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Abstract

Inhibitory effects of cultured Agaricus blazei (CJ-01) fruit hot water extract on the development of
diabetes in spontaneously diabetic rats (GK rats) which are characterized as having non-obese and non-
insulin dependent diabetes mellitus (NIDDM) were examined. The increase of plasma glucose level
induced by a 20 % glucose solution seen in GK was significantly higher than that of normal Wistar rats.
The loading of a glucose treatment was constantly performed for 12 weeks. CJ-01 (10 g/600 ml) was
extracted at 80°C for 1 hr and each dosage (3, 5, 10 g/60 kg/day) was orally given to GK rats. The GK
rats were divided into five groups: 1) CJ-01 untreated and glucose loading (control), 2) CJ-01 untreated
and non-glucose (non-glu), 3) low dose of CJ-01(3 g/60 kg/day) treated and glucose loading, 4) middle
dose of CJ-01 (5g/60 kg/day) and glucose loading (middle-CJ), 5) high dose of CJ-01 treated and
glucose loading (high-CJ). The development of hyperglycemia induced by glucose was seen in the
control animals. In the CJ-01 treated animals, however, the increase of plasma glucose levels were
significantly attenuated. Particularly these levels of high-CJ group were much lower than those seen in
control group at the 4 th week of the CJ-01 consecutive treatment. In the blood examination, all results
were identical, although the significant increase of pancreatic insulin levels were detected in the high-C]J
group. Histopathological study revealed evidences that CJ-01 had no effect on number of the islets
among the animals. High dose of CJ-01 had increased number of pancreatic § cells at a significance
level of 0.01. It had beneficial effects on foamy cell degeneration, deposition of hyaline-like substance,
and hypertrophy of the islets. Thus CJ-01 may have therapeutic effects on NIDDM due to the ameliora-
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tion of the impaired function and the increase of pancreatic 8 cells.

Key words cultured Agaricus blazei (CJ-01), anti-diabetic effect, insulin secretion, pancreatic g8

cells, spontaneously diabetic GK-Wistar rats.
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Table I Effects of CJ-01 treatment on biochemical
changes in the blood examination of GK rats with
or without a 20 % glucose loading

T-Cho HDL-C TG
Control-Glu 112+1.0 76.0+£0.8 25.6+£2.7
Low-C]J 118+2.1 78.2+1.4 29.4+3.5
Middle-CJ 120+4.5* 79.3£2.5 35.7+£2.9*
High-C]J 119+3.0* 77.2£1.3 35.3£3.1*
Non-Glu 117+£2.3 77.0%£0.8 31.8%£2.3*

Control-Glu (n=8) ; Conseqently administered with a 20 %
glucose, Low-CJ (n=8) ; Treatment of CJ-01 (3g/60kg/
day) with a glucose, Middle-CJ (n=8) ; Treatment of CJ-01
(5 g/60 kg/day) with a glucose, High-CJ ; Treatment of CJ-
01 (10 g/60 kg/day) with a glucose, Non-glu (n=6) ; With-
out a glucose. Each number expresses the mean value and
standard error. T-Cho; Total cholesterol. HDL-C; HDL-
cholesterol. TG ;triglyceride. * : Significant difference from
Control-Glu ; p <0.05.
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Fig. 1 Time-dependent changes in plasma glucose levels
of GK rats and normal Wistar rats after either with or
without a 20 9% glucose loading. Each point is shown as a
mean value and standard errors of six to eight animals.
Control-Glu : GK rats treated with a 20 9% glucose. Wistar-
Glu: Normal Wistar rats treated with a 20 9% glucose. Non-
Glu: GK rats treated without a 20 % glucose.

