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[ Abstract] Objective To investigate the protective effect of asiatic acid ( AA) on blood-retinal barrier
(BRB) in diabetic rats and its possible mechanism. Methods Ninety-six healthy 8-week-old male SD rats were
randomly divided into normal control group,diabetes group,low-dose AA group and high-dose AA group,with 24 rats
in each group. Intraperitoneal injection of streptozocin ( STZ) was used to establish diabetes model. One month after
the establishment of the model, the low-dose AA group and the high-dose AA group were given intragastrical

administration of 37.5 mg/kg AA and 75.0 mg/kg AA, respectively, once a day according to grouping. The normal
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control group and the diabetes group were administrated with the same amount of 0.5% sodium carboxymethyl
cellulose. The body weight of the rats were weighted at week 0,1,2,3,4 after intragastrical administration. Blood was
taken from the tail vein and the blood glucose level was measured. The retina was obtained one month following the
administration. Pathological changes of the rats retina were detected by hematoxylin-eosin ( HE) staining. Evan’s blue
quantitative method was used to detect the damage of blood-retinal barrier ( BRB). Immunofluorescence staining was
performed to detect the distribution of Occludin, Notchl, Jagged canonical Notch ligand 1 (JAG1) and Delta like
canonical Notch ligand 4 (DLL4) in retina. The mRNA and protein expressive levels of Occludin, Notchl,JAG1 and
DLL4 were detected by Real-time PCR and Western blot. The study protocol was approved by a Scientific Research
and Clinical Trial Ethics Committee of The First Affiliated Hospital of Zhengzhou University ( No. 2020-KY-228). The
use and care of animals complied with the Guide for the Care and Use of Laboratory Animals of National Institutes of
Health and the 3R rules. Results At 4 weeks after intragastrical administration, the body weight of the high-dose
AA group was significantly higher than that of the diabetes group,and the blood glucose values were significantly lower
in the high-dose AA group and the low-dose AA group in comparison with the diabetes group (all at P<0.05). The
cells were arranged orderly with clear layered structure in the normal control group. In the diabetes group, the retina
was thicker than that of the normal control group,with a thicker outer nuclear layer, disordered cell arrangement and
unclear layered structure. Compared with the diabetes group,the total retinal thickness and structure were obviously
improved in the low-dose AA group and the high-dose AA group. Evan’s blue leakage in retina was (3.07+1.30),
(13.73+3.88),(9.57+2.69) and (6.55+1.61)ng/mg in the normal control group, the diabetes group, the low-
dose AA group and the high-dose AA group,respectively. There was a significant difference in leakage of Evan’s blue
among the four groups ( F=18.50,P<0.01) ,among which the leakage of Evan’s blue dye in the high-dose AA group
was significantly lower than that of the diabetes group ( P<0.01). Compared with the diabetes group, there was
significantly higher relative expression level of Occludin protein and significantly lower relative expression levels of
Notch1,JAG1 and DLL4 proteins in the other three groups (all at P<0.05). The relative expression level of Occludin
protein was significantly higher and the relative expression levels of Notchl, JAG1 and DLL4 proteins were
significantly lower in the high-dose AA group than those in the low-dose AA group (all at P<0.05). Compared with
the normal control group,the Occludin mRNA expression level was significantly decreased and the expression levels of
Notchl,JAG1 and DLL4 mRNA were significantly increased in the diabetes group and low-dose AA group (all at P<
0.01). The Occludin mRNA expression level was higher and the Notchl mRNA expression level was lower in the
high-dose AA group than those in the diabetes group and the low-dose AA group,and the expression levels of JAG1
and DLL4 mRNA were lower in the high-dose AA group in comparison with the diabetes group,and the differences
were statistically significant (all at P<0.05). Conclusions Asiatic acid might play a protective role on BRB in
diabetic rats by inhibiting Notchl signaling pathway.
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1.2.3 fOCEEERIERD BRB glR R E 425 1
A, T2 A AT R B 6 HOR B, K 7 e 1 Y
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Y (P<0.05)(# 1),
2.2 LA KBS 2 )5 A ) B (i) b v 2 A2 A bl A
25 24 I A () IS (] 500 PR O A AL 2H (IR B AA 2]
Al R B AAZH K BRI B v B ] I R T OE R IR
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Table 1 Comparison of the weight of rats among different groups at different time points after intragastrical administration
(mean=SD,g)

