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ABSTRACT: Objective To explore the effects and mechanisms of sea cucumber intestinal ovigerm peptides
(SCIOP) on enhancing the immune function of mice through network pharmacology and animal experiments.
Methods The database was used to screen the active chemical components of SCIOP and the targets of immune
cells. Gene ontology (GO) functional analysis, kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analysis were conducted on the relevant core targets to preliminarily explore the potential targets and
mechanisms of SCIOP in enhancing immune function. Male kunming mice (KM) aged 4-5 weeks old were
randomly assigned to 4 groups. The experimental groups were treated with SCIOP at doses of 0.52 g/kg (SCIOP-L)
and 1.04 g/kg (SCIOP-H) via gavage, the positive control group received 0.52 g/kg of sea cucumber peptides, while
the blank control group was given an equal volume of distilled water by gavage. After 30 days of gavage, various
immune indicators were measured, including organ/body weight ratio, delayed-type hypersensitivity, splenic
lymphocyte transformation capacity, humoral immunity, and peritoneal macrophage phagocytic activity were
measured. Results The results of network pharmacology showed that the active ingredients of SCIOP in enhancing
immune function mought be cucumarioside, holothurin and other 15 kinds of ingredients. The key targets mought
be cell division cycle 25A (CDC25A), fibroblast growth factor 1 (FGF1) and other 46 immune targets, which
mainly enriched in cell adhesion molecules, hypoxia-inducible factor-1 (HIF-1)and other 14 signaling pathways.
Animal experiment results showed that SCIOP significantly increased delayed-type hypersensitivity, serum
hemolysin level, the phagocytic capacity of peritoneal macrophages, and splenic lymphocyte transformation
capacity. Conclusion SCIOP activates immune cells with characteristics of multiple components, multiple targets,
and multiple pathways, which may exert their immune-enhancing effects through various active components acting
on multiple core targets and regulating a number of signaling pathways.

KEY WORDS: sea cucumber intestinal ovigerm peptides; network pharmacology; effective components; targets;

immune enhancement; mechanism of action
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A5 A AR R A

12 UFE5EE

AL204 HF 3T RF-(RE B 0.1 mg, Fi AR E) -]
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/NELL 0.52 g/kg SRR HE B S BE IR, SCIOP-L 41 Al
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Table 1 Main active ingredients and target of SCIOP

e aFhRiRS #K A 255 GoIBEREDCHE

1 MOLO013747 Ciy)INES C3HuOs =GR CDC25A ,PTPRC. AR . NR3C1, FGF1
2 MOLO013876 WEE CsHysNaO,;S =GR SIPR3, SELP, AR, NR3Cl, SELE
3 MOL013945 BSHR CssHgsNaO,sS =R CDC25A. VEGFA, FGF1, FGF2
4 MOLO014137 e SR CesH 1003, SR NR3Cl1, F2, ESRI, AR, ACHE
5 MOLO014083 W C3Hss010 SMESEETS VEGFA . FGF1, NR3Cl1, FGF2
6 MOL013827 EHRERIIRA ST CsoH 00054 =GR AR. NR3CI. GAA

7 MOL014245 = 2ive 2 (Cs4HgsNaO,sS)n EZzS CD22. MAG. SELP

8 MOLO013840 TKERIBET A CeoHosNaO,S S AR, NR3Cl

9 MOLO014149 ISt CHeO13 R PTPRC, FGFI

10 MOLO014183 EKSAT C7H,405 AR CDC25A, PTPRC

11 MOLO014040 PNZERCE CosH3015 WY PTPRC. CDC25A

12 MOLO014156 A LR C1:Hx0y Vit FGF1

13 MOLO013676 25Q6)-KAm i - =GR FGF1

14 MOL013725 PGS ER CeH 1003 TR AR

15 MOL013671 24,26~ F SR - 5-45-3-O- AR C33Hs04 USSR CDC25A

N2 E A 25A (cell division cycle 25A, CDC25A); & ik & FRBEHREEZ 1A C (protein tyrosine phosphatase receptor type C, PTPRC); i
%K (androgen receptor, AR); %2R 3C 4151 1 (nuclear receptor subfamily 3C-member 1, NR3C1); A{ZF4E4IA: AT 1 (fibroblast
growth factor 1, FGF1); Hi%l# 1 #5AIR-Z{A 3 (sphingosine-1-phosphate receptor 3, SIPR3); i# % P (selectin P, SELP); ##Z% E (selectin E,

SELE);

BN EZHE K IRF A (vascular endothelial growth factor A, VEGFA); JEF4E4 A K KT 2 (fibroblast growth factor 2, FGF2); #EIfiLAF 2

