s posttest, and * indicates P < 0.05 compared to the HFD
group, whereas # indicates a P<0.05 as compared to the control group.
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F1GURE 5: UP increased expression of browning markers in mice. Extracted RNA was reverse transcribed, and the browning related genes
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Protein expressions of p-AMPKa« and p-ACC in liver tissue were investigated using western blot analysis, as shown in (b), and the gel images
were quantified using Image] (d and f). All experiments were conducted in triplicate. Statistics were analyzed using one-way ANOVA, and

P <0.05 was considered significant.
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FIGURE 6: UP improved serum biochemical concentrations induced by an HFD in mice. Blood was collected by cardiac puncture, and serum
was separated. Levels of (a) triglyceride, (b) glucose, (c) total cholesterol, (d) LDL, (e) HDL, (f) ALT, and (g) AST were investigated using a
blood analyzer. Statistical analysis was performed using one-way ANOVA with Dunnett’s posttest, and P < 0.05 was considered significant.

4. Discussion

Other than storing lipids, white adipose tissue also functions
as an endocrine organ, secreting mainly adiponectin and

leptin [30]. Additionally, white adipose tissues secrete TNF-
« in an obese rodent model [31]. IL-6 was also detected in
white adipose tissues in cases of obesity and insulin resis-
tance [32]. Both TNF-a and IL-6 are also known as
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FIGURE 7: Schematic diagram of the proposed mechanism of action
of UP. UP increased the browning of WAT by acting through
increased AMPKa expression, which, in turn, increases PPARy
expression followed by the increase of PGC-1a expression, which
induces upregulation of mitochondrial UCP-1 in white adipocytes
and increases the usage of stored triglycerides and thermogenesis.
Phosphorylation of ACC was also inhibited, subsequently inhib-
iting lipid synthesis.

adipokines and proinflammatory cytokines. Secretion of
adipokines by WAT is a response to hypoxia in areas of fat
deposits in obese individuals, as the vasculature is insuffi-
cient to maintain normoxia throughout the WAT due to its
constant expansion. This causes the adipocytes to be hyp-
oxic, and an inflammatory response increases blood flow and
stimulates angiogenesis [33]. Therefore, obesity should be
treated not only merely as a metabolic disorder but also as
the root cause of many chronic diseases.

3T3-L1 preadipocytes were used to investigate adipo-
genesis in vitro. Peroxisome proliferator-activated receptor y
(PPARy) and CCAAT/enhancer binding protein « (C/EBP«)
are responsible for preadipocyte growth arrest and their
differentiation into adipocytes. As the shift in gene ex-
pression indicates cellular differentiation, we studied the
related gene expression for confirmation of preadipocyte
differentiation. Our results have shown that PPARy, C/
EBPa, and SREBP1c/ADDI are downregulated in 3T3-L1
preadipocytes after treatment with UP. Furthermore, leptin
and adiponectin are also adipokines secreted by adipose
tissue. Leptin in serum is elevated in the case of obesity as it
functions to accelerate energy expenditure [34], whereas
insulin levels are negatively correlated with adiponectin
levels in 3T3-L1 preadipocytes [35]. Treatment with UP also
reduced both leptin and adiponectin mRNA levels in 3T3-L1
preadipocytes in this study. Adipsin is upregulated in the
presence of insulin in 3T3-L1 preadipocytes [36]. As FAS,
ACC, and aP2/FABP4 are regulated by PPARYy [37,38], these
genes were downregulated with UP treatment. Insulin
growth factor 1 (IGF-1) is essential in the differentiation of
3T3-L1 preadipocytes [39], and its expression has been
reduced with treatment of UP. AMPK is the master regulator
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of metabolism. Phosphorylation of AMPK inhibits the
phosphorylation of ACC which then inhibits lipid synthesis
and, at the same time, promotes fatty acid oxidation by
increasing CPT1 (carnitine palmitoyltransferase 1) expres-
sion. As leptin inhibits the phosphorylation of AMPKa2
[40], suppression of leptin explains the increase of AMPKa2
(Figure 2(c)). UP has been shown to reduce lipid production
and did not show signs of cytotoxicity in 3T3-L1 pre-
adipocytes for the concentrations of UP used in vitro and
additionally resulted in the downregulation of mRNA ex-
pressions of adipogenesis-related genes and increased ex-
pression of AMPKa2. Western blot analysis has also revealed
that UP is capable of upregulating p-AMPKa and sup-
pressing p-ACC (Figures 2(d)-2(f)).

PGC-1a was previously identified to be expressed only in
BAT. Recent studies revealed the browning of WAT, also
known as brite or inducible brown adipocytes [41]. Brown
adipocytes are dominant in BAT, whereas beige adipocytes
are found in WAT in cases of increased energy expenditure
or exposure to cold. Therefore, the increase of beige adi-
pocytes is marked by increases of PGC-1a and UCP-1 and
results in increased energy expenditure that can then
counter obesity. Brown adipocytes have large numbers of
mitochondria and highly express UCP-1, which is located in
the inner mitochondrial membrane. Fatty acids from tri-
glycerides will undergo f-oxidation followed by conversion
into chemical energy by mitochondrial UCP-1 [42].
Therefore, increasing the expression of PGC-1a and UCP-1
in white adipose tissue increases energy expenditure, which
will reduce the amount of triglycerides stored in WAT. Our
results have shown that mice fed with UP have markedly
increased PGC-1a and UCP-1 expression in the epididymal
adipose tissue of mice (Figure 5), indicating that UP in-
creases the browning of WAT. The reduced weight of the
mice and the respective adipose tissues in mice indicated the
conversion of triglycerides in WAT to fatty acids which are
then dissipated into heat energy through conversion by
UCP-1, with no observed reduction of feed intake in all
groups. UP also upregulated p-AMPKa expression and
downregulated p-ACC expression in epididymal adipose
tissue of mice fed a HFD, confirming the role of UP in
countering obesity. These findings are further supported by
evaluation of the levels of serum biomarkers, namely tri-
glyceride, glucose, cholesterol, ALT, and AST, accompanied
by the improvement in histological analysis of liver tissue
and epididymal adipose tissue (Figures 4 and 6). UP in-
creased lipid metabolism as there were lesser fat droplets
deposited in the liver as observed in H&E staining, pre-
venting NAFLD as previously reported [43].

UPLC-QTof MS was carried to identify the polar com-
pounds in UP. Our findings revealed that the most abundant
polar compounds in UP are catechin and catechin-7-O-f-D-
apiofuranoside (Figure 1). Catechin has been know for
antiobesity properties, explaining its possible contribution
in the efficacy of UP in curbing obesity [44]. Catechin-7-O-
p-D-apiofuranoside prevents hepatic fibrogenesis by
inhibiting stellate cell activation [45]. GCMS analysis was
carried out to identify the nonpolar constituents of UP. Our
findings have shown that the major nonpolar compounds
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are hexadecanoic acid and f-sitosterol (Table 2). While
hexadecanoic acid has been reported to have anti-inflam-
matory properties [46], 3-sitosterol has been reported to
induce apoptosis of cancer cells, have hypocholesterolemic
and antidiabetic properties, and increase the activity of NK
cells [47]. Moreover, sitosterol has also been reported to
reduce choric inflammation induced by obesity [48]. Taken
altogether, we believe that f-sitosterol and catechin in UP
are the main ingredients that induce WAT browning.

5. Conclusions

Our findings reveal that UP increased browning in WAT in
mice, possibly acting through the PGC-1a/SIRT1/UCP-1 axis.
Further studies should be conducted to confirm the role of
SIRT1 and PRDMI6. In conclusion, we have revealed the
mechanism of action of UP on white adipocytes is via increased
mitochondrial biogenesis in WAT, inducing an increase in
energy expenditure and thermogenesis (Figure 7).
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Background. Although the traditional Chinese medicine Shan-Zhu-Yu may be efficacious against depression, its mechanism of
action is unknown. In this study, we aimed to explore the possible mechanisms of action of Shan-Zhu-Yu in the treatment of
depression using network pharmacology. Methods. The active ingredients and targets of Shan-Zhu-Yu were obtained from the
Traditional Chinese Medicine System Pharmacology Database (TCMSP) database and converted into gene names using UniProt.
Then, the target genes of depression were collected using GeneCards and OMIM. Drug disease intersection genes were obtained
using a Venn tool, and a protein-protein interaction network was constructed using STRING. Cytoscape was used to construct an
active ingredients-targets-drug-disease network. GO and KEGG pathway enrichment analyses were performed using DAVID.
Furthermore, Autodock was used to evaluate drug and target binding and explore possible molecular mechanisms. Results. We
identified 9721 disease genes, 13 active ingredients, 50 target genes, and 48 drug disease intersecting genes. The results of the GO
enrichment analysis suggested that Shan-Zhu-Yu affects the activity of G protein-coupled amine, neurotransmitter, steroid
hormone, nuclear, and G protein-coupled neurotransmitter receptors in the treatment of depression by acting on hormone and
nuclear receptor binding. The main signaling pathways were associated with neuroactive ligand-receptor interaction, calcium,
c¢GMP-PKG, apoptosis, estrogen, p53, and AGE-RAGE. Molecular docking confirmed that the active components of Shan-Zhu-
Yu (e.g., telocinobufagin and f-sitosterol) docked suitably with NR3Cl, Bax, Bcl-2, and caspase-3. Shan-Zhu-Yu may exert its
therapeutic effects on depression via multiple targets and pathways. Conclusions. The present study elucidates that Shan-Zhu-Yu
suppresses the expression of Bax and caspase-3 and promotes that of NR3CI and Bcl-2 through neuroactive ligand-receptor
interaction and apoptosis signaling pathways. Therefore, Shan-Zhu-Yu is a potential treatment option for depression, and the
results of this study will provide new reference points for future experimental research and a scientific basis for its widespread
clinical application.

1. Introduction

Depression, a mood or affective mental disorder charac-
terized by anxiety or depressive behaviors, can be caused by
various factors. The main symptoms of depression include
permanent low spirit, mental retardation, physical

discomfort, decreased volitional activity, and cognitive
impairment, and the main clinical manifestations are low
mood, lack of pleasure, decreased self-worth, and even
suicidal thoughts [1]. In addition, depression is a risk factor
for diabetes [2] and cardiovascular disease [3]. Murray and
Lopez [4] in a 4.5year Global Burden of Disease study
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showed that unipolar major depression accounted for 3.7%
of disability-adjusted life years (DALYs) in 1990, ranking the
fourth, and predicted this to be up to 5.7% in 2020. In China,
the prevalence of depression and DALY rates increased in all
provinces [5]; however, the etiology and pathogenesis of
depression remain unclear.

Depression, which is caused by a combination of genetic,
environmental, and spiritual factors, involves neurotrans-
mitters, inflammation, and hypothalamic pituitary adrenal
(HPA) axis changes, among other processes [6]. Currently,
negative treatment outcomes are common. The main clinical
treatment of depression involves Western medicine, and the
most widely used classic antidepressants are based on the
“monoamine hypothesis” [7], which states that blocking the
reuptake of catecholamine neurotransmitters at the pre-
synaptic membrane effectively increases the concentration
of catecholamine neurotransmitters in the synaptic cleft,
thereby improving depressive symptoms. The antidepres-
sants developed based on this theory include selective se-
rotonin  reuptake inhibitors and serotonin and
norepinephrine reuptake inhibitors. Although these drugs
are tolerated and cause only mild side effects, they have a
single-target and slow onset [8]. Therefore, new effective
drugs need to be developed; however, owing to the existence
of various complex pathways and negative feedback regu-
lation mechanisms in the nervous system [9], the devel-
opment of more effective single-target drugs and
monotherapies is difficult. In the future, multitarget and
combination drugs will be essential in the treatment of
depression [10].

Traditional Chinese medicine has unique advantages
and potential in the treatment of depression. It has
“theories” to understand the pathogenic mechanism and
classify the syndrome [11]. Furthermore, traditional
Chinese medicine, alone and in combination with
Western medicine, has been shown to have a rapid onset,
increase the cure rate, and reduce the incidence of side
effects compared with Western medicine treatment alone;
however, research on the mechanisms of action is war-
ranted [12].

