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Jianpi Yiqi Shexue ameliorates immune thrombocytopenia related 
fatigue by regulating mitochondrial function
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Background: Immune thrombocytopenia (ITP) is a heterogeneous autoimmune disease characterized by 
platelet destruction. In previous studies, Jianpi Yiqi Shexue (JPYQSX) was shown to increase the peripheral 
platelet (PLT) counts in patients with ITP. In addition, JPYQSX also dramatically alleviated weakness and 
fatigue. This study aimed to investigate the effect of JPYQSX on ITP related fatigue and to illuminate the 
underlying mechanisms of its therapeutic effects. 
Methods: Prednisone and different doses of JPYQSX were orally administered to mice with ITP. Post-
treatment, all mice were subjected to a forced swimming test. In addition, blood samples were analyzed using 
an automated hematology analyzer. Spleen, liver, lungs, heart, kidneys, and colon tissues were collected to 
determine the expressions of reactive oxygen species (ROS), adenosine triphosphate (ATP), mitochondrial 
DNA (mtDNA), succinate dehydrogenase complex flavoprotein subunit A (SDHA), caseinolytic 
mitochondrial matrix peptidase proteolytic subunit (ClpP), and Lon peptidase 1 (Lonp1). 
Results: Compared with the vehicle group, JPYQSX prolonged the forced swimming time, increased the 
PLT counts, and reduced the liver and spleen indices {calculated as follows: organ index (%) = [organ weight 
(mg)/body weight (g)] ×100%}. In addition, the levels of ROS were upregulated, while the ATP and mtDNA 
contents were downregulated in ITP model mice. Administration of JPYQSX restored the expression of 
these mitochondrial molecules to normal levels. Furthermore, JPYQSX also decreased the expressions of 
SDHA, ClpP, and Lonp1, which are closely related to mitochondrial activity. 
Conclusions: These findings suggest that JPYQSX prevents antiplatelet sera-mediated platelet destruction 
in ITP mice and ameliorates fatigue possibly through its effect on mitochondrial function. This study 
revealed JPYQSX as a potential alternative approach for ITP therapy.
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Introduction

Immune thrombocytopenia  ( ITP) i s  an acquired 
hematological disease characterized by platelet destruction 
and megakaryocyte dysfunction (1). Patients typically 
present with variable severity of bleeding, especially in the 
skin and the mucosa (2). The estimated prevalence of ITP 
is 10/100,000 adults; the estimated annual incidence rate 
ranges from 1.6–3.9/100,000 persons (3). Individuals of all 
ages may be affected by ITP, though the condition is more 
acute in children than in adults. However, the disease is self-
limiting in the vast majority of children. In contrast, ITP in 
adults is more often a chronic disorder that clinically presents 
with weakness, myalgia, arthralgia, shortness of breath, and 
purpura. Apart from the risks associated with bleeding, the 
accompanying symptoms, such as fatigue, have a detrimental 
effect on the daily lives of patients.

A rare autoimmune disease, various immune cells (such as 
T cells, B cells, macrophages, dendritic cells, and mesenchymal 
stem cells) have been implicated in the pathogenesis of ITP (4). 
Corticosteroids have traditionally been used as the standard 
first-line therapy for ITP; intravenous immunoglobulin and 
anti-D immunoglobulin are generally applied as emergency 
rescue therapies that have a transient response (5). Several 
novel therapies and immunosuppressive medications have 
changed the management landscape of ITP. In recent years, 
several drugs such as rituximab and thrombopoietin receptor 
agonists (TPO-RA) have been increasingly used to postpone 
splenectomy; the reported long-term response rate of these 
therapies is 66% (6,7). However, the current treatments 
are mainly focused on extending the lifespan and reducing 
the mortality of patients with ITP. The development of 
therapeutic regimens that improve the quality of life of these 
patients is a key imperative. 

Tr a d i t i o n a l  C h i n e s e  m e d i c i n e s  ( T C M s )  a r e 
complementary and alternative medicines that have been 
successfully used in the treatment of immune-related  
diseases (8), and confer several therapeutic advantages over 
Western medical treatment. They have been shown to 
enhance immune function and alleviate immune deficiency-
related symptoms. In TCM, ITP has been referred to as 
“purpura disease”, and differentiated as “spleen deficiency”. 
Jianpi Yiqi Shexue (JPYQSX) is a Chinese formula developed 
based on the TCM syndrome analysis of ITP. The JPYQSX 
formula includes herbs such as Astragalus membranaceus 
(Huangqi), Codonopsis pilosula (Dangshen), Atractylodes 
macrocephala Koidz (Baizhu), and Poria cocos (Fuling). It is 
designed to invigorate the spleen and supplement qi, which 

