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Abstract: In this study, the formation mechanism of the nanophase of "Rhizoma Anemarrhenae-Gypsum" was
investigated, and its compatibility, antipyretic efficacy, and underlying mechanisms were systematically evaluated
via network pharmacology. Three groups, namely the Rhizoma Anemarrhenae group, the Gypsum group, and the
Rhizoma Anemarrhenae-Gypsum group, were set, with all groups including both nanophase preparations and
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traditional decoctions. The particle size, salinity, electrical conductivity and surface tension of the solutions were
determined, and these combined with transmission electron microscope (TEM) and fingerprint analysis. Targets
were screened using the GeneCards and DisGeNet, an active component-target network was constructed, a PPI
network was built with the help of the STRING database and Cytoscape, and GO and KEGG enrichment analysis
was performed using Metascape. The antipyretic effect of the nanophase solution was verified by hematoxylin-
eosin (HE) staining, Western blot and real-time PCR. The results indicated that salinity and electrical conductivity
promoted the stable formation of the nanophase; and TEM revealed that timosaponin coated the Gypsum crystal
structure, leading to nanoparticle formation. Fingerprint analysis identified eight common peaks (neomangiferin
and mangiferin as the main components), and the chemical components of the nanophase were consistent with
those of the decoction. Through network pharmacology, 31 active components of Rhizoma Anemarrhenae and
Gypsum were obtained, corresponding to 138 potential targets; the number of fever-related targets was of 1 093
fever-related targets were retrieved, among which 188 overlapping targets were screened. The main KEGG
enrichment pathways included epidermal growth factor receptor, interleukin-17, hypoxia-inducible factor 1 and
other signaling pathways. Experimental results showed that the nanophase group of Rhizoma Anemarrhenae-
Gypsum decoction significantly reduced the body temperature in febrile rats, inhibited the expression of
inflammatory factors, down-regulated fever medium, up-regulated cytoprotective proteins, and suppressed the
expression of related mRNA. These findings were consistent with the predictions of network pharmacology. All
animal experiments in this study were approved by the Animal Experimental Ethics Committee of Harbin
University of Commerce (HSDYXY-2024022). This study found that Rhizoma Anemarrhenae-Gypsum enhances
its therapeutic efficacy through the nanophase, and its antipyretic mechanism involves the multi-target regulation of
inflammatory pathways and central signaling molecules thereby providing both theoretical and experimental

support for the modernization of traditional Chinese medicine compound prescriptions.
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DRI AR T, A B e 1 B o 4,
KIEE > 9 B 25 CALL, AT A 4% A AR T

AR R PR A 257008, A A e R B R
B AR T AN K UKL . Zhou 25 i R~ HEFH 1
R AR AR 32 711 v 4 B L P oK R L PR 4 el ot
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2x4t); B OB AH IS AL (Waters H [E 5 BR A &]); 48 7
BAE BN (TR H ZAEMRHE A R A FD); i B O L
TGL-16C (_Lifg 2 =R AR ).

HF REE (20230512, b5 A 7 YR 25\ A TR
AF); AE (SAO251, % ENE HH 2 A7 PR A 7);
0T R BT 6 IR A (MUST-16040103
MUST-16042232, j&#8 2 W75 = RHA IR 2 7)), 3
% TR I (cyclic adenosine monophosphate, cAMP)
FE AU & (interleukin, TL)-10 71 & — %4k
& (nitric oxide, NO) i& 7] & . F # & y (interferon-
gamma, IFN-y) ik 57 & (2761.2304.2740.2312, UK &
Decode 2 #); I 48 4K 3E K] ¥ (tumor necrosis factor,
TNF)-a i 71 & IL-18 6055 & 1IL-2 1677 & L IL-4 3K 771
% (bsk00163.bsk0027.bsk0031.bsk0037, -t 5T fi B 7%
W ER A BR 2 FD); BT 8 % E, (prostaglandin E,,
PGE,) {7 £ (AK0017MAY 09017, FRI AR 3 B 5 A )
BHE A IR A #]); IL-6 3875 & (CK-E30646R, #1315 Bk
A W) B A IR A 7]); RT-PCR. SYBR PrimeScript
RT-PCR i #] & (DRRO37.DRRO41, KiEF AW T
A R 2 7]); TNF-a antibody (PB0082, I i -7 A= {1,
BHEA IR A A); %bii%HF «B (nuclear factor kappa-B,
NF-xB) p65 1.3 £ i B Hi 4k 3t IL-18 £ s B Hifk
G L B AR 5 2 1 70 (heat shock protein 70, HSP70) £
oo BEGLAR S G Bt 5 B 52 4k Fo AL A5 B 2K 4 38 7 (transient
receptor potential vanilloid 4, TRPV4) % % [% $i 1A
(abs119958 . abs120224 . abs135605a- abs138144a, [ iff
5 DME A VIR PR F]); 1P 2R K SR 4G
— P OB . — PL = Pt E BRI (PO013. ST506.
P0023A.P0025, i3 = RAEVIEARG R A ), —ht
i BE M (ZB2301, b A &AM H AR F IR A7),
Western & FH i i WK (4169671, 3€ [H Becton A A)).

