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Abstract: Objective To investigate the effects of ginsenoside Rbl on
hypoxia/reoxygenation ( H/R) - induced injury in human pulmonary
endothelial cells (HPECs) and its underlying mechanism. Methods
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HPECs were randomly divided into control group( normal culture), model group ( subjected to 3 h of hypoxia followed
by 7 h of reoxygenation) , and experimental group ( pretreated with 0. 1 pumol + L™", 1.0 pmol -+ L™", 10.0 pumol + L'
and 100. 0 wmol - L™" ginsenoside Rb1 for 1 h prior to H/R). Cell viability was assessed using the CCK — 8 assay. The
levels of inflammatory factors including interleukin — 13 (IL -1B), interleukin —6 (IL —6), and tumor necrosis factor — a
(TNF - o) were detected by enzyme — linked immunosorbent assay ( ELISA). The intracellular adenosine triphosphate
(ATP) content and the activities of mitochondrial respiratory chain complex [ (complex [ )and ATP synthase were
detected by ELISA . The protein relative expression levels of glucose — regulated protein 78 ( GRP78), C/EBP
homologous protein ( CHOP) , zonula occludens —1 (ZO - 1) ,vascular endothelial cadherin ( VE - cadherin) and ATP
synthase F1 subunit delta ( ATP5D) were measured by Western blot. Results
model group and experimental group (0.1, 1.0, 10.0 and 100. 0 pmol - L") were 1.07 +0.04, 0.61 +0.06,
0.68 +0.07, 0.80 £0.06, 0.96 +0.08 and 0.95 +0.09, respectively, among which 10.0 pmol + L' showed the

optimal protective effect and this concentration was therefore used for subsequent experimental group. The levels of

The cell viability of the control group,

IL - 1B in the control group, model group and experimental group were (136.25 +3.61), (200.12 +8.56) and
(149.50 £9.20) ng - L', respectively; the levels of IL — 6 were (4.95 +0.26), (8.96 + 0.60) and
(6.23+0.34)ng -+ L™, respectively; the levels of TNF — o were (328.66 +19.14), (461.54 +26.39) and
(391.77 £17.22) ng + L', respectively; the relative expression levels of GRP78 were 0.84 +0.15, 1.45 +0.13
and 0.82 =+ 0.15, respectively; the relative expression levels of CHOP were 0.66 + 0.11, 1.20 + 0.41 and
0.76 +£0. 14, respectively; the relative expression levels of ZO —1 were 0. 81 £0. 11, 0.25 +0. 07 and 0. 84 £0. 13,
respectively ; the relative expression levels of VE — cadherin were 0.75 = 0.12, 0.32 +0.09 and 0.73 = 0. 14,
respectively; the relative expression levels of ATP5D were 0. 88 +0. 16, 0.26 +0. 08 and 0. 83 £0. 17, respectively;
the activities of mitochondrial respiratory chain complex [ were 2.12 £ 0.26, 1.40 +0.17 and 1.82 + 0. 15,
respectively; the activities of ATP synthase were 2.14 £ 0.25, 1.32 £ 0.17 and 1. 81 £0. 18, respectively; the
contents of ATP were (86.32 +8.50), (52.21 £5.62) and (91.12 £6. 10) pmol + ug ™' protein, respectively; there
were statistically significant differences in the above indicators between the model group and the control group, between
Ginsenoside Rb1 may alleviate H/R -

induced HPECs injury, inflammatory response, and endoplasmic reticulum stress by improving mitochondrial function

the experimental group and the model group (all P <0.05). Conclusion

and increasing intracellular ATP content, thereby restoring normal cellular function.
Key words: ginsenoside Rbl; human pulmonary endothelial cell injury; endoplasmic reticulum stress; mitochondrial
function ; adenosine triphosphate content
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1 Rbl 2 A EZ G 2 —, B AL Bt
RAPUH TG VE . B8R, AZS 21 Rbl 7]

