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Abstract

Objective: In this study, the effects of peroxlsome proliferator-activated re-
ceptor- y coactlvator-1a(PGC-1a)-nuclear respiratory factor-1(NRF-1)- mito-
chondrial transcription factor A(TFAM) pathway signaling and the effect of
Sini Decoction on PGC-1a-NRF-1-TFAM pathways and the effects of Sini
Decoction on the PGC-10-NRF-1-TFAM vy pathway were investigated by de-
tecting the changes in the key proteins of the energy metabolism pathway of
myocardial tissue in rats with cardiac-kidney-yang deficiency model and its
corresponding period. Methods: SD rats are randomly divided into normal
group at "Yujie time", normal group at "Non-Yujie Time", model group at
"Yujie Time", model group at "Non-Yujie Time", drug group at "Yujie Time",
and drug group at "Non-Yujie Time". After the end of molding and adminis-
tration, the myocardial tissue was taken from “Yujie Time” and "Non-Yujie
Time" for 6 days. Western Blot detected the levels of PGC-1a, NRF-1, TFAM
protein in experimental rat myocardial tissue during the Yujie Time and
Non-Yujie Time. Results: The gray value of PGC-1a protein in the model
group within 1 to 6 days was basically lower than that of the normal group,
and the gray value of NRF-1 and TFAM protein was higher than that of the
normal group in the early stage and lower than that in the normal group in the
later stage. The gray value of PGC-1a and NRF-1 proteins in the drug group
was higher than that of the model group, and the gray value of TFAM protein
was lower than that of the model group in the early stage and higher than that
in the model group in the later stage. Conclusion: In the doxorubicin and hy-
drocortisone-induced "heart-kidney yang deficiency" rat model, PGC-1a pro-
tein expression decreased, and NRF-1 and TFAM protein expression in the
pre-course stage of the disease group were higher than in the normal group,
suggesting that the high expression of NRF-1 and TFAM protein in the early
stage of CHF disease may exert its stress protection mechanism, and the ex-
pression decreased in the later stage of the experiment, and we believe that the
PGC-10-NRF-1-TFAM signaling pathway may be conducted in the later stage
of the disease course; Sini Decoction can upregulate the expression of PGC-1a
and NRF-1 proteins in myocardial tissues, upregulate the late expression of
TFAM proteins, or regulate the PGC-10-NRF-1-TFAM signaling pathway.
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1. Introduction

According to ancient medical records, modern medical research believes that the advanced symptoms of chron-
ic heart failure (CHF) are similar to the symptoms of heart and kidney yang deficiency in oligo-yin disease [1],
such as "Lingshu Theory of Inflation": "People with heart distention, shortness of breath, restlessness." "Jin
Kuang Essentials, Water Gas Disease Evidence and Treatment" said: "Those who have a heart of water are heavy
and have little qi, they must not lie down, they are irritable and irritable, and their people are swollen."

Article 323 of the original text of "Typhoid Fever": "Less Yin disease, those with a sinking pulse, those who are
in a hurry and warm, it is advisable to have Sini Decoction." Tao Jiean Yiyun: "Less yin and rapid temperature
have two evidence, the internal cold is already very much, the yang and qi are desperate, and the temperature
should be urgent and undoubted", modern studies have found that the Sini Decoction can reduce the oxidative
stress response of the mitochondria of cardiomyocytes with doxorubicin heart failure, improve mitochondrial
function, protect myocardial tissue, and increase the synthesis and reserve of adenosine triphosphate (ATP) [2-3].
The PGC-10-NRF-1-TFAM pathway is one of the important pathways for regulating myocardial mitochondrial
biosynthesis [4], so this study aims to explain the pathological changes of "cardio-renal yang deficiency"” in oli-
go-yin disease and the intervention effect of Sini Decoction from the PGC-1a-NRF-1-TFAM pathway.

2. Materials and methods
2.1 Laboratory animals

396 SD rats, weighing 170-200g, healthy and infertile, male and female, provided by Beijing Huafukang Bio-
technology Co., Ltd. [License number: SCXK (Beijing) 2019-0008].

