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The Improvement of Chaga Mushroom (Inonotus Obliquus) Extract Supplementation
on the Blood Glucose and Cellular DNA Damage in Streptozotocin-Induced Diabetic Rats*
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ABSTRACT

Mushrooms have become a largely untapped source of powerful new pharmaceutical products that poses anti-inflam-
matory, and antimutagenic, and antioxidant activities. The antioxidant effects of the mushroom may be partly explained
by protecting cellular components against free radical. The aim of this study was to investigate the protective effect of
chaga mushroom against diabetes, via the mitigation of oxidative stress and reduction of blood glucose, in streptozotocin-
induced diabetic rats. Rats were rendered diabetic by intravenous administration of STZ through tail at a dose of 50
mg/kg. Animals were allocated into four groups with 8 rats each. The control and diabetic control group were fed with
standard rat feed. The other diabeic groups, the low chaga extract group and the high chaga extract group were fed ad
libitum using 0.5 g/kg and 5 g/kg of chaga mushroom extract, respectively, for 4 weeks. The blood glucose levels in the
two chaga extract groups showed a tendency to decrease but did not reach statistical significance after the supplementa-
tion. Leukocyte DNA damage, expressed as tail length, was found to be significantly lower in the high chaga extract
group than in the diabetic control group (p> 0.05). Plasma level of total radical-trapping antioxidant potential (TRAP)
was tend to be higher in the high chaga extract group compared with the diabetic control group. Erythrocyte antioxidant
enzyme activities of two groups did not differ. Although we did not obtain beneficial effect on lowering blood glucose
levels in the STZ-induced diabetic rats, this results suggest that the chaga mushroom extracts may initially act on pro-
tecting endogenous DNA damage in the short-term experiment. (Korean J Nutr 2009; 42(1): 5~13)
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Table 1. Composition of experimental diet”

Ingredient ag/kg diet
Casein 200.000
Cornstarch 397.486
Dextrose 132.000
Sucrose 100.000
Cellulose 50.000
Soybean Oil 70.000
t-Butylhydroquinone 0.014
Salt Mix 35.000
Vitamin Mix 10.000
L-Cystine 3.000
Choline Bitartrate 2.500

1) Reeves PG, Nielsen FH, Fahey GC Jr. AIN-93 purified diets for
laboratory rodents: final report of the American Institute of Nutri-
tion ad hoc writing committee on the reformulation of the AIN-
76A rodent diet. J Nutr 123(11) : 1939-1951, 1993
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Column Merck, LiChrospher 100 RP-18 (5 1m)

Pump Shimadzu LC-10AT

Flow rate 0.8 mL/min

Detector Shimadzu SPD-10A

Wavelength tocopherols-295 nm, carotenoids-450 nm
Integrator Shimadzu C-R6A Chromatopac

Mobile phase  methanol : Dichloromethane = 85 : 15 (v/v)
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Table 3. Body weight gain and food intake of rats

Fig. 1. The scheme of comet assay.

Groups Initial BW (g) Final BW (@) Body wt change (g/4 wks) Food intake (g/day)
Normal control 1779 = 2.8 369.1 + 6.6% 191.2 = 547 29.7 + 0.3°
Diabetic control 182.4 + 6.8 1930 + 6.8° 105 + 6.0° 426 +0.5°

Diabetic low chaga 175.8 = 4.5 228.7 = 27.1° 245+ 7.9° 40.0 + 2.5°
Diabetic high chaga 175.8 = 1.6 202.2 + 10.4° 26.4 + 10.4° 428 +2.2°

Values are Mean * S.E.

Values with different letters show statistically significant differences by Duncan’s multiple range test (p <0.05).
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Fig. 2. Effect of 4-weeks chaga mushroom supplementation on
plasma glucose levels in STZ-induced diabetic rats. Bars with dif-
ferent letters are significantly different at p <0.05 after Duncan’s
multiple range test.