AL A 18 5 W 18075 32 A&~ ( peroxisome proliferator —
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B .99.75% , 415 :HY — N0039, 25 [E MCE /A "] A= 775
31087 & — 8 (cell counting kit —8,CCK - 8) &
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% — 1B (interleukin —1B8,IL - 1B) \IL — 6 FlfifJ&i R 5L
Kl F — a(tumor necrosis factor — oo, TNF — o) i B Fo 5
W% it I %2 ( enzyme — linked immunosorbent assay,
ELISA) i3GR) &, 2 0 AUt PR AR A W RHBoA IR 2wl A=
75 R IR 7 (adenosine triphosphate, ATP) 5 &
ELISA 2l & , B3 = RAEWHOR By A1 FR 2 7] A=
P SRR A AR T ATP 4 4 ELISA it
G, ¥ Andygene 23 ) AR )7 5 UM S DUTE
M %€ 43 #1 ( radioimmunoprecipitation assay, RIPA ) 24 fi#
TR, A 5 ) 3 e PR B AR AT B2 ) A 77 5 7 e M O
T 78 (glucose — regulated protein, GRP78) , C/EBP
[F]J5 4 F ( C/EBP homologous protein, CHOP) | ' %% 4
B M 1 (zonula occludens —1,Z0 —1) M1 45 N F2 4553
# [ (vascular endothelial cadherin, VE - cadherin) .
ATP & F1 W3 8 ( ATP synthase F1 subunit delta,
ATP5D) $iA , 494 35 [E Proteintech 23 7] Az 7= ; s Ik
FH % ( bicinchoninic acid assay, BCA ) & H &M &5
T bE BE A R BN — S DN T ¥ 8 K F UK (sodium
dodecyl sulfate — polyacrylamide gel electrophoresis,
SDS - PAGE) # EREZE vl (5 x ) , ¥ iR =
KA T BRI A BT,

{88 Varioskan LUX iff#r1{¥, 35 E Thermo 2\ )
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Transwell/NEEH, 5555 ARG BELZ , BEHLIY 9 %)
BEZH RV FNSCIRZH . 0 REZH 40 4 R Tk AE B
Bi(5% CO,.21% O,) 555 ; 15500 20 0% 40 fifg & T
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(5% CO,.1% 0,) FHiF% 3 h, b5 55 2 1E % B ¢
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BrFasL) . AILINA CCK -8 ¥, BT 37 CHFHM
PEE Th, SRR AR 450 nm BRI SGRE A
YHTE I (% ) = (SE502H OD {8 - =5 11 OD {8 )/ (X
H&4H OD fi - %5 OD fi) x100% .
2.3 ELISA £ IL -1B.IL -6 #1 INF —a &=

1 HPECs b T et pl iy 6 fLAkh . B %A 4%
WE, BC&E M B W, £ 4 C KT L
13 500 r » min ~'HEE L 25 min, S RIPA 247 W
A B E,4 °C 13 500 r - min "' &0 T &L
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&, TR BRG] S U AR R A TL - 1B
IL -6 F1 TNF -« )& 3.
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K 1 0 ATP &B8iE 4

¥ HPECs #:Fh THI Rk 6 fLAkH . Wi 4
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I ATP 555 D) S SRR IR 55 52 4K 1 A1 ATP 4 il
PG TE. AR LIRS R AR i S K R B0, R R AR
FIVREE 2 5. 50 mg - mL™" 3 28 LIRS EUS , Kl ATP
Er R RERLLE 13 000 1+ min T A R 20 S35 A
T RLRRT I 5 A3 RIAAE R 7E 16 000 1« min ™ 25 fF
B L 20 min, £ ATP £ B8 49 £ & 7E 20 000
v+ min 50 B0 20 ming BT ROIMABERAR
BEE 3 hy ki 3 W AR , 7 450 nm i <AL
AL I IR s B A8 A A il I M DA RO B AR A AR
(AOD - min") /R,
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HEE