ultimately reduces the frequency and severity of bleeding. In 
a clinical study, JPYQSX administered in combination with 
recombinant human thrombopoietin (RHTPO) was shown 
to improve the quality of life of patients; based on TCM 
syndrome score analysis, the study documented alleviation 
of fatigue, ventosity, and poor appetite (9). Studies have 
shown that increased oxidative phosphorylation (OXPHOS), 
as reflected by increased mitochondrial activity, along 
with impaired mitochondrial stress response, can severely 
compromise the regeneration of hematopoietic stem cells 
(HSCs) (10). Moreover, mitochondrial stress is closely related 
to spleen deficiency. Therefore, in this study, we tested the 
hypothesis that JPQYSX protects against platelet destruction 
and ameliorates the fatigue of patients with ITP by regulating 
mitochondrial function.

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2153).

Methods

Herbs and reagents

Lyophilized enzyme-linked protein A was purchased from 
Boshide Biological Technology Co. Ltd. (Wuhan, Hubei, 
China). Gelatin, Tween-20 was obtained from Kehao 
Biological Technology Co. Ltd. (Xi’an, Shaanxi, China). 
Chloral hydrate was provided by Sinopharm Chemical 
Reagent Co., Ltd. (Shanghai, China). Paraformaldehyde was 
obtained from Solarbio Life Sciences Co. Ltd. (Beijing, China). 
Disodium 4-nitrophenylphosphate and diethanol amine were 
provided by the Tianjin Kemiou Chemical Reagent Co. Ltd. 
(Jinnan, Tianjin, China). Mannitol and dimethyl sulfoxide 
(DMSO) were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). Prednisone was purchased from Jingchun Biochemical 
Technology Co. Ltd. (Shanghai, China).

The extract  of  JPYQSX, containing Astragalus 
membranaceus (Huangqi, 20 g), Codonopsis pilosula (Dangshen, 
15 g), Poria cocos (Fuling, 15 g), Atractylodes macrocephala 
Koidz (Baizhu, 10 g), Equus asinus L. (Ejiao, 15 g), Rubia 
cordifolia L. (Qiancao, 10 g), Glycyrrhiza uralensis Fisch. 
(Zhigancao, 6 g), was prepared by the Xinghua Institute 
of Pharmacology (Taiyuan, Shanxi, China), according to 
technological standards for the preparation of TCMs. 

Animals

All experiments were conducted in compliance with the 
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Guidelines for the Care and Use of Laboratory Animals. 
Experimental protocols were approved by the Committee of 
Ethics of Animal Experimentation of the Air Force Medical 
University (No. XYLS2019069). A total of 90 nonpregnant 
BALB/c mice (aged 8 weeks; weight 18–22 g; 45 male and 
45 females) were purchased from the Experimental Animal 
Center of the Air Force Medical University (Code: SCXK-
Shan 2014-002). A total of 24 guinea pigs (weight 250 g; 
12 male and 12 female) were purchased from the Xingping 
Tianrui Laboratory Animal Center (Code: SCXK-Shan 
2012-001). Animals were housed in a breeding room 
for 1 week prior to the experiments under controlled 
environmental conditions (constant humidity and 
temperature). Mice were fasted overnight and an additional 
12 h prior to the administration of drugs.

ITP model and grouping

The detailed procedure for the establishment of the ITP 
mouse model is described elsewhere (11,12). We first 
prepared anti-platelet sera; in brief, thirty BALB/c mice 
were euthanized and whole blood samples were collected 
by cardiac puncture in ethylenediaminetetraacetic acid 
(EDTA)-pretreated tubes. The blood samples were 
centrifuged at 1,000 rpm for 10 min. The supernatant 
containing abundant  plate lets  was  col lected and 
recentrifuged at 3,000 rpm for another 10 min. The 
precipitates were collected, washed twice with phosphate 
buffered saline (PBS), and then resuspended and diluted 
to obtain a final concentration of 2.5×106/mL. The 
harvested platelets were mixed with adjuvants in a ratio of 
1:1 and used as antigens. The 24 guinea pigs were initially 
immunized by a 1 mL subcutaneous injection of a mixture 
of platelets and Freund’s complete adjuvants in the footpads 
and back (5 injection sites in total). The second, third, and 

fourth immunizations were administered at weeks 1, 2, 
and 4, respectively, with a mixture of platelets and Freund’s 
incomplete adjuvants at the same sites. Whole blood was 
withdrawn by cardiac puncture in the fifth week. The blood 
was centrifuged at 1,000 r/min for 10 min. The sera were 
collected and inactivated at 56 ℃ for 30 min, heapsorted 
twice, and diluted with normal saline (NS) in a ratio of 1:4. 
The antiplatelet sera (APS) were tittered as described in the 
literature. The titer of APS in the immunized guinea pigs 
was 2-fold higher than that in the naïve guinea pigs.

