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Effects of tongxinluo capsule on hippocampal inflammation, brain edema,
and cognitive function of rats exposed to acute hypobaric hypoxia
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[ Abstract]  Objective To investigate the neuroprotective effect of tongxinluo capsule on cognitive impairment of

rats exposed to acute hypobaric hypoxia and its related mechanism. Methods Sixty-four male Sprague-Dawley rats were

[E£TE Jdentih B2 L IR 5t B3 H (1J2016-85) ,
[AEE R I XIS (1986—) , 55, FIREIN, BT T7 1] : I 4" . E-mail : sfflpf@ 126.com
[EBEEE BRI (1961—) , 3, FATEIN , WF5 05 1 . #8 F Y7, E-mail ; zhaobinjiang@ sina.com



70

o LA PR A ARG 2021 4F 6 2 31 55 6 ] Chin J Comp Med, June 2021, Vol. 31,No. 6

randomly divided into four groups: the control group, tongxinluo group ( TXL group), hypobaric hypoxia group ( HH
group) , and tongxinluo + hypobaric hypoxia group (TXL + HH group). All rats were trained in a Morris water maze
(MWM) for 5 days prior to hypobaric hypoxia exposure. They were then exposed to hypobaric hypoxia for 7 days. After 7
days, the rats’ cognitive function was evaluated by open field and MWM tests. The hippocampi were then extracted for
molecular biological examination. Morphological changes were observed by pathological staining. The expressions of TLR-4,
MyD88, IkBa, NF-kB p65, and AQP4 in the hippocampus were detected by Western blot. Results In the behavioral
experiment, no significant difference in the open field test was observed among the four groups (P > 0.05). Likewise, in
the training part of the MWM tests, no significant difference in the escape latency was found among the four groups (P >
0.05). However, in the probe trials, the residence time in the targeted quadrant and the crossing time to the original
platform were significantly shorter in the rats exposed to hypobaric hypoxia than in the control group (P < 0.05).
Tongxinluo treatment significantly attenuated hypobaric hypoxia-induced cognitive impairment ( P < 0.05). Next,
measurement of inflammatory markers showed that the serum and hippocampal IL-13, TNF-a, and IL-6 levels as well as
the hippocampal TLR-4, MyD88, and NF-«kB p65 protein levels were all significantly higher in the HH group than in the
control group (P < 0.05). The levels of these inflammatory proteins decreased after TXL intervention (P < 0.05).
Finally, examination of hippocampal tissue damage revealed that hypobaric hypoxia increased the brain water content, with
increased AQP4 and MMP-9 expression in the hippocampus (P < 0.05). The cells in the hippocampus were disordered
with obvious swelling and blurred boundaries. However, after TXL intervention, the brain water content and AQP4 and
MMP-9 expression were significantly reduced (P < 0.05). Conclusion Acute hypobaric hypoxia exposure can lead to

cognitive impairment and brain edema by activating the TLR-4/MyD88/NF-kB pathway. Tongxinluo intervention may

improve cognitive impairment and brain edema by inhibiting the TLR-4/MyD88/NF-kB signaling pathway.
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WAEIEPE Sprague-Dawley K EL 64 H (8 Ji %,
180~220 g, V& 2% ) WA & T b 5t 438 F1) 42 52 56 5l )
FARA PR F [ SCXK ((5)2016-0006 ], frf K Kl
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2035 B Be s ) e e 1 it N A 47 [ SYXK (3) 2017 -
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1.2 FEKFIS5NE
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e2# WAL (Olympus , PRI~ 7515 ) |
1.3 EXWHE
1.3.1 SEgesrd

SCEC T IR AT, 64 HAFE HEPE Sprague-Dawley K
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AR IE] (s) , Bk H B (mm/s)
1.3.5  fiizK & il e

SR FH 1 3 O K BRIl 7 K it g B
HUEL 6 H AbFE, SR 5 50 8 i B9 PSR > 2k,
ORI E . RJGETE 100°C HL HGE KUHEAS gt T 24
h, e T8, WEKE(%) IR ARS . (BE-
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actin %7 K BEAE LU A S B B A9 2 R 3AKF
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4% 22 B P 22 T+ E S MK AT R TE R L
M, AR5 T B G I BT 4% 2 31 H [
FE 22 100% 90% \70% 43 2 LB K, — H 4535 55
b, AL R S pm JEAEEYI R &, A
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2.2 BOETFRRREREEENKR—RITAH
spAG!