1 HPECs Hefh TRt pl 1y 6 LAk, Ak 3k
WG, SR I RIPA 22 fige i 4 A S 25 11, £ ) BCA
e R EWEREWE, HEAMERSSx b
FEGEMBIR AT, 42 8% 5 10% SDS - PAGE 2y 83 )5 , %
% 2 R L4 (polyvinylidene fluoride , PVDF) i I,
I E T 5% BN UIk o, &l B 1 hs BEJS I
A—31t (GRP78 ,CHOP . VE - cadherin ,ZO -1 ,ATP5D
Pk A BELLE] 1:1 0005 2 GAPDH Hofk , i % LU i)
1:2.000) ,4 CHFE IR HI& IR - 20 1 Tris $hiR
2% ik (tris — buffered saline with tween 20, TBST) J& 7%
JRE 3 YK, AR 10 ming ITA 40, FIRBEE 1 h; FFRTE
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V3 WE , R ROEE B, (1 Quantity One [£]
QI X 2 K BEARL A T 5 0
3 Gt

A Prism FEATHE 04T TR GORL & =5 R,
K R J5 22 70 B (one — way ANOVA) 4 &
Bonferroni 5150 24740122704 o

# R

1 ASE#H Rbl 3 H/R F5# HPECs i& 0K AE
S3va: Al

KA CCK -8 3463 HPECs (135 /1. 458 5w,
XPRECZH, BB, SC g A (0.1, 1.0, 10.0 F
100.0 wmol + L™") 41 g 7§ 77 43 1 4 1.07 £0. 04,
0.61 +0.06,0. 68 +0.07,0. 80 +0.06,0.96 +0. 08 Fl
0.95 0. 09, BRI 5 X AL bb, SEgm i SRR 2]
FHLE  FEGE T2 b2 R it B L (3P <0.05) ,
HA10 pmol « L™ VR EEAY AR 85 T Fie b, 5 8252 50
FHICHE . i &k ELISA d A I R AEH 7 IL - 18,
IL-6F1 TNF — o [ & i, 5 % B2 AH b, B8 20
IL-18.IL - 6 F1 TNF — o« [ & & 35 5 2 1
(P<0.05), SHEEARIAIAHH, SCER AL ik 50 R T
KB T RE(H P <0.05) , L3k 1,

R K WA A B 40 (HPECs ) HH41 A R - 18
(IL-1B)  IL = 6, g IR FE I F - o (TNF —o) 9 [0 85
(ng - L7 x%5)

Table 1 Comparison of interleukin — 18 (IL —1B), interleukin -6
(IL-6) and tumor necrosis factor — o ( TNF — o) in human
pulmonary endothelial cells ( HPECs ) among different groups
(ng+ L' Zxs)

Group IL-1p IL-6 TNF - o
Control 136.25 +3. 61 4.95+0.26  328.66 +19. 14
Model 200.12 +8.56 * 8.96+0.60 * 461.54£26.39 *
Experimental  149. 50 +9.20 * 6.23+0.34 % 391.77x17.22 *

Control group: Without any treatment; Model group: Treated with 3 h of
hypoxia followed by 7 h of reoxygenation ; Experimental group:Treated with
10umol + L~ ! ginsenoside Rb1 for 1 h prior to H/R. Compared with control
group, * P <0. 05 ; Compared with model group,* P <0. 05.

2 ASEH Rbl 3t H/R F S/ HPECs K5 M 53
R FI1E A

GRP78 1 CHOP Z [ & Sz Bl P J5it o 1 38 1) s s
PTEEE . SXIRZAIE  ARZH GRP78 F1 CHOP 12K
FIAHXT IR K 2 2% BRI (P <0.05) ; 5HRERIZH A

Eb , SZE 2 R 2 1 A AR 3k K 2 4 3 T R (3
P<0.05), W11 fzE2,
3 ASEFRbl 3t H/R F5H HPECs E#ZEZEHE
BHRIFMER

70 -1 F1 VE - cadherin 284l j 32 H 2 —25
SLMEN , KA MR L5 Z s % I
Ko HXFHAAM L, BRI Z0 - 1 F1 VE - cadherin
(A EE AR FRIB 7K -3 B 2 TR (P <0.05) 5 547
2 LA, S A 2 PR I AR e 2k K P34 B 2
($P<0.05), WL 11 fnge 3,
4 AZETH Rbl 3 H/R 558 HPECs Zfi{k I
B R ATP S EMARIER

