X4

Chinese Medicine, 2023, 14, 57-67

X/

Scientific . . .
"‘: Research https.//www.sarp.c')rg/JournaI/cm
94% Publishing ISSN Online: 2151-1926
< ISSN Print: 2151-1918

Cell-Based Biological Markers for
Blood-Enriching Chinese Herbs: Erythropoietin
Production in HepG2 Cells and Nitric Oxide
Release in Human Umbilical Vein Endothelial

Cells (HUVECS)

Hoi Yan Leung, Kam Ming Ko*

Division of Life Science, Hong Kong University of Science & Technology, Hong Kong, China

Email: *bcrko@ust.hk

How to cite this paper: Leung, H.Y. and
Ko, K.M. (2023) Cell-Based Biological Mark-
ers for Blood-Enriching Chinese Herbs:
Erythropoietin Production in HepG2 Cells
and Nitric Oxide Release in Human Um-
bilical Vein Endothelial Cells (HUVECs).
Chinese Medicine, 14, 57-67.
https://doi.org/10.4236/cm.2023.142003

Received: April 20, 2023
Accepted: June 11, 2023
Published: June 14, 2023

Copyright © 2023 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

(OMOMY e pcces:

Abstract

Chinese tonifying herbs, which are classified into four functional categories
(namely, Yang, Qi, Yin, Blood) are commonly used for restoring normal body
function and the prevention of diseases. To explore cell-based biological
markers for Blood-enriching Chinese herbs, we investigate the effect of 11
commonly used Blood-enriching herbs on erythropoietin (EPO) production
in HepG2 cells. Herbs for nourishing Yin were tested for determining the
specificity of Blood-enriching herbs in inducing EPO production. In addition,
the effects of Blood-enriching herbs on nitric oxide (NO) production in both
HepG2 cells and human umbilical vein endothelial cells (HUVECs) were also
investigated. The results indicated that methanolic extracts of Blood-enriching
herbs (but not Yin-nourishing herbs) showed characteristic pharmacological
activity in inducing EPO production in HepG2 cells and NO release in HU-
VECs. The experimental findings, therefore, support the use of cell-based
EPO production and NO release as biological markers for Blood-enriching
Chinese tonifying herbs.
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1. Introduction

Traditional Chinese Medicine (TCM) has a long history of development and

usage in China, which dates back several thousand years [1]. With the strong in-
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fluences of ancient Chinese philosophy and various schools of thought, TCM has
been developed into a medical system distinct from Western medical science,
with its unique theories, techniques, and pharmaceutical systems [2] [3] [4].
According to the Yin-Yang theory in TCM, the Yin-Yang balance within the
body is crucial for maintaining optimal health. As such, the restoration of the
Yin-Yang balance is essential for the prevention and treatment of diseases. The
vast diversity of plants and animals in China has enabled the development and
usage of a wide variety of herbal preparations for the practice of TCM. While
herbal drugs can be divided into two main classes, namely, preventative and
therapeutic (for treating diseases), preventative herbal medications (also
known as Chinese tonifying herbs) are subdivided into four functional cate-
gories according to their mode of action: Yang-invigorating, Yin-nourishing,
Qi-invigorating, and Blood-enriching [5] [6] [7]. In theory, Qi herbs belong to a
sub-category under Yang and Blood herbs and constitute a sub-category of Yin.

Our laboratory recently demonstrated the characteristic pharmacological ac-
tivity of Yang/Qi-invigorating and Yin-nourishing herbs [8] [9]. However, the
specific pharmacological properties of Blood-enriching herbs have yet to be de-
termined. According to TCM theory, Blood nourishes and moisturizes all parts
of the body, and it is indispensable in the manifestation of body functions. Blood
deficiency is causally related to insufficient red blood cell production, which is
known as anemia in modern medicine [10], and/or inadequate capillary blood
perfusion to organs/tissues [11]. With regard to red blood cell production, eryt-
hropoietin (EPO) is a growth factor that can stimulate the production of red
blood cells (Ze., erythropoiesis) from bone marrow [12] [13]. Under physiologi-
cal conditions, EPO is mainly synthesized in the kidney and then secreted into
the bloodstream. A small amount is also produced by the liver [14]. With respect
to capillary blood perfusion, nitric oxide (NO), which is released by endothelial
cells of blood vessels, can cause the relaxation of vascular smooth muscle and
hence increase blood flow and thereby enhance capillary blood perfusion [15].

To explore cell-based biological activity markers for Blood-enriching Chinese
tonifying herbs, we investigated the effect of 11 commonly used Blood-enriching
herbs on EPO production in HepG2 cells. Herbs for nourishing Yin were tested
for determining the specificity of Blood-enriching herbs in inducing EPO pro-
duction. The effects of Blood-enriching herbs on NO production in both HepG2
cells and human umbilical vein endothelial cells (HUVECs) were also investi-
gated.