EMARER 7 d 5, KRG 55258 1E 0
H— AT R BB, DU E] F 3, AR A A 2
X K BRI Bl 1 3 A B R s DX 45 B ) ) G
B R (P>0.05) . .04 TS X 1E 5 4l A%
AR KRR S 52 e 37 55 3 vh oK BRGs 3l 0 4
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B 5200 (P>0.05) , L3k 4,
2.4 XF KRR 2R 4R oK Brh ) 2 i

5 IEH A 3 AR R AR S 2 R B 7K 7 o B ik
T, M A ZUKEIE 1 4( AQP4) KL & Jm iR
F -9 ( matrix metalloproteinases-9, MMP-9 ) %% ik B
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F1 WARMEERTR AR L (n=16, % )
Table 1 Body weight of rats in the four groups
before and after the HH exposure

. 3 7 P A LR A 2
E R 38 1 A f RS2
FHi(g) RTdJE(g) %7 dE(g)
20531 rRELg Seven days  Seven days
. Before .
Groups . after after hypobaric
adaptive . .
. adaptive hypoxia
feeding oo
feeding exposure
C 4 Group C 217+21 231+25 253+21
TXL £ Group TXL 218+19 236+27 244124
HH 4 Group HH 220+22 234+21 247+26
HH-TXL 4 Group HH-TXL 21823 234426 251+27

L CXTHRAL TXL: 1. 6 g/ (kg d) 0045 T 11 HH R RE A HH-
TXL AR EALE+1.6 ¢/ (kg-d) B, TR,

Note. C, Control group. TXL, TXL treatment with the dose of 1. 6 g/ (kg
-d). HH, Hypobaric hypoxia exposure. HH-TXL, Hypobaric hypoxia
exposure and TXL treatment with the dose of 1. 6 g/(kg-d). The same as
below.
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T2 MWHKBEY HELRRHZER(n=10, % £5)

Table 2 Results of open field test in the four groups 2.5 XKRiED TLR-4/ MyD88/NF-kB p65 18 B

LRNEE el
L O L S IEH 2 U (R R AR BT EH 24 TLR-
s mE G e 4 MyDSS p-NF-B p6S 8 1160 351 571 5 ( P<
Groups di::);ilce in the of the time 0. 05) ,IK—BOL E(J7J(I|Z%EB%1E§ ( P<0. 05) ;E‘Dé’%:l:
e BUR KB T 4141 - Boc AT W1 i T 8 (P<
C 41 Group C 1243:57  11.3:2.4  3.8:0.7 0.05)  TLR-4 MyD8S . p-NF-«B p65 & F1 Y 2% 5 1]
TXL 41 Group TXL 125362 12.3%2.5  4.1%0.9 FEMR(P<0.05) , {HJ&HL40050 0 2 T Fi 4 TLR-4/
HH 41 Group HH 1287106 11.7+2.3  3.9x0.8 MyD88/NF-kB p65 il # JC W W &1 (P>0.05) , WL
HH-TXL 41 Group HH-TXL, 1274£95  11.552.1  3.80.7 % 6 L 3.

®3 MWAKRBEMCAITERE R (n=10, x £5)

Table 3 Results of navigation experiments in the MWM test of the rats

£zt 205 EBIPN 2R B3R ERSN HSK
Indicators Groups Day 1 Day 2 Day 3 Day 4 Day 5
T C 4 Group C 39.2+6.5 34.7+5.2 26.7+4.5% 22.7+4.1% 17.5+3. 12
VIR o) TXL 4 Group TXL 40.7£6.9 36.5+6.1° 27.325.0° 23.5+3.8% 16.8+3.3%
H 7
~ A A A A
Average latency HH £ Group HH 41.1£7.2 35.8+4.9 27.3+4.6 22.4+3.3 17.2+2.8
HH-TXL 41 Group HH-TXL ~ 39.8+5.9 35.3£5. 1% 26.9+4. 8% 23.1x3.5% 16.5+3. 4%
. C 4 Group C 139+27.7 141+34.3 142+28. 6 143+30.5 144+27. 8
FH9k b
. TXL £ Group TXL 143+26. 3 143£27.9 144+33.3 143+29. 1 145+31. 5
HE (mm/s) )
Mean swimming speed HH £ Group HH 142+28. 6 145+31. 2 146+35. 1 145+31. 2 146+34. 3
HH-TXL 4 Group HH-TXL 142+27.5 145+29. 5 145+30.7 146+33. 1 144+28.7

5 C ML, © P<0. 05 HH-TXL 45 HH 4 1048, *P<0. 05 5 T, I ] L4, © P<0.05, T,
Note. Compared with group C, * P<0. 05.Group HH-TXL compared with group HH,* P<0. 05. Compared with the time of T1,%P<0.05. The same as

below.

R4 DR EIRRERLER (n=10, % £5)
Table 4 Results of probe trial in the MWM test of the rats

2H 51 JEP 13 T AE S BRAS B I IH] (5) Gl JFF- B UL (VB HWETRHEE (em/s)

Groups The time spent in the quadrant with the original platform Number of crossings (time) Mean swimming speed
C 4 Group C 36.5+6.6 5.3x1.2 143+26. 8
TXL 241 Group TXL 37.1+7.1 5.1+£0.8 145+31.2
HH 4 Group HH 19.7+4.1" 1.2+0.8" 143+29.7
HH-TXL £ Group HH-TXL 28.1+4.8*# 3.3+0.9** 147+27.3

RS DU KUK S A S EH 2 AQP4 Al
MMP-9 FFMRIE( % £5)

