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AR, FREBE KPS A= AW I, Bk A 2020 4E3] 2030 4,
20 £ 79 % RAE N IR R B0 0K M 8.2% & 9.7%. [FIRF, BRI IEYT % H
AN 2020 1 2502 12350 K & 4604 143670, FHKF 6.32%. 7ELLIHHE,
P E BE PR 2 F 5 GDP HIELI K A 1.58%I8 & 1.69%, BT L pri K,
I H ANBZ G IR 231 S0 & 414 3570, FHIKR 6.02% [1]. HATX—
Poilik, TF R B B I ShRE I BT & & RO TIRE & S Pl 7R ok . ik
T TR R PR R ) A R 4y, KPR PR I B B R . SR,
H AT TGN R R e T T B, FEZEd 2N awa, thin
HER (BB, BER. R . BRAKE. SR (. &, f,
B Wy o ORGSR, DU B 0 TR R R SR AR B AR T SR I [R] B 4 R
MFERRSE o« AH H F B S Frb B B S o i B D, DRI B 22 o B i
ZE T REW T AR MR B AE B T T ) UK T A S LA R
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TR X FRAEAB FLI [Inonotus obliquus (Fr.) Pilat] [2] (B 1D , HAEMRFEH
B AR E 7, FARER B D JEORERIT A8 204 e I 2 Th RE A 20t SO =4 R
TERI TR R R MERR AL L B A e R A X [2-5] (B 2D, WU
AEACFRBT AR EEF . TR, MG R 2], ERRBIEST,
FMEEE ARG B s . R TRV S i B AL, e IE A U
PUR - PURNAITRSS AR B TR DRk [1,6-8], Mo, MERSE e RGTH
S A R L O IR PR MR 5 SR ARG TR DL BRI 7 [91. figbml WL, Pk
HT MR B P B SR T RE it ANOUA BY T B0 vh B RO JB B BLR, SE R
I > A2 IR RE R R ECRTTA, B BORE

TAXONOMIC CLASSIFICATION
OF CHAGA
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Figure 1. Taxonomic classification of Chaga [2].
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Figure 2. Distribution of Chaga resources around the world [2,5].
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ARTCERA T RT MW BB MR Th e & T A st e, W& A
MBS TR A RS 5 1E AT T8R0T Ak, ARSOE T T B AT T FAE G
77l IR ESE S DI RE .

2. MER E T AR A 2 B2 T RE

K R T 51 R 45 Z AL E RS, B2 M I RRE R R .
PRI A A BREE = KR b, iR E BT R AE R, AR R KE
[6]o JTEER, AHICHEFEIUE B 1 MER H BAT B IBE 1) ThAE [10]. JREARIEELL 1T
TR PRI /N OB PR 7T 7 BT MR BRIV E S R IR P 7 A
BTG /N B T 20 PR 3 B R R A ek, LB B B [11]. B
75 M S T I T ST HE DT AR BB — e B E 2R S B A AR R S R 4
WAIThRE [12]. X PE 2RI Fa A AE LB R 0% 189 ik /) 1) 267 R 52 76 0 R s
SR BUKEE S, POEMEEE /N RS ELAOE S E S, R PR A
[13]. 7EXuZEMREFEr, B AMEE SR e B BRI I /N B, R I PR
TR AN . 2SS EE, RILAMEERIY SRS T %
AR S [14]. BEAh, BFIT R I FAMEE rP 3R BRI AL 27 B 2y B P I
WEVER S JEME S 7 O DY S0 me 175 5 R0 PR3 /0 BRI Bk TR AN g ot S8 A A
FAMLE] [15]. S5ULIRINE,  FHOCHT 50040 3 B MER B 2L AT G PR 78 B 1R T g
XIS I /N BR S0 220 R B4R FL B SR B B FR S B B AR S HL P A AL
B 5% [16]. ££ Feng ZEIRIHE 7T o & B A ME 238 5 1 15 NOS-cGMP-PDES 15
T4 S M3 HFD/STZ 5 5 MR AN B shag 8k, JF EMem HE T LUg R
HFD/STZ % 5 1 /2 40145 4% A1 HED/STZ 512 H'S ThaerEss (B 3) [17].