2.2 Experimental drugs and instruments

Aconite, dried ginger, licorice, etc. (purchased in Bayi Road Chinese herbal medicine market, identified by the
Department of Pharmacy, Qinghai University School of Medicine); doxorubicin (purchased from Beijing Hua-
maike Biotechnology Co., Ltd.); cortisone (purchased from Sinopharm Rongsheng Pharmaceutical Co., Ltd.);
Conventional surgical instruments, provided by the Department of Pharmacy, School of Medicine, Qinghai Uni-
versity; Electronic balances (PL203, Mettler Toledo); Ultrapure water purifier (Milli-Q, Merck Millipore Inc.);
high-speed centrifuge (Eppendorf Centrifuge 5418R, USA); Microplate reader (RT-6100, Rayto); Grinder (KZ-II,
Servicebio); Decolorized shaker (TSY-B, Servicebio); Vertical electrophoresis instrument (BV-2, Servicebio);
Transfer electrophoresis instrument (BT-2, Servicebio).

2.3 Drug preparation

Preparation of the liquid of the Sini Decoction group: according to the "Pharmacopoeia of the People's Republic
of China" (aconite 300g, dried ginger 200g, licorice 300g) dosage ratio accurately weighed, soaked for 1h, add
water decoction 2 times, the first time 1.5h, the second lh, filter, combined filtrate, concentrate, make a liquid
containing crude drug with a crude drug content of Ig/ml, and store it in a refrigerator at 4 °C for later use.

2.4 Grouping, mold making and material extraction

According to the random number table method, the SD experimental rats were divided into three groups, in-
cluding 108 in the normal group, 144 in the model group and 144 in the drug group. The experiment was started 1
week after adaptive feeding, and according to the relevant literature [4-5], 0.02% doxorubicin 1 ml/100 g intrape-
ritoneally was injected intraperitoneally in rats in the model group and drug group, once every 3 days (2 days
apart), for a total of 4 times. From the second day after the end of the fourth injection of doxorubicin, the model
group and the drug group were injected with hydrocortisone 20mg/kg (0.1ml/100g) intramuscularly in the hin-
dlimbs of the model group and the drug group, once a day, continuously injected for 16 days, and the left and right
limbs were alternately performed. After 5 days of cortisone injection, 10g/kg gavage of Sini Decoction was given
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at the same time as cortisone injection, once a day, for 11 consecutive days. The normal group injected an equal
volume of normal saline at the same time period. All rats are weighed and temperature measured every 4 days
during the experiment.

Starting from the 5th day of doxorubicin injection, some rats in the model group and drug group were hairy;
After 1 week, most of the rats had loose stools, light color, reduced activity, and huddles; After 2 weeks, the coat
was loose and the shine was poor. The normal group's diet, fur, and activity were normal. During the experiment,
individual rats died in the model group and the drug group.

Drawn:

After the completion of modeling and administration, the normal group, model group and drug group were
grouped again, first each group was divided into 6 groups (index collection for a total of 6 days), each group was
divided into 2 groups (specimens were collected in 2 time periods every day when there was a desire to solve and
when there was no desire to solve), and rats in the normal, model and drug groups were extracted every day when
the oligoyin disease was about to be solved (1:00-3:00) and when the non-solution was not desired (13:00-15:00),
and the rats were sacrificed after intraperitoneal injection anesthesia to take myocardial tissue, and the surface
blood stains were rinsed with 0.9% normal saline. Remove the fascia on the surface of the organs, cut the myocar-
dial tissue into 0.5 cm size tissue blocks, and store in the -80 °C refrigerator. Continuously taken for 6 days.

2.5 Model determination

Rats eat less, reduce activity, fear of cold and warmth, curl up with arched back, dry body hair, no fur, weak
breathing, weak energy, and loose stool. At the same time, the above performance indicates the success of mold-
ing.

2.6 Indicator detection

Western Blot method detected the levels of PGC-1a, NRF-1 and TFAM protein in myocardial tissue, washed
the experimental rat myocardial tissue block with pre-chilled PBS, added homogenate beads and lysate for homo-
genization. Ice cracking; Centrifuge to collect the supernatant (total protein solution). Denatured proteins in a
-20 °C freezer for later use; SDS-PAGE electrophoresis was performed, electrophoresis was terminated at the
bottom of about 1cm in bromophenol blue, membrane transfer (wet transfer), the transferred membrane was put
into an incubation tank containing TBST, skim milk was added, placed on a decolorization shaker, and closed for
30min at room temperature; Add the configured primary antibody and incubate the shaker at 4 °C overnight
(shaker slow shake); Recovery of primary antibody, use TBST rapid washing film three times, add TBST and
place it on a decolorization shaker for rapid elution for Smin each time, wash three times; The secondary antibody
was diluted with TBST at a ratio of 1:5000, then added to the incubation tank, placed on a shaker and slowly
rocked, and incubated at room temperature for 30min; Quickly wash the film three times with TBST, then add
TBST, place on a decolorization shaker for rapid elution for 5 min each time, wash three times. In darkroom ex-
posure, film scanning and archiving, PhotoShop finishing decolorization, Alpha software processing system ana-
lyzes the optical density value of the target band.