Table 5 The brain water content, and the expression of AQP4 e s D —
AQP4 and MMP-9 protein inhippocampus of the rats P gp— R —
MK it (%)
28 3] Brain water  AQP4(%) MMP-9(%) pactin D S D
Groups content (n=8) (n=8) C TXL HH HH-TXL
(n=6) 1 Western blot £l K Bl 5 AQP4 Kz MMP-9 B3k
CH G C 77.5+2.4 55.6+6.4 39.7+4.4
. Group * * 0 7% Figure 1 Immunoblots of AQP4 and MMP-9 proteins in the
TXL 41 Group TXL 77.8+2.9 56.4+5.2 40.3+5.5 )
HH 41 Group HH 86.6+3.1°  92.5:9.2° 96.8+8.3" hippocampus of the rats

HH-TXL 4 Group HH-TXL 81.8+2.6*# 69.7+6.5*% 71.4+5.6**
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0.05) ;1.6 &/ (kge )% FHUR KRR Ml PS5 TR SR B F o R T

IR 118, TNF-o B IL-6 K TFRMREMRA  RJEAR AR, IR S0 03 K0 52 5 225 e A 7

AL HEAR (P<0.05) . MLEEO% T ABAN  FEARISR BL. Hof b 5 S 46 15 1 J 2

JEL ML B3 5 S I F K T I A (P>0.05) L 85/ B0/ SROBOR 1A 2 A 8 0 kS T 5 ) — R

x7, G REFE AT, A5 52 B v ISR 2 PR 7K e 2
it K i 45012 T g DG K 22 R T v DR 1 ¢
TLRA o S S w— RBTBL, BRI S, B0t =8 5 Al
MyDSS s S w— LTEI W P LA R B s, PR AN e A
[CB-0 e — R 2 it v Jir S E 686 ARK oo Do 1) & 2, BLAT R
p-NF-KB p63 e R HY BRI

AHEFE AR BB TR AR 7 d AN
e R O SRR, SRR AL LA,
AR R SR 7 d e, WK e I, g B e (4
e DA i K, 2 5RO AN T 20 K T

practin (N WD S —

C TXL HH HH-TXL

B 3 Western blot £l K5 TLR-4 MyD88
NF-kB p65 1 IkB-a 135

e N = f LA ;
Figure 3 Immunoblots of TLR-4 MyD88 NF-kB p65 and WD SO RHARE TS 7 d 5, T Y
IkB-a proteins in the hippocampus of the rats 412 7J(HEF [F] B 47 Ay 5 T3 e B ’ KB T fiE

Fﬁﬁ/ﬂé X5 E%f}:ﬁﬁﬁt HARAAT , ISR R

3@ TXL+HH PN s
‘?é SN "‘5‘:’\.

T Co X AT TXL: 1. 6 g/ (kg d) 021515 HH AR R4 s HH-TXL AR+ 1. 6 o/ (kg-d) O AGH

B2 KEESHATGFANE LY
Note. C, Control group. TXL, TXL treatment with the dose of 1. 6 g/(kg+d). HH, Hypobaric hypoxia exposure. HH-TXL,
Hypobaric hypoxia exposure and TXL treatment with the dose of 1.6 g/ (kg-d).

Figure 2 Hematoxylin-eosinstaining of rat hippocampus

%6 DU KHUED TLR-4 MyD88 Fll p-NF-kB p65 A (n=8, x =s)
Table 6 Expression of TLR-4 MyD88 and p-NF-kB p65 in hippocampus of rats

5] Groups TLR-4( %) MyD88( %) p-NF-kB p6( %) Tk-Ba (%)
C 4 Group C 37.8+5.2 39.5+4.7 43.1£3.9 83.1£5.9
TXL £l Group TXL 37.5+4.8 40.2+4.3 42.8+4.5 82.8+6.5
HH 41 Group HH 101.3£11.2% 112.7+8.8* 123.3£11.4% 23.3+3.4"
HH-TXL 4 Group HH-TXL, 74.4+7.8** 79.3£5.8*" 85.6+6.7"" 58.6+6.7""

R OKRBIMNE M LU IL-1B, TNF-a Fll IL-6 FIFRIA (n=8, & +s5)
Table 7 Expression of 1L-18,TNF-a and IL-6 in hippocampus and serum of rats

FEA eIzt CH TXL 20 HH 4 HH-TXL 4
Sample Indicators Group C Group TXL Group HH Group HH-TXL
A1 L ( pg/mL) IL-1B 52.3+4.5 53.4%5.2 90.4+7.2" 74.3£6.2"%
Blood TNF-a 76.425.3 77.8£6.2 122.549.2" 107.3£9.0**
IL-6 62.3%6. 1 63.7+6.8 198.9+14.7* 155.3+10.6**
* * #
H575  pg/mL) IL-1B 11.5£2.3 12.323. 1 38.3+2. 4 27.343. 1

TNF-a 18.6+3.3 19.5+3. 4 49.7£2.3" 33.5+3.6"*

Hippocampus
IL-6 22.2+3.8 23.4+4.4 66.3+£3.5" 38.8+4.2%*
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