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Urinary Metabolomics Aanlysis of Differences in Effect of Aconiti Coreani Radix and

Typhonii Rhizoma on Gerbils with Stroke
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[Abstract] Objective: To investigate the effects of Aconiti Coreani Radix and Typhonii Rhizoma on the
urinary metabolites of gerbils with stroke by non-targeted metabolomics technique, and then to clarify the

mechanism of the two, as well as their similarities and differences. Method: Twenty-four gerbils were randomly
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divided into control group(CG), model group(MG), Aconiti Coreani Radix group(RA) and Typhonii Rhizoma
group (RT). Except for the CG, ischemic stroke model was constructed using right unilateral ligation of gerbil
carotid artery in the remaining groups. Except for the CG and MG, rats in the other groups received whole
powder suspension (0.586 mg-g') was administered for 14 days. The neurological deficit in each group was
scored by Longa scoring on days 0, 3, 7 and 14. After the end of administration, the serum, brain tissue and
urine of gerbils in each group were collected, and the rate of cerebral infarction was detected by 2, 3, 5-
triphenyltetrazolium chloride (TTC) , and the levels of interleukin (IL) -6, tumor necrosis factor (TNF) - «,
malondialdehyde (MDA ) , superoxide dismutase (SOD) , glutathione (GSH) , and nitric oxide (NO) in serum
and brain tissue were determined by enzyme-linked immunosorbent assay (ELISA ). The urine metabolomics of
gerbils in each group was studied by ultra performance liquid chromatography-quadrupole-electrostatic field
orbitrap high resolution mass spectrometry (UPLC-Q-Orbitrap-MS) , and the data were processed by multivariate
statistical analysis, and differential metabolites were screened based on value of variable importance in the
projection (VIP) of the first principal component>1 and #-test P<0.05. Metabolic pathway analysis of the
screened differential metabolites was performed using Kyoto Encyclopedia of Genes and Genomes (KEGG)
database and Metaboanalyst 5.0. Result: Compared with the CG, the neurological deficit score was
significantly increased in the MG (P<0.05) , compared with the MG, the neurological deficit scores in the RA
and RT were significantly reduced after 7 d and 14 d (P<0.05). Compared with the CG, the rate of cerebral
infarction was significantly increased in the MG (P<0.05) , compared with the MG, the rates of cerebral
infarction in the RA and RT were significantly reduced (P<0.05). Compared with the CG, the levels of IL-6,
TNF-a, and MDA in the serum and brain tissue of gerbils from the MG were significantly increased (P<0.05) ,
and the levels of SOD, GSH and NO were significantly reduced (P<0.05). Compared with the MG, Aconiti
Coreani Radix and Typhonii Rhizoma could down-regulate the levels of IL-6, TNF- « and MDA, and
up-regulated the levels of SOD, GSH and NO. A total of 112 endogenous differential metabolites were screened
by urine metabolomics, of which 16 and 26 metabolites were called back by Aconiti Coreani Radix and Typhonii
Rhizoma, and could be used as potential biomarkers for both treatments in stroke gerbils, respectively. The
results of the pathway analysis showed that both Aconiti Coreani Radix and Typhonii Rhizoma had regulatory
effects on arginine and proline metabolism, pyrimidine metabolism, and aminoacyl-tRNA biosynthesis. In
addition, Aconiti Coreani Radix could also regulate riboflavin metabolism, Typhonii Rhizoma could also
regulate purine metabolism, glycine, serine and threonine metabolism, arachidonic acid metabolism,
biosynthesis of pantothenate and coenzyme A, and 8-alanine metabolism. Conclusion: Both Aconiti Coreani
Radix and Typhonii Rhizoma have better therapeutic effects on stroke, with Aconiti Coreani Radix having
stronger effects. From the metabolomics results, the main metabolic pathways regulated by Aconiti Coreani
Radix involve amino acid metabolism, oxidative stress and so on, while Typhonii Rhizoma mainly involve
amino acid metabolism, lipid metabolism, energy metabolism, etc.

