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(Fisch.) Bunge fermented by Aspergillus awarmori in db/db mice.

This is an open access article

Background: This study investigated the anti-diabetic effects of Astragalus membranaceus

Methods and Results: Astragalus membranaceus roots were fermented with A. awarmori for 4
days and extracted with hot water. The male mice were divided into five groups: db/m (non-dia-
betic db/+mice), db/db (C57BLKs/J db/db mice), MT (db/db + 1% metformin), AM (db/db + 1%
A. membranaceus extract), and FAM (db/db + 1% fermented A. membranaceus extract). After 10
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cited. cose levels and lipid content.

weeks of treatment, we measured the body weight, food intake, and blood glucose, hemoglobin
AI1C (HbAlc), plasma insulin, adiponectin, and transaminase levels. Oral glucose tolerance test
was performed and serum lipid profile was determined. As expected, the AM and FAM groups had
significantly reduced body weight, fasting glucose, lipid content, and HbAlc, transaminase, and
serum insulin levels, and increased serum adiponectin levels.

Conclusions: Therefore, based on these research results, 4. membranaceus extract and fermented
A. membranaceus extract can be used to prevent and treat type 2 diabetes by reducing blood glu-
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Aoz d#HA Utk (Kwon et al, 2020). F=H-
2} ed 94%—?‘%‘11 ANE St ﬂga A5
=l 107 Uehh= Qled HoEd
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374 gle= Qlal WAk, BTt
sl ledo] AlXo] AUE F¢
AGdS YeEPAT (Lee er al, 2019).
= Aol F7de] B-cellolr] EY=He 28

A AEQD 25 B AERACA Zgo] Fhas)
Uehhs @402 Ql&ed Aol Al a=H dxx
oA IET o]&o] 7 HIL ThoX= T Ao
ol Aol A7t =olR A Hh (Wilcox, 2005).

I AEE Q8 A QeEd B9k I 2do] F8
s, ARgEE AT 9 Askle @ Ealel dejsks a4
5 Aot =22 2871 wet dEed FHIEIA
(sulfonylurea), X=9 S5 A|AA7|= o-glucosidase 13l
A, 7l M 2= AT AAA| (metformin)s o2 575 o]
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ABASE A /)5 sk, 54, AFF7E L A 5 o
o Fejel age ety 2ed gk Kim e dl,

2016). wepr] FaRgo] Ao Py 24 895 UeRE A
ALl #Hilo] Eol= FAolth

87] (Astragali Radix)= 32 (Leguminosae)ol| &38h= T}
AR 2EANEZ AN [Astragalus membranaceus (Fisch.)
Bunge] = =37 (dstragalus membranceus [Bunge)
var. mongholicus Hsiao)®] Beglo|n] 3| & A| At A3
o7 R o] &= ATt (Liu er al., 2011). 3=,
=, dEo] A fy H o7t dF Aol EAE]
o] o, Ut e ds A, AT S5 A &
oA Auf =L ATk (Jegal e al., 2019).

3719] of|eHy SR Ak, U A8 2 I &
ol Bil oAUt} (Bae et al, 2007; Kim, 2019; Lee et
al, 2020). 37] % e Ay sk
isoflavonoids, saponin, polysaccharide, ©}7]x=Ats} wjgrda
o] A8t olgt sl9hE F astragaloside¥} calycosin,
formononetin 5] tHE Al AE o2 Uef# St} (Zhang er
al., 2019). 37]e] 23}EoI0E saponinAlBe] F2 S
astragaloside I - Vo] 2314, Zhou & (2020)2 FxHo=Z
frakE mhe-2ol A 87)9] ALEY ARl astragaloside VOl
oate] ASIAEH A AR vEY fE AE APES oF
SIAIA Bare] M-S WAL Barstelt)

T TE 71 il
7-6-p-D-glucoside, formononetin-7-c-p-D-glucoside (ononin)
2 v] wlgA AJE<? calycosin, formononetin®] EA| gL
A 9o, vluldA] isoflavonoid’t BIEA] isoflavonoidi
o AW Foroll aHom deiAd Ut o] A AEA
Al 32 (phytoestrogen)® = A EEZ7 7} 324 fAbs}
o] TR Al HAER AREAL Tt (Kim ef dl,
2020).
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Q.
AEo AYSHELS
7 & Jrt. p-glucosidaseS
Aspergillus awamoriz ©]-8-31] 7]
G710l ANk wigA 7F AhAskar vluA]|
Qo BI3IHT (Lee er al, 2020).

