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[Abstract] Objective To investigate the protective effect of berberine chloride on secondary
damage (inflammation, oxidative damage and neuron loss) in bilateral thalami of traumatic brain injury (TBI)
model mice. Methods Mice were randomly divided into 3 groups: control group (N =6), TBI group (N =6)
and berberine group (N =6). TBI model was established by a free-falling hitting device. In control group,
mice were not given free-falling hitting. Mice in berberine group were given a gavage of berberine chloride
[50 mg/(kg - d)] for 21 d, while mice in TBI group were given the same dosage of normal saline for 21 d.
Immunohistochemistry was used to count the number of neurons or gliocytes positive for inducible nitric
oxide synthase (iNOS), cyclooxygenase-2 (COX-2), 8-hydroxy deoxyguanosine (8-OHdG) and neuronal nuclei
(NeuN), the number of astrocytes positive for glial fibrillary acidic protein (GFAP) and the number of
microglias positive for ionized calcium - binding adaptor molecule 1 (lbal). Results The number of
neurons or gliocytes positive for iNOS (P =0.015), COX-2 (P =0.022), 8-OHdG (P =0.000) and NeuN (P =
0.000), the number of astrocytes positive for GFAP (P = 0.024) and microglias positive for Ibal (P =0.000)
in TBI ipsilateral thalamus were significantly different among 3 groups. In TBI group, the number of
neurons or gliocytes positive for iNOS (P =0.005), COX-2 (P =0.011) and 8-OHdG (P =0.000), the number
of astrocytes positive for GFAP (P = 0.011) and microglias positive for Ibal (P = 0.000) were significantly
higher than those in control group, while the number of neurons positive for NeuN (P = 0.000) was
significantly lower than that in control group. In berberine group, the number of neurons or gliocytes
positive for iNOS (P =0.031), COX-2 (P =0.024) and 8-OHdG (P =0.008), the number of astrocytes positive
for GFAP (P =0.031) and microglias positive for Ibal (P =0.012) were significantly lower than those in TBI
group, while the number of neurons positive for 8-OHdG (P = 0.014) and microglias positive for Ibal (P =
0.024) were significantly higher than those in control group. The number of neurons positive for NeuN in
berberine group was significantly higher than that in TBI group (P =0.016), while lower than that in control
group (P =0.027). Additionally, number of neurons or gliocytes positive for COX-2 (P =0.029) and 8-OHdG
(P = 0.000) in TBI contralateral thalamus were significantly different among 3 groups. The number of
neurons or gliocytes positive for COX-2 (P =0.011) and 8-OHdG (P =0.000) in TBI group was significantly
higher than that in control group, while the number of neurons or gliocytes positive for COX-2 (P = 0.047)
and 8-OHdG (P =0.010) in berberine group was significantly lower than that in TBI group. The number of
neurons positive for 8-OHdG in berberine group was significantly higher than that in control group (P =
0.004). Conclusions TBI could cause secondary damage of bilateral thalami, especially in ipsilateral
thalamus, but only cause inflammation and oxidative damage in contralateral thalamus. Berberine chloride
might exert neuroprotective effect on bilateral thalami after TBI by significantly suppressing inflammation
and oxidative damage.

[Key words] Berberine; Craniocerebral trauma; Thalamus; Inflammation; Oxidative stress;
Neurons; Disease models, animal
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Table 1. Comparison of inflammation, oxidative damage and neuron loss in TBI ipsilateral thalamus among 3 groups

(x s, number of positive cells)

Group N iNOS COX-2 8-OHdG NeuN GFAP Ibal
Control 6 9.89+4.17 8.04+£4.92 16.66 +3.70 22.56 +3.00 16.67 +8.06 11.30+3.69
TBI 6 16.89 +4.55 16.88 +6.88 33.32+7.30 16.52 +1.39 29.33+9.39 28.92+6.76
Berberine 6 11.78 £1.85 9.23 +£3.48 24.63 +2.50 19.69+1.16 19.00 +4.06 19.53+6.11
F value 5.682 4.945 17.058 13.369 4.816 14.469

