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[Abstract]  Objective To investigate the mechanism of the effect of melatonin (MT) on
permeability of blood-brain barrier (BBB) in chronic cerebral hypoperfusion (CCH) rats. Methods The rat
model of CCH was established by bilateral common carotid artery occlusion (BCCAO). A total of 72 male
Sprague-Dawley rats were randomly divided into 4 groups: sham group (N =18), BCCAO group (N =18), the
melatonin [5 mg/(kg - d)] treatment model group (MT1 group, N = 18), and the melatonin [10 mg/(kg - d)]
treatment model group (MT2 group, N = 18). Evans blue staining and fluorescein-labeled glucoside (FITC-
Dextran) staining marked by fluorescein isothiocyanate (FITC) were used to assess the permeability of BBB
in rats. Expression of matrix metalloproteinase-2 (MMP-2) and MMP-9 mRNA levels in basal ganglia of the
brain were measured by quantitative real - time polymerase chain reaction (qQRT - PCR). Expression of
Occludin and Claudin-5 protein in rat basal ganglia were measured by Western blotting method. Results
Compared with the sham group, the fluorescence density in basal ganglia was increased (P = 0.000),
expression of MMP-2 and MMP-9 were increased (all P =0.000), and expression of Occludin and Claudin-5
were decreased (all P = 0.000) of BCCAO group. Compared with the BCCAO group, the fluorescence
density in basal ganglia was decreased (P =0.021), the expression of MMP-2 was decreased (P =0.000) and
the expression of Claudin-5 was increased (P =0.000) in MT1 group, and the differences with sham group
were statistically significant (P = 0.000, 0.006, 0.000). Compared with the BCCAO group, in MT2 group,
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the fluorescence degree in basal ganglia was further decreased (P = 0.000), the expression of MMP-2 and
MMP-9 were decreased (all P =0.000), and were similar to the sham group (all P > 0.05), while expression
of Occludin and Claudin-5 were increased (all P =0.000) but lower than those of sham group (P =0.003,
0.000). Compared with the two melatonin treatment groups, the efficacy of the 10 mg/(kg+ d) group (MT2
group) was better than that of the 5 mg/(kg-d) group (MT1 group, all P <0.05). Conclusions Melatonin
may protect the integrity of BBB by inhibiting the degradation of Occludin and Claudin-5 protein through

inhibiting the expression of matrix metalloproteinases.
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Table 1. Comparison of permeability of BBB in basal Table 2. Paired comparison of permeability of BBB in
ganglia of rats in different groups (x +3s) basal ganglia of rats in different groups
215 Bi%L et i 2R ] 79 4 L tfH P1E
BFARL(1) 5 2.47+0.42 (1) {2) -14.000 0.000
MR L] (2) 5 16.47 +2.37 (1) €3) -11.507 0.000
MR S me/(kg-d)41(3) 5 13.97 +2.37 (1) (4) -2.965 0.051
MREEZE 10 mg/(kg-d)4H(4) 5 4.53+0.63 (2) (3) 2.493 0.021
F1E 96.232 (2) 14) 11.935 0.000
P1H 0.000 (3) (4) 9.442 0.000
FITC-Dextran DAPI il

o - -

BRI S mg/(kg-d) 4l

AR 10 mg/(kg-d) 4L

FITC-Dextran, 54 UL 28 6 28 bR 10 10 45 BEME BT ; DAPL, 47, 6- - ok 5k -2 7R KL 5| W

Bl POLRMBIIEE R, T AR BRI 1R 2L 8 a2 €5 it , B0 41 R RUBE IR Y 40 (s (S8 ] B o, TR AR R
(5110 mg/(kg-d) REIT A R EHEIR 1T H AL QM ER G W iR

