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Abstract : Betukladin is a dietary supplement composed of reindeer lichen powder and birch bark extract, possessing
various pharmacological activities such as blood glucose regulation, lipid lowering, anti-inflammatory effects, and
anticoagulation. This study investigates the lipid-lowering activity and underlying mechanism of Betukladin, aiming to
validate its efficacy and provide a scientific basis for developing safe and economical natural lipid-lowering drugs. Using a
zebrafish hyperlipidemia model, we found that Betukladin significantly improved the elevated QOil Red O staining integrated
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optical density values, triglyceride levels, and total cholesterol levels induced by high-fat modeling, indicating its lipid-
lowering activity. Network pharmacology analysis suggested that Betukladin may exert its lipid-lowering effects through
multiple coordinated pathways, including lipid and atherosclerosis pathways and the PPAR signaling pathway. RT-gPCR
results showed that it can regulate lipid metabolism-related genes ( apoAl, LDLR, and ANGPTL3), fatty acid synthesis
and oxidation genes ( SREBFI, FASN, PPARx, and cptla,), and cholesterol metabolism-related genes ( CYP7AI,
HMGCR, ABCG5, and ABCGS).

Key words : hyperlipidemia; Betukladin; reindeer lichen; birch bark; lipid lowering; zebrafish model
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WY (5345:24231223001 , 65T Solarbio BHE AT FRAF]) ;AL O( 4245 . BO1E10107 , Jb 50 dh [ 2 A B R A
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1.3 EI{YER

JEIREEIRAR (HPG280-BX, KK HL T HARAT PR 7)) 3 Kl 25 .0 Bl ( Centrifuge 5804R , Eppendorf 22 7)) 5 /1N
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SR 24 h, FRACIRSE UG R FLAR T FL R, (T 1xE3 FRA0KIEVE 3 W5, FIAMAL O TAEW]
XTBE Sy fa AR AT Y, BEDLE RIS 15 45, B T WA TSI RAERMG B AR 32 £%, Jmi
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FREUST i, 3 IR UEA B 1:9 M ERBIINATC/K CBE, 513 AR BT, 236 58 4 4 IR & v B B kA 7
Bk, BHBEFRL, 7E 500 nm 3K I & A A FLIMOEEE(E . #2 BRAS (2) T8 H b =18 B AR MR
(mmol/g) :

Aprr — A
b S EE R R ARy = R TR e s
AWTHL - A&*FRL

— (2)



Ho  A—W RIS ; C o — BRI ,2.26 mmol/L; W—ZHEAUF i (2) 5 Vi — A BISRBUR ( 1) 7Y
L,

8 P 5 A 03X 7R) 8 A 00 RE 8 i T [ R O i, AR URCAE 30 ARSI Y BE D A %)
i FRIBUT R, F BRI AR P 125 B9 LU A ST P BE, 2008 BRI B TH W, IS0 58 44 B0 S BT 7
B EHREFR, TR 500 nm I 325 S FLI OB BE(E . SR I $ HOBCR s v it T 1) S — A% 0 ok 32
FRYVBRAERS , U 25 Wk BERR U 128 VA WO BE  DAIFR IR R BE (&, wmol/mL) R AR AR WO E AAy, (v,
Ay = Agg —Avpy ) DR ST FRHEITZE (1=0.118 9x~0.001 8) % #5 2 B L #11 Fr) i 2 A8 WO 8, K It
FERE Adyy (v, Ay = A=Ay ) FRABRIE A T AEAR MR B (v, wmol/mL) |, S & FH A0 (3) M H 4
— 2 6 £ 0 [F6 P 9 SO PR R MR EE

S IR e J5T PR O B = XV < W, (3)

Horfr ooy FEAVREE  mol/mL; Vi - IIAKE S BUERIORIAFR ,0.072 mL; W AE AT & g
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Fig.2 Effects of Betukladin on zebrafish lipids
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Fig.6 GO functional enrichment analysis of the lipid-lowering effects of Betukladin
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LDLR JER H Rk #A LR# 7F Betukladin Ji &2 Y& ik 5] 15 peg/mL B, PPARa cptla ., CYP7AI |
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Fig.8 Effects of Betukladin on genes related to lipid metabolism and cholesterol metabolism
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