meEpd 2 Al A29 P e® 8 db/db mice
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1. Az
B Aol AE-E &7 [Astragalus membranaceus (Fisch.)
Bunge]= 5 AFA 3d222 HFAIF (Kyungdong

Market, Seoul, Korea)ollx] +¢] slo] H&Z15H &=z}
SHl oRgAETolA ERl F ARl 7] Eel AR
& #FE FHEIATY BaTEEAF A 2
Aspergillus awamori N60247& A3l oM, #9] REE Wl
A2 potato dextrose agar (PDA, Difco Laboratories Inc.,
Detroit, MI, USA)YE ©]&-3ed 30ToIA 5 U7+ %3t wjekst
U AHsd9es ARl

2. | FE= Y UGS

271 BE st i B F @71 (Vision
Scientific, Co., Ltd., Daejeon, Korea)s ©]&3}] EH3l30S
), ¥ 7] Bl Lee 5 (2020)2] WHI SL3HA Al
ZH Aspergillus awamoris BET THS 1% st 30
T 2% incubater (VS-1203PFHLN, Vision Scientific,
Co., Ltd.,, Dagjeon, Korea)ollX 4 47+ wtg % 80C %A
235 7] (deep freezer, llsin BioBase Co., Ltd., Yangju,
Korea)oll Al 24 A|7F 5AAZ & FZAAZ7] (freeze dryer,
Iksan BioBase Co., Ltd., Dongducheon, Korea)ol|A] 72 Al
AR F FEE AEE AREEA

7] AE 9 2asr] A8 100 ol AAG 1 L E H7t
S} ultrasonication (Power Sonic 420, 50/60 Hz, 700W
Hwashin Co., Ltd., Seoul, Korea) & 60TColA 1 AJ7F 2
3] WHE F&3%F 3 Whatman No. 2 A E o]-83le] of3}
Azl 3, rotary vacuum evaporator (BUCHI Labortehnik
AG, Flawil, Switzerland)S ©]83}e] 50C o]slollA 7t
otk 55E FE2 41X (freeze dryer, lksan
BioBase Co., Ltd., Dongducheon, Korea)s 53l Es}slo]
A3 2o|2 ARSIt
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F¥ o] 7 C57BLKS/J-db/db mouse
(DooYeol Biotech Animal Inc., Seoul, Korea)E ¢ 3l
AFAZ A F F 5 MR AT (db/m), 279
Z< (db/db), %HMZ;L [db/db + 1% Metformin (MT)],
71 [db/db + 1% 7] FEFE (AM)], a7 [db/db

+ 1% PR F= % (FAM)|S.2 Weglon 7t o)) 10
ulE) ] wigste] 10 77 AES Yt

FEAYA) A2 AL 2% 220 + 1.0C, = 500 +
10.0%E AR, BF7|9 45715 12 A7 1Mo =
Z43sAk AlBE 712 AR (AIN-93G Purified Rodent
Diet, Zeigler Bros Inc., Gardners, PA, USA)ol| F&=&E2
1% E3ste] AlRE ZAsle] 2o|& AlFsisitt. Af7IZt
Bk 2ol 2 Algh glo] HAES sigler AT At
5 AFEE g IAS Ak 715 sEAE
HiedAek] SEAE32 U3 (NAS-202008)2] 591

oF 91 EZAAAM whe} ST,

J{.l

=13
=)

4. A3, 20| Uz 53

AZT AolgHge AP B4 wF
@3].01011] )\lo]MvzHa];_O_ o];q A]—f’i —‘gg%k

o] ML =AY 2o ES-L oldle] Tl wel A&

Body weight gain (g/day)
Food intake (g/day)

efficiency retio (%) =

5. 3% g s
g 4 F PHoR 2 W SHYOY HPFES 6
ARE AH 5 megHoznY W4 ddo] AYSAY

(Accu-Check Active, Roche Diagnostics GmbH, Mannheim,
Germany)e °©l-&ato] 35 A €35 45

