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Chuanxiong Rhizoma in treatment of cerebral malaria and investigate its mechanism based on network
pharmacology. Method: The traditional Chinese medicine systems pharmacology database and analysis
platform (TCMSP) and SymMap were used to obtain all the chemical components of Artemisiae Annuae Herba
and Chuanxiong Rhizoma and the action targets were screened to construct a component target protein-protein
interaction (PPI) network. Target genes related to cerebral malaria were collected with use of GeneCards and
DisGeNET databases. Common targets were screened by overlapping drug targets and disease targets, and
protein-protein interaction network analysis was performed to get key targets. Gene ontology (GO) functional
enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis
were carried out to get main signaling pathways. Furthermore, the classical experimental cerebral malaria mouse
model was used to detect survival curve, protozoanemia level, survival rate, experimental cerebral malaria
(ECM) coma and behavior scores. RayBio” cytokine antibody array was used to detect the expression level of
cytokines in tissues and experiment was conducted for verification. Result: After combination of Artemisiae
Annuae Herba and Chuanxiong Rhizoma, 23 active ingredients, 179 drug targets, and a total of 100 common
targets of the drug and disecase were obtained. GO functional analysis identified 59 items (P<0.05), involving
cytokine activity, growth factor activity, immune response, etc. KEGG pathway analysis revealed 51 related
signaling pathways. The experimental results showed that the combined use of Artemisiae Annuae Herba and
Chuanxiong Rhizoma could significantly improve the clinical signs of ECM mice, such as survival state, coma
and behavioral scores. In the detection of expression levels of related cytokines in mice, the expression levels of
v-interferon (IFN-v ), interleukin-10 (IL-10), IL-4, and IL-183 in the compatible drug combination drug were
significantly higher than those in the model group (P<0.05), which was consistent with the overlapping core
targets predicted by network pharmacology. Conclusion: Based on the network pharmacology analysis and in
vivo experiment verification, this study confirmed the synergistic effect of the combination of Artemisiae Annuae
Herba and Chuanxiong Rhizoma in the treatment of cerebral malaria, providing clear direction for further
mechanism research, and a new possibility for the clinical intervention of cerebral malaria.
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Table 1 Basic information on active components of Artemisiae Annuae Herba-Chuanxiong Rhizoma

JR 53 1D oY 28 R OB/% DL
MOL007274 % % ¥l skrofulein 30.35 0.30
MOL004083 R I8 % tamarixetin 32.86 0.31
MOL000006 AR H Z luteolin 36.16 0.25
MOL000358 4 £ B sitosterol 36.91 0.75
MOLO000422 111 2% ¥ kaempferol 41.88 0.24
MOLO007412 dmqt 42.60 0.37
MOLO007401 2k} i) Z cirsiliol 43.46 0.34
MOL000098 Hit 2 & quercetin 46.43 0.28
MOL004609 14 5 B i areapillin 48.96 0.41
MOL005229 5 ¥ F artemetin 49.55 0.48
MOLO000354 5 [ 25 % isorhamnetin 49.60 0.31
MOL007424 & % artemisinin 49.88 0.31
MOL007425 WA T # &K dihydroartemisinin 50.75 0.30
MOL002235 ¥ = W B¥ eupatin 50.80 0.41
MOL004112 J1 75 %) 3 patuletin 53.11 0.34
MOLO007415 [(28)-2-[[(25)-2-(benzoylamino)-3- phenylpropanoyl]amino]-3-phenylpropyl] acetate 58.02 0.52
SMIT08862 6,8-Di-C-glucosylapigenin_Qt 59.85
MOL002157 A V4 P4 R wallichilide 42.31 0.71
MOL000433 Fa 68.96 0.71
MOLO001494 + /A& — ¥ mandenol 42.00 0.19
MOLO002135 ¥ H§ i myricanone 40.60 0.51
MOL002140 JII & W perlolyrine 65.95 0.27
MOL002202 JI| & 1% tetramethylpyrazine 20.01 0.03
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Fig. 1 Active components of Artemisiae Annuae Herba-

