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Abstract: Objective To investigate the antipyretic effects and pharmacological substance basis of water extract of root of Mimosa
pudica on a fever model rat induced by dry yeast. Methods The chemical constituents of water extract of root of M. pudica were
identified using HPLC. A rat fever model was established by subcutaneous injection of 20% dry yeast suspension. The levels of tumor
necrosis factor-a (TNF-a), interleukin-1f (IL-1B) and IL-6 in serum, as well as 5-hydroxytryptamine (5-HT), prostaglandin E2 (PGE2)
and cyclic adenosine monophosphate (cAMP) in hypothalamus were measured using ELISA. Non-targeted metabolomics analysis of
serum and hypothalamus in rats was performed using UPLC-Orbitrap Fusion MS to elucidate the antipyretic mechanism of water
extract of root of M. pudica. Column chromatography and semi-preparative liquid chromatography, combined with modern
spectroscopic techniques such as NMR and MS, were employed to isolate and identify the chemical constituents of root of M. pudica.
Molecular docking was used to evaluate the affinity of the identified chemical constituents for the key antipyretic target Toll-like
receptor 4 (TLR4). And its anti-inflammatory activity was evaluated by examining the effect of chemical components in root of M.
pudica on lipopolysaccharide induced nitric oxide (NO) release in RAW264.7 cells. Results A total of four flavonoid components
(quercetin, rutin, myricetin, luteolin) were identified in water extract of root of M. pudica. Pharmacological experiments showed that
the body temperature of rats significantly increased 5 h after modeling (P < 0.01), water extract of root of M. pudica group exhibited
significantly lower body temperatures at all time points compared to model group (P < 0.01), the root of M. pudica significantly reduced
the levels of cAMP, 5-HT, PGE: in hypothalamus and TNF-a, IL-6, IL-1p in serum of feverish rats (P < 0.001). Metabolomics results
revealed significant changes in metabolic profiles of hypothalamus and serum after dry yeast-induced fever, identifying 34 and 16
potential biomarkers, respectively. After intervention with root of M. pudica, the levels of these biomarkers were significantly regulated,
primarily affecting pathways such as amino acid metabolism, purine metabolism, pyrimidine metabolism, citric acid cycle, vitamin Be
metabolism, primary bile acid biosynthesis and steroid hormone biosynthesis. A total of eight organic acid components were isolated
from root of M. pudica and identified as hexacosane (1), heptadecanoic acid (2), (25)-1-O-heptatriacontanoylglycerol (3), methyl
dihydrocaffeate (4), 3,4-dihydroxybenzyl alcohol (5), protocatechuic acid (6), caffeic acid (7) and ethyl gallate (8). Among these,
compounds 1—8, except for compound 7, were discovered for the first time in Mimosa genus. Molecular docking results showed that
except for compounds 1 and 3, the remaining compounds and flavonoids exhibited affinity for TLR4. Compounds 1—8 demonstrated
strong anti-inflammatory effects in vitro, suggesting their potential as the material basis for the antipyretic effects of root of M. pudica.
Conclusion The water extract of root of M. pudica exhibits significant antipyretic effects on dry yeast-induced fever in rats. Its
mechanism may be related to the inhibition of endogenous pyrogenic factor release and the regulation of metabolic pathways such as
amino acid metabolism, purine metabolism, and energy metabolism. The pharmacological substance basis responsible for its antipyretic
effects are likely organic acids and flavonoids.
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JI% (5-hydroxytryptamine, 5-HT) &7 & (L5 MM-
0442R1), K ATHIMRZ B2 (prostaglandin E», PGE,)
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2%~18%B; 3.00~5.00 min, 18%~70% B; 5.00~
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9L 100 L. BEEXTIRAL, RS 254, FA
6 NI FL. FraiubBE S, R AR A
TAHMMRE R, SAAMANMENZGY (10
pmol/mL), W¥E 1h 5, BIAAMLGZGAMA LPS
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Fig.3 Levels of TNF-a, IL-6, IL-1p in serum and PGE2, cAMP, 5-HT in hypothalamus of rats in each group (Xt s,n=28)
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Fig. 4 Total ion flow chromatograms of hypothalamic samples in each group in positive (A) and negative (B) ion modes
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Fig.5 Total ion flow chromatograms of serum samples in each group in positive (A) and negative (B) ion modes
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Fig. 6 Metabolic analysis of hypothalamic samples in each group
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Fig.7 Metabolic analysis of serum samples in each group
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%1 OPLS-DA HEIHII A HUE
Table 1 Fitting parameters of OPLS-DA model
# N I
ZH 5
B AL R%x R%y 0? R%x R?y 0?
EET SHHRLHE v R ZH 0.389 0988  0.802  0.4l11 0.989  0.929
MR vefr 25 HAR K IR Y) i I 21 0412 0985  0.810 0406 0978  0.823
T SHHRLHE v R ZH 0.404 0952  0.704 0457 0994 0917
WA v 5 Z5 AR KRV w2 0489 0992  0.798  0.271 0.983  0.768
3.5 ERREYLEERIFE RPN Z 7Y, g5 K 2. 3. WK