2. Materials and Methods
2.1. Reagents

Fetal bovine serum (FBS), minimum essential medium (MEM), F-12K nutrient
mixture (Kaighn’s modification) medium, and large vessel endothelial supple-
ment (LVES, at a concentration of 50X) were obtained from ThermoFisher
Scientific Inc. (Waltham, MA, USA). Sodium heparin, vanadium (II) chloride
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(VCls), N-(1-Naphthyl) ethylenediamine (NED), sulfanilamide, sodium nitrite
and dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich Co (St.
Louis, MO, USA). Sodium pyruvate and bovine serum albumin (BSA) were ob-
tained from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). Bio-Rad
protein assay dye reagent concentrate was obtained from Bio-Rad (Hercules,
CA, USA). Human erythropoietin ELISA kits were purchased from Wuhan
Huamei Biotech Co., Ltd. (Wuhan, HB, P.R. China). Herbal materials were ob-
tained from Lee Hoong Kee Limited, CRCare Store, or Eu Yan Sang. All other

chemicals were of analytical grade.

2.2. Cell Culture

The HUVEC cell line used was an endothelial cell line derived from the vein of
the human umbilical cord and the HepG2 cell line originated from the human
liver and was purchased from American Type Culture Collection (Rockville,
MD, USA). HUVECs were cultured in F12-K medium supplemented with 10%
(v/v) heat-inactivated FBS (HIFBS), LVES (at 1X concentration), and 0.1 mg/mL
sodium heparin. HepG2 cells were cultured in MEM supplemented with 10%
(v/v) heat-inactivated FBS (HIFBS) and 1 mM sodium pyruvate. All cells were
cultured in an atmosphere of 5% CO, at 37°C in a 100 mm culture plate. The
medium was replaced every 2 - 3 days and cells were split at a sub-cultivation ra-

tio of 1:10 2 - 3 days following medium replacement.

2.3. Herbal Extraction

Herbal materials (100 g) were cut into small pieces and soaked overnight in me-
thanol in a ratio of 1:3 - 1: 20 (weight: volume, g: mL), depending on the physical
property of the herbal material. The herbal material was then heated under ref-
lux in methanol at 60°C for 2 h. This procedure was repeated once. The pooled
methanol extracts were dried by evaporating the solvent under reduced pressure,

and the herbal extracts were obtained at various yields (Table 1).

2.4. NO Release Assay

Herbal extract pre-incubation and NO release assay.

HUVECs and HepG2 cells were seeded in 6-well plates at cell concentrations
of 60,000 cells/2mL and 600,000 cells/2mL, respectively. After stable attachment,
the cells were pre-incubated for 5 hours (HepG2 cells) or 48 hours (for HU-
VECs) with a medium containing 1 - 300 pg/mL of herbal extract [dissolved in
DMSO, 0.2% (v/v) final concentration]. After the incubation, supernatants of the
culture medium were collected for the measurement of NO release, and the at-
tached cells were rinsed with phosphate-buffered saline (PBS-A) and lysed with
0.1% (w/v) Triton-X in PBS-A. The lysates were used to measure protein con-
centrations by the Bradford method using BSA as the standard.

The amount of NO released into the medium from herbal extract-incubated

cells was measured using the Griess assay. The Griess assay is a spectrophotometric
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Table 1. The percentage of yield of methanolic extract of Blood-enriching and Yin-nou-
rishing herbs.

Pharmaceutical name Chinese name  Yield (%)

Polygoni Multiflori Radix HER 0.8
Polygonati Rhizoma G 38.7

Longan Mesocarp FEAR Y 52.0

Angelicae Sinensis Radix e 10.0

Equus Derma Rl JEz 3.4

Blood-enriching herb Preparata Rehmanniae Radix 2y 27.6
Glycine Max Pericarp ISISFId 2.4

Loranthi Herba Z2HE 5.9

Mori Fructus AP 6.1

Sesami Semen AR 2.7
Lycii Fructus i) 35.2

Ligustri Lucidi Fructus THT 8.0

Coicis Semen WA= 38.3

Ophiopogonis Radix BE 2.1

Dendrobium Pachyrhiza Rhizoma pay -1 5.4
Yin-nourishing herb Pholidotae Chinensis Herba FAliik 10.2
Asparagi Radix K& 7.7

Oryzae Glutinosae Radix FhFEAR 2 1.9

Polygonati Odorati Rhizoma i) 4.9

Ecliptae Herba B 3.8

method based on a diazotization reaction for the detection of nitrite (NO, )
formed as a result of the oxidation of NO [16]. Griess reagent solutions were
prepared as follows and sodium nitrite was dissolved in distilled deionized water
(double-distilled (dd)H,0O) and used as standard:

1) VCl; reduction solution: 80 mg VCl; was partly dissolved in a small amount
of ddH,0 (~2 mL), 0.84 mL hydrochloride acid (HCI, 37%) was added, and the
solution diluted to 10 mL with ddH,0;

2) NED solution (0.2%): 1 mg NED was dissolved in 1 mL ddH,0;

3) Sulfanilamide solution (2%): 0.02 g sulfanilamide was dissolved in 1 mL
10% (v/v) HC;

4) Working Griess solution: 5 parts A + 1 part B + 1 part C.

