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B E: BH WA IERURIT S R A IR AE - (diabetic retinopathy, DR) HIGRIER. 7335 KM ip BEREEER
(streptozotocin, STZ) VLMl &M IR, WEXIA. SAAH. AiE (1.25gke) HERKBRE (135mgkg) H. ES:
4525 12 G R IAARFEAFLL (HE) AImiER- 5% (PAS) Hy a0 5% K AT Y sy 2 2% 4% s SR A TUNEL He a5k Ao 40 I
JEEAHMIE T2 s SR Western blotting Hor I 47 0 s 20 2R3 65 8 W 45 £ 1 S W IR LA 3-8 (phosphatidylinositol 3-kinase,
PIBK) /EEH WM B (protein kinase B, Akt) MMAHKEHRIE, AP 40/ (adult retinal pigment epithelial cell line-
19, ARPE-19) Z) NXHIE4L. w4l Wl A1 (150 pg/mL) HAFERERLSS (20 pmol/L) 4, XFIRHAES 5.5 mmol/L
WENE B R R R %, EBAIES 5.5 mmol/L AT FEF 25 mmol/L H EEREMIBEFRIL R R R, mMEH M S A AHES 30
mmol/L H & HEI R R FE B I%, A TN Y. KA TUNEL 4e(t, %ufE 7. Western blotting M ZRAI I -, K&
PR A M PIBK/AKt MM < AFRIL. M PI3K #1771 LY294002 J&, WML TR T H<EANEL. R HE 16
SR TR, BAAKXBRMMEARHTI R, MMEAEE, BIETHEBREAGTZM. TUNEL et 8 m W iR H R
HMIE TS 2380 . Western blotting 45 R 7n, SHAYA LR, AFEAREGEE (Occludin). /T EE 1 (Zonula occluden-
1, ZO-1). p-PI3K/PI3K. p-Akt/Akt & [HFRENKTFHETE (P<0.05), Bel-2 #1595 X 4 (Bcl-2 associated X protein, Bax) /
B k41 -2 (B-cell lymphoma-2, Bel-2). BRI a R R 42 MR 55 FAl§-3 (cleaved cystein-asparate protease-3, cleaved
Caspase-3) 87 H R XK B FEL (P<0.05). AhsEE g RIBIR, H T 705 40 T3 2% (P<<0.05), Bax/Bcel-2. cleaved
Caspase-3 B A RILKFHEREK (P<0.05), Occludin. ZO-1 EAFRIEKFHEF R (P<0.05); FREERMLE R ERAET
Tiifg Occludin, ZO-1 FiATHm; UAh, ARSI RRASE T PBK/AKt BRI, 7EMFH PRK M- HUSHIH] T Akt 18k
24k, Bax/Bcl-2. cleaved Caspase-3 B ARIA/KFIHETHE (P<0.05). £51€ A IE0RAE 0S8 $005) 40 A T fra Hm-400 o i 5
REdif, MIMAEZEH I DR Kk R, HAERPLHIF 625875 PI3K/AKt (5 5 8B K.

FHEIR): BESRIRALMIEORAS ;. (IER0R; ARPE-19 4/ ANARIE T M-3R AR [, PI3K/Akt il i
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Effect of Angelica dahurica granules on diabetic retinopathy based on PI3K/Akt
signaling pathway
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Abstract: Objective To study the protective effect of Angelica dahurica granules on diabetic retinopathy (DR). Methods Diabetes
mellitus model was established by intraperitoneal injection of streptozotocin, rats were randomly divided into control group, model
group, A. dahurica (1.25 g/kg) group and calcium dobesilate (135 mg/kg) group. After 12 weeks of continuous administration, the
pathological changes in retina of rats were observed by HE and PAS staining; TUNEL staining was used to detect cell apoptosis in
retina; Western blotting was used to detect the expressions of tight junction proteins and phosphatidylinositol 3-kinase/protein kinase

