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The Impacts of Carnosic Acid on Optic Nerve Injury in Glaucoma Rats
by Adjusting Keap1-Nrf2 Pathway
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Abstract  This study explores the impacts of CA (carnosic acid) on optic nerve injury in glaucomatous rats
and the Keap1-Nrf2 pathway. Firstly, establish a rat model of glaucoma, and successfully modeled rats were sto-
chastically assigned into a Model group, CA-L, CA-H groups (low and high-dose carnosic acid treatment groups),
and CA-H+ML385 group (high-dose carnosic acid treatment+Nrf2 inhibitor), each with 18 rats. Additionally, 18

healthy rats were designated as Control group. The intraocular pressure of rats in each group was measured. ELISA
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was used to detect retinal oxidative stress levels. HE staining was used to observe retinal pathological damage. The
fluorescence gold retrograde method was used to label rat RGCs (retinal ganglion cells). Retinal capture was per-
formed to observe and count RGCs cells. TUNEL staining was used to observe apoptosis of RGCs cells. Western
blot was performed to detect the Keap1-Nrf2 pathway and apoptosis related proteins in retinal tissue. The results
showed that compared with the Control group, the levels of intraocular pressure, ROS, MDA, as well as the apopto-
sis rate of RGCs, the ratios of Bax/Bcl-2, Cleaved-caspase-3/caspase-3, and Keapl expression levels in the Model
group were all increased, while the thickness of the nerve fiber layer, the number of surviving RGCs, the activity of
SOD, the expressions levels of Nrf2 and HO-1 were all decreased (P<0.05). Compared with the Model group, the
levels of intraocular pressure, ROS, MDA, as well as the apoptosis rate of RGCs, the ratios of Bax/Bcl-2, Cleaved-
caspase-3/caspase-3, and Keapl expression levels in the CA-L and CA-H groups decreased, while the thickness of
the nerve fiber layer, the number of surviving RGCs, the activity of SOD, and the expressions levels of Nrf2 and
HO-1 increased (P<0.05). Compared with the CA-H group, the levels of intraocular pressure, ROS, MDA, as well
as the apoptosis rate of RGCs, the ratios of Bax/Bcl-2, Cleaved-caspase-3/caspase-3, and Keapl expression levels
were all increased in the CA-H+ML385 group, while the thickness of the nerve fiber layer, the number of surviv-
ing RGCs, the activity of SOD, the expression levels of Nrf2 and HO-1 were all decreased (P<0.05). In conclusion,

carnosic acid can improve nerve damage in glaucoma rats, which is related to adjusting Keap1-Nrf2 pathway.
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Table 1 Comparison of intraocular pressure among different groups of rats
AR f/mmHg
a1l Intraocular pressure /mmHg
Group IERE AT T RIREZE2h KRR JETR RIREGH R 14K
Before the model was ~ Before administration 2 h after the last ad- 7 days after the last 14 days after the last
created ministration administration administration
Control 16.02+1.67 16.05£1.73 16.11£1.78 16.08+1.76 16.12+1.80
Model 16.04+1.70 33.14+3.58* 32.274+3.35% 32.59+£3.41% 32.87+3.43%
CA-L 16.08+1.77 32.96+3.39* 24.58+2.52% 24.76+2.61% 24.98+2.63"
CA-H 16.05+1.72 33.05£3.46* 17.46+1.80"¢ 17.65+1.84% 17.81+1.88%
CA-H+ML385 16.07+1.75 32.09+3.31%* 24.1942.49% 24.3742.55¢ 24.66+2.62¢

Xts, n=18. *P<0.05, 5ControlZH LL#%; “P<0.05, 5Model 4t ; P<0.05, 5 CA-LAL L, ©P<0.05, 5CA-HAH L .
X+s, n=18. *P<0.05 compared with the Control group; “P<0.05 compared with the Model group; “P<0.05 compared with the CA-L group; “P<0.05

compared with the CA-H group.

