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(¥] P<0.05) ,PI3K #I il | 41 p-Akt/Akt p-eNOS/eNOS A X} # ik it 4 tBHQ T Hi4l W B (%1%, 2 F WA %
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[ Abstract] Objective To investigate the protective effects of an antioxidant tert-butylhydroquinone (tBHQ)
on the morphology and function of retina in early-stage experimental diabetic rats,and to explore the mechanism of its
protective effect. Methods Forty-five healthy SD rats of clean degree were randomized into normal control group,
diabetes model group and tBHQ intervention group,with 15 rats in each group according to a random number table.
The diabetes model was established via a single intraperitoneal injection of streptozotocin ( STZ) in diabetes model
group and tBHQ intervention group. Normal control group was intraperitoneally administered with an equal-volume
injection of sodium citrate buffer. Rats in the tBHQ intervention group maintained a diet with 1% tBHQ for 2 weeks
before the STZ injection, and the other two groups were fed with normal rat food only. Blood from tail vein was
collected to assay the blood glucose level at 72 hours,2 weeks and 4 weeks following modeling. Rat electroretinogram
(ERG) was detected at 4 weeks after modeling. Morphological changes of rat retina were observed by hematoxylin and
eosin staining. The apoptosis of retinal cells in different layers was detected by TUNEL assay. The expression of
protein kinase B ((Akt) ,p-Akt,endothelial nitric oxide synthase (eNOS) and p-eNOS was detected by Western blot.
Miiller cell line rtMC-1 cells cultured in vitro were divided into 5 groups, including normal control group (72-hour
culturing in normal medium) , mannitol control group (72-hour culturing in medium containing 5.5 mmol/L glucose
and 24.5 mmol/L mannitol) , high glucose group (72-hour culturing in high-glucose medium) , tBHQ intervention
group (24-hour culturing in normal-glucose medium containing 5 wmol/L tBHQ, 72-hour culturing in high-glucose
medium containing 5 pwmol/L tBHQ) , and phosphoinositide 3-kinase (PI3K) inhibitor group ( 6-hour culturing in
normal medium containing 5 pwmol/L LY294002,24-hour culturing in normal-glucose medium containing 5 pmol/L
LY294002 and 5 pmol/L tBHQ, 72-hour culturing in high-glucose medium containing 5 pmol/L LY294002 and
5 pmol/L tBHQ) . The expression of Akt,p-Akt,eNOS and p-eNOS in the cells was detected by western blot. The use
and care of animals complied with Regulations for the Administration of Laboratory Animals in Southwest Medical
University. The study protocol was approved by the Animal Ethics Committee of Southwest Medical University
(No.201711189). Results The blood glucose level at 72 hours,2 weeks and 4 weeks after modeling was higher
in diabetic model group than tBHQ intervention group and normal control group (all at P<0.01). Four weeks after
modeling, the scotopic ERG a-wave and b-wave amplitudes of diabetic model group were lower than those of normal
control group and tBHQ intervention group (all at P<0.05). With edema and thickening of inner plexiform layer,
thinning of inner nuclear layer and outer nuclear layer,as well as loosely arrangement and disorder of retinal layers,
the number of retinal ganglion cells was decreased in diabetic model group in comparison with normal control group,
all of which were improved in tBHQ intervention group in comparison with diabetic model group. There were more
apoptotic retinal cells in diabetic model group than normal control group and tBHQ intervention group ( both at P<
0.05) ,which mainly existed in the outer nuclear layer. The relative expressions of p-Akt/Akt and p-eNOS/eNOS in
rat retina of normal control group, diabetic model group and tBHQ intervention group were 0.76+0. 11 and 0. 83+
0.06,0.52+0. 10 and 0.52+0.08,1. 14+0. 31 and 1. 03+0. 13, respectively. The relative expressions of p-Akt/Akt
and p-eNOS/eNOS in diabetic model group were lower than those of normal control group and tBHQ intervention
group (all at P<0.01). The relative expressions of p-Akt/Akt and p-eNOS/eNOS in normal glucose group, mannitol
control group, high glucose group, tBHQ intervention group and PI3K inhibitor group were 0.95+0. 38 and 0. 86+
0.11,0.94+0.27 and 0. 74+0. 29,0. 33+0. 25 and 0.45+0.29,1.32+0. 37 and 1. 28+0. 22,0. 24+0. 09 and 0. 73+
0. 29, respectively. The relative expressions of p-Akt/Akt and p-eNOS/eNOS were significantly lower in high glucose
group than those in normal glucose group and tBHQ intervention group (all at P<0.05) , which were significantly
lower in PI3K inhibitor group compared with tBHQ intervention group ( both at P<0.01). Conclusions tBHQ has

protective effects on the morphology and function of retina in early diabetic rats,and the mechanism may be related to