6. 472 220l BAL (oral glucose tolerance test, OGTT)
A3 A1F 5 A AREES 12 A AAAA Y A
oA st} FEA] S 589 5, 2 gkgo] glucose
= ARSI 30, 60 % 120 ¥ F FFEH7) (Acew-

Check Active, Roche Diagnostics GmbH, Mannheim,

Germany)g °©]&3l] IS SHATE W5 AAll mE
g Wk WA (AUC; area under the curve)
S (2003)°] ¥ ol&ate] ALt
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297] (EasyAlc, Infopia, Anyang, Korea)s AF&-3lo] Fald

B2 (HbAle) ¥4 AHgataon, UmA A¥e 4T,
2,000 pme] ZZA 10 27+ AR sl 9o Bajs
of BeksH AR FHL A% ARZ g3t Bl A
F 24 Azsel JYAGF Pz F FA FR2 A

i

3L FAIE S48
%! adiponectin &

} Ul insulin %+ mouse insulin ELISA kit (My-
BioSource, MBS038565, San Diego, CA, USA)E AR&-35}o]
SAEAY. ded AIFdES 5437 91T homeostatic
model assessment of insulin resistance (HOMA-IR) A ¥+

. g FUW insulin

oo
mﬁL

glucose 5 % #d FEE o] &ate] AAEATH
Adiponectin & %=% mouse adiponectin ELISA kit (R&D

systems, MRP300, Minneapolis, MN, USA)S AM&-3}39S
AP Azl wet FaE A

HOMA-IR = [Fasting glucose (mmol/ £ )
x Fasting insulin (z0-U/mé)]/22.51
9. ¥l XA U o4 & M
AR F dojzl EHES A A3lsHEA] 7] (BS220,

Mindray, NewYork, NY, USA)E ©|&3lo d35<]
?l TC (total cholesterol), TG (triglycerides), HDL-C (high
density lipoprotein-cholesterol) % LDL-C (low density lipo-
protein-cholesterol)2} 7+ &4 A R|3%<l AST (aspartate
aminotransferase) % ALT (alanine aminotransferase)s =7

stk

SESE

10. SHIX2]

Ad Ayl= Hod ¥FUA (means + SD)E HERSL
o, 7 AgAde] tidt FAEAL SPSS 25.0 program
(Statistical package for social sciences, version 18.0, SPSS
Inc., Chicago IL, USA)S ©]€3}9] One-way ANOVAS 4
A%t ¥ Duncan’s Multiple Range Test (DMRTHS AR
Bind 7# A7) Fo8S 5% FEolM ASEA (p <
0.05).
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1. ASSIEE L A0 gF el OIxl= Hat
2 AoM AREE db/db PR leptin®] BlolE <l
oA, BiRk Qled A, ¥, a1EddF 55 UEF
= A28 g 2doltt Min et al, 2011). 2717+ &
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B3] FEE=2 AXS o] Al wE db/db P29 A 2lo] Bgo] Ao| Yrl= Rt 4 F o= FEIY)
Z W3}, 2Jo] AFHS Table 191 YERHATE W3S =43 472 Table 20 YeRNSIT

AASES AP A2 Al AT B 217 £ 04 g, A A Az 2 ot 368.0 mg/de = H|S=gE RIS
Yt Hat 42-450 2 YEPgon A¥o] IPLFE A 4 FARE o] AeEion, ol A AMEE db/db
Aot AAH o= zﬂwOl 7kt APEE Al db/dbato] P20 leptin EA] AR AP O R A3 HGFFo| K
TAE 547+£28¢g, 7] FEE 9 2| FEFE Aol WEIJSS & F AUk 8 T db/dbit 4 59 HwEkR
o AT 747F 527+ 1.8g, 5144332 % db/dbt ¥} Bl & o, 536.8 mg/dl oA 582.5 mydl = FTFsIl o AF
sHS of, }“Zl‘ﬂ fFolde vERA] ettt 10 72 B9 4 X @9 27 Bl Al AMTR2 5573 mg/de oA
o] A= %7} H):sk A7 FAMZo] 8.1+34g9% TR 514.0 mg/dl, FAMS-S 495.0 mg/dl o)A 469.8 mg/de & ZHA
Ao 10}04 ZA F7F =AUt e Ueton, FdELe MT (4713 + 285

