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ABSTRACT

The purpose of this study was to investigate the effect of dictary mushroom powder on blood glucose levels, serum lipid levels, glucose
6-phosphtase (G6Pase), thiobarbituric acid reactive substance (TBARS) and glutathione enzymes in diabetic rats treated with
streptozotocin (STZ). Four groups of rats (Sprague-Dawley male rats, 180 - 200 g) were fed as follows: normal rats were fed a control
diet (C), diabetic rats were fed a control diet (CD), normal rats were fed a mushroom powder diet (M), and diabetic rats were fed
mushroom powder diet (MD). Diabetes was induced by single injection of streptozotocin (60 mg/kg B.W.). The animals were fed ad
libium each of the experimental diets for five weeks. Food and water intake was determined every day. Blood glucose and serum total
cholesterol levels were determined every week. After five weeks, the rats were sacrificed and blood glucose, serum total cholesterol,
triglyceride levels and glutathione enzymes were measured. ZDL-cholesterol levels were analyzed and LDL-cholesterol concentrations
were calculated by equation. There was body weight loss in the diabetic rats, but the MD group showed less body weight loss than the
CD group. Blood ghicose and serum total cholesterol levels of the MD group were lower than those of the CD group (p < 0.05). Also,
serum total cholesterol of the M group was lower than thet of the C group (p < 0.05). But the serum triglyceride level of the diabetic
rats (CD and MD) was higher than that of the normal rats (C and M). However, there was no significant difference between the control
diet group and the mushroom diet group. Serum HDL-chclesterol levels of the C group and CD group were higher than that of the M
group (p < 0.05), and the MD group was not significantly different. But the serum LDL-cholesterol levels of the M group were lower
than those of the C group (p < 0.05). Activity of hepatic microsomal G6Pase significantly increased in the CD and MD, reaching levels
higher than those of the C and M groups. Hepateic glutathione S-transferase (GST), glutathione reductase (GR) and glutathione
peroxidase (GPX) activity was not significant. But renal G877, GR and GPX activity in the MD group was lower than that of the CD
group (p < 0.05). These results suggest that dictary mushroom reduces renal disorders such as oxidatidn and aging of tissue. In
conclusion, dietary mushroom groups reduced blood glucose and cholesterol levels in STZ-induced diabetic rats and renal glutathione
enzymes activity was affected in diabetic rats. (Korean J Nutrition 35(2) 1 183~191, 2002)
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Table 1. Composition of experimental diet (g/100 g diet)

Component Control diet Mushroom powder
Corn starch 54.7 49.7
Casein 20.0 20.0
o-Cellulose 5.0 5.0
Mineral mixture” 4.0 4.0
Vitamin mixture” 1.0 1.0
DL-methionine 0.3 0.3
Corn il 15.0 15.0
Mushroom powder - 5.0

1) AIN 76 Mineral mixture. Nutritional Biochemicals, ICN Life Sci-
ence Group, Cleveland, Ohio Compostion of mineral mixture, g/kg
mixture;Calcium phosphate didasic 500.00 g, Sodium chloride 74.
00 g, Potassium citrate monohydrate 220.00 g, Potassium sulfate 52.
00 g, Magnesium oxide 24.00 g, Manganous carbonate (43 - 48%
Mn) 3.50 g, Ferric citrate (16-17% Fe) 6.00 g, Zinc carbonate
(70% ZnO) 1.06 g, Cupric carbonate (53 - 55% Cu) 0.30 g, Po-
tassium iodate 0.01 g, Sodium selenite 0.01 g, Chromium sulfate 0.
55 g, Sucrose, finely powdered 118.0 g

2) Nutritional Biochemicals, ICN Life Science Group, Cleveland,
Ohio Vitamin mixture is composed of: Vit. A acetate (500,000 1U/g)
1.8 g, Vit.D conc. {850.000 1U/g) 0.125 g, o-Tocopherol (250 [U/g)
22.0 g, Ascorbic acid 45.0 g, Incsitol 5.9 g, Choline chloride 75.0
g, Menadione 2.25 g, P-Aminobenzoic acid 5.0 g, Niacin 4.25 g,
Riboflavin 1.0 g, Pyridoxine hydrochloride 1.0 g, Calcium pantothenic
acid 3.0 g, Biotin 0.02 g, Folic acid 0.09 g, Vit.B,; 0.00135 g, and
Dextrose to 1 kg
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Table 2. Effects of Mushroom on the body weight of normal and diabetic rats (g)