RETTEZDIVE: A 57111 i il AN LD QIR Y 2
A P<0.05 H VIP>1 FI28 S AE NIEELE A
LWy, #1454 HMDB $udfE  Hxf i & F &
AR A BT Ll . R S S AR R e (), gk
M4 e HR A vs ETRUAH . BRI v 425402 R)AR

®2 DVEERNKRYSTIBERR T ERPRREBEEIRE

Table 2 Endogenous potential biomarkers in hypothalamus of rats in water extract of root of M. pudica high-dose group

BRI Sz B i ) € 164 34 MBERIE

YbrE, &F

Za EMOKIRYI TR, RO

TH AT A bR S R R, SoRIX Lk
E 1) AW 500 o] 55 2 5 MR K R A 8 A
PRI A R A ThRE -

o . . I oy TRTA A vs B 25 AR
g (UL Vins fr/min mlz B SR v A KR AL
1 s CioHNsOs 3410 284.07586  IEET 1 l
2 i CioH12N2 4.577 160.100 14  EET 1 !
3 ML EE CsHi1NO3 3.865 169.07388  IE&ET 1 !
4 nmpg CsHaN4 1.608  120.04365  IEHT ) !
5 RRAEE C BERE L Ci1sH37NO; 9.483 29928246  IEET 1 i
6 N-CLBt-L-E2 R C7H13NO3S 4.471 191.061 61  IEET 1 !
7 Ne-Z BRI C11H15N30s 3.677 285.096 06  IEET 1 !
8 L-EEBAR CsH7NOs 0.673 129.04246  IEHT ! 1
9 L-RNAR CoHiINO2 3.446 16507891  EET 7 i
10 KBRS CsHaNsO 0.954 136.03835  [EET 1 !
11 % CsHoN3 0.567 111.07947 1EET 1 !
12 FHERAERIEME C32H39NO4 7.215 501.28541  IEETF ! 1
13 DL-AR R C11H12N202 4.247 204.08997 IEET 1 !
14 Jamsng C4HsN30 0.768 111.04320  EETF 1 !
15 WIEZEF CsH7N30 10271 113.05882 IEET l 1
16 FZ 5 £ i C21H3004 6.132 34621443  EET ! 1
17 JEBR CsHisNO 0.807 103.09956  IE&ET 1 !
18 LT Ar Jie PRI CoH17NO4 1.207 203.11569  IEET 1 !
19 5-%FE-4-KPEER R C4H3sN30: 1.505 127.03830 IEET 1 !
20 4-¥RFEFEHIE C7Hs0: 1.686 122.03677 EET i l
21 3-FHE-3-(U-FREFE)NE  CoHINO: 2.946 181.07382  IEET 1 !
22 1-FEREJRAEEeS CeH7N5 3.577 149.070 16  IE&ET 1 !
23 JRmENE C4HaN202 0.892 112.026 10  fEF 1 !
24 DL-B-HIR CsHi3NO2 2.011 131.093 18 BT 1 !
25 2l CioHiN4O4  3.160 25208429 T 1 !
26 2'-Ji A -5 - B R C1oH1sNsO7P  0.826 347.06141  HET ! 1
27 REEEHMR C24H400s 6.485 408.284 99 AT 1 !
28 JRFF CoH12N20¢6 1.785 24406802  ET ! 1
29 HAR CsHoN3O: 0.702 155.06779 &1 1 i
30 Afgz CoH11NO4 1.834 197.06724 BT 1 !
31 RTMEZR CaH4O4 0.824 116.00926 T ! 1
32 3-M[WRHR R 3k CsH7NO4S 4.808 213.00790  ET ! 1
33 2-FEK R CeH1004 2.688 146.056 43  fEF 1 !
34 2-ZE AR Ik C7HsNS, 6.096 166.984 65 BT 1 !