2ol AHFE db/meETt db/dbte] FoHo® =A U mydl) Boh 93 Y A 29E eI
Efgomn o= g =4 = shjel trlo g <13k Ao 7 A28 Wae Xgsls o g A I sHAE B
5 2= FEFo] o AlE WA o]&alA] &ste] ¢ £3fo] IS 2P Ao AEE 2FEQ metformine
Yz 7= 34S 2Hst (Lee er al 2012) 2lo] AJF o] biguanide AIE= 7378 dF sk F 7Hlr T=T F4

7k o= ddEn. v ) FEE (AM:L) 2 2 A El] ¥7 2L 9
7] F2E FAMT) Fol9] Ao] A3 db/dbatel vl 1 et (Golay, 2008).

sl =us e AoE dY

ato] frefapAl ashe Bt ok 7k Zﬂ?r S/ 4 upeba] gy FEE0] MTEH] AR @935 v
o] AT ANE Aol F&o] A AALoA fFold A Ehllo] MAEEA B A5 =S & JloE ddHEn.
ojflo] el bA] eisith & AN 7] FE= 9 URS
7] FEE AolE el BaE 1% AlSEUie v d% 3. 3 G Fol HAIM o] Big)
< JAskE Aol e Ao A HIAYrh e W 29E A4 98 AF Aol 34 5
A F I=Y 2 gke)ys ATFA F 30 &, 60 &, 120
2. @]l 0|Xl= Hak E 8F glucosed] L =43 A= Fig IAQ} 7},
29 FEZ FLE db/idd PR2olA BEasy) FEEe I £ 30 # Fo BE Ay o] HUAE
Table 1. Effect of extract from Astragalus membranaceus (Fisch.) Bunge fermented by Aspergillus awamor on weight gain and food intake
in db/db mice.
db/m” db/db” MT? AM? FAM”
Initial body weight (g) 21.7+0.4° 45.2:+0.8° 42.6+0.9 43.7+0.5" 43.3+1.5°
Final body weight (g) 27.8+1.7° 54.7+2.8" 51.5+3.3" 52.7+1.8" 51.4+3.3
Body weight gain (g) 6.1£1.4° 9.5+2.8° 8.0+4.5° 9.0+1.3 8.1+£3.4°
Food intake (g/day) 2.7%0.1° 5.9+0.2° 4.9+0.4 5.6+0.4" 5.3%0.6™
Food efficiency ratio (%) 0.24+0.2° 0.14x0.4° 0.08+0.6° 0.11x0.4 0.1x0.5%

Food efficiency ratio = weight gain / food intake. "db/m; normal control group, ?db/db; type 2 diabetic control group, *MT; db/db mice + 1%
metformin, YAM; db/db mice + fed with 1% extracts of Astragalus membranaceus, *FAM; db/db mice + fed with 1% extracts of Astragalus
membranaceus fermented by Aspergillus awamor. Values are means = SD (n = 5). "Means with different superscript in the same column are
significantly different at 5% by Duncan’s Multiple Range Tests (DMRT, p < 0.05).

Table 2. Effect of extract from Astragalus membranaceus (Fisch.) Bunge fermented by Aspergillus awamor on blood glucose levels in db/db

mice.
Blood glucose (mg/de) db/m" db/db? MT? AM? FAM?
0 weeks 96.0+3.0° 372.6+46.7° 359.0+19.4° 368.4+37.3" 372.6+35.3"
4 weeks 144.4+17.2° 536.8+22.52 550.1+38.8 557.3+21.32 495.0+13.3¢
8 weeks 124.6=13.7¢ 582.5+16.4 471.3+28.5¢ 514.0+41.6" 469.8+28.0°