[Keywords] Aconiti Coreani Radix; Typhonii Rhizoma; metabolomics; ischemic stroke; multivariate
statistical analysis; biomarkers; ultra performance liquid chromatography-quadrupole-electrostatic field orbitrap

high resolution mass spectrometry( UPLC-Q-Orbitrap-MS)
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Table 1 Effect of Aconiti Coreani Radix and Typhonii Rhizoma

on neurological deficit scores in stroke gerbils (x£s,7=6) 95
251 EAIPN H3R TR 914K
2S4S 0.00£0.00  0.00£0.00  0.00£0.00  0.00+0.00
A 70 24 3.00£0.53"  2.75+0.71" 2.87+£0.64"  2.62+0.51"
KM 2.87+0.64  2.25+0.70  2.00+0.75>% 1.50+£0.53*
EEMA 3.00£0.75  2.50£0.53  2.25+0.71°  1.87+0.64>

S A A LV P<0.05; S E A P P<0.05; 555 0 K 1L
i3 P<0.05( £ 2-% 4 1q))
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T, 528 P4 b, B 2 v BRI 4 4 A BE R
B TF R (P<0.05) , 580 B 20 LA, 5 1 BiE 4 A0 1 FfE
2H b UK 24 2 A R B B B AR (P<0.05) , ILFR 2.
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WA A 4L B. BT C T4 D, & H Al
Bl1 XBMKE B Mg X R E S 5 80
Fig. 1 Effect of Aconiti Coreani Radix and Typhonii Rhizoma on

cerebral infarction in stroke gerbils

3.3 G B B B LT BRAE Ak FE A Y 5
M 52 A B g, A RN 4 VD R 3 A G 4 4

IL-6 . TNF-a, MDA 7K V- B] & Jt &% (P<0.05) , SOD .
GSH .NO 7K - BH & B# A% (P<0.05) , 5 B A0 4 L 5%,
B = S = = W E 220 R W ) S
MDA 7K W] 5 AR, 56 11 B 20 ¥0 BRIl 39 16 7K

®2 XEMEBEWX R RKELENZIE (Fs,n=6)
Table 2 Effect of Aconiti Coreani Radix and Typhonii Rhizoma

on rate of cerebral infarction in stroke gerbils (x+s,n=6)

4150 i 4 5 2 /%
Sk 7.94+0.65
A 70 2 34.55+1.49"
P& E: 16.95+0.39%
& 1 A 19.61+1.14%

- B 5 B K (P<0.05) , SOD .GSH .NO /K F- B .
1 (P<0.05), WL#E3 . EA4,

3.2 KBRS F B R DR VAR i L A Y
A

321 R E ST PCATEA K WK 2, 7]
LB A BAAE N AARHE,
#t— 2 5K Fl OPLS-DA X v B PR B & #4743 Hr
7N LA ] A B U, B A AR R A U ) R AR
PIAE R 528 Al ORI SN B At S
B2 2 [ A7 72 45 1 B 25 5 . K 50 OPLS-DA #
AUE B AEAER G LA 38 i) & 45 50 XF OPLS-DA
BER AT ST I 0E , R°X 5 RY A Bk 8231 1 3R W Al
LG B SCR B, H XY O A Yl b R <o I 3R
Wiy pr il g o S5 R A O EIK T4
M A5, 507 1 Il T £ A2 9\ Ak bk b 1 #k B <0, & 1]
WA R TG ik BE AL G B, ELA R G Y AT J0 1 4
A B, BEAE B b A B LR 3.

*£3 XEAMRSAHM SRR ME$ IL-6.TNF-a .MDA . SOD .GSH.NO 7K FE R (¥+s,n=6)
Table 3 Effect of Aconiti Coreani Radix and Typhonii Rhizoma on levels of IL-6, TNF-a, MDA, SOD, GSH and NO in serum of stroke

gerbils (x+5,n=6)

20 51 IL-6/ng- L’ TNF-a/ng- L’ MDA /nmol-L" SoD/U-L" GSH/ng-L" NO/umol-L"
2 H4H 450.35+5.20 128.44+3.40 9.04+0.15 656.23+11.15 47.55+0.96 21.55+0.47
TR 4] 652.35+23.01" 210.856.11" 13.71+0.45" 408.23+7.51" 29.77+0.50" 11.59+0.26"
ESEL K 610.85+22.04% 152.91+2.41% 9.10+0.46> 539.48+23.83% 36.02+1.04% 16.53+0.14%
T B4 639.10+22.48 189.69+8.87% 9.86+0.51 525.10+23.16% 34.37+0.65% 18.8240.45

x4 XEMEBEM P XD RMAL B IL-6. TNF-a . MDA .SOD.GSH.NO 7K E K &M (X+s,n=6)
Table 4 Effect of Aconiti Coreani Radix and Typhonii Rhizoma on levels of IL-6, TNF-a, MDA, SOD, GSH and NO in brain tissues of

stroke gerbils (x+s,n=6)