t 3o B, VIR, K3

1 indicates up-regulated, | indicates down-regulated, same as table 3.
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*®3 DVEERKRYSTIEEKRME R AR B E YIRS
Table 3 Endogenous potential biomarkers in serum of rats in water extract of root of M. pudica high-dose group

YR v BRI vs 25 EAR

Fe R 7 fr/min mlz B w2 KR AR
1 p-BHER C24Ha00s 6.099 454.290 04 T ! 1
2 ZA DYk RR C24Hi302 15277 368.363 42 Ui 1 !
3 HHER C26H43NO6 5.575 465.306 12 BT ! 1
4 T REIEER C12H26048 10.036 266.153 56 Ui 1 !
5 D-(H)-WEm C4HgOs 0.780 134.019 97 BT ! 1
6  D-()-BHEBL CsH1oN203 0.659 146.067 52 BT 1 !
7 ERESEE C21H3004 5.669 392.217 29 Ui 1 !
8 SRR CsHaN4O3 0.967 168.028 31 EEF ! 1
9 Bz C4sH73NO1s 4.542 867.504 12 EEF 1 !
10  PPGn9 C27Hs6010 6.311 557.414 32 EEF 1 !
11 PPG n7 C21H440s 5.674 441.330 40 EEF 1 !
12 L-FERER CoH11NO2 3.293 165.079 06 EEF ! 1
13 KMBREGEZE B CuHeNOs 5.732 405.345 70 EET ! 1
14 SRR CoHoNO:; 4.151 179.058 32 EEF ! 1
15 AR E C32H39NO4 7.024 501.285 99 EST ! 1
16  D-(H)-{0& R Ci1iH12N202 4.281 204.088 15 HET i !
3.6 KRHHBHREESHT AR, AN, R AR A A

RSB RBUT fi  mis e A BRI 4EE R Bo USSR, MimAAMY k1
Ybs 54 2\ MetaboAnalyst 6.0 BEATACHNEH E 4 MEITIRAED G FRERFMERAEY G KRR, £
oriit, SR 8 Fras. S BIANE i K s B AR R AR OK SR RT DLIE I (] R A 3 it A A S
329, 5 AR, FEWREAERNGWAE AR

A oo @ LA m AR B 20 e @
o BT R ) ) . RNER TR A R A5 R
A RHAR, B IRM ' ®
15 @ MRt EE IR LA L6 Dy
8, W AR @ o RIERIH
T ® emamiti _ 2 14
) ) © Ut
107 41 3% Be AR 1.2
g O FFEEERAE R Lod .
0 _900 T o IR
0.8 o mEnd AR i
o o KB FE WS R
0 01 02 03 04 05 0 01 02 03 04 05
pathway impact pathway impact

B8 SEEMKEYMEAMARERTER (A) ME B) WESKIFBERSH
Fig. 8 Differential metabolic pathway analysis of water extract of root of M. pudica on hypothalamus (A) and serum (B) in

fever rat model

37 LENMSEWEE & 2. AR (CEFER), SiETE
a1 aga (CE ARG, BB TE10. TEUTE, MEVE T HEE, ESI-MS m/z: 269.147 6 [M—
A, MEVET HEE, ESI-MSm/z:3653123[M—  H], 20 TN Ci17H3402. 'TH-NMR (600 MHz, CDCls-