B (PI3K/Akt) signaling pathway related protein. Adult retinal pigment epithelial cell line-19 (ARPE-19) was divided into control group,
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hyperosmotic group, high glucose group, 4. dahurica (150 pg/mL) group and calcium dobesilate (20 pmol/L) group. The control group
was cultured in medium containing 5.5 mmol/L glucose; The hypertonic group was cultured in medium containing 5.5 mmol/L glucose
and 25 mmol/L mannitol; The high glucose group and each administration group were cultured in a culture medium containing 30
mmol/L glucose and given corresponding drugs. TUNEL staining, immunofluorescence and Western blotting were used to observe cell
apoptosis, expressions of tight junction protein, and PI3K/Akt pathway related protein. After using the PI3K inhibitor LY294002, the
changes in downstream apoptosis related proteins were observed. Results HE staining results showed that the retinal tissue
arrangement of model group rats was disordered, and the retina became thinner. After intervention with A. dahurica, there was some
relief compared to the model group. TUNEL staining showed an increase in cell apoptosis rate in retinal tissue. Western blotting results
showed that compared with model group, the expression levels of occludin, Zonula occlude-1 (ZO-1), p-PI3K/PI3K and p-Akt/Akt
proteins in 4. dahurica group were significantly increased (P < 0.05). Bcl-2 associated X protein (Bax)/B-cell lymphoma-2 (Bcl-2),
cleaved cystein-asparate protease-3 (cleaved Caspase-3) protein expression levels were significantly reduced (P < 0.05). In vitro
experiments results showed after intervention with A. dahurica, the apoptosis rate of cells was decreased (P < 0.05), and the expression
levels of Bax/Bcl-2 and cleaved Caspase-3 proteins were significantly decreased (P < 0.05), while the expression levels of Occludin
and ZO-1 proteins were significantly increased (P < 0.05); The immunofluorescence results showed that the expressions of Occludin
and ZO-1 were increased after intervention with 4. dahurica; In addition, 4. dahurica could promote the phosphorylation of PI3K/Akt
in high glucose environments. After intervention with PI3K inhibitors, Akt phosphorylation was inhibited, and the expression levels of
Bax/Bcl-2 and cleaved Caspase-3 proteins were significantly increased (P < 0.05). Conclusion A. dahurica granules can protect
against damage to the blood retinal barrier by inhibiting cell apoptosis, thereby delaying the development of early DR. Its mechanism
may be related to the regulation of the PI3K/Akt signaling pathway.
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B8 R Jp5 I I JE 55 48 ( diabetic retinopathy, DR)
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HIENSEIE BHE Y A I Angelica dahurica
(Fisch. ex Hoffm.) Benth. et Hook. f. B4t IE A.
dahurica (Fisch. ex Hoffm) Benth. et Hook. f. var.
formosana (Boiss.) Shan et Yuan [ TR, IAKZY
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ERAR AT, PR ELAE A AR B
WO MBS E TN IS, Fm 1L W IR R A5
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# LD EMEAREGIR AT, SV THES SYXK
CHE# ) 2020-0001 , 31 % i & & K iFE 5
110324221106017247. K RAIAFE T REERIRZEA
T R ERE SPF RS E L, B AR
22~25 CHIEIRE, 50%~60%AHXHEE, 12h B
MEAZ B o ANSLES MM OGSEER A TR R EERLR
PR R ERT S SLIRAC T st (ke
Z DXBYY-IACUC-2022071).
1.2 ‘mAm

N AR 95 b Rz 40 B Cadult retinal pigment
epithelial cell line-19, ARPE-19) I b5t db g4 4
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BHEBR A
1.3 #HE5R