Shan-Zhu-Yu, the dried and mature pulp of Cornus
officinalis Sieb. et Zucc., also known as fructus corni and
jujube, is included in the Chinese Pharmacopoeia (2020), in
sections related to the liver, kidney homeostasis, liver and
kidney tonics, and astringent effects. This herb has a wide
range of pharmacological activities, such as hepatic and renal
protection, antidiabetic, cardioprotective, antioxidant,
neuroprotective, antitumor, anti-inﬂammatory, analgesic,
antiaging, antiamnesic, anti-osteoporotic, antidepressive,
and immunoregulatory effects [13]. For example, fructus
corni-containing Liuwei Dihuang pills have been shown to
improve depressive symptoms, reduce the incidence of
adverse reactions, and improve the quality of life in patients
with depression compared with Western medicine treat-
ment alone [14] and exert antidepressant effects in rats under
chronic mild stress [15]. Nonetheless, there is still a lack of
systematic studies on the use of Shan-Zhu-Yu for the
treatment of depression-like symptoms and its mechanism
of action.
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Although the multitarget and multichannel approach of
traditional Chinese medicine can provide new ideas for the
treatment of clinically complex diseases, it also increases the
difficulty in research. Network pharmacology, a new ap-
proach for drug design based on the rapid development of
systems biology and multidirectional pharmacology, goes
beyond the single target. In network pharmacology, a
multitarget research strategy, which has scalability, effec-
tiveness, and reliability [16], is implemented for drug dis-
covery. It is widely used to determine disease targets, the
clinical efficacy of compounds, the mechanism of action, and
toxicity, as well as the material basis and mechanism of
action of traditional Chinese medicine [17, 18]. In this study,
network pharmacology was used to screen biomarkers of
depression and predict the therapeutic targets of Shan-Zhu-
Yu, in the hope of providing ideas for basic research and
treatment of depression.

2. Materials and Methods

2.1. Screening of Active Compounds and Prediction of Putative
Targets of Shan-Zhu-Yu. We searched the Traditional Chi-
nese Medicine System Pharmacology Database (TCMSP,
http://tcmspw.com/tcmsp.php) using “Shan-Zhu-Yu” as the
key word, selected the active ingredients with an oral bio-
availability (OB) >30% and drug-likeness (DL) >0.18, and
obtained their corresponding targets using “Related Targets
[19]”. Next, the target names were input into the Universal
Protein Database (UniProt, https://www.uniprot.org/), and
Homo sapiens was selected to normalize the gene
information.

2.2. Identification of Depression-Related Targets. Online
Mendelian Inheritance in Man (OMIM, https://omim.org/)
and GeneCards (https://www.genecards.org/) were used to
obtain the related depression targets, and the results were
summarized to remove duplicates.

2.3. Filtering Intersecting Targets. We imported the depres-
sion targets and putative targets of Shan-Zhu-Yu into a Venn
tool (http://bioinformatics.psb.ugent.be/webtools/Venn/) to
obtain intersecting targets.

2.4. Protein-Protein Interaction (PPI) Construction. The
intersecting targets of Shan-Zhu-Yu and depression were
input into STRING (https://string-db.org/) to generate a
protein-protein interaction network. The minimum inter-
action score was set to 0.70, and the nodes that were not
connected with the main network were hidden. The TSV file
format was downloaded to construct an active ingredients-
targets-drug-disease network with Cytoscape 3.2.1 software;
the network in STRING is the PPI.

2.5. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) Pathway Enrichment Analyses. We im-
ported intersecting targets into the functional annotation
tool of the Database for Annotation, Visualization and
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FIGURE 1: Shan-Zhu-Yu active ingredients and potential targets of treating depression. Shan-Zhu-Yu and its active ingredients (a).
Intersecting genes Venn diagram of Shan-Zhu-Yu and treating depression (b).

TaBLE 1: Intersecting genes of Shan-Zhu-Yu in treating depression.

SZY target genes

PTGS1, PTGS2, NCOA2, PGR, SCN5A, ADRB2, CHRM3, CHRM1, CHRM4, CASP3, NOS2, ADRAI1A,

Potential genes of
depression

CHRM2, ADRA1B, CHRNA2, SLC6A4, OPRM1, GABRA1, BCL2, BAX, CASP9, JUN, CASP8, PRKCA,
PON1, MAP2, NR3C2, ADH1C, RXRA, NCOA1, ADRA2A, SLC6A2, SLC6A3, AKR1B1, PLAU, LTA4H,

MAOB, MAOA, NR3C1, AR, PPARG, CHRM5, ADRA2C, OPRD1, ACHE, ADRA1D, ADRB1, KCNH2

Integrated Discovery (DAVID, https://david.ncifcrf.gov/)
and used R 3.6.1 to produce simple and clear results [20].

2.6. Molecular Docking Simulation

2.6.1. Ligand Preparation. We used the PubChem database
(https://www.ncbi.nlm.nih.gov/pubmed) to collect and
download the 2D structure of small molecule compounds.
These were saved in Mol2 format after energy minimi-
zation in Chem3D and PDBQT formats after setting as
spin by AutoDockTools (ADT).

2.6.2. Target Protein Preparation. The crystal structures of
nuclear receptor subfamily 3 group C member 1 (NR3CI)
(PDBID: 1INHZ) and caspase-3 genes (PDBID: INMS) were
downloaded from the Protein Data Bank (http://www.rcsb.org/
). As B-cell lymphoma 2 (Bcl-2) and Bcl-2-like protein 4 (Bax)
have no crystal structure in the database, homology modeling
was performed, UniProt was used to query the amino acid
sequence, and the SWISS-MODEL server was used to model
and evaluate quality. The downloaded complexes were
embellished using PyMoll.7 to remove the original ligand and
water molecules and saved in PDBQT format. Moreover,
AutoDockTools-1.5.6 software was used to prepare receptors,
including the addition of hydrogen and charge.

2.6.3. Molecular Docking. The prepared files were imported
into Discovery Studio 3.5 Client software to search for active
pockets. Telocinobufagin was set to dock with NR3CI and
B-sitosterol with Bax, Bcl-2, and caspase-3. The lowest energy
conformation was selected as the optimal for analysis. PyMol
was used for dock site analysis, and Discovery Studio was
used to analyze the interaction force between small molecule
ligands and amino acid residues.

3. Results

3.1. Shan-Zhu-Yu Target Predictions. OB, which is a measure
of the pharmacokinetic process and druggability in vivo, and
DL, which represents the similarity between unknown
components and the known chemical structure of drugs, are
important parameters to analyze the effectiveness of tradi-
tional Chinese medicine [21]. The study combined OB >30%
and DL >0.18 and identified 13 active ingredients
(Figure 1(a)). In total, 50 genes were obtained after trans-
forming with UniProt.

3.2. Potential Targets of Shan-Zhu-Yu in the Treatment of
Depression. In the present study, 9721 genes were docu-
mented as potential targets of depression and 48 intersecting
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FIGURE 2: Active ingredients-targets-drug-disease network and PPI network. Purple rectangle node represents drug, orange triangle nodes
represent active ingredients, blue rectangle node represents disease, and blue-green oval nodes represent target genes. (a) PPI network.
Nodes represent genes, connections represent interactions, and different colored connections represent different types of interactions (b).

TaBLE 2: Enriched genes in the biological processes.

Description P value Enriched genes
. . . «1n-15 ADRB2, CHRM3, ADRA1A, CHRM2, ADRA2A, ADRBI,

G protein-coupled amine receptor activity 3.94%10 ADRA2C, ADRALD
Neurotransmitter receptor activity 3.58*107% CHRM3, CHRMI, CHRM:i)g};IF NA2, OPRMI, GABRAL
Steroid hormone receptor activity 7.58"10™% PGR, NR3C2, RXRA, NR3Cl1, AR, PPARG
Nuclear receptor activity 1.65*107% PGR, RXRA, NR3Cl, AR, PPARG
;F;:?isﬁc?thIl\?K {)ai;t((i)irnagctmty, direct ligand regulated sequence- 16510~ PGR, RXRA, NR3C1, AR, PPARG
G protein-coupled neurotransmitter receptor activity 3.64*107"7 CHRM3, CHRM2, OPRM1, ADRB1

. . L . «1n-07 ADRAIA, ADRAI1B, BCL2, BAX, JUN, RXRA, ADRA2A,
Protein heterodimerization activity 8.30*10 ADRBI, PPARG, ADRA2C
Hormone binding 2.87*107% CHRM3, CHRNA2, NR3C1, AR, ACHE
Anion: cation symporter activity 431107 SLC6A4, SLC6A2, SLC6A3
Acetylcholine receptor activity 431107 CHRM3, CHRM2, CHRNA2
Catecholamine binding 4317107 ADRB2, ADRA2A, ADRA2C
Ammonium ion binding 9.19*107%° CHRM3, CHRNA?2, SLC6A4, ACHE
Adrenergic receptor binding 1.32°107 ADRA2A, ADRB1, ADRA2C
Nuclear receptor binding 1.58*107%° NCOA2, RXRA, NCOA1
Phosphatidylinositol phospholipase C activity 1.87%107% CHRM3, CHRM1, CHRM5
Neurotransmitter: sodium symporter activity 2.20%107%° SLC6A4, SLC6A2, SLC6A3
Phospholipase C activity 3.87°10°% CHRM3, CHRM1, CHRM5
Chloride transmembrane transporter activity 5.44°107% SLC6A4, GABRA1, SLC6A2, SLC6A3

Channel activity
Passive transmembrane transporter activity

6.57*10"% SCN5A, KCNH2, CHRNA2, OPRM1, GABRA1, BCL2, BAX
6.68107°° SCN5A, KCNH2, CHRNA2, OPRM1, GABRA1, BCL2, BAX

genes between Shan-Zhu-Yu and depression were obtained
using the Venn online database (Table 1 and Figure 1(b)).

3.3. PPI Network Construction and Visualization. The 48
intersecting genes were input into the STRING network.
The core genes were screened thoroughly, and 40 genes
were identified. Using the Cytoscape software, the results
were clearly obtained in the TSV file format (Figure 2(a)),
and the PPI network was downloaded (Figure 2(b)). The
PPI network revealed that the main active ingredients of
Shan-Zhu-Yu in the treatment of depression are sitosterol,

beta-sitosterol, telocinobufagin, stigmasterol, DTOP, cor-
nudentanone, 2,6,10,14,18-pentamethylicosa-2,6,10,14,18-
pentaene, ethyl linolenate, hydroxygenkwanin, ethyloleate,
mandenol, and poriferast-5-en-3-beta-ol.

3.4. GO and KEGG Pathway Enrichment Analyses. To further
elucidate the mechanism of drug treatment systematically,
enrichment analysis of the 48 intersecting genes was
performed using DAVID. The top 20 GO items and KEGG
pathways were selected based on P values, which represent
the degree of enrichment. GO enrichment analysis
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FIGURE 3: Enrichment analysis of intersecting genes (the top 20 terms of each part are shown). GO enrichment analysis (a). KEGG pathway
analysis (b). The higher the column and the redder the color, the more the intersecting genes of enrichment; the sizes of the bubbles are
illustrated from big to small in descending order of the number of the intersecting genes involved in the pathways.

describes the biological mechanisms of the drug in the
treatment of diseases from three aspects: biological pro-
cesses, molecular functions, and cellular components.
Regarding biological processes, Shan-Zhu-Yu might affect
the activity of G protein-coupled amine receptors, neu-
rotransmitter receptors, steroid hormone receptors, nu-
clear receptors, G protein-coupled neurotransmitter
receptors, protein heterodimerization, an acetylcholine
receptor, and phosphatidylinositol phospholipase C in the
treatment of depression by acting on hormone, catechol-
amine, and adrenergic receptors as well as nuclear receptor
binding (Table 2 and Figure 3(a)). In the pathway analysis,
59 signal pathways were identified, which were mainly
enriched in neuroactive ligand-receptor interaction, cal-
cium, cGMP-protein kinase G, apoptosis, estrogen, p53,
and advanced glycation end products-receptor for ad-
vanced glycation end products (Figure 3(b)).

3.5. Molecular Docking Analysis. The most important sig-
naling pathway of Shan-Zhu-Yu in the treatment of de-
pression was determined to be apoptosis. The genes enriched
in the apoptosis pathway (Figure 4, granted permission
already) include Bax, Bcl-2, and caspase-3; the major ef-
fective ingredient may be beta-sitosterol. Among the core
genes, NR3CI (glucocorticoid receptor (GR); Figure 5,
granted permission already) may regulate the apoptosis
pathway; the ingredient that regulates NR3CI is
telocinobufagin.

Molecular docking (Figure 6) was performed to study the
interactions between active ingredients and target genes. The
lower the energy of the molecule, the more stable the
conformation.

We searched the UniProt Database and obtained the
NRLBD domain of NR3CI protein, in which the gray part of
the structure interacts with CRY1. The optimal conformation
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FIGURE 4: Apoptosis signaling pathway. The genes with a five-pointed star are potential target for Shan-Zhu-Yu in treating depression

predicted by network pharmacology.

of telocinobufagin binds to the active pocket of the nuclear
receptor ligand-binding domain of NR3CI; the lowest
binding free energy is —9.43 kcal/mol, and the main forces
involved are van der Waals forces, hydrophobic forces, and
carbon-hydrogen bonds.