H]", 43 73N CoeHsso '"H-NMR (600 MHz, CDCls-  ds) 6: 0.81 (3H, t,J=6.55 Hz, H-17), 1.18 (26H, m, H-
ds) 6: 0.81 (6H, t, J= 6.55 Hz, H-1, 26), 1.18 (54H, m,  4~16), 1.56 (2H, m, H-3), 2.27 (2H, t, J = 7.66 Hz, H-
H-2~25). 3C-NMR (150 MHz, CDCl3-ds) 6: 13.1(C-  2). '3C-NMR (150 MHz, CDCls-dg) 6: 179.6 (C-1),
1, 26), 21.7 (C-2, 25), 30.9 (C-3), 28.6 (C-4, 23),28.7  33.1(C-2),30.9 (C-3), 28-29 (C-4~16), 13.1 (C-17).
(C-5~21). PL s 530k R A — 2, ek DL E 30 5 SOk o e A — B2, MO e A 2
EED 1 A7k HHLRRR .
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a3 BelEMHAR, HinTEaN. =
AHkE, METHEEL, ESI-MS m/z: 469.321 6 [M—
H]", 70 T3 AN CaoHsg040 'H-NMR (600 MHz, CDCls-
ds) 9: 3.81 (1H, m, H-1a), 4.14 (1H, m, H-1b), 4.06 (1H,
m, H-2), 3.54 (2H, dd, J=3.44, 5.23 Hz, H-3), 1.18 (2H,
m, H-2"), 1.28 (46H, m, H-3'~ 26'), 0.89 (3H, t, J = 6.40
Hz, H-27"). BC-NMR (150 MHz, CDCl-ds) 5: 69.8 (C-
1), 65.1 (C-2), 62.7 (C-3), 174.1 (C-1"), 33.6 (C-2'), 24.6
(C-3"), 28.8~29.4 (C-4'~24"), 22.3 (C-25"), 31.7 (C-
26'),13.0(C-27"). VL E3ds 5 iRl B A — 513,
B AY) 3 N(2S)-1-0-=F-E ket 3 H

e 4: RHEOTLEHMEK, ST HE,
ESI-MS m/z: 195051 7 [M —H] , 4 F XA
C10H1204o 1H-NI\/IR (600 MHZ, CD3OD-d6) 0: 6.62
(1H, d, J = 1.89 Hz, H-2), 6.65 (1H, d, J = 8.00 Hz, H-
5), 6.50 (1H, dd, J = 1.82, 8.03 Hz, H-6), 2.55 (2H, t,
J=1.55Hz, H-7), 2.75 (2H, t, J = 7.55 Hz, H-8), 3.63
(1H, brs). 3C-NMR (150 MHz, CD;0D-ds) d: 132.1
(C-1), 115.0 (C-2), 143.3 (C-3), 144.8 (C-4), 115.0 (C-
5), 119.1 (C-6), 35.6 (C-7), 30.0 (C-8), 174.0 (C-9),
56.0 (C-OCH3). LA &l 5 SOk HoE A — 14,
WS LAY 4 S A HERR H S .

a5 HEmAR, HinT HEE, ESI-MS m/z:
167.031 7 [M—H], 70 TN CsHsO4. 'H-NMR (600
MHz, CD;0D-ds) J: 7.39 (1H, d, J = 1.72 Hz, H-2),
6.83 (1H, d, J = 8.16 Hz, H-5), 7.37 (1H, dd, J = 1.72,
8.16 Hz, H-6), 4.79 (2H, overlap, H-8). 3C-NMR (150
MHz, CD30D-ds) 0: 122.6 (C-1), 114.4 (C-2), 144.6
(C-3), 150.1 (C-4), 116.4 (C-5), 121.7 (C-6), 197.2 (C-
7), 64.4 (C-8). LA FXE 5 SR IE FE A —F 05,
WENEY 5 N 3.4- R IERE TR

