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[ Abstract] Objective To investigate the protective effect of astaxanthin on the retinopathy in rats with type 1
diabetes and related mechanism.  Methods  Thirty-six male SPF rats received intraperitoneal injection of 1%
streptozotocin (STZ) to prepare type 1 diabetes model. The rats were randomly assigned to the diabetes group, low
dose astaxanthin group and high dose astaxanthin group by a random number table. The rats in the low dose
astaxanthin group and high dose astaxanthin group received respectively astaxanthin 20 mg/kg and 100 mg/kg by

gavage everyday. The rats in the diabetes group received an equal volume of olive oil. Twelve rats received an equal
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volume of sodium citrate as the control group. Blood glucose and body mass were measured every 2 weeks. After 24
weeks , the retina was digested to make retinal capillary network preparation. The number of pericytes and acelluar
strands was compared among the different experimental groups. The relative expressions of anti-inflammatory cytokines
in retinal tissue were detected by immunohistochemistry, real-time PCR and Western blot. The use and care of the
animals complied with Regulations for the Administration of Affair Concerning Experimental Animals by State Science
and Technology Commission.  Results Body mass of the rats in the low dose astaxanthin group and high dose
astaxanthin group was significantly higher than that in the diabetes group (both at P<0.05). Blood glucose levels in
the low dose astaxanthin group and high dose astaxanthin group were significantly lower than that in the diabetes group
(both at P<0.05). In the control group, main artery was round, uniform, and strongly stained. The vein was lightly
stained and had a large diameter. In the diabetes group,retinal arteriovenous trunk and branches appeared tortuous at
a low magnification, with capillary network disorder. The morphology of the capillaries showed pathology in the low
dose astaxanthin group and high dose astaxanthin group, but the vascular tortuosity, dilatation and stenosis were
reduced in comparison with the diabetes group. The number of pericytes was 466. 4+23.2,207. 3+31.7,298. 1+27. 1
and 312.2+19.5 among different groups, with a significant difference among them ( F=34.420,P =0.047). The
number of acelluar strands were 5.2+2.3,32.9+12.7,14.5+£9.1 and 16.5+3.5 among different groups, with a
significant difference among them ( F=47.340,P =0.021). The relative expression of IL-6, TNF-a and caspase-3
mRNA in the low dose astaxanthin group was 0. 87+0.23,0.91+0. 34 and 1. 07+0. 15, the relative expression in the
high dose astaxanthin group was 0.81+0.31,0.85+0.39 and 0.95+0. 11, which was significantly decreased in
comparison with the diabetes group (1.63+0.47,1.57+0.53 and 1.51+0.32) (all at P<0.05). The relative
expression of IL-6, TNF-a and caspase-3 protein in the low dose astaxanthin group was 0. 63+0.33,0.51+0. 14 and
0. 60+0. 13, the relative expression in the high dose astaxanthin group was 0. 69+0.22,0. 49+0. 15 and 0. 57+0. 22,
which was significantly decreased in comparison with the diabetes group (all at P<0.05). Conclusions
Astaxanthin may play an important role in protecting pericytes from apoptosis and delaying development and
progression of diabetic retinopathy in rats. Additionally, astaxanthin can inhibit release of anti-apoptosis and anti-
inflammatory cytokines.
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Table 1 PCR primer sequences and amplified product sizes

519 519¥51(5°-3") FEPIHKBE (bp)
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R:ACGGAACTCCAGAAGACCAG

TNF-a F:GACCAGCCAGGAGGGAGAAC 127
R:TCCGGAGGGAGATGTGTTGC

Caspase-3 F:TGATCGTCCCAACAAGGA 112
R:GGGTCTGGGCCATGGAA
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R:TGGCCCATAAATCATCCC

L 4 A 26 TNF : Jilofd SR 36 R 7

Note ; IL: interleukin ; TNF ; tumour necrosis factor
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Figure 1 The appearance of retina retinal vessel preparations among different