FIEERL (LS A2110071, HhRRETS R &
FEON 0.12%) WWHET ZR—TiIAARAR; 7R
MBS ([E 254E 75 H20030088) 4 [ _FiFRARE 2y
WHRRAF; BEMRIEREZ (streptozotocin, STZ, fit
5 572201) W £ E Sigma A T FFEBRANZE PR
(#it5 C1013). RIPA ZHZY/40 i (b5
R0O010). FHARFIMAHE (5 G1121), G
(b5 G112 m=ER-I% K (PAS) Heta il & (it
5 GI128D) WAL ZKFERFHIAR AR NC JE
({tt5 HATF00010) % 3 [E Millipore A#]; ECL
g R R & (S 34095) 1 H3EEH Invitrogen
A F]; TUNEL 7 & (s C1090) 19 [ i
HoREVMHERBROAERAF:; ZOHEA
Marker (#it5 WI102). PAGE #fisc bR i) £ 75 &
(b5 PG213) g B g RGBS A R A 5Y
DI R R R A IR B2 -3 (cleaved cystein-
asparate protease-3, cleaved Caspase-3) % &L
e CHit 5 96618 O . T HE BE WL BE 3- ¥ g
(phosphatidylinositol 3-kinase, PI3K) % 7 BEPTIA
(k5 42928). p-PI3K % A (17366S) Akt
HE TR (S 92728). p-Akt % T REFiA
(#t'5 40608) M EHERE CST Aw]; B ibkE4NiEIHE-
2 (B-cell lymphoma-2, Bcl-2) % wifEdifk (dit's
26593-1-AP). W& H A (Occludin) %% 5 BEHLA
(#it5 27260-1-AP) . M8 /hH#HE A 1 (Zonula
occluden-1, ZO-1) % W FEHIAAR (L5 21773-1-AP)
) I =S AR AR AR Bel-2 fHX X &
H (Bcl-2 associated X protein, Bax) % whEPLIA
(#t'5 A0207) T8 B R Z 4w AR A BR A
H); PI3K #0I7 LY294002 (Ht'5 HY-10108) W H
[ MCE A+ .
1.4 4=5

Tissuelyser ZHZUEENL (LRGSR BH
FRATD; 5425R & &0l (45 E Eppendorf 2y
F]); 3K30 AYURIEE OHL (fEE Heraeus ] );
PowerPac i FH K1Y . Mini-PROTEAN Tetra Hi¥k
¥ (3£ Bio-Rad A ] ); eBlot L1 BUFEIRAY (R 5L
SRR A RAFD; G BOX BUIEER
% £24; (JE[E SYNGENE A #]); BX53 B3 E
FHZE B4 (H A Olympus A #)); DM2500 #7565
Wi (EE Leica A#] ),

2 Fk

21 ARSI

2.1.1 RN . g% 48 K SD KR
EMNMEFE 1S, e E, BV 12 RN
KR, 36 HAE NG, 254 12 h J5LL ip STZ
I (60 mg/kg) MEEREPRIFEALEY, Y35 STZ 72 h
JEEEHLINAS 3 MR =16.7 mmol/L I\ Jyid
FRIH), AN 86.1%. K iE LR INM) 31 HK
PR A5 2 G BEAL 0 WA (n=11D), HIEAH
(n=10). FEEMEA (n=10). AIEHLZHE
SEURBHFTARE TR A RY, Pl 1.25 g/(kg- d)FE ig
o7, FRIORRARRES LA 135 mg/(kg-d)f) & ig 452, &
GRRZG12 JH, i R R AT Y AN A
2.1.2 R FEZH 2 B 2 W %

(1) FFARK-PL (HE) Yett. KRG 2R A
FERE, MIRERE T 4%2 T FREIRE 2, Aksa
WS V)R HT HE 4eth, 70 RRET N g LR
A

(2)PAS et BIE T RIB LN E S PBS #%
e 3%, TN 3%k A REw, BT 37 ClHIRAE
HVH AR IS s FH R T A T ) L ok 8% e % 2
FHEY A TR AT TRENY A
£ E RS 3 min, HBUERIA AL 5 min,
ddH,0 32 ¥ 2 ¥ Schiff Ragent JE R4 th Smin; H
FAKFRBE 10 min, S5 HBARRIERG4IZ 2
min, ddH,O B HIRE; KITUIAN 70% LB 1
min. 80%ZFF 1 min. 90%ZEE 1 min. Jo/K L% 3
min f&, FPERIRE A IFIR IR .

