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[ Abstract] Objective To investigate the effects and the mechanism of geniposide on the neuroinflammation
occured in the neurodegeneration course of a chronic cerebral hypoperfusion rat model. Methods Permanent bilateral
common carotid arteries occlusions was performed to induce gradient cognitive deficit in rats. The sham group was used
as control group. Then 18 rats that met the Screening Criteria were randomly selected 8 weeks post surgery, and were
randomly divided into three groups, the 2-VO rats with saline solution group (2-VO+saline group), 2-VO rats with
50 mg/kg per day geniposide group (2-VO+G50) and 2-VO rats with 100 mg/kg per day geniposide group (2-VO+G100).
All intervention groups were daily administered with geniposide or saline for 4 weeks. The sham-operated rats were
administrated with saline. Then the rats were tested for Morris water maze to evaluate the memory and learning ability.
Rats were sacrificed to obtain cortex and hippocampus tissues for HE staining and to detect expression level of glial
fibrillary acidic protein (GFAP), inducible nitric oxide synthase (iNOS) and nuclear factor-kappa B (NF-«B), and the level
of inflammatory factors tumor necrosis factor-a (TNF-a) and interleukin (IL)-6. Results The 2-VO-+saline group rats
showed significant longer escape latency and less percent time in target quadrant, compared with sham-operation group
(P<0.05). The escape latency of 2-VO+G50 and 2-VO+G100 groups were shorter than the 2-VO+saline group (P<0.05),
but still longer than the sham group (P<0.05), the percent time in target quadrant of which were more than the 2-
VO+saline group and less than the sham group. However, there was no significant difference between these two groups.
HE staining of sham group showed that neurons in the cortex and hippocampus lined up in order, cellar nucleus were big
and globular. HE staining results showed that there were obviously neuoral cells loss, severe cytomorphosis, structural
disappearance and nuclear fragmentation in the 2-VO+saline group. The 2-VO+G50 and 2-VO+G100 groups showed less
neurodamage than the 2-VO+saline group with less neuoral cells loss, cytomorphosis and ambiguous nucleus. GFAP,

iNOS, NF-xB were all highly expressed in the process of cognitive dysfunction in rats after chronic cerebral ischemia,
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however geniposide intervention (50 and 100 mg/kg per day) significantly decreased the expression of the above proteins.

In addition, much more TNF-a and IL-6 were released in brain induced by chronic cerebral ischemia, and the levels were

decreased after chronic geniposide oral treatment. No significant differences were detected between 2-VO+G50 and 2-

VO+G100 groups. Conclusion These findings demonstrated that geniposide significantly prevented cognition

deterioration induced by chronic cerebral hypoperfusion in rats. Geniposide inhibited neuroinflammation occurred in the

process of chronic cerebral ischemia probably via reducing iNOS and NF-«B expression and suppressing the release of

inflammatory factor TNF-a and IL-6.
[ Key words]

Neuroinflammation

Chronic global ischemia

ML N AT BE RS (vascular cognitive impairment,
VCI) J2 H A L5 94 6 86 P51 2R WY A g a6 s A B
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W PEMEFR7 d, FER(22+2) CA A, JEIRJEHI12 h/12 b,
R BURL R A BRI F oK . SEsd R R R S
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Table 1 Escape latency of each group in hidden platform trials of Morris water maze test before treatment

Escape latency/s

Group n
Day 1 Day 2 Day 3 Day 4 Day 5
Sham 12 45.26+6.73 35.06+7.45 20.739.37 21.00+7.28 16.00+4.84
2-VO+saline 12 49.25+13.28" 47.81+10.69° 38.91+9.39 36.92+6.99" 36.53+7.55"
2-VO+G50 12 48.41+11.26" 46.75+12.01" 43.2249.76" 34.90+9.11° 34.15+8.89"
2-VO+G100 12 52.35+8.227 49.23+8.63" 41.47+8.55" 38.56+10.78" 36.72+7.897
# P<0.05, vs. sham group
F2 BITEEAXRERT ALK EAHR
Table 2 Escape latency of each group in hidden platform trials of Morris water maze test post treatment
Escape latency/s
Group n
Day 1 Day 2 Day 3 Day 4 Day 5