Ydb/m; normal control group, db/db type 2 diabetic control group, ?MT; db/db mice + 1% metformin, YAM; db/db mice + fed with 1%
extracts of Astragalus membranaceus, FAM; db/db mice + fed with 1% extracts of Astragalus membranaceus fermented by Aspergillus awamor.
Values are means = SD (n = 5). "Means with different superscript in the same column are significantly different at 5% by Duncan’s Multiple
Range Tests (DMRT, p < 0.05).
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YERO ™ db/dbetS AlQleh A 60 &+ 54 Al 8
Fo] ke A4S JERIR Y db/dbtS 120 ¥7H &=
S7H gdo] ZAaERA] g9kt 120 #ollA db/dbte] 9
& 5724 mgdt & YERH A3} Blaste] 7] FEE B H
F87] FE2EL T3 AMT FAME zH2t 5194 mg/de,
473.8 mg/dt & Jehfo] ddF|7t st g ERIT

olglgh d9 ¥k WgS I WS HE (AUC)LE A=
slo] ¥lw3d A3}, db/dbt2 1,617.2+ 164 AUCogrr. MTT
© 13860472 AUCorr AMiE FAMZ-S ZH2F 1,505.1
£473 AUCoqr. 14402+ 522 AUCoqro2 VheERst

ZFo] Eafoll Hofsle B4 F o|FHE WIRE oot
GrslEo] 7ol 7FY WA 28-Sk &A% a-amylase
o e IdIH=E Talstal vrskEe] Ash g wiA
GACIN Exgoz HIAI|E= o-glucosidase”} =5k
(Hwang and Han, 2007). ©]2]gt E455 H|ZAASA7|H
o] Hall7b A= grslEe] S5 Alojste] A% 9
7 &3t A1 5 Sl

Park & (2009) ZZolA EEste] 42 3gE &
calycosin®] o-glucosidase®] &S A5t JFd= 5L
et siem 3715 SR Aspergillus awamoriE
o83t a3t A2E HEH7]9 flavonoid S 4
3 Az} B9l calycosing] $HFo] 718l By
Aot (Lee et al, 2020).

olggt AHE Folo] e LWEY 79 7)o vuigA
EZ2Q! calycosin &30] Zolx|x WHEdy| FE2ES HAE

749 Z7FE calycosin ¥3©] a-glucosidase As|A| 2 2t

(A) —t—db/+ db/db  =e=MT
i, 1, /] i 4 V1
700

600
500

400

300

Blood glucose {mg/fdL)

200

100

0

= =2/ Do
FozM TuT UL skl AF Y ot 45
A WAL MEA A FROR HEAA DBYF

Tsue weight (g)

FEE, ) FZEZ AT 2] HFA= Qe
i

93k A3 Fig. 20 eI

=
=
o AL ES el vuasis o, 7k, e A F

M Liver
d O Epididymal fat
cd
C
be b

B B B

a
15

db/+ db/db MT AM FAM

Fig. 2. Effect of fermented Astra%;alus membranaceus (Fisch.)

(B)

AUC {mg * minfdL)

Omin 30min 60min  120min

1300

1500

1200

800

600

300

Bunge extract on the weight of liver and epididymal fat
in db/db mice. db/m; normal control group, db/db; type
2 diabetic control group, MT; db/db mice + 1% metformin,
AM; db/db mice + 1% A. membranaceus of extracts,
FAM; db/db mice + 1% A. membranaceus fermented
Aspergillus awamori of extracts. Values are means + SD
(n = 5). "Means with different superscript in the same
column are significantly different at 5% by Duncan’s
Multiple Range Tests (DMRT, p < 0.05).

db/+ dbfde  MT AM  FAM

Fig. 1. Glucose tolerance test of db/db mice fed on fermented Astragalus membranaceus (Fisch.) Bunge extract. (A) Oral glucose
tolerance test (OGTT), (B) Area under the curve (AUC). db/m; normal control grouF, db/db; type 2 diabetic control group, MT;
us

db/db mice + 1% metformin, AM; db/db mice + fed with 1% extracts of Astraga

membranaceus, FAM; db/db mice + fed

with 1% extracts of Astragalus membranaceus fermented by Aspergillus awamor. Values are means = SD (n = 5). "Means with
different superscript in the same column are significantly different at 5% by Duncan’s Multiple Range Tests (DMRT, p < 0.05).
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A7 B folsH S71ekint. B SRjelAIA QlEd A
o= gk 7] vlist veRdths A3 (Harris, 2003)
9} v)wsle] C57BLKS/J-db/db mouse BE=R g oA 7+e] H]
st JeP=E 2SI

