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Abstract: The study investigates the mechanism by which Peganum harmala L. (Luotuopeng, LTP) inhibits
tube formation in retinal vascular endothelial cells. Tube formation was induced by treatment of retinal vascular
endothelial cells with glucose. The cells were divided into a normal group, model group, and an LTP group. The
total length of tube formation was measured. The active components, targets, and pathway by which LTP acts in the
treatment of diabetic retinopathy was explored by network pharmacology. The mRNA expression levels of targets
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[extracellular signal-regulated kinase 2 (ERK2), phosphoinositide 3 kinase catalytic alpha polypeptide (PIK3CA),
serine/threonine-protein kinase 1 (AKT1)] related to the mitogen-activated protein kinase (MAPK) signaling
pathway and vascular endothelial growth factor (VEGF) signaling pathway was measured by real-time PCR. The
results of tube formation indicated that compared with the normal group, the total tube length increased in the
model group (P < 0.01); after the treatment with LTP, the total tube length decreased compared with the model group
(P < 0.01). Network pharmacology revealed that the targets of LTP included PIK3CA, AKT1, and ERK2, and the
pathways involved the MAPK signaling pathway and the VEGF signaling pathway. Real-time PCR indicated that
compared with the normal group, the mRNA expression levels of ERK2, PIK3CA and AKT1 were elevated in the
model group (P < 0.05); after treatment with LTP, the mRNA expression levels of ERK2, PIK3CA and AKT1
decreased compared with the model group (P < 0.05). LTP may inhibit retinal vascular endothelial cell tube forma-
tion by regulating the MAPK signaling pathway and the VEGF signaling pathway. This study confirms the
multi-targets and multi-pathways of LTP and provides a basis for its use in the treatment of diabetic retinopathy .
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Ni&H DR. DR & FHPERE I 9 B, ALET R
1, WU H I A R PR O P 5, R B I N =
SR B I AR VG T T B DR A R AR o AR
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o IFR L. o I HE RS A PR FRIL, BLAE IR A R A
(%] 7 B VR 52 9 5.5 mmol- L) L R Y 4 s 5 k(7 7 b
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org/) K P N b 57 126 3R 15 IR B AR, 79 30 AR R 11 Bk
[A 44 R, o5 £ 1 44 AT R IE, A 56 1k #% Swiss-prot g%
It B VTR v 1) R PR 44
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qRT-PCREZIG [ 45 £H 40 Jiid 7 in A\ TRIzol $2 5t
&SORNA. il 8 G 5 Al cDNA. - SEI g B PCR
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Table 1  Primers for qRT-PCR. ERK2: Extracellular signal-regu-

lated kinase 2; AKT1: Serine/threonine-protein kinase 1; PIK3CA:
Phosphoinositide 3 kinase catalytic alpha polypeptide

Gene Forward primer Reverse primer

ERK2 CGTCATCCACCTTGA  GGTAAACCTGGTGCA
CACGA ACCCT

PIK3CA TTAGCCAGAGGTTTG  ATCTGGTCGCCTCATT
GCCTG TGCT

AKT1 CCACGGTAGCACTTG CAGCAGCAGTGGCAG
ACCTT CAT

p-Actin - TAATGAGCCTTCATGC CAGTGTACAGGTAAGC
CCccC CCTGG

Gt RE A SIS £ R E (X £5)
FoR, K H SPSS 20.0 Gt vk B A 3k AT B 43 #r, 24 H s
FEG IEZS 3 A I, 21 0] bL AR B R 36 7 %2 (one-way
ANOVA) 7 ffr . % 77 2 5%, 18 £ 57 B8R H LSD
5 TT AN, IR 2 S UBCR H Tamhane v . DL
P<0.05 %R ZRA S FE L.