2.7 Statistical methods

SPSS22.0 statistical software was used for data statistics, measurement data were expressed by (x=s),
one-way ANOVA was used for multi-group comparison, and independent sample t-test was used for pair-to-group
comparison, and the test standard a=0.05, P<0.05 was statistically significant.

3. Results
3.1 Gray value of PGC-1a protein in experimental rat myocardial tissue

Except for the 4d13 and 6d1 time periods, the expression of PGC-1a protein in the other model groups was
lower than that in the normal group, among which the difference in the 6d13 time period was statistically signifi-
cant (P<0.05), and there was no significant difference between the model group and the normal group at other
time points (P>0.05); except for the 5d13 time period, the expression of PGC-1a protein in the other model groups
was lower than that in the drug group, among which 2d13, The difference in the 3d13 time period was statistically
significant (P<0.05), and there was no significant difference between the model group and the drug group in the
remaining time period (P>0.05).
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Table 1. Gray scale values of PGC-1aprotein in myocardial tissue of experimental rats in Yujie Time and non-Yujie Time

(n=3)

Point Norr;lail_ froup Mmifelgsroup Dn;g igzoup r P
1d13 0.2067+0.15308 0.1367+0.04726 0.2033+0.24007 0.168 0.849
1d1 0.3067+0.13051 0.1233+0.09238 0.2033+0.06110 2.595 0.154
2d13 0.1667+0.08021 0.1067+0.09866 0.2967+0.17616" 1.799 0.244
2d1 0.1967+0.03215 0.1933+0.05132 0.2567+0.09018 0.969 0.432
3d13 0.6633+0.19502 0.4367+0.10017 0.6833+0.17559" 2.141 0.199
3d1 0.6767+0.12423 0.5967+0.05508 0.723340.12342 1.096 0.393
4d13 0.2933+0.14012 0.4633+0.09292 0.5633+0.15275" 3.250 0.111
4d1 0.5533+0.05033¢ 0.5333+0.08963 0.5767+0.11547 0.177 0.842
5d13 0.5867+0.26558 0.5133+0.14572 0.4467+0.09238 0.440 0.663
5d1 0.6600£0.04583 0.4033+0.00577 0.6300:£0.08660 18.398 0.003
6d13 0.3333+0.12583 0.1567+0.06351" 0.2000+0.06245 3.210 0.113
6d1 0.4200+0.12288 0.5267+0.02082** 0.5400+0.055684 4 2.089 0.205

Note: 1d13 is when the solution is not desired on day 1, 1d1 is when the solution is not desired on day 1, and so on; Compared with the normal group
at the same time point on the same day, *P<0.05, **P<0.01; compared with the model group at the same time point on the same day, #P<0.05,
##P<0.01; the normal group was compared with the normal group at different time points on the same day, 4P<0.05, 4 4P<0.01; the model group
was compared with different time points on the same day, %P<0.05, % % P<0.01; the drug group was compared at different time points on the same
day, AP<0.05, A AP<0.01.

3.2 Grayscale value of NRF-1 protein in experimental rat myocardial tissue

The expression of NRF-1 protein in the normal group was lower than that in the model group in the 1d13, 2d13,
2d1, 3d1 and 4d1 time periods, and the rest of the time periods were lower than the normal group in the model
group, among which the differences in the 3d13, 3dl1, 5d1 and 5d13 time periods were statistically significant
(P<0.05), and there was no significant difference between the model group and the normal group in the remaining
time periods (P>0.05); except for the 3d13 and 5d13 time periods, the NRF-1 protein expression in the other mod-
el groups was lower than that in the drug group. Among them, the differences in the 1d1 and 5d1 time periods
were statistically significant (P<0.05), and there was no significant difference between the model group and the
drug group in the remaining time periods (P>0.05).

