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Rosmarinic acid attenuates hypoxic-ischemic encephalopathy in neonatal rats
through AMPK/mTOR pathway

ZHAO Yu-xia, CHEN Ying-gian
Children’s Rehabilitation Department, Zhumadian Central Hospital, Zhumadian 463000, China

Abstract: Objective To investigate the effect of rosmarinic acid on neonatal rats with hypoxic ischemic encephalopathy (HIE) and
regulation on adenosine monophosphate activated protein kinase (AMPK)/mammalian target of rapamycin (mTOR) pathway, and
preliminarily explore its brain protection mechanism. Methods Seven-day-old SD neonatal rats were randomly divided into control
group, model group, rosmarinic acid (300 mg/kg) group, AMPK/mTOR agonist MT6378 (10 mg/kg) group, AMPK inhibitor
GSK-690693 (30 mg/kg) group and rosmarinic acid (300 mg/kg) + MT6378 (10 mg/kg) group, with 20 rats in each group. HIE
model was established, corresponding drugs were given for intervention, TTC staining method was used to detect cerebral infarction;
Transmission electron microscope (TEM) was used to observe the structure damage and autophagy of hippocampal neurons;
Immunofluorescence method was used to detect the positive expression level of autophagy marker protein microtubule-associated
protein 1 light chain 3B (LC3B); TUNEL method was used to detect neuronal cell apoptosis rate; Immunohistochemistry was used to
detect the positive expression level of phosphorylated AMPK (p-AMPK); Western blotting was used to detect the expressions of
cleaved Caspase-3, mTOR and its phosphorylated protein (p-mTOR), uncoordinated-51 like autophagy activating kinase 1 (Ulk1)
and its phosphorylated protein (p-Ulk1), LC3B in hippocampal tissue. Results Compared with control group, rats in model group
had severe cerebral infarction, hippocampal neuron structure damage and autophagy vacuoles were more formed, autophagy and
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apoptosis levels were increased, AMPK/mTOR pathway was activated (P < 0.05). Compared with model group, rats in rosmarinic

acid group and GSK-690693 group had cerebral infarction, hippocampal neuron structural damage and apoptosis and autophagy were

weakened, and AMPK/mTOR pathway was inhibited (P < 0.05); AMPK/mTOR pathway was further activated in hippocampal tissue

of rats in MT6378 group, cerebral infarction, hippocampal neuron structural damage, apoptosis and autophagy were further

aggravated (P < 0.05); MT6378 reversed the above effects of rosmarinic acid (P < 0.05). Conclusion Rosmarinic acid may play an
anti-HIE brain injury effect through inhibiting the activation of AMPK/mTOR pathway and reducing the autophagy and apoptosis of

hippocampal neurons.
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Fig. 1 Effect of rosmarinic acid on cerebral infarction area
in HIE rats
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F 1 HEFERX HIE KFEMNEFLERAIRN (X £ s, n=6)
Table 1 Effect of rosmarinic acid on cerebral infarction
areain HIE rats (X = s, n = 6)

ZH 5 7 E:/(mg kg ™) FHAEHI /%
pagit — 0
Y — 29.4942.07*
BB 300 18.45+1.34"
GSK-690693 30 19.0941.01"
MT6378 10 34.13+2.11"*
LR +MT6378 300+10 27.76+2.07*

XS R LR *P<<0.05; HIRAIA AL "P<<0.05; HREKIAER
bz AP<0.05, N[

#P < 0.05 vs control group; “P < 0.05 vs model group; 4P < 0.05 vs
rosmarinic acid group, same as below tables
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White arrow: autophagosome; black arrow: autophagolysosome
2 RIEFEEX HIE KRGS MHE LB BIEARCY) LC3B RiXHIF N
Fig. 2 Effect of rosmarinic acid on ultrastructure and expression of autophagy markers LC3B of hippocampal neurons in

HIE rats

*2 BEAFERI HIEXREIME T LC3B M RIERIF
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Table 2 Effect of rosmarinic acid on positive expression of
LC3B in hippocampal neurons of HIE rats (X £ s, n =6)