A

Normal Model

LTP 150 mg'L"

LTP 200 mg'L"

Figure 1

B

Total tube length

LTS
1 GETeE XA AR L& A 52 20 A B E S R R 52
HIEH AAR L, AL N R 40 A TE TR R K R
RN, SR, I ES LS, MR A
TEIY UK B R > . 45 BT 1A B,
2 IRIEEAYMR S RIBLATFIELE R
7 TCMID #1 BATMAN-TCM % 4 /%2 v 15 34 4% 4
IS PR R 3 214 . R )5 dE i SuperPred., Binding
DB.BATMAN-TCM 3 /™ 44 J22 Ui 16 3% 5 32 V& 1% B 4y
()R] REHE AL, KPR S R G IF L H S, 19 358 08 17
AR A SR L 6104 (3R 2). Ak, 44NIE
PR 73 R BELE B P o 4 AR RLAE 55

Table 2 Active components of Peganum hannal L.

Number Active ingredient The number of targets
1 Harmol 263
2 Vasicoline 190
3 Pedunculoside 4
4 Harmalol 265
5 Deoxypeganine 190
6 Deoxypodophyllotoxin 4
7 Pegamine 10
8 Peimine 7
9 Peganine 5

10 Deoxyvasicinone 166
11 Harmaline 18
12 Peganol 5
13 Harmine 209
14 Rupestonic acid 20
15 Harman 8
16 Vasicinone 3
17 Vasicinol 4

3 DREESFHIELER

i % OMIM 4 2 . TTD #4f £ . pharmGkb %
¥i% % . DiGSeE $4% & . GAD %¥fs it T/ %, 73 5 DR
AHOCHE 3L 301 A4, ALFE L 4 B2 2B KK 7 A (vascular
endothelial growth factor A, VEGFA). 48 Jit b i 5 2 (1
B4 2 (extracellular signal-regulated kinase 2, ERK2).
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the effect of Peganum harmala L. (Luotuopeng, LTP) on the tube formation of the retinal vascular endothelial cells. A: RF/6A

was treated with different concentrations of LTP and the tube formation was observed (scale bar: 100 um); B: Quantitative results of tube

formation. n >3, x £s. P < 0.01 vs normal group; *P < 0.01 vs model group
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Figure 2 Protein-protein interaction (PPI) network of the targets of Peganum hannal L. in the treatment of DR

T M Ik UL B 3- 984 B 18 {6 3 3 o (phosphoinositide 3
kinase catalytic alpha polypeptide, PIK3CA) % .
4 FRIEFEIATT DRAVE LI S TN A PP 4% 4

I FH Venn 75 2 5111 0 B 32 1 14 1l 23 11 611 AN
HI4E 555 DR ) 301 M FE s US4, 19 31 44 /> 3L [F) 52
ROOE R ALANETERCT) . ERAS 1 44 4 25 -9 g 4t
[l §E 5 _E A% 2 STRING 7E 4 ¥ e - 5 45 31| PPI W %
(Bl2). EBEE KT 0.4, B 1SRN, 5
FIOCHE R B A 434, 370 Kk IURE T E A Z A
HAEA
5 BHEMLSWGOINREEN

F H DAVID #t 4} 147 GO 1 KEGG & 4 77 #T,
Jf38 i Excel A1 Omicshare “F- 4 K 70 By 45 J 5 4k 2%
UASE SRR

FESr IRt (813) BRI AR A R A4S
4 (protein binding). Eg 45 & (enzyme binding). #F 2@ &
45 & (identical protein binding); 22 % % 7% & 2 & (1
P4 1 (serine/threonine-protein kinase 1, AKT1).ERK2.
AP-1 % 3 [KF (AP-1 transcription factor subunit, JUN)
GRS EHHA,

TEA A 73 o i (K1 4) s SR S 2 1) iR
AIE] B (extracellular space) 40 fild 71 [X 45 (extracellular
region). it X (plasma membrane). 4 it 4 [ 4 4 14

Molecular function
Receptor binding [N
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Figure 3 The count of genes and molecular function
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Figure 4 The count of genes and cellular component

(extracellular exosome); fitt /83 25 B [Kl ¥ (tumor necrosis
factor, TNF). ERK2. Ifi. & % 7K % # 1L i (angiotensin
I-converting enzyme, ACE) & [K5 5 Hv,
FEATIRE A (B]5) s SRR AR 2 I R R R
K 1E [7) 1 #% (positive regulation of gene expression)-.
R [ % (inflammatory response). % 5% (1) 1E [ i %
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Figure 5 The count of genes and biological process