2.1.3 TUNEL Bt A i e i s 1o Ul
A SRS IR AR K, 37 CHEE 20 min;
PBS #3553 ¥k, £k 10 min; W 50 uL TUNEL 44
MW, 37 CROGHFHE 60 min; PBS PRk 3 Ik, ik
10 min; f#f# DAPI $uoé 6y K il s,
TERAEE g4

2.1.4 Western blotting il ¥ ¥ i 41 24 Bax Bel-2+
cleaved Caspase-3+ Occludin. ZO-1. p-PI3K. PI3K.
p-Akt. Akt EEEIE BUSHMWMEHL, AR
FRAREUE H, |AFEMSE T e IR ER N -2 T 4
W e B bk, #5 % PVDF B, T 5% 9hrhdstid,
FEIRTERYRD 1 h; TBST el 3 G I —Hikke
W, 4 CREIRWEE IR FY—$i, TBST i&¥E)E M
AN HUAE 1h; 3F 40, TBST ¥l 1# ] ECL &
BT s
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2.2 {RHhELE

2.2.1 4fusEsE ARPE-19 00 10%4 25 I
JH. 100 pg/mL 4% KA 100 pg/mL H & &= M
DMEM/F12 5353, 76 37 C. 5% CO B34
BEATHE TR

2.2.2 TUNEL &4 ARPE-19 40 T: B
FAEKHAN ARPE-19 i/, UL 1X10° AN/FLEF T
24 LB, 159R 24he WENIRA., w4, b
H . FIEHRFR R RS H o X FRZHAE S 5.5 mmol/L
A PR R TR R R SIS AE T 5.5 mmol/L F
ZIHEAN 25 mmol/L H Bl (s IR 537, Ml
7EE 30 mmol/L i &) B 5 R S 1597, A IE4AE
T 30 mmol/L i & KE I 3G FR AL oo\ (B T4k B
I%; FRRERRESALAES 30 mmol/L i 4 #1195 3
HROIN 2 2R B 5 4k 2 85 7 i CCK-8 S &t
W FIEA 25 E N 150 ug/mL, ARG 2y
W 20 pmol/L. FZHANM T 24 h J5, PBS ¥k
w1, TN 4% 22 5 H R[] 52 48P 30 min; A PBS
PRV I 0.3% Triton X-100 ¥ PBS, EiREH
5min. Jh0 50 uL TUNEL #3003, 37 CROGIE
60 min 5 PBS J&¥t 3 X ¥ /& DAPI IHtad i
KFNE T, RAEEE TS .

2.2.3 Western blotting #&ll ARPE-19 4iiffi Bax.
Bcl-2. cleaved Caspase-3+ Occludin. ZO-1 5 &KX
P “2227 WUNVEAC AN, WCENM, $REUE
H, #% “2.1.47 i F J7iE40 Baxy Bel-2+ cleaved
Caspase-3 H[F1KIA.

2.2.4  HIEBOEHI ARPE-19 4Hfl Occludin. ZO-
1 RiE $% “22.27 BURNTTIEALEEA0L, PBS Wbk,
RN 1 mL 4%H 2340 E e, & iR E 30
min. PBS ¥EIEJEMAN 1% MiEAEARK, T

B

XF I

-L\”fst ..\_ chd"

]

% z}'%’&f&‘ ® ‘?"‘i@“
mﬁﬁ?

37 CHEIRAE T & 30 min; F W, PBS ks
FFLIIA 200 uL —F% (1 :500), 4 CREKFEEIT
o B9, BV EREFLINA 200 pL 26—
Pt (1 :200), BEOLHEE 1h J55 P, BEFLIIA 200
uL DAPI 0B Jet% 15 min, S2H0EE T M2 FF4A
MRORAF
2.2.5 Western blotting f&il] PI3K #4l]7 LY294002
Xt Bax. Bcl-2+ cleaved Caspase-3. PI3K/Akt i % &
FIRIANIR N WERA. g, [ (150
pug/mL) HAAIE (150 pg/mL) +1Y294002 (10
umol/L) 4, A TZW) T 24h J5, WAELNM, #2
WA, 1% “2.1.47 BUNERIESE AR,
23 GtES

