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The Effects in Metabolism and Adipose Tissue Inflammation Induced by
the Massa Medicata Fermentata on Obese Type 2 Diabetes Mouse Model

Sun-Ho Paik, Su-Ryun Han, Oh-Jun Kwon, Young-Min Ahn, Se-Young Ahn,
Byung-Cheol Lee

Dept. of Internal medicine, College of Oriental Medicine, Kyung Hee University

Objectives: Recent data have revealed that the plasma concentration of inflammatory mediators is increased in the
insulin-resistant states of obesity and type 2 diabetes. The purpose of this study was to investigate the antidiabetic
and anti-obesity effect of Massa Medicata Fermentata on obese type 2 diabetes mice.

Methods: In order to examine the effects of Massa Medicata Fermentata, obese type 2 diabetes mice induced by
Surwit's high fat, high sucrose diet. Mice were divided into 4 groups of ND (normal diet), HFD (high fat and high
sucrose diet), Met (high fat and high sucrose diet with metformin) and MMF (high fat and high sucrose diet with
Massa Medicata Fermentata) and investigated over 8 weeks. Diabetic and obese clinical markers, including body
weight, glucose level, lipid level, leptin concentration, epididymal fat pad and liver weights and adipose tissue
macrophage (ATM) were determined.

Results: Compared with the HFD group, body weight, fructosamine, triglyceride, epididymal fat pad weight and ATM
were significantly reduced in the MMF group.

Conclusions: From the above results, the intake of Massa Medicata Fermentata may be effective in anti-hyperglycemia
and anti-obesity by the attenuation of glucose and lipid levels and also inflammation state. Massa Medicata
Fermentata may be beneficial for controlling diabetes mellitus type 2 in humans.

Key Words : Massa Medicata Fermentata, type 2 diabetes, insulin resistance, obesity, adijpose tissue,
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1. A Mx

B3es ool gk F%F 1,000g2] il
1S 1,500m2] 80% o&hE-oll ¥l heating mantleS
o|-g-ato] 2417t &<k 7Hd FEokal o33 oods
500ml E2F~Ael applicators ©]-&30] YW F fil-
ter= AWtk Aelxl o395 Rotary evaporator
(Model NE-1, JtH{LE R @i, Japan)2 A% &
%3 & FAAZ7(Model FD-1, dintHYtEpat e
iit, Japan)= XA 54 X9 il FE255
Aol Basieleh o] HE AL 19.8%
et

2. OX| nEeSkE Alo| fE H[2RE Xl 2Y

g2 S= ZHO| XIE

23-25¢% 453 male ICR mice(TUAT 5=,
Korea)s Tfsto] 12A]7H4 w3} wlo] wrfs]
40-70%°] FE5 AL stainless-steel cage®l A 1
T ARFsl 8715 AR Bolst =2 Ay
A MRS siQlvh 1 $ ks Algd B A
el e AYS doivkal &zl Surwit's
high fat, high sucrose diet(HFD, Research Diets #D
08020201, 45 kcal% Fat and 32 kcal% Sucrose)= 8
T AAAA vREE Al 28 Ges EEnh 2
s A8 S BInd seAdseed

3]9] %91(KHMC-IACUC:11-032) Wi},

[

Al
=

w

oo

= HE 2 G A=

A3 ICR mouse 10vHH A4 (ND), iz
T(HFD), Metformin FoIT"(Met), il FoIa*
(MMF) 2.2 vhro] ZI3gsiint. A4S Alglgh v
W] 37) FE5& Surwit's high fat, high sucrose diet
E 87 AFAAIA vNHE Al 28 dalS U
t}. Metformin 5§09 Surwit's high fat, high su-
crose diet®l] Metformin(Sigma, USA)= 0.5%2] H]&
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AT 9f 57 il F7F MY Al 28 Tk