After determining the platelet counts in peripheral blood 
using an automated hematology analyzer (PERLONG 
XFA6130, China), 90 BALB/c mice were randomly 
allocated into a control group, vehicle group, prednisone 
group, low-dose JPYQSX group, and high-dose JPYQSX 
group. With the exception of the control group, mice in the 
other 4 groups received an injection of APS (100 µL/20 g 
body weight) every 2 days for a total of 4 times. Mice in the 
control group received an injection of NS instead. On day 
9, all mice were initiated on the following oral treatment 
at a dose of 0.1 mL/10 g body weight: the control and 
vehicle mice received 0.9% NS, prednisone group received 
prednisone solution (2 mg/mL), and JPYQSX groups 
received JPYQSX (410.0 g/L for low dose, 820.0 g/L for 
high dose). This treatment regimen was administered for  
8 days. The schedule is presented in Table 1. 

Forced swimming test and sample collection

The forced swimming test was carried out to evaluate the 
fatigue of mice according to previous studies. All mice were 
subjected to forced swimming with loads constituting 10% 
body weight at 8 days post-treatment. The swimming time 
was recorded and compared between the groups. Blood 
parameters were measured to assess efficacy of the drugs. 

Table 1 Animal grouping and treatment

Group n Treatment Modeling time (d) Administration time (d)

Control 18 0.9% normal saline 8 8

Vehicle 18 0.9% normal saline 8 8

Prednisone 18 Prednisone solution 8 8

JPYQSX (low dose) 18 JPYQSX prescription 8 8

JPYQSX (high dose) 18 JPYQSX prescription 8 8

All mice were orally administrated at 0.1 mL/10 g body weight. Prednisone solution was prepared at a concentration of 2 mg/mL. JPYQSX 
prescription was prepared at a concentration of 410.0 g/L for low dose group, and 820.0 g/L for high dose group. JPYQSX, Jianpi Yiqi 
Shexue; d, days.
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Briefly, 10 µL of serum samples of mice were collected from 
the tail vein prior to the experiment and at 2, 4, and 8 days 
after APS injection, and at 4 and 8 days after the completion 
of treatment. The levels of platelet distribution width (PDW), 
hemoglobin (HGB), and white blood cell (WBC) counts were 
determined using the automatic hematology analyzer. The 
weight of mice was recorded prior to and immediately after 
the experiment. At the endpoint, all mice were anesthetized 
and sacrificed by cervical dislocation. The spleen, liver, heart, 
lung, kidney, colon, and brain were extracted and weighed. 
The organ index was calculated as follows: organ index (%) = 
[organ weight (mg)/body weight (g)] × 100%. 

Measurement of mitochondrial function 

Mitochondrial DNA (mtDNA), reactive oxygen species 
(ROS), and adenosine triphosphate (ATP) were determined to 
evaluate mitochondrial function. Fresh spleens were isolated 
from mice and immediately frozen using liquid nitrogen; 
subsequently, 4 mm thick slices were prepared. A total ROS 
assay kit (Thermo Fisher, Waltham, MA, USA) was used to 
detect the ROS content in the spleen. Qualitative fluorescence 
analysis was conducted using a fluorescence microscope 
(OLYMPUS, Japan). The intensity of red fluorescence was 
positively associated with ROS concentration. The total DNA 
was extracted from spleen tissue using the PicoPure™ DNA 
Extraction Kit (Thermo Fisher, Waltham, MA, USA), and 
amplified and analyzed by real-time fluorescent quantitative 
polymerase chain reaction (qPCR). The ATP content was 
measured using an ATP determination kit (Thermo Fisher, 

Waltham, MA, USA). The relative light unit (RLU) was 
determined using chemiluminescence apparatus. The amount 
of ATP in the colon tissue was calculated according to the 
standard curve of RLU.