Table 2. Gray scale values of NRF-1 protein in myocardial tissue of experimental rats in Yujie Time and non-Yujie Time (n=3)

Point Norr;lail_ zEroup Moc;eliiroup Dru;g i{gzoup r P
1d13 0.78330.09074 0.8400+0.08544 0.8800-+0.12530 0.680 0.542
1d1 0.6567+0.13503 0.4567+0.10504** 0.7100+0.15716" 2.975 0.127
2d13 0.8033+0.15308 0.9133+0.06351 1.0400+0.08718 3.600 0.094
2d1 0.5733+0.15885 0.6733+0.06351 0.8700-+0.01000 6.982 0.027
3d13 0.5533+0.05508 0.6567+0.02517"" 0.6467+0.02887" 6.496 0.032
3dl 1.0167+0.05859¢ 1.1467£0.01155"** 1.1867+0.02309™" 44 17.341 0.003
4413 0.8667£0.02517 0.7867x0.15011 0.9100£0.14933 0.775 0.502
4d1 0.8100+£0.22271 0.8733+0.13317 0.9367+0.10017 0.467 0.648
5d13 1.2233+0.10017 0.9333+0.12583" 0.7900-+0.00000"" 16.957 0.003
5d1 0.9800+0.15875¢ 0.6233+0.22030""* 0.9233+0.02887" 4.434 0.066
6d13 0.9833+0.02887 0.8267+0.20793 0.8933+0.06429 1.154 0.377
6d1 1.0533+0.16166 0.9933+0.04041 1.1167+0.02887 1.197 0.365

Note: 1d13 is when the solution is not desired on day 1, 1d1 is when the solution is not desired on day 1, and so on; Compared with the normal group
at the same time point on the same day, *P<0.05, **P<0.01; compared with the model group at the same time point on the same day, #P<0.05,
##P<0.01; the normal group was compared with the normal group at different time points on the same day, 4P<0.05, 4 4P<0.01; the model group
was compared with different time points on the same day, %P<0.05, % % P<0.01; the drug group was compared at different time points on the same
day, AP<0.05,A AP<0.01.
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3.3 Grayscale value of TFAM protein in experimental rat myocardial tissue

On day 1, day 2, 3d1 and 4d13, the TFAM protein in the normal group was lower than that in the model group,
and the rest of the time points were lower than the normal group in the model group, among which the differences
in the time periods of 1d13, 5d13 and 6d13 were statistically significant (P<0.05), and there was no significant
difference between the model group and the normal group in the remaining time periods (P>0.05); the expression
of TFAM protein in the drug group in the drug group on day 1, day 2, 3d1 and 4d13 was lower than that in the
model group. The expression of TFAM protein in the drug group was higher than that in the model group in the
remaining time periods, among which the differences in the time periods of 1d13, 4d13 and 6d1 were statistically
significant (P<0.05), and there was no significant difference between the model group and the drug group in the
remaining time periods (P>0.05).

Table 3. Gray scale values of TFAM protein in myocardial tissue of experimental rats in Yujie Time and non-Yujie Time (n=3)

Normal group Model group Drug group
Point _ _ _ F P
X=ts Xzts Xts

1d13 0.5967+0.07095 0.73000.07211" 0.4700+0.09539" 7.869 0.021
1d1 0.2833+0.02517** 0.3100+0.03606*™* 0.2667+0.070244 4 0.626 0.566
2d13 0.5167+0.17214 0.6200+0.05292 0.5000:£0.04359 1.108 0.390
2d1 0.6667+0.05686 0.69000.07550 0.63000.01000 0.911 0.451
3d13 0.4167+0.02082 0.4000+0.06083 0.4233+0.02082 0.285 0.762
3d1 0.4100£0.09539 0.4167+0.04933 0.39000.06083 0.114 0.894
4d13 0.4600+0.07211 0.59000.01000 0.2667+0.06506"" 24.990 0.001
4d1 0.3567+0.08622 0.3200+0.14107** 0.4400+0.140004 0.725 0.522
5d13 0.66670.04933 0.4967+0.05033" 0.5500+0.10149 4.456 0.065
5d1 0.7333+0.06351 0.6067+0.13279 0.6833+0.04163 1.566 0.284
6d13 0.5200+0.06928 0.3500+0.09644" 0.4333+0.03215 4.297 0.069
6d1 0.8200+0.03464** 0.8133+0.04509** 0.9200£0.0300074 4 7.774 0.022

Note: 1d13 is when the solution is not desired on day 1, 1d1 is when the solution is not desired on day 1, and so on; Compared with the normal group
at the same time point on the same day, *P<0.05, **P<0.01; compared with the model group at the same time point on the same day, #P<0.05,
##P<0.01; the normal group was compared with the normal group at different time points on the same day, 4P<0.05, 4 4P<0.01; the model group
was compared with different time points on the same day, %P<0.05, % % P<0.01; the drug group was compared at different time points on the same
day, AP<0.05,A AP<0.01.