The optimal conformation of beta-sitosterol binds with
Bax; the secondary structure of the green region is a ran-
domly coiled domain, and small molecule is bound in the
pocket near the random coil domain of the Bax protein; the
lowest binding free energy is —7.9 kcal/mol, and the main
forces are van der Waals forces, hydrophobic forces, and
carbon hydrogen bonds.

The docking results show that the optimal conformation
of the beta-sitosterol is bound between the random coil and
BH4 of the Bcl-2 protein, the lowest binding free energy is
—8.21 kcal/mol, and there are alkyl hydrophobic forces be-
tween Pro88, Pro59, and Leu86 and beta-sitosterol. Hy-
droxyl hydrogen atoms form a conventional hydrogen bond
with Gly8 and carbon-hydrogen bond with Tyr9. Thr74,
Ser87, Aspl0, and Val89 form van der Waals forces with
each other.

The crystal structure of caspase-3 was downloaded from
UniPort. The optimal conformation of beta-sitosterol was
bound between pl2 and pl7 subunits, and the lowest
binding free energy was —7.16 kcal/mol (Table 3).

4. Discussion

In the present study, network pharmacology methods were
used to explore possible targets and mechanisms of Shan-
Zhu-Yu in the treatment of depression. Using TCMSP, 13
active ingredients of Shan-Zhu-Yu with OB >30% and DL
>0.18 were identified, and using GeneCards and OMIM,
9721 disease-related genes were identified. Using a Venn
tool, 48 drug-disease intersecting genes were identified,
which are the potential targets for Shan-Zhu-Yu in the
treatment of depression. A PPI network was constructed
with 40 genes, and active ingredients that may affect de-
pression were determined. GO enrichment analysis iden-
tified 97 genes, and KEGG enrichment analysis identified 59
pathways involved although only the top 20 are shown
owing to space limitations. Genes involved in the neuro-
active ligand-receptor interaction signaling pathway and
apoptosis signaling pathway are likely related to the path-
ological mechanism of depression; therefore, genes in these
pathways are key targets for the treatment of depression.
Additionally, the connection between these pathways in
depression may be a focus in the study of depression [22].

Depression is caused by multiple factors [23], and
studying the relationship between factors is essential to
clarify the pathogenesis of depression. High levels of
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FIGURE 5: Neuroactive ligand-receptor interaction signaling pathway. The genes with a five-pointed star are potential targets for Shan-Zhu-

Yu in treating depression predicted by network pharmacology.

glucocorticoids can induce neuronal death, weaken hip-
pocampal neurogenesis, damage the normal function of the
HPA axis, and cause depression-like behavior [24], and GR
is a major mediator of glucocorticoids. In patients with
depression, the expression of GR and GR mRNA in multiple
brain regions (especially in the hippocampus) is reduced
[25] and NR3CI is abnormally methylated [26]. Further-
more, NR3C1, which encodes GR, is related to affective
disorders, and any abnormalities in NR3CI affect the
function and activity of GR, thereby leading to disorders of
the neuroendocrine system [27]. Moreover, NR3CI down-
regulation promotes the expression of micro-RNA-22,
which results in the increased expression of downstream
genes, namely, Bcl-2-associated agonist of cell death, Bax,
and caspase-3, and decreased expression of Bcl-2 and Bcl-xL,
thereby promoting cell apoptosis [22].

In addition, Shan-Zhu-Yu extract can increase the ratio
of Bcl-2/Bax and reduce the expression of caspase-3 in the

damaged cortex; increase the levels of nerve growth factor
and brain-derived neurotrophic factor in the chronic phase;
enhance the expression of synaptophysin I, synaptophysin,
and postsynaptic density protein 95; inhibit brain trauma
apoptosis regulation in the chronic phase [28]; and regulate
the level of corticosterone [29], all could play a neuro-
protective effect. Molecular docking showed that telocino-
bufagin and beta-sitosterol, the active ingredients of Shan-
Zhu-Yu, can act on NR3Cl, Bax, and Bcl-2 to treat
depression.

Cinnabar (HgS) is a mineral in traditional Chinese
medicine for sedation and antianxiety [30, 31]. Shan-Zhu-Yu
has various pharmacological effects, including antidepres-
sant effects, when used alone and as a component in anti-
depressant recipes, such as Liuwei Dihuang pills [13, 15].
Shan-Zhu-Yu could also work with other traditional med-
icines, such as cinnabar (HgS) to exert better beneficial
effects on the brain.
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TaBLE 3: Molecular docking results.

Structure with . . Affinity
Compound Compound 2D structure Target and PDB ID initial ligand Grid box size (keal/mol)
NR3Cl1 (INHZ) 80*80*80 -9.43
Telocinobufagin (CAS: 472-26-4) "
Bax (homology modeling) 90*90*90 -7.9
Bcl-2 (homology modeling) 70%70*70 -8.21
Beta-sitosterol (CAS: 83-46-5)
Caspase-3 (INMS) 90*90*90 -7.16
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Currently, there are few in vivo and in vitro studies of
Shan-Zhu-Yu in the treatment of depression. Therefore,
related research should be developed, which can provide
insights into the application of Shan-Zhu-Yu for depression
treatment. The results of this study can lay the foundation for
research of Shan-Zhu-Yu in treating depression and its
mechanism. Nevertheless, there is also a limitation to this
study. Network pharmacology is a research based on database
and literature; thus, some action pathways are not selected or
some irrelevant pathways are selected and unguided con-
clusions are obtained owing to the imperfection of selection
methods, parameter settings, and calculation models. Over-
coming this limitation will render this method more practical,
help in better drug mechanism research, and even aid in the
development of new drugs and disease treatments.

5. Conclusion

In summary, network pharmacological analysis showed that
there are as many as 48 possible targets for Shan-Zhu-Yu in
the treatment of depression. The active ingredients, teloci-
nobufagin and beta-sitosterol, may play an important role in
the antidepressant effect of Shan-Zhu-Yu via the GR and
apoptosis pathway. A signaling pathway comprising NR3C1
and its downstream genes Bax, Bcl-2, and caspase-3 could be
one of the possible mechanisms. Therefore, the results of this
study provide evidence for follow-up research and a basis for
the clinical application of Shan-Zhu-Yu and its prescriptions
in the treatment of depression.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors wish to thank Kanehisa Laboratories for
granting permission to publish the KEGG pathway map. The
authors wish to thank the timely help of Editage Insights Ltd.
with language touchups. This study was supported by the
Beijing Hospitals Authority Ascent Plan (DFL20190803) and
Capital Science and Technology Leading Talent Training
Project (Z191100006119017).

References

[1] P. Willner, J. Scheel-Kruger, and C. Belzung, “The neurobi-
ology of depression and antidepressant action,” Neuroscience
& Biobehavioral Reviews, vol. 37, no. 10, pp. 2331-2371, 2013.

[2] K. Semenkovich, M. E. Brown, D. M. Svrakic, and
P. J. Lustman, “Depression in type 2 diabetes mellitus:
prevalence, impact, and treatment,” Drugs, vol. 75, no. 6,
pp. 577-587, 2015.

[3] D. N. Silverman and S. J. Shah, “Treatment of heart failure
with preserved ejection fraction (HFpEF): the phenotype-

guided approach,” Current Treatment Options in Cardiovas-
cular Medicine, vol. 21, no. 4, p. 20, 2019.

[4] C. J. L. Murray and A. D. Lopez, “Evidence-based health
policy---lessons from the global burden of disease study,”
Science, vol. 274, no. 5288, pp. 740-743, 1996.

[5] X.Ren, S. Yu, W. Dong, P. Yin, X. Xu, and M. Zhou, “Burden

of depression in China, 1990-2017: findings from the global

burden of disease study 2017,” Journal of Affective Disorders,

vol. 268, pp. 95-101, 2020.

G.-J. Peng, J.-S. Tian, X.-X. Gao, Y.-Z. Zhou, and X.-M. Qin,

“Research on the pathological mechanism and drug treatment

mechanism of depression,” Current Neuropharmacology,

vol. 13, no. 4, pp. 514-523, 2015.

[7] S. Boku, S. Nakagawa, H. Toda, and A. Hishimoto, “Neural
basis of major depressive disorder: beyond monoamine hy-
pothesis,” Psychiatry and Clinical Neurosciences, vol. 72, no. 1,
pp. 3-12, 2018.

[8] X.-M. Liao, Y.-A. Su, Y. Wang, X. Yu, and T.-M. Si, “Anti-
depressant treatment strategy with an early onset of action
improves the clinical outcome in patients with major de-
pressive disorder and high anxiety,” Chinese Medical Journal,
vol. 133, no. 6, pp. 726-728, 2020.

[9] R. N. Gunn and E. A. Rabiner, “Imaging in central nervous
system drug discovery,” Seminars in Nuclear Medicine, vol. 47,
no. 1, pp. 89-98, 2017.

[10] G. R. Villas Boas, R. Boerngen de Lacerda, M. M. Paes et al.,
“Molecular aspects of depression: a review from neurobiology
to treatment,” European Journal of Pharmacology, vol. 851,
pp. 99-121, 2019.

[11] L.-Y. Liu, B. Feng, J. Chen et al., “Herbal medicine for hos-
pitalized patients with severe depressive episode: a retro-
spective controlled study,” Journal of Affective Disorders,
vol. 170, pp. 71-77, 2015.

[12] W. Xue, X. Zhou, N. Yi et al., “Yueju pill rapidly induces
antidepressant-like effects and acutely enhances BDNF ex-
pression in mouse brain,” Evidence-Based Complementary
and Alternative Medicine, vol. 2013, Article ID 184367, 2013.

[13] J. Huang, Y. Zhang, L. Dong et al, “Ethnopharmacology,
phytochemistry, and pharmacology of Cornus officinalis Sieb.
et Zucc,” Journal of Ethnopharmacology, vol. 213, pp. 280-301,
2018.

[14] J. Wang and S. Lu, “Observation on therapeutic effect of
Liuwei Dihuang Pills on neurosis and menopausal depres-

sion,” Huaihai Medicine, vol. 17, no. 1, p. 47, 1999.

[15] M. Kang, D. Shin, J.-W. Oh et al., “The anti-depressant effect
of Nelumbinis semen on rats under chronic mild stress in-
duced depression-like symptoms,” The American Journal of
Chinese Medicine, vol. 33, no. 2, pp. 205-213, 2005.

[16] A.L.Hopkins, “Network pharmacology: the next paradigm in
drug discovery,” Nature Chemical Biology, vol. 4, no. 11,
pp. 682-690, 2008.

[17] S. Li and B. Zhang, “Traditional Chinese medicine network
pharmacology: theory, methodology and application,” Chi-
nese Journal of Natural Medicines, vol. 11, no. 2, pp. 110-120,
2013.

[18] W. Guo, J. Huang, N. Wang et al., “Integrating network
pharmacology and pharmacological evaluation for deci-
phering the action mechanism of herbal formula zuojin pill in
suppressing hepatocellular carcinoma,” Frontiers in Phar-
macology, vol. 10, p. 1185, 2019.

[19] J. Ru, P. Li, J. Wang et al.,, “TCMSP: a database of systems
pharmacology for drug discovery from herbal medicines,”
J Cheminform, vol. 6, p. 13, 2014.

[6



10

[20] A. Masoudi-Nejad, S. Goto, T. R. Endo, and M. Kanehisa,
“KEGG bioinformatics resource for plant genomics research,”
Plant Bioinformatics, vol. 406, pp. 437-458, 2007.

[21] X. Xu, W. Zhang, C. Huang et al., “A novel chemometric
method for the prediction of human oral bioavailability,”
International Journal of Molecular Sciences, vol. 13, no. 6,
pp. 6964-6982, 2012.

[22] Q. Fu, C.-]. Liu, X. Zhang et al., “Glucocorticoid receptor
regulates expression of microRNA-22 and downstream sig-
naling pathway in apoptosis of pancreatic acinar cells,” World
Journal of Gastroenterology, vol. 24, no. 45, pp. 5120-5130,
2018.

[23] G.S.Malhiand].J. Mann, “Depression,” The Lancet, vol. 392,
no. 10161, pp. 2299-2312, 2018.

[24] A. L. Lee, W. O. Ogle, and R. M. Sapolsky, “Stress and de-
pression: possible links to neuron death in the hippocampus,”
Bipolar Disorders, vol. 4, no. 2, pp. 117-128, 2002.

[25] Y.-T. Lin, T.-Y. Liu, C.-Y. Yang et al., “Chronic activation of
NPFFR2 stimulates the stress-related depressive behaviors
through HPA axis modulation,” Psychoneuroendocrinology,
vol. 71, pp. 73-85, 2016.