Chuanxiong Rhizom-target network
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Table 2 Topological parameters of key targets of Artemisiae Annuae Herba-Chuanxiong Rhizoma treating for CM

A5 AR I f F degree clustering coefficient

NF-«B inhibitor a NF-«B # i 71) « NFKBIA 8 0.536
C-X-C motif chemokine 10 C-X-CH: Ptk H 1 10 CXCL10 7 0.619
nitric oxide synthase,inducible — AL A A2, T NOS2 7 0.476
interleukin-2 H 40 H A 3K -2 IL-2 9 0.694
interferon-y v-TIE IFNG 9 0.611
interleukin-4 H 240 A 2K -4 IL-4 12 0.576
intercellular adhesion molecule 1 1A 1) 2 B 4 7 1 ICAM1 8 0.678
C-C motif chemokine 2 C-C P #afeH 1 2 CcCL2 12 0.576
interleukin-1beta H 40/ -18 IL-18 15 0.495
interleukin-10 H A4 A % -10 IL-10 12 0.621
cyclin B1 40 i A 14 11 B CCNBI 8 0.607
cyclin dependent kinasel 20 i J 40 2 1 OB 1 CDK1 9 0.583
cyclin dependent kinase inhibitor 1A 2T it 1 300 2 1 A0 SR D o ) 1a CDKNI1A 11 0.509
cyclin dependent kinase 4 2T it JE1 300 2 1 0 SR T 4 CDK4 8 0.643
cyclin A2 YA IR A2 CCNA2 8 0.75

cyclin dependent kinase 2 2 i, 350 2 P T 2 CDK2 9 0.667
proliferating cell nuclear antigen 5 240 A T PCNA 8 0.678
C-X-C motif chemokine ligand 2 Ak B Bk 2 CXCL2 8 0.643

- 163 -



5527 B4 6 W RELEFFFEHRE Vol. 27, No. 6
202143 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2021
GO:0048304: positive regulation of isotype switching to IgG isotypes
GO:0045348: positive regulation of MHC class II biosynthetic process
GO0:0048146: positive lation of fibroblast
GO:0045471: response to ethanol
GO:0000082: G1/S transition of mitotic cell cycle
GO:0006955: immune response
GO:0006977: DNA damage response, signal transduction by p53 class mediator resulting..

GO:0031100: organ regeneration
GO0:0071222: cellular response to lipopolysaccharide
GO:0042493: response to drug
GO0:0005829: cytosol
GO:0005654: nucleoplasm
GO:0048471: perinuclear region of cytoplasm

GO:0005813: centrosome W BP

GO0:0097124: cyclin A2-CDK2 complex HECC
GO0:0070557: PCNA-p21 complex

GO0:0005576: extracellular region B MF

GO:0009897: external side of plasma membrane

GO:0000307: cyclin-dependent protein kinase holoenzyme complex

GO:0005615: extracellular space
GO:0005102: receptor binding
GO0:0005515: protein binding
G0:0032403: protein complex binding
GO:0008083: growth factor activity
GO0:0004672: protein kinase activity
GO:0008009: chemokine activity
GO:0005125: cytokine activity
GO:0035173: histone kinase activity

q 4

GO: : cycli

B2

protein serine/th kinase activity
GO:0030332: cyelin binding . . ‘ . . . . ) .
0 1 2 3 4 5 6 7 8 9
-lg P

