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Abstract 
The linkage between Qi and mitochondria was investigated by exploring the ef-
fect of Traditional Chinese Medicine (TCM) Qi-invigorating herbs on mito-
chondrial function at the biochemical and molecular levels. Three Chinese herbs 
(Astragali radix, Herba cistanche, Panax ginseng) were used to treat cultured 
mouse kidney cells and the generation of adenosine triphosphate (ATP) was 
measured. The Qi-invigorating herb, Astragali radix, was selected for further 
study using additional biological and molecular parameters, including ATP, 
reactive oxygen species (ROS), mitochondrial membrane potential (MMP), 
mtDNA copies, superoxide dismutase (SOD), glutathione (GSH), cell growth, 
cell viability and transcriptomes. We also chose two concentrations of Astragali 
radix to study the hormetic effect. The results indicated that: 1) Qi-invigorating 
herbs have significant effects on the function of mitochondria, with ATP pro-
duction and the antioxidant capacity being significantly enhanced, and ROS le-
vels being reduced, allowing for a more optimal oxidation environment. The 
effect of the herbs followed a hormetic curve with a stimulating effect at lower 
doses but an inhibiting effect at high doses; 2) The growth of the cells was not 
affected despite numerous biochemical changes associated with mitochondri-
al function, indicating the powerful ability of mitochondria to maintain cel-
lular homeostasis; 3) The up-regulation of NOCT gene, related to nicotina-
mide adenine dinucleotide (NADH) synthesis, offers a molecular basis for the 
ATP-promoting effect of the Qi-invigorating herbs. This work provides addi-
tional insight into the efficacy of TCM herbs from a western perspective. 
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1. Introduction 

As mankind is facing more and more challenges of different types of diseases, it 
calls on all medical knowledge accumulated throughout human history to com-
bat current epidemics. Traditional Chinese Medicine (TCM) and western medi-
cine are two very different systems and the integration of these two systems will 
help advance contemporary medical practices to better address these challenges. 

In TCM, Qi (Prana, Chi, vitality) is the single most important concept, which 
stimulates the flow of blood throughout the body, and promotes the absorption 
and utility of the nutrients of food [1]. However, Qi still cannot be measured by 
modern technology by now. Mitochondria are considered to be the engine of life 
with the main function of providing ATP for cellular activities through oxidative 
phosphorylation [2]. Qi in the TCM system and mitochondria in modern medi-
cine system play similar roles in providing power for cells and promoting the 
transformation of material and energy [3], and therefore, a connection between 
the mitochondria and Qi has been suggested [4] [5] [6]. In addition, many re-
searchers have proposed that there is a great deal of similarity in their characte-
ristics and functions between Qi and mitochondria [7] [8] [9].  

In recent years, the study of mitochondria has gained more and more interest 
in medicine because numerous diseases have been attributed to mitochondrial 
dysfunction [10] [11] [12]. In addition, compelling evidence supports the critical 
role that mitochondria play in maintaining homeostasis under environmental 
stress [13]. However, so far, this linkage is not fully examined and supported by 
scientific evidence. Therefore, obtaining such evidence is of great importance as 
it will help to bridge the gap between TCM and western medicine. 

Given the difficulty in studying Qi, we utilized Qi-invigorating herbs as the 
carrier of Qi for this study. Qi-invigorating herbs have been widely used in TCM 
under various conditions including coronary heart disease [14] [15] [16], treat-
ment of Helicobacter pylori (Hp), chronic gastritis of the spleen and stomach 
[17], gastric cancer [18] [19] and postoperative recurrence of ovarian endome-
trial cysts [20]. However, the biochemical mechanism for these herbs is not well 
understood. The Yin-Yang theory is vital to the conceptual system of TCM. Ac-
cording to the theory, Yin and Yang, the two complementary, but opposing, in-
ternal forces, govern the functions of the human body [21]. Studies conducted 
by Ko et al. have shown that the Yang-invigorating and Yin-invigorating herbs 
have different impacts on mitochondrial function, with Yang-herbs enhancing 
ATP generation, and Yin-herbs increasing the immunomodulatory function of 
cells [22] [23] [24] [25]. Qi-invigorating herbs fall into the category of the Yang 
group, with some enhancing ATP generation and others suppressing it [9].  