* Significant difference from Wistar-Glu, % p <0.01.
* Significant difference from Non-Glu, * »<0.01.
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Fig. 2 Changes in plasma glucose levels (a total value detected in two hours) of non-CJ-01
treated GK rats and CJ-01 treated GK rats after a 20 9% glucose loading. Each point is shown
as a mean value and standard errors of six to eight animals. Control-Glu : GK rats with a 20 %
glucose. Low-CJ : GK rats with a 20 % glucose and 50 mg/kg/10 ml/day CJ-01. Middle-CJ : GK
rats with a 20 % glucose and 100 mg/kg/10 ml/day CJ-01. High-CJ: GK rats with a 20 %

glucose and 150 mg/kg/10 ml/day CJ-01.

Significant difference between Control-Glu and Low-CJ, p<0.01. # Significant difference
between Control-Glu and Middle-C]J, p <0.01. * Significant difference between Control-Glu and

High-CJ, p <0.01.
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Fig. 3 Time-dependent changes in plasma glucose levels of GK rats after a 20 % glucose loading
at the 7™ week (A) and the 12" week (B) of the consecutive treatments of CJ-01. Each point
is shown as a mean value and standard errors of six to eight animals. Control-Glu: GK rats
treated with a 20 % glucose. Low-C]J : GK rats with a 20 % glucose and 50 mg/kg/10 ml/day
CJ-01. Middle-CJ : GK rats with a 20 % glucose and 100 mg/kg/10ml/day CJ-01. High-CJ : GK
rats with a 20 9% glucose and 150 mg/kg/10 ml/day CJ-01. #Significant difference between
Control-Glu and Middle-CJ, p <0.01. =* Significant difference between Control-Glu and High-

CJ, p<0.01.
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Fig. 4 Changes in plasma fructosamin (A}, 1,5-AG (B) and glucose (C) levels of GK rats and
CJ-01 treated GK rats after either with or without a 20 9% glucose loading. Each bar is shown
as a mean value and standard errors of six to eight animals. These results were obtained at the
final day of this experiment. Control : GK rats with a 20 9% glucose loading. Low-CJ : GK rats
with a 20 % glucose loading and 50 mg/kg/10 ml/day CJ-01. Middle-C]J : GK rats with a 20 %
glucose loading and 100 mg/kg/10 ml/day CJ-01. High-CJ: GK rats with a 20 % glucose
loading and 150 mg/kg/10 ml/day CJ-01. Non-Glu: GK rats without 20 % glucose loading.
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BohrakEL ) LEewlEz Rl 7z (TableD), 2kiz,
T-Cho & TG iz & (Middle-C)) & & H 28
(High-CJ) THELZFBH bt (p<0.05), & 561,
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Fig. 5 Changes in pancreatic insulin levels of GK rats and
CJ-01 treated GK rats after either with or without a 20 %
glucose loading. Each bar is shown as a mean value and
standard errors of six to eight animals. * Significant
difference from Control-Glu p <0.01.
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Table II Histopathological and statistical analysis of GK rat pancreas
No. of Islets SA No. of 8 cells SA

- + H# H# A | B |- 4+ H#+ ] A B
Control (n=8) 10 5 1 9 — 116 9 0 0 * %
Low-CJ (n=8) 2 2 2 19— — 9 10 6 0 * —
Middle-CJ (n=8) 1 6 2 11— 10— 5 3 10 12| %% | %%
High-CJ (n=8) 13 6 4 70— 1 — 1 0 0 10 20 %% | %%
Non-Glu (n=6) 16 4 4 61 — 2 21 5 2| xx

Numbers of Islets were calculated in each pancreas under an object-lens (X 20)
No. of Islets — : <9, + :10~14, +:15~19, ++: >20.

Numbers of g cells were calculated in a five islets of each rat.
No. of g cells —: <9, +:10~29, +:30~49, 4 >50.

SA : Statistical Analysis

A :Data (to Control) statistically assessed by analysis of U test of Wilcoxon.
B:Data (to Non-Glu) statistically assessed by analysis of U test of Wilcoxon.

— NS, *p<0.05, **p<0.01.