Sham 12 45.26+5.72 30.87+4.71 20.93+6.18 18.63+5.70 16.20+4.74
2-VO+saline 12 53.60+6.82 52.53+5.90" 46.20+6.40" 45.59+3.66" 45.00+4.60"
2-VO+G50 12 50.33+6.84 41.90+7.66"° 38.85+5.88"" 35.08+4.97" 32.66+5.13""
2-VO+G100 12 48.50+6.47 43.0446.15 "¢ 35.25+5.87"" 34.29+4.72"" 34.70+3.52""

* P<0.05, vs. 2-VO+saline group; # P<0.05, vs. sham group



Fam

ZEMIAE S G B8 P Al L A R RS B 22 O S M (1 9 483

AR K A 1 ~ 5K ke v AR I A R F R 4L Ak K
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Table 3 Percent time in target quadrant and average speed of each group in Probe trial before and post treatments

Before treatment

Post treatment

Group " Percent time in target quadrant/%  Average speed/(cm/s) Percent time in target quadrant/%  Average speed/(cm/s)
Sham 12 49.19+7.77 19.15+6.87 48.08+6.98 17.85+6.37
2-VO+saline 12 36.59+6.15" 20.83£7.58 27.5546.51" 19.89+8.10
2-VO+G50 12 35.82+7.20° 21.7547.92 34.39+9.37"" 20.11+6.88
2-VO+G100 12 38.50+9.05° 22.5646.12 37.06£8.13"" 18.75+5.42

* P<0.05, vs. 2-VO+saline group; # P<0.05, vs. sham group

TE AT 5 S0 (Fed ), 48 2R b il oi R 40
ERIGIHEE L

R4 BTAIEEEXR AT A SR AHkEE K
Table 4 Escape latency in visibal platform trail of Morris water maze

test before and post treatments

Escape latency/s
Group n
Before treatment Post treatment
Sham 12 19.52+6.44 20.08+7.54
2-VO+saline 12 23.76£6.78 22.84+6.52
2-VO+G50 12 20.99+7.75 20.49+7.23
2-VO+G100 12 19.05+7.91 19.59+8.01

2.2 BAKXRMARBELE

HER (4 7R (K1), BT AR LR & B i A2 1k,
R AT B 2 B it Ty C A D HE A 2 M HE 51 8 5% | SR %,
g SHHERAIS ~ 4/, IS5 HG 5848, SR BT 06T, 40 M A%
R AW, Qe sy s) . ST RAMEL, A28
IR B JE A TR AL 2, 20 s W S sl AT Bl
WG o 22 2 ML R 5%, 9 A 2 M % ) SR AR, HES R
1, JERUO A 2L, ANMASIE, MO %, G5 AN, A% 1
a4, RIS Z UL, I AR o M1 rUR R IR T 2L AIE
TR AT R RR B, B2)Z AT DA 22 240 g sk
&, M AN Z U JE , HEPVACRE 5T, Hh IR IE 1y eft 22 40
ML, B =08, RS, 2T RN, R AR, TR
4, SIEH M2 ANMACE AT A8, (BS54 PR KA EL,
PR DR, TR — ML Pl e 0 S v 2 A B 4

B 1 SEXROMEE (A) #MiED (B) HREHEHE x400
Fig 1 Reprentive pathological photograph of each group in frontal cortex
(A) and hippocampus (B). HE x400

a: Sham group; b: 2-VO+saline group; c: 2-VO+G50 group; d: 2-VO+G100
group
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GFAPW 35K B e T 5 T8 68 o 41 B 1) 336 1k 7K
o TEMRTFARLL, KRB K S GFAPFR A AT AR,
FE B K 2 GFAPZE TR BH 341 (P< 0.05), SF-AR4l
I, AT FRISH AT HE TR ARG T A gD
FE GFAPY R IR WA N (P< 0.05); {H 5 4= BEEE /K 2 AH
ke, GFAPIH IR T F#(P< 0.05); AN R EAE T AL ] e
BERTGIFE XL W2,