For this study, we utilized mouse renal collecting duct cells (M-1 cells) to ex-
amine the effect of TCM herbs on mitochondrial functions including ATP pro-
duction, reactive oxygen species (ROS), Mitochondrial membrane potential (MMP), 
and mtDNA copies. To better understand the molecular mechanisms, we also 
conducted an analysis of the transcriptome, with the goal of providing more 

https://doi.org/10.4236/cm.2020.114008


Y. Chen et al. 
 

 

DOI: 10.4236/cm.2020.114008  129 Chinese Medicine 
 

scientific evidence of the linkage between Qi-invigorating herbs and mitochon-
drial function. Such evidence will help to understand the nature of Qi from a 
western medicine perspective, which will help bridge the gap between TCM and 
western medicine.  

2. Materials and Methods 
2.1. Herbal Preparation 

All herbal materials were purchased from a Chinese medicine store (Tongren-
tang chain-store), and the herbal preparations were prepared as follows: 1) As-
tragali radix extraction: Astragali radix (50 g) was cut into small pieces and 
soaked for an hour in 500 mL deionized water and then extracted twice by boil-
ing water for 30 min each time. The combined extract was dried by evaporation 
under reduced pressure to obtain an aqueous extract of Astragali radix with a 
yield of 14.4% (w/w); 2) Herba cistanche extraction: Herba cistanche (100 g) was 
cut into small pieces and then extracted by heating under reflux in 300 mL 95% 
ethanol at 65˚C for 2 h. The procedure was repeated twice. The pooled extract 
was dried by evaporating the solvent under reduced pressure to obtain an 
aqueous extract of Herba cistanche with a yield of 13.2% (w/w); 3) Panax gin-
seng extraction: Panax ginseng (100 g) was cut into small pieces and then ex-
tracted by heating under reflux in 500 mL 95% ethanol at 65˚C for 2 h. The pro-
cedure was repeated twice. The pooled extract was dried by evaporating the sol-
vent under reduced pressure to obtain an ethanol extract of Panax ginseng with 
a yield of 5% (w/w).  

2.2. Cell Culture 

For these experiments, M-1 renal collecting duct cells were obtained from National 
Infrastructure of Cell Line Resource (Beijing, China, http://www.cellresource.cn). 
The cells were cultured as monolayers in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS) and incubated in a 
humidified 5% CO2 incubator at 37˚C. The medium was changed 2 - 3 times per 
week. Stock cells were grown in a 75 mL culture flask and split at a sub-cultivation 
ratio of 1:5. 

2.3. Experimental Design 

1) Comparison of different herbal treatment 
For these experiments, M-1 cells were seeded at a density of 2 × 104 cells/well 

into 6-well plates. After cell attachment for 24 h, cells for the experimental group 
were treated with different herbal extracts (dissolved in phosphate-buffered sa-
line; PBS) at different concentrations (12.5 - 200 μg/mL) for 4 h. The untreated 
control group was given PBS only. After the treatment period, the cells were 
collected using trypsin-EDTA (0.25%), centrifuged at 800 g for 5 min and 
re-suspended in 1 mL of PBS (pH7.4) for ATP assays. All experiments were per-
formed in triplicates. 
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2) Effect of Astragali radix at different doses 
M-1 cells were seeded at a density of 5 - 6 × 105 cells/plate into 10 cm plates. 