Weeks
Groups 1 2 3 4 5
C 29671 + 12.95™ 32823 + 7.74° 353.06 + 5.53° 359.87 + 6.63° 375.68 + 6.80°
M 306.22 + 16.33° 317.75 + 9.55° 335.34 + 9.90° 358.72 £+ 11.46° 376.65 + 11.90°
CD 249.44 + 4.71° 22631 £ 8.21° 212.53 + 6.02° 21431 + 7.66° 218.37 + 28.15°
MD 236.28 + 3.17° 228.19 = 11.17° 214.38 + 843° 216.41 + 15.09° 22813 + 17.38°

1) Values are mean + S.E.

2) Values within the same column with different alphabets are significantly different (p < 0.05) among the group by Duncan's multiple

range test @ > b > o

C: normal rats, CD: diabetic rats, M: mushroom normal rats, MD: mushroom diabetic rats
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Table 3. Effects of mushroom on water intake of normal and diabetic rats (ml/day)

Weels Groups 1 2 3 4 5
C 22.19 + 0.54™ 19.16 + 0.86 16.49 £ 0.80° 15.83 + 0.66™ 15.26 + 0.82°
M 18.83 + 1.59% 18.79 + 1.20 18.79 + 1.20* 15.23 £+ 1.02° 17.35 + 1.14°
CcD 20.42 + 1.08* 2233 + 1.84 20.49 + 1.84% 21.56 + 2.66™ 24.29 + 5.70*
MD 1761 £ 1.17° 23.75 + 2.02 23.75 + 2.02° 22.66 + 2.69° 28.49 + 3.73°

1) Values are mean * S.E.

2) Values within the same column with different alphabets are significantly different (p < 0.05) among the group by Duncan's multiple

range test (@ > b > o

C: normal rats, CD: diabetic rats, M: mushroom normal rats, MD: mushroom diabetic rats

Table 4. Effects of mushroom on food intake of normal and diabetic rats (g/day)

Weeke Groups 1 oS3 3N 4 5
C 22.18+0.54" 19.16+0.89 16.49+0.80 15.83+0.66 15.26+0.82°
M 20.44+1.04® 19.40+1.22 17.87+0.77 15.92+1.11 17.88+1.14®
CD 20.42£1.07® 22.34+1.84 20.49+3.22 21.56+2.66 24.26+5.70®
MD 18.21+1.31° 2151+1.66 21.01+2.70 20.84+2.75 26.46+3.39°

1) Values are mean + S.E.

2) Values within the same column with different alphabets are significantly different (p < 0.05) among the group by Duncan's multiple

range test (@ > b > o)
3) Not significant at the 5% level

C: normal rats, CD: diabetic rats, M: mushroom normal rats, MD: mushroom diabetic rats
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Fig. 1. Effects of dietary mushroom on blood glucose. Values are
mean + S.E. a, b, ¢} Values within the same column with different
alphabets are significantly different (p < 0.05) among the group by
Duncan's multiple range test (a > b> ¢). C: normal rats, CD: di-
abetic rats, M: mushroom normal rats, MD: mushroom diabetic rats.
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Table 5. Effects mushroom on serum total cholesterol levels (mg/d)
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Table 6. Effects of mushroom on serum lipid levels (mg/di)

o Groups 1 3 5
C 170.59 + 15.55™ 9535 + 19.59° 100.04 £ 7.42°
M 90.32 + 9.40° 8406 + 9.75° 63.01 + 4.80°
CD 231.46 £ 48.08° 164.37 *+ 22.06° 128.58 + 11.04°
MD 106.22 + 12.84* 11449 + 14.86° 98.77 & 10.42°

1) Values are mean + S.E.