M5 MEPE SD KR (220 £20 ), K E
AT R 25 KBS B s by, YFATE S SYXK (SB)
2013-004. SZIG 20 (1) ] 57 A0 5 AR AR 48] 18 <7 P 7R VB
i M K 27 S5 ) 0 ) 7 AR PR AH G , ASHIE 5 BT
A BN S I IRAF G SRV R L K 2 B P S A B
2k (HSDY XY-2024022).

#% RGFREAFIFIN-RG ;75 #1££93.75¢ T
1 981 mL 7K F132 8 30 min, 1 5 15 250 g 4= 41 B R S [H
e NS A, EKCE B 2 0K A 45 min, 4 Z 20 A
& #ad 8 B 45 RG A5 #E 7 51 2 496 xg. 37 °C .
10 min &0y, BU_E35 W 20 mL Il A\ 43 F &4 7 000 Da
BB TAE R, P F BT R T IR, NEEA 120 mL
ZRNBK I oe AR HR e AR R B8 15 o5 43 (97 1k s ik N
& G G, TN KB HR 5 28 AT R B4R ¥, 37 °C R &

7 20 min, JLREAT 2 UGEHT, RIFF N-RG 757 .

RG IAFIHDIBLFESFME A o B 259 45 ik
3, Al A E A JBHE  RGAH., KRHEER N
RV AN G K AR S I, o 2B U R B H AT L 3 8
THAS I G 3 e R R S P T RS R T R
K B R AR R I R T 5K ) o B & BT 39K,
AL RO YIE . K R 3 ARE AR B AN
KHLPE J zeta AL 73 AT G € o B B ALV WO E TR A
Tk J65 (70 8 X k% b, T, B I 9T FE 8% (transmission
electron microscope, TEM) WL £ ki T2 45

RG ;7 7| 8 = 3 & 18 € 1% (ultra performance
liquid chromatography, UPLC) 354 B & 31

it R MIEH: InertSustain C18 (250 mm x
4.6 mm, 5 um), FEF N LI (A)-0.1% HEZ /K (B), i
3 1.0 mL-min', A% 20 °C, #EFEARFL 10 L. L
3 i RGN AR S R B F8 SUE R, YA RG AL 7 1
B A8 5 N-RG T il 18] (R AH G

o HETBORH R WUV ) ) 4 RS AR B SR
FH bR AE & 1.21 mg, 73 B H 10 mL B3 g, BRI 45
0.12 mg-mL' A5 #EV - ¥ 1 mL RG (2 N-RG) F] 50%
H I B 22 10 mL, 28 )5 75 30 min, B 4 000 r-min’
#9030 min, Y8 FIEW, FH0.22 pm AL UE RIS 98, B
PRI o

RG WS HEF

T M A SR AE BE AU 6 L TCMSP (Traditional
Chinese Medicine Systems Pharmacology) % 3% & H 7
196 HABAE TG PE S04y (LA IRFIHH BE OB = 30 %, K51
DL > 0.18 Jyfffi 1%t 5% 1), i i PubChem (https:/pub-
chem.ncbi.nlm.nih.gov/) FRIAH B ] SMILES 3CAF, B
J5i 7E Swiss Target Prediction (http://swisstarget - predic-
tion.ch/) ‘&N IE L 3 1) SMILE 5 35 U A AH 56
%43 $8 & . Uniprot (https://www.uniprot.org/) 3
17 1D mapping 7% #E, 73 ZI3E P 55 70 1 75 HE 23 1 bR 1AL
FEH LR 5 ¥ 45 RS N Cytoscape 3.7.2 A, 14
S 24 W A B3 — 9 O B R X 2, B I i i
g3 o e HUHE 44 S T TR 23 A B 2 E P Ay — R
A R 2%