Hi A $d5 14K A Graphpad Prism 9.0 #4317
Gt AL FEIEAE ], IR EE DA X £ 5 Ko, P4
I LLICR SRR AS ¢ RS, 20 ZHTAD I L AR FH o
K2 7 25 M
3 4R
31 BIEFAIXIPERR KRR MEREZET LR
%m

m@f%MElﬁi,ﬁ%%iﬁMMﬁ

%%ﬁﬁw,W%%%mﬁﬂ » WIZEF4b
1‘7)EQEHH@ HAPRE N ; A f’ﬂj(LM)ul_JH%Qﬂ,/\
YU IME Y5k, W %VF@%m&\FFE
L, EMOHES AL, SRR, BIEHNERIR
TR 520 LA i 3R AR L35G TR

PAS 45501 2 fios, SXTHRAALLER, B
TeThRe BN B B3, SRMAR, AiEd
AR R PR A A 40 7 o Th Re B4 L TR B
32  BIEFURLXTHE PR K FR A P S 4 B T RS20

WK 3 s, SATHA LR, BRAH A A58
SKis P ARIAIR S
: e T e y
a 0 ey 'a@p &3 'Q' % - @t > ‘(Gw m(s\)

%ﬁ" AURHS 5 mﬁ‘ﬁ*&mm%a
AT g s

i Sk FOR B ML R K.

Arrows indicate slight dilation of capillaries.

Bl BEAXRAMEALRFERTS

25 (HE, X400)

Fig. 1 Histopathologic morphological changes in retina of rats in each group (HE, x 400)
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Arrows indicate non functional capillaries.
B2 HEARFAMRMERE (PAS, X400)
Fig. 2 Retinal vasculopathy in rats in each group (PAS, x 400)

X i feit)

TUNEL

DAPI

Merge

RS

i Sk FOR AT .
Arrows indicate apoptotic cells.
B3 HEKXRMMRMHATIFR (X400)
Fig. 3 Apoptosis of retinal cells in each group of rats (x 400)

RSN, B2 PR R BRI 2 L 1) 12 7K~ 3
hns SEAA PREE, AR AR IR ER A 4 U R
PR RIRES, P29 TT I AT DL PR KBS
P DX JEE 44T B T2 7K
3.3 BIEFURLIN#E bk K BR AL BE 4H LR T H K
EH=E SN0l

w4 pros, SxfRRAEL, HAH K RALN
fEZH 23 Bax/Bel-2+ cleaved Caspase-3 &5 [ 1A 7K
FHIE TR (P<<0.05); SEAIE, AIE4M
PRI 5 4H Bax/Bel-2+ cleaved Caspase-3 5 3R
ISP EBHK (P<<0.05), &7 F IE R0k #8184
A PR I R BR AR DX S 248 L ) T o

34 B IEFAL X HE R AR WM AEHE LD
Occludin. ZO-1 ERFRIENFME

wmE s fros, SRR, AR ZH KRR AT N
JEZH 23 Occludin Al ZO-1 & [ R IE /KT 52 PG
(P<<0.05); SEIAIAH LA, FIEA AR IR RS 241
Occludin 1 ZO-1 HHAFRZKFHREF = (P<
0.05), $&7m FTEBURL RENSTE — i FEFE R B8 R I
KB DX I J
35 B IE B AL XTI HE KR K R LW BE 2H 21
PI3K/Akt 18 I HH X B B FRIARF M

WK 6 Fro, Satiagali, AR RN
JEZH 2 p-PIBK/PI3K. p-Akt/Akt & FHFFE (P<
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X OB HIE FROREEIRES

Bax

Bcl-2 2.6X10%

cleaved Caspase-3 s ———— — 1.7 X 10%

B-actin| e aw—— — 42 10*

x4 "P<0.05; S8 Gk 4l #P<0.05,

H AR RIE R

2.5

X -
2.0 - l [ — pigit]
s * = A

29 #
# = RS

1.0 #ooy
0.5 | i ﬂ
0 -

T
Bax/Bcl-2 cleaved Caspase-3

NSIEE

“P < 0.05 vs control group; *P < 0.05 vs model (high-glucose) group, same as below figures.