Cl) A > o) MHIZABELENBD LN - 12,
L# L, SAHE# (High-CJ;93+6 pg/ml) Ti3xfHEE
L C2RELUEDHEEL LR L /- (Fig
5),
6 . FIREBFIFRR

[ o> 95 BB AH #4522 19 14l o) — $8 % Table 11, Table III
o, REHRFMIRT R % Fig 6 1273, 56 DRI
AEBROFH 2T TN TOEREM ) SR 72
HREZ2IEDLLOTH S, i, Bld THEE itk L

P i S EBE Y SR LB A > 22 ) VBIE, %
LT8R 2 TURBEEENTHDOMBY N & L2, Fig
6 13IEH % Wistar 7 v b, #HARESD GK 7 M, 8
LU, ¥EARTEL, BoEHE CJ-01 #EigRS L
GK 7 v P OFEOFHEBEKBY N TH DB, GKZ7 v 2 H
WEBRRC BT, BINEOEIZEE (Control) &
WE L T T ROBICBWTLHAL» L TSI LN
%h 72 (Tablell), L L, /NED g #liz CJ-01
7 FGBICHE - TEH LRI RS Lz (p<0.01),

Table III Effects of CJ-01 treatment on morphological changes in the pancreatic cells
of GK rats with or without a 20 9§ glucose loading

A: Foam Cells B: Vitreous C: Fibrosis

v 111 I 1 P 8% 111 Im I P v m m 1 P
Control 92 % 8 0 0 32% 20 36 12 4% 12 32 12
Low-C]J 96 % 4 0 0 20% 40 28 12 64% 20 16 0
Middle-CJ] 53% 27 20 0 ** 17% 20 37 27 ** 50% 10 30 10
High-CJ 3% 40 57 0 ** 0% 17 10 73 ** 20% 20 43 17 *
Non-Glu 0% 0 0 100 ** 0% 0 33 67 ** 0% 0 30 70 **

D: Hypertrophy E: Hemoglobin F: Round cells

+ - P + - P v 1 m 1 p
Control 52 % 48 80 % 20 36 % 4 20 40
Low-CJ 56 % 44 88 % 12 76 % 8 8 8
Middle-C}] 40 % 60 73 % 27 37% 7 20 37
High-CJ 6% 94 ** 60 % 40 23% 13 20 43
Non-Glu 6% 94 ** 73 % 27 20% 13 13 53

Each result is expressed as an average of percentage in whole cells.
Number of animals ; Control (n=8), Low-CJ (n=8), Middle-CJ (n=8), High-CJ (n=8), Non-C]J (n=6)
“IV-1” appears the severity of pathological evidences described in “Materials and Methods”

“+/~" shows either existence or disappearance.
P* : Significant difference from “control”, *p <0.05, **p <0.01
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A) Wistar-Glu

B)Control

C) High-CJ

Fig. 6 Histopathological evidences on dysfunctions of
pancreatic 8 cells of the 18 week old GK rats and CJ-01
treated GK rats after a 20 % glucose loading. A) Normal
Wistar rat {Wistar-Glu), B) Glucose loading and CJ-01
untreated (Control), C) high dose of CJ-01 treated and
glucose loading (High-CJ). These tissues were dyed with
PCNA. (x20)

T bbb CJ-01 245 2B T3, $EANYEE (Con-
trol) XMEL T, KAz® (Low-C]) ¥ (p<0.05) T
b, AR (Middle-C), @M= (High-CJ) # (p<
0.01) TL BMIBE DR DER L IMHI 2 RBD b7z
(Table 1), & 51z, PEARATIRE L L T 8 Mk
EHIC S (p<0.01) IEMEAFE (Non-Glu) & H#g
LTY CI-01 ok s ricEAERFIEEHIC gl
HHEEIEH LN (p<0.01), L2rd, CI0l nEAE
B AR, WTRWE OIS, IEDEK
BV, MERARTENER Y IRT 5 L EH (p<0.01)
7 ERRAHERH b7z (TableIl, Fig. 6),