Reverse transcription-polymerase chain reaction

Total RNA was isolated from tissues using TRIzol reagent 
(Thermo Fisher Scientific, Waltham, MA, USA) according to 
the manufacturer’s instruction; it was used to generate single-
stranded cDNA for qRT-PCR. The glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) gene was used as an internal control. 
Relative mRNA expression levels were normalized to those of 
GAPDH and calculated according to the 2−ΔΔCT method. The 
primers used are presented in Table 2. 

Western blot analysis

Proteins were isolated from the spleen, liver, lungs, kidneys, 
heart, and colon. Equal amounts of protein (10 µg) were 
subjected to the wells for sodium dodecyl polyacrylamide gel 
electrophoresis (SDS-PAGE) separation, followed by their 
transfer on to polyvinylidene fluoride (PVDF) membranes. 
Subsequently, the membranes were incubated overnight 
with the primary antibodies at 4 ℃, followed by incubation 
with horseradish peroxidase (HRP)-conjugated secondary 
antibodies for 2 h. The following primary antibodies were 
used: anti-succinate dehydrogenase complex flavoprotein 
subunit A (SDHA) (1:2,000, Abcam, Cambridge, MA, USA), 
anti-caseinolytic mitochondrial matrix peptidase proteolytic 
subunit (ClpP) (1:1,000, Abcam, Cambridge, MA, USA), 
anti-Lon peptidase 1 (LonP1) (1:1,000, Abcam, Cambridge, 
MA, USA), and anti-GAPDH (1:10,000, Abcam, USA).

Statistical analyses

Continuous variables are presented as mean ± standard 
deviation (SD) and between-group differences were assessed 
using analysis of variance (ANOVA) and t-test. All statistical 
analyses were performed using the SPSS version 24.0 
(IBM, Armonk, NY, USA) software; P values <0.05 were 
considered indicative of statistical significance.

Results

Forced swimming test

There were no significant between-group differences with 

Table 2 Primers of SDHA, LonP1, ClpP, and GAPDH

mRNA Direction Sequences

SDHA Forward 5'-CCATAGTGGTGGAGCAGACG-3'

Reverse 5'-AGAACAACAGCTGGGCAATG-3'

LonP1 Forward 5'-AGAACTTGGACTTGGCTCGG-3'

Reverse 5'-AGCTGGCTGACTGCAATGAA-3'

ClpP Forward 5'-CCATAGTGGTGGAGCAGACG-3'

Reverse 5'-AGAACAACAGCTGGGCAATG-3'

GAPDH Forward 5'-GTCATCCCAGAGCTGAACGG-3'

Reverse 5'-TACTTGGCAGGTTTCTCCAGG-3'

SDHA, succinate dehydrogenase complex flavoprotein subunit 
A; ClpP, caseinolytic mitochondrial matrix peptidase proteolytic 
subunit; LonP1, Lon peptidase 1; GAPDH, glyceraldehyde 
3-phosphate dehydrogenase.
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Table 3 Forced swimming test of BALB/c mice in different groups (time/s)

Group Before APS injection Day 8 after APS injection Endpoint

Control 215.75±24.69 228.25±38.92 224.50±51.40

Vehicle 218.50±31.93 71.88±19.51* 46.75±18.18*

Prednisone 219.125±23.10 70.88±17.13* 61.63±16.19*

JPYQSX low dose 226.63±38.90 69.13±19.47* 82.38±25.81*▲

JPYQSX high dose 217.88±21.94 66.88±18.59* 97.75±22.85*▲

Compared with control group, *P<0.05; compared with vehicle group, ▲P<0.01. APS, antiplatelet serum; JPYQSX, Jianpi Yiqi Shexue.

Table 4 Organ index in ITP modeling mice after treatment

Parameters Control Vehicle Prednisone JPYQSX low dose JPYQSX high dose

Weight (mg/g) 20.99±2.43 20.63±1.78 19.40±2.83 21.14±2.14 20.52±3.20

Spleen index (mg/g) 0.42±0.20 1.30±0.37** 0.72±0.20**▲ 1.04±0.29**△ 1.06±0.27**△

Liver index (mg/g) 4.58±0.38 5.13±0.33** 5.10±0.38** 4.71±0.62△ 4.61±0.53▲

Heart index (mg/g) 0.55±0.05 0.58±0.07* 0.63±0.10* 0.63±0.13* 0.58±0.08

Lung index (mg/g) 0.63±0.10 0.67±0.08 0.72±0.09* 0.68±0.12 0.64±0.07

Kidney index (mg/g) 1.59±0.22 1.60±0.25 1.50±0.24 1.61±0.26 1.63±0.17

Colon index (mg/g) 0.76±0.18 0.86±0.23 0.82±0.31 0.94±0.29* 0.83±0.21

Brain index (mg/g) 1.66±0.20 1.82±0.21* 1.70±0.37 1.69±0.31 1.80±0.39

Compared with control group, *P<0.05, **P<0.01; compared with vehicle group, △P<0.05, ▲P<0.01. JPYQSX, Jianpi Yiqi Shexue.