2 Ack il Folh2 19 500mg/Kg 78770l
LS 3Hksto] 5% HIE=E Surwit's high fat, high
sucrose dietol] HIEsle] 877F AT LS SFth
Zb o Mouse 17+ & 19 Ht A8 AFH dE2
ND 11.70Kcal, HFD 20.23Kcal, Met 21.59Kcal,
MMF 19.86KcalZ 574 =3Itk

IN

. AES =3
AT A ALl Hx 54 gt 5 viF 134
shRal, AEFEY v samplingsh?] e
Itk As 542 ok Al I Aol I
2 ZAAE(CAS 2.5D, Korea)2 AHE3lo] =4
2“1, 74 Al mouse®] &Yl WE AT 2
7223817 9l ek E bowlel mousesr %Eﬁ
ouse”} ?HY el o]=2] Yeh= AF
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5. &7 9525t ZAH (OGTT ; Oral Glucose

Tolerance Test) &

A ek daks A 7A 8AIRE o] =4
AR & 3 A "ddE 543§ glucose(lg/kg
body Welght)'g D.W. 01] o] AT Eoja7l oS 30
T ¥, 60 %, 90 F mouse? tail veinolA] E
= AFst] s SHTE IS strip-oper-
ated blood glucose sensor(ONETOUCH Ultra
Inverness Medical Ltd. Stockport. UK)7]7]& ©]-&-3}k
o] S74st3ith

6. XIE X A 24

A& A2 8F A mousel] Al A S Alyst
o] 3,000rppmoll A 2057 A 3 ORI S
o} -40TCef] H3F  Total Cholesterol(TC), High
Density Lipoprotein(HDL) cholesterol, Low Density
Lipoprotein(LDL) cholesterol, Triglyceride(TG) 52
Askers A AFgsigion, EAlel  fructos-
amine(glycoprotein) HAFE Al s}SlTt.

o X< 1= o
A5 A2 8FA mouses AT F IlESH
K3 A Z2(epididymal fat pad) 2 7Fe] F-A|

H

mdlof tiapIARe Az dSteel PlAls 4 (289)
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8. % leptin &8

A3 A2 8FA mousel] AgelA AEE A
3,000rpmellA] 20327 A4 & o Rige @
o] -40Cell Kst 5 AhgAde] 2JF|5te] lepting
w4tk Al 125 178 F&E QAZE leptind
leptin FEY= AFA711L, o] AFA el PEG A
NS dof AFE formolA leptin®] S S48k
olFTAN delE o] &Itk WA SAANoR
Human Leptin 125 Tubes RIA kit(USA, Linco
Research, Inc)E ©]43t] S743qlch

9. Stromal Vascular Cell9| 22|

A 222 male ICR miceZH-E A3 A2 85
A mouses E|AZ F JfEsto] Hagk A 224
(epididymal fat pad)= F3FATE Mouse &= 5
ANFH ¢k A=F2L- phosphate buffered saline (PBS,
Gibco, USA)°l 2% bovine serum albumin(BSA,
Gibco, USA)S Y2 g9 W thy 22 z7to

2 F5FTE 93719 collagenase (Sigma, USA)S}
DNase I (Roche, USA)E o] 37TelA 303t
shakedto] F#]o] F% =5 33ATh 2% BSA/PBS
o SmM EDTA% %L & L—*ﬂ *1 =t

& U ok pellet* ) €] g ‘JrUV] & AA
3tal PBS®) 2% Fetal Bovine Serum(FBS, Sigma,
USA)S ¥ &0 €& Ty 100 um cell strain-
er(BD bioscience, USA)E ©]&3t] 533k %4

S AASFL 200 x gollA] 104 e ANEE] o
O]'TJ Rolxl M3LE RBC lysis buffer(eBioscience,
San. Diego, CA, USA)°l 10:% 7+ A2, |42 &}
o] SVCE AT