4 FEXRBRUMRALVATHIEBRE (X+s,n=3)

Fig. 4 Expressions of apoptosis-related proteins in retinal tissues of rats in each group (X + s, n =3)

R EAR L

1.5

[ papt
4 # = B
1.0 # = HiE
* == BB R4
0.5
0 I
Occludin Z0-1

E5 REAKRBMMIEELEL D Occludine Z0-1 EHKRIL (Xts,n=3)

Fig.5 Occludin, ZO-1 protein expressions in retinal tissues of rats in each group (X + s, n=3)

POR Ot HIE RS
Occludin “ - “ 5.9%10*
Z0-1 q - e Wy (23X10°
P-actin | G | 4.2 < 10
PORICO vt SRS 1742
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PPBK | e 85X 0%
AKL| o — — (.0} 10
D-AKE| o o - — | 6.0 10*
=

RAMNRIA R

[ ROy
= e
| — JEKi
| — PR {7

PI3K

p-PI3K

Bl 6 BAARMMIRALH PI3K/AKt BEHEAEARIL (X+s,n=3)
Fig. 6 Expressions of PI3K/Akt pathway-related proteins in retinal tissues of rats in each group (X + s, n=3)

0.05); SRR, BIEAAIFER AR A 2H FR AR
WAL 2 p-PISK/PI3K . p-Akt/Akt & 2 T (P<
0.05), FE7r HIERURIA] BEIE I 1% PI3K/Akt 15 %5

I IR DR $5i4% -
3.6 BIEFNNEESESE ARPE-19 HETAY
A1)

WK 7 B, S0HHRAERES,  ERE g
T AT (P<<0.05), £ tENE. 5

I PEAR, IR AR IR R ER A ZH 41 R T2 I
EREL (P<0.05), ZE5IE RN, RHEIE
FORE AT AR = B A5 N ARPE-19 4HM (1908 T2,
37 BIEFRXSHEESH ARPE-19 HiE+AT
X ERAFRIERE N

mE 8 Fron, SxtHRd i, B4 40 A
Bax/Bcl-2. cleaved Caspase-3 5 [H3RIAK - &+
B (P<0.05); SHERAE, AIEHAME IR
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X 20
ﬁ 15
E 10
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X ES R AR RS

7 BAEFTHRISHEE S ARPE-19 4ARRATHISE (X 200)
Fig. 7 Effect of A. dahurica granules on apoptosis of high glucose-induced ARPE-19 cells (x 200)

N mE Al Al RRERE

Bax | s s o ot I S - | 2 1 X 104
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cleaved Caspase-3 - --.!- _————

B-actin
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A A A S A S R - 10

1.5 -} T
T =%

1 T =
& 107 4 # +
® # # | = NS
=
kS I
a0 0.5+
HE

0 -

Bax/Bcl-2 cleaved Caspase-3

8 BIEFHRX SIS FH ARPE-19 AAEATHXERRIENFME (X+s,n=6)
Fig. 8 Effect of A. dahurica granules on apoptosis-related protein expressions in high glucose-induced ARPE-19 cells
(Xts,n=6)

£52H Bax/Bel-2. cleaved Caspase-3 £ [ R IA/KFH
K (P<<0.05), RYIAIERR AL E R
A ARPE-19 40 IE T2 M\ U842 s B A 3% 1
PR A 4% o
38 HAIEFHXNSHEIBFFH ARPE-19 4HAEH
Occludin. ZO-1 FRIAHIZN

T 3 — B IR UE PR ) B ) LR AR

ik

Xof

Occludin

Z0-1

HE
-
e
”
4

M, RABRZERCERERAENSHEST
ARPE-19 4iiffl Occludin VLK ZO-1 FRIAMIFEM . 40
9 B, SXHRZH LI, A5E AR 2H A4t P [ % 4 4k sk
N, Occludin, ZO-1 658 E R K (P<<0.05);
SRR L, AR R R A ZH A0 i v
R TR, Occludin. ZO-1 52600 B 2 190
(P<0.05).

FEARAIREY

- ] B

I3 = Hi

=
= IR TR S

Occludin

B F7 Sk RN BB OR
White arrow indicates that tight connection has been broken.
9 RIEXEHEIFSH ARPE-19 i Occludin, ZO-1 FZRIFME (X200)
Fig. 9 Effect of A. dahurica granules on expressions of Occludin and ZO-1 in high glucose-induced ARPE-19 cells (x 200)
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