- 797 -



. 798 - A SIS IR B2 AR 2022 4F 9 H S 40 %5 9 ]  Chin J Exp Ophthalmol , September 2022, Vol. 40, No. 9

the activation of Akt/eNOS signaling pathway.
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L11 Semah¥) e H8 Jo i il 3 ik SD KR
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B, W07 R A VU BE R K S Bl ) 48 B
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(R EPYIL R Vijay Sarthy SCH %) o Ff 4R R T
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DMEM B 3R v, B 37 R85 0 (R R 3 40 5% CO, AN
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I, AT A AU SR O 3 ~ 8 AU BEAT 52 5
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Akt(4685s) | B-actin, HRP #5 i 24 77 [ Pi 1K (5125s)
(€[ CST 24w ); TUNEL i =A% I il 570 & (F &
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1.2 F¥:

1.2.1 ZhWpsr il Ry % 45 HOR B BRI AL
B3k 4 R IE E 6 B OBE DR 1S B 20 A tBHQ T
PLH B2 15 Ho dE N PERR SR 1 E S B DR AR A 21
A BHQ T 2H U JFE PN 13 5 B = 0 %L 1% STZ %
W (6.5 ml/kg) G M PR R BB RS, T # % BE 20 K B
IS TN T A S5 5 B A AR R S % P o TR NS R A R AR
PR BB 20 R B MR B 3 Ak (T A AR M RO
FRAF]) ABHQ THZH A STZ {44 2 JATF iR — B R
5 3 H 1% (BHQ ZRANTE R (A A W H R A
FRAT) o wEAJS 72 h, R BLUR # JDk R i ) & 25 1 1t
$# (fasting plasma glucose, FPG) , A FPG>16.7 mmol/L
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P A0S T 5 5 wmol/L LY294002 1 1E # 4 5
FREP AT 6 h, R 5 T & 5 pmol/L LY294002
5 wmol/L tBHQ [ 1E # B 3 I B rh 48 22 35 9% 24 h, I
Ja T & 5 wmol/L LY294002 & 5 pmol/L tBHQ [¥) /= B
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25,
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Bi FWLEE IR

1.2.5 TUNEL W0 EE00 P B2 LAt i 0 T 00 3
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(3 ml/kg) M8 R 5 R I OF A0 28, BUA IR B T 4% %
W RV W 1R E 24 b W RLERIVE UKR DD R, AT
THAREE Ty AT 12 wm JEELL Y] R A5 4 A0 I e
KURYI A =R T, 4% 2 58 W I 23 [ 5 20 min,
12 38 5% v ik ( phosphate buffer saline, PBS) ¥ ¥t 30 min,
0.1% Triton X-100 4 “Ci#E L 2 min, PBS 3§ ¥ , K Be il
4f ) TUNEL £ E 5 WM T Y 1,37 CHEHE 1 h;
DAPI & Je4% JF PBS Y% 5 B o8 G ¥ K B R il & s
i FIBOG A 0 3R £ 5% B MU S IR B, 2 8
OG5 A A% T A B 0 i 40 A Ok O T 4n i, A
ImageJ FAF 3 BT sk LI B 1] J7 e s B ok 1 e B
2 it S %k M TUNEL % £ BH: 40 i %5, 4 T g 0=
IFF P 40 i 5 40 i B %< 100%
1.2.6  Western blot & A5 I # % Ji 20 20 % 41 j
p-Akt Akt ,eNOS p-eNOS % 4 ik B &4 10 H K
R ZE R, U5 ) DU 2% 57 25 Bk it DR AR, 43 55 1 00 ) .
YL [l B 0B 45 4 40 M, VR AE T -80 C kA . FIH
RIPA i 3 4 HOAR Do R 2 287 4 S 9 2 1 B, SR
NANO DROP {4 25 (1 oo vk B2, IF im A B FE 22 o
WA G H S EAREA, AR AL 30 png -
FEF 5 8 42 B0 7. 5% SDS-PAGE # Ji yik 3B 1, 80 ~
120 VHEEFEMK L5 h, [HEHEFE 0.36 A ks 1.5 h
S E % PVDF 0% PVDF JE T35 it 40 41 5% i s
Wiy TBST o %R T 8% K L& ] 1.5 h; TBST ¥ &
3, BIR 1S min, MU R E 3 KUV, 23 S A
HL eNOS(1:200) ,p-eNOS(1:200) ,p-Akt(1:1 000) .
Akt(1:1000) B-actin(1:1 000) —47,4 CHFE 7K ;
TBST $EME 3 )5, in A HRP Axid =%t (1:5000) , %
TR B E 1.5 hy TBST PR 3 R , R I A
ECL &tk B 5% . R M Tmage] B4 & % 554 K
{H, LA B-actin 24N Z BRI 5 45 85 A X 87K
1.3 Sil*0rik

K] GraphPad Prism 8. 0 4¢it2# 8 {1 #4748 11 43
Bro THE RIS WKL 56 IE 32 5 IE S 40 A, DA xs
FIR o A5 2R BB I T ORI B 22 5 L BCR
BRI 200 AL P AR A LSD-r K B, P<
0.05 K 2EFAH G E L.