One hundred and twenty microliters of supernatant/standard/medium blank
were pipetted into 96-well plates. Working Griess solution (100 puL) was applied

to the corresponding wells. The sample mixtures were incubated at 45°C for 60
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min. The absorbance of sample mixtures was measured at 550 nm following in-
cubation. The amount of NO released from the cells was expressed in nmol/mg

protein [17].

2.5. EPO Assay

HepG2 cells were seeded as described above, and following stable attachment,
cells were incubated for 48 hours with a medium containing 300 pg/mL of herbal
extract. After incubation, cells were rinsed with PBS-A and lysed with 0.1%
(w/v) Triton-X in PBS-A. The lysates were used to measure protein concentra-
tion and EPO levels with the ELISA kit [18].

2.6. Statistical Analysis

Data were expressed as mean £ SEM (n = 3) and analyzed by one-way ANOVA,
followed by Tukey’s test to determine significant differences between groups at a
level of p < 0.05.

3. Results

Methanol extraction of Blood-enriching and Yin-nourishing herbs produced
dried extracts at yields ranging from 0.8% to 52% relative to the dried weight of
the raw herbs (Table 1). With the primary objective of examining whether or
not the herbal extracts could induce EPO production, an optimal and non-toxic
concentration of 300 ug/mL was uniformly adopted for incubation, regardless of
differences in extraction yield. Figure 1 shows that incubating methanolic ex-
tracts of Blood-enriching herbs at a concentration of 300 ug/mL with HepG2
cells for 48 hours induced the production of EPO to varying extents, with the
degree of stimulation in descending order being Glycine Max Pericarp > Ange-
lica Sinensis Radix, Equus Derma, Preparata Rehmanniae Radix, Loranthi Her-
ba, Lycii Fructus > Polygoni Multifori Radix, Logan Mesocarp, Sesami Semen >>
Mori Fructus.

In addition to the induction of EPO production, the incubation with metha-
nolic extracts of Blood-enriching herbs also caused NO release in HepG2 cells,
with the stimulatory effect of Polygoni Multiflori Radix being the most promi-
nent (Figure 2).

When the effect of methanolic herbal extracts was examined in HUVECs, all
tested extracts except those of Longan Mesocarp and Loranthi Herba (which in-
hibited cell growth) were found to induce NO release (Table 3). While the op-
timal concentrations for inducing NO release varied from 1 to 300 pug/mL, the
degree of stimulation (regardless of the effective concentration) was in descend-
ing order: Equus Derma >> Glycine Max Pericarp, Polygonati Rhizoma, Angeli-
cae Sinensis Radix, Polygoni Multiflori Radix > Preparata Rehmanniae Radix,
Mori Fructus, Sesami Semen, Lycii Fructus. Results obtained from the present
study showed that when compared with HepG2 cells, NO release was more

prominent in HUVECs, under both basal and stimulated conditions.
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Figure 1. The effect of methanolic extracts of Blood-enriching herbs on EPO production
of HepG2cells. EPO and protein concentrations of cell lysates were measured as described
in Materials and Methods. Values given are the percent control, when compared with the
sample without drug incubation. The control value (mIU/mg protein): 170.7 £ 6.05.
*Significantly different from the control. On the other hand, incubation with methanolic
extracts of Yin-nourishing herbs at their respective optimal/non-toxic concentrations did
not produce any detectable stimulation of EPO production (Table 2).

Table 2. The effect of methanolic extracts of Yin-nourishing herbs on EPO production of
HepG2. The control value (mIU/mg protein): 202.8 + 3.62. *Significantly different from
the control.

Pharmaceutical name Concentration (pg/mL) Yield (%)
Ligustri Lucidi Fructus 25 93.6 + 4.47
Coicis Semen 50 75.0 £ 2.53*
Ophiopogonis Radix 50 95.0 + 6.90
Dendrobium Pachyrhiza Rhizoma 25 91.6 +7.48
Pholidotae Chinensis Herba 12.5 922+6.18
Asparagi Radix 300 95.5 + 4.97
Oryzae Glutinosae Radix 12.5 87.4+2.95
Polygonati Odorati Rhizoma 300 92.5+2.49
Ecliptae Herba 75 106.7 + 3.18
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Figure 2. NO released from HepG2 cells following the incubation with methanolic ex-
tract of blood-enriching herbs. The control value was undetectable.