A NOR group
A s (n=06)

. .;_-‘/ 3 Ordinary dicts L ) L OLBw -
Koy 17 weeks
(Male, n =6) HFD

DN group > 7T 1.FBG, FINS and RBG

(n=6) 8 weeks = —12.TGand TC

3.8Crand BUN Calculated:
i ] : . 4.Serum ¢cGMP LIRI
Lyl | " HED - y-ka-! - -
,."I ;,_" HFD JDN+1 group HFD and 50 mg-kg 'Chaga| ___ 2RI
N 8 weeks (n=106) 8 weeks — —ol 24h-UP, UV and U(‘.rl 3.CrCl
(Male, n=18)
IF o-ko ! i}
DN +11 group HFD and 100 mg-kg ' Chaga L_K.W .
_ 3 woeks . |2-Light microscopy
(n=106) B __,|3-Electron microscopy
;‘—/ | [4.Nephrin and WT-1 expression|_
Pre-DM stage: ) T2DM stage: " |5.Three NOSs and PDES
confirmed by increased _ST& confirmed by persistent expression
BW, TG, TCand IRI. | (33 mg'kg") | increased RBG. 6 Kidney cGMP
A 3. (8:).

Figure 3. (Continued).
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Figure 3. (Continued).
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via cGMP-
dependent signaling

» eNOS \
}

) nNOS

vig non-cGMP-

. | iNOS — dependent signaling
{ —
l | PDEs —-J as a PDES inhibitor |-\

1.Improvement on glucose and lipid metabolism disorders. '\
\Z.Improvemem on renal podocyte injury. E
|

: i

| b

: |

! as an inflammatory factor |

| :

. PKG 5-GMP |

! L-Arg l |

'.\ proteasome function )"

Bl 3. =T HEEFLI (Chaga) it i3 NOS-cGMP-PDES 15 53l B %47t HFD/STZ 755 (% g A i 250 A0 B 1y
RESFHE L. A SCIRJTE; B: FIIREIBARECINANT LD HE 4G A; C: AMEE X HFD/STZ % %
B3 0 B REN s D: I MEE TR AR AU SEELATE SR 05 L], L eNOS: N B — SRS
nNOS: #A—HNWAEH; INOS: HIRME—FANEAEGH: cGMP: MR S1F; PDES: 5 BIBEIR —_M&Mg; L-
Arg: L-FE&EM; NO: —#ME; PKG: WIHEAMM G[17].

Figure 3. Research on the role of Chaga in counteracting HFD/STZ-induced lipid metabolism disorders and renal
dysfunction by regulating NOS-cGMP-PDES signaling pathway: A: experimental method; B: detection of renal
function indicators and histological examination of renal tissue sections; C: effects of Chaga on HFD/STZ-induced
podocyte injury; D: mechanism of Chaga in regulating lipid metabolism disorders and renal injury (eNOS: endothelial
nitric oxide synthase; nNOS: neural nitric oxide synthase; iNOS: inducible nitric oxide synthase; cGMP: cyclic
guanosine monophosphate; PDES: phosphodiesterase type 5; L-Arg: L-arginine; NO: nitric oxide; and PKG: activated
protein kinase G) [17].

3. MW B B0 T UBE 2 I ThRE AL 2

3.1.