After cell attachment for 24 h, for the treatment group, the Astragali radix ex-
tract (dissolved in phosphate-buffered saline; PBS) was added to the medium. 
Cells were treated with two final concentrations of 50 μg/mL (low dose) and 250 
μg/mL (high dose). After 4 h of treatment, the culture medium containing the 
herbal extracts was removed and replaced with fresh medium. Cells continued to 
grow with samples being collected at 4 h, 24 h and 48 h. Cells were treated with 
trypsin-EDTA (0.25%), followed by centrifugation at 800 g for 5 min before 
re-suspension in 5 mL PBS for the different assays. All experiments were per-
formed in triplicate. 

2.4. Biochemical Analysis 

1) ATP assay 
The new HPLC method of Chen et al was employed to measure the ATP levels 

in M-1 cells [26]. An aliquot of 1 mL cell samples was centrifuged at 10,000 g for 
5 min to collect cells, followed by adding 100 μL PBS and 40 μL deionized water 
successively to rupture the cells. Then, 360 μL perchloric acid (6%) was added to 
remove the protein by keeping samples on ice for an additional 10 min. The cell 
extract was centrifuged at 10,000 g at 4˚C for 5 min, with 300 μL of the superna-
tant neutralized with 40 μL of 2 M K2CO3 and filtered through a 0.45 μm filter. 
Neutralized cell extract (10 μL) was used for determination of ATP, which was 
carried out using HPLC with a mobile phase consisting of 0.1 M KH2PO4 buffer, 
pH 6.25 and 5% methanol (v/v) set at a rate of 0.6 mL/min and a detection wa-
velength of 254 nm. ATP quantitation was calculated by computing its peak area 
with identification and quantification using injections of standard solutions of 
ATP with known concentrations. Total ATP levels in cell homogenate were nor-
malized to the total cell protein. 

2) Mitochondrial ROS determination 
ROS levels were quantified in accordance with the protocol of the Reactive 

Oxygen Species Assay Kit (Product No.: S0033; Beyotime, China). An aliquot of 
0.5 mL cell samples was incubated with DCFH-DA solution (2 μM) at 37˚C for 
40 min in the dark. Samples were then washed twice with PBS for measurement. 
The fluorescence intensity was recorded at 485 nm (excitation) and 535 nm 
(emission) using a microplate reader (Tecan, Switzerland). Total ROS levels in 
cells were normalized to the total cell protein. 

3) MMP assay 
MMP was quantified in accordance with the protocol of the Mitochondrial 

Membrane Potential Assay Kit (Product No.: C2006; Beyotime, China). An ali-
quot of 0.5 mL cell samples was incubated with JC-1 probe at 37˚C for 20 min in 
the dark. After the incubation, cells were washed with ice-cold JC-1 buffer solu-
tion twice. The JC-1 probe entering the mitochondrial matrix will aggregate and 
emit at 590 nm (red) upon excitation at 525 nm, whereas the monomeric JC-1 
remaining in the cytoplasm emits at 530 nm (green) upon excitation at 490 nm. 
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The fluorescence intensity was recorded using a microplate reader (Tecan, Swit-
zerland), with the value of MMP calculated by the ratio of red to green. 

4) Protein assay 
Cell quantity was evaluated as protein concentration using a protein assay kit 

(Product No.: P0006C; Beyotime, China) with bovine serum albumin as stan-
dard (0 - 1.5 mg/mL). An aliquot of 0.5 mL cell samples was centrifuged at 3,000 
g for 5 min to collect cells, which was then incubated with Triton (0.1%) for 30 
min. After cell disruption, samples were centrifuged at 11,000 g for 5 min to re-
move cell residue. The supernatant was used for the optical density measure-
ment at a wavelength of 595 nm by using a microplate reader (Tecan, Switzer-
land). 

5) Cell viability assay 
Cell viability was evaluated by using the Cell Counting Kit-8 (CCK-8) (Prod-

uct No.: C0038x; Beyotime, China). briefly, an aliquot of 0.5 mL cell samples was 
centrifuged at 3,000 g for 5 min to collect the cells, which were then re-suspended 
in 100 μL culture medium and seeded in 96-well plates. Finally, 10 μL CCK-8 
was added to the wells and the plates were incubated for an additional 3 h. The 
optical density (OD) was measured at a wavelength of 450 nm using a micro-
plate reader (Tecan, Switzerland). 