Figure 1 Fluorescence microscope findings mediam power magnified Neither red nor green fluorescent plots were found in basal
ganglia of sham group rats. A number of red and green fluorescent plots were obvious in basal ganglia of BCCAO group rats. The
number of red and green fluorescent plots decreased significantly in basal ganglia of 5 or 10 mg/(kg-d) melatonin treatment group rats.
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FZEJES 1 MMP-2(P = 0.025) 1l MMP-9(P = 0.000) %
KIKEAHEE S mg/ (kg d) 4 FREHE MBI E (£ 3,4)
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Table 3. Comparison of expression of MMP-2 and MMP-9

mRNA levels in basal ganglia of rats in different groups (x +3s)
21 541 1511 %% MMP-2 MMP-9
BFRAC) 6 1.02£029  1.05+0.16
HERIZ(2) 6 18.35+2.55  4.15+1.08
FRIEZ S mg/(kg-d)41(3) 6 332+0.40  3.49+0.50
MREEZE 10 me/(kg-d)HL(4) 6 1.50 +0.08 1.11+0.21
F1H 242.650 41.432
Pl 0.000 0.000

MMP-2, matrix metalloproteinase -2, 3& i 4 J& & 1 [ -2; MMP-9,
matrix metalloproteinase-9 , 55T 42 J& T [1M#-9. The same for Table 4

x5 RFEEBEA R R EEIR T Oceludin 2 (1 Fl Claudin-5 2
R IAK R (X £s)

Table 5. Comparison of Occludin and Claudin -5 protein
levels in basal ganglia of rats in different groups (x +s)
24 51) 151 %5 Occludin Claudin-5
BT AR4(1) 6 1.18+0.07 1.31£0.05
BRI (2) 6 0.81+0.04 0.79+0.03
MREEE S mg/(kg-d)41(3) 6 0.88 +0.09 1.15+0.06
TR 10 me/(kg- )4 (4) 6 1.04 +0.06 1.16+0.03
FiA 33.687 152.257
PIE 0.000 0.000
1 2 3 4
i
=%
Claudin-5 i 3
SN
GAPDH

1B TR 2, B 53, B 2 5 me/(kg-d) 4154, A 2 10 mg/(kg-d) 4L
GAPDH , il - 3 1% 106 L il

Bl 2  Western blotting % 45 Ml & /5, A # AR T A 41 5 I8 W Oceludin & 11 71
Claudin-5 7 17 4547 (19 28 35 W< BE | B0 80 41 K BUBE IR 1Y Oceludin Z& 11 A Claudin-5
A IR KT I PG AR R R 5 me/(kg- )BT, Claudin-5 & FH F kK
- T L AH Oceludin 2 1148 35 T W) | A8 4k ; £

Occludin 2 [ fil Claudin-5 8 [ £ 15 KF- 14 T 5
Figure 2 Western blotting findings.
basal ganglia of BCCAO group rats were less dense than that of sham group rats.
5 mg/(kg -+ d) melatonin treatment could elevate Claudin -5 level but not in
Occludin expression.
Claudin-5 and Occludin levels.

R4 AIE AL AR REER T MMP-2 Fll MMP-9 %15
9 P H A

Table 4. Paired comparison of MMP -2 and MMP -9
mRNA levels in basal ganglia of rats in different groups

K

2L i) 95 7 L MMP-2 . AMMP'Q

tfH PAH 18 PE
(1) (2) -17.331 0.000 -3.095 0.000
(1) (3) -2.297 0.006 -2.445 0.000
(1) €4) -0.475  0.534 -0.058 0.870
(2) 13) 15.035  0.000 0.650 0.080
(2) 4) 16.857  0.000 3.037 0.000
(3) (4) 1.822  0.025 2.387 0.000

Fz6 A4 K FRILIE T Oceludin & 1 1 Claudin-5

EAEE S SO
Table 6. Paired comparison of Occludin and Claudin-5

protein levels in basal ganglia of rats in different groups

T AOccludin Claudin-5
A Pa t{H PAE
(1) (2) 0.370 0.000 0.517 0.000
(1) (3) 0.297 0.000 0.157 0.000
(1) {4) 0.138 0.003 0.148 0.000
(2) (3) -0.073 0.084 -0.360 0.000
(2) €4) -0.232 0.000 -0.368 0.000
(3) (4) -0.158 0.001 -0.008 0.744
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Occludin and Claudin-5 protein bands in

10 mg/(kg+ d) melatonin treatment was able to elevate both
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718 6K T T A BRUASE R i - i 5 e B IR 19 F 5
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N PR R SR 4 T e AR Rl R AR R
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