415 PeA

255 24 5 AN [ I 1) 53 1 5

B
03 14 24 3 43
1E X IR 4L 6 416. 67+12. 66 433.33+13.58 445.67+17. 62 461.33+18. 88 472.33+16. 50
B PR AT 21 6 315.50+ 3.87° 317.00+ 2.65° 320. 67+ 3.79° 325.33+ 8.39° 330. 67+13. 43"
{EH i AA 4 6 309. 75+ 4.65° 327.33+ 8.08" 334.33+ 8.62" 340. 00+ 6.00" 359.67+ 2.08"
A AA 4L 6 320. 50+ 6. 66" 329.33+ 5.77° 348. 67+ 9. 45" 365.00+21. 66" 395.33+32. 35"

i F gy =276.5,P<0. 01, 557 ][] 15 1F 3 6F BE2H L2, P< 0. 015 5 [l B ) 5 4 F 6 150 0 241 L %, " P< 0. 055 5 il B i) 5% 416 00 i AA 4 LB %, “P<

0. 05 ( & I 1 5 Xl 3K 5 22 0 7, Tukey 42 38)  AAFRE RO

Note: F,,,, =276.5,P<0.01. Compared with the normal control group at the corresponding time points,*P<0. 01 ; compared with the diabetes group at the

corresponding time points,”P < 0. 05; compared with the low-dose AA group at the corresponding time point,“P < 0.05 ( Two-way ANOVA of repeated

measurement, Tukey test) AA :asiatic acid
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F2 F[HKRBZETERE R MDTERE S (mean+tSD, mmol/L)
Table 2 Comparison of blood glucose value among different groups at different time points after intragastrical administration
(mean+SD ,mmol/L)

B85 24 )5 AN [) IRF i) A5 2 90 R

4151 FEAS h

0 1J& 2 JH 3 4 J4
I % B2 6 4.50+0. 40 4.60+0. 30 4.70+0. 46 4.37+0. 38 4.73+0. 15
BH PRI LT 21 6 23.70+2. 16" 23.93+1. 40° 25.07+1. 15" 25.43+1.40° 25.33+0. 68"
iR AA 4 6 23.98+2. 54* 23.80x1.65" 23.33x1. 66" 22.17+1. 63" 17.43+1.96"
A AA 4 6 21.70+1.31" 24.47+1. 65" 22.37+2.80"" 18.03+3. 16" 15.73+3. 15"

VE + Fyy = 407. 18, P<0. 015 Fyy o =7. 36, P<0. O1. 5 [a] i ] £ 1E 4 X1 HE 24 HC 8 ,* P<0. 015 5 [l BN [ 208 bR o RS 80 24 H 2, P<0. 01 5 15 [ e 1% 7
HAA HLHE,P<0. 055 A PSS 4 J HoAL, T P<0. 055 S 55 3 8 Hog, “P<0. 05 (T ST B IR 3 07 22 40 7 , Tukey Ko80)  AA: BUE B

Note: F 5 =407. 18,P<0.01; Fyy iy =7.36,P<0.01. Compared with the control group at corresponding time point,“P<0. 01 ; compared with the diabetes
group at corresponding time poinl,hP<0. 01; compared with the low-dose AA group at corresponding time point, P <0.05; compared with week 4 within

group, P<0. 05 ; compared with week 3 within group,°P<0. 05 ( Two-way ANOVA of repeated measurement, Tukey test) AA :asiatic acid

2.3 AR LI 2 2 LA f 15 L 2.4 2R ROL I 5 o A7 SC R 5 L AR
B DR R R B Do I 652 T 0 I B TEH 0T IR OB RO B A R B AA 4L i )

J& , 5% )2 (outer nuclear layer, ONL) BH g 384 L A g HE &b AA 2100 B o B SCREUE 5 43 901 o (3. 07£1.30) |
PIZXEL, G5B IRATEW . KF = AA 4/ EH 3= AA (13.73+3.88) .(9.57+2.69) #1(6.55+1.61) ng/mg,
2H A 0 R T DT, 45 )22 0 AL A O T AT 5 2 A A 21 SR IL IR 22 5 A Gt L (F=18.50,P<0.01) ,
HESE P BB JRE B L ONL, Ah AL AR 2 (outer plexiform HHOR DR 5 R0 2H I R) i AA ZH R I RS e SR
layer,OPL) (4% )2 (inner nuclear layer, INL) (WWMVIR)JZE sl B2 W] = T 0F 5 4T BRAL, & 0 5 AA 20 40 ) i v
(inner plexiform layer, IPL) & #f 4 75 4l Jifg /2 ( ganglion PSR VR B AR T IR B R A 22 R
cell layer, GCL) H 8O0 IR AU ZH A8 Wi (& 1) il B L (¥ P<0.01) (K 2) .

