25224 Acta Pharmaceutica Sinica 2024, 59(11): 3117-3129 -+ 3117 -

i 25 B O BR iR T 2 2 B B 57 3 & X R I M x 27 Fh B R 7 1E B

TEBAL KEE, X wEFEL R ML M MK

!, & X
IIEN RO

(1. FEZARIKY:, 2R RAR Y 4 E SR, 175 Bm 210009; 2. VL7544 6 5 24 dh W BG 30 A 72 e,
L5 B AL 210009)

Ik 2 K 1 IR (cerebroprotein hydrolysate oral liquid, COL) A& — Flt iy G2 3 2 F1 22 JIk 20 3 1 4 28 45 377 sl 551
X2 AR R G B RYE R o SR, T IR COL % ifit PE G 25t (ischemic stroke, 1S) F¥A 77 1 FH FIVE £ AL
MIFRE . AWFIC B FEIRTT COL X IS 14 P SNSRI 16 97 28 R B B TE B/ AT ML o e 3 K0 b 2 ik A 2€ (middle
cerebral artery occlusion, MCAO) F-AR 37 1S K BB AY, SR F Sk = 2K B U &M (triphenyltetrazolium chloride, TTC)
et AT RFVPSr S 1B R T2 50 WIS 8 W BT SR 5% (enzyme-linked immunosorbent assay, ELISA) Fl 532 % ot
Rt 255X COL X IS A UM RESE T A 44122 D BE ML 7 P (blood brain barrier, BBB) A4 £8 5 i ) 20 i 1o il 4
R ZF/EAEBE (oxygen-glucose deprivation/reperfusion, OGD/R) 7 hCMEC/D3 41 iy |- % 37 IS (AR MR Y, R H cell
counting kit-8 ¥\ Jifr {1 & (reactive oxygen species, ROS) far il KR S50 % Transwell S50 55 2% 88 COL X 41 i /7 V4
1 BT RS 8 77 520 K A 53 2 22 R L SN 32 5 PCR FIT Western blot 525625 25 %2 COL X 1S K U P A i A
W0 R B AR AL . BT A 3 Se e 3 4 v [ 25 BL K 3 9050 B WAt B2 D1 s fIbHE (L HE 50 2022-02-23). T L4E
SEIR, FUIR COL AT RAE ZE98/b 1S K BRI I B B THI R, o503 4 22 D BR R B, FRAIC 2RE IRl 7K 1 3t 5 BBB IR
OGD/R &5 E hCMEC/D3 4 i (113 71 2 35 T e 4R L A ROS 7K1 7t i HLAH B (3 4% € 10k 55, 1145 F COL Wl A
B OGD/R X hCMEC/D3 41 i s B2 475 . e Ab, M i afi (1) A 5 BOR BRI P 300 3 35 1 g A i 2= 8L, L
il =g (triglyceride, TAG) A 22 B[ (ceramide, Cer) &M T AE IS K BRI A 2 25 & 1. COL ml LA WL IS K
B P I i DT AR W K AL, IR T8 b O R R 2 I Ml B R V- T SR AR A T I K K f# B 1 (N-acylsphingosine
amidohydrolase 1, ASAH1) [{/KF, FARYR ML 5 P JIE R Cer (& . 25 F, COL $RIEWI & — P 2 H B AT KRl 5
FA IS VA7 16358 244, T 36 3 1R 1 1 TR AU S VR s L A R AR £