21 531 5 E/(mg kg ™) A/mm?
paict — 1.1140.10
it — 2.25+0.26"
HIEFR 300 1.414+0.13"
GSK-690693 30 1.4440.14"
MT6378 10 2.93+0.29™
HEFR +MT6378 300410 2.27+0.25*

(P<005)., SHAAMLE, FikAHFRAKL
GSK-690693 41K flif i 4 otk [ml 4e ksl Zeoki
PRI IR SR AR, W 2 0 e s B AR T a2
LC3B [HM:#RIA T F /> (P<0.05); MT6378 4]
D, B W 25 960 B Wk R A T st — P 16, LC3B
FHMEZRIAE— P TR (P<<0.05).
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FFL (P<<0.05); MT6378 ZH4HfHT- it —
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0.05), GSK-690693 4Hiff P& uf TR % 7 L4t
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v OE=AN
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g D pP 22 o R RS BH R IA . SXTHRAM L,
RV K B S & o i p-AMPK FH 3R 1A
T (P<0.05). SERIZHAHL, HKiEFRHAK
GSK-690693 4K fiifF L2 70 p-AMPK FHPER X
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Fig. 3 Effect of rosmarinic acid on apoptosis of hippocampal neurons in HIE rats (<200)
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Table 3 Effect of rosmarinic acid on apoptosis rate of
hippocampal neurons in HIE rats (X £ s, n = 6)

HRIEFERY HIE XSS METT p-AMPK RiA

FE(K (P<<0.05). Skik&FRRAAMLL, HIEFR+
MT6378 21 K FifF S #40 p-AMPK BHPER A 5
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L& R X
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Fig. 4 Effect of rosmarinic acid on expression of p-AMPK in hippocampal neurons of HIE rats (x<200)

A5 #E/(mg kgt TR I%
o — 1.1840.19
et — 31.39+3.03*
HIEFHFR 300 16.66+1.05"
GSK-690693 30 16.99+1.08"
MT6378 10 45.12+4.02*4
HIEH L+ MT6378 300+10 30.354+3.03*
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Table 4 Effect of rosmarinic acid on expression of p-AMPK
in hippocampal neurons of HIE rats (X s, n =6)

A5 7 E:/(mg kg ™) A/mm?
pagit — 1.07+0.09
Y — 2.09+0.19%
LR 300 1.4940.11"
GSK-690693 30 1.47+0.12"
MT6378 10 2.8540.27"4
RIEFF IR +MT6378 300410 2.074+0.21*
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Fig. 5 Effect of rosmarinic acid on protein expressions of cleaved Caspase-3, LC3B, mTOR, p-mTOR, Ulkl and p-UIk1 in

hippocampus of HIE rats

£R5 EKEFEEX HIE KR8 34H4E cleaved Caspase-3. LC3B. mTOR. p-mTOR. Ulkl. p-Ulkl A XRIEHI M

(X£s,n=8)

Table 5 Effect of rosmarinic acid on protein expressions of cleaved Caspase-3, LC3B, mTOR, p-mTOR, Ulkl and p-UIk1 in

hippocampus of HIE rats (X £ s, n = 8)

H = _ E A EEE

L At/ (mg kg™) cleaved Caspase-3/B-actin  p-mTOR/mTOR  p-Ulk1/Ulkl1  LC3B-II/LC3B-I
gzl — 0.324+0.04 0.98+0.11 1.0640.10 0.19+0.11
it — 0.84+0.08* 0.36+0.03* 0.4240.04% 1.57+0.15
HEFR 300 0.574+0.06" 0.6340.06" 0.714+0.06" 0.5740.05"
GSK-690693 30 0.5940.07" 0.6540.05" 0.734+0.07" 0.5940.06"
MT6378 10 0.974+0.10"* 0.1640.11* 0.11+0.03** 2.074+0.27
LR +MT6378 300410 0.861-0.09* 0.394-0.04* 0.404-0.02* 1.5440.14*
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