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Berberine Alleviates Chronic Retinal Light Damage in Mice: A Study of the Role of P2X7R and the Mechanisms
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[Abstract] Objective To investigate the trend of dynamic changes and the mechanisms of P2X7R by which
berberine (BBR) alleviates chronic retinal light injury in mice. Methods A total of 90 mice were randomly divided into
three groups, a blank control group (n = 10), a group exposed to low-intensity blue light (500 lux) for 12 hours per day for
a duration of 3 months, which was referred to as the LD group (n = 40), and another group given BBR at a dose of
200 mg/kg via gastric gavage on top of the blue light exposure for the LD group, which was referred to as the LD + BBR
group (n = 40). After the light exposure and gavage were completed, eye tissues were collected from the mice.
Hematoxylin and eosin (HE) staining was performed to observe the protective effects of berberine on chronic retinal light
damage in mice. TUNEL assay was performed to assess the effect of berberine on apoptotic cells in mice with chronic
retinal light injury. Additionally, quantitative polymerase chain reaction (QPCR) was performed to assess the expression
level of P2X7 receptors in chronic retinal light injury relieved by BBR. Results Compared with the blank control group,
the LD group exhibited abnormal retinal morphology, with some ganglion cells displaying reduced nuclei, a deeper stain,
and loose arrangement. In the LD group, the cells in the inner nuclear layer appeared to be slightly more loosely arranged,
while the cells in the outer nuclear layer cells were arranged in a disorderly way. Furthermore, the thickness of the outer
nuclear layer of the retina from mice in the LD group was (47.11 + 2.01) pm, and a significant number of apoptotic cells
were observed in the outer nuclear layer, resulting in an apoptosis rate of (71.16 + 5.99)% (P < 0.05). In contrast, the LD +
BBR group showed mild abnormal retinal morphology with loosely arranged ganglion cells. In the LD + BBR group, the
cells in both inner and outer nuclear layers of retina exhibited relatively intact morphology, uniform staining pattern, and
tight arrangement. Moreover, the thickness measurement for outer nuclear layer revealed a value of (54.07 + 2.05) um,

and there were only a few apoptotic cells present, resulting in an apoptotic rate of (16.02 + 2.68)% (P < 0.05). Compared
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with that of the blank control group, the relative expression of P2X7R mRNA in the retinas of the LD group was

upregulated, with the difference between the two groups being statistically significant (P < 0.05). The relative expression of

P2X7R mRNA in the retinas of the LD + BBR group was downregulated, showing no statistical significance compared

with that of the blank control group. However, compared with that of the LD group, the relative expression of P2X7R

mRNA in the retinas of the LD + BBR group showed a significant downward trend, and the difference between the two

groups was statistically significant (P < 0.05). Conclusion Berberine can alleviate chronic retinal photodamage in mice,

and inhibit the activation of P2X7R, thereby preventing the formation of retinal photodamage.

[Key words] P2X7 receptors Berberine

EAER, AR EBOR FIrE 2 U Ed R e, T
DRk () 7 BN 16 AR A R A 2% T, AL JBEEA
MG SO BUSE 2L, el R RER T 29k
FLER RN RE B S5 Ak, T E R AR i e . R
PO G A 1 2 T BUOAFE 8 A DG P BB AE M (age-related
macular degeneration, AMD ) 554 %0 B35 & i 1) B 23K
IR, 20204F AMDE BRI N 1.9612, T
20404FK 35 $)2.8812 . 20154F, AMD & 52l o
PR LA, i BRI e R T 6% ~ 9%,