Group
Sham  2-VO+G50 2-VO+G100 2-VO+saline

(hippocampus)

GFAP
(cortex)

[ Sham group
] 2—V2+G50 group

[] 2-VO+saline group

2-VO+G100 grou
group
#

I #* #,*

Hippocampus

3.00
#* #7*

2.50

2.00

1.50 -

1.00

0.50 |

Expression of GFAP (/sham)

Cortex

H 2 SAKRFFEDGEAPHIFE (n=12)
Fig 2 Expression of GFAP in cortex and hippocampus of each group
(n=12)
*P<0.05, vs. 2-VO+saline group; # P<0.05, vs. sham group
2.4 FHHEKXRBREM KB DINOSHINF-«BHIFRIX
SR F ARG L, # A PR K 4R B P &g A
INOSFINF-kBFEIAH Il (P< 0.05); HEF HARM SIGIT 4L
e 1R e R B VAT 20 i S AR N OS FINF -k B 2R ik
i FRFARLL(P< 0.05), (A F2EBEER K 4 (P< 0.05); T
AN TF R AT AL ] A 22 R e g it S, WAL,
4.
2.5 FHEKXBREM KRGS TNF-a. IL-6HI7K F
MERSPR, 5T ARLA b, ALK 4K B
M 2 ¥ B TNF-a, IL-67K-F- T 5 (P< 0.05); A& AU
AT AR R AT A A RN S TNF-a,
IL-6/K-F- W fin(P<0.05), {H2 K T A= FLh /K 41
(P<0.05).

Group

Sham  2-VO+G50 2-VO+G100 2-VO-+saline

iNOS
(hippocampus)

iNOS
(cortex)

B-actin

& sham group [ 2-VO+saline group

. 2-VO+G50 group |:| 2-VO+G100 group
r #

#

Expression of iNOS (/sham)

Cortex

Hippocampus

B 3 ZAKXBRMHIEDINOSHRIE (n=12)
Fig 3 Expression of iNOS in cortex and hippocampus of each group
(n=12)
*P<0.05, vs. 2-VO+saline group; # P<0.05, vs. sham group

Group
Sham  2-VO+G50 2-VO+G100 2-VO-+saline

NF-«xB
(hippocampus)

NF-«kB
(cortex)

B-actin

[ sham group [ 2-VO+saline group

. 2-VO+G50 group |:| 2-VO+G100 group
[ #

Expression of NF-kB (/sham)

Cortex

Hippocampus

4 BAKXRFMINEINF-xBHRIZ (n=12)
Fig 4 Expression of NF-kB in cortex and hippocampus of each group
(n=12)
*P<0.05, vs. 2-VO+saline group; # P<0.05, vs. sham group
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x5 BEKXBRHAINEDTNF-o IL-67KF
Table 5 The contents of TNF-a and IL-6 in the cortex and hippocampus of each group

TNF-o/(pg/mg)

IL-6/(pg/mg)

Group n
Hippocampus Cortex Hippocampus Cortex
Sham 6 18.33+3.55 19.50+4.51 20.33+1.76 18.83+3.82
2-VO+saline 6 32.5045.24" 36.66+5.89" 34.16+1.29" 32.335.89"
2-VO+G50 6 27.00+3.28"" 30.83+4.22"" 29.00+1.21"" 26.83+3.92""
2-VO+G100 6 26.50+5.24"° 29.83+4.26 " 28.33+1.33"" 24.50+327"°

* P<0.05, vs. 2-VO+saline group; # P<0.05, vs. sham group
A Ay
3 itig
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