Zre] FAIL 7% db/dbatell Blste] P9l MTko]
12%, 37] 325 T3¢ AMTS 24.5%, 2837 355
FoJ 0l FAMT-S 35% FFo8 W 2. Fug
A kel A= db/dbt BIwEtlS wl, MT- 20%, AM-
16%, FAMRE 22% 74asiglen 7] 58 9 dasy| 5
= AR st 74 midisie} Foargk Aol FA| Tha

o &35 vehdE Slssit

5. &% glucose ¥ Insulin S0l OXl= 215¢

A&EdS A B-cellolA] A5 FHEE 2207 do]
Z7FH S EujEd) EujE dede 28 9 ko] U2
A x5 X 2 S oAlsl g 24dd &
oabm gk, A oA AL BelE oAlsle] XA
07 giAb FPolME Fash S st ol#st Qe
71%50] Agtelo] led Aol Yehhe 79 3ol A4
skal AUlelA] lede] zhgo] o]FX|A] got aRlETd
o] YeRdTia d&A Atk (Wileox, 2005).
g e7] FEE0] A28 B rheolM EF glucose, QI
A 2 eded A A A F HOMA-IRE] FXkol t]X]
qeS AR A= Fig 33 2tk AME (350 £ 0.6
mmol/ £ )& FAMT- (264 + 0.8 mmol/ £ ) 2% T thza2l
db/db- (40.6+ 1.2 mmol/ £) Bt} EZF glucose F=7F <]
sl 7Hastglon, 53 FAMTY 79 MT (32.0+06
mnol/ £ )3} ¥ Aloli= FejF oz 7HAE9T) (Fig. 3A).

FAM#2] &% 9&d FEE (6.5+0.0 mlU/ L) db/dbd:
(15.5+0.7 meU/ £ )ell vlste] dAsHA Holgom A=<l
db/m (5.3+03 mlU/ L) FFo = 3EHT} (Fig. 3B). &
3l o1& A4 X FQ HOMA-IR®] A% FAM=Z}
AMT-Z db/dbt @} HlaLste] o807 Fiaeke HdE o
ERiSlth (Fig. 30).
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Fig. 3.

Effect of fermented Astragalus membranaceus (Fisch.)
Bunge extract on serum blood glucose, insulin level
and HOMA-IR in db/db mice. (A) Blood glucose level,

(B) Insulin

level, (C) Homeostatic model assessment of

insulin resistance (HOMA-IR). db/m; normal control
group, db/db; type 2 diabetic control group, MT; db/db
mice + 1% metformin, AM; db/db mice + 1% A.
membranaceus of extracts, FAM; db/db mice + 1% A.
membranaceus fermented Aspergillus awamori  of
extracts. Values are means = SD (n = 5). "Means with
different superscript in the same column are significantly
different at 5% by Duncan’s Multiple Range Tests (DMRT,

p < 0.05).
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Fig. 4. Effect of fermented Astragalus membranaceus (Fisch.)
Bunge extract on HbA1c levels in db/db mice. db/m;
normal control group, db/db; type 2 diabetic control
group, MT; db/db mice + 1% metformin, AM; db/db
mice + 1% A. membranaceus of extracts, FAM; db/db
mice + 1% A. membranaceus fermented Aspergillus
awamori of extracts. Values are means = SD (n = 5).
"Means with different superscript in the same column are
significantly different at 5% by Duncan’s Multiple Range
Tests (DMRT, p < 0.05).
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(Kadowaki ef al, 2006).
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Fig. 5. Effect of fermented Astragalus membranaceus (Fisch.)

Bunge extract on serum adiponectin level in db/db
mice. db/m; normal control group, db/db; ?pe 2
diabetic control group, MT; db/db mice + 1% metformin,
AM; db/db mice + 1% A. membranaceus of extracts,
FAM; db/db mice + 1% A. membranaceus fermented
Aspergillus awamori of extracts. Values are means = SD
(n = 5). "Means with different superscript in the same
column are significantly different at 5% by Duncan’s
Multiple Range Tests (DMRT, p < 0.05).
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Ao 3 f ALEAT =
d2~HE (low density lipoprotein, LDL-C) FXA&
(triglyceride, TG), SZd2EH|E (total cholesterol, TC)2| 3
Aol F7tH A A=A EY ZYEE  (high density
lipoprotein, HDL-C)2 7+4&3HAl 1t} (Xiao er al, 2016).
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E 9 133y FE2E A €S dolRyA @ Yl A
A9 TC, TG HDL-C, LDL-CY T&EE =X3 Axk=