EW 6: AR, % T HEE, ESI-MS m/z:
153.026 9 [M—H]", 73N C7HgO4. 'H-NMR (600
MHz, CDs0OD-ds) d: 7.47 (1H, d, J = 1.72 Hz, H-2),
6.82 (1H, d, J = 8.16 Hz, H-5), 7.45 (1H, dd, J = 1.72,
8.16 Hz, H-6). 3C-NMR (150 MHz, CD30OD-ds) :
122.6 (C-1), 114.4 (C-2), 144.6 (C-3), 150.1 (C-4),
116.4 (C-5), 121.7 (C-6), 168.9 (C-7). LA L%¥z 5
BRI E I A — O, W ENEY 6 NIFILRIR .

a7 mEJEMBR AR, 5T HEE, ESI-
MS m/z: 179.032 6 [M—H]", 43 F A CoHsO4o 'H-
NMR (600 MHz, CD;0D-ds) d: 7.04 (1H, d, J = 1.57
Hz, H-2), 6.79 (1H, d, J = 8.00 Hz, H-5), 6.94 (1H, dd,

J=1.56, 8.00 Hz, H-6), 7.54 (1H, d, J= 15.88 Hz, H-
7), 6.23 (1H, d, J = 15.82 Hz, H-8). 13C-NMR (150
MHz, CD;0D-ds) &: 126.5 (C-1), 114.2 (C-2), 145.4
(C-3), 148.0 (C-4), 115.1 (C-5), 121.5 (C-6), 145.7 (C-
7), 115.1 (C-8), 169.6 (C-9). LA L%k 5 ik 4R %
AT, SO R AED) T IR .

WEY 8: AL EMmA, BT HEE, ESI-
MS m/z:179.032 6 [M—H]", 433N CoHsO4o 'H-
NMR (600 MHz, CD;0D-ds) d: 7.04(1H, d, J = 1.57
Hz, H-2), 6.79 (1H, d, J = 8.00 Hz, H-5), 6.94 (1H, dd,
J=1.56, 8.00 Hz, H-6), 7.54 (1H, d, J = 15.88 Hz, H-
7), 6.23 (1H, d, J = 15.82 Hz, H-8). 3C-NMR (150
MHz, CD30D-ds) 0: 126.5 (C-1), 114.2 (C-2), 145.4
(C-3), 148.0 (C-4), 115.1 (C-5), 121.5 (C-6), 145.7 (C-
7), 115.1 (C-8), 169.6 (C-9). LA L% 5 ik 4R %
AR08, SR EY) 8 NEE TR L.
3.8 SFXIEER

WK 9 s, &Y 15 TLR4A ikt — 45
H, HEEMBZ RN, BRIES G513, &
5 2 5 TLR4 1) 36 S BEZRR AN 19 7 1A 2B
R E GBI, thE4 5
TLR4 ] B99 7. K A& 22  A286 N7 1 22 Z R Al A288
PR b 1) SRR R I AT ARV AR AR FLAE
A5 5 TLR4 1) 37 SR aBR A 19 SRR
Wi R R AR E M EAEH . (&Y
6 5 TLR4 ] 229 AR 230 A4 2R F 1
AR AT B/ S 75 TLR4
(R 117 REFea 2 140 A2AT 116 SR Z TR 139 fif
[P SR b ) S B VR FEAF ARV AE AR EAE . 4K
A1 8 5 TLR4 [1) 116 ALI 222 R - s LRk It
FEAEBTEAH AR . Mt 35 TLR4 1 116 A5
AR 100 ALK AT I Z L R iR AT RV T
MM EAMERH, B B X EREJET S TLR4 /71 3
MAEEMAMEAEM. ST AL C R EMERE TS
TLR4 [ B40 fo7 1 R 2 BRAFAE 2 AbAEILAAH AR
H, HbE#45r 75 TLR4 ) B145 A7 A E R . B144
KL/ Glu. B69 A7 RS LA A39 17 A = Btfix b
(LR IAFEIBE M A . Mtls R C b
MEJEF5 TLR4 (1) 39 A B E BAA1E 1 AbdR3t
WMAHEAER, 5 41 AR b a LR R AT
TERAEMAH BAEH AR E 2 5 TLR4 1) 61 frsta
2. 119 A AN RN 118 AL 2R IR i LIk
AR TE M EAEH .
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A~K AAED 1. 2, 4~8, HkE. HT. BR. KREBEREE.
A—K are compounds 1, 2, 4—8, quercetin, rutin, myricetin and luteolin, respectively.
9 BEERBANFERST SHHAXEELS TLRY 5 F IR
Fig. 9 Molecular docking results of chemical constituents from root of M. pudica with key antipyretic target TLR4
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3.9 HEMEIMRRTEMY