6) Antioxidant levels  
Antioxidant levels were evaluated by the enzyme activities of SOD and GSH 

using an SOD Assay Kit with WST-8 (Product No.: S0101; Beyotime, China) and 
a total Glutathione Assay Kit (Product No.: S0052; Beyotime, China) following 
the manufacture’s protocols. The absorbance of SOD and GSH was assessed at 
450 nm and 412 nm respectively using a microplate reader and the SOD and 
GSH levels in cell homogenates were normalized to total cell protein. 

2.5. Mitochondrial DNA Quantification 

Total DNA was extracted from M-1 cells using MiniBEST Universal Genomic 
DNA Extraction Kit (TaKaRa, 9765) according to the manufacturers protocols. 
The number of mtDNA copies was quantified using real-time PCR with TB 
Green® Premix Ex Taq™ II (TaKaRa, RR820) and a quantitative real time-PCR 
system (ABI, QuantStudio3). The primers specific for mitochondrion DNA and 
nuclear gene B2M were listed in Table 1. The relative abundance of mtDNA 
copies was obtained by normalization to B2M using 2−ΔΔCt method. 
 
Table 1. Primers used in this study. 

Primers Sequences Accession 

mMitoF1 CTAGAAACCCCGAAACCAAA NC_005089.1 

mMitoR1 CCAGCTATCACCAAGCTCGT NC_005089.1 

mB2MF1 ATGGGAAGCCGAACATACTG NC_000068.7 

mB2MR1 CAGTCTCAGTGGGGGTGAAT NC_000068.7 
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2.6. Transcriptome Sequencing 

Total RNA was extracted from the M-1 cells using the MiniBEST Universal RNA 
Extraction Kit (TaKaRa, 9767). The RNA was prepared from the cells treated 
with high and low doses of Astragali radix. The RNA samples were sent to San-
gon Biotech (Shanghai) Co., Ltd. for transcriptome sequencing using the Illu-
mina HiseqTM sequencing system. 

2.7. Statistical Analysis 

Values of the different measurements were normalized to a respective mean 
control value from untreated samples and expressed as percent control. All data 
is expressed as mean ± standard deviation (SD). They were analysed using anal-
ysis of variance (ANOVA) and Least Significant Difference (LSD) using Graph-
Pad InStat software, where p < 0.05 was considered statistically significant. 

3. Results 
3.1. The Effect of Three Herbs on the Generation of ATP  

in M-1 Cells 

All three herbs showed a concentration-dependent effect on the generation of 
ATP, following a hormetic curve. As the concentration of the extracted Astragali 
radix and Herba cistanche increased from 12.5 - 100 µg/mL, the total ATP con-
tent of M-1 cells also increased and was significantly higher than that of the con-
trol, and then dropped back to the same level as control at the high concentra-
tion of 200 µg/mL (upper panels of Figure 1(A) and Figure 1(B)); for Panax 
ginseng, as the concentration increased from 12.5 - 200 µg/mL, ATP levels also 
gradually increased, peaked at the concentration of 25 µg/mL, then decreased to 
a level that’s significantly lower than the control at the high concentration of 200 
µg/mL (upper panel of Figure 1(C)). However, the three herbs had no signifi-
cant effect on the growth of M-1 cells at the concentrations tested as indicated by 
the lower panels of Figures 1(A)-(C). Based on these results, two concentrations 
of Astragali radix were chosen for further study: the low concentration of 50 
µg/mL, within the hormetic zone, and the high concentration of 250 µg/mL, out-
side the hormetc zone. 