FE-NEEBTFCMBGOEENR

Fig. 2 GO enrichment analysis results of Artemisiae Annuae Herba-Chuanxiong Rhizoma treating for CM
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KEGG Ui} A AE% P hepatits B
leishmaniasis
chagas disease (American trypanosomiasis) 7 38.9 6.95 viral carcinogenesis
allogra rejection
cell cycle 7 38.9 6.49 TNE signaling pathway
epstein-Barr virus infection
measles 7 38.9 6.31 melacs
HTLV-I infection
leishmaniasis 6 333 6.24 inﬂmmrybowew::::ﬁ:rz
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Fig. 3 KEGG enrichment analysis of Artemisiae Annuae Herba-
p33 signaling pathway 5 278 475 Chuanxiong Rhizoma treating for CM
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african trypanosomiasis 4 22.2 4.19 3.7.1 ?A#*@Eg?ﬁlm%@ ,E!ngl 4, %‘%Eﬁ H l%'“l =
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EGF epstein-Barr i & 2 S < R righgs
- W R o gy, (P<0.01), 45 R KW Art+TMP 415 Art 2 A1 L AE !
axel2
sigshe 2 = e =n 27 ¥ EL PR
- i T e FH I ECM /N AR 3, ULIRT 5. 4% 21 1] 1A o i
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Fig. 4 Network of compounds of Artemisiae Annuae Herba- 5 PbANKA BSL/INRAERE
Chuanxiong Rhizoma components-targets-signaling pathway Fig. 5 Survival of mice infected with Pb ANKA
£ 4 ArtFITMP I ECM/MNREREREI (+s,n=6)
Table 4 Effect of ART and TMP on body mass in ECM mice (x+s,n=6) g
415 A /mg kgt 2d 4d 6d 8d
M 18.70+2.00 17.50+2.30 16.10+2.70 15.78+1.23
Art 7.80 18.20+1.01 17.70+2.33 17.30+2.78 16.56+2.20
Art+TMP 18.20 17.90+2.00 17.50+1.01 17.20+2.42 17.30+2.20

W5 M4 DP<0.05,2P<0.01(F£ 5~7[F)) .

2.7.2  Art fll TMP X ECM /) U ¢ % , RMCBS 75
ST TERERNGE 6,8 K, 5 M 4L 8 KK Y
T H, Art 4 A Art+TMP 41 J% e 3% 1§ 3 R A% (P<
0.01), % B Art+TMP 41 B8 %5 A R0 W% 1% /)y B Ao Jk e

o, WFES, MU 4 KT LB & AR Kbk

R VYR T R A BN AR SR T R IT IR,

RS5 ArtFATMPXT ECM /NRBREFEWZI (X+s,n=6)

i 25 96 R T 4R P, RMCBS A5 43 s T F% L /)h Bl
T B P PN N BN i S N 1 S ) A N i 51
i, VU ) T b B S T S L BN
W2 S B EMG . T RS, Art 4 F1 Art+ TMP 41
£ RMCBS | W & & F M 4 3 4> (P<0.01) .
W36,

Table 5 Effect of ART and TMP on infection rate in ECM mice (x+s,n=6) %
25 A B /mg kg 2d 4d 6d 8d

M 1.70+£1.00 3.50+2.30 12.90+2.70 22.78+3.23

Art 7.80 0.20+0.01 0.70+0.33 3.30+2.78 9.56+2.20%

Art+TMP 18.20 0.10+£0.001 0.50+0.01 2.304+0.42 4.23+1.20%

£6 ArtFTITMP X ECM/NFR RMCBS B4 I (X+s,n=6)

Table 6 Effect of ART and TMP on RMCBS score in ECM mice (x+s,n=6) in
5 il /mg- kg 2d 6d 7d 8d

M 15.20+0.30 13.33+0.30 12.00+0.00 6.20+0.70 4.59+0.30

Art 7.80 13.21+0.01 13.85+1.42 12.14+1.02 12.36+0.70% 11.14+0.50?

Art+TMP 18.20 13.40+0.70 13.85+0.50 12.64+0.60 12.69+0.16% 12.50+0.70%
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2.7.3  Art il TMP X ECM /)y B i 26 23 40 i (5 1~ A9
FIRAKE MR R 45 25 B 2R 45 AR OR i AAM-
CUST & 57 & K ECM /N [ 41 2 v A1 ¢ 41 i
TFikAKF. KIH P IFN-y,IL-10,1L-4,1L-18 5

I 28 24 3 24 TN ECM 9% 5 25 ) & 40 S8 A A
. 5 M4, Art+TMP 40 IFN-v, IL-10, IL-4,
IL-1B 1Y 3k K 18 2 1 (P<0.01) , M 41 5 Art 4l
AR IRAKF 2R g m L, kT,