(EAR I IEEA005 B9 K DL 6 R 58 27, ARt
¥R IP2X 7324 (P2X7 receptor, P2X7R) W] BEFEGHI7 1
o BEAS AR e R AR O AR R i 005 i/ N B
(berberine, BBR) 11 P AL I BG4 14/ B, 4551 s
/INBEREAT BT AR NI DA BB A A R I
AE T 08D OGN M B 05 55 A 18 e 1 AT
AMDIRHLH, Sy B4R AMDAS 13 i 149 BEDIR 2,
IRCAR BT SRR SR Y Il P 4/ 2 A ey e e s DI R o 45t
P/ BUBEELS, AP2XTRFUIA R R FEAR IEEA5 g vl
AE P TEAL ] LA S BBRZE fif /)N Bl A0 I JIEE S 453 405 14 1 P BIL
i, LU AMDIf 7 S H AL LS50 440

1 #MR5EE

1.1 FERAFSNUE

/NEEGE (B802465) W T 11327 so b AE AR A BRA
Al HERH & o6t il Tt st s A= 9
FARATBRA ], Triton-100, 50xTAEA A Tt 5U4iJe
YR H PR/, SYBR® Premix Ex Taq™ 1 (Tli
RNaseH Plus). PrimeScript™ RT reagent Kit with gDNA
Erasellj T"TaKaRa, DAPIJ: (A, ¥y T-BD Pharmingrn™, 7K
HRALHEH(O.C.T) I T [ESAKURAL ], 5144 B+
GENEWIZ, EGI1150#8 b2l 2L rputy | HI12104 85
J& L. RM2245%8 F XU Bl DM2500 % BUBT
CM18507KiA I L, {8 [E LeicaZy 7l; UNI382 Tl 4 IR
i, UNL- TR 4820 75 IX 2-ZDCHEG 18] W iMes, H A
Olympus’ 7l; PCR{YMP-32 ., 3£ /R ES.L>HLMini-10K+C,

Retinal photodamage

Age-related macular degeneration

UM K BRAX 45 A R 2 7 5 2¢ 6 2 5t PCRIX AB17500,
Amplied Biosystem”\ F]
1.2 LYK IEE

SPFEPEC57BL/6)/INRO0 L, 2498 ~ 10/ %, {45 &
(20+2) g, Wy A AL 4E R AL S50 S B AR B H], A
P ATIE S SCXK (5 ) 2016-0006, 7G5 46 sh 1S B2 51
22K (JIHES . YKEC-KT-2024-038-P002) . 4575 H A7
FrAE [ op R BE IR B B sl s VTS0, H Fe ik
BRROK, I\EE21 ~ 23 °C, HIXHRE40% ~ 70%, JEHE 5%
PFHE B2 WE BT A, 3 W PR AR 3% 1R S #EAT S8 0 . %
LD 51LD+BBREA M 712 ML A, 45 K6:00-18:00
F/NEUE TLED# O T IS 12 h, RAMKEE & (500 lux) #
JERAGT, HARAE IR TR PR D, R BRG3AH
1.3 D EREH

C57BL/6J/NER90 -, BEALER 10 H 228 (] REA, Fol 4%
80 HEHHL Wi, HNAEAIZH (LDA) 5B 41 (LD+
BBR4).

252534 TR TR B 200 mg/kg HOTE B W, A
77 FREL300 mg/NEERR AT15 mL PBSZE whil, TR A J5 ik
BN FRY AR Y. /N RE S RB =
(200 mg/kg) /(300 mg/15 mL) x/) A BT i (kg) o 43S M
/N BRI A o 2 e 1A 2 2471 2

YT IR IFAE T R 5 R S B4 d,
15253 d. HLEJEIALEH . LD+BBRAL T B B 414 /N BE R
WVE 'Y, LDAL 745 B A PBSZ: R 15 -
14 NEUMRALRREFHERRE

JERA3A A S5 GRIRZS RS S0, Bess Fxf
20, LD . LD+BBRZA &6 HATHR, A TH0 I B2 ZU0H
AN FR T BR 4% 22 5 FR I T o, 6 e ot /K b 3
BifLf5 2 A, TR A R B ) A4 umiE S2Y) f, TS
FHE BHEYL (4, B 1 J5 62 B a0 S 4% 2%
ik
1.5 /)N FRA I B 400 A o T il