BRI (E1A~C) .
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astaxanthin group ( X 400, bar = 20 um )
(%100, bar = 100 pm)

bar= 100 pwm ) , the arrow indicated acellular strands

groups(PAS) A:Normal vessel network in the control group (X400,bar=20 pm),
the arrow indicated a pericyte B:Abnormal vessels in the diabetes group ( X400, bar=

20 pm) ,the arrow indicated an endothelial cell ~C: Vessel network in the high dose

D: Normal vessels in the control group
E: Abnormal vessel network in the diabetes group (%100,
F: Vessels in the high dose

astaxanthin group (x100,bar=100 pum)
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Figure 2 Comparisons of numbers of pericytes and acellular
strands in retinal capillaries A :Comparison of numbers of pericytes in
each group ( one-way ANOVA, LSD-¢ test,n =6)  compared with the
diabetes group,“P<0.05 B:Comparison of numbers of acellular strands
in each group(one-way ANOVA LSD-¢ test,n=6) compared with the
diabetes group,*P<0. 05

1: control group  2:diabetes group 3:low

dose astaxanthin group 4 :high dose astaxanthin group

2.4 BRI LS S P I 1 K Y LR
ot HEZH A IR0 2% 22 2 4 e P TR 1 22 i 3R s i
VR 2H R BRI I JBE A 2 e o 224 20 i J2= AR B R

-1 B A

Xof HEZEL W PR A IR ) 5 IR 2K AR R ) MR
K4 IL-6 mRNA X 3235 553510 0. 38+0. 27 1. 63
0.47.0.87+0.23 f1 0. 81+0. 31, MKk #2544 43T
X (F=21.86,P<0.05) , H A fIK 57 & IR 75 2 4 M
AR R 4 IL-6 mRNA A X 3% 3k & Ik T 0 IR
H, 2w HA G L () P<0.05) (K 5A)

Xof HEZEL W PR A IR 7 o IR 2K AR e ) A AR
F 4 TNF-o mRNA Af XF % 3k 543 4 0.42+0.17,
1.57+0.53.0.9120.34 f1 0.85+0.39, MK 4 2 %A
Gt L (F=13.80,P<0.05) , H A IG5 & 0F 5 R 4
FliE A MR 41 TNF-oo mRNA FH X 28 35 KT B R
TR, 25 S A Gt L (34 P<0.05) ()& 5B)

Xof HEZE R PR AL AR ) o R 2K AR e ) A AR

ZE 4] caspase-3 mRNA X} 35 & 4351 4 0.57£0. 41,
1.51£0.32.1.0720. 15 f1 0.95+0. 11, Bk L4 2 R H
GiiteE i L (F=18.95,P<0.05) , Horp IR fE iR 5 R 41
FE R B IR 2R 4 caspase-3 mRNA A X 26 % &K T 0%
PRIGA , 2 S Gt 2458 L (¥ P<0.05) (& 5C)

2 P SRR P M 3256 XA WEPRIRA 1 'JETFH%_{’E e AR R AL

3 ~ R e e e Y N e TS TR ~'."‘
AR E AR ; ;hfaJJWﬁumr 7,ﬁﬂ«ufﬁg =
FIRIRE RARMER s AL >

ﬁqﬁﬁﬂé
T3 38 B B0 IR s 41 ?Kgﬁ
55 (&l 3). 'g ﬁ%
X R4 bE IR

H ARK = U H XM
e 0 U 2R A
H%?H//\EPJ(‘VIF.?*H

43. 12,P<O. 05) , o ﬁ-" 3 <-=o-.3 e

) &2 IR F R A A Sk
FIBUF T HAPMPE v ae—
HOUPRIERTHN e

BSHIEFIRAL, Tgon, s
CLECEE RS SO
SHRTEIS

(¥ P<0.05) ; fik 7 = :
MR R AL R AR
T 2 20 L W) B 4 41 ‘
R F B I8 L,
EZRBILGEITFRE X

T —

“_. Tl -"‘:,g
é&’w@“‘f@? wm:s:eﬁ%«& ¥

24 pm
J:._.-nt---%‘ X 2

B3 HHAKXRAMBEELRMEETFHRIE(DAB x400 *TR’ 24 um) XTH@QETJLATEFI¥ME%%J$,#§W<J%€E
AT A PR 5 B P R K 5 IR it R AR AT L S P R T A P R T 5 ) ik R R A AT O S R T AR B
Pk L B R TNF i st N T