2) Values within the same column with different alphabets are sig-
nificantly different (p < 0.05) among the group by Duncan's mul-
tiple range test (@ > b > )

C: normal rats, CD: diabetic rats, M: mushroom normal rats, MD:
mushroom diabetic rats
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Groups Triglyceride ~ HDL-cholesterol  LDL-cholsterol
C 9221 £ 9.54™ 5509 + 5.95° 23.60 £ 4.51°
M 64.18 + 9.26° 4153 + 3.17° 18.47 + 3.92°
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1) Values are mean + S.E.

2) Values within the same column with different alphabets are sig-
nificantly different (p < 0.05) among the group by Duncan's mul-
tiple range test @ > b > ¢)

3) Not significant at the 5% level

C: normal rats, CD: diabetic rats, M: mushroom normal rats, MD:
mushroom diabetic rats
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Table 7. Effects of mushroom on the hepatic GR, GPX, GST, G6Pase activities and TBARS in rats

Groups GRN.S ‘ GPXNS . GSTNS . TBARS . . ‘G6Pasg .
(nmole NADPH/min/mg protein) (nmole NADPH/min/mg protein) (nmole CDNB/min/mg protein) (nmole/mg protein) (nmole Pi liberated/min/mg protein)
C 38.86 + 3.28 733.05 = 52.43 260.25 + 23.48 0.41 + 0.10° 583.44 + 41.12%
M 5246 + 8.14 634.04 £ 20.52 210.71 £ 22.45 0.29 + 0.06" 47792 + 94.67°
CD 4333 + 8.14 667.53 + 25.10 258.47 + 2845 0.23 + 0.02° 883.22 + 85.37°
MD 4717 £ 291 732.49 + 42.85 217.24 £ 15,59 0.31 + 0.05® 684.82 + 95.73%

1) Values are mean + S.E.

2) Values within the same column with different alphabets are significantly different (p < 0.05) among the group by Duncan's multiple

rangetest(@a > b > ¢)
3) Not significant at the 5% level

C: normal rats, CD: diabetic rats, M: mushroom normal rats, MD: mushroom diabetic rats

Table 8. Effects of mushroom on renal GR, GPX, GST, G6Pase activities and TBARS in rats

Groups GR GPX GST TBARS™ G6Pase™
{nmoleNADPH/min/mg protein} (nmoleNADPH/min/mg protein) ~ (nmoleCDNB/min/mg protein) (nmole/mg protein) (nmolePi/min/mg protein)
C 96.98 + 5.17° 369.92 + 28.38° 149.85 + 34.09° 0.57 + 0.10 150.03 £ 36.54
M 101.21 % 4.55® 432.40 + 46.02™ 197.92 + 20.67° 0.70 £ 0.16 202.01 = 45.33
CD 11191 £ 471° 717.50 = 70.69° 333.08 + 51.03° 0.54 + 0.01 184.67 + 39.69
MD 88.07 + 4.63° 520.81 + 52.97* 22292 + 22.80° 0.88 + 0.17 182.25 = 42.18

1) Values are mean * S.E.

2) Values within the same column with different alphabets are significantly different (p < 0.05) among the group by Duncan's multiple

range test(@ > b > ¢)
3} Not significant at the 5% level

C: normal rats, CD: diabetic rats, M: mushroom normal rats, MD: mushroom diabetic rats



t}. ZrmicrosomodiA WAIAIAEAEE el E WHE
MDA (Malondialdehy de) &3 & 4% A}, At
2L g2 g2 H3 194 (p <0.0522
72891 Fu A G- Eud AR B8] 593
(p <0.05)22 F7Islct. AFIME v&g Aol &
942 gt} (Table 7). ol21d Ao AR kA 7
= §EE FIEEe] FUHEASS #EE £ AU
1979 Sato 5] By Bxte] el A st
o] Z7kEo] AUSE A& HAe ol FHolA A 4t
7t F7HRvhE Zo] ofe] dTelA WA ol At
I gtk Wada 57 @iolA 3atsls &4t o8] A
A st FHo] Z7HHI ¥ F FHAE 7ol F
Ztacin 2uglon, Morel 598 AEYREZEA (STZ)
T FuFdA AF sl F7HH ¥ A9 &
VLDL¥} LDL® Atshrt X113 ol o3t AE F4fo]
Uebdthn B nstgeh 3 o84 599 a7l s
STZ frd ZxaoA A sPtstEo| 2tz & iy 15
ARE o] vlg] foAQ 78 e Az
< 2FARE frodd UM Byt