2 FR

2.1 LR R B — BT D0 B AN [R] I [ I e
JE He AR

5 BRI BRI A 25 4R B 50 S5, e 28 R )
TR 25 H, 0 B AR 2 Je (BHQ T FiL2H 43 03 g 15
HA 10 J faarad e R I BIAE TR R & 72 h,
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DR B A B T 46t B R B0 2 EROK S m Y
ARl B R AR RE I, BB MRS A B, R 22 B
SRR, 28 2R 2R BT 1 (BHQ T 14l
KEZ & ZIR YRR B R AT 2 R U R
MR DL BT, AT — 5 R JEE 1) 6 MRS ARG B 5 18 75 %)
HRZH R BB A T A oA S T 2R A

TAE 72 h 2 JAH 4 J 4% 25 8] R BRI AR v R U A
P 22 52 ¥ A 4E 0t i L (F =100. 80, P<0.01; F =
77.38,P<0.01;F=73.94,P<0.01) , J# R T 2 5 A5
J& 72 b2 JERT 4 JE R SRR £ 5 IE X IR 4 e tBHQ
THAT A LA E X (3 P<0.01) (K 1),

®1 FAKRRARE R E &M HE R E L (x£s, mmol/L)

Table 1 Comparison of blood glucose concentration at different

time points among various groups (x=s,mmol/L)

2153 FEAR  &EHJF72h ERFE2A EBF 4R
1E H 4 BR 4 10 6.01x1.37"°  6.18+1.10°  6.70%3. 06"
WERFERIEIZE 15 30.70+2.35  32.49+4.05  33.73+4.25
tBHQ +Fii 20 10 25.87+1.34" 26.39+3.10° 25.84+3. 64"
F {5 100. 80 77.38 73.94
P <0.01 <0.01 <0.01

T+ 15 (5] I o s PR A AL 2 EE %2, P<0. O1 (B ) 3K Jy 22 43 7, LSD-t
i) BHQ: AT HX W
Note ; Compared with diabetic model group at corresponding time points,

“P<0.01 (One-way ANOVA,LSD-t test) tBHQ:tert-butylhydroquinone

2.2 BH KRB ERG HRIE L4

M55 —1.3 log cd - s/m’ f1-0.3 log cd - s/m’
I, 25 2H K BURE 38 B ERG /Y a A b 4R i S 1A LL A
ZES YIS 7 8 L (¥ P>0.05) 3 4 OG5 A
0.7 log cd - s/m’ B, 440K B E v ERG [ a AT b
PRI SR L B 2 R A Gt 2B L (F=4.51,P=
0.03;F=5.21,P=0.02) , ¥ JR Ji5 15 81 26 5 3& . ERG
f4 a P AT b IR R B AR T OE R X B AN BHQ T
H,ERA G FE X (1 P<0.05) (R 2).
2.3 B KB Y A5 ) LA

6 WA T AT UL TE R B ZH K LA I B A% 2

xr2

AT WA 2 A, A SR SR TG T, A ML HES R, 5 o R DR
50 2 R SRR 0 5 2 2= T e e EL O3 R, 4
JHSTE] JBT K i, oA B S T REL R , i 2271 400 )2 400 e
W D, WL RS TR A 2 A A EL AR R 5
Lo BHQ LK WAL LR EE R B e 48, 3
R R S T i 1 0 2= A B R B el L, A JZ B Ak
BZSS B R A0 HE S e 2L (1) o

A IER X IR R M A B e B B R B R 4L
BP9 )2 VR O T AT, 5 = 00 M 2 W] A 0, U2 i) 5 4 i A 3L
C:tBHQ 52 A B AL 190 [ 45 4 ik AR 58 3, 45 J2% 240 M 5k o T 0l

J2 1) 45 K8 5 AR

¥ J% ; ONL: S JZ
Figure 1  Histopathology of rat retinal tissues ( HE x400, bar =
50 pwm)
clear and complete

(Hisk RPN RBE)  GCL: ¥ 2 4 )2 ; INL:

A: The retinal layer structures of normal control group were
B:The retinal layers were not clear with the number
of cells in each layer significantly reduced, and the interlayer structure
C:The retinal
structure was basically complete, and the number of cells in each layer

was loose and disordered in diabetic model group

was slightly reduced, and the interlayer structure was slightly loose in

tBHQ intervention group ( Arrows indicated the inner limiting membrane )