MerFLIE 2 W L-f 208, D-Blf At . D-AR¥E. D-HEEM. D-H#4
B D-PALVEE PR R, AR RN 20, B R r B R S AN [
[18]. AWFFKIL, MW EFT &I B-H A A 2 Fh e 2k A A (8 R o8 1) 4
P, AR PrRE AP EATE T [19]. HERE AT & 10 22 B8 X 42 il 1
PEEEEAEN, AR RRA, PN FERE LS 32 Z RS Y B
P FFREARYT . I A PRI T IR . A5 I 4l Pl DA R B v R R A
BN [20-24]. B RS 50 R B MERE LB A 2 B I o 2 g 2 bl LA R 0 1 %)
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BEEFREINAI0E T, HAm] DLRRAR S 88 Z ek AR S K i R LR [25]. iEF
WEFU R B AMERRS L B8 22 08 0 £ B & 20 REAE — 2 15 R _L Rl LR PR /I B,
“ZRZEZIR” AR, JF B RESR R R BOR AT SR K, DRy BT AN
JE, $REAPREEKSE, BRSO DM B RN B (26]. AW
RARW], MR E 2 B A 25 T SRR/ B A I R, BRI A I I B K
S RE A ST, SEIAREEKE, SRR RIS [10,27] (B 4 . F
WEFEARIL, A B 22 p T LI I O B JIR A 2 4 o B 4 . MEAE SL i 2 0
REWS D0 /I BB IR AL S LU B R HERR DR 5 I 2EL 23 A 45345 A0 i KAy
UL, SRR NEAL A B 22 Ak, SO TR SO 3 RS B /N BRE AR AN A0 B A% 25 %
SEAEIR,  GE R PRAE PR EE FAEIR, T e I 5 DI RE [16]. Wang S8 A HILME
W2 W S FLAR 48 S WY RES A R | B A AR I P WD I B, (R 4]
o-VEBTIE o % B G AR IR W S % AT B — 2 i IR
RESI ST F1e JF HL, MER 220 S FLAR 45 S Pk v] DU L 32 = 4 I
TR S SR RN i 2 b AR e B MR B35 ORGP HTIE LO2 4l S R SH L A=
AT, JCH R IR G, W] 35 O i AL LI IR 51 7S ) JH
B RIRALUT . 7E Wang S5 58T ORI FE b R AR B2 A I 22 0 = et SEomk
JRI'E 93 (diabetic kidney disease, DKD) /) &S BE B A R EH [28-30]
(B 5) o IXULEE SRR WM B 20 N LA B S IS AETURE PRR AL AT R 5
IBE AR S N IRTETT R RGIRE AR [31,32] (B 6) » SHHE[)R,
AL T IEH S R BN S B (p > 0.05) , B —E%4E
PE [33], JF HAMERE 2R B2 PR, A S OB R IR iR T T
AU ¥ LE IR IR 2540 [34].

A potential mechanism via PI3K-Akt signal pathway
High fat diet

Anti-diabetic effects of Inonotus obliquus polysaccharides in streptozotocin-induced type 2 diabetic mice and B

Streptozocin (STZ)

- Antihyperglycemic

P Pepos 3 A .
v

— W
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h . IL-1B | TNF-al 9 @ 2 S
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S oY Blood sugar | |7 Stestoss L aa o
Insulin ruiin feve v ® 449 @ |, 2 e * ‘:“9“’9 9 o
resistanice ' 5238
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A A\
Intestinal mucosal integrity t (& 22 <+ / ) <+— E
po R .

Inonotus obliquus

SENEA R

Bl 4. A: R E ST PIBK-Akt {5 53l B T IIRL0E FRIp /) SR PR B IR Y TR AE LA [10]. B MEAEE

X T PR /I B PR FEARG A FE A0 2 IR (R 520 D S SR SRR PR /N SR A RS RS B AR AR R EE ML

[27]

Figure 4. A: Potential mechanism of Chaga polysaccharide’s hypoglycemic effect on Type II diabetic mice via PI3K-