SR IR): BRI A AR R 22 K TRV IR DT 2E 5 MR T s - i S G T Tk K A 1

FE 52 S R66 CRRFRIZAD: A X E RS 0513-4870(2024)11-3117-13

Cerebroprotein hydrolysate oral liquid alleviates ischemic stroke
through improving lipid metabolism abnormalities
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Abstract: Cerebroprotein hydrolysate oral liquid (COL) is a neuroprotective preparation composed of various
amino acids and peptides, which has beneficial effects on diverse central system diseases. However, the therapeutic
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effect and potential mechanism of oral COL on ischemic stroke (IS) still need to be explored. This study aims to
investigate the therapeutic effects and underlying mechanisms of COL on IS in vivo and in vitro. An IS rat model
was established through middle cerebral artery occlusion (MCAO) surgery, and triphenyltetrazolium chloride
(TTC) staining, behavioral scoring, Evans blue leakage, enzyme-linked immunosorbent assay (ELISA) and
immunofluorescence staining were performed to investigate the effects of COL on cerebral infarct size,
neurological function, blood-brain barrier (BBB) and neuroinflammation in IS rats. An in vitro model of IS was
established on hCMEC/D3 cells through oxygen-glucose deprivation/reperfusion (OGD/R), and cell counting kit-8
assay, reactive oxygen species (ROS) detection, scratch test and Transwell test were conducted to examine the
influence of COL on cell viability, oxidative stress and migration ability. Lipidomics technology, real-time
quantitative PCR and Western blot experiments were used to investigate the regulation and mechanism of COL on
lipid metabolism in the brain of IS rats. All the animal experiments were approved by Ethical Committee of Animal
Experiments of China Pharmaceutical University (No. 2022-02-23). Our results showed that intragastric
administration of COL could significantly reduce the area of cerebral infarction, improve neurological deficits,
lower the levels of inflammatory factors, and protect against the blood-brain barrier damage of rats with IS. OGD/R
modeling resulted in a significant decrease in the viability, an elevation in intracellular ROS levels, and a weakened
cell migration ability of hCMEC/D3 cells. COL treatment could effectively protect hCMEC/D3 cells from damage
caused by OGD/R. More importantly, cerebral ischemia led to significant lipid metabolism disorders in the brain of
rats, and significant accumulation of intracerebral triglycerides (TAG) and ceramides (Cer) was observed in IS rats.
COL was proved to significantly reverse lipid metabolism disorders in the brain of IS rats and reduce the content of
cytotoxic lipid Cer by upregulating the intracerebral levels of an acid ceramidase called N-acylsphingosine
amidehydrolase 1 (ASAHI1). In summary, COL was proved to be a promising and effective candidate for IS
treatment, which could alleviate cerebral ischemic injury by regulating abnormal lipid metabolism.
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Gene Forward primer sequence (5’-3") Reverse primer sequence (5'-3")
SPTLCI CCAGACCATCCACAAGTCCC TGAGTCAATGCGATGCCCTT
SPTLC2 CGGCTCATACCAAAGAAATACTTGA TCAGTCTTCTGTCTCCTCATAGGT
CerS1 CACCTTACTGCTCATCGCCT GGAACCAGTAGAGGCGGAAC
CerS4 TCAACGCTGGTTCAGGAGAC AGGGCCAAATTCAGGGTCTG
CerS6 TTCATGGTGCGGCTCATCTT TGGGTTTCTCCTGGTTACGC
ASAHI AGCATGGCAGATGGTACGTG GGGTCTGGGCAATCTCGAAG
ACER2 GCTGCTGTCCTCCTTTCACT AGGAGGGACACATAGGGGAC
p-Actin CCCTAAGGCCAACCGTGAA CACGCACGATTTCCCTCTCA
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Figure 1

Investigation of the therapeutic effect of COL in IS model rats. A: TTC-stained brain tissue sections; B: Infarction area; C:

Neurology deficit score; D: Levels of MDA; E: Representative image of Evans blue extravasation in the brains; F: Levels of TNF-a; G:
Levels of IL-18. n > 4,x 5. "P<0.01, ""P < 0.001 vs Con group; "P < 0.05, P < 0.01 vs IS group. COL: Cerebroprotein hydrolysate oral
liquid; IS: Ischemic stroke; TTC: Triphenyltetrazolium chloride; MDA: Malondialdehyde
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Figure 2 COL treatment significantly inhibited the activation of astrocytes and microglia. A: GFAP-labeled astrocytes in the cerebral
sections. Scale bar: 40 pm; B: Average area of GFAP" cells; C: Ibal-labeled microglia in the cerebral sections. Scale bar: 40 pm; D: Average
P < 0.001 vs Con group; P < 0.01 vs IS group. GFAP: Glial fibrillary acidic protein; IBA1: Tonized
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Figure 3 Investigation of the therapeutic effect of COL on in vitro model. A: Cell viability; B: Representative image of intracellular ROS.
Scale bar: 500 um; C: Fluorescence intensity of intracellular ROS; D, E: The migration of hCMEC/D3 cells. Scale bar: 1 000 um; F:
Relative level of Evans blue. n > 3, x £ 5. "P < 0.01, ""P < 0.001 vs Con group; P < 0.05, P < 0.01 vs OGD/R group. ROS: Reactive

oxygen species
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Figure 4 Effect of COL on cortical lipidomics in IS model rats. A: PCA analysis of rat cortex lipidome; B: Heatmap of cortical TAGs; C:
Heatmap of cortical Cers; D: The VIP value of TAGs; E: Relative levels of TAGs in rat cortex; F: The VIP value of Cers; G: Relative levels
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P < 0.001 vs Con group; "P < 0.05, P < 0.01, P < 0.001 vs IS group. TAGs: Triglycerides; Cers:
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Figure 5 Effect of COL on hippocampal lipidomics in IS model rats. A: PCA analysis of rat hippocampus lipidome; B: Heatmap of

hippocampal TAGs; C: Heatmap of hippocampal Cers; D: The VIP value of TAGs; E: Relative levels of TAGs in rat hippocampus; F: The
VIP value of Cers; G: Relative levels of Cers in rat hippocampus. n =5, x = 5. "P < 0.05, "P < 0.01, ""P < 0.001 vs Con group; "P < 0.05,

"p<0.01 vs IS group
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Figure 6 Effect of COL on striatal lipidomics in IS model rats. A: PCA analysis of rat striatum lipidome; B: Heatmap of striatal TAGs; C:
Heatmap of striatal Cers; D: The VIP value of TAGs; E: Relative levels of TAGs in rat striatum; F: The VIP value of Cers; G: Relative levels
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Figure 7 Regulation effect of COL on Cers. A: Cers biosynthesis pathway; B: Levels of SPTLCI; C: Levels of SPTLC2; D: Levels of
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