P value 0.015 0.022 0.000 0.024 0.000

TBI, traumatic brain injury, f5 i €453 ; iNOS, inducible nitric oxide synthase, 175 5% — 5 fL & & W ; COX-2, cyclooxygenase-2 , ¥5 58 15 it} -
2;8-0HdAG, 8-hydroxy deoxyguanosine, 8-¥%3& i 44 % 4 ; NeuN, neuronal nuclei, #1 £ TG HL 5 ; GFAP, glial fibrillary acidic protein, & i
21 4E R [ 5 Tbal , ionized calcium-binding adaptor molecule 1, B 4548 M 1o The same for table below
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Figure 1  Optical microscopy findings In control group, number of neurons or gliocytes positive for iNOS, COX-2 and 8-OHdG
was small in TBI ipsilateral thalamus, the number of neurons was large, and the neurons were intact in morphology. In TBI group,
the number of neurons or gliocytes was significantly increased, the number of neurons was decreased. In berberine group, the
number of neurons or gliocytes was significantly reduced, the number of intact neurons was increased. Immunohistochemical
staining (EnVision) x400
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Figure 2 Fluorescent microscopy findings The number of astrocytes positive for GFAP and microglias positive for Ibal in TBI
ipsilateral thalamus was small in control group, but was significantly increased in TBI group and significantly reduced in berberine

group. Immunofluorescent staining X 200
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Table 2. Comparison of inflammation, oxidative damage and neuron loss in TBI contralateral thalamus among 3 groups
(x s, number of positive cells)

Group N iNOS COX-2 8-OHdG NeuN GFAP Ihal
Control 6 11.70 £ 1.28 9.34+3.63 18.13 +6.09 23.29+2.95 15.93+3.38 12.80+2.63
TBI 6 12.89 +£2.45 15.19 £4.60 29.17 £2.50 22.42 +1.80 18.21 £4.40 14.97+2.11
Berberine 6 10.55 +2.09 10.79 + 1.67 24.05 £2.57 20.00 +2.35 16.27 +3.88 15.67 +2.37
F value 2.057 4.508 19.854 2.982 0.595 2.378
P value 0.162 0.029 0.000 0.081 0.564 0.127
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TBI, traumatic brain injury, fX €145 ; COX-2, cyclooxygenase-2 , ¥ 4 £ ilf-2 5
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Figure 3  Optical microscopy findings The number of neurons or gliocytes positive for COX-2 and 8-OHdG in TBI contralateral
thalamus was small in control group, but was significantly increased in TBI group and was significantly reduced in berberine
group. Immunohistochemical staining (EnVision) x400
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AT BE ST MY Trunk Control Test(TCT)
FHUE IR R BRI S 5 O M REFL AR 2

noradrenergic and specific serotonergic antidepressant

(NaSSA)
H# ATETIESEES]  activities of daily living(ADL)
FLEE WA B lactate dehydrogenase( LDH)
WEMEWE  methyl thiazolyl tetrazolium(MTT)
ZHERWA AR wiple stimulation technique( TST)
Fugl-Meyer I B IFEAN %

Fugl-Meyer Assessment Scale for Upper Extremity
(FMA-UE)

G T8 T A i e s TR 1 2

oligodendrocytes transcription factor-2(Olig-2)
e FHE  nerve conduction velocity(NCV)
MAAKEF  nerve growth factor(NGF)
WML neurofilament protein(NF)

W EFR T neurotrophic factor(NTF)
P TCHEBUR  neuronal nuclei( NeuN)
ORISR LB neuron-specific enolase(NSE)
AR TAEHL World Health Organization(WHO)
MAERILPE ST Visual Analogue Scale( VAS)
Wi R systolic blood pressure(SBP)
#F9KHE  diastolic blood pressure(DBP)
f R IL7E  fetal bovine serum(FBS)
MR conditioning stimulus(CS)
[F] 2 B2 B2 homocysteine(Hey)
[ 5 1 W PR T -5 )

phosphatase and tensin homologue( PTEN)
ZfitZE  synaptophysin(Syn)
& TAE AR S PR B2 TR N AL

critical illness-related corticosteroid insufficiency( CIRCI)

WA EE -2 microtubule-associated protein-2( MAP-2)



