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Nasal Administration of NMFGF1 Loaded Nanoparticles Improved Cognitive Dysfunction in Vascular
Dementia Mice

ZHANG Ming', SUN Minyi', ZHU Ningwei?, CHEN Mengjia', ZHAO Xichun®"(1.Ningbo Yinzhou Second Hospital,
Ningbo 315100, China; 2.Zhejiang Pharmaceutical College, Ningbo 300052, China, 3.Hefei BOE Hospital, Heifei 230000, China)

ABSTRACT: OBJECTIVE To investigate the effects of nasal administration of non-mitogenic acid fibroblast growth
factor(NMFGF1) loaded nanoparticles(NMFGF1-NPs) on the improvement of cognitive function in vascular dementia(VD) mice
and its mechanism. METHODS = Nanoparticles containing NMFGF1(NMFGF1-NPs) were prepared by water-in-water
emulsion technique and characterized. The mice were divided into sham group, VD model group, blank-NPs group, NMFGF1
solution group and NMFGF1-NPs group after repeated cerebral ischemia-reperfusion to establish VD test model, and then given
the corresponding form of drug intervention by nasal cavity. After drug intervention, Morris water maze was used to evaluate the
learning and memory function of the animals in each group from the perspective of behavior. Meanwhile, the morphology,
arrangement and apoptosis index(Al) of hippocampal neurons in each group were evaluated by pathological methods such as HE
staining, FJB staining and Tunel apoptosis staining. In addition, ELISA and Western blotting were used to investigate the
molecular mechanism of NMFGF1-NPs improving VD by nasal administration. RESULTS  The morphology of NMFGF1-NPs
was round. The encapsulation rate of NMFGF1-NPs respectively was (87.76+5.89)%. Morris water maze results showed that the
behavioral indexes of mice in VD model group were significantly different from those in sham operation group(P<0.01). At the
same time, the pathological results showed that the neurons in the CA1 region of the hippocampus in the VD model group were
disordered, the cells morphology and structure were missing, and the Al was significantly increased compared with that in the
sham operation group(P<0.01). Meanwhile, compared with the VD model group, the NMFGF1-NPs treatment group showed
significant improvement in various behavioral indexes, and the hippocampal neuron cells were intact and orderly, and the Al
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index was significantly decreased(P<0.01). ELISA and Western blotting analysis showed that compared with that of VD model
group and other intervention groups, the content of MDA in the brain of NMFGF1-NPs treatment group was significantly
decreased. While the content of SOD, NO and the expressions of Nrf2, SOD-1 and GSTO1/2 was significantly increased
(P<0.01). CONCLUSION Nasal administration of NMFGF1-NPs can play the role of antioxidant stress damage by activating
Nrf2/ARE signal pathway, and ultimately improve the learning and cognitive function of VD mice.
KEYWORDS: nanoparticles; nasal administration; vascular dementia; NMFGF1; oxidative stress
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Fig. 1 Quality characterizations results of NMFGF1-NPs
and Blank-NPs

A-transmission electron microscopy observation of NMFGF1-NPs;
B—transmission electron microscopy observation of Blank-NPs; C—results
of particle size analysis.
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Fig.2 Results of Morris water maze investigation(x x5, n=10)

A-the average escape latency of mice in each group; B-results of platform crossing times in each group; C-residence time of each group in the target

quadrant; D-movement distance of each group of mice in the target quadrant. Compared with the sham group, "P<0.01; compared with NMFGF1-NPs
group, 2P<0.05, ¥P<0.01.

3 AH/NREHHEL CAl R#WE T HE #6845 R(n=5, 400%)

AT R4 ; B-VD BiMI4; C-Blank-NPs 4; D-NMFGF1 i&##4l; E-NMFGF1-NPs 4,

Fig. 3 HE staining results of neurons in CAI region of hippocampus of mice in each group(n=5, 400x)
A-sham group; B-VD model group; C—Blank-NPs group; D-NMFGF1 solution group; E-NMFGF1-NPs group.

sl 28 }% MNFGF1 /NI D CAL K T AR 41
HELIA S e AR, 1T MNFGF1-NPs 37 RE
i 5 20> VD /NI S P 2T AR
3.5 Tunel FT-Yefa 251

Tunel FT-FHPEMZTTANMR AR @, IEH
ez R . M RTFARYL, VD A
4 . Blank-NPs #1% NMFGF1 #4100 CAl
X P TP o Ao B N(P<0.01), Alf54
THE(P<0.01), AT VD #5814 | Blank-NPs 2 %
NMFGF1 %4, NMFGF1-NPs 40/l CAL
XA 2T TR B FRR(P<0.01), Al f8%0%iT
IEHRT R K. SR ILEL 5,
3.6 ELISA 54

/NI S 2140 ELISA M E Gt T2+ 45 R LA 6.
P TFRF ARG, VD A2 f Blank-NPs 2H 1976
X5 MDA & &t i % F+= (P<0.01), NO Jz SOD
B E TREWP<0.01), MELT VD BEARIY
Blank-NPs 2] &2 NMFGF1 %4, NMFGF1-NPs

B4 AH/NFED FIB L &4 Fn=5, 400%) H/N I TS 2R MDA K- 2 2R [ (P<0.01),
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BN B D44 Western blotting 408 NMFGF1 i 41, NMFGF1-NPs 2 /)N il & 41
SiRWE 7. MHEETFERFARL, VD BRI 21 Nrf2,SOD-1 & GSTO1/2 # [ ik i & 7t
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3.7 Western blotting 73 #1455
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ABFARH ; B-VD A4 ; C-Blank-NPs 41 ; D-NMFGF1 {## 4 ; E-NMFGF1-NPs 41 ; F-Tunel 1= 4 5531

5 NMFGF1-NPs 44t 2P<0.01,
Fig. 5 Tunel staining results of hippocampal tissue of mice in each group(n=5, 400x%)
A-sham group; B-VD model group; C—Blank-NPs group; D-NMFGF1 solution group; E-NMFGF1-NPs group; F—statistical results of Tunel apoptosis

staining. Compared with the sham group, "P<0.01; compared with NMFGF1-NPs group, 2P<0.01.
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Fig. 6 ELISA results of hippocampal tissue of mice in each group(x £ s, n=5)
Compared with the sham group, "P<0.01; compared with NMFGF1-NPs group, 2P<0.01.
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Fig. 7 Western blot analysis results of hippocampal tissue of mice in each group(x * s, n=5)
Compared with the sham group, "P<0.01; compared with NMFGF1-NPs group, 2P<0.01.
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