respect to forced swimming time prior to the experiment  
(Table 3). However, all experiment groups showed a marked 
decrease in forced swimming time on day 8 after APS injection 
and at the endpoint of the experiments, as compared to that 
in the control group (P<0.01). Of note, the forced swimming 
time in the JPQYSX groups were significantly longer than 
that of the vehicle group and the prednisone group (P<0.01); 
however, there were no significant differences between the two 
JPQYSX groups in this respect (P>0.05). 

Influence of JPQYSX on the organ index 

To investigate the effects of drugs on organ index, 
prednisone, low-dose JPQYSX, and high-dose JPQYSX were 
orally administered to APS-induced mice for 8 consecutive 
days. As shown in Table 4, there were no significant between-
group differences with respect to body weight. At the end of 
the experiment, the spleen, liver, heart, and brain indices in 
the experiment groups were significantly greater than that 
in the control group (P<0.01, P<0.01, P<0.05, and P<0.05, 
respectively); however, there no significant between-group 

differences with respect to kidney index (P>0.05). When 
compared to the vehicle group, the prednisone group showed 
a decreased spleen index, and the JPQYSX group showed 
a decreased liver index. The lung and colon indices were 
significantly higher in the prednisone group (P<0.05) and in 
the low-dose JPQYSX group, respectively.

Effects of JPQYSX on peripheral blood picture

There was no significant difference in terms of platelet 
(PLT) counts among the 5 groups before the experiment 
(Table 5, P>0.05). However, PLT levels were markedly 
decreased at days 4 and 8 after APS injection (P<0.05). 
Following APS injection, prednisone, low-dose JPQYSX, 
and high-dose JPQYSX were orally administered to APS-
induced mice for 8 consecutive days; the PLT level in the 
vehicle group was still lower than that in the control group 
(P<0.01). However, the high-dose JPQYSX group showed 
a higher PLT level compared to the vehicle group at day 4 
(P<0.01) and the prednisone and low-dose JPQYSX groups 
showed higher PLT levels compared to the vehicle group 
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Table 5 Peripheral platelet counts at different time points

Group
Peripheral platelet counts (×109)

Before APS injection Day 4 after APS injection Day 1 after treatment Day 4 after treatment Day 8 after treatment

Control 351.00±50.45 379.67±39.40 361.17±43.75 371.83±45.30 357.50±44.02

Vehicle 356.67±40.07 228.50±51.64* 175.33±35.60* 179.67±61.55* 181.33±47.56*

Prednisone 375.50±54.49 229.17±40.31* 178.00±50.65* 260.00±45.59* 288.33±40.37*▲

JPYQSX low dose 382.67±45.64 209.17±43.42* 191.33±62.53* 260.50±41.03* 289.67±54.52*▲

JPYQSX high dose 371.00±40.87 224.17±20.61* 180.33±64.23* 284.00±32.94*▲ 286.00±53.56*▲

Compared with control group, *P<0.05. Compared with vehicle group, ▲P<0.01. JPYQSX, Jianpi Yiqi Shexue; APS, antiplatelet serum.

Table 6 Blood picture of mice in different groups at different time points

Parameter Groups

Blood picture of mice (x±s)

Before APS 
injection

Day 4 after APS 
injection

Day 1 after 
treatment

Day 4 after 
treatment

Day 8 after 
treatment

PDW (fL) Control 19.98±0.77 19.70±0.65 19.93±0.80 20.20±0.70 20.32±0.45

Vehicle 20.27±0.36 20.02±0.64 19.65±0.52 19.87±0.54 20.05±0.58

Prednisone 20.22±0.57 20.27±0.56 20.00±0.55 19.72±0.50 19.87±0.56

JPYQSX low dose 19.98±0.63 20.10±0.61 19.90±0.55 19.88±0.65 19.82±0.67

JPYQSX high dose 19.92±0.57 20.27±0.55 19.83±0.81 20.03±0.65 19.90±0.80

HGB (g/L) Control 199.83±25.10 211.83±25.28 204.50±32.73 196.17±22.13 214.50±23.36