(positive regulation of transcription; DNA-templated); %
&K %21k (androgen receptor, AR) . TNF. 1L K A 1
B1 (transforming growth factor-beta 1, TGFB1). i %
3 A T -1A (hypoxia inducible factor-1A, HIF1A) %5 %
Z5H .
6 KEGGHEERESRTNER

KEGG it i & £ 73 #r 3L 49 31 90 ki %, HorhHE &
HE AT IR B R Y K 2 BBE SR % L VEGF 5 5 1 B
(VEGEF signaling pathway) . A5 [ 2 Ji (1) B S AR i 55 &
SEHL SR Z IR R MAPK (5 518 (MAPK signaling
pathway). TNF {5 5 # % (TNF signaling pathway).TLR
=5 1@ (Toll-like receptor signaling pathway) 25; AKT1.
ERK2. 2234 J5 vE A £ H I 8 (mitogen-activated protein
kinase 8, MAPKS8).PIK3CA 2% K& 5 b (146).

Top 20 of KEGG enrichment
Pancreatic cancer { «
VEGF singnaling pathway 4 -
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THF signaling pathway L ]
% 3 4 '
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Figure 6 Enrichment of KEGG pathway
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MAPKS., TNF.JUN.ACE.AR.TGFB1 fll HIF1A {1
B2 Y B 22 5 U T PR T B 2 LA 9% 0 38 I SR
I A G I8 % - MAPK {3 538 #% . TNF {5 5 % . VEGF
F S E MM TLR S S Bk 45 . 1A T Bk §E R F0 I8
% 1AL 5 By A 2% H 3% B8 3 B (harmalol) 1 7K
(harmol) 1 2: 4% 3358 (harmine) 55 .
8 QRT-PCRZR

HIE# M, BiA 4 ERK2.PIK3CA Al AKT1 1]
MRNA ik 7K P2 7 i 1 S5 A A 20 AR L, 200 mg-L™
IR TP 45 25 4 ERK2.PIK3CA Fl AKT1 [l mRNA £ ik
KA (P < 0.05). 45 5% LK 8A~C.

g

DR [P35 E P95 22 2 A0 I JE 7 A I R T A 1L
TV RT3 2L 38 28 T 1 S 1) %) 28, B
5 PN R A ) R B K% S S 4 M 3G A 7 T B — 2 4
2R, BN S R H I i, Rk A 1 B 4 LA,
AR A5 A B AN L XY, Py g A P T T S 56
JR 1T R LA AR ) — P 8 B PR AR 1 SRR, TR AR R R
FH PN 7 400 it 5 3 T ST 56 WL % 0 1 32 X6 DIR 4 2]
B IP 24% 24] B 25 (1) 07 5 0 1R B e 7R 9T DR IR R
S, JHiE L QRT-PCR J7 V1560 0E W 25 24 B 2 45 1L 36 7R
IRIETEIRTT DR 2 B I o T AL .

EIETY RS 45 R R, 5 IR AL AR b, R
TR S BN S AR R A L, B e A R S BRI
EEAKRE . B RARIR, R R P L I AT i, T
% D S 1) s R 5 S T ML A B, BN IR D BA R
J7 DRI 710

AR TSC R F W 24 2 3124 7 VA TN T 9% B 3% ¥R 7 DR
AT B A FH B0 URTE 2%, JF G BOCBREBE st AT 1 0
KIS IE . 4% 24 31 2 45 R OR, B8 B 3£ ¥R )T DR
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CDH5 PIK3CA AKT1
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Figure 7 components-pathways-targets network of Peganum hannal L. Yellow: Active ingredients; Red: Pathways; Blue: Targets
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Figure 8 mRNA expression of ERK2, PIK3CA, and AKTL1 in the retinal vascular endothelial cells was examined by PCR. n

“P < 0.05 vs normal group; “P < 0.05 vs model group
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