T A M 2R S O TRk DL “fever”
R S A R 43 3 K6 2R GeneCards (https:/www. genecards.
org/)» OMIM (https://www. omim. org/). DisGeNET
(https://www.disgenet. org/) %5 FE , 15 F] K #AH 5 #E
&o f8H UniPort #0482, & #£4)# 4 human, # DL E
WS B 1 i A B A RS D B 7 B R A R, IS
KR RIF R ITUARME S . BE S FIH Venny fE£6T 5,
ST RG AH OGS 000 52 R0 R FAAH SC B R 4
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e, 22 Venn B, H W& 3015 1 S S48 A1, BN RG
BT RV LEAE L Ao B AZ 4R 00 25 5 N STRING
4 (https://cn.string-db.org/) % £ F J& “Homo spaiens”,
i 146 HH il /£ “combine score = 0.47 (K], 2= b5 I 1E
BN, R PPL ELAE M 25 155 8L [ )5 % PP 43 it 45 A A
PNG #% 30 5 N\ Cytoscape 3.7.2 5 #, F| H B A4 7 1)
“Network Analyzer” Ihj 8 %F PPI W % & i3k 17 ¥ #h g 1%
T . EEUE M (degree). /i F 0 M (betweenness
centrality, BC) Al4% 1 #1 0> 1% (closeness centrality, CC)
3N HEIR SIS KT P A RS s G A

BESN B ER LSS N Metascape $IE
(https://metascape. org/gp/index. html#/main/step1) i 17
GO FIKEGG & %77 #r (P < 0.05).

RG FMN-RG ZFIN AL F L 50 HRRILE
IREBERESr LS 4 (n = 10), e H 1 4 {8 e AV SD oK B
1E A7 A4 (black group, BG), At 4 20 K B 22 57k #4
BRI SR 2 8% (100 ng-kg'). 4 4LBERIK B4y
BRI 2 (model group, MG) . BH P4 X} & 25 (positive
control group, PG, i ] JLAK) \N-RG ZH ARG 4. K #h
B & 6 ha, PG KB H WIES 3.2 mg-kg ] 7] L
R, N-RG 4L F1 RG 4L LA A+ J7 243 9 55 20 mL kg™
N-RG.RG, BG 4 #1 MG 47 4 6] 74 A3 1) A2 3 26K
25252 h ), 0] SD K BRI A T S e BRI R (3% T
E b 2 9) 40 mg-kg, FEVIBR T ZH 2. SO &R ik
FEAAE 3 000 r-min™ (AL B0 20 min BLERAF ML -
F ELISA 357 & A il fiL 38 o IL-18.IL-2IL-6 . IL-10.
TNF-a IFN-y B 7K1, KT B s 20 2 i) PGE, \NO Al
cAMP 7K F-

Western blot #1  M SD K 5 ¥ Fr fili H 2 HX
S A . 100 mg 8 E 5T £ 5 P I I i IR LK
5y B, SR J5 HLED 2 F) PVDF R I, % ¥ PVDF 5 H
5% i G A= Wh e AT BH M, IF 5 —PifE4 C T A LK.
BB 25 CHIRSIERE M E L h, B, 25Xt

B AR HEAT SRS RN R E AT

Real-time PCR #& U E F F=iA  F Trizol $& HL 41
JiL L RNA, % 18 TaKaRa J 7% 5 205 & Ut B 32547 cDNA
5 1EES R I DL A BER, 34T real-time PCR Ao il &
Rk, 51907 5 W3R 1, 3% B EAE U 47 . PCR
38 [ Bk AF O 95 °CTIAE 1 30 55 95 °C L5 s, 60 °C
34 s, 40 MEFE . I SN 98Ot 8 B PCR AT IR Bl
H 2 AN R ) R AB KPS

JIrFFHE Gl ¥ )75 K H GraphPad Prism
8.0.2 B A3 1ok B[R 3R 5 22 43 Ao B AT G 2 4y
Mo BHE LT3 + il 22 (v £ 5) Fom, #5 P <0.05
NEG G EESR.

R
N-RG #1 RG ;A FI IR F FF XS EE
5 A S (1 BT VA VR B, 3 L 4 K R 2 A TR R
FEE A T P, S SR A AR T R A VR L S e .
SRS, BUE A IR B = . A, fr
A B VR M0 R THI 5K 7 038 1 T L L A 4l KA
W (% 2).
2 N-RG 5RG #FIBREXTEE
SERR M, TEIX 3 Uk, BILE AW IRLAR K T 90
KA P B BRI/ o KA VAR 23 B R RS
M T AL (R 3).
3 N-RG5RGHF| 57 SEEYIN TEM FASHFHERTEE
N-RG 5 RG % 7l 53 5 #2& BV 1) TEM JE 25 4iE %F
b &h AN 1 Fis, 75 N-RG 29, AR 5 5 5 11
KERIE SR, R GHT, KNS, R 2 6] 5 PR I,
ToRG I, B — 28 AW K oy 2880 (N L B B R SR
TEAE A, S 2 IR ) i B AT, i 2 AT Y
5o FIBEHAN BN K T AN REIRE, TiE
Wi 5, o3 A A5, FEIR/NAS— . T AE RG24 1 0
BB KR R TRL, AT H—14 T  k