[26] P. O. McGowan, A. Sasaki, A. C. D’Alessio et al., “Epigenetic
regulation of the glucocorticoid receptor in human brain
associates with childhood abuse,” Nature Neuroscience,
vol. 12, no. 3, pp. 342-348, 20009.

[27] S. Ceulemans, S. De Zutter, L. Heyrman et al., “Evidence for
the involvement of the glucocorticoid receptor gene in bipolar
disorder in an isolated northern Swedish population,” Bipolar
Disorder, vol. 13, no. 7-8, pp. 614-623, 2011.

[28] D. Ma, N. Wang, X. Fan et al., “Protective effects of cornel
iridoid glycoside in rats after traumatic brain injury,” Neu-
rochemical Research, vol. 43, no. 4, pp. 959-971, 2018.

[29] W. Tian, J. Zhao, J.-H. Lee et al., “Neuroprotective effects of
Cornus officinalis on stress-induced hippocampal deficits in
rats and H202-induced neurotoxicity in SH-SY5Y neuro-
blastoma cells,” Antioxidants (Basel), vol. 9, no. 1, 2019.

[30] Q. Wang, X. Yang, B. Zhang, X. Yang, and K. Wang, “Cin-
nabar is different from mercuric chloride in mercury ab-
sorption and influence on the brain serotonin level,” Basic ¢
Clinical Pharmacology & Toxicology, vol. 112, no. 6,
pp. 412-417, 2013.

[31] Q. Wang, X. Yang, B. Zhang, X. Yang, and K. Wang, “The
anxiolytic effect of cinnabar involves changes of serotonin
levels,” European Journal of Pharmacology, vol. 565, no. 1-3,
pp. 132-137, 2007.

Evidence-Based Complementary and Alternative Medicine



Hindawi

Evidence-Based Complementary and Alternative Medicine
Volume 2020, Article ID 8872593, 12 pages
https://doi.org/10.1155/2020/8872593

Research Article

Hindawi

Potential Molecular Target Prediction and Docking Verification of
Hua-Feng-Dan in Stroke Based on Network Pharmacology

Ping Yang (,"* Haifeng He,” Shangfu Xu,' Ping Liu®,"? and Xinyu Bai ®"

'Key Laboratory of Basic Pharmacology of Ministry of Education and Joint International Research Laboratory of
Ethnomedicine of Ministry of Education, Zunyi Medical University, Zunyi 563000, China
Department of Clinical Pharmacy, Key Laboratory of Basic Pharmacology of Guizhou Province and School of Pharmacy,

Zunyi Medical University, Zunyi, Guizhou 563000, China

Correspondence should be addressed to Ping Liu; lpiuing@163.com and Xinyu Bai; bxyspu@163.com

Received 5 September 2020; Revised 12 October 2020; Accepted 15 October 2020; Published 28 October 2020

Academic Editor: Lixin Wei

1. Introduction
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Objective. Hua-Feng-Dan (HFD) is a Chinese medicine for stroke. This study is to predict and verify potential molecular targets
and pathways of HFD against stroke using network pharmacology. Methods. The TCMSP database and TCMID were used to
search for the active ingredients of HFD, and GeneCards and DrugBank databases were used to search for stroke-related target
genes to construct the “component-target-disease” by Cytoscape 3.7.1, which was further filtered by MCODE to build a core
network. The STRING database was used to obtain interrelationships by topology and to construct a protein-protein interaction
network. GO and KEGG were carried out through DAVID Bioinformatics. Autodock 4.2 was used for molecular docking.
BaseSpace was used to correlate target genes with the GEO database. Results. Based on OB >30% and DL >0.18, 42 active
ingredients were extracted from HFD, and 107 associated targets were obtained. PPI network and Cytoscape analysis identified 22
key targets. GO analysis suggested 51 cellular biological processes, and KEGG suggested that 60 pathways were related to the
antistroke mechanism of HFD, with p53, PI3K-Akt, and apoptosis signaling pathways being most important for HFD effects.
Molecular docking verified interactions between the core target (CASP8, CASP9, MDM2, CYCS, RELA, and CCND1) and the
active ingredients (beta-sitosterol, luteolin, baicalein, and wogonin). The identified gene targets were highly correlated with the
GEO biosets, and the stroke-protection effects of Xuesaitong in the database were verified by identified targets. Conclusion. HFD
could regulate the symptoms of stroke through signaling pathways with core targets. This work provided a bioinformatic method
to clarify the antistroke mechanism of HFD, and the identified core targets could be valuable to evaluate the antistroke effects of
traditional Chinese medicines.

Xiang), Borneolum syntheticum (Bing Pian), and Santalum
album L. (Tan Xiang). HFD also contains cinnabar, realgar,

Hua-Feng-Dan (HFD) is a classical Chinese medicine
preparation for the treatment of neurological disorders
since the Ming dynasty. After more than 370 years of
historical inheritance, it is listed as the National Protection
Heritage in 1950 and is still in clinical use today. HFD
consists of Aconitum coreanum (Bai Fu Zi), Arum ternatum
Thunb. (Ban Xia), Arisaema erubescens (Tian Nan Xing),
Aconiti Radix (Chuan Wu), Curcumae Radix (Yu Jin),
Gastrodia elata (Tian Ma), Nepeta cataria (Jing Jie),
Atractylodes japonica (Cang Shu), Perilla frutescens (Zi Su),
Crotonis fructus (Ba Dou), Moschus moschiferus (She

and other minerals. As a famous traditional Chinese
medicine, it has excellent therapeutic effects on stroke,
hemiplegia, epilepsy, mouth-eye crookedness, and other
head wind and encephalopathy. It is recorded in “Yi Fang
Ju Lei,” “Ying Tong Bai Wen,” etc.

Modern pharmacological studies have shown that
HFD has a protective effect on a variety of central nervous
system injury and neuroinflammation models. HFD
protects mice from bacterial lipopolysaccharide (LPS)
plus neurotoxin MPTP toxicity [1] and ameliorates LPS
plus pesticide rotenone-induced neuroinflammation and
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dopaminergic neuron loss in rats [2]. HFD also has
modulatory effects on gut microbiota (submitted), which
are in line with the clinical experience and theory of
traditional Chinese medicines.

Chinese herbal medicine preparations are composed of
many different compounds with various structures and
functions, and all components act together on multiple targets
instead of a specific target to achieve therapeutic effects and to
reduce toxicity. Some of the components act as the main
medicine (JUN), some as secondary medicine (Zou), some as
complementary medicine (Chen), and some as guide-drug
(Shi) [3]. HFD is such an example, and the traditional recipe of
HEFD is more effective than the modified (removing cinnabar
and/or realgar) recipe in protecting against LPS-induced
neuroinflammation in neuron/microglia cultures [4] and in
animals [2]. Thus, to illustrate the antistroke mechanism of
HFD more systematically and comprehensively, this research
intends to analyze and expound the potential molecular
mechanisms of HFD based on system pharmacology. As an
emerging discipline, systems pharmacology includes many
disciplines such as systems biology, systems pharmacology/
toxicology, computational biology, and network analysis,
which break the traditional framework (drug-target-disease) to
a multilevel network (disease-phenotype-gene-drug) and ex-
plore the correlation between drugs and diseases from the
perspective of wholeness and systematic view, corresponding to
the theory of holistic view and dialectical treatment of tradi-
tional Chinese medicine [5, 6].

In this work, the active molecules in HFD were identified
that transcend the physiological barriers and interact with
the network targets. We aim to use a comprehensive network
pharmacology-based approach to investigate the mecha-
nisms of how HFD exerts therapeutic effects on stroke, and
the built network was further verified by correlating with the
GEO database of antistroke Chinese medicine.

2. Materials and Methods

2.1. Establishment of a Database of HFD Target Genes and
Stroke-Related Genes. Through the Traditional Chinese
Medicine Systems Pharmacology (TCMSP) database (https://
temspw.com/tcmsp.php) [7] and the Traditional Chinese
Medicines Integrated Database (TCMID) (http://119.3.41.228:
8000/tcmid/) [8], the components and target genes of 13
Chinese herbal medicines of HFD were retrieved from two
databases satisfying the criteria of oral bioavailability (OB)
greater than or equal to 30% and drug-likeness (DL) greater
than or equal to 0.18% [9, 10]. Stroke-related genes were
collected through the GeneCards database (https://www.
genecards.org/MyGenes/) and the DrugBank database
(https://www.drugbank.ca/) using the keyword “Stroke.”

2.2. Establishment of Ingredients and Chinese Herbal Medi-
cines Network. Candidate potential ingredients and herbals
of HFD were retrieved and screened from TCMSP retrieved
and TCMID database. All the ingredients and their quan-
titative targets were visualized analysis using Cytoscape 3.7.1
software [11].
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2.3. Intersection Target Constructions of HFD and Stroke.
HFD targets and stroke targets were transferred to uniform
generic names through the UniProt database (https://www.
uniprot.org/). The “Draw Venn Diagram” online tool
(http://bioinformatics.psb.ugent.be/webtools/Venn/)  was
used to input the previously collected HFD genes and stroke
genes to achieve common genes [12].

2.4. Construction of the Ingredient-Target-Disease Interaction
Network of HFD and Stroke. The previously collected active
ingredients were combined, and the frequent targets of HFD
and stroke were visually analyzed using Cytoscape 3.7.1
software.

2.5. Constructions of the Protein-Protein Interaction (PPI)
Network Map. The previously collected common targets
were entered into the STRING online database (https://
string-db.org/), the species were selected as “Homo sapi-
ens,” and the obtained “tsv” file was imported into Cytoscape
3.7.1 software for further analysis of the core network.

2.6. Core Network Constructions. In the previously obtained
“tsv” file, the top twenty-two targets were selected in the
number of nodes, and the “R” 4.0.2 software was run to draw
a histogram. Then, the obtained “tsv” file was imported into
Cytoscape 3.7.1 software. The MCODE plug-in was run to
analyze the core network, and the network ranked first was
selected for the next analysis [13].

2.7. GO and KEGG Pathway Enrichment Analysis.
DAVID online database (https://david.ncifcrf.gov/) was
used to perform gene ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway enrichment
analysis to reflect the biological process, molecular function,
cellular component, and pathway of HFD in the treatment of
stroke. The results are displayed in a bar chart or bubble
chart. The smaller the p value is, the higher the degree of
enrichment is; the larger the count is, the more genes are
enriched on it [14].

2.8. Molecular Docking. First, the top 6 core target genes
were selected, and the compounds that might regulate these
targets were reviewed. The two-dimensional (2D) structure
diagrams of these compounds were downloaded through the
PubChem database and imported into the Chem3D software
to draw three-dimensional structure diagrams and optimize
energy and save them in mol2 format. Then, the files were
imported into AutoDockTools-1.5.6 software to add the
charge and display rotatable keys and then saved in pdbqt
format. Next, the protein crystal structures corresponding to
the core target genes were downloaded from the PDB da-
tabase, imported into PyMOL software to remove water
molecules and heteromolecules, imported into Auto-
DockTools-1.5.6 software to add hydrogen atoms, saved to
pdbqt format, and imported into Discovery Studio 3.5 Client
software to search for active pockets. Finally, the compound


https://tcmspw.com/tcmsp.php
https://tcmspw.com/tcmsp.php
http://119.3.41.228:8000/tcmid/
http://119.3.41.228:8000/tcmid/
https://www.genecards.org/MyGenes/
https://www.genecards.org/MyGenes/
https://www.drugbank.ca/
https://www.uniprot.org/
https://www.uniprot.org/
http://bioinformatics.psb.ugent.be/webtools/Venn/
https://string-db.org/
https://string-db.org/
https://david.ncifcrf.gov/

Evidence-Based Complementary and Alternative Medicine

is used as a ligand, and the protein corresponding to the core
target gene is used as a receptor for molecular docking.
PyMOL software and Discovery Studio 3.5 Client were used
to analyze and interpret the results.

2.9. Correlation with the GEO Database. BaseSpace Corre-
lation Engine (BSCE) (https://www.illumina.com/products/
by-type/informatics-products/basespace-correlationengine.
html; formerly NextBio) is an RNA sequencing and
microarray database curated over 23,000 scientific studies to
get data-driven answers for genes, experiments, drugs, and
phenotypes for the research. The 26 key targets analyzed by
the MCODE plug-in were individually input into BSCE for
curated studies, followed by filtering with the keyword
“stroke” and then combined as the “template.” Using
“Chinese medicine” and “stroke” for curated studies, there is
one study using Xuesaitong against MOCA-induced stroke
in mice with two biosets and a summary p value by the
Running Fisher test. The —log(p value) was calculated and
VLOOKUP with the “template” to make a correlation. This
method provides a correlation of the overlapping genes
between DEGs and biosets curated in BSCE [15]. Biosets that
were positively correlated with the DEGs were predicted to
produce similar effects, either directly or indirectly; the
larger the —log(p value), the higher the degree of similarity.
Biosets that were negatively correlated with DEG were
predicted to produce opposite effects. The Treeview 1.6
(https://download.cnet.com/TreeView/3000-2352_4-756660
05.html) was used to visualize differences [16,17].