3.2. The Effect of Astragali radix on Mitochondrial Functions,  
Mitochondrial Copy Numbers, Antioxidant Capacity, and Cell  
Growth 

We further investigated the effects of two different concentrations of Astragali 
radix on mitochondrial functions including ATP generation, ROS production, 
and MMP, as well as mitochondrial copy numbers. As shown in Figure 2(A), 
ATP was elevated at the low concentration treatment, but depressed at the high 
concentrations significantly at 4 h, and the effect for both concentrations was 
time-dependent. As a by-product of ATP production, the total ROS for the low 
concentration showed no significant increase at 4 h and 24 h but a significant  
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Figure 1. The effect of different TCM extract on mitochondrial ATP content (upper pan-
el) and cell growth in M-1 cells (lower panel). (A) Astragali radix; (B) Herba cistanche; 
(C) Panax ginseng. *P < 0.05; **P < 0.01, when compared with the control. 

https://doi.org/10.4236/cm.2020.114008


Y. Chen et al. 
 

 

DOI: 10.4236/cm.2020.114008  134 Chinese Medicine 
 

 
Figure 2. The effect of Astragali radix extract on mitochondrial function in M-1 cells. (A) 
ATP; (B) ROS; (C) MMP; (D) Mitochondrial copies. *Significantly different from the 
control group; #significantly different between the low dose and high dose treatment. 
 
decrease at 48 h, despite the fact that ATP increased significant at 4 h and 24 h 
(Figure 2(B)). Thus, for low concentrations of Astragali radix, an increased an-
tioxidant capacity occurred to remove the excess ROS. However, at high con-
centrations the herb produced the opposite trend, with ROS significantly lower 
than the controls, but increased over time. At 4 h, MMP was significantly in-
creased for the low concentration, but was unchanged at the other times for ei-
ther concentration (Figure 2(C)). Mitochondrial copy numbers were conserved 
with no significant changes observed for either treatment at all times. 

At high concentrations of Astragali radix, the antioxidant capacity was de-
pressed (Figure 3), with SOD and GSH being significantly lower at 24 h and 48 
h, respectively. However, it is elevated for the low concentration group, with 
GSH significantly higher at 24 h and 48 h. SOD was relatively conserved for the 
low concentration group. Despite the biochemical variations for the two con-
centrations, the growth of cells was not affected at all times for both concentra-
tions as shown in Figure 4.  

3.3. The Effect of Astragali radix on Cell Gene Expression 

Genes that changed in the Astragali radix treatment group were selected when 
the following conditions were met: Log2 (Fold Change) > 1 or Log2 (Fold 
Change) < −1 and p values < 0.05. Comparing the transcriptome results for the  
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Figure 3. The effect of Astragali radix extract on antioxidant capacity in M-1 cells. (A) 
SOD; (B) GSH. *Significantly different from the control group; #significantly different 
between the low dose and high dose treatment. 
 

 
Figure 4. The effect of Astragali radix extract on cell growth in M-1 cells. *Significantly 
different from the control group; #significantly different between the low dose and high 
dose treatment. 
 
two concentrations of Astragali radix, it was found that the expression levels of 
four genes have significantly changed for the treatment group as seen in Table 2. 
Among the four genes significantly changed, the expression level of NOCT gene  
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Table 2. Genes significantly changed based on the transcriptome analysis. 

Gene ID 
Gene 
Name 

High concentration 
of Astragali radix 

Low concentration 
of Astragali radix 

ENSMUSG00000023087 Noct Down Up 

ENSMUSG00000036214 Znrd1as Down Down 

ENSMUSG00000053128 Rnf26 Down Down 

ENSMUSG00000037533 Rapgef6 Up Down 

 
was upregulated in the low concentration group and downregulated in the high 
concentration group. The NOCT gene encodes the Nocturnin protein which has 
phosphatase activity, catalysing NADP+ to NAD+ or NADPH to NADH [27]. 
NADH, as a carrier and electron donor of hydrogen, affects the level of mito-
chondrial ATP generation during the oxidative phosphorylation process. Tran-
scriptome results showed that low-concentrations of Astragali radix promoted 
NOCT expression at 4 h, while high-concentration Astragali radix inhibited 
NOCT expression at 4 h. This result is consistent with the regulation of mito-
chondrial ATP levels by high- and low-concentration Astragali radix (Figure 
2(A)), indicating that different concentrations of Astragali radix may affect the 
production of ATP by regulating its NADH levels through NOCT.  