Table 4. Effect of 4-weeks chaga mushroom supplementation on
antioxidant enzyme activities of rats

Variable Tocopherol (mg/dL) TRAP (mmol/L)
Normal control 1305.36 *+ 59.08 1.27 + 0.03"
Diabetic control 1182.33 + 87.30 1.17 + 0.01°
Diabetic low chaga 1315.76 * 55.73 1.18 + 0.02°
Diabetic high chaga 1135.26 =+ 81.42 1.22 + 0.03™

Values are Mean =+ S.E.
Values with different letters show statistically significant differen-
ces by Duncan’s multiple range test (p <0.05)
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Fig. 3. Protective effect of 4 weeks chaga mushroom supple-
mentation on tail length (TL) in diabetic rats. Bars with differ-
ent letters are significantly different at p <0.05 after Duncans’s
multiple range test.

Table 5. Effect of 4-weeks chaga mushroom supplementation on antioxidant enzyme activities of rats

GSH-Px (U/gHb) SOD (U/gHb)

Variable Catalase (K/gHb)
Normal control 63.14 £ 2.84
Diabetic control 62.49 + 5.28
Diabetic low chaga 58.75 * 5.56
Diabetic high chaga 64.24 = 6.10

464.89 + 51.58 6964 * 385
521.76 + 31.95 6764 * 477
470.31 *+ 39.26 5991 + 537
530.69 + 23.51 6637 = 410

Values are Mean =+ S.E.
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Table 6. Effect of 4-weeks chaga mushroom supplementation on rats liver DNA damage

Tail length (um) Tail moment

Variable DNA in tail (%)
Normal control 27.38 £ 1.25
Diabetic control 28.35 + 0.72
Diabetic low chaga 27.06 £+ 0.53
Diabetic high chaga 28.96 = 1.36

45.36 = 1.90 12.72 £ 0.79
44,71 + 1.37 12.85 £ 0.33
46.57 = 1.91 12.94 + 0.42
46.50 = 2.18 13.95 + 1.09

Values are Mean =+ S.E.
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STZ-induced Fx L5 DNA FJEs tizrs
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copherol 4=, 12|31 AT i3l a4 ST HU=
comet assay®l 23 DNA &4 57F 9 wigsiths A
< & g 9d%len, o))t T Avhs JAE e R
AAFEe] Ao % geld vk Qlth & Fidan 5
% STZE 7oA saponin 3y 21ES FoI3H3)
wl, DNA &4 g Adedde] /HdS slslovd &
ArehE o] Wshs e Rgttkal Barsgith

27Xl el = T triterpenoids 9} steroids 59
7739 A=l Wol Foiglon o]Fo] kst A
& Holu” DNA &4 7 ads sk A7
GArst G FE ARAE HiEsigheEed 71deks A
o7 A7t H Zheng 72 Ak S B
ol a7l Aol FE HE ItEEY Holgk= 7t
g Btel 1 AAEEs Yotiy] Yal AHAS B5elA
HjeFet 5wkl FlEsdEes WA 2 AY me-
lanins, flavonoids, polyphenols, Z12]1. 2+ phenolics
5ol FAEYS Hasklrh

ATl HA ApPA deFEEel] 3l 9ol
Ue A0 AL o] FAkst sHo] STZE fdst
Al dadids gsleheAE Bt siglovy AE
A3 A7HA ] DNA &4 7 e & dakst a3
© YERAIR, 71E & dAksls (TRAP) o 34t &
AR 7 3 58 A UERA] kol FaE ARl aHAE
st avs BHglow, g9 Aet ads ovs JEhA
AT} 1 ol T R AZE & ¢ e Aol YT
Rdojrt, o] FEe- & A9 g o B i Qe
o, STZE @=s sk 2 A9 7ss 712
AT AR A FEE AL A1y el 7
A7) FlolebA ApALE] FolR o] e &

FE AEAIE R0] 94 G Releka AR B

e
o
ks
K=
4 =

o
12

o o

b3

B Y



12 /77 Ale] de 9l DNA &4 A ast

ek & shube] Agtow 7 I AT FEA A
SR &M A I HAE 2ok A = Sl eR
A28 FrEds ARetel A7hAle] I st
she A7 8l & o e 50
>
al