The multistep strategy flow chart in Figure 1 was con-
structed to explain the method of the manuscript.

3. Results and Analysis

3.1. HFD Active Ingredients and Chinese Herbal Medicine
Network. The 13 Chinese herbal medicines of HFD were
searched through the TCMSP and TCMID databases, and
there were 42 active ingredients that met the screening
conditions (OB >30%, DL >0.18), including 3 in Typhonii
rhizoma, 10 in Arum ternatum Thunb, 5 in Aconiti Radix, 3
in Curcumae Radix, 3 in Crotonis fructus, 1 in Borneolum
syntheticum, 5 in Atractylodes lancea (Thunb.) D¢, 9 in
Schizonepetae herba, 1 in Moschus moschiferus, 3 in San-
talum album L., 4 in Gastrodia elata, 5 in Arisaematis
rhizoma, and 11 in Perilla frutescens as shown in Figure 2.

3.2. Intersection Targets of HFD and Stroke. According to the
42 active ingredients of HFD, 121 targets were retrieved in
the TCMSP database. 7408 and 49 targets were achieved by
searching for “Stroke” in GeneCards and DrugBank data-
bases, respectively. The targets obtained above were entered
into the Venn database to obtain a common target, as shown
in Figure 3. 106 targets were intersected by HFD and
GeneCards and 15 targets were intersected by HFD and
DrugBank. A total of 107 targets were analyzed for the next
step.

3.3. Ingredient-Target-Disease Interaction Network of HFD
and Stroke. The 42 active ingredients of HFD collected
before and 107 intersection genes of HFD and stroke were
imported into Cytoscape 3.7.1 software for visual analysis.
As shown in Figure 4, green is the active ingredient and
purple is the target, showing the active ingredient direct
relationship network with target diseases and HFD.

3.4. Core Network. The previously collected 107 common
targets were entered into the STRING online database, the
species were selected as “Homo sapiens,” and the obtained
“tsv” file was imported into Cytoscape 3.7.1 software, as
shown in Figure 5(a) (one target has not connected with
others, which cannot be displayed). The 22 targets in pink
are the first-ranked core networks analyzed by the MCODE
plug-in. The 22 targets are entered into the Cytoscape 3.7.1
software to show the network relationship, as shown in
Figure 5(b). The “tsv” file was used to run the “R” 4.0.2
software to draw a histogram, and the first 20 targets of the
number of nodes were selected to display as shown in
Figure 5(c).

3.5. Constructions of the Protein-Protein Interaction (PPI)
Network Map. The 22 core targets selected by the MCODE
plug-in were entered into the STRING database for PPI
network analysis (Figure 5(d)). There were 22 nodes and 194
edges in the PPI network, and the average node degree is
17.6, the number of the expected edges is 56, the average
local clustering coeflicient is 0.887, and the PPI enrichment
p value is <1.0e — 16. Besides, in all the nodes in Figure 5, the
darker the color is, the more important it was.

3.6. GO Analysis and KEGG Pathway Enrichment Analysis.
R language was used for GO analysis and KEGG analysis.
Based on the DAVID database, it was used to analyze the
core intersection genes of HFD and stroke. Go analysis
includes a biological process (BP), cell composition (CC),
and molecular function (MF). Fifty-one significant changes
in biological processes were screened, and the top 20 were
displayed as bar graphs (Figure 6(a)). KEGG pathway en-
richment analysis screened 60 signal pathways with signif-
icant enrichment of core genes, of which the top 20 were
selected and represented by a bubble chart (see Figure 6(b)).

3.7. Verification of the Interaction between Active Ingredients
and Target Genes. Through in-depth analysis, the three
most important signaling pathways, apoptosis, phos-
phatidylinositol-3 kinase (PI3K)/AKT, and P53 signaling
pathway, were selected. The genes enriched in the
abovementioned pathways include 14 genes in the core
genes, in which the six genes were in two or more of the
pathways (Figure 7(a)). The top 6 core target genes trace
ingredients back to 9 (Figure 7(b)), and 9 kinds of herbs
contain these ingredients (Figure 7(c)).

Molecular docking was used for verification of the inter-
action between active ingredients and target genes. The results
obtained by the molecular docking software are shown in
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Supplementary Table 1. From the results, the lowest binding
free energy of beta-sitosterol and caspase-8 was —8.64 kcal/mol.
There are Alkyl/Pi-Alkyl hydrophobic interactions between
lle257, His317, Cys360, and beta-sitosterol. Among them,
His317 and Cys360 belong to the active site of the caspase-8
protein. In addition, there were three hydrogen bonds: Lys253,
Tyr324, Asp319, and beta-sitosterol; there was van der Waals
force between Asp363, GIn358, Arg260, Arg4l3, Tyr4l2, and
beta-sitosterol. On the other hand, the lowest binding free
energy of beta-sitosterol and caspase-9 was -9.0 kcal/mol, and
there are hydrophobic interactions between His237, Cys287,
Argl78, Argl80, Phe351, Pro357, and beta-sitosterol. His237
and Cys287 are the key amino acid residues in the active site of
the caspase-9 protein. There are van der Waals interactions
between Thr179, Thrl81, Lys358, Serl83, Ser36l, Aspl86,
GIn285, Gly182, and beta-sitosterol (Figure 8(a)). The lowest
binding free energy of luteolin and MDM2 was —6.97 kcal/mol,
there were 9 hydrogen bond forces between Tyr100, His96,

Ile19, GInl8, GIn24, and luteolin, and there was a carbon-
hydrogen bond between I1e99 and luteolin. In addition, there
was a Pi-Cation hydrophobic force between His96 and luteolin,
and there is a Pi-Sigma hydrophobic force between Leu54 and
luteolin (Figure 8(b)). The lowest binding free energy of bai-
calein and Cycs was —7.35 kcal/mol, and there were Pi-Sigma
and Pi-Alkyl hydrophobic interactions between Ile81, Lys72,
Pro71, and baicalein. At the same time, 6 hydrogen bonds are
established between baicalein and Lys72, Phe82, and Val83.
There are also carbon-hydrogen bonds between Ile81, Asn70,
and Pro7land baicalein. The lowest binding free energy of
baicalein and Rela was —7.01 kcal/mol, and there were 8 hy-
drogen bonds between Ser97, Ile95, Arg93, His96, Cys90, and
baicalein. In addition, there were Pi-Pi/Pi-Alkyl hydrophobic
interactions between Tyr85, Lys78, and baicalein. GIn99,
Asnl00, Phe98, Leu89, and baicalein had van der Waals forces
(Figure 8(c)). The lowest binding free energy of luteolin and
CCND1 was —7.35 kcal/mol. Leu65, Ala187, His158, and Pro79
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Figure 2: HFD active ingredients and Chinese herbal medicine network.
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FIGURE 3: Intersection targets’ Venn diagram of HFD and stroke.

had hydrophobic interactions with luteolin. There were 6
hydrogen bonding forces between Cys68, Cys73, Val77, Glu74,
Phe78, Glu75 and luteolin. Glu69, Lys72, Thr184, and luteolin
also have van der Waals forces (Figure 8(d)).

3.8. Correlation with GEO Database. Figure 9 shows 26 core
gene targets from Figures 5(b) and 5(c) in correlation with
the GEO curated database (keyword: stroke) based on the
MOCA stroke model [17] (GSE61616). The selected 26
targets were highly correlated with brain stroke database
across curated studies (Figure 9). Xuesaitong treatment
reversed all of these changes, indicating that these molecules
were valid biomarkers for the therapeutic effects of Chinese
medicine against stroke. The correlation of —log(p-values)
>4 or <—4 with the 26 gene targets in 153 gene biosets (17
GSE studies) except for Igf2 (2.92) was provided as Sup-
plementary Table 2D.

4. Discussion

In this study, the active ingredients and potential targets of
HFD in the treatment of stroke were studied through net-
work pharmacology. 42 active substances were identified by
TCMSP and TCMID (OB=>30%, DL>0.18); 107 targets
were identified with GeneCards and DrugBank. MCODE
screened out 22 target genes, STRING constructed 194 Edges
in PPI, GO analyzed 51 biological processes, and KEGG
enriched 60 significantly related pathways. Molecular
docking of 6 targets with 4 active ingredients provided an in-
depth analysis of network pharmacology. In addition, the 26
targets from Figures 5(b) and 5(c) were highly correlated
with the GEO database, and the antistroke effects of Xue-
saitong in the database were verified with these targets. It
suggests that the key genes screened in this study may be-
come a potential biomarker for evaluating stroke severity
and stroke treatment efficacy of Chinese medicines.
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FIGURE 4: Ingredient-target-disease interaction network of HFD and stroke.

Since its creation in the Ming Dynasty, HFD has played
an important role in the improvement of stroke and post-
stroke symptoms. The formulation of HFD has been con-
tinuously improved; for example, through the fermentation,
the macromolecules could be degraded into small molecular
substances by microorganisms to improve the bioavail-
ability, and the processing by the “Shui-Fei method” is
important to reduce the toxicity of heavy metals such as
cinnabar and realgar. In recent years, studies have dem-
onstrated that the safety of HFD is different from envi-
ronmental mercury and arsenic compounds [18-21].
However, the mechanism of HFD has not been fully
elucidated.

Due to the complexity of the components of traditional
Chinese medicine, it is difficult to fully discuss the mech-
anism of HFD in the treatment of brain diseases through the
point-to-point research model of “the animal model-signal
pathway,” which requires a lot of tedious work and away
from the theory of traditional medicine. Network phar-
macology studies may provide a novel approach by con-
structing a drug-target-disease network from the perspective
of the intersection of drugs and disease regulation, through

the analysis of the action network, the representative active
ingredients are screened, and the target genes are verified by
molecular docking, to reveal the active ingredients and
mechanism of HFD action in stroke prevention and
treatment.

In this study, the HFD recipe was first screened by
TCMSP and TCMID database, and 13 herbs and 42 in-
gredients were obtained. Subsequently, 107 interactions with
GenCard and DrugBank were found. The core network was
obtained through Cytoscape analysis, which contained 22
genes. Typically, the core gene is considered a key role, so we
have shown up core gene (Figure 5(b)), STRING constructed
194 Edges in PPI, we selected the intersection of the largest
gene interactions which are 26 genes (Figures 5(b) and 5(c)),
and the genes screened by the two methods are highly
similar, suggesting that the analysis results are more
accurate.

GO analyzed 51 biological processes, and KEGG
enriched 60 significantly related pathways. In the KEGG
analysis, the 3 most important signal pathways were selected
through in-depth analysis: apoptosis, phosphatidylinositol-3
kinase (PI3K)/AKT, and P53 signaling pathway. Multiple
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studies have confirmed that apoptosis is initiated in stroke.
Caspase-3, caspase-8, and caspase-9 are important members
of the caspase family; upon receipt of specific stress, cyto-
chrome ¢ released by mitochondria will combine with
procaspase-9/Apaf-1 to activate and cleave caspase-9 [22].
The cleaved caspase-9 further processes other caspase
members, initiates the caspase cascade, and then initiates
apoptosis [23]. Activated caspase-8 synergistically cleaves
and activates the caspase of downstream effector molecules,
such as caspase-1, caspase-3, caspase-6, and caspase-7, and
amplifies the apoptosis signal [24]. PI3K/Akt signaling
pathway participates in various cellular processes, and the
activation of the pathway has been revealed to be implicated
in the occurrence and development of angiogenesis, which
negatively modulates genes that promote thrombogenicity,
vascular permeability, and inflammation, and thereby
protects vascular function [25]. RelA, one of the nuclear
transcription factor kB (NF-xB)/Rel families, plays an im-
portant role in inflammation and immune response, which
may be a PI3K-AKT regulatory signal, which in turn reg-
ulates the apoptosis pathway [26]. On the other hand,
multiple studies have confirmed that drugs can improve
stroke symptoms by regulating the PI3K/Akt pathway [27].
Studies have also reported that PI3K/Akt regulates cell
apoptosis, and activation of the PI3K/Akt pathway after
stroke plays a protective role in neuronal apoptosis [25].
Under pathological conditions of stroke, p53 plays an im-
portant role in the regulation of apoptosis and cell cycle [28].
The increased level of Cyclin chaperone D (cyclin D) levels
affects the process of cells entering the S phase under the
regulation of P53 [9]. The degradation of P53 hinders its role
in the regulation of apoptosis [29]. MDM2 is the ubiquitin
ligase of p53 and plays a central role in regulating the
stability of p53. Akt mediates the phosphorylation of MDM?2
at Ser166 and Ser186, increasing its interaction with p300, so
that MDM2 mediates the ubiquitination and degradation of

p53 [30]. Phosphorylation of MDM2 also blocks its binding
to p19ARF and increases the degradation of p53 [31].