7 ArtIN TMP X ECM /) BBt 48 23 o 20 i BBl F B9 RIX K F I MM (3+5,n=6)

Table 7 Effect of ART and TMP on expression of cytokines in brain tissue of ECM mice (x+s,n=6) ng-g’!
205 F it /mg-kg! IFN-y IL-10 IL-4 IL-18

M 185.41+48.52 1228.33+172.56 709.19+63.79 52.75+9.24

Art 7.80 233.30+£29.44 1317.28+140.00 775.64+82.76 40.54+45.56

Art+TMP 18.20 830.15+118.39? 1911.97+187.64% 1354.48+128.34? 626.32+64.41%

3 iFig I A% 40 L (PBMC) 2L 35 37 A CM L AL, % S AE I

SREE (=3 - S B NN & L K
MALHIE & T RERMEE, P EZIGYT
AR AT N R LR 24 K FE AR T 2 22 K 24 I A K 4R
R0, WIS 2 B2 g T A b 2 R R AR AL T
JEBE P RGE A M T ) B IRYT CM I 2 4
W 2% [, I 45 G 1A DN 56 UE SI2 56, 45 SR 3R B IR IR
5501 25w e AT ZH 4 RE X ECM /) BRURY A A7 38 44 o
D AT A5 R B VR TR B R R A
B Bl 2 RE IR, U T s BE TR S S R AL T
BER 26T 4 .

W 2% 2 B AE S5 AR OR T S IS LA G
J& , FE2G R0 F Y O SRR 5ORD 4y 1 U RE A rh 4
(R 7S R S v R N 7/ = U B B E SR
T B [ A i RIS I G g% R T T . SRk
A [ BT, AR 98 A 5 AN 40 i PR R 4R R T 7E CM
J I ok B LA B A R i G R R ) A O M b & 4
FEAEH 1w B EN SR A # 2(NOS2) 4
Ko — S8 AL K 0] 52 A 3 G TR R G (1) ) IR
PERT CM I & E 19 & A2, HA IR 98 Z I NO (1 7=
A FINOS2 i F ik & NOS2 i £ 5 S e ay = &
FEBEA O, A 72 E P Hsh ESME
AR RN AR JE B R L R R E CMRITE 1 L 22
i (SMA) B EH B . CM IR A 5 5 dU&
YL 21 44 il (pRBC) X IfiL A8 P 1 4 B (DT JH: 2 i il 4
AR A0 ) 8 2R B DD AR G, R F IR 3R X — 2
B 7 T = 20 Pl D e 0 B A P e A i A
B A L 7 b B A2 A G 4 8] 25 B3 -1 (ICAM-
1), 1058 240 M 26 B DY -1 (VCAM-1) 55 45 5 ok 4 &
0, CM B3 MR N A7 7E 25 22 Fh 40 i B8 -1 7K1 1 S5
W B E TNF-o 2% KHAW 250y #d A N J2
4 (HBEC ) -8 P 9 Ji Rk e 2148 il (iRBC ) -4 &
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SIS A Z P B i PBMC B TFN-y 77 A4 38 &2 | W] s TL-
10 98 />, CXCL10 Fl ICAM-1 f ik, 7 A
CM WL v IS 88 B 98 958 I & i 19 A 18 LE IR
SERRE AT N A VR B Y TL-10/CXCL10 1 IFN-
304 A T BE TR S 2T 40 A 2k B 3 B T
3 A 4100 R A PR T 40 (Tho) S 28 SR, R s 9
T 2 i 500 AN IL-10 7K SF |, 2035 T CM RS A /N B A7
T 256 I G 2 20055 B 2 AR L AR E S AR B
5105 AR A i 3 RV TS L, g — 2B T
AU P T 2Tk OKOF 25 5 R 3 M T B
L E IL-10 7K, 55 SR R 38 T R 3R 25 2 W A
9 TRl IFN=y F1 IL-4 36 35 K 7 .35 10 55, $R
AL A W] REE G 0 IFN-y 7 S /90 i CD4™ T
20 i 7] Th 20 i 53 Ak 1T 2 15 40 i S 2 1 24 9845, ol
il 38 2o 52 ) 1L-4 75 5 A9 9] 1 CD4"T 4t ffi 17] Th2 48 Jifs
Gk, NI 2 55 0K W G 92 285 1 R T, 5 T 4% 2
O R B R T EE S RS
BIT CM JE 25 T -2 00 05 - 2 & 46 40 1 AE i 45
Ro TN EREEI, T EIERS NN R,
TL-183 B 235 19 W 8, 3 003 o 90 sl i 32 9% 1k K SR
G J8E N T SRR T 9 M A R KA L AT B AR R
Y T B P ECTE O B S TECM I — &
F1 L R g B i R PR A DR T BRI T R E R T
SRR O M 9 AT i ik — 2B IR IE .