TUNELZE W EEA ML 115 00, J6 I3 H 45005 O
FREE TS 5508 BUE % % 841 . LD4L. LD+BBRAL45H



%1 WUR AT

- POXTRAE /INGERG 2 fiff /)~ B 1 A ML X BB 4 47 H (RO L T 7 37

AR, AT U | [BE AR, KR R LR,
M7 10478 pm BT, B—5K i B2 ~ 3R,
HALTUNELIL e, FHAE G B s WA YL i iy ZH 21
g3 I 4R G TN 5 A HEAT I A, BE ML =S Exﬁﬁﬁéﬁ\

LD FILD+BBRZ % 35K U1 1, FA8EI LA 28 g s,
ZeAT PN A B HEATHA e, A3 SRR — A
A A 2 20 B BSOS M 2 08 T A LR, o i A a2
AT, AMEZZ T2 3(% ) = SMZZ T T 40 By
HMZIZ 2S£ < 100%
1.6 EAZEEEPCR

TS ARSI 1A L 5208 | 5538, HUE 5 % i
ZH . LD#, LD+BBRA A3 /L. i JHTRIZoLEEHE U/
BRI S 2H U RN, R4 TR B2 ANl B i, £ ] 0ot
JE I RN A HEE F1260/280., 26073201 5613 HAH, fdi
Agilent 2100 bioanalyzer kil RN ATERE M, X #E it A7 i
. WRNAFL KN cDNA, [ AK & SybrGreen qPCR
Master Mix 10 uL, ROX 0.4 pL, dH20 4.6 uL, cDNA 4 puL,
LR 450.5 uLo RIS 95 CHIAEYES0 5595 °C
55,60 C 34 s, fEH40KY M. LlActin hNZ, R H]
27X R T A AT A T mRN AR X 1k
i, SIS,
F1 5¥F75

Table 1 Primer sequences

Gene Primer secquences (5' to 3') Product length/bp
P2X7R  F: TGTCCCTATCTCTCCACGACTCAC 119

R: ATTTCCACACTGGCACCAACTCGG
Actin F: TGGGAATGGGTCAGAAGGA 289

R: ATTGAGAAAGGGCGTGGC
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Fig 1 Whole-layer slices of mouse retina were stained by HE (original magnificationx400) and thickness of outer nuclear layer of mouse retina

A, Blank control group; B, LD group; C, LD + BBR group. The red arrows indicate the outer nuclear layer of the retina, and the black arrows indicate the inner layer

of the retina. D, Thickness of outer nuclear layer of mouse retina (1 = 6). ~ P < 0.05, vs. blank control group; * P < 0.05, vs. LD group .
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Fig 2 TUNEL assay to assess apoptosis of retinal cells in each group of mice (original magnification x 200)

A, Blank control group; B, LD group; C, LD + BBR group. The red arrows indicate positive apoptotic cells. D, Apoptosis cells in the ONL layer of the retina of mice in

different groups (1 = 5). " P < 0.05, vs. blank control group; * P < 0.01, vs. LD group.
F2 XBERFFE1I2FAZHUMBEP2X7R mRNAKHE I RILE
(x+s, n=3)
Table 2 The relative expression of P2X7R mRNA in the retina of mice
from different groups at 1, 2, and 3 weeks after the end of

irradiation (¥ +s,n=3)

Group Time Relative expression
Blank control / 1.000.44"
LD 1 week 1.94+1.04°
2 weeks 1.6120.79"
3 weeks 1.47+1.04"
LD + BBR 1 week 0.67+0.16"
2 weeks 0.86+0.21°
3 weeks 0.76+0.13"

The abbreviations are explained in the note to Fig 2. " P<0.05, vs. blank
control group; *P<0.05,vs. LD group.
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