Table 1 Primer sequence information. GADPH: Glyceraldehyde-3-phosphate dehydrogenase; TNF-a: Tumor necrosis factor-a; NF-xB:

Nuclear factor kappa-B; IL: Interleukin; HSP70: Heat shock protein 70; TRPV4: Transient receptor potential vanilloid 4

Name Sequence Length/bp
GADPH Forward: 5-GTGCTGAGTATGTCGTGGAG-3' 289
Reverse: 5'-GTCTTCTGAGTGGCAGTGAT-3'

TNF-a Forward: 5'-CTCATTCCTGCTCGTGG-3' 199
Reverse: 5'-CTCCGCTTGGTGGTTT-3'

NF-xB Forward: 5-GCAGCACTCCTTATCAACC-3' 248
Reverse: 5'-GGTGTCGTCCCATCGTAG-3'

IL-14 Forward: 5'-ATCCCAAACAATACCCA-3' 174
Reverse: 5'-CAACTATGTCCCGACCA-3'

HSP70 Forward: 5-CGAGGAGGTGGATTAGAGGC-3' 270
Reverse: 5'-GCTGAGGTGTTCGCAGGAA-3'

TRPV4 Forward: 5'-ACAAGTGGCGTAAGTTCGG-3' 185

Reverse: 5'-CCTGTGAGGAGCGTGATG-3'
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Table 2 The result of the physical parameter (n = 3, X = 5). RG: Rhizoma Anemarrhenae-Gypsum

Group Salinity/%o Conductivity/s-cm” Stickiness /mPa-s Surface tension/mN-m”
Gypsum Decoction 1.32+0.05 2.24£0.07 41.07 £ 1.42 72.75+£0.65
Nano phase state 1.24+0.03 1.61+£0.05 28.71 £ 1.51 70.2+0.62
Rhizoma Anemarrhenae Decoction 1.39+0.09 2.15+0.06 40.96 £2.17 71.25+0.55
Nano phase state 0.96 = 0.04 1.57£0.05 33.87+£1.57 69.1 £0.45
RG Decoction 1.64 +£0.09 2.67+0.09 48.93+2.19 76.57+0.47
Nano phase state 1.45+0.05 2.13+£0.07 45.78 + 1.86 74.02 +0.61
Table 3 Result of particle size (n = 3, x + 5). PDI: Polydispersity index
Group Particle size/nm PDI
Gypsum Decoction 10459 +18.8 1.000 + 0.005
Nano phase state 482.6 + 10.5 0.712 £ 0.011
Rhizoma Anemarrhenae Decoction 453.9+9.7 0.368 + 0.008
Nano phase state 328.1+9.6 0.248 + 0.009
RG Decoction 1353.7+13.8 0.601+0.013
Nano phase state 4100+ 11.4 0.314 + 0.006
C D

200 nm

Figure 1
group; C: Rhizoma Anemarrhrnae group; D: RG group

4 N-RGZFIEQEEBYM LS

P o £ 1 P T b sz ik 5 i i . 7R
T dEW) o i v, 3.5 5 0y Rk ROE 72 R TR
Ho EHBEA Y, QKA S RS A L, et R
T (EME 3) IREA BT F R EN-RGZH, 5 EHAHLL
T RER S ERAE TN, HRIEHEEAEL. 4
REW, e BHEIFR A SERGH R EFH T RE
XA B (B2).
5 MERHGEBZESH
50 ABMBAXMT-EL-ERXRMEHH
J& Cyctoscape I #AL 73 BT 15 213 14 B 70— A -0
KRML (K3), Fot 5 169 AN i, T5 0 AL 0 4
IE AT, R (0 R FE R 1R T BE AL, B
R AR A B B I L FR R IR TR A . DA
FK/NRIR degree fH K/, b degree {8 £ 44 SE 1T 1
EER TR R ERE LEH KR EH R
Fig 2K R, 1% L6 T BB 2 RG ¥ 71 R P2 R 0 FH 0 G
TETEP .
52 EARBOBOFEERERERELENENKG
# #id GeneCards. pharmGKB. OMIM #{ 3% FF 3k 15
1 093 NI HE Ao 48 Venny 40 HT 13 188 A HE#E 14 o
8 i Cytoscape 3.7.2 %F RG e A% ff) #E i B AT 2R A