*2 BEAXREAMKTLE

Table 2 Comparison of oxidative stress levels in each group of rats

205
G 2 ROS /U-mL™" MDA /nmol-mL™" SOD /U-mL™"!
roup

Control 286.41+£31.54 4.06+0.52 124.75+13.66
Model 492.57+53.86* 9.23+1.17* 60.58+7.12*
CA-L 405.63+42.91% 6.74+0.84" 86.17+9.83"
CA-H 311.29+33.05% 4.31+0.60" 120.94+12.95%
CA-H+ML385 390.28+40.76" 6.65+0.73" 91.63£10.39"

xts, n=18. *P<0.05, 5 Control41 LL%; *P<0.05, 5Model4l L #; “P<0.05, 5CA-LALLLEL; ©P<0.05, 5CA-HALLLEL.
Xts, n=18. *P<0.05 compared with the Control group; “P<0.05 compared with the Model group; “P<0.05 compared with the CA-L group; “P<0.05

compared with the CA-H group.
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Fig.1 HE staining observation of retinal tissue pathological morphology
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Table 3 Comparison of nerve fiber layer thickness and the number of surviving RGCs in each group of rats

]| A A 4E )2 R B /um RGCsAEiE# H

Group Thickness of the nerve fiber layer /um  The number of surviving retinal ganglion cells
Control 13.85+1.42 2 415.63+£255.34

Model 6.18+0.67* 996.48+107.62*

CA-L 8.82+0.93" 1579.43+161.27"

CA-H 12.79+1.31% 2 144.57+£220.46"

CA-H+ML385 8.96+0.97¢ 1 693.28+172.19¢

Xts, n=6, *P<0.05, & ControlZHl FLE; “P<0.05, 5Model#H th#%; “P<0.05, 5 CA-LALHLAS; ©P<0.05, 5 CA-HAL L.
Xts, n=6. *P<0.05 compared with the Control group; “P<0.05 compared with the Model group; “P<0.05 compared with the CA-L group; “P<0.05
compared with the CA-H group.
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Fig.2 Fluorescent gold retrograde labeling of rat retinal ganglion cells
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Fig.3 Observation of retinal RGCs apoptosis using TUNEL staining
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A: Control group; B: Model group; C: CA-L group; D: CA-H group; E: CA-H+ML385 group.
&4 Western blot#& M4} fXiRZA A Bax, Bel-2. Cleaved-caspase-3. caspase-33RiATE N

100 um

100 pm

100 um

100 um

100 pm

21 kDa

26 kDa

17 kDa

32 kDa

45 kDa

Fig.4 Western blot analysis of Bax, Bcl-2, Cleaved-caspase-3 and caspase-3 expressions in retinal tissue
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Table 4 Comparison of retinal RGCs apoptosis in each group of rats

i}ﬂrfﬂp fpfpi:i/: cate /% Bax/Bcl-2 Cleaved-caspase-3/caspase-3
Control 5.83£0.61 0.44+0.05 0.53+0.06

Model 28.96+2.95* 2.97+0.32* 0.92+0.10*

CA-L 19.44+2.03 1.3340.15* 0.72+0.08"

CA-H 9.85+1.06" 0.56+0.07*¢ 0.51£0.06"

CA-H+ML385 18.62+1.92¢ 1.17£0.13¢ 0.71£0.08

Xts, n=6. *P<0.05, 5 Control41 lL4¢; *P<0.05, 5 Model41 L ; “P<0.05, 5CA-LALIL#L; ©P<0.05, 5CA-HALLL# .
¥+s, n=6. *P<0.05 compared with the Control group; “P<0.05 compared with the Model group; “P<0.05 compared with the CA-L group; “P<0.05

compared with the CA-H group.

A B

Keapl — www SR SN  — —
Ni? S e cmegs GRS emom
HO-l s~  — o smems
D AN ST S

B-actin

A: Control4l; B: Model4; C: CA-L41; D: CA-H41; E: CA-H+ML38541..