4. Discussion 

In Traditional Chinese Medicine (TCM), Qi is defined as the life force energy 
within our bodies and the energy around us. However, current technology does 
not allow us to capture or measure Qi, despite its profound importance in TCM 
as the most fundamental concept. For different types of Qi, kidney is the root of 
vitality (Yuan Qi), which is considered the innate foundation of all biological 
systems. So, for this study, the mouse renal collecting duct cells were selected as 
the target to explore the cellular and molecular changes after treatment with 
Qi-invigorating traditional Chinese herbs.   

Astragali radix, Panax ginseng and Herba cistanche are commonly used clini-
cally as tonifying herbs, with the first two being Qi-invigorating and the last one 
Yang-invigorating. They are used for tonifying Qi and promoting Yang, with 
their efficacy well documented in the classical TCM text, the Shennong Herbal 
Classic. However, its mechanism is not well understood from a western medical 
perspective.  

The linkage between mitochondria and Qi/Chi was first introduced by Dr. 
Wallace [4], who proposed that TCM herbs would cure mitochondria related 
diseases. Based on our current data, Qi-invigorating herbs not only enhanced 
ATP production, but also boosted antioxidant capacity in kidney cells. As a re-
sult, the cells are exposed to less oxidative stress while maintaining a high energy 
output. We speculate that the enhanced energy output is used for repair-related 
cell functions, as cell growth was unchanged. This is consistent with the general 
functions of Qi to increase vitality and immunity, as well as safeguarding all bi-
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ological systems [4] [28]. 
Ko et al. [29] examined the biochemical basis of Yang-invigorating and 

Yin-nourishing herbs and concluded that Yang-invigorating herbs boost ATP 
generation while Yin-nourishing herbs enhance immunomodulatory functions 
ex vivo or in H9C2 cardiomyocytes in vitro [7]. The results reported here are 
consistent with the findings of Ko et al., as all three herbs enhanced ATP genera-
tion in a concentration and time-dependent manner. It was found that with in-
creasing concentrations of Qi-invigorating herbs, the total ATP content of M-1 
cells first increased and then decreased. Thus, Astragali radix showed an in-
verted U-shaped dose-response curve, whereas Panax ginseng and Herba cis-
tanche showed a J-shaped dose-response curve consistent with the theory of 
hormesis. Hormesis is an adaptive response to stress which exhibits a biphasic 
curve characterized by excitation at low doses and inhibition at high doses, and 
according to the different end points generates an inverted U-shaped or J-shaped 
dose-response curve [30]. 

Since Astragali radix extract showed a significant effect on M-1 cells, we used 
it for a more detailed study, with a focus on mitochondrial functions and anti-
oxidant capacity of the cells. For the sake of the robustness of the results, two 
concentrations of Astragali radix were selected with one in and the other out of 
the hormetic zone. The low dose of Astragali radix induced an adaptive response 
that resulted in an increased antioxidant capacity and an increase in mitochon-
drial energetic status, promoting cellular health benefits. 