200 nm 200 nm

Transmission electron microscopy analysis. A: Nanophase of Rhizoma Anemarrhrnae-Gypsum (N-RG) group; B: Gypsum

HHE AR (PPL) 73 87, 149 2 5 B AR W 2 B, b
degreeBC H1 CC #3 K - H A7 #9715 AL 35 TNF L IL-6
0 H i -3- % B2 Wt 2L (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH). 15 5 % T Fll %% S UG A 1 3
(signal transducer and activator of transcription 3, STAT3).
H % A (albumin, ALB). IL-153. & A ¥ ¥ B (protein
kinase B, AKT1) % 26 M4 i, AI BE A2 RG &A% fiff #
MRIRZ R L (B 4).

53 GONIS5SKEGGE&EM#  1#H Metascape %1
A P 0T 3 1 By B ) 22 SR HE )UEAT GO 5 KEGG
30T, GO L B E 4 1710081 GO s H, H ik
YR (BP) 936 4>, 4 il 7r (CC) 34 4, 7 7 ThfiE
(MF) 384> R4 K] L A kAT HE 44, e EUAE S 6 01
R 2 R IET 10 DM EAT AT B (B 5)e GO'E
Ea T4 R B R, NO AEW & ) IE 7 8 72 (positive
regulation of NO biosynthetic process)- il £ % Jif [ M.
] 1 4% (regulation of neuroinflammatory response)- JIg
ZWEN ST RIS ® (lipopolysaccharide-mediated sig-
naling pathway)- & 1 %8 [f] I ¥ (response to reactive
oxygen species) S AE W)L FEAE AL (membrane raft) %
% BT (focal adhesion)- #% I (nuclear envelope) 55 4H ffi
B3 B 40 L IRl - 52 A4 25 & (cytokine receptor binding).
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Figure 2 Comparison of the fingerprints of each component in the N-RG decoction and RG decoction. A: HPLC-UV standard

chromatograms of mangiferin (5) and neomangiferin (3); B: HPLC-UV standard profiles for Rhizoma Anemarrhenae decoction; C:

Nanophase of Rhizoma Anemarrhrnae decoction state phase HPLC-UV standard profile; D: HPLC-UV standard chromatogram of RG

decoction; E: HPLC-UV standard chromatogram of N-RG decoction

K EFZ RS A (growth factor receptor binding) —
AR AT TG (NO synthase regulator activity)-
AR FEZE 4 (protein phosphatase binding) %5 4) T
Ty fie P A e Pt 908 B AH K

KEGG & 4 i1 i T 150 N 2 3 5 4R 138 2%,
TEEUHT 20 A HEAT FTRRAL, FHOGHE R 3 B 5 48 T-“EGFR
Tk G TR YA A1 41 U i 2445 5 E 7V “IL-17 45 5 g
“HIF-115 538 %7 A1 “PD-L1 £ Ji& i 7 1) 3% 3% 1 PD-1
2 A E R4 (K 6).
6 N-RG5RG FFIMNAYFITMHER

MG K B IL-1.IL-2IL-6IL-10 TNF-a £ IFN-y
KP4 R 3.74 £ 0.19.179.09 + 8.13.24.88 + 1.56.
28.72 + 2.98.34.68 + 2.11.146.31 + 12.61 pgmL", 5
BG4I LA B & M ZF (P < 0.01), Ui B A& HE AL,
hEESL . % — 51, N-RG 4L f1 RG 415 MG 4 th %%,
X IL-10 b, N-RG 4151 RG 41 1fiL 3% 41 i[5 77K 7 BH &

TB (P <0.01). A FLEH"™, PEG, .cAMP I NO
A5 R R AR R . AR I T A R
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1 (E7).
7 N-RG 5 RG 75/ Western blot

K F Western blot A5l %41 SD K T Fefii 25 A
M4 & . 5 BG4l M b, MG 41 ) IL-15. TRPV4.
NF-xB . TNF-a Al HSP70 & A& 7K *F- B & 7t 5 (P < 0.01),
1M RG 4L A1 N-RG 4 [#) IL-18.TRPV4.NF-xB Fl TNF-a
121k 5 MG 4 AH LB B Bk (P < 0.01). L4k, RG
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Figure 3 Active ingredient-intersecting target interaction network

Figure 4 Network diagram of PPI relationships for the 26 core targets
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Figure 5 GO analysis of biological process top 10 pathways (A), cellular component top 10 pathways (B), molecular function top 10
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Figure 6 KEGG analysis of top 20 pathways
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Figure 7 Effects of RG, N-RG and PG treatment on fever and plasma levels of inflammatory cytokines in rats induced by dried yeast
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