215 IL-6/ng-L" TNF-a/ng-L" MDA/nmol-L" SOD/U-L" GSH/ng L™ NO/pmol-L"
R 312.69+6.51 123.55+1.55 8.42+0.42 719.22+12.98 44.13+0.60 21.58+0.20
TR 4] 550.09+9.22" 265.33+3.42" 12.81+0.66" 496.72+13.22" 29.20+0.51" 12.60+0.16"
PAElEN 494.13+11.64% 201.80+1.59% 9.04+0.24% 584.92+4.26 39.83+0.38% 17.63+0.18%
T B2 509.90+2.05 207.56+4.49% 9.74+0.39” 547.28+6.05> 38.13+0.28% 19.53+0.28%

322 ERRMYREE  KIE OPLS-DA i #l
LI VIP{E>1 H P<0.05 445 M JEF7 4 0] 22 S ARt 9

B0 e . 25 1 4 54 A0 4 R0 3k Y 112 4> 22 AR i
Yy, BV 164, NI 95 A, TR S T AE AY Bk i M i
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Fig. 2 PCA scores of urine metabolomics of gerbils in each group
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Fig. 3 OPLS-DA score and permutation test plots on urine metabolomics of gerbils in each group
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Table 5 Analysis of differential metabolites of gerbil urine in each group
No. e » VIP A P LT 2] aérlfsﬁéﬂ E%rl Eﬁ?ﬂ
(BEAV /2 () (BEALGL /2 A 4l) /A A IR Z] A2
1 AR 1.50 0.034'5 = - I
2 NT R 1.70 0.0010 12 T -
3 i I Ay 1.91 0.0219 v - T2
4 s-HILMEF 1.68 0.0175 o T -
5 KNEAB-EEAR 2.09 0.002 7 12 T -
6 Mur 1.78 0.0333 o T -
7 AR 2-TIET R 1.95 0.040 7 T L -
8 SRHE-L-R A 1.85 0.005 7 12 T -
9 RAFTH 1.69 0.0223 v - 12
10 RIS 2.13 0.001 2 T2 - v
11 E=9) 2.13 0.002 2 T? v 1?2
12 N-GEH &R 1.55 0.030 0 Ty - R
13 2-0-F S jms e 1.78 0.021 4 I T -
14 N-ZE 1.77 0.0252 I - Ty
15 PR W 2.05 0.0150 Ty - 1
16 4,5 3L 1.86 0.023 2 12 - Ty
17 ZETRP 1.90 0.0214 I - Ty
18 B RATI 1.45 0.007 6 I Ty -
19 3fHED @ 2.19 0.005 0 12 T2 [
20 LAER 1.61 0.040 6 v T T
21 1-(4-FRFE-3-H A LRI ) -3- 55 i 2.28 0.004 7 I - T
22 AR B 1-0-B-D-H KT 1.80 0.014 0 v - T
23 IRHE 237 0.000 1 12 Ty Ty
24 BT 2.14 0.007 1 12 1Y Ty
25 B E 2.17 0.0070 12 T -
26  sakacin P 1.60 0.039 4 v - Ty
27 TAMEAT 1.98 0.019 0 v - 1Y
28 4-ZF TN 1.33 0.039 0 = - I
29 L EAER 1.65 0.0450 T 1® 12
30 N-ZEAE 1.95 0.010 6 = I -
31 2-BEEAEIEN 1.83 0.0198 v - T2
32 SEEUE-FE AR AR 2.25 0.002 6 1?2 - 12
33 O-NMEIE A 1.72 0.0352 o - T
34 HERD, 1.73 0.024 7 v = Ty
35 TR F 2.05 0.002 2 12 - 12
36 H1-(9Z-t A\ BRA TR TG ) 2-1 DU ¥ i 3% A 1S 1.65 0.022 3 I - 12
TE: T MR RGE B LMD Rk TR - B 22 RV P<0.05,7 P<0.01

14 B A A B Bl HAEAR N R & R0 i A R
et 5K, I A6 Tl 0 A T A 80 A A Qg e e 7= g el
HEA TCA, #EAT B A AL, Feor i 9 2 5 — S A ik

W2 B R Z ABR AR h A 5h 2 E s R, Al
P S T 2 22 W R vl ad a8 s e AR T sk
L 2 T 2y 24 2 f DR A0 T 1 WE i
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