A S I AT 1 3 % A A R A T A, -
LA A A B s RE 4 RS, pS3, T 4l
JfL, 9 5 M OG A5l s R HE IR YT CMAEH . DT 41 i
15 55 30 I, 76 92 B E IR ) 50 928 5 0B R B AR 1Y
- VAT RE B T 4N A 04 R D AR 3 B0AT AR AU BR
BORALT , JCIE T O JE 9 1 T B f gz . il A
F 5% 2 B Dt M A 2 96 S 5 1 2 e R T TR - A
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A R 1 e o AR S T A A S R AR A
HEE . @pS3ME T . A5 i T L B
(TEM)WFFE WG T CM R G /N Bl Bk 4 23 28 r 4% 1) 285
P 50 B M F 9T 45 R R L 32 IR I I P ek AR
223 WAL K, B R M R AR g5 SRR T 4R kL
PRRE G U8 T2 25 11 B bk I 4 MR -2 (Bel-2) 5 5 Y A
Ji PN BE T 3 A2 9 38T, Bel-2 4 56 X 75 H (Bax) 4
il % C, IF ik — A B AR p53 B9 5 T T fE & CM R AE
BN S R R B8 I 1 S A0 G Z AR SR AR S B
HE L )M A R A A DG o R IR R R
i J 401 32 B A% B R A R R 48 h THETE A R
il 5 e A LA AR W 1 A0 M 53 24 W B O [ G et
FELT G,/S Y ¥ 76 G, I (IR A S 29 15 h) i 3 40l il
AN RT3k G 1 ) SO0 BELVF L 400 ) S0 BEL A 1 B A R EE A
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S0 i SR B 3 N &5 2R Ry i — 25 1 24 AL HL
TR AR TR

AW 58 0 FH I 2% 24 3 2 Ko S 36 36 HE 1) 5 9 X
T - AT 3 PR Ry R A R G B AT
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I 53 Ar BCHE 45 2R 5 T A A7 50V R B i, {5
EIEE AW AR T A T B, R HAE
FHAIL 2 18 R A e i W58 07 1]

(&%)

[ 1] WORLD HEALTH ORGANIZATION. World Malaria
Report[ M ]. Geneva: World health organization, 2018:
1-204.

(2] ZdR Z90,0E, % . WAERmERI] hE
T 24435 ,2017,42(23) : 4548-4555.

[ 3] GOLENSER J, WAKNINE J H,KRUGLIAK M, et al.
Current perspectives on the mechanism of action of
artemisinins [ J]. Int J Parasitol, 2006, 36 (14) : 1427-
1441.

[ 4] WAKNINE-GRINBERG J H, HUNT N, BENTURA-
MARCIANO A, et al. Artemisone effective against
murine cerebral malaria[ J]. Malar J,2010,9:227.

[ 5] VANKA R, NAKKA V P, KUMAR S P, et al.
Molecular targets in cerebral malaria for developing
novel therapeutic strategies[]]. Brain Res Bull, 2020,
157:100-107.