Table 3. NO released from HUVEC:s following the incubation with methanolic extract of
blood-enriching herbs. The control value (noml/mg protein) = 33.05 + 0.94. *Significantly
different from the control.

Pharmaceutical name Concentration (pg/mL) Yield (%)
Polygoni Multiflori Radix 300 140.9 + 2.67%
Polygonati Rhizoma 300 158.6 + 2.26*
Longan Mesocarp 3-300 86.4 +2.71 - 104.6 + 1.48

Angelicae Sinensis Radix 30 147.4 + 3.90%
Equus Derma 30 227.9 £9.15%
Preparata Rehmanniae Radix 1 124.1 + 0.54*
Glycine Max Pericarp 300 168.2 + 8.10*

Loranthi Herba 30 - 300 Growth inhibition
Mori Fructus 10 123.3 +£ 3.25*
Sesami Semen 30 125.4 + 3.32*
Lycii Fructus 1 116.1 £ 1.74*
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4. Discussion

In the present study, all tested Blood-enriching herbal extracts were found to
induce EPO production in the human hepatocyte cell line (HepG2). The absence
of EPO induction activity in all tested Yin-nourishing herbal extracts suggested
the appropriateness of the HepG2 cell-based assay of EPO induction for assess-
ing the biological activity of Blood-enriching herbs. Our finding of EPO induc-
tion by Blood-enriching herbs has not been reported at least in a systematic
manner. This study will provide a functionally relevant biological activity mark-
er for Blood-enriching herbs. EPO is indispensable to red blood cell production
[13]. Prenatally, the liver is the primary site of EPO synthesis but at birth pro-
duction switches to the kidneys [14]. In this connection, fetal hepatocytes and
specialized fibroblast-like peritubular cells located in adult kidneys are the pri-
mary producers of EPO [14] [19]. Nevertheless, the use of HepG2 cells rather
than specialized kidney cells provides a convenient means for assessing the EPO
induction activity even though the detection sensitivity may be lower. Red blood
cell production is mainly regulated by the hypoxia-inducible transcription factor
(HIF)-EPO axis, wherein hypoxia promotes the availability of HIFs which sti-
mulate the EPO enhancer [19]. Under normoxic conditions, various HIFs are
inactivated by enzymatic hydroxylation. In this regard, three HIF-a prolyl hy-
droxylases can initiate proteasomal degradation of HIF-a, thereby suppressing
EPO production [19]. It has been demonstrated that a Chinese herbal formula-
tion (Jian Pi Yi Shen) stimulates HIF-2a and EPO protein expression in both the
kidney and liver of rats with chronic kidney disease [20]. A novel HIF prolyl hy-
droxylase inhibitor (TP0463518) was found to induce dose-dependent EPO
production from the liver in healthy volunteers and in patients with chronic
kidney disease [21]. It seems possible that chemical constituents present in
Blood-enriching herbs may activate HIF-2a and/or produce an inhibitory effect
on HIF prolyl hydroxylase, with a resultant increased production of EPO.

The observation of more prominent induction of NO release by Blood-enriching
herbs in HUVECs than HepG2 cells is consistent with the fact that NO is conti-
nuously synthesized in endothelial cells by the constitutive calcium-calmodu-
lin-dependent enzyme nitric oxide synthase [22]. One early known biological
property of NO is the modulation of vascular dilator tone that enables effective
blood perfusion of tissues [22]. Regarding the stimulated NO release in endo-
thelial cells, the involvement of the nuclear factor erythroid-2 related factor 2
(Nrf2)/heme oxygenase 1 (HO-1) signaling pathway is well established. Oxida-
tive stress can trigger the Nrf2/HO-1 pathway, with the resultant increase in NO
production and endothelial protection. In addition, natural herbal medicines
were found to protect vascular endothelial cells against oxidative challenges via
the activation of the Nrf2/HO-1 signaling pathway [23] [24]. On the other hand,
a recent study has shown that all tested herbs (such as Salviae Miltirrhizae Radix
and Notoginseng Radix) reveal NO bioactivity through their inherent nitrite and

nitrate content and their ability to reduce nitrite to NO [25]. The mechanism
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underlying the stimulatory effect of Blood-enriching herbs on NO production in
HepG2 cells and HUVECs remains to be investigated.

5. Conclusion

Methanolic extracts of Blood-enriching herbs (but not Yin-nourishing herbs)
showed characteristic pharmacological activity in inducing EPO production in
HepG2 cells and NO release in HUVECs. Glycine Max Pericarp and Equus Derma,
two commonly used Blood-enriching Chinese herbs, are more effective in in-
ducing both EPO production and NO release. Our results support the use of
cell-based EPO production and NO release as biological markers for Blood-en-

riching Chinese tonifying herbs.
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