It can be seen that multiple pathways play an important role
in stroke through their interactions. In order to further verify the
interaction between the 6 core genes and the active ingredients,
the HFD effective ingredients were docked with the target to
molecular events against stroke. Normally, the binding free
energy is lower than —5.0kcal/mol, indicating good binding
activity between the docking molecule and the target, and the
values are lower than —7.0 kcal/mol indicating strong binding
activity, which indicates a significant interaction. As shown by
the results, except for luteolin and MDM2 (6.97 kcal/mol), the
lowest binding free energy between other small molecules and
their targets is all lower than —7.0 kcal/mol.

In order to study this core network in evaluating the
general applicability of traditional Chinese medicine in the
treatment of stroke, the 26 genes from Figures 5(b) and 5(c)
with stroke were curated in the GEO database and then
compared with the GSE biosets related to curated studies using
Chinese medicine against stroke. The -log(p value) was used to
study the correlation of selected genes. The cutoff of —log(p
value) is set at+4 [15]. Under this criterion, 153 gene biosets
from 17 studies in the GEO database were significantly cor-
related with MOCA-induced stroke [17]. In Figure 9, the GSE
database for brain stroke included mice GSE30655 [32],
GSE35338 [33], GSE13353 [34], GSE 51566 [35], rat GSE 61616
[17], GSE21136 [36], GSE41453 [37], and GSE 17929 [38] and
was used to evaluate the correlation of the built core gene
targets with stroke. All 26 core targets were highly correlated
with the MOCA stroke model [17], and more interestingly,
when treated with antistroke Chinese medicine Xuesaitong, the
increased —log (p values) were returned to the normal, or to the
opposite direction, confirming the therapeutic effects of this
Chinese medicine. It should be mentioned that when there is
one type of “Chinese medicine” and “stroke,” only this study
was curated in the database; and when there is one type of
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“cinnabar” and “stroke,” the same study appeared. Cinnabar is
an active ingredient in Chinese medicines including HFD and
An-Gong-Niu-Huang Wan for brain diseases [18], and the
effects of cinnabar-containing Chinese medicines against
stroke are worth of further verification.

In summary, this study predicted the active ingredients,
targets, and signal pathways of HFD treatment stroke

through network pharmacology and verified the core in-
gredients and targets, laying a foundation for elucidating the
mechanism of action. It also provides a systematic evalua-
tion of the degree of stroke and the effect of drug treatment.
The selected 26 core targets could be valuable biomarkers to
evaluate the efficacy of HFD and Chinese medicines against
stroke.
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IL6_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
CASP3_GSE35338_Astrocytes of young adult males - 1d after MCAO-induced ischemic stroke _vs_ sham surgery
EGFR_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
MYC_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
CCND1_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
ESR1_GSE30655_Brain hemispheres of wildiype - 24hr post middle cerebral artery occlusion _vs_ Sham operation
ERBB2_GSE13353_Blood vessel samples of intraoperative saccular intracranial aneurysms - ruptured _vs_ unruptured
AR_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
FOS_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
CYCS_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
PPARG_GSE30655_Brain hemispheres of ADRB2 knockout - 24hr post middle cerebral artery occlusion _vs_ sham operation
CTNNB1_GSE30655_Brain hemispheres of ADRB2 knockout - 24hr post middle cerebral artery occlusion _vs_ sham operation
MDM2_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
RELA_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
CASP8_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
APP_GSE13353_Blood vessel samples of intraoperative saccular intracranial aneurysms - ruptured _vs_ unruptured
CAV1_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
HIF1A_GSE30655_Brain hemispheres of ADRB2 knockout - 24hr post middle cerebral artery occlusion _vs_ sham operation
PGR_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
CASPS_GSE30655_Brain hemispheres of ADRB2 knockout - 24hr post middle cerebral artery occlusion _vs_ sham operation
CCNB1_GSES51566_Dura KITWT - 2d post stroke _vs_ no stroke
PARP1_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
IGF2_GSE21136_Blood 24hr after 3.3mg/kg tPA at 3hr post 2hr MCAO-induced ischemic stroke _vs_ tPA only
ESRZ_GSE41453_Kidneys of hypertensive and stroke prone SHRSP rats - 6 weeks old _vs_ 3 weeks old

1 HSPBT_GSE30655_Brain hemispheres of wildtype - 24hr post middle cerebral artery occlusion _vs_ sham operation
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FIGURE 9: BaseSpace Correlation Engine analysis of 26 target genes with the GSE biosets based on —log (p value) with the MOCA biosets
(GSE61616). Red indicates the upregulation, and blue indicates the downregulation in the style of Target gene_ GSE_biosets. MOCA bioset
(first column) was highly correlated with identified 26 target genes. In MOCA + Xuesaitong treatment (2" column), all MOCA-induced
target changes were returned to the normal or to the opposite direction (negative correlations).

5. Conclusion

The mechanism of action of HED in stroke involves multiple
compounds, targets, and pathways. HFD could regulate the
symptoms of stroke through signaling pathways with core
targets. This work provided a bioinformatic method to
clarify the antistroke mechanism of HFD, and the identified
core targets could serve as a biomarker to study antistroke
traditional Chinese medicines including mineral-containing
remedies.
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The roots of Polygonum multiflorum (PM) (He Shou Wu in Chinese) are one of the most commonly used tonic traditional Chinese
medicines (TCMs) in China. PM is traditionally valued for its antiaging, liver- and kidney-tonifying, and hair-blackening effects.
However, an increasing number of hepatotoxicity cases induced by PM attract the attention of scholars worldwide. Thus far, the
potential liver injury compounds and the mechanism are still uncertain. The aim of this review is to provide comprehensive
information on the potential hepatotoxic components and mechanism of PM based on the scientific literature. Moreover,
perspectives for future investigations of hepatotoxic components are discussed. This study will build a new foundation for further
study on the hepatotoxic components and mechanism of PM.

1. Introduction

The occurrence of adverse reactions caused by TCMs and
their agents has increased, as they are widely used as disease
treatments, in healthcare, etc. The liver, as an important
drug-metabolizing organ, is particularly vulnerable to
damage. PM, as a traditional tonic medicine, has antiaging,
liver- and kidney-tonifying, hair-blackening, etc. effects
[1-3].

However, PM-induced hepatotoxicity cases have been
frequently reported in China and other countries. Hepa-
totoxicity cases caused by PM were reported by the Medi-
cines and Healthcare Products Regulatory Agency (MHRA)
[4-6]. Then, the China National Medical Products Ad-
ministration (NMPA) also issued a notice on strengthening
the supervision of health foods containing PM. Additionally,
“Focus on Risk of Liver Damage Caused by Oral PM and Its
Preparation” was published in “Adverse Drug Reaction
Information Bulletin” by National Center for ADR

Monitoring, China. As PM and its preparations are widely
used in the treatment and prevention of diseases, the hep-
atotoxic effects of PM-based products limit its long-term
usage, and the safety of PM requires attention.

The clinical hepatotoxic feature of PM was summarized
according to the literature. The ingestion of PM formula-
tions or preparations leads to liver injury, including PM
soaked in wine after steaming, PM dried and ground into
powder after steaming, oral liquid containing PM, capsules
containing PM, Shou Wu tea, etc. PM and its preparations
have been reported to lead to liver injury after injection for
several days to several months and at a large range of doses.
The ingestion of PM leads to liver injury in many pop-
ulations, including the general population and people with
hair loss, white hair, vitiligo, itchy skin, high blood pressure,
coronary heart disease, cerebrovascular stenosis, high cho-
lesterol, dermatitis, eczema, acne, and cerebral infarction.
The clinical features of liver injury that result from the
ingestion of PM or its preparations include nausea,
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vomiting, diarrhea, abdominal pain, nervous, restlessness,
difficulty breathing, tic, upper gastrointestinal bleeding,
hybrid hepatitis, cholestasis hepatitis, etc. The ingestion of
PM leads to liver injury in people aged 5 ~ 78 years, and the
occurrences in men and women are almost equal. In con-
clusion, the clinical features of liver injury that result from
the ingestion of PM are not definitively related to processing,
duration, dosage, age, gender, complications, etc. [4-10]
(Table 1).

However, although PM extracts are generally considered
to be relatively safe, PM extracts may still show hepato-
toxicity. Most ancient books recorded that PM is not poi-
sonous, but a small number of ancient books, such as “Ben
Cao Hui Yan,” recorded that raw PM is qi cold and cold
having property of contraction, and raw PM is poisonous.
PPM is gi warm and not poisonous. These prove that PM
contains compounds that could induce adverse reactions.
Unfortunately, although extensive experiments have been
performed both in vivo and in vitro in recent years, the
potential toxic components and possible mechanisms that
cause liver injury remain unclear.

The aim of this review is to provide comprehensive
information on the potential hepatotoxic components and
mechanism of PM based on the scientific literature.
Moreover, perspectives for future investigations of hepa-
totoxic components are discussed. This study will build a
new foundation for further study on the hepatotoxic
components and mechanism of PM.

2. Study of Potential Hepatotoxic
Compounds in PM

Modern research on PM begins with the study of its
composition. Stilbenes, anthraquinones, procyanidins, fla-
vonoids, phospholipids, catechins, and other compounds
were isolated and identified from PM [15-17]. All these
compounds play indispensable roles in the pharmacological
effects of PM. However, scholars have begun to study po-
tential hepatotoxic compounds, as frequent reports of liver
injury involve PM. Anthraquinones (AQs), stilbenes, and
catechins or their derivatives are the main controversial
potentially toxic ingredients.

2.1. AQs or Their Derivatives and Liver Injury. AQs are one of
the major potential hepatotoxic compounds in PM. The
effects of raw PM and processed PM (PPM) with 70%
ethanol extract on the liver were studied. These results
showed that the 95% ethanol elution of the ethanol extract
could inhibit the growth of L02 cells [18-20]. The 95%
ethanol elution of raw PM and PPM ethanol extract are
considered to be potential hepatotoxic parts of PM. In
addition, researchers found that the order of toxicity was raw
PM ethanol extract > raw PM water extract > PPM ethanol
extract > PPM water extract [21-25]. It is worth noting that
the content of AQs, such as emodin, and its derivatives were
higher or main compounds in PM ethanol extract and 95%
ethanol elution of PM ethanol extract [15], which reveals
that AQs may be toxic ingredients. Therefore, the effect of
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main anthraquinone compounds, such as emodin, rhein,
physcion, chrysophanol, etc., on the liver was studied in vivo
and in vitro [26-38].

Studies have shown that emodin and rhein can deplete
GSH, promote the production of intracellular ROS and the
depolarization of the mitochondrial membrane, and upre-
gulate the levels of cleaved Caspase-8, Caspase-9, Caspase-3,
etc., inducing the apoptosis in L02 and HepG2 cells [39-43].
AQs and anthranone from PM, such as emodin and
chrysophanol, significantly inhibited the activity of the bile
salt export pump (Bsep), multidrug resistance-associated
protein 2 (Mrp2), and basolateral efflux transporters;
downregulated the activity of Na+/taurocholate cotrans-
porting polypeptide (Ntcp) [44]; altered bile acid (BA)
disposition; and resulted in liver injury. While anthraqui-
none and dianthrone exhibited the strongest inhibitory
effect on UGT1AL1 activity [34, 45, 46], UGT1Al is an im-
portant UGT isoform involved in the metabolic clearance of
bilirubin, which is a toxic waste product of heme degra-
dation [47]. The inhibition of UGT1A1 may lead to bilirubin
accumulation, which could induce jaundice, liver injury, etc.
[48-50]. In addition, research has shown that the oral ad-
ministration of emodin to rats can directly induce liver
damage, and emodin can induce intracellular oxidative
stress and ER stress through the AhR-CYP1A1 pathway and
then induce the apoptosis pathways in hepatocytes
[32, 33, 51].

The above results suggest that emodin, rhein, physcion,
chrysophanol, emodin-8-O-glc, emodin-O-(acetyl)-hex,
emodin-O-hex-sulfate, emodin-O-glc, emodin-O-
(malonyl)-hex, and other anthraquinone components or
their derivatives might be potential hepatotoxic compounds
in PM.