Figure 3 The expression of inflammatory factors among different groups ( DAB x 400, bar =24 um) In the

(¥ P>0.05) (A 4).
2.5 F MM L
BT mRNA K

group , inflammatory factors showed moderately

control group, inflammatory factors was weakly detected; in the diabetes group inflammatory factors showed strongly

intensity ; in the low dose astaxanthin group, inflammatory factors showed moderately intensity ;in the high dose astaxanthin

IL: interleukin ; TNF ; tumour necrosis factor
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AMD ;4 iy #H 56 1 85 3 A8 % (age-related macular degeneration)

ANOVA ; 5[’ & J7 22 /3 # (one-way analysis of variance)

BUT : JH B i 24 5} [8] ( breakup time of tear film)

DR : 4 J% 95 # % i 95 2% ( diabetic retinopathy)

EAU . 52561V FH B G5 35 25 1 R (experimental autoimmune uveitis )

EGF . 3 7 4 K [H F (epidermal growth factor)

ELISA . [if§ Bk £ 9% W% BfF ) %2 ( enzyme-linked immunosorbent assay )

ERG : 4%} i H, [5] ( electroretinogram )

FFA ;. %¢ 56 K RIS IfL 4 1 5% (fundus fluorescein angiography)

FGF: i 21 4 24 it 4 < A - (fibroblast growth factor )

GFP . 256, 2¢ 638 [ ( green fluorescent protein )

IFN-y:y T % (interferon-vy)

IL: [ 40 s £ & (interleukin )

IOL: A T # R 44 (intraocular lens)

IRBP ;¥ a] 52 {4 40 8% 2K ¥ i 45 & % [ (interphotoreceptor retinoid
binding protein)

LASIK : 53 7 WO A JB AL R (laser in situ keratomileusis )

ICGA ; 15| Ik 5 25 [ 4% ¥& 52 (indocyanine green angiography)

LECs: IR | B2 40 0 (lens epithelial cells)

miRNA : /) RNA (microRNA)

MMP . 3£ i 4> J& & M B ( matrix metalloproteinase )

mTOR Wi 7L 3 ¥ 2¢ & i % & #L & B ( mammalian target of

rapamyecin )

MTT ; Py F 3£ {8 45 B8 £k ( methyl thiazolyl tetrazolium)
NF : #% % 5 B F ( nuclear factor)
OCT : Y648 T W7 2 594 (optical coherence tomography)
OR i ¥ [L (odds ratio)
PACG : J§ & Pk 41 1 7 75 Y6 IR ( primary angle-closure glaucoma)
PCR : 3 & iy 5% 28 )2 v ( polymerase chain reaction)
RGCs : FL ¥ Ik 45 411 Jfg ( retinal ganglion cells)
POAG : Ji & M JT #f T 75 J R ( primary open angle glaucoma)
RB : W [ ) 2 Jf1 83 ( retinoblastoma)
RPE . 90 5 2,22 | & (retinal pigment epithelium)
RNV ; 48 % Jii 395 4= 1l %5 ( retinal neovascularization)
RP . #  i £8, 25 A% 1 ( retinitis pigmentosa )
ST t: FEAlH W 3 Wil 35 ( Schirmer [ test)
shRNA ; /)N %& 5& RNA (short hairpin RNA)
siRNA : /N T4 RNA (small interfering RNA)
a-SMA : V-1 JLIL 3N H (a-smooth muscle actin)
TAO ; B bR B 4 56 BR 95 ( thyroid-associated ophthalmopathy)
TGF ;% ft. 4 K B F (transforming growth factor)
TNF : 9% IR 3E [ F (tumor necrosis factor)
UBM ;8 75 £E ) . 78 5% (ultrasound biomicroscope )
VEGF : Ifi. 4 P4 Fz 4 K B F (vascular endothelial growth factor)
VEP . ¥ 5 5 & W {37 (visual evoked potential )
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