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ZHU Hua',LI Yan-hong', XU Yan-feng' ,XU Yu-huan',
XU Qing-gang®, YIN Hong-xia, QIN Chuan'*

(1. Key Laboratory of Human Disease Comparative Medicine, Ministry of Health; Key Laboratory of Human Diseases
Animal Model, State Administration of Traditional Chinese Medicine; Institute of Laboratory Animal Science, Chinese
Academy of Medical Sciences (CAMS) & Comparative Medical Center, Peking Union Medical College (PUMC) ,
Beijing 100021, China; 2. Beijing Tongren Hospital, Capital Medical University, Beijing 100730) )

[ Abstract] Objective The aim of this study was to observe the morphological changes of the retina at early stage
of diabetes in SD rat induced by multiple injections of low-dose ( multi-low-dose) streptozotocin (STZ). Methods  Sev-
enty-five male SD rats were randomly divided into control (CON) (n=30) and diabetes mellitus (DM) (n =45) groups.
Rats in the DM group received multiple low-dose STZ i. v. injection for 5 consecutive days (30 mg/kg). The blood glu-
cose, body weight, and other parameters were observed once a week after injection. In the 4, 8 and 12 w, the morphologi-
cal changes in the retina were observed using HE and immunohistochemical (THC) staining, vasculature digest preparation

and transmission electron microscopy (TEM). Results The body weight of animals in the DM group was decreased from 2
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w. The average body weight of the DM group was significantly lower than that of CON group (P <0.01). The average
blood glucose of DM group was significantly higher than that of the CON group (P <0.01). TEM examination revealed
thickened capillary basement membrane and dilatation of capillary at 4 w. trypsin digest preparation showed endothelial cell
hyperplasia, mitochondrial swelling, cristae disruption, and vacuolar degeneration in capillary endothelial cells at 8 w.
Retina HE staining showed retinal capillary dilatation and interstitial edema, capillary intumescence, apoptosis in endothe-
lial cells in the DM group at 12 w. The control group had no obvious abnormalities. Staining of GAFP in the retina indica-
ted decreased expression in the ganglion cell layer and nerve fiber layer, bipolar cells and ganglion cells, mitochondrial
swelling and cristae disruption in pericytes, decreased membranous disc, and widened gap between membranous discs at 12
w. Conclusions Our findings indicate that an early stage diabetic retinopathy ( DR) can be induced in rats by multiple
low-dose streptozotocin injection. This may serve as a valuable preclinical model for studying the pathogenesis, pharmaco-

dynamics and potential therapies for DR and its complications.
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Fig.1 Lens opacification in a rat at 3 months

after diabetes modelling.
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Tab.1 Body weight of the rats after STZ injection
4151 WL AH w2 A H A3 AH
Groups 1 month A. 1. 2 months A. L. 3 months A. L.

X R4 (n =30) Control group
DMI (n=15)DMI group
DM2(n =15)DM2 group
DM3 (n =15) DM3 group

326.32 £21.79
215.34 £23.65 " - -
222.48 £17.31°
219.72 +15.48 "

450.73 £37.32 527.94 +44.02

209.48 £22.72™ -
212.48 +21.43™ 188.69 +12.31 ™

RS BRI SXF R RS, ¢ P <0.05,* P <0.01
Note: * P<0.05,* P<0.01, A.L : after STZ injection.

T2 EGTEEIRA A R 50 LR B B R BULRE (mmol/L; & +5)
Tab.2 Blood glucose of the rats after STZ injection (g; x +5)

251 EIE7E b2 8 G| w2 A ERE3 A
Groups Number of rats 1 month A. L. 2 months A. L. 3 months A. L.
X HEZH Control group n =30 5.99 +0. 66 6. 11 +0. 66 6.07 0. 59
DM1 DMI group n=15 26.62 +6.64™ - -
DM2 DM2 group n=15 25.43 £5.65™ 27.73 £5.94 ™ -
DM3  DM3 group n=15 24.48 £5.31™ 28.52 £6.01 ™ 29.41 £7.33™

SR R SR IR L #R, * P <0.05, " P <0.01, A.1: after injection,

Note. *P<0.05," P<0.01, A.L . after STZ injection.
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ganglion cells in a rat at 3 months after diabetes modeling.

A oA Fig.2 Histopathological changes in the retina of
STZ-induced diabetic SD rats ( HE staining, x100)
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Note:A. A normal rat ( x200) ; B. GFAP staining of a diabetic retina. The number of positive cells was decreased and with lighter color ( x400) ; C. S100
staining of a normal rat retina ( x200) ; D. SI00 staining of a diabetic rat retina. There are no significant differences between the two groups.

Fig.3 Histopathological changes in the retina of STZ-induced diabetic SD rats (IHC staining)
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A. A normal rat ( x400) ; B. Vascular endothelial cell hyperplasia in a rat of the model group at 2 months after modelling ( x200) ; C. Pericyte

cell apoptosis, karyopyknosis and dark staining in the retina of a model rat at 3 months after modeling ( x200) ; D. Enlarged capillary and endo-

thelial nuclei in the retina of model group at 3 months after diabetic modeling.

Fig.4 Vascular digest preparation of the retina of STZ-induced diabetic SD rats
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Note. A. Slight invagination of the nuclear membrane of a pericyte cell in the retina of a diabetic model rat at 1 month after modeling. B. Mild
swelling of mitochondria in the retina of a model rat at 2 months after diabetes modeling. C. Basement membrane of capillary is thickened in
the retina of a model rat at 2 months after modeling. D. mitochondria swelling and vacuoloid changes of mitochondrial cristae in the retina of a
model rat at 3 months after modeling. E. Nuclear chromatin condensation in the retina of a model rat at 3 months after modeling. F. Cytoplas-
mic vacuolization, loss of organelles in the retina of a model rat at 3 months after modeling.

Fig.5 Ultrastructural changes in the retina of STZ-induced diabetic SD rats
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