However, some studies have noted that the speculation
that AQs are the hepatotoxic components in PM lacks
scientific evidence. Emodin, as well as other components,
has a low bioavailability and might lead to liver damage only
at high concentrations. According to the literature, to have
liver damage, healthy adults need at least 339 g of PM in a
single oral dose. However, the clinical dose of PMis3~6¢g
of raw Shou Wu and 6 ~12g of PPM [52, 53]. Thus, the
hepatotoxic dose of AQs in PM is far from the actual dose,
and the speculation that AQs are the hepatotoxic component
of PM needs to be further explored.

2.2. Tannin and Liver Injury. Tannins can cause liver damage
in grazing animals and were the main cause of cryptogenic
liver damage in the past. The content of tannins in PM is
high, up to 15%, and its content decreases as processing time
increases [54]. Scholars have studied the role of tannins in
liver damage caused by PM and found that tannins could
significantly increase serum ALT, AST, AKP, TP, AIB, and
TBA enzyme activity and induce significant damage in
hepatocytes [55]. The administration of long-term high-
doses and short-term medium doses is harmful to the liver in
mice, and small doses induce no obvious liver damage.
However, liver damage can be restored after stopping drug
administration [56]. Research has also shown that gallic acid
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TaBLE 1: Retrospective analysis on cases of liver injury of Polygonum multiflorum.
Case Age ]?uratlon of Preparations Presenting Extrahepatic manifestation Typ‘e N f liver Reference
intake, day PM injury
Shou Wu tablet, Yangxue
Shengfa capsule, Yanshou
tablet, Jingwu capsule, Yishen
Waufa oral liquid, Qibao
Meiran pill, Tianma Shouwu
tablet, Huo Li Su oral liquid,
Geng Nian An tablet, Kunbao
pill, Xinyuan capsule, Zhi
Shou Wu granule, Renshen Fever, fatigue, loss of appetite, Mixed,
264 5~63 7~365 Shouwu capsule, Fu Fang PPM jaundice, erythra, myalgia, hepatocellular,  [10, 11]
Shou Wu oral liquid, Shou Wu nausea and vomiting, etc. cholestasis
pill, Anshen Bunao liquid,
Jiang Zhi Ling tablet, Bantu
pill, Bushen Yishou capsule,
Huichun Ruyi capsule,
Shenbao tablet, Jiangzhi
Huazhuo capsule, Heishou
Shengfa granule, Baishi pill,
Shou Wu tea, etc.
He Shou Wu powder, He Shou Fey o fa}tigue, loss of appf?tite, Mixed,
214 19~78 3~120 Wu tea, He Shou Wu wine, Raw PM jaundice, erythl.raA, myalg.l & hepatocellular, [9, 12]
etc. ne%usea and vomiting, ascites, cholestasis
liver-palms, gray stool, etc.
Fever, fatigue, loss of appetite, Mixed
. d  jaundice, erythra, myalgia, 1xed,
5 36~60 30~90 Runzao Zhiyang capsule raw PM an ) o . hepatocellular,  [10, 13]
PPM nausea and vomiting, ascites, .
. cholestasis
liver-palms, gray stool, etc.
Huangjing Zanyu capsule,
Huichun Ruyi capsule, Fever, fatigue, loss of appetite,
Shenjiao capsule, He Shou Wu jaundice, erythra, myalgia, Mixed,
326 19~70 5~180 powder, He Shou Wu tea, He PM nausea and vomiting, ascites, hepatocellular, [7, 14]
Shou Wu wine, decoction liver-palms, gray stool, cholestasis

containing PM, herbal paste,
healthcare product, etc.

abdominal distension, etc.

Note. PM means Polygonum multiflorum; the literature does not clearly indicate whether it is raw PM or PPM.

impaired the folding and processing of functional proteins,
causing endoplasmic reticulum stress and generating liver
cell apoptosis by repressing the biological control of the
transcription and expression of peptidyl-prolyl cis-trans-
isomerase A (PPIA) in a dose-dependent manner [57].

In addition, tannins induce the CYP2E1 enzyme [58],
and previous studies concluded that the induction of
CYP2E1 by tannin may affect the conversion and meta-
bolism of AQs in vivo, which may lead to liver damage.

2.3. TSG (2,3,4',5-Tetrahydroxystilbene-2-O-f3-D-glucoside)
and Liver Injury. Stilbenes, especially TSG, are considered to
be the main liver-protective components in PM. However,
research has found that TSG might be associated with the
hepatotoxicity of PM.

Generally, the adverse effect of PM will diminish or
vanish, and it has tonifying effect after processing; in other
words, the hepatotoxicity of raw PM is higher than that of
PPM [21-25]. Coincidently, studies have found that the
content of trans-TSG in PPM was reduced by 55.8% and the

content of emodin in PPM was increased by 34% compared
with that in PM; that is, the content of trans-TSG was re-
duced and the content of emodin was increased during the
processing. Therefore, some reports speculated that the
toxicity of PM might not be correlated with the content of
emodin or its derivatives but depended on the contents of
trans-TSG, conventionally thought to be a liver-protective
compound, or the relative content of trans-TSG and emodin
[59, 60]. Reports have also shown that trans-TSG might
inhibit the activation of the nuclear factor kB (NF-kB)
signaling pathway, which is necessary for the HGF-mediated
proliferation of WBF-344 cells. Trans-TSG may have some
influence on the proliferation of liver cells [61-64].
Trans-TSG was unstable in irradiation and alkaline
conditions and could convert to cis-TSG. Unfortunately, the
latest research shows that cis-TSG has a higher cytotoxicity
than trans-TSG in normal L02 cells, and c¢is-TSG could
induce hepatotoxicity in LPS-treated rats. In addition, the
contents of cis-TSG were higher in PM preparations or
serum from patients with liver intoxication associated with
PM than those in control samples, which may be because



trans-TSG converted to cis-TSG in the course of preparation
of PM and thus led to liver toxicity. All these results sug-
gested that cis-TSG is closely associated with the hepato-
toxicity of PM [65-67].

3. Hepatotoxic Mechanism of PM

In summary, the existing literature shows that the mecha-
nism of PM-induced liver damage is mainly categorized into
four viewpoints: (1) active substances in PM cause chole-
stasis, which leads to liver injury caused by lipid perox-
idation or directly causes liver cell damage; (2) active
substances in PM affect the CYP450 enzyme system, af-
fecting drug transport or metabolism and leading to liver
damage; (3) active substances in PM cause mitochondrial
dysfunction, which leads to liver injury through the oxi-
dative stress response; and (4) active substances in PM cause
drug-induced liver injury (DILI).

3.1. Cholestasis and Liver Injury. Cholestasis and bile duct
injury are the main clinical manifestations of cholestasis
caused by chemical drugs. Serum biochemical parameters,
including alkaline phosphatase (ALP), total bilirubin (TBIL),
and bile acid (TBA), are preferred in clinical practice. Studies
have shown that the ALP, TBIL, and TBA were significantly
different in the serum of rats after administration with PM
compared with the serum of control rats [11, 22, 45], of
which TBA increased in serum and increased in liver.
Intrahepatic deposition of bile acids is considered to be the
primary cause of cholestatic liver injury [68]. While cholic
acid (CA), glycodeoxycholic acid (GDCA), chenodeox-
ycholic acid (CDCA), deoxycholic acid (DCA), and urso-
deoxycholic acid were all significantly decreased, TCA was
significantly increased, and GCA and GCDCA showed no
significant changes [69]. These results indicated that the
distribution of bile was also affected. The ethanol extract of
PPM could affect the synthesis of bile acids and alter the
composition of intestinal bile acids by activating Fxr-Fgfl5
signaling in the intestine, and it can inhibit the expression of
CYP7AL1 in the liver [70]. In addition, AQs and dianthrones
from PM, such as emodin and chrysophanol, significantly
affected the activity of Bsep, Mrp2, and CYP8B1 and
exhibited the strongest inhibitory effect on UGT1AL1 activity,
leading to bilirubin accumulation and resulting in chole-
stasis [34, 44-50, 71-73]. Meanwhile, hydrodeoxycholic acid
(HDCA) in serum and tauro-B-muricholic acid (TSMCA) in
urine were identified in rats with PM-induced liver injury
[74-76]. Clinical analysis of drug-induced liver injury
caused by PM or its preparations also indicated that there are
many symptoms related to jaundice in patients with liver
injury, including an increase in related indicators such as
TBIL [7-10]. Therefore, liver injury caused by PM might be
associated with cholestasis.

In the process of the generation, formation, trans-
portation, and discharge of bile acid, failure at any step could
cause cholestasis. When bile acid accumulation in liver cells
or antioxidants decreases, the body will produces an oxi-
dative stress reaction. This phenomenon could reduce the
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activity of superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx). First, ROS production in-
creases; then, intestinal barrier dysfunction develops due to
the lack of bile salts in the intestine. Next, excessive intestinal
endotoxin (LPS) enters the systemic circulation, inducing
the production of the inflammatory cytokines IL-1, IL-7,
TNF-a, etc. and generating additional ROS, which further
aggravate oxidative damage in the body [76-78].

Excessive ROS in the body cause peroxidative damage in
liver cells by directly damaging biomacromolecules such as
proteins and DNA [79, 80]. ROS act as direct functional
signaling molecules, activate intracellular stress-sensitive
signaling pathways, and mediate hepatocyte apoptosis. ROS
induce hepatocyte apoptosis by interfering with mito-
chondrial function and indirectly by activating apoptotic
signaling pathways. In addition, ROS can mediate inflam-
matory reactions and then cause liver damage [81, 82], which
explains the mechanisms of hepatitis symptoms in patients
with PM-induced liver injury [83, 84].

3.2. CYP450s and Liver Injury. The CYP450 enzymes, which
are highly concentrated and exhibit activities in the human liver,
are responsible for the oxidation or reduction of medicines
[85, 86]. To date, more than 57 isoforms have been discovered in
the CYP450 family; however, the CYP1A1, CYP1A2, CYP2BS6,
CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4,
and CYP3A5 isoforms can metabolize nearly 90% of the drugs
in the market [85]. It is well known that the activities of these
CYP isoforms may be inhibited or induced by several com-
pounds, and the modulation of their drug-metabolizing ac-
tivities may have effects on pharmacodynamics and toxicology,
such as DDI [86-88]. CYP450 and its isoenzymes are widely
used in research fields such as drug metabolism, clinical rational
drug use, toxicology, tumor biochemistry, and new drug re-
search and development. In recent years, marked progress has
been made in drug metabolism enzyme research.

Enzyme activity can be induced or inhibited by certain
drugs to promote drug metabolism or to inhibit drug
metabolism. If the metabolism of the drug inhibits the activity
of a drug-metabolizing liver enzyme, the drug or its me-
tabolites will accumulate in the liver and cause adverse re-
actions. The composition of traditional Chinese medicines is
complex, but most TCM components are metabolized by the
CYP450 enzyme and may further affect the metabolism or
interaction of other drugs, such as the “eighteen incompatible
medicaments,” in which the combined application of Salvia,
Sophora, Ginseng, and gourd inhibits the activity of CYP3A
and CYP2E1 [89]. The combined administration of aconite,
melon, Bletilla, Pinellia, Fritillaria, and Radix Ampelopsis
inhibited the activity of CYP3A and CYP1A2 [90]. The ac-
tivity of these metabolic enzymes is altered to impair the
metabolism of the drug in the body, producing toxic effects.

3.2.1. CYP450 Inhibition. Research found that raw PM and
PPM could significantly inhibit the expression of CYP2El
mRNA [91]. The alcoholic extract of PM inhibited the ac-
tivity of CYP2C19 and CYP2C9, and the aqueous extract of
PM inhibited the activity of CYP2C19, CYP2C9, CYP2B6,
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CYP2D6, and CYP1A2 [92, 93]. TSG has inhibitory effects
on mouse liver CYP1A2, CYP2E1, and CYP3All protein
expression through the suppression of AhR, PXR, and
PPARa« activation [94]. CYP1A2, 2C19, and 2E1 have been
reported as the main CYP450s which participated in phase I
metabolism of AQs such as emodin [92, 95]. Therefore, it is
speculated that the mechanism by which PM induces liver
injury may be that some components in PM inhibit the
activity of CYP2E1, which causes the accumulation of AQs
or other toxic substances metabolized by CYP2E1, causing
liver damage.