4. Discussion

Current studies have found that mitochondrial dysfunction is an important pathogenesis of CHF, so improving
myocardial mitochondrial function can delay the malignant transformation of CHF [5]. Relevant studies have
confirmed that PGC-1a can form a co-activator with NRF-1 to act on TFAM, and TFAM is the core regulator of
mitochondrial transcription, which can directly regulate the transcription and replication of mitochondrial DNA,
and then regulate mitochondrial ATP synthesis to ensure the normal morphology and function of mitochondria
[6-7].

Pro-inflammatory stimuli have been shown to downregulate mitochondrial mtDNA, transfer TFAM from peri-
nuclei to the cytoplasm, and elevated TFAM expression to repair mtDNA damage and inhibit cellular damage
caused by oxidative stress by inhibiting the expression of toll-like receptor 4 (TLR4) [8]. Hayashi Y, Suarez J et al.
have shown that overexpression of TFAM in animal models of myocardial infarction associated with mtDNA
oxidative stress exerts a protective effect rather than a transcription factor [9-10].

Studies have found that overexpression of NRF-1 gene in rat cardiomyocytes can slow down the decline of mi-
tochondrial membrane potential caused by hypoxia and improve the viability of cells under hypoxic conditions
[11]. Moreover, the overexpression of NRF-1 gene promoted the expression of anti-apoptotic factor (Bcl-2) and
inhibited the expression of apoptotic factor (Bax), and also reduced the expression of Caspase-3, which was more
conducive to maintaining cell stability and enhancing oxidative stress [12], indicating that NRF-1 has a certain
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inhibitory effect on cardiomyocyte apoptosis caused by hypoxia. When the heart is under high workload or the
increase in energy demand leads to a series of compensatory reactions, it promotes the increase in the combination
of NRF-1 and TFAM, which increases the expression and replication of mitochondrial DNA under synergistic
action [13].

In this experiment, it was shown that the expression of PGC-1a protein in the model group was reduced, and
the expression of NRF-1 and TFAM protein decreased significantly or even showed higher expression in the early
stage of the experiment, and it decreased in the later stage, we believe that the PGC-1a-NRF-1-TFAM signaling
pathway may be conduction in the later stage of the disease, while NRF-1 and TFAM proteins may inhibit the
oxidative stress response of cardiomyocytes caused by doxorubicin and the decrease in mitochondrial membrane
potential through high expression [14], improve the survival rate of cardiomyocytes. The specific reasons still
need to be further experimentally explored.

The Sini Decoction is the main recipe used in Zhang Zhongjing's "Typhoid Fever" in the Han Dynasty to treat
the deficiency of less yin and cold, which is composed of aconite, licorice and dried ginger, mainly Fuyang, and
has the effect of dispelling cold in warmth and returning to the yang. It is mainly used for the treatment of yang
deficiency and yin Shengzhu [15]. Modern studies have found that Sini Decoction has the effect of inhibiting
oxidative stress response, anti-myocardial apoptosis, and improving myocardial energy metabolism [16]; Modern
pharmacological studies have also confirmed that aconite, dried ginger, and licorice in Sini Decoction have the
effect of protecting cardiomyocytes and improving cardiac function [17-19]. The results of this study showed that
the Sini Decoction could effectively enhance the signal transduction of PGC-1a and NRF-1 proteins, and the ef-
fect on TFAM proteins was not obvious, and it was guessed that the main targets of the Sini Decoction were
PGC-1a and NRF-1 proteins, and the expression of TFAM was upregulated in the later stage or the regulatory
effect of PGC-1a and NRF-1 proteins, which once again proved that the PGC-1a-NRF-1-TFAM signaling path-
way should be conducted in the later stages of the disease.

Project source

National Natural Science Foundation of China (NSFC) (81860809): Shaoyin disease (heart and kidney yang
deficiency) "when trying to solve" and experimental rat myocardial tissue PGC-1a energy signal pathways and
SiNi Decoction intervention study, Person in charge: Wang Renai.
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