Vehicle 192.00±30.24 201.33±33.77 185.33±28.56 195.33±27.57 206.67±35.30

Prednisone 203.50±24.64 200.17±33.26 208.17±21.42 188.50±32.14 193.50±18.85

JPYQSX low dose 181.67±20.61 200.50±30.04 209.67±28.95 180.5±25.89 186.33±37.75

JPYQSX high dose 190.17±25.04 188.83±39.20 199.67±33.30 184.50±32.54 198.33±23.00

WBC (×109) Control 7.95±1.68 8.45±1.98 9.06±0.97 7.73±1.03 8.43±0.93

Vehicle 9.21±1.40 7.80±0.80 7.87±1.51 8.26±1.79 7.80±1.29

Prednisone 8.60±1.20 7.79±1.28 7.53±1.55 8.31±1.21 8.45±1.54

JPYQSX low dose 9.35±1.19 8.26±1.19 8.06±1.53 8.82±1.65 7.75±0.60

JPYQSX high dose 7.75±1.15 8.22±1.00 8.28±1.16 8.94±1.23 8.51±1.27

JPYQSX, Jianpi Yiqi Shexue; PDW, platelet distribution width; HGB, hemaglobin; WBC, white blood cell.

until day 8 (P<0.01). No significant difference was observed 
among the 5 groups at any time-point in terms of PDW, 
HGB, or WBC counts (Table 6, P>0.05).

Impact of JPYQSX on mitochondrial function

The levels of ROS were significantly increased in mice 
treated with a vehicle compared to the control group  

(Figure 1). However, the ROS levels were markedly 
decreased after the administration of prednisone, low-dose 
JPQYSX, and high-dose JPQYSX. However, the ROS 
level in the high-dose JPYQSX group was higher than 
that in the prednisone group (P<0.01), and lower than that 
in the low-dose JPQYSX group after administration of 
drugs (P<0.05). The levels of mtDNA in the experiment 
groups were significantly decreased as compared to that 
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Figure 1 ROS expression in spleen tissues reflected by fluorescence intensity. (A) Control group; (B) vehicle group; (C) prednisone group; 
(D) low-dose JPYQSX group; (E) high-dose JPYQSX group; (F) bar graph showing the ROS expression as reflected by fluorescence 
intensity. *P<0.05, **P<0.01 versus control group; △P<0.05 versus vehicle group; ▲P<0.01 versus vehicle group. ROS, reactive oxygen species; 
JPYQSX, Jianpi Yiqi Shexue.
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in the control group (P<0.01); however, the mtDNA 
levels were comparable among the experiment groups 
after the administration of drugs (Figure 2, P>0.05). The 
ATP levels in the colon were significantly decreased in 
the vehicle, prednisone, and low-dose JPQYSX groups 
(Figure 3, P<0.01) and markedly increased in the high-dose 
JPQYSX group (P<0.01) when compared with the control 
group. After medication, the ATP levels in the colon were 
significantly increased; the high-dose JPQYSX group 
showed the highest ATP levels. 

The protein and mRNA levels of SDHA in the spleen, 
heart, and brain tissues were markedly increased in the 
experiment groups compared to the control group (Figures 
4,5); these levels were further decreased in the spleen after 
administration of prednisone and high-dose JPQYSX 
(P<0.05). Importantly, the protein and mRNA expressions 
of SDHA in the brain tissue were restored to normal levels 
after the administration of prednisone. Interestingly, the 

protein levels of SDHA were comparable in the liver, lung, 
and muscle tissues (P>0.05). However, the mRNA levels 
of SDHA were significantly increased in the vehicle group 
(P<0.05), while these levels were downregulated after 
administration of drugs (P<0.05).

The protein and mRNA levels of ClpP in the spleen, 
heart, and muscle tissues were significantly increased in the 
vehicle group compared to the control group (P<0.05). After 
drug administration, the ClpP levels in the spleen were 
decreased in the APS-induced mice (P<0.05). The levels of 
ClpP in the spleen were restored to the normal level in the 
low-dose JPQYSX and high-dose JPQYSX groups, while 
the levels of ClpP in muscle tissues were restored to normal 
in the prednisone and high-dose JPQYSX groups. Besides, 
prednisone and high-dose JPQYSX significantly decreased 
the ClpP levels in the heart, as compared to that in the 
vehicle group (P<0.05).