3.2.2. CYP450 Allelic Defect. The proportion of people with
genetic defects in CYP450 enzymes is large [96]. However,
due to the poor specificity of each CYP450 enzyme subtype
substrate, each gene defect affects the metabolism of multiple
drugs. Moreover, the incidence of different mutations that
slow metabolism is different in different populations.
According to reports, whether CYP1A2 allele poly-
morphisms are associated with the acute liver injury induced
by PM was tested by researchers using 43 cases of PM-in-
duced liver injury. The results show that the frequency of the
CYP1A21C allele was 46.5% in PM-induced DILI patients,
which was significantly different from the frequency of
27.9% observed in healthy subjects. The frequency of the
CYP1A21F allele was 63.9% in PM-induced DILI patients,
compared to 57.0% in healthy controls; this difference was
not significant. The allelic frequencies of CYP1A22,
CYP1A27, CYP1A29, and CYP1A211 were not detected
[97]. These results indicate that the CYP1A2 allelic mutation
is most likely related to the metabolism of compounds in
PM, followed by acute liver injury. Coincidentally, tannins,
contained in rhubarb, are inducers of CYP2E1, which ac-
celerate the conversion of CCl, to CCls, aggravating the liver
injury caused by CCly [98]. Additionally, the activity of
CYP450 may be related to the liver damage induced by PM.

3.3.  Mitochondrial ~Damage and  Liver  Injury.
Mitochondria are important organelles that generate energy,
oxidize materials in cells, and play a fundamental role in
energy metabolism, free radical production, aging, and
apoptotic regulation. Possible factors leading to mito-
chondrial dysfunction include respiratory chain defects,
metabolic enzyme inactivation, structural changes, and
mutations. All of these factors affect the normal function of
cells, resulting in the occurrence of diseases. Mitochondria
are important targets of drug toxicity, and mitochondria are
also the organelles most vulnerable to drug toxicity. The liver
is also a major target of drug damage because it is an im-
portant organ in drug metabolism. Drugs induce liver injury
primarily by changing the activity of enzymes, modulating
the structure of mitochondria and/or decreasing the syn-
thesis of mtDNA, further undermining f-oxidation and
other oxidative processes in liver cells [99-101].

Research shows that rhein could be changed into a re-
active metabolite by CYP2C19, and the structure of reactive
metabolite was inferred to be an epoxide compound. The
reactive metabolite covalently binds to intracellular

mitochondria, leading to ROS overproduction and respi-
ratory chain dysfunction. In addition, the reactive metab-
olite overproduction depletes GSH, which could result in
hepatotoxicity [102-104]. Research also found that emodin
could conjugate with GSH, forming emodin-GSH and de-
pleting GSH in PM-induced liver injury rats [40-42]. An
increasing number of studies have shown that mitochondrial
damage may be a factor and pathway that predisposes in-
dividuals to PM-induced liver injury.

3.4. Drug-Induced Liver Injury

3.4.1. Misuse of Counterfeit Goods. He Shou Wu, the roots of
Polygonum multiflorum, was originally published in “Kai
Bao Materia Medica” in the Northern Song Dynasty. This
medicine has two kinds, red and white; the red type is
commonly used in clinic. Common species used to as
counterfeits of this medicine are Musa basjoo S. & Z.,
Pteroxygonum giraldii Dammer ¢ Diels, Polygonum cil-
iinerve (Nakai) Ohwi, Stephania cepharantha Hayata,
Cynanchum auriculatum Royle ex Wight, etc. In addition,
PM has many origins, including Henan, Jiangxi, Guang-
dong, and Guangxi. The chemical content and efficacy of PM
samples from different origins are also different [105-107].
Additionally, there is a large difference in quality. At present,
due to insufficient market supervision, the confusion of
origin and variety is also an important consideration in the
safety of PM.

3.4.2. Improper Processing. Records on the processing of PM
include the “Huatuo’s Zhongzang Classic” in the eastern
Han Dynasty, the “Chinese Pharmacopeia,” national pro-
cessing norms, and local processing norm. PM was primary
processed in the pre-Tang Dynasty, steamed or cooked with
black bean juice in the Tang Dynasty, and repeatedly
steamed and sun-dried nine times in the Song and Qing
Dynasty. The processing of PM has evolved from simple to
complex, which indicates that people’s understanding of the
nourishing effect of PM continues to improve. The atten-
uating effects and efficiency of PM processing are constantly
improving and have received increasing attention [108, 109].
The continuous improvement of PM processing also indi-
cates that there is a connection between the adverse reactions
of PM and its processing. Modern research also proves that
the toxicity of PM is significantly reduced after processing
[29, 110-112]. Therefore, processing is an important factor
that impacts the effect of PM.

However, the processing of PM has changed from
complicated to simple in modern times; for example, PM
processing was simplified from nine cycles of steaming and
sun-drying to steaming once without sun-drying. Addi-
tionally, the methods of PM processing vary among regions.
There are many kinds of processing methods, including
ancient processing and modern processing, such as boiling,
steaming, exposure, frying, and roasting, which were
without accessories; black beans, wine, vinegar, rice swill,
and so on; nine cycles of steaming and sun-drying; high
pressure processing, microwave processing, fermentation



processing, extrusion technology, etc. [109, 113]. Due to the
diversity of processing norms, the types and contents of the
chemical components in different processed products are
different, which results in safety hazards in the clinical use of
PM. The processing of PM could be combined with modern
science and technology, such as the use of modern ma-
chinery and equipment (drum type frying machine, vacuum
drying box) to achieve the homogeneity and stability of
processing conditions. Furthermore, modern detection
methods (HPLC, UV, GG, etc.) are used to achieve real-time
quality monitoring.

In addition, researches have also speculated that the liver
injury induced by PM might be related to an imbalance in
intestinal flora [114], immune-specific effects, or idiosyn-
cratic hepatotoxicity [115, 116].

3.4.3. Metals and Elements Were Associated with Liver
Injury. During the process of planting medicinal materials,
planting conditions such as sunlight, moisture, climate, and
soil should be fully guaranteed. However, with the devel-
opment of agriculture, organophosphorus pesticides and
heavy metal residues have become a major environmental
factor affecting the quality of Chinese herbal medicine. The
heavy metals that cause environmental and soil pollution
mainly include mercury, cadmium, lead, chromium, and
arsenic.

Recent studies have also demonstrated that heavy metal
and element concentrations are associated with PM-induced
liver injury [117, 118]. Reports have also shown that heavy
metal contamination may lead to adverse reaction [119]. PM
has many kinds of habitats, and different habitats have different
environmental conditions such as temperature and humidity.
Thus, the components and inorganic elements, and even heavy
metal residues of PM, are correlated to geographical, climatic,
and soil factors [120, 121]. Therefore, it is necessary to
strengthen pharmacognosy traceability and quality control in
order to prevent and reduce adverse reactions.

4. Discussion

According to the literature, the potential chemical com-
position and mechanism of liver injury caused by PM are
summarized. The hepatotoxic compounds in PM (Figure 1)
and the mechanism of the liver injury caused by PM need
turther study due to the integrity, complexity, and multi-
targeted and synergistic effects of this natural product.
First, as cholestasis in the body stimulates oxidative
stress, the level of reactive oxygen species in the body in-
creases, causing a series of reactions that lead to liver cell
damage. Modern pharmacological studies have shown that
many of the active ingredients in Chinese herbal medicines
have antioxidation activity, and that they directly or indi-
rectly reduce or eliminate the liver injury caused by cho-
lestasis. For example, curcumin, a natural antioxidant in
turmeric, plays an important role in the liver damage model
caused by cholestasis by reducing the level of the inflam-
matory factor TNF-« in the liver [122, 123]. Additionally, the
active ingredients in herbs associated with liver injury have
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been reported to directly or indirectly cause oxidative
damage to the body, resulting in hepatotoxicity, such as
Melia toosendan, Dioscorea bulbifera L., and Radix Bupleuri
[124, 125], and causing liver damage by inducing oxidative
stress in the body. What is the mechanism of the liver injury
caused by PM? The potential hepatotoxic components of PM
can cause oxidative stress by destroying mitochondrial
function, leading to cholestasis and then resulting in liver
injury, or the potential hepatotoxic components of PM can
affect the synthesis, transport, secretion, etc. of bile acid,
causing cholestasis, which in turn disturbs oxidative balance
in the body, leading to liver injury. These mechanisms need
to be further studied.

Second, the clinical manifestation of liver injury caused by
PM is the accumulation of bile acid in the liver. The accu-
mulation of bile acid in the liver is considered to be the leading
cause of cholestasis-induced liver injury. Any failure in the
synthesis, transport, secretion, etc. of bile acids may cause
cholestasis. There are two ways to synthesize bile acids in liver
cells: the classic pathway, catalyzed by cholesterol 7a-hy-
droxylase (CYP7A1), and the alternative pathway, catalyzed
by sterol 27a-hydroxylase. However, the alternative route is
usually activated when the classic pathway is blocked. CYP3A
is a key CYP450 enzyme that breaks down bile acids [126].
After bile acid is synthesized, it is secreted by active transport;
approximately 95% of bile acids rely on a variety of trans-
porters and energy to enter the liver and intestinal circulation.
A variety of protein molecules with transport functions
present on hepatocytes, bile duct cell membranes, and small
intestinal cell membranes, such as Ntcp, Bsep Mrp2, Asbt,
etc., directly affect the transport and secretion of bile acids
[127]. Certain chemical constituents of PM function by
inhibiting the expression of these transporters or by mutating
these transporters, thus causing cholestasis [128]. In addition,
as described above, cholestasis in vivo can induce an in-
flammatory response and the production of inflammatory
factors. Studies have shown that intracellular LPS and some
inflammatory factors can rapidly reduce the expression of
Ntcp on hepatocytes, of which IL-1 is the most effective
[129, 130]. Notably, emodin and hydroxyemodin can inhibit
the activity of Mrp2 according to reports. Is this the cause of
liver damage in PM? Do the other medicinal substances in PM
affect the activity of certain bile acid synthases or transport
proteins; cause cholestasis in the synthesis, transport, and
secretion of bile acids; and then promote liver injury?

Moreover, the degree of cholestasis-induced liver injury
caused by PM processed with black bean was significantly
decreased compared to that caused by PM without auxiliary
materials (steamed PM). Additionally, steamed PM has a
strong inhibitory effect on the activity of CYP2EI [90, 131].
Black beans are common auxiliary materials in PM pro-
cessing, and they are rich in protein, unsaturated fatty acids,
vitamins, and phenolic acids, which have antioxidant and
immunomodulatory effects [132, 133]. PM processed with
black bean has been used since ancient times and is included
in the Pharmacopeia. However, whether changes in the
chemical composition and content of PM occur after pro-
cessing with black beans is uncertain. The mechanism of the
positive effect of PM processed with black beans is unknown.
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FiGURE 1: The structures of potential hepatotoxic compounds in PM.

Moreover, can black beans enhance the antioxidant activity
of PM when PM is processed with black beans? Do the
ingredients in black beans participate in the synthesis,
transport, and secretion of bile acids? Is the attenuation of
liver injury caused by PM exerted through these pathways? Is
the mechanism of the positive effects of PM processed with
black bean related to these factors? These questions require
turther study.

For example, as described in Section 1, researchers have
speculated that the hepatotoxic compound in PM may be the
emodin. However, emodin has strong antibacterial and anti-
inflammatory [124] activities [134] and inhibits the ex-
pression of inflammatory factors in the liver [135, 136].
Additionally, emodin also has a certain antioxidant effect,
which can reduce the level of oxidative stress in the liver and
play a role in liver protection [137]. Researchers found that
prepared rhubarb has a significant therapeutic effect on liver

injury in animals, but it has certain hepatotoxic effects on
normal animals. Thus, researchers have proposed the
symptom-based prescription theory [138]. Based on the
theory, the hepatotoxicity of PM was studied, and a high
dosage of PM had a toxic effect on normal rats and a
therapeutic effect on rats with chronic liver injury [139].
Thus, if emodin is the hepatotoxic component in PM,
perhaps it is possible to study the hepatotoxic component in
PM based on the symptom-based prescription theory.

5. Conclusion

PM has been widely used because of its tonifying function.
There are 380 Chinese patent medicines containing PM.
With the increasing number of clinical cases of adverse drug
reactions caused by PM and its preparations, its safety issues
have aroused great attention of domestic and foreign



researchers and drug regulatory authorities. Thus, the liver
injury of PM has become a practical problem that seriously
affects the safety of its clinical medication and needs to be
solved urgently. However, so far, there are still controversies
about the liver damage components and mechanisms of PM.
Research will be necessary for further understanding of the
hepatotoxicity induced by PM so as to take reasonable and
effective measures to prevent it. In addition, the clinical
features of liver injury that result from PM include chole-
stasis hepatitis. Besides, the AQs in PM could interfere with
bile acid metabolism according to the references. PM should
be avoided in combination with drugs that can cause
cholestatic liver injury such as chlorpromazine and
rifampicin.
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