Akt signaling pathway [10]. B: Chaga’s effects on reducing body weight and fasting blood glucose in diabetic mice

and its mechanism of alleviating the degree of pathological changes in the intestine, liver, kidney, and pancreas of

diabetic mice [27].
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Bl 5. A: JudE FHEREON DKD KRB B S BRI FET . B FL T R A0EE N MER B0 DKD K SRS A P2
Hsgm . C: X EAE HFD+STZ 53 1R R Wi B (1) CSTBL/6 /N AE LIOP (300 mg/kg £ 1000 mg/kg) Al
&I (10 mg/kg) 1697 )5 B BRI LURB AR AT A A, 54 ESUKA M SOREET T, &
BAE 8 AT [29,30].
Figure 5. A: Effects of Chaga on pathological parameters of DKD rat model under light microscopy. B: Effects of
Chaga on pathological parameters of DKD rat model under electron microscope. C: Histopathological study of renal
cortex of C57BL/6 mice with HFD+STZ-induced diabetic nephropathy examined after treatment with LIOP (300 and
1000 mg/kg) and rosiglitazone (10 mg/kg), compared with the effect of saline group, alternating at eight weeks

[29,30].
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Bl 6. A: HEREH 2 BE S AR 25 S A0 I LO2 400 Hh e SRS R 28 P W e o-TE K g o1 267 00 T e A
A S B A A R [31]. B MERE 2 BEERZE-S N STZ 7531 T2DM /N BRI HTRE PR e
JIHIAE [32].

Figure 6. A: Effects of Chaga polysaccharides and its chromium complex on formation of advanced glycation end
products, a-amylase activities, a-glucosidase activities, and hydrogen-peroxide-induced cell oxidative damage in liver

L02 cells [31]. B: Effects of Chaga polysaccharides and chromium complex on anti-diabetic ability of STZ-induced
T2DM mice [32].

3.2. MR ED

B 2 NME B Z M EmlEH: duE. Pref. FRimpE, g5
2 TP A RGURAT MR AL MR [35]. MR 2 M & & i il
THAEEZS, Hdr, AMEE (Inonotus obliquus (Ach. Ex Pers.) Pilat) &)
E 84 97 pmol GAE/mg [36], {EARZ 2B s h e LWy & Bl Jrascr
W R . MARILE 2 M2 — P A 2 o S ARy, BA R
HIPT AR YE (181N IS A BE /) [37]. HE R RFLA R 70 B A 2 2K
YR, RPN AR FEEAR-3-0-a-L-ML R 2. I35, B R
3-0-CE . T-RBEH LM . [IHERO. fikE. JLER. &1 [38]. #—
T2 RN R M SR IS S B HF TR FIELER . BPEM. R EE
WHEZT [39]. HEHAHRE, AMEFEILS 4585 3,5 “HEERFR. 2-
PRI AN LR MIHERR . 3,4 “FRBORHIRE. 2,5- RN R
IR T AR 3,4- SRRV AR S5 2 2R3 [40]. 10 Peng A1 Shahidi J&
P AMEE ) CEESE Y, R3] 111 FOAFEIMS R &Y, BIEmER. 28
. FER. RACKELEIEMTEE [41]. 525 KE, MWMESH2mEE
SR RAVIRIE: HEEAZE. RIS, EEASE AR DL R AR Z W2, HAh B ik
ENAER, H EA R R A AL R I0H] o AT FE S AD o-TERTBE, RN
o1 6 WEEF BB AT o~ A0 T 7 ol A 4 IR B /K A 5 P T A RS 2 i ) S B Bl
[42,43], Bt UL— EIX 9 P0G iR PR 4], 8 4 o vk Hh 0 86 260 B 3 ol 2 [
s [RIESY,  H A Tl 9 2 P T T ) 8 i 20 5 I 1) 208 SR 5 = PR SOUDTCRA e s e —— i
CEERE WO IRFEREZG) M2 [44], RPFLFEMBERE /1T 2%, HILA]
DL, R I BT (1) 2 By mT DA e ) s - =
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3.3. ZiEREY

