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Mechanism of Yiqi Jiedu Prescriptions in Protection of Mitochondria in PC12 Cells Against
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[Abstract] Objective: To establish an evaluation method for mitochondrial energy metabolism with
Seahorse analyzer and investigate the protective effect of Yiqi Jiedu prescriptions (YQ) on mitochondria in rat
adrenal pheochromocytoma (PC12) cells against hypoxia injury. Method: The PC12 cell injury model was
induced in vitro using hypoxic chambers. Five groups were set up, ie, a control group, a model group (model),

high- (25 pmol-L") , medium- (5 umol-L") and low-dose (1 pmol-L") YQ groups, and a positive drug
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trimetazidine (TMZ) group, with three replicate wells in each group. The experiment was repeated three times.
The established method for energy metabolism analysis was used to assay the activity of mitochondrial complex
in cells and screen the optimal dosing concentration. Subsequently, the YQ group and modified YQ groups were
set up, and the aerobic respiration and glycolysis function were assayed by the Seahorse analyzer. According to
the non-mitochondrial oxygen consumption, proton leakage, basal respiration, maximum respiration, ATP
production, and potentially improved respiration, the effects of modified YQ groups on the aerobic respiration of
mitochondria damaged by hypoxia were evaluated by principal component analysis (PCA) and variable
importance in projection (VIP). The expression of cytochrome C, B-cell lymphoma-2 (Bcl-2) , and Bcl-2-
associated X protein (Bax) was detected by Western blot. Result: Compared with the groups of other
concentrations, the optimal dosing concentration of carbonyl cyanide-4 (trifluoromethoxy) phenylhydrazone
(FCCP) was 2 umol-L"'. Compared with the model group, the medium-dose YQ group showed enhanced
mitochondrial complex activity (P<0.05). The YQ groups were superior to the model group in improvement ( P<
0.01). The combination of ginsenoside and geniposide showed the optimal effect among the modified YQ groups
(P<0.01). VIP analysis revealed that for the improvement of mitochondrial respiratory function, the contribution
of geniposide in YQ was the greatest. Compared with the model group, the high-dose YQ group displayed
reduced leakage of mitochondrial cytochrome C (P<0.01), decreased expression of Bax protein (P<0.01), and
increased expression of Bcl-2 protein (P<0.05, P<0.01). Conclusion: A cellular, high-throughput quantitative
evaluation method for mitochondrial energy metabolism was established, which demonstrated that YQ could
significantly improve the impaired mitochondrial energy metabolism in PC12 cells damaged by hypoxia, and the
underlying mechanism might be related to the protection against mitochondrial apoptosis.

[Keywords] Yiqi Jiedu prescriptions; combination; Seahorse; mitochondrial energy metabolism;

hypoxia model
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Table 2 Mitochondrial complex activities assay results (X+s,n=6)
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Table 3 Mitochondrial stress data statistics of PC12 cells damaged by hypoxia (x+s,n=6)

4157 W /umol L AEZORIRIFIA IR FET P A SN ATP 2L i AR T IT 0 e
Model 14.18+0.19 2.15+0.54 12.12+0.39 16.43+0.26 9.970.29 18.50£0.49
YQ-A 5 16.66+0.26% 3.11+0.55 15.18+0.19% 25.41+0.34% 12.06+0.45% 26.89+0.22%
YQ-B 5 15.77+0.47 2.75+0.44% 15.32+0.59% 24.81+0.96% 12.57+0.55% 25.26+0.09%
YQ-C 5 18.35+0.33% 4.11+0.42 19.35+0.92% 25.39+0.77% 15.24+0.56% 24.39:+0.54%
YQ-AB 2.542.5 18.15+0.37" 3.12+0.40 17.39+0.51% 28.13+0.68% 14.27+0.35 28.89:+0.36%
YQ-AC 2.542.5 22.51+0.35” 4.19+0.58" 21.74+1.27” 23.43+1.52% 17.55+0.78% 24.20+0.61%
YQ-BC 2.542.5 19.83+0.09% 4.29+0.52 19.63+0.99% 21.22+1.41% 15.34+0.74% 21.41+0.34%
YQ-ABC  2.73+1.82+0.45  18.79+0.46" 3.31+0.36" 20.09+0.78% 27.18+1.25 15.74+0.08% 25.88+0.27%

SR A Y P<0.05,7P<0.01,
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Table 4 Statistics of mitochondrial glycolytic function parameters
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Table 5 Compounding analysis of protective effect of mitochondrial respiratory function of YQ using PCA and VIP method (i+s,n=6) 7

215 e i /umol-L™! PCA T84y AW PCA 154 B 4> PCA 184y C 5y PCA T8R4y VIP 154>
Model -0.93+0.05 - - - _
YQ-A 5 —0.24+0.04" -0.64+0.09 - - 0.98+0.06
YQ-B 5 -0.31+0.06" - -0.64+0.14 - 0.99+0.02
YQ-C 5 0.20+0.003" - - -0.15+0.27 1.02+0.07
YQ-AB 2.542.5 0.09+0.06" 0.09+0.17% 0.16+0.08" - -
YQ-AC 2.542.5 0.50+0.001" 0.25+0.37 - 0.42+0.41 -
YQ-BC 2.542.5 0.16+0.04" - -0.05+0.23" -0.53+0.35 -
YQ-ABC 2.73+1.82+0.45 0.29+0.07" 0.31+0.24% 0.53+0.12Y 0.25+0.23 -

¥ : 5 Model 4 Fo 5 V' P<0.01; 5 YQ-A #H H % ¥ P<0.01; 5 YQ-B #H [ %8¢ ¥ P<0.05,YP<0.01,

4iffR Cytochrome C ==

R e -

14 kDa
[-actin wwmee W, - - ~sd 43 kDa
LRk Cytochrome C «uamum wemove @ssege g " egge 14 kDa

[-actin e w— e ey - WS 43 kDa
A B C D E F
A. %5 141 ; B. Model 41 ;C. Egb761 41 ; D. YQ K I 41 ;E. YQ il
AL F YQ M AL (K 2 [7])
E1 JFAPC2AMMAREER CEANRIERIK
Fig. 1 Electrophoresis of cytochrome C protein expression in

each group of PC12 cells

Bel-) e ww— ol ce— o— — 96 kDa

Bax = -— e W —— — 20 kDa

fractin <EEND WEED e e esmp e 43 kDa
A B c D E F
E2 &4EPCI124H Bel-2/Bax E B &KX

Fig. 2 Electrophoresis of Bcl-2/Bax protein expression of PC12

cells in each group
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F U 1 5 2R A N R DG 6 A 3415 B B W ok b

G550 (X+s,n=3)

Table 6 Effect of Yiqi Jiedu prescriptions on expression of apoptosis and mitochondrial respiration-related proteins in PC12 cells (x+s,

n=3)

Cytochrome C

21 5 #eJ¥ /umol - L™ Bax/B-actin Bcl-2/B-actin (SR L)
2 0.97+0.02 1.05+0.06 0.98+0.01
Model 3.55+0.38" 0.60+0.13" 6.18+0.17"
Egb761 4 1.59+0.59% 0.97+0.25% 1.80+0.78"
YQ 1 3.18+0.41 0.73+0.21 4.51+0.49"

5 1.45£0.41% 0.77+£0.13 1.94+0.319
25 1.24+0.27Y 1.17+0.16” 1.02+0.60"

TE 52 (T4 g Y P<0.01; 5B RI4 4 2 P<0.05,Y P<0.01.

.39.
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