[6] GHOSH A, BANERJEE T. Nanotized curcumin-
benzothiophene conjugate: a potential combination for

treatment of cerebral malaria[J]. [UBMB Life, 2020,

[7]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

72(12):2637-2650.
GAY F, ZOUGBEDE S, N'DILIMABAKA N, et al.
Cerebral malaria: what is known and what is on
research[J]. Rev Neurol,2012,168(3):239-256.
R T R . a0 0L 3 i f 2 Y BT 5
PERELT]). P BRI RWFSE ,2011,3(17):115-116.
B R, XUAE , i A . G I Ak Y 24 25 AR T BIE 9 a0 J
[J]. R EZH,2011,25(6):603-605.
SHAN C, XU Q, SHI Y, et al. Chuanxiong formulae
for migraine: a systematic review and meta-analysis of
high-quality randomized controlled trials [J]. Front
Pharmacol,2018,doi: 10. 3389/fphar. 2018. 00589.
SHAO Z, LI J, ZHAO Z, et al. Effects of
tetramethylpyrazine on nitric oxide/cGMP signaling
after cerebral vasospasm in rabbits [J]. Brain Res,
2010,1361:67-75.
FEIE R . BE T e M Ol 2 4 A B R BE TR 1N
W& 20 5 P R 3R T RE B R PETT ST (D). B8 2 8L
W 2 KA ,2019.
2B R K AR BT, S 3R PCR 5 2 A6 IR 5 i 0%
P I A A LR S (D). o [ R ) o
#,2013,8(4):331-335.
HOFFMANN A, PFEIL J, ALFONSO J, et al
Experimental cerebral malaria spreads along the rostral
migratory stream [J]. PLoS Pathog, 2016, 12 (3) :
¢1005470.
rh A R A o B2 A 3 23 i L 7B 2 2 2 T el
i A iz R 48 B AR 2 I 2 i i A 2
HIE R 2010[T]. P E 2 FHES:,2011,14(35):4013-
4017.
JAE 48, 2 1, A T, S I IR R X e
PR fi A T R 2 A Y Meta 3BT LT tHE S s
#j,2020,15(19):2900-2909.
VANEZIS A P, ARNOLD J R, RODRIGO G, et al.
Daily remote ischaemic conditioning following acute
myocardial infarction: a randomised controlled trial
[J]. Br Heart J,2018,104(23):1955-1962.
BRI N, R e g, AL AT, 55 . FFS IS R B A R
Xof L1 DPN R LW U 78 27 e 58 E PR 1 7K 18 52 1)
[J]. R R 2E2A R 24 R, 2016, 35(6) 1 922-926.
EATE 200, B I A S M v ol R
Bl 7 2 I D52 00 I Jit 2 R T g i 2 e — A 1 R R TR
S AL B R AZ (7], v [ R 25 31 4 Ak ik, 2017, 33
(6):513-517.
RS X/ ARG, 25 . ERIR I 25 RIS LA R
Xof 2 e AR BE R P 2 ) R e A5 R 0L Y U A 2 1Y) S
M (], S R 4 4 A R, 2020, 15(4) : 710-713.
AR PN IT L WA, A5 S TR 2 SR S R A
- 167 -



527 B 6 Wi HEXBAFZRS Vol. 27,No. 6
202143 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2021

[22]

[23]

[26]

[27]

[28]

[29]

[30]

[31]

ST (5 = RO i i (0] Hh B G BE
2018,18(7):643-645.

OLUPOT-OLUPOT P, MAITLAND K. Management
of severe malaria: results from recent trials [J]. Adv
Exp Med Biol,2013,764:241-250.

KOUAKOU Y I, TOD M, LEBOUCHER G, et al.
Systematic review of artesunate pharmacokinetics:
Implication for treatment of resistant malarial[ J]. Int J
Infect Dis,2019,89:30-44.

PREGZS, M 07 MO FE 45 . S5 4% 24 B 4 BT i 8
OGS Bl ok o8 B T AL A AIAE © S99 R A i A AL )
(1], E 22475 ,2020,45(17) :4099-4111

AT, FBELL R, R, 45 . T b VAT Bl 2 2 ) AR B
F 0 28 53 Bt B S gk [ ], b [ b 25 445K, 2020, 45
(17):4129-4139.