ZAERA AP A RARAER, BERRIL, MEEFLE A 2 A
=AEAL AW [45], FENEBMRER . SFHURGRURCN B G R 3 AR
[46]. FHEWTFCHRE, MW FLE R B M= ) 3 BOAMEAR FL B #E A A HE R IR ,
MMEARFLE TSR R 2 JR . 0. gifbf%se, 537 FBEEE. MRl
B AR TR R . MEABFL B TS R 2 B S . MEAR LB B . A% R R R 1 22 14k
HH R FL B 0 o 28] AR AN a-ve KRB — e IIPE A [47), JLAERMLE
DN HERE FL A = 24 S0 o AT R RS ER B AR T SR, X ok
AT AR S AR S [47]. AN, MERTEIEES A S 2R
(Tramadol acid, TA) . WM —FE. MRS (Betulinic acid, BA) =531k
a1, FETHBI) RS, BA CHIE ] E A B I8 1 B A 22 Fh 405 18
WEME, JFH BA AT {EREE AR S R W [48]. BN SRR T )
a7k 243 0 T 1 B 1 e T B 3ok F ] o AR RS S oV K TS 1 K
B AKAR B 73 e R AT B I T) [49], X MERRFL B =i R A0 o- 78 2 Wi
B 25 a-yE By BN HI 2 04T T ,  SRI0 R XS o- 76 2 % AN o-VE#n
B B — @ A EE T, o, EMESRRRX o8 &M B VS M1 1Cso 1E
9 0.26 mg/mL, i EAK T FEBE 259 B R %O 09 E 1 A ] ICso {H (0.37
mg/mL) , HMEWEFLEEHE D X a-GE K B RS 40 1Cso 5 7.86 mg/mL, 211K
T Bk 245 T B 1Cso /8 (10.51 mg/mL) [47].

4. HER B R I BESRB AT R

4.1 MER B B BEIR IR

AR FLIRT B T 22 VR AT T FE AN DU UR ORI, o] AAE—40 °CHY e ZE b X A7
[50]o HE AR Lo £ BT A E L BB RN 220 DL 4 52 45
FERILIX [51], mAMERIL. Pl tER X A AL, B R RHEBE A
L7 B S L BORT R BOBIX ORI 7 MR LI - B X B SRFE. KIS
AN RBEAT S35 70T, R DX S XM AL IR AR T2 |5 RO I Y R 2E R
WAL, REERKAEIAAERZE LR, HEE A LT [52].

MR EAE FARIRES N AERK 8, B 10-15 FA4 R AT 253
WEVERITERZ, JF B 2R B 18 1R ORI R IR R R A e S R A 1 AR B b AR
Vs E R S & (53] HUE R, BF AR HEAR SL I A2 T SR R AR 25 W) B
(5410 SRIM, MEAE LI PRGN RE D Ream, IR LR FREE EAK, M3k
UK 5 1 22 AR RUAC IR 4 [55,56] . FLRIT, [ A 18 PR AR J2 A IR 7 i ok
SRAFHE L ARIR IR KRR R BB EEA RE oy, A
RIZREBAR 20 4D 40 F£18 Gaden Z5EBETHH BT TR A= S B0 4%
[57]c B—HARBEERZHIN A, ORFAEIERE, &R TE. KR
Hld CGEWANRELD « D ARG 5. MSCHT ORI 1 AR = R B
R R 2 BE AN B 220 2 WA R & EE R B, S T BEE R T A