== 99 Aot 9 dast #d

H A AN AbshA] Edo] STl RHarEd
FE T3 DNA &4 7jAeeo] vzt
l%i ofe] 7HA] Ml
o] olg:];q olo
B2E B A= streptozotocin (STZ) §3 GudE
ARgEte] A7 Aol daksl a3 9 DNA &4 oAl a7
7} Q=R 183 o] dAta ) deFHe dde 7

|

2ATIEAE LotRsith Sprague-dawleyd T3 23
(459, 110 £ 6 g) 32t 5 23, Gud, AsE 2t

7@%11?0%4 0.5 gkg BW) 4 i ZVPHW\EroﬁL 6

g/kg BW) & 47 0% o] TS Agstglon, i
g Aol STZS FABI s A7l & 4571 A}

Skt 45 Foll oAt s AF skl @ glucose,
g7 23435 (total radical-trapping antioxidant po-
tential, TRAP) = % Y cata-
lase, superoxide dismutase (SOD), ¥ glutathione pe-
roxidase (GSH-Px) 9] A%, 18l Yyt 9 7hx24 9]
DNA &4 A5 5 comet assay® S48t A¢ A3},

a-tocopherol 45,

izl vlal] Fiarrel A dgo] Assta (p <0.05) &8
A4 TRAP 52 7148130 (p <0.05) Y32 DNA
AL 27893 (p<0.05) YA AEEL

UA] ekt :rL°ﬂ Hl8] Aes 2 1E5E AP F
oATsolA o] sk Aol Il 7 TRAP
#3} g-tocopherol 0| 7ol AYgS Hoy &
T F94Q Aol ofyglon Hxtol Hls] ApHA
o] 7oA tail length® ¥ A3}7 DNA €4 J57}F &
oA oz Zhadltt (p < 0.05). WA AXEE Pt

mlomk

AZRIA ol s Zhel|l AlolE BolA] elglrt

B AT AR deFEES sk (6 gkeg BW)
247 B daid FFe Folakis W dddat
ks FoHoR yehtA Rgtoy g Qs f
¥ DNA EAAE7 AAes7bA) Feleh 4ass &
e 7

3 oF B FRHOT AN FuE &
2 R 5 Yk olsh LS A3k oz AhAl

Jo
=

Hi A7t AFA 0% o]Foxof sheeka k.

o145 P

w32L9] DNAEAS AAA7)7] Slet 71737)
L}\] H\:ﬂ— 0:] Z

Tl &8 < 9lE Al

fAre 2
Aol AMEHE A7IHA A mE PHAEY Ago=z
H OB R o] IS = YT

o ri D—'

o=
T

Literature cited

1) Zheng WF, Liu T, Xiang XY, Gu Q. Sterol composition in field-
grown and cultured mycelia of Inonotus obliquus. Yao Xue Xue
Bao 2007; 42 (7): 750-756

2) Saar M. Fungi in Khanty folk medicine. J Ethnopharmacol 1991;
31(2):175-179

3) Mizuno T, Zhuang C, Abe K, Okamoto H, Kiho T, Ukai S, Lec-
lere S, Meijer L. Antitumor and hypoglycemic activities of poly-
saccharides from the sclerotia and mycelia of Inonotus obliquus
(Per.: Fr.) Pil. (Aphyllophoromycetidae), International Journal
of Medicinal Mushrooms 1999; 1: 301-316

4) Shin YS, Tamai Y, Terazawa M, Chemical constituents of Inono-
tus obliquus 1. A new triterpene, 3h-hydroxy-8, 24-dienlanosta-21,
23-lactone from sclerotium. Eurasian Journal of Forest Research
2000; 1: 43-50

5) Solomon PW, Alexander LW. Therapeutic effects of substances
occurring in higher Basidiomycetes mushrooms: a modern per-
spective. Immunology 1999; 19: 65-96

6) Kahlos K. Antifungal activity of cysteine, its effect on C-21 oxy-
genated lanosterol derivatives and other lipid in Inonotus obli-
quus, in vitro. Appl Microbiol Biotechnol 1994; 3: 339-385

7) Ichimura T, Otake T, Mori H, Maruyama S. HIV-1 protease in-
hibition and anti-HIV effect of natural and syntheticwater-solu-
ble lignin-like substance. Biosci Biotech Biochem 1999; 63: 2202-
2204

8) Cui Y, Kim DS, Park KC. Antioxidant effect of Inonotus obliquus.
J Ethnopharmacol 2005; 96: 79-85