% =

NIDDM & FL#8#TH 5 GK 5 b iz CJ-01 B F
FERBKMEWE % 12 ARERNICEORS 21T 72,
GK 7 v F TROLNIBEATNIC L » C LR 5 MEEE
13 CI-01 sk FERABKMEBHYE D EREHREGIZL-> T4
AR & B A RS S, Z OISR H &K
TEHRERECBY THEIMICEELIHIER (p<
0.01) 4128 % THAD & 17z,

5z, BIbFRAIZ L - T, HEKFER. 1,5-AG &
ntEEMEn, TN PY I oEAEE DS LT, B
Ao ) MEDERLHEE (p<0.01) »CJ-01 FH
BETREOLN, L2L,GK 7 FTEEHLNLE S
MO IZCIlohEHE Y L NICESHRIC
Lo THLICEFI RN, L AHEREREEOUES
9 B g Mg E L CJ-01 #k FEMABKMBYE -
$ o TEREING Z L HATREMEBFIRBICBYTED
Lz,

GK J v }iitho NIDDM ® 7 LE# T4 3 OLETF
%> Zucker Diabetic Fatty 7 F & 13 87 1) JEAC i Ay
T, Lird, A>3 ) o uEELERE T 50" b
@ NIDDM Tl BimH & FEARRGRY & i o8 2, IR
NIDDM i3 4 > &2 ) M TR A > 2 ) > i
FRTOICKL, OB TCOMERKEZIZZABRENR
WAYE B\ I JEIRIEE NIDDM 38 4 > &2 V) > IdE
Bt e 3shn " 2onm, GK Iy Mz HAAD
NIDDM SR D B E TN L %2 T By

AFETIIGCGK 7 v o 6 Ak 5 18 M T TR
IRIEFZED LB BV AR 21T 28 X 4Th
Lol OHBBRE AL, WEBEDBET,
A A > BUN, 7V 7 F=>, BLU, &A%
m, FE, ¥ERHRICIIWEROHENED SN h -
72 WWEABAARBICEWTIL, ANBORIC I TEERH
WEHEEBELZZRRED N -2 om, B MLk
¥ B A (Non-Glu) B & ¥ A ST BB EE (Control-
Glu) Ti3 & 0 W 2D heBss 2 117z, CJ-01 Bk T4k
BRIMEHE DB SN EDOEICIIEEIRD Lk
o fzb oo, NBOHD gL RKFRIC M
L7z (TableIl, Fig.5), & & iz, AR BEE (Control-
Glu) » IEFEHEE (Non-Glu) & Hi L T, EEKZE M
RBRORH, PEOEK, WMTFEEWEN RS, S CBES
#7z (Table 1D, LA L, B4 > 32 Y > (il g B
A (Control-Glu) & IEWEEAMEE (Non-Glu) MW
THELZEL L THNAL D - 72 (Tablell, Fig.5), Z#
LOKERIE, GK Z v+ g HIFLIC B 5 ATP &2tk
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K* F 5% 2D 7L 23— 225 L COREHLT 2 5] 5 2
ILTwA IS BB 2 SETL A >
LA ) D WEENFERINL I rEMTLLNEE
2 B8 i, STHEMFNI, 5 GK Ty b oA >
a2 YT A g Mgy ADP ) Kl 7
S —CHEHEATER 7 v b &L T 50 % BUIEFL T
WA ZE, BLU, AT, S ERBROER
FOREFBEE N TS 2D ok iz, B
LoTGK 7 F OBEBMIER 7 > 7oy ZBIC B
2 MRS L R S 0B A, BRI BEREREEAVE L T
BIEA 2 ) MR AT B e A TS
W E AR L 7,

ZNE TORE L AT & T S L2 IR R IS 2
X GK 7 b o r LT, Oty \EET, S
ROBRENEMBEREZRTZ L, @7 b—r 2%k
7w, QEA YY) v IER BT, KT
N ZBOTE L, ©® 8 MMy, ©7 L a—2
CRT LAY o aEErEY NS T o
L0 R E AT 2 GK 7 v b iz CJ-01 Bk T EREK
R O SBEE® 3 4 ARESES L CHBRER
EREL,