5% HAZH AR Eb , BT 4 Y S R T 4 R A 1k T
FATP 45 B 15 P 25BN (P <0.05) ; SR ZH AH
Eb, SCIG A 2 i () 35 R 38 B A AR T (3 P <0.05)
W4, XFREA] BLRIZ  SCERZH A ATPSD 2R [ AH X)
Fik K49 K 0.88 £0.16,0.26 £0. 08 Al

I II

GRP78 e @B gue 78 kDa 7O-1 W Sl (D
CHOP wemammams 20kDa VE-cadherin e 130kDa
GAPDH
GAPDH w4 37 kDa —— 37 kDa
A B C A B C

1 B 5T ED 30 35 A6 45 2H HPECs PN J5T 19 B 380hx 725 2
D) A A (D) A B K

Figure 1 = Western blot assay to detect the relative expression
level of endoplasmic reticulum stress marker proteins ( I ) and
junction proteins ( Il ) in HPECs of each group

GRP78: Glucose — regulated protein 78; CHOP: C/EBP homologous pro-

tein;Z0 — 1. Zonula occludens — 1; VE - cadherin; Vascular endothelial

cadherin; A ; Control group; B:Model group; C:Experimental group.

R2 AZEH Rbl XA/ A (H/R) 5510 P35 9 B3R
SREE 1 ) B R T & 1 78 (GRP78) fiI C/EBP [A] i 8
(CHOP) KPR (% £ 5)

Table 2  Effects of ginsenoside Rbl on levels of hypoxia/reoxy-
genation ( H/R) - induced endoplasmic reticulum stress related
proteins glucose — regulated protein 78 ( GRP78) and C/EBP
homologous protein (CHOP) in HPECs of each group (x +s)

Group GRP78 CHOP
Control 0.84 +0. 15 0.66 +0. 11
Model 1.45+0.13 * 1.20 +0.41 *
Experimental 0.82+0.15 * 0.76 0. 14 *

Compared with control group, * P < 0.05; Compared with model group,
# P <0.05.



Chin J Clin Pharmacol

1155

Vol. 42 No. 8 April 2026 ( Serial No. 454)

0.83 +0. 17; 41 Jifd P ATP 2 5 45 51 4 (86.32 +£8.50),
(52.21 +5.62) F1(91.12 6. 10) umol + ug™" protein,
BRI 5% A A L, SEgn 2 SRS B AH 1L, DL 45
RIEG I LA G225 (P <0.05)

®3 AZET Rbl X /R B BEHERER 1(Z0-1)
AL P A5 3 3 H (VE - cadherin) K- (520 (% + 5)

Table 3 Effects of ginsenoside Rbl on levels of zonula occludens
—1(Z0O -1) and vascular endothelial cadherin ( VE - cadherin)
in HPECs of each group (x +s)

Group 70 -1 VE - cadherin
Control 0.81 +0. 11 0.75 £0.12
Model 0.25+0.07 * 0.32+0.09 *
Experimental 0.84 £0. 13* 0.73£0.14 *

Compared with control group, * P < 0.05; Compared with model group,

* P <0.05.

R4 254U HPECs ZORRITIREE S &0 1 A ATP 5 B I 110
R

Table 4 Comparison of the activities of mitochondrial respiratory
chain complex I ( Complex I) and adenosine triphosphate ( ATP)

synthase in HPECs among different groups

Group Complex I ATP synthase
Control 2.12+0.26 2.14 +0.25
Model 1.40 £0.17 * 1.32£0.17 *
Experimental 1.82+0.15* 1.81+0.18 *

Compared with control group, * P < 0.05; Compared with model group,
* P <0.05.