IDRO R, MARSH K, JOHN C C, et al. Cerebral
malaria: mechanisms of brain injury and strategies for
improved neurocognitive outcome [J]. Pediatr Res,
2010,68(4):267-274.

TROVOADA M D J,MARTINS M, BEN MANSOUR
R, et al. NOS2 variants reveal a dual genetic control of
levels, to Plasmodium

nitric  oxide susceptibility

infection, and cerebral malaria [J]. Infect Immun,
2014,82(3):1287-1295.

LEVESQUE M C,HOBBS M R,O'LOUGHLIN C W,
et al. Malaria severity and human nitric oxide synthase
type 2 (NOS2) promoter haplotypes [J]. Hum
Genetics,2010,127(2):163-182.

WILSON N O,JAIN V,ROBERTS C E, et al. CXCL4
and CXCL10 predict risk of fatal cerebral malarial[J].
Dis Markers,2011,30(1):39-49.

CHULAY J D, OCKENHOUSE C F. Host receptors
for malaria-infected erythrocytes[J]. Am J Trop Med
Hyg,1990,43(2 Pt2):6-14.

GRAU G E, TAYLOR T E, MOLYNEUX M E, et al.
Tumor necrosis factor and disease severity in children
with falciparum malaria[J]. N Engl J Med, 1989, 320
(24):1586-1591.

KWIATKOWSKI D, HILL A V, SAMBOU 1, et al.
TNF concentration in fatal cerebral, non-fatal cerebral,

and uncomplicated Plasmodium falciparum malaria

[J]. Lancet, 1990,336(8725):1201-1204.

- 168 -

[33]

[35]

[37]

[38]

[39]

[40]

[41]

KHAW L T, BALL H J, GOLENSER J, et al
Endothelial cells potentiate interferon-y production in a
novel tripartite culture model of human cerebral
malaria[ J]. PLoS One,2013,8(7):e69521.

CABANTOUS S, POUDIOUGOU B, BERGON A, et
al. Understanding human cerebral malaria through a
blood evidences  for

transcriptomic  signature:

erythrocyte alteration, immune/inflammatory
dysregulation, and brain dysfunction [J]. Mediators
Inflamm, 2020, doi: 10. 1155/2020/3280689.

DU Y, CHEN G, ZHANG X, et al. Artesunate and
erythropoietin synergistically improve the outcome of
experimental cerebral malaria [J]. Int
Immunopharmacol,2017,48:219-230.

BESNARD A, GUABIRABA R,NIEDBALA W et al.
IL-33-mediated  protection against experimental
cerebral malaria is linked to induction of type 2 innate
lymphoid cells, M2 macrophages and regulatory T cells
[J]. PLoS Pathog,2015,11(2):e1004607.

SR A RO o i 25 BE AT D).
e R 2 ,2015,34(5) :157-170.

FRIMPONG A, KUSI K A, ADU-GYASI D, et al.
of T cell exhaustion and

Phenotypic evidence

senescence during symptomatic Plasmodium
falciparum Malaria [J]. Front Immunol, 2019, 10:
1345.

DEMARTA-GATSI C, RIVKIN A, Di BARTOLO V,
et al. Histamine releasing factor and elongation factor 1
extracellular

alpha secreted via malaria parasites

vesicles promote immune
specific T cell responses[J]. Cell Microbiol, 2019, 21
(7):e13021.

KUMAR K A, BABU P P. Mitochondrial anomalies

evasion by inhibiting

are associated with the induction of intrinsic cell death
proteins-Bcl,, Bax, cytochrome-c and p53 in mice
brain during experimental fatal murine cerebral malaria
[J]. Neurosci Lett,2002,329(3):319-323.
VAN BILJON R ,NIEMAND J, VAN WYK R, et al.
Inducing controlled cell cycle arrest and re-entry
during asexual proliferation of Plasmodium falciparum
malaria parasites[J]. Sci Rep,2018,8(1):16581.
[SRERE FEikik]