When compared to the control group, the vehicle 
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Figure 2 Relative mtDNA copy number. (A) 3D-structure of GAPDH gene. (B) Relative mtDNA copy number. The levels of mtDNA 
in the experiment group were significantly decreased as compared to that in the control group (**P<0.01); however, the mtDNA levels 
in the various experiment groups were comparable after the administration of drugs (P>0.05). mtDNA, mitochondrial DNA; GAPDH, 
glyceraldehyde 3-phosphate dehydrogenase.
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Figure 3 Expression level of ATP in colon tissues detected by ATP determination kit. (A) The standard curve of ATP in colon tissues of 
BALB/c mice. (B) Expression of ATP in the colon. Compared with the control group, the ATP levels in colon tissues were significantly 
decreased in the vehicle, prednisone, and low-dose JPYQSX groups (**P<0.01), and markedly increased in the high-dose JPYQSX group 
(▲P<0.01). ATP, adenosine triphosphate; JPYQSX, Jianpi Yiqi Shexue.
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group showed a significant decrease in the protein and 
mRNA levels of LonP1 in the spleen and a significant 
increase in the heart and muscle tissues (P<0.05). After 
drug administration, the LonP1 levels in the spleen were 
increased in the prednisone group and were restored to 
a normal level (P<0.05). In addition, the LonP1 levels in 
the heart tissues were restored to the normal level after 

the administration of low-dose JPQYSX. Besides, LonP1 
levels in muscles were also decreased in the prednisone and 
JPQYSX groups compared to the vehicle group (P<0.05). 

Discussion

Bleeding is the most common symptom of ITP. However, 
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Figure 4 Results of western blot analysis showing the expression levels of SDHA, ClpP, and LonP1 in various groups. (A) Expressions of 
SDHA, ClpP, and LonP1 in the low-dose JPQYSX, control, vehicle, and prednisone groups. (B) Expressions of SDHA, ClpP, and LonP1 
in the high-dose JPYQSX, control, vehicle, and prednisone groups. (C,D,E,F,G,H) Expression levels of SDHA, ClpP, and LonP1 presented 
as a ratio relative to the expression of GAPDH. *P<0.05 versus control group; **P<0.01 versus control group; △P<0.05 versus vehicle group; 
▲P<0.01 versus vehicle group. SDHA, succinate dehydrogenase complex flavoprotein subunit A; ClpP, caseinolytic mitochondrial matrix 
peptidase proteolytic subunit; LonP1, Lon peptidase 1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; JPYQSX, Jianpi Yiqi Shexue. 
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Figure 5 Results of qPCR showing mRNA expressions of SDHA, ClpP, and LonP1. (A) mRNA expression of SDHA; (B) mRNA expression 
of ClpP; (C) mRNA expression of LonP1. **P<0.01 versus control group; ▲P<0.01 versus vehicle group. qPCR, quantitative polymerase 
chain reaction; SDHA, succinate dehydrogenase complex flavoprotein subunit A; ClpP, caseinolytic mitochondrial matrix peptidase 
proteolytic subunit; LonP1, Lon peptidase 1.
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some patients with ITP may be asymptomatic and live with 
ITP for years without any episode of bleeding or visceral 
hemorrhage (1). Therefore, ameliorating the common 
symptoms of ITP (such as bleeding, fatigue, and shortness 
of breath) is a key imperative. In 2003, generic health-
related quality of life (QoL) measures were developed 
for patients with ITP (13); these measures were aimed 
at optimizing the QoL of patients. Fatigue is the most 
common symptom in patients with ITP, irrespective of the 
presence or absence of bleeding. However, fatigue has only 
recently attracted the attention of clinicians and researchers. 
Although ITP-directed therapy can improve fatigue, there 
is a need to develop novel fatigue-directed strategies due 
to the limited effect of ITP-directed therapies (14). Studies 
have shown that the ROS level is markedly increased 
during physical exercise, while it is decreased under 
conditions of fatigue (15,16). Moreover, oxidative stress 
resulting from mitochondrial dysfunction, the efficiency of 
mitochondrial ATP synthesis, and mitochondrial biogenesis 
are involved in the pathogenesis of fatigue (17-19). The 
main physiological functions of mitochondria include the 
generation of ATP, ROS, and synthesis and catabolism of 
metabolites. Abnormality in any of these processes can 
be termed mitochondrial dysfunction (20). In light of the 
above evidence, mitochondrial impairment or abnormalities 
of mitochondrial metabolism are important contributors to 
the development of fatigue in patients with ITP.