6. Glutathione S-transferase 24T

297 FEHALE A glutathione S-transferase:= o
%3 isoenzymel 2 FA ] = ol ERHY Fel
Aaglo]l g, 24 2 Fuld o] mE o, u, no 2
3ME Yrojzitt, 7129 BolAdE 71 1ot isoen-
zyme?] FEZQ AYog @ sty LA BT
33l 42 odbsle 2o A isoenzymed] GEo] ¢hA3
oS H A Frh* iREE2l GSTY &AL cytosolo]A]
et 53] 7hol|Al9] dreko] w9 rha delA itk
a, 4, 102 es FAHE GSTE o8 A3 283
91e1A oFE o uighglo] 194 FEUHALE AX AAHE A
Az BAEL glutathione® conjugationAl# HE3
o2 BX4o] Hu F4 o] & mercapturic acid= A=A
oM A2 &S Bo|slA RET olH P4
AANA WA IHAREEDE AATE TFFA
FA & IA 3R 298 JehdY, B2 drEA Y giAld
A GSTE 153 #4 (detoxified system)S =2 AZ}s]
I ok I 9ol % GSTE Se-H|9&A GPXEAE 714
A3 #4ke] hydroperoxidesd] si%538lell 71498k, non-
covalent bindingg E3 thFst 254 ligande] AA=
Feoto), o83 712 EL £33 GSTE glutathione=} §
7 dehel tigt WHolrleS FAsAT A A ES GA
T 2o dol g 913 GSTE 481722 getAld
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e AgAde] Fag d8g grku dHA otk Kita-
hara$®9 dFAA & ZAELE FIANRAE 9 Glu-
tathione S-transferase@43-2 GST-P 44 Wit 54
Aol Z71gel wet Frketel, SR ddA GSTE
Awgle] tig 48 Asle e ARt g 5
o] d79 A% 18 B 39 A ztol7t fL
A, 13 Furde] FL foHod F7kele AR B
&It} B AT A 7re] GSTEAL 94 o]z} i
©1} (Table 7), A& GSTEAEL FuviAgnTo]
Sl A o3 (p <0.05)2F 723t (Table 8).
T2 Qe GSTEA S FFL hEh A o ol
a7 Yebgth 2322 E31 wAle AFE g a9
A FradS GSTEAY F718 dAgte £FA1E ol
317] gk 1A o2 AlgdH,

7. Total glutathione peroxidase (GPX) ¥ =

Glutathione peroxide (GPX)E BT ¥HE5E9 %37
oA AR GSHE AMR-8l H.0.4 organic hydro-
peroxidesE AAAI7| ojwf MAH oxidized glutathi-
one (GSSG)E glutathione reductase (GR)ol| 23] thA|
GSHe| 9j&3h= 1188 he-S 58 AXTs Bod
oA 7z Aozl syt AR AR E dxT
o] tiEFEY ¥ (p <0.01)2= F7 Iz Ex
HAGETE EusAdzErEan f9% (p <0.052=2
Z718t8th (Table 7, 8). GPXEA ™ GSTEATY H)%
o AFgo hEoh AFA foHd HEE ot A
AN e B s GPXY /M EE &
o7 (p <0.05) 22 &3AAH Kesavulu 592 Fx
9] o]gr|zte] LHYATE GPXY &4l S HA
= Baet AEAY E, STZo2 A7 2xFHE
42 7h A, AR #% Fo s 54 84S B
Kakkar 57¢] B0l & 7123 3¢ GPXEA S Gud
oA ¥71E s ot oA Aol ge AL vy
© 239} Y3 AAE JEMRKATE o]¢} Zo] duw A
el A e] gitst olAle] o AT EHES T FH
230 mebA Ahitd 298 YERAT