GCL: ganglion cell layer; INL: inner nuclear layer; ONL: outer nuclear

layer

2.4 25 A KRR D) S 2 2 v g e T O L A

1E 6 BEZH K B ) B 4% )2 /] O b TUNEL 41
A0 Y € 1) R T A B 5 AR D o A Y 4 K R A A g
LT8G Y (0 A0 M 55 1E B X B3 &2, £ EAL T AN
)2 s tBHQ Tl 28 K B AW o JBE v 21 48 54 51 e €0 240 A A
PRIGAETIL /(] 2) o IE % X BE 4 W5 B o 5 7Y 2]
FBHQ T Fl 41 240 i 08 T 48 %5053 591 R (7. 63+6.49) % |
(55.26+26.63)% . (8.59+7.98) % , Mk L4k 2% S A
Giit 2 X (F=10.04,P=0.01) 5 95 1 50 4 4 ffg
JH T8 B0 1F % IR A F OBHQ T Fi4 B 5 Th i, %
SHAGIFE X (P=0.02,P<0.01) (& 3),

EEARERBAEE T AR ERG #RIGLLE (x5, pv)

Table 2 Comparison of ERG amplitudes of rats in different groups under different stimulus light intensities (xs,uv)

4151 o -1.3 log cd « s/m” Yk T -0.3 log cd + s/m” JGik T 0.7 log cd » s/m’ S E T

a I b i a P b i a P b i
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tBHQ + 4l 6 16.73+11. 11 123.20£52. 01 37.10+17.00 152. 80+ 76.29 86.92+36. 65° 242.90+106. 70°
FA{H 0.33 2.75 2.61 3.18 4.51 5.21
P& 0.73 0.10 0.11 0. 07 0.03 0.02

T SRR LA, P<0. 05 (PR Ry 2270 # , LSD-t K 4 )  (BHQ U T e X 48 —

Note ; Compared with diabetic model group,“P<0.05 (One-way ANOVA ,LSD-¢ test) tBHQ :tert-butylhydroquinone
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Figure 2 TUNEL staining of rat retinal tissues (x200,bar=75 pum)

A :Red fluorescent cells were rarely observed in rat retinal tissue of normal

INL

control group B:A large number of red fluorescent cells were observed
in the outer nuclear layer of retina in diabetic model group C:Few red
fluorescent cells were observed in the outer nuclear layer of retina in
tBHQ intervention group  ( Arrows indicated overlapped red and blue
fluorescence)  GCL:ganglion cell layer; INL:inner nuclear layer; ONL:

outer nuclear layer
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Figure 3 Comparison of apoptosis index of rat retinal tissue among

different groups F =10.04,P =0.01. Compared with normal control
group, “P<0. 05; compared with diabetic model group, "P<0.01 (One-
way ANOVA, LSD-¢ test,n=15)

model group;3:tBHQ intervention group

1: normal control group; 2. diabetic
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Figure 4 Comparison of p-Akt, Akt, p-eNOS and eNOS protein
expression in rat retinal tissues among different groups A Protein
bands of p-Akt and Akt B: Comparison of the relative expression of
p-Akt/Akt protein  F=12.77,P<0.01. Compared with normal control
group, *P<0. 01 ; compared with diabetic model group,”P<0.01 ( One-
way ANOVA, LSD-¢ test,n = 9) C: Protein bands of p-eNOS and
eNOS  D: Comparison of the relative expression of p-eNOS/eNOS

p-eNOS/eNOS A% # 1

protein  F=36.88,P<0.01. Compared with normal control group,*P<
0. 01;compared with diabetic model group,”P<0.01 ( One-way ANOVA,
LSD-t test,n=9)
3:tBHQ intervention group

1: normal control group;2: diabetic model group;
Akt: protein kinase B; eNOS: endothelial
nitric oxide synthase
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Figure 5 Comparison of p-Akt, Akt, p-eNOS and eNOS protein
expression in rMC-1 cell among different groups A :Protein bands of
p-Akt and Akt B: Comparison of the relative expression of p-Akt/Akt
protein  F=12.36,P<0.01. Compared with normal control group,”P<
0. 05 ; compared with high glucose gruup,hP<0. 01 ; compared with tBHQ
intervention group,‘P<0.01 ( One-way ANOVA, LSD-t test,n=9)
C:Protein bands of p-eNOS and eNOS D Comparison of the relative
expression of p-eNOS/eNOS protein  F=7.35,P<0.01. Compared with
normal control group,®P<0.05; compared with high glucose group,]'P<
0.01; compared with tBHQ intervention group,“P < 0.01 ( One-way
ANOVA ,LSD-t test,n=9)
group; 3: high glucose group; 4: tBHQ intervention group; 5: PI3K
Akt protein kinase B; eNOS: endothelial nitric oxide

1 :normal control group;2:mannitol control
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