9) Kahlos K, Kangas L, Hiltunen R. Antitumor activity of some
compounds and fractions from an n-hexane extract of Inonotus
obliquus. Acta Pharmaceutica Fennica 1987; 96: 33-40

10) Kim YO, Park HW, Kim JH, Lee JY, Moon SH, Shin CS. Anti-
cancer effect and structural characterization of endo-polysaccha-
ride from cultivatedmycelia of Inonotus obliquus. Life Sci 2006;
79:72-80

11) Nakajima Y, Sato Y, Konishi T. Antioxidant small phenolic in-
gredients in Inonotus obliquus (persoon) Pilat (Chaga). Chem
Pharm Bull (Tokyo) 2007; 55: 1222-1226

12) Zheng W, Zhang M, Zhao Y, Wang Y, Miao K, Wei Z. Accumu-
lation of antioxidant phenolic constituents in submerged cultures
of Inonotus obliquus. Bioresour Technol 2009; 100(3) : 1327-1335

13) Ceriello A. Oxidative stress and glycemic regulation. Metabolism
2000; 49: 27-29

14) Karasu C. Increased activity of H,0, in aorta isolated from ch-
ronically streptozotocin diabetic rats: Effects of antioxidant en-
zymes and enzyme inhibitors. Free Radic Biol Med 1999; 27:
16-27



15) Bhor VM, Raghuram N, Sivakami S. Oxidative damage and al-
tered antioxidant enzyme activities in the small intestine of strep-
tozotocin-induced diabetic rats. Int J Biochem Cell Biol 2004; 36
(1):89-97

16) Collins AR, Raslova K, Somorovska M, Petrovska H, Ondrusova
A, Vohnout B, Fabry R, Dusinskd M. DNA damage in diabetes:
correlation with a clinical marker. Free Radic Biol Med 1998; 25
(3):373-377

17) Dandona P, Thusu K, Cook S, Snyder B, Makowski J, Armstrong
D, Nicotera T. Oxidative damage to DNA in diabetes mellitus.
Lancet 1996; 347 (8999) : 444-445

18) Hinokino Y, Suziki S, Hirai M, Chiba M, Hirai A, Toyota T. Oxi-
dative DNA damage in diabetes mellitus: Its association with
diabetic complications. Diabetologia 1999; 42: 995-998

19) Park KS, Kim JH, Kim MS, Kim JM, Kim SK, Choi JY, Chung
MH, Han B, Kim SY, Lee HK. Effects of insulin and antioxidant
on plasma 8-hydroxyguanine and tissue 8-hydroxydeoxyguano-
sine in streptozotocin-induced diabetic rats. Diabetes 2001; 50:
2837-2841

20) Ramon O, Wong HK, Joyeux M, et al. 2-Deoxyguanosine oxida-
tion is associated with decrease in DNA-binding activity of tran-
scription factor Spl in liver and kidney from diabetic and insulin-
resistant rats. Free Radic Biol Med 2001; 30: 107-118

21) Ha AW, Kim HM. The study of lipid-peroxidation, antioxidant
enzymes, and the antioxidant vitamins in NIDDM patients with
microvascular-diabetic complications. Korean J Nutr 1999; 32
(10):17-23

22) Park KY, Park SB, Kim HC, Mun KC, Kwak CS, Kang MJ.
Correlation between levels of serum creatinine and erythrocytic
malondialdehyde (MDA) and antioxidant enzymes in patients with
diabetic nephropathy. Korean J Nephrology 1997; 16 (3) : 482-487

23) Park YK, Lee HB, Jeon EJ, Jung HS, Kang MH. Chaga mush-
room extract inhibits oxidative DNA damage in human lympho-
cytes as assessed by comet assay. Biofactors 2004; 21 (1-4) : 109-
112

24) Reeves PG, Nielsen FH, Fahey GC Jr. AIN-93 purified diets for
laboratory rodents: final report of the American Institute of Nu-
trition ad hoc writing committee on the reformulation of the AIN-
76A rodent diet. J Nutr 1993; 123 (11) : 1939-1951

25) Rice-Evans C, Miller N. Total antioxidant status in plasma and
body fluids. Methods Enzymol 1994; 234: 279-293