o

4N H/R 4 B AR BT IRT (AR TR i85
TR ] R ALL A P i o0 T 9 T o B AR (] P HE R
RN AT R R T, BB B MEEA [R5
RFEX AN Lt R E R E R 2 . H/R i
TS % B F kB (nuclear factor — kappa B, NF —
B (A 1L~ 1B 1L -6 /TNF — o 5 46 IH T
R, DR & A B PR RO . ATP A4
YER, AR A ATP Rl i A = WL — W /K it il
( ectonucleoside
CD39)/4MJ] 5" - ¥ BRF (ecto — 5’ — nucleotidase,
CD73) Ffif Jy BT, i 30 o 4 7 1 2A 244
(adenosine 2A receptor, A2A ) #Jiff] NF — kB 18 J& I8 4%
RAESLIE o ATP v A 3 i B 6 2k D RE s /b 4
E PR T At BE 400 o ATP gk piy it I 37 38 53
HYRE B Bl PN JBE P 0 S 0 R A B R N
(unfolded protein response , UPR) {&3#i T ATP {1 .

triphosphate  diphosphohydrolase 1,

ATP G2 ZsRERN TN & (T & 200R , S8 RIS
EEBR, WP — s UPRY™ . & A
ROS 5 & 2 T 8 B 405 18 Jo I &5 44, in =0 P J5 ) )i
WL ERT, B b TR B - ATP Bl R 3 2%
ST AILA BRI FE A, , B ) AT R 1 B
ATP R 2454, 1 4 - ZK5E T2 (4 - phenylbutyric acid,
4 — PBA) 1 4= fiff f& X 44 JIH B2 ( tauroursodeoxycholic
acid, TUDCA) , & i Al R B B BE Y . A B B F
Rbl J§F AS ALY JE NS B2 2
— AP PR AT IR AR AL U T AR
ARSI BIER Y EAMIRIES, NS
FEAF Rb1 R 3 ik 7508 5 5 1 /08 B i g8 A
AR /0N BRI e o, P R B . AR R, A
Z AT Rbl AT DL AR IL - 18 . IL -6 \TNF - «
DL RN Jo3 9 02 802 1 GRP78 FI CHOP 1 3% 3k 7K
-, B NS B AF Rbl A AR i ATP 3& 12 08 % &
iE SN P 5 P 7 98K o

ATP W] A4 % B2 8 A W sh A R AR i, 2
Frhimssh e, 7N 40 H/R i, B S 5o
545 , Sobr A A AR TL SZ il , ATP A= ik 2, 40
TR € B PR B IR, 51 K 41 I K Bob R 3 AE R AR
70 - 1E [J 1 VE - cadherin & [ 1 T BE[R] FEAK T
ATPPH 5 ATP B = 2 SEOHAM G R E 1 T e B R
PS5, 5 A 200 i ) 3 B A T S P I o AR
T, NS AT Rbl W] B M3 H/R R0 20 - 1
M VE - cadherin F& /K7 R R, 447200 7] 3% 42
k. SRIRPEMEES A T VI VAR A
SRR N RSEIRI R, i ATP A iR FH 50 15 0K 8 —
i@ i 15 (ADP) @R A A i ATP & R i 54 460 1) B 340
Fr1 . ATPSD JRZRLIA ATP & 1) SC B I 3 2
—, 5 ATP5AL ATP5B % HoAth W7 & Uy 5] 1 H , 4t 4%
F /P EARNALE, S5 ATP (W46 B KR Ak 4
BERME5E , #E ATP AR b & FEOCHENE T, B4
BANMIRE AR ™ . AW 2B, H/R & 4FF, 41
ATP 8 T [, [ B £ Bl 2R A T IR 4 2 544 T AN
ATP 4 B3 P FE A ATPSD FRak i, i A2 B4
Rbl T ] i3 %% 1R Ui 281k, #28 A S 217 Rbl 1
TN ATP &5 4EH, AT AR s H/R 155
(SRR T RE R 11

AWFFEAR R : NS0 4F Rl ] 38 i 34 5 2ok (R
WHER AU TR ATP 45 B (36 P L B3R ATPSD iy 3%
ik AN ATP i JEmE S H/R i35S0 40
PG | JRAE N AN 5 TN 7 38, 4 4 A0 i ) 32 ) R
AW A IE # A B RE . ARG I AS
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