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Caffeic acid phenethyl ester reduces traumatic brain injury in rats by down-
regulating LRRK2 and inhibiting JNK signaling pathway
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Abstract: Objective To explore the effects of caffeic acid phenethyl ester (CAPE) on rats with traumatic brain injury (TBI) and its
possible mechanism. Methods Totally 54 SD rats were randomly divided into sham operation group, model group, CAPE low and
high dose (5, 10 mg-kg™") group, CAPE (10 mg-kg™') + adeno-associated virus negative control (0oe-NC, 1 x 10° pfu, 200 pL) group,
CAPE (10 mg-kg™") + over expression of LRRK2 adeno-associated virus (oe-LRRK2, 1 x 10° pfu, 200 pL) group, nine in each
group. TBI model was prepared by modified Feeney method, 30 min after modeling, CAPE, oe-NC, oe-LRRK2 were all
administered with ip, and rats of sham operation group and model group was ip the same amount of solvent. All rats were
administered once a day for seven days. The neurological function score (mNSS) was used to assess the degree of neurological

deficit in rats; the rotating rod test was used to evaluate the comprehensive exercise capacity of rats; The brain water content of rats
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in each group was measured; ELISA was used to detect the levels of NSE, IL-6, and TNF- a and IL-1p in serum; qRT-PCR was used
to detect the expression of LRRK2 mRNA; Western blotting was used to detect the expression of LRRK2, p-JNK and JNK protein;
TUNEL staining was used to detect neuronal cell apoptosis; FIB staining was used to detect the neuronal cell death. Results
Compared with the sham operation group, the scores of neurological deficit, brain water content, apoptosis rate, number of FIB”
cells, and levels of serum NSE, IL-6, TNF-a and IL-1f in the model group were significantly increased (P < 0.05), expressionsn of
LRRK2 mRNA, LRRK2 and p-JNK/JNK protein were significantly increased (P < 0.05), and the time of rod transfer was
significantly reduced (P < 0.05); compared with model group, the neurological deficit score, brain water content, cell apoptosis rate,
number of FJB" cells, and levels of serum NSEIL-6, TNF- o and IL-1p in CAPE group were significantly reduced (P < 0.05),
expressions of LRRK2 mRNA And LRRK2 and p-JNK/INK protein was significantly reduced (P < 0.05), and the rod time was
significantly increased (P < 0.05). Compared with CAPE + o0e-NC group, the neurological deficit score, brain water content,
apoptosis rate, number of FJB' cells, and levels of serum NSE, IL-6, TNF-a and IL-1B in CAPE + oe-LRRK2 group increased
significantly (P < 0.05), the expressions of LRRK2 mRNA, LRRK2 and p-JNK/JNK protein was significantly increased (P < 0.05),
and the rod-rotating time was significantly reduced (P < 0.05). Conclusion CAPE may inhibit the activation of JNK pathway by

down-regulating the expression of LRRK?2 and play a protective role in TBI.
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Table 1 Comparison of mNSS of rats in each group (x£s, n=9)
p - mNSS/%»
) Plk
1d 3d 5d 7d
(EERZN — 1.57+0.18 1.53+0.14 1.5540.17 1.58+0.13
(] — 12.59+0.78" 12.03+0.53° 11.24%0.63" 10.45+0.47"
CAPE 5mg-kg 11.28+0.64 10.31+0.43* 9.41+0.38" 8.17+0.36"
10 mg-kg 11.46+0.73 9.42+0.37" 8.56+0.34" 7.33+0.40"
CAPE+o0e-NC 10 mg-kg ™'+ 1X10°pfu 11.79+0.55 9.45+0.41 8.50+0.42 7.24+0.45
CAPE+o0e-LRRK2 10 mg-kg '+1X10°pfu 12.36+0.71 11.78+0.64" 10.86+0.53" 9.65+0.39”
HEFARAE :"P<0.05; SHRAL L *P<0.05; 5 CAPE+0e-NC 41 Hu : #P<<0.05
P <0.05 vs sham group; “P < 0.05 vs model group; “P < 0.05 vs CAPE+o0e-NC group
F2 FBHKRFEEREALE (T+s,n=9)
Table 2 Comparison of rod rotation time of rats in each group (x+s, n=9)
i3 . BRI A) /s
1d 3d 5d 7d
(EERZS 128.48+16.83 123.98+18.51 125.39+15.97 130.28+18.63
et — 15.93+£2.18" 38.76+5.34 53.11+7.13" 71.13+7.69°
CAPE 5mg-kg ' 15.82+1.94 44.85+5.27 70.01+6.21" 91.04+8.16"
10 mg-kg™' 16.63+2.06 46.74+5.38 86.75+7.83" 109.58+9.05"
CAPE+o0e-NC 10 mg-kg™"'+1X10°pfu 15.47+1.82 45.20+6.13 85.28+7.11 107.3549.52
CAPE+o0e-LRRK2 10 mgkg ' +1X10°pfu  16.33+2.12 40.48+4.72 68.23+6.44" 82.82+8.77"