9
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Tk, X522 HE R 2 LR ZE KBRS IATE [58]. EETHERT
FRIAEMR BT, BB LB R A AR A 2 A B B 30 g/L, HE
W 4 gL, FWE 8 gL. fEEFMT, MMBSLEMAEDEMZ ™2 K&
[59]. VTAEke, PBAAREE RIS AV B 27 25 5O s DLV R SR 1) % B 7R
BN AR5 5 700 B3 22 A ) AR A RN IR AR = 4 ) AR 2R DUk ik =2 1) AATT ()
HEAW [60]. filtn, Ping XJ L& AF4EAEZ (VB-6. VB-1) 35773 iEdE L
W22 B, SRS VB-6 (13535 B A B I B AR 2 e
& (4 pg/mL) [50]; Lou 55 A I iH B AN B iRIBUK 1T DAXE IR 285 784 (1 M
RERR 177 A2 FEAR R W 22 R A K [61]; I8 W78 R BUE B R A RS AT A0 R K m
MERBFLIR RS 7R3, AT DUR KR e fL IR TR 2 8 (29 kDa) /™=
&, HRIZZEEERSNPUEIEN [62]. BT FRERE, fEm pH EHAM
100 °CHIZA4 T, SWP (Swiss water process) s HEHU A HEE A E 1 5 FE R M T
Re R P E A 80 1 [63]. b4k, HR¥E Huynh U4R1E, FJH Folch iAHE =
i A AP RE 5 IR 1S B = IR = 26 [64]

4.2. ¥ B R MU SRAR X B T K BIR

MR AL N B A 2 R 2§ BAE A, Ok 2 N A T I PR VG I F0 B 24 445
[42]. SR, A RMEARFL L& A ORAE &7 I H s TZREAZ, RER
B A RIMERE FL IR B A A SSOR B i [65]. PRI, BEE IR IR A 7T
AR BHE A3, A AN D b s 78 3 53 1 A G Dh e 1k & i I R
[66] (MEMFDIRE M KMAEIE 7 o EHAE, HHHZ HFRMAESLFE R
HEHI 2R, BROAIX AR 5 sCAMN 48, 1o BB A RO AR LR K 395 4
ey, AR IE G IACTRTT ZEAE @ BEFRAE TR K [50]. ZERIE, i Hets
FLERBYRADE T BERERE Mt 9l E it — MR & i
T (671, ERE, EHEFEETOATL, R H TR E LR W OOk
[68]. HIT-MErEFLIR P MLWE . 42 & s S RI TR 57 56 T2 I 2 BTG 1, e
LB P 2 BERA S AEAR S . v [ R0 58 [ 4 FH T D Re 1k £ ot A0 ORAZE ™
MR . FEREOE S, 78555 £ Z AT 6 ERMR A O™ s, JATE
BRW Y ERFATH SRS REES . RIS, i, LR a
MR AR IR IR F, 40 Sorlife Chaga ik3E. TOPS 7% F7il5%, C &R M
R 6o 9 12T 20 7 R R R, SRR T v B S, )
18 P NAZE RN 1S022000:2018 £ i 224 8 BRAA R NG T 73 Hr 5 G B P2 1) i
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Figure 7. Process of developing Chaga polysaccharide functional foods [66].
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Abstract: Chaga, also known as Inonotus obliquus (Fr.) Pilat, belongs to the genera Basidiomycotina, Hymenomycetes,

Hymenochaetales, Hymenochaetaceae, and Inonotus. Chaga is a brown polypore fungus that mostly grows under the bark of white

birch and silver birch trees. It forms sarcoma-like sclerotia when the bark is damaged. It mainly grows in Northern Europe at the

40° to 50° north latitude, Siberia and the Far East in Russia, Hokkaido in Japan, and the Changbai Mountain area of the Heilongjiang

Province and Jilin Province in China. Chaga has various pharmacological activities, such as anti-tumor, hypoglycemic, anti-viral,

and anti-inflammatory. /nonotus obliquus, an edible fungus with the same origin as medicine and food, has attracted more and more

attention. At present, Chaga has become a raw material with great potential for developing functional foods. In this article, Chaga’s

blood sugar-lowering function, functional ingredients, and blood sugar-lowering mechanism and the development status of Chaga

functional foods are reviewed and Chaga’s future development is analyzed and forecast.

Keywords: Chaga; blood sugar; functional food; diabetes
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