8. Glutathione reductase B¥%=

Glutathione reductase (GR)E & /589 23
oA A =& flavoprotein®.2 cytosolol EA5t3 311,
GPXel 28] A4¥ GSSGE NADPHE A&3PdA GSH
2 gAY 98E £Y%tt, GRS o] Alshghd wkg-&
E38) ¥4 glutathione poold FLAENZ FA oM
HEAeRZ AXE B35 F F FA 714E}. Kita-

53
b8

flo to
st
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hara%9 d7dAE 2 A9 (preneoplastic)el
Yo} AE AAT B4 total glutatione®d GPX
2 GRY #Ao] F7Fatta ok 7k GR A=A
T 7 249 Fr9AQl Afo)7F VERA] 9ttt (Table 7).
a8y Ao GRBAEE, Y23 ad (CD)o] haT
(Ol vl&] F71sld o, EaAlS AFe FuHA 3
=7 (MD)oA GREA =Y F7h= #94 (p <0.05)2
2 A5t Fe&EE JeERAIT (Table 8). GREAE
HROE A o4l HEls #Ed + A

2% 3 12

B d3E 338 SDA 50vte] £FE nFAIEE A}
SA71% AFo] o 180~200 g2 47 (C: W22,
CD: dz9%d, M Z3HAYRE, MD: EaAgx
F)o 2 ol 557 ARl e, 7+ AR ¥, A4
& ¥ glutatione E4A VA& B3-S AL 7
=E F=S A dzFd vs] AFel FoF (p <0.05)
o2 ZaFAo EIHAE AT FuF e R4
£ AT BuaFd vj& AFgart AAov BAH 74
AL itk B AT dizFd vl& St gte
, Aol AF e A 5574 gixrol vld] EamAg
o] 797 (p <0.05) 22 Fgit} ol Ay 5554 ¥
IHAE AF FaFt dE2Ae)E AT FuF 1|
3 dgo] 499 (p <0.05) 2.2 7423 Aol X8Iy
gl ol o] F By P/ dnE % FFY
e dA¥Rs A8 BT T BIHAS Gui
A g4 ZY2HE F7HE JAANAES & o gi=
AN EawAle] M7t €4 ZH2HES F9F
(p <0.05) 22 @3 Aoz eyt GuFr dzxF
ol vlgle] F XA T2t kot Funsle 4
Hell g F93Q g9+= #EE 5 (. €% HDL-
Y 2HELS d2Ao)E HH ANHS W S g2
25 238 AFHAZ dxd vste £293 (p <0.05)
22 HDL-Zd28E9 FX7t ¥} BxE F2AK
735-ollE Aol @ {932l pol= fiitt. LDL-Z4¥|
2HES FavMldzgoe] djxgd B} @3ka 7} o]
TN E Bago] RTR 2 ¢S 2y =
Fu? (CD)NA 7+e] G6Pase@Alo] Z718tg oy ¥z
AR (MD)AA 93 (p <0.05) 22 7431
o} &, 7o) AAASETEY AeE T E
7ty EavNld & Frtet AARTE eh)
2] gt} AFe] GREAYEE EadAFaio] =2 F,

)

HEFuTd EaisgETEg 493 (p <0.05)08
woka, GPXEAE d23uedid 93 (p <0.05L
2 3yt A= 983 Aolrt fAU. A%e]
GSTEAES 39% BE AfFo] U2z} 9
A (p <0.05) 22 ¥ttt FuF oM Fasale A7
Glutathione (GSH) #¥ 459 g4do] W= Adyt3
02 AR A deidtA wesn S8 GSHEAE
A& Z2AFT ole BxF oA glutathione &4 &
2AME TIHALFZ A3 GSHEAEAY F71HE
JAsle EHE YR ThET AgolA oRIstA] ¥k
$3A ). ol AHEERYH o] F RuHAlY HHAE
FuZ A% 9y g3 FHAHE FE JAAYE
& = Ao, glutathione &4 353 T4 e] &4
T hEh ARl A ashE Aee] JANSER Frel
E37} glegen Alg gt}
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