Both concentrations of Astragali radix had no significant effect on cell growth 
during the time tested. However, numerous changes were observed at both the 
biochemical and molecular level. The low concentration of the Qi-invigorating 
herbs increased ATP production which is normally associated with a higher 
production of ROS. However, our data indicate that under none of the experi-
mental conditions did Astragali radix increase ROS levels, but in fact reduced it 
significantly. This indicates that the antioxidant capacity was enhanced by the 
Qi-invigorating herb to support the continued increase in ATP production. This 
interpretation is supported by the observed enhancement of GSH at 24 h and 48 
h, but not at 4 h indicating it was an induced response to the increase in ATP 
and ROS. The current results are inconsistent with a recent study using H9C2 
cells, which showed that Qi-invigorating herbs boost ATP production mainly 
because of enhancement by reduced GSH, which preserves the function of the 
mitochondria [31]. More research needs to be done regarding the mechanism of 
the increase in GSH by Qi-invigorating herbs to better understand the relation-
ship between the increase in ATP and GSH.  

Mitochondrial membrane potential (ΔΨm) is generated by the proton pump 
which is a critical parameter responsible for ATP synthesis, calcium accumula-
tion and the maintenance of mitochondrial shape [32]. In our study, MMP was 
only increased at 4 h, but dropped back to normal level at 24 h and 48 h despite 
the elevated ATP production, indicating it is a relatively conservative parameter. 
This is consistent with the findings by Zorova et al. who points out that it is crit-
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ical for cells to maintain the stability of MMP levels because the rise or drop of 
MMP will lead to unwanted loss of cell vitality, causing various pathologies [33]. 
The amount of mtDNA is associated with mitochondrial function, which varies 
with a number of cellular and environmental factors [34]. In this study, the 
number of mtDNA copies did not change upon the treatment of Astragali radix 
at both concentrations.  

As expected, the high concentration on the other hand reduced the produc-
tion of ATP, ROS and the antioxidant capacity as indicated by SOD and GSH 
activities. Wang et al. [35] proposed that the stimulatory effect at low doses and 
inhibitory effect at high does on a hormetic curve correspond to the regulatory 
and curing mode of the TCM herbs. The regulatory effect induces adaptive res-
ponses and restores the Yin-Yang balance, while the curing action is to prevent 
the manifestation of disease. In our study, the low-dose “regulatory” effect is to 
boost the ATP as well as the GSH-mediated antioxidant capacity, while the 
“curing” effect is to slow down the energy metabolism as evidenced by the re-
duced ATP and ROS production.  

The molecular mechanism for the metabolic effects of Qi-invigorating herbs is 
not well understood. In our study, by conducting a transcriptome analysis, we 
identified four genes that are significantly affected by Astragali radix, among 
which the NOCT gene which is responsible for the conversion of NADPH to 
NADH is of special interest. Low concentration of Astragali radix promoted 
NOCT expression, while high concentration inhibited NOCT expression. The 
upregulated NOCT gene expression leads to the increase of its catalytic product 
NADH, which in turn increases the efficiency of the electron transfer in the res-
piratory transport chain ultimately leading to the increase of ATP production. 
Therefore, NOCT gene may play an important role in the function of Astragali 
radix in regulating the function of mitochondria. This study lays the foundation 
for further exploring the molecular mechanisms of Qi-invigorating herbs. 
Through the study of the effect of Qi-invigorating herbs on the mitochondrial 
functions, we hope to understand Qi from the perspective of modern sciences. 
According to Dr. Wallace, “TCM and western medicine will meet at mitochon-
dria.”  

5. Conclusion 

We found that, in cultured cells, Qi-invigorating herbs can enhance the function 
of mitochondria including ATP production and antioxidant capacity, which 
yielded reduced ROS levels. This indicates that the biochemical basis of 
Qi-invigorating herbs is to boost the energy production of the mitochondria 
while reducing the ROS by enhancing the antioxidant capacity. Despite all the 
changes in mitochondria, the cell growth was not affected, indicating a role for 
mitochondria in maintaining cellular homeostasis. Since this effect also occurred 
for NOCT gene expression, it could explain that the increase in ATP generation 
was caused by a more efficient turnover of the NADH. This work for the first 
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time examined both the biochemical and molecular basis of the Qi-invigorating 
herbs, with the goal of providing new insights into the mechanisms of TCM 
herbs from a western perspective.  
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