Table 33} 7t}

g4 U TCY HEE db/dbaollA 2787 + 357 mg/dl &
UERYe] db/mit (128.0 + 6.6 mg/dl) ¥wsle] felahd =
7Vshe 748 YeRItE db/dbatollr F7hE TCY sEE
AMSE (2293 + 9.9 mg/dl), FAM:* (183.0 + 36.4 mg/de)ellA]
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TGS ¥EE db/mit (87.7 +2.3 mg/dl)H T} db/dbit (133.3
+6.7 mg/dl)yellX 7kt o, FetiEl MT (122.0 +
1.2 mgdt)zt 7] FEES F93 AMT (120.0+10.1
mg/dl), Ha¥r] FEES FoIgk FAMT (108.0 +4.6 mg/dl)
M= oA ZAaTS e 58] HEdY] FEET
A1 db/dbtol] BIE FolshAl ask AEe JeRAh

HDL-Ci= ExXZ|02HE 710z FH2HES M6
o Gz o8 AR FY2HE] FAE Tk bt
W, HDL-CE= Z4&3tA "o (Oh er al, 2019). db/dbit
(126.6 + 6.2 mg/deyzt VW3S o 7] =55 2 Las
7] &5 HF= sty ZHzt AMZE 176.0 + 7.8 mg/dl,

FAMZE 191.7 9.3 mg/dlES JeRyo] §-oJsM Z7ske &
M=
LDL-C®] 7% db/ma (182+0.3 mg/de)el H|3l] db/db
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(395.0+102.8 U/ £ )l H]ate] FAMsE (238.5+36.7 U/ £ )l
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Table 3. Effect of extract from Astragalus membranaceus (Fisch.) Bunge fermented by Aspergillus awamor on serum lipid profile in db/db

mice.
db/m" db/db? MT? AMY FAM®
TC (mg/de) 128.0%6.6 278.7%35.7° 207.3%+20.1° 229.3%+9.9° 183.036.4°
TG (mg/de) 87.7+2.3 133.3+6.7¢ 122.0+1.2° 120.0+10.1° 108.0+4.6"
HDL-C (mg/d0) 117.4%1.12 126.6+6.2° 192.9+15.1" 176.0=7.8" 191.7+9.3°
LDL-C (mg/de) 18.2+0.3% 46.8%2.5° 34.2+3.3° 24.8+0.4% 26.7+2.7%

TC; total cholesterol TG; triglyceride, HDL-C; high den5|ty lipoprotein cholesterol, LDL- C low density lipoprotein cholesterol. Ydb/m; normal
control group, db/db type 2 diabetic control group, ?MT; db/db mice + 1% metformm YAM; db/db mice + fed with 1% extracts of Astragalus

membranaceus, °

'FAM; db/db mice + fed with 1% extracts of Astragalus membranaceus fermented by Aspergillus awamor. Values are means +

SD (n = 5). "Means with different superscript in the same column are significantly different at 5% by Duncan’s Multiple Range Tests (DMRT, p <

0.05).

Table 4. Effect of extract from Astragalus membranaceus (Fisch.) Bunge fermented by Aspergillus awamor on serum transaminase in db/db

mice.
db/m" db/db? MT? AMY FAM®
AST (U/ £) 131.0+13.2° 368.4+30.7" 409.7+98.3¢ 330.9+33.9° 298.0+13.9
ALT (U/ £) 28.5%5.2° 395.0+102.8° 407.6+88.5¢ 257.0+38.9° 238.5+36.7°

Ydb/m; normal control group, db/db type 2 diabetic control group, ?MT; db/db mice + 1% metformin,

extracts of Astragalus membranaceus, °

“AM; db/db mice + fed with 1%

'FAM; db/db mice + fed with 1% extracts of Astragalus membranaceus fermented by Aspergillus awamor.

Values are means + SD (n = 5). "Means with different superscript in the same column are significantly different at 5% by Duncan’s Multiple

Range Tests (DMRT, p < 0.05).
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