5 '?I%f m«mws%mw

SO TR 'W""”é"‘vj\'\ ALY

1 2 3 4 9

B1 SAXRUMBEASFETAER(HE X400, b5 R =50 wm) A IE 50 B B0 IR0 I HE 58S 5%, 2540 )2 T i B« 0 B o A6 2 24
R B A P 548 JEE WY 8, ONL 34 JL, A1 g HE ) 25 L, 2540 )2 AT T C oI i AA ZH 00 1 IR0 JE B D 4% 22 JEE B B B RO AR B A8 9 D v ) ot
AN ZR 0 5% 2 T ' ¥, 4% 2 45 A0 T B S8 AN MO AR 900 R S, P 0 SR R R A TR R S OB PR R T 2 8 R 7 Sk R ONL; 2L A 3 SkoR
OPL; & i kR INL; B A i kR IPL; i ik /R GCL B 2 JBAHAARUMEHRFAXEBEEELLLE F=18.50,P<0.01. 5 IiEH X 4L
£,°P<0. 015 S5 M FRAG BT 4 Lo 4%, " P<0. 01 (B[R Z J7 22007, Tukey KB ,n=6) 1+ 1E 3 X MR 5 2 W IR BT 45 3 AR AU B AA 254 5 70 &t
AA 4

Figure 1 Pathological changes of rat retina tissue in each group ( HE x400,bar=50 um) A:The cells in the normal control group were arranged
neatly and the layered structure was clear B:In the diabetes group,the retina was thickened obviously with thicker ONL as well as disorderly arranged cells
and the layers of retina were unclear C:The total retinal thickness and single layer thickness in the low-dose AA group were thinner than those in the
diabetes group D :Compared with the diabetes group,the retina surface was smoother in the high-dose AA group,and the structure of each layer was much
more clear,and cells were in better arrangement and the thickness of full retina and single layer thickness were thinner Black arrow indicated ONL;red
arrow indicated OPL; green arrow indicated INL;yellow arrow indicated IPL;blue arrow indicated GCL.  Figure 2 Comparison of Evan’s blue content in
rat retina among four groups F=18.50,P<0.01 Compared with the normal control group,*P<0. 01 ; compared with the diabetes group,”P<0. 01

(One-way ANOVA ,Tukey test,n=6) 1:normal control group;2:diabetes group;3:low-dose AA group;4:high-dose AA group
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Figure 3 Distribution of Occludin,Notchl,JAG1 and DLL4 in rat retina in each group by immunofluorescence staining ( X400, bar=50 pwm)
The expression of Occludin, Notchl,JAG1 and DLL4 in rat retina showed red fluorescence ( Cy3) ,and the nucleus presented blue fluorescence ( DAPI). In
the normal control group, Occludin was mainly distributed in GCL,IPL and OPL;Notchl and JAG1 were mainly in GCL and OPL, with a little expression in
IPL; DLL4 was mainly distributed in OPL and ONL. In the diabetes group, decreased Occludin was only expressed in GCLjincreased Notchl,JAG1 and DLL4
were mainly expressed in GCL,IPL, OPL and ONL. In the low-dose AA group and high-dose AA group, Occludin was increased in comparison with the
diabetes group and was mainly distributed in GCL,IPL,OPL and ONL;Notchl ,JAGI and DLL4 were mainly distributed in GCL,IPL and OPL, which were
decreased in comparison with the diabetes group Black arrow indicated ONL;red arrow indicated OPL;green arrow indicated INL;yellow arrow indicated

IPL;blue arrow indicated GCL ~ AA ;asiatic acid;JAG1;Jagged canonical Notch ligand 1;DLL4 ; Delta like canonical Notch ligand 4
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Figure 4 Comparison of Occludin, Notchl, JAG1 and DLL4 protein expression in rat retina
among four groups A Electrophoretogram of different proteins in each group  B: The relative
expression of Occludin protein in retina of each group F=39.13,P<0.01
of Notchl protein in retina of each group F=92.57,P<0.01
protein in retina of each group  F=94.24 P<0.01

F=49.47,P<0.01

C: The relative expression
D: The relative expression of JAG1
E: The relative expression of DLL4 protein in
retina of each group Compared with the normal control group,*P<0.05;
Compared with the diabetes group,”P<0. 01;Compared with the low-dose AA group,“P<0.05 ( One-
way ANOVA , Tukey test,n=06)
4:high-dose AA group GAPDH: glyceraldehyde phosphate dehydrogenase; JAGI: Jagged canonical
Notch ligand 1;DLL4:Delta like canonical Notch ligand 4

1: normal control group;2:diabetes group;3:low-dose AA group;

®3 ZBHAKRMAMED Occludin Notchl JAGL 1 DLL4 mRNA 1 3f % ik B b5
(mean=SD)
Table 3 Comparison of the relative expressions of Occludin, Notchl,JAG1 and
DLL4 mRNA in rat retina among four groups (mean+SD)
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0. 05; compared with low-dose AA group,“P<0.05 ( One-way ANOVA, Tukey test) JAGI: Jagged
canonical Notch ligand 1;DLL4; Delta like canonical Notch ligand 4 ;AA ; asiatic acid
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