CJ-01 e FARBK A E 38 i -5 1L WAL 12
ML RITTZENIS-AGB LU 7L M i
Whroargans (Fig.3), 707+ 3> oEE)ise
L35 & RS SO LR 2 5HE L CTh D, WIRERED
BB IZ AT 2, —, 1L5-AG ZBIRFIEOME
Wiclzmd T s, 3T %bb, 707 Y32+ 15-AG (2
MM 258 %R, ABFETIE CJ-01 58T T LY
b S B REREE & IR L ORI A L IR
BT o 72 NI R R L, 1,5-AG I3 H SRR
) 70 BRI 553800 & 4L 7 (Fig. 4), NUBEEU0 15 0 ke
i 2 BEMHlC B 2 BRINEE R L -8 T EH
TRESe D% R CI IR 2 & ol L O
BRI R - 72, L L, SRR I
7 5 % N HIH T 2 WIS RSl e s e (Fig,
2, &5, MEEAFEOBMNIC L5 2T L -7
S 5 b S A e CJ-01 5B I3 B AR BORE & 1
B LT o AOREE L% IS 2 5 17z (Fig. 3),
Z S OHNIL BEF O UBE T 38 T & 41 B R0 & ik
LCRER»THY, RFFFECHEHL 72 CJ-01 o w i
T MEE £ To MM TRAERIIRS L h - 72,
B, AR TR L 72 CI-01 #R-F SR E A E o
R, BECHEE S L REIE AR B AR S R
EoWTEY, BHETH S 10g/60 kg/600 ml i\
OB E T K L CH 5 H e ib B R B 72 &
Tk b LI L DEERD 5, AFFFEIC BV TH G 10

g/60 kg/600 ml DEIIEBEHMFOIIFTE S HckE L
Bbnb. %bb, CJ-01 BRFERBAMEHE O pE
TEERIZERICEBA T LD EEZ LD,
BHFRIC BT, SHERS TOERLIRE L TF
A v ) AMAENFERLEEIE (Fig. b) & Mgt
BRI ET LN, 4> 2 ) o FAICEL T,
IRBAHRE O IFFERGE (Table I, Table III, Fig. 6) # b
PERS L5 T Xolire 2 L0 bR TS
Thbb, CJ-01#EICLNET 7L v 2B
BEES g Ml T L CBAME SRR R
AN, 512, GHETIE g MlsE D FHE L ins 2
DN, TNHLOBERIL, SHED CI-01Ick > T
M7 MBS A > 22l o A BRI T EH
REE NS, CJ-01 tkoMiafREERICEEL T3, B
»H < DOCA L& K BEHiH T b T B RBRE M
DEEEIZNT 2 IHER 7% & Ic BB &= 7 2 DIE#ER)
RAEEET 2L, CJ-01 B TEEKSBAKMBHE D5 O
WP ET kRN ) v 7 ZEEE-EE L
Twdd, H5wIE, HREREOR EICRERYT S 2 &7
Y (P

e LT, CJ-0l R FRikEkmtaEIz GK 7 »
FOORE B HBIESRE S B3 2 ) v REL R M
TAHIEST, A2 Wi s EIEAZ &
WL E -7z, T SDPEHIZ T BBERWIZH LT
CJ-01 BT ERBUKMINE ISR TH 5 2 & 2wk
T2LNDTH 5,

i ¥

AW —HI T SCERA R 78 (A% B) (YW)
Il o TBIAbNLDTH B, KFRIZHTD, &
FEREEICL D A=y Iy (C]-01) o#ftid iz
EFL72H) AARAN A OHAFHEFICHLZRAL -
FET., F72, MRS IS R B 0
T2 (BR) BRI SRR oM B IEEEHEL L O
EBOFM 2 L T2 2w 7z (BR) BARKE AR o AR
WEHFHICEH 2L F T,
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