D E

64 kDa

100 kDa

28 kDa

45 kDa

A: Control group; B: Model group; C: CA-L group; D: CA-H group; E: CA-H+ML385 group.
El5 Western blot#& M I pELH 40 Keapl . Nrf2, HO-1RIAIH)
Fig.5 Western blot analysis of Keap1, Nrf2 and HO-1 expressions in retinal tissue
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Table 5 Comparison of Keap1-Nrf2 pathway-related protein expressions in the retinas of each group of rats

ij[rijlp Keapl Nrf2 HO-1
Control 0.22+0.03 0.89+0.10 0.80+0.09
Model 0.82+0.09* 0.36+0.05* 0.27+0.04*
CA-L 0.58+0.07* 0.57+0.07" 0.48+0.06"
CA-H 0.31+0.04% 0.83+0.09"¢ 0.74+0.08"
CA-H+ML385 0.53+0.06“ 0.60+0.07¢ 0.52+0.06¢

X5, 1=6. *P<0.05, 5Control41 FL#; “P<0.05, 5Model4 EL#; ©P<0.05, 5CA-L4L L ; ©P<0.05, 5CA-HZ EL 4 .
X+s, n=6. *P<0.05 compared with the Control group; “P<0.05 compared with the Model group; “P<0.05 compared with the CA-L group; “P<0.05

compared with the CA-H group.
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oo AW, FGHR K AL M E L 2L Bax/Bel-
2.Cleaved-caspase-3/caspase-31E. 15 [ i, 1] 52 H IR
7797 ] R Bax/Bcel-2. Cleaved-caspase-3/caspase-3
B, I RGCsI TS, H6HH B B VA 7 nl 3 i 41 )
RGCsIH T BEFH IR R R & ifh. NAvRE
7N, &M% Bax/Bel-218 M caspase-33¢ 1A /K *F- ] Y/ A1
DR LA 22 JC R T, 98 PR D B B 4534, % T O HR
KBRS N I 22 R4 F U7, B caspase-3 11
BAXZFIA/KT, i Bel-2R A Al /b RGCsHi 2k, 11
) 2 R 175 P10 AL IR I 4 2 5 40 i 2 AR U A4 i )= T
FEE (R BRAR, X JEHR AN BRORFE LRI 1 U,

BHOGHR P B S A 8 AH DG PR IR 3 2 K Je
RSO HESC R, 1M Keap ] -Nrf2ill B 4F
L BT EAL SO B, 7E 52 B AT, Keapl
55 Nef2FEA0 5T b R AR AR RS, B S Nref2 e N0 g A%
AR I ARES: &, BUE FiFptEEH
FEFFRIL, fEEmPrA M HO-1. SODEEE M, K1
PrEA N, BEMATHIRGCsIH T, i E AL #1510,
AR, FCHRAR BRAL M I 2 Keap1 31k |
W, MNrf2. HO-133A8 N W7 ER, FiiKeapl{
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T U3 5 D R AV DX A 2 e P01, I3 Nirf2/ AR E
PR ATIE G IR B A2 B R AR, X R A R 1
FHEU, 380 Nef2R 18 8597 RGCs A i E 5T A A [A]

()3 53, BT A R R, 1E T REAR AR 7732 SR Al SRR
PERIRAE, 400 58 RLRD 5 7 2 AR O AR R AR 2 A
M Keap1-Nrf23d i 0] i 52 5 LR K R &40 .
AT T I R R F R IG T 1T R i Keap 1 Kk, Fiff
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Nrf2i@ 2 K EEPUEA . SR AR E, 2k
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AEE, R IKeapl RIA EIA, TINrf2. HO-13R1E .
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g b, WUBREIR A ER HOGIR K R & 1540,
L Keap 1 -Nrf2 %A 5¢ . 11 7 JGHR B &b
A, BRI AR ENE 2R, Kol geisid s
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