26) Marklund S, Marklund G. Involvement of the superoxide anion
radical in the autoxidation of pyrogallol and convenient assay for
superoxide dismutase. Eur J Biochem 1974; 47: 469-474

27) Beutler E. Glutatione peroxidase. In: Red cell metabolism: A
mannual for biochemical methods, Verlag Grune and Straton.
New York; 1984. p.71-73

28) Aebi H. Catalase. In: Bergmeyer HU, ed. Methods of enzymatic
analysis. Weinheim: Verlag Chemie; 1974. p.673-678

gk ¢ oF 8} 3] %] (Korean J Nutr) 2009; 42(1): 5~13/13

29) Singh PN, McCoy MT, Tice RR, Schneider EL. A simple tech-
nique for quantitation of low levels of DNA damage in individual
cells. Exp Cell Res 1988; 175: 184-191

30) Eddouks M, Maghrani M, Michel JB. Hypoglycaemic effect of
Triticum repens P. Beauv in normal and diabetic rats. J Ethno-
pharmacol 2005; 102: 228-232

31) Wasser SP, Weis AL. Therapeutic effects of substances occurring
in higher Basidiomycetes mushrooms: a modern perspective.
Crit Rev Immunol 1999; 19 (1) : 65-96

32) Kahlos K, Lesnau A, Lange W, Lindequist U. Preliminary rests
of antiviral activity of two Inonotus obliquus strains. Fitoterapia
1996; 6: 344-347

33) Klinger W, Hirschelmann, Suss J. Birch sap and birch leaves ex-
tract: Screening for antimicrobial, phagocytosis-influencing, an-
tiphlogistic and antipuretic activity. Pharmazie 1989; 44: 558-560

34) Hwang Y, Noh G, Kim S. Effect of Inonotus obliquus extractgs
on rpoliferation and caspase-3 activity in human gastro-intestinal
cancer cell lines. Korean J Nutr 2003; 36: 18-23

35) Ham S, Oh S, Kim Y, Shin K, Chang H, Chung G. Antimutage-
nic and cytotoxic effects of ethanol extract from the Inonotus obli-
quus. J Korean Soc Food Sci Nutr 2003; 32: 1088-1094

36) Ham S, Oh S, Kim Y, Shin K, Chang H, Chung G. Antioxidant and
genotoxic inhibition activity of ethanol extract from the Inonotus
obliquus. J Korean Soc Food Sci Nutr 2003; 32: 1071-1075

37) Sun JE, Ao ZH, Lu ZM, Xu HY, Zhang XM, Dou WF, Xu ZH.
Antihyperglycemic and antilipidperoxidative effects of dry mat-
ter of culture broth of Inonotus obliquus in submerged culture on
normal and alloxan-diabetes mice. J Ethnopharmacol 2008; 118
(1):7-13

38) Song HS, Lee YJ, Kim SK, Moon WK, Kim DW, Kim YS, Moon
KY. Down regulatory effect of AGI-1120 (-glucosidase inhibitor)
and Chaga mushroom (Inonotus obliquus) on cellular NF-B acti-
vation and their antioxidant activity. Korean J Pharmacognosy
2004; 35: 92-97

39) Fidan AF, Yilmaz Diindar Y. The effects of Yucca schidigera and
Quillaja saponaria on DNA damage, protein oxidation, lipid per-
oxidation, and some biochemical parameters in streptozotocin-in-
duced diabetic rats. J Diabetes Complications 2008; 22: 348-356

40) Andican G, Burcak G. Oxidative damage to nuclear DNA in strep-
tozotocin-diabetic rat liver. Clin Exp Pharmacol Physiol 2005;
32:663-666

41) Imaeda A, Kanekob T, Aokia T, Kondoc Y, Nagased H. DNA
damage and the effect of antioxidants in streptozotocin-treated
mice. Food Chem Toxicol 2002; 40: 979-987

42) Park EJ, Kim JS, Jeon EJ, Kim HY, Par YK, Kang MH. The
effects of purple grape juice supplementation on improvement of
antioxidant status and lymphocyte DNA damage in Korean smo-
kers. Korean J Nutr 2004; 37 (4) : 281-290