SEFARMLE:"P<0.05; SR AL "P<0.05;: 55 CAPE+o0e-NC 41 L #%: # P<<0.05
P <0.05 vs sham group: “P < 0.05 vs model group; “P < 0.05 vs CAPE+o0e-NC group
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Table 3 Comparison of serum NSE level and cerebral

edema degree of rats among all group (r+s, n=9)

3] S NSE/i L EASEWIN
(mg'mL™" /%
BFA — 6.24+0.58  73.23+2.85
i 70 — 14.81£1.17"  83.67+3.12°
CAPE 5mgkg ! 12.2540.79°  78.2242.05*
10 mg-kg ! 9.34+0.85°  76.92+2.64"
CAPE+ 10mgkg '+ 9.21+0.88 75.744+2.26
0e-NC 1X10°pfu
CAPE+oe- 10mgkg '+  12.52£1.16" 81.84+3.31"
LRRK?2 1X10°pfu

*4 RVAKXRMALLRRK2 mRNAME B REREE
B (+s,n=9)
Table 4 Comparison of LRRK2 mRNA and protein

expression in rat brain tissues of each group (r+s, n=9)

LRRK2 LRRK2ZE

[=} 2 =N
A U mRNA Fib  FIFeik
BFA — 1.00+0.07  0.23+0.03
T — 2.86+0.25" 1.58+0.05"
CAPE 5mgkg™! 2.01+0.15" 0.62+0.05"
10 mg-kg ™' 1.3740.13  0.35+0.03

CAPE+oe-NC 10 mg-kg~'+1X10°pful.34+0.14 0.33+0.02
CAPE4oe- 10mgkg '+1X10°pfu  3.1540.38" 1.42+0.13"
LRRK2

58T AR MR "P<0.05: 5 B 41 L FP<0.05: 5
CAPE+o0e-NC 41 L ¥ : #P<<0.05

P < 0.05 vs sham group; “P < 0.05 vs model group; “P < 0.05 vs
CAPE+o0e-NC group

LRRK2 wwe GEEED e s s 0

GCAPDH  amame wmais OSWES G e GOS0
BFEAR BR 5 10 CAPE+ CAPE+
CAPE/(mg-kg?) 0e-NC oe-LRRK2

El1 Western blotting il & 6 X f LRRK2 & B &%

Fig. 1 Expression of LRRK2 protein of rats in each group
was detected by Western blotting
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H I 2 PR (P<0.05) 5 5 CAPE+o0e-NC 4 #H

TUNEL
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Merge

IESN i
B2 TUNEL &N & 48 K R KN E B4R A1 (x100)

Fig. 2 TUNEL staining was used to detect apoptosis of rat cell from cerebral cortex in each group (x100)
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CAPE 5 mg-kg™