(coagulation factor2, F2); ME#{Z 1A 1 (estrogen receptor 1, ESR1); ZBEAHA R (acetylcholinesterase, ACHE); 4% il o 2 (glucosidase alpha
acid, GAA); CD22 43F(CD22 molecule, CD22); BfE#HAHIHE & 1 (myelin associated glycoprotein, MAG). -F/RAMREIHES T2
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7E: FXYD 538 74432 A1 25 11 2 (FXYD domain containing ion transport regulator 2, EXYD2); #H/4 & #i 1 ATP fiff o WV F(ATPase Na'/K*
transporting subunit alpha 1, ATP1A1); DNA & f (DNA polymerase beta, POLB); #iiJifd {225 P450 FKi% 51 WK A 51 1 (cytochrome P450
family 51 subfamily A member 1, CYP51A1); #iligH A2 41 1IF (phospholipase A2 group IIF, PLA2G2F); 7E [ /it i & B2 W FR R 32 AR 7 7Y
(protein tyrosine phosphatase non-receptor type 7, PTPN7); JHZE )5 C (chymotrypsinogenC, CTRC); ATP 4 F1 V.3 S (ATP synthase F1
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B 1 SCIOP-A RUS - M mi 2% ]
Fig.l1 Network diagram of SCIOP-active component-target
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BBV EL AN . T A0S Se e A, 3o e Sy IR
IL-6. FI4IHi4r%-18 (interleukin-15, IL-18)HIHRESRFE XA
F-a (tumor necrosis factor, TNF-o)Z2 4l i K 77K, 42T+
Ga DI RE; € 1 G AN I 7E A0 M AN 3L T I 1 1 A% RN B
PR ILTEPERY; 3 LT BB VLR 3 -2 0% B
(phosphatidylinositol 3kinase-protein kinase B,PI3K-Akt). i
1% 22 S35 AL 5 1 48 (mitogen-activated protein kinases,
MAPK) S5 538 5, 52 001 28 20 A ) B4 5 0 AR ) ol
S BAYUME . AN S A Y, R A
FE A A B/ FL3h i F Mh B K 2 A (protein kinase
B/mammalian target of rapamycin, Akt/mTOR )il #7541
it Y, o R T R B S O PR . B
Z R A AT 2 2 BRIV L, B R B S Al
A M SR, g2 K 0T LU 2o P8 95 T 3 & (interferon,
TEN)AI A A A 32 55 A0 M DR - 10 2300 . 458 5 R 24 10 7

WELRE, RIE SRR Y,
2.2 SCIOP £ % Z {RRBRY X S 40 S fFit 45 R

M GeneCards H(EZE itk i 1653 A5 e 4k
FAHICHHE S, 3@ad Venn BISrHTHiE SCIOP /EAF 5%
A 46 A SCHEHE S (B 2)o FRARIE B ROM o0 -1 P
M2 E (B D) R BB HET, ik BHEZ AT 10 A SCHR &
(3 2). HHh CDC25A J&—FhBkiRng, wI LA Lo i
TR A 6 39 2 11 008 14 98 i (cy clin-dependent kinases,
CDK)fE 4 At 5 30T E R, R0 o3 40 M Y h REDY . FGF1
AT L@ MAPK F#§5EE Cy (phospholipase Cy, PLCy)%
RS, feik e AN F s 5t S 475 . LAMPART %7
W5 228, FGF1 ZE 40 IR B %A ml B3 pS3 AH EAEH,
PATAMIATS. NR3C1 25 RAE SN, HonT LA Bl B i
Z (glucocorticoids, GCs)454, MM HIAR NI 4 HF 1y #£
K, WA SRR AN G AL 28] PTPRC 15 Ry s R4 %L
B A, AT LAGES BB L TR T 40 B 410 At
A, M2 5P Sl . CD22 4» 76 B 4
R VAR Sy vh R A TR . 24 B AR MBI 1R
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Fig.2 Venn diagram of SCIOP and immune cells

#*2 SCIOP {ERTRAEMMAREER
Table 2 Key targets of SCIOP acting on immune cells

b SCAHER LY el &
1 CDC25A AN ST 2R 25A
2 FGF1 FREF A AR R F 1
3 NR3C1 AR5 3C LG 1
4 PTPRC AR 2R Z Ik C
5 FGF2 JREF AE A A K R 7 2
6 VEGFA MENEEKHEF A
7 AR i3 EE N
8 CD22 CD22 731(B AiMi R i Hi )
9 SELP PR P
10 MAG HEHAR MR

(B-cell receptor, BCRYBHTIIG IR, CD22 i i 2wz fk
TR, il BCR W9f5 515 5, W52 0 6% 12 1w 2% SELP
AT D e Hep e 200 R B A - PN B 4R AR R R, ARk
JERE T S AN L pry 3 g B0
23 EEXRGESHARAEEMEFREAENERE
EoH

X SCIOP #1424 M iy 34 [AIHE £t 4T GO 2087, 45 2R
BRI 43 (cellular component, CC) A 16 5 H, 4
2% 514 72 (biological process, BP)# 94 N4 H, 2+ FIkE
(molecular function, MF)f 27 ~4cH . R4 P ik, HE4
HI 10 AW Thfiesc H LB 3. AR, iz auiany 2
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& YRR FEW G ST \MAPK S IE TR |
FEEFE AR . HHGER N ERES, IR FE
9 DNA 456 . BREALSEG . EREFEE. MaxRs
B4,

X} SCIOP FN G2 2 i) 34 (A1 i3 HE AT KEGG & 47>
Br, AR P 2h R, iR ER, XN R e
TE 14 (55, Wik AR . mis g4

KW EZ@E . /s, sl sl T -1
(hypoxia-inducible factor-1, HIF-1){F 518 #% . PI3K-Akt {5
T3 B AR PR I R RE I SRR AL AR -0 R R AL
LK H)Z 1A (advanced gycation end products-receptor for
advanced glycation end products, AGE-RAGE){5 53 . 40
N4> F25 (18] 4). Hirh PI3K-Akt, HIF-1 410K FH 53
A T A A R R DG LR Rk AR A A Qg S A
LR AR | HSBE  ITRE NN RE K HE vh i 4 OB A 5 9110,
Wi PIBK-Akt {5 S3d e mT ALk T 40 F0 B 40 a1 5E Al
FEG, KT AT AL . s AR R S SR AR A
W e, AHMERRT TR LMEE B 4 b At o
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Fig.3 GO analysis of potential targets in SCIOP and
immune cells
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Table 3 Effects of SCIOP on organ/body weight ratio in mice

Bzt CON PC SCIOP-L  SCIOP-H
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