10. Adipose tissue macrophage(ATM)of| CHSt
Fluorescence Activated Cell Sorting (FACS)

s

Ao F2lgk SVCE %4%01] U A
%—%—7@@% 7} AZ 106 cell EE2 243
FcBlock(20 pig/ml)(BD Pharmingen, USA)% Y120
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b H-S-A171 t fluorophore-conjugated® 12k
antibodies?] CD45-FITC(BD Pharmingen, USA),
F4/80-APC (eBioscience, USA), CDI11b-phycoery-
thrin (CD11b-PE, BD Pharmingen, USA) <~ iso-
type control antibodies?] Rat IgG2B FITC (BD,
USA), Rat IgG2B PE (BD, USA), Rat 1gG2a,k APC
isotype (eBioscience, USA)E Y1l g dEollA 20
w7F 9 AT 2% FBS/PBS S-N= A2 gt o
FACSCalibur (BD bioscience, USA)E ©| &35 &
X33} ©]% FlowJo X213 (Tree star, inc,
USA)S ©]-g3to] CD45 (+), CD11b (+), F4/80 (+)
%l macrophage?] W& A3t

1. 374 2

FAEHA vl W42 GraphPad PRISM statistical
package(ver 2.00, Graphpad software inc., San
Diego, USA)E ©|&3l3 a1, 7t o+ 7+e] H|iW+ one-
way analysis of variance(t-test)] ©]©] Tuckey’s
post-hoc test® AR HT3ISITE JJ_(Table)E]r A2
(Figure)ol| Al Z+2}+e] i]% Ht £ EFHA mean +
SD)Z ¥AFow, i AA {5 (Two-tailed p
value)t= p#ke] <0.05 %OE] HE 7Fo% sl

2

1. il S047t MBS0l DXl Het

87kl A7 Bt AT
S7FFALE 2T 87.6%2] ATl &
o] 47.4%°) AT/ B 7AUr Hl %
o f2Jgk vjvke] FEH S-S & 5 ATh(p<0.001).
2FAHE S AR G4 Sle AT
7He Hol7] Al&ae](p<0.05) °olF HAHTHEAIF7}
2] v|¥ko] FAE A THp<0.01). il Foidtd 857t
67.7%2 A5 S7He Hol TRt 10.61% A
AT 27 B ASHEE £ U9 2 Ay
WA 6727tz AR S7HE Kot 7
F2bel o] 284tz vlal] f24d e AT 5
7} A7} #2E 9 EH(p<0.05)(Table 1).

2. gl =07t HriAlo] OlX = FE&t

%79 FBSH(180.22+40.45mg/dL) A
(113.70£19.19mg/dL)ell vl8l 243 A =9k
(p<0.01). AAAOZ t)F7, Metformin FI-, jif
i T, AT £ g9 Folg HEIrh
OGTT 4%, 30% & g dxo
(399.11£79.78mg/dL)°] 7§ 31" (326.60+48.69mg/dL)
B} o8l =9kaL(p<0.05), il Folit 304
(328.10+£54.31g/dL), 60%(256.60+38.18g/dL), 90+
(201.50+26.04g/dL) F-ollA EF thxrEth ddo]
T4 A S p<0.05)(Table 1 & Fig. 1).

RuAS

Table 1. Effect of MMF on Weight and Glycometabolism of Mice Fed Experimental Diets for 8 Weeks.

ND HFD Met MMF
Initial body weight(g) 25.50+0.97 25.80+0.92 26.00+0.50 25.70+1.16
Final body weight(g) 37.60+1.96 48.40+3 43%%* 43.00+6.77 43.1143.52F +
Weight gain(g) 12.142.42 22.6743.16%+* 16.30+6.15 1 17.56£3.28 1 T
FBSI(mg/dL) 113.70+19.19 180.22:+40.45%** 180.00+35.22 156.22425.71
OGTT 30min(mg/dL) 326.60:£48.69 399.11£79.78* 380.33+30.15 328.10£54.31 1
OGTT 60min(mg/dL) 249.60+37.65 341.00495.79* 287.00+47.94 265.60+38.18 1
OGTT 90min(mg/dL) 187.5+40.54 285.22+108.85* 203.55+50.09 210.50+26.04 1
Fructosamine(mg/dL) 162.40+34.83 242.20+34.