5B T ARA B "P<0.05: 5 B84 BB FP<0.05: 5
CAPE-+o0e-NC4L L #: ©P<0.05

P < 0.05 vs sham group; *P < 0.05 vs model group; “P < 0.05 vs
CAPE+0e-NC group

CAPE+o0e-LRRK?2 41 K B 4 g 1 - Z& 1l FIB* 4 Jfg
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CAPE % & 77 2 4 K B ifiL 375 1L-6 TNF-o Al IL-1B
TR R FEFIL(P<0.05) ;5 CAPE+o0e-NCAHAMLL,
CAPE+o0e-LRRK2 2H K i [fiLi% IL-6 . TNF-a A1 IL-1f3
SEEFEIEWP<0.05. SR NEG6.
3.6 CAPE X TBI KR JNK 5 S 1B HHFN
S BF AR L, B H K R p-INK/INK 25 A
RIEEETH R (P<0.05); SR L, CAPEAK
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CAPE 5 mg-kg™
3 FIBEBENMHETHAIET (X100)

Fig.3 FJB staining was used to detect neuronal cell death (x100)

x5 FBHEKRKRKMEZEHME[TERNFIBHMEELLE (T+5,n=9)

Table 5 Comparison of cell apoptosis rate and number of FJB" cells of rats in each group (Z+s, n=9)

CAPE 10 mg-kg™

CAPE+o0e-NC CAPE+ 0e-LRRK2

2H 1) Fiilheis AT T2 /% FIB 4%/ (A~ mm )
BFAR — 7.86+0.58 7.27+0.86
B — 43.29+4.26' 84.97+9.21"
CAPE 5mgkg ! 30.78+2.58" 52.83+3.13"
10 mg-kg ™ 21.78+2.64* 28.47+3.05*
CAPE+o0e-NC 10 mg-kg '+1X10° pfu 19.42+2.17 27.29+3.25
CAPE+o0e- LRRK2 10 mg-kg '+1X10° pfu 35.37+3.21% 49.53+5.24%

HRTFARUALEE " P<0.05; AL "P<<0.05; 5 CAPE+o0e-NC 4L LL#L : #P<0.05
P <0.05 vs sham group; “P < 0.05 vs model group; “P < 0.05 vs CAPE+o0e-NC group

F6 BHKRRKIERTFKFIELE (TLs,n=9)

Table 6 Comparison of inflammatory factors of rats in each group (r+s, n=9)

A5 Fl & IL-6/(pg-mL~") TNF-0/(pg-mL™") IL-1p/(pg-mL ™"
BFAR — 70.37+8.82 41.76£5.27 25.46+3.25
BT — 182.29422.42" 128.25+14.33" 73.74+5.83"
CAPE 5 mgkg ! 135.87+15.27" 88.16+9.44" 54.47+3.95"
10 mg-kg ' 102.94+9.23" 63.53+7.87" 38.65+4.02"
CAPE+o0e-NC 10 mg-kg '+ 1x10°pfu 105.71£11.02 67.21£7.43 42.76+4.33
CAPE+oe-LRRK2 10 mg-kg '+ 1x10°pfu 151.24+17.80" 93.52+10.84" 58.23+6.13"
SEFARALLE: :"P<0.05; SR LA *P<0.05; 5 CAPE+o0e-NC 41 L4 : 2 P<<0.05
P <0.05 vs sham group: “P < 0.05 vs model group; “P < 0.05 vs CAPE+o0e-NC group
LRRK2 2H K i, p-INK/INK & [ % ik i % TH s (P< P— Fi
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Fig.4 P-JNK/JNK protein expressions in rat brain tissues
of each group were detected by Western blotting
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®7 FEXRMALR p-JNK MINK EAREHLE (2+
s,n=9)
Table 7 Comparison of p-JNK and JNK protein

expression in rat brain tissues of each group (r+s, n=9)

. - p-JNK/INK
2H 5] pilhcy ErELk
TR — 0.1240.01
B — 0.85+0.07"
CAPE 5 mg-kg™' 0.37+0.04"
10 mg-kg™ 0.25+0.02"
CAPE+o0e-NC 10 mg-kg '+1x10°pfu  0.27+0.02
CAPE+o0e-LRRK2 10 mg-kg '+1x10°pfu  0.64+0.07"

5B FARA LB "P<0.05: 5 B84 W - "P<0.05: 5
CAPE+o0e-NC 4lLh 45 : 2 P<0.05

P <0.05 vs sham group; “P < 0.05 vs model group; “P < 0.05 vs
CAPE+o0e-NC group
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