A clinical investigation concluded that most patients 
with ITP have a deficiency of qi or an impaired ability of 

the spleen to protect against hemorrhage; in addition, qi-
supplementing and yin-nourishing therapies were found 
to improve the TCM syndromes, including lassitude, 
dizziness, and palpitations (8,21). The JPYQSX formula 
is traditionally used to treat primary ITP in the clinical 
practice of TCM (22). It has shown promising effects 
in elevating peripheral PLT counts; in addition, it has 
shown a prominent impact on antiplatelet antibody and 
immunological cytokines (23,24). In the current study, 
we investigated the efficacy of JPYQSX on the blood 
picture and fatigue of mice with ITP from the perspective 
of mitochondrial activity. Administration of JPYQSX 
elevated the platelet counts to the same level as observed 
with prednisone; this indicates the potential efficacy of 
JPYQSX as a first-line drug. Administration of JPYQSX 
decreased the liver, lung, and spleen indices of mice and the 
effect was comparable to that of prednisone. Most patients 
with ITP ultimately develop hepatosplenomegaly (25), 
which is attributed to an autoimmune disorder, and may 
induce complications, such as abdominal distension and 
pain. Therefore, JPYQSX may be effective in inhibiting 
visceromegaly. The forced swimming test is a good method 
to evaluate physical power. Administration of JPYQSX 
doubled the swimming time of mice compared with the 
vehicle group; further, the performance exceeded that 
observed in the prednisone group. The data suggested that 
JPYQSX not only reduced the risk of bleeding by elevating 
the PLT counts, but also ameliorated fatigue of mice with 
ITP. These findings are consistent with those of a previous 
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clinical study (22). 
Rather than a homogenous disease, ITP is a systemic 

autoimmune disorder which is mainly attributed to immune 
deficiency and infection. However, in addition to the 
immune cells, various molecules are also involved in the 
pathogenesis of ITP. Among these, ROS is an important 
factor (26). Studies have demonstrated the activation of 
oxidative stress related gene pathways in patients with ITP; 
the ROS-modified proteins may trigger the production 
of autoantibodies (27,28). In a recent study, increased 
mitochondrial activity and the consequent increase in 
oxidative phosphorylation were shown to severely impair 
the regeneration of hematopoietic stem cells, thereby 
resulting in the destruction of platelets (10). Moreover, 
antioxidant therapy was shown to ameliorate the bleeding 
tendency in patients with ITP (29). Importantly, the first-
line therapy, methylprednisolone, can effectively reduce the 
oxidative stress in patients with ITP (30). Thus, oxidative 
activity might play a pivotal role in the process of ITP. In 
the present study, we found that JPYQSX elevated the levels 
of ROS, ATP, and mtDNA in mitochondria. This implies 
that JPYQSX may protect against platelet destruction and 
relieve fatigue via its effect on mitochondrial activity.

Functionally, ClpP is a mitochondrial matrix protease 
which plays a crucial role in mitochondrial protein turnover 
and bioenergetics activity (31). Overexpression of ClpP 
induces mitochondrial oxidative damage. In the present 
study, we demonstrated increased protein expression of ClpP 
in the ITP mice model, which was restored by JPYQSX. 
There is an involvement of SDHA in mitochondrial energy 
metabolism (32), and the mRNA expression of SDHA was 
reduced in the ITP mice model. However, it was elevated 
after treatment with JPYQSX and prednisone, which was 
consistent with the ATP level changes among the groups. 
The is a close relationship between LonP1and oxidative stress 
and aging, and its activity is essential for the maintenance of 
mitochondrial proteostasis (33,34). Deficiency of LonP1 was 
shown to result in partial loss of mtDNA and suppression 
of mitochondrial translation; LonP1 upregulation was 
shown to induce the opposite changes in oxidative  
phosphorylation (35). In the present study, JPYQSX 
downregulated LonP1 expression to a normal level. However, 
the signaling pathways mediating the effects of JPYQSX are 
unknown at present. Previous studies revealed that MAPK1 
signaling pathway was involved in the effects of Yiqi Shexue 
formula on primary ITP (36). Further studies are needed to 
clarify the signaling pathway underlying JPYQSX-mediated 
effects in ITP.

Conclusions

In summary, JPYQSX was found to be a potent formula for 
the treatment of ITP. It lowered the risk of hemorrhage 
and alleviated symptoms like fatigue. Mitochondrial 
related molecules, including ROS, ATP, and mtDNA 
were maladjusted in the ITP mice model. Treatment 
with JPYQSX remarkably restored their expression. 
Determination of SDHA, ClpP, and LonP1 further 
validated the impact of JPYQSX on mitochondrial activity. 
Further studies are required to comprehensively elucidate 
the underlying mechanism of the therapeutic effect of 
JPYQSX in ITP.
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