K FH CCK-8 LI b &40 1~8 XF LPS i T 11
RAW264.7 HMIAEIE I, KL 8 MUEVIHK
JEAE 40 pmol/mL LA R, AHAIAEIE 2= T 90%.
WK 10 Fros, fEZREEN 10 pmol/mL i, LAY
1~8 Hyn] B 230 LPS i 51 RAW264.7 41l
NO R (P<0.0D), #ERxEHHLRBMMEM A
A BRI

20

NO/(umol-L™)

1 I I
WA 1 2 3 4 5 6 7 8
10 & 1~8 33 LPS i SH) RAW264.7 4Hffl NO #F

HHIFNE (Xts,n=6)
Fig. 10 Effect of compounds 1—S8 on NO release in LPS-
induced RAW264.7 cells (X £ s, n=16)

4 g

TEVEEMER R AMTZH, L 400 &
Firo FEFRIE B S PP 32 BN S 255 M. pudica L., Tz
ST REEEX, CHZERE. SEELER
o FEARREIRE. HASK. BEER. R, Y
BE. AHLRE. RN RE. AERE. HRIME,
FEBEYE, SCHIEA PR PLR. PUE.
PUR . brieE. PrEd. . R RS
BEpE. FIR. Pk, PoESEL 2y E/ER. 75
(T RA P AMARMES = M) FRic#l, &2l iR
STRE N Lm#he N 1k — BRI AR L LA
RAT RETHGR, AR08 25 B KR At
TR, TREILAREIMEFH S AE L.

KR WK R —, B
FEAR, A2 B I (R I ACE , B 1 T A 28
SE09201, e I Y IAE 5 VT 22 03 AH DG 1 IR B
FORERPIHRY, B TBURMREUS, 16 EEME
TR B PR R AR, X AR AR R B - R )
PRI Gy, AT B i B AR 150 8 s B R
KRR, LPS FOFFERE 5 10 K R AR ZY bl 155
LT B EUR B T R NRIBRG, TE) R AR
Pz AR, e IR ALE 2,4- AR

P75 T I KRR ORS00 1 A IR A P[] Bl
YA RN, AL AR B B AR AL N = R IR
1 (adenosine triphosphate, ATP) SffRILER, T
B A7 B, AT 51 AT R BEP4 75 R s AL
MU IR 55 2B FRUIE A o AT R 15 77, L9 TL-
6+ IL-1B+ TNF-a. PGE>. cAMP FIIF S AL 2125261,
X LGS R VPN 25 AR T R SRR E bR £

Jyit— ARG AR LS|, AT 788 UPLC-
Orbitrap-MS AN MLIE AT e ixi A 2H 27 247 B
Fo MIEATF A PCA 155 BB R % FRA
BERUAH L 55 25 BORUK BRI B AN 5 25 BOARUK 32
ViR EH M8, A AR E R
BET BRI . RIS e R ER, BT H
FERMHOKEM TR, AR S 2 Bl
B, DR T B FNUKIRII R T AL 1E
AT, EIEERAR U 0 KSR R S SR
B MRS E, EENCBRED ARG
fie MERSEE, LA R RA LK R R . ] 8
I B R S Jy 5-HT, 5-HT Jf&—FhZ 51kiR
AP T 27280 LR R G R R, S-HT KSR
REFFERIL, & 25 AR KSR B K T R i
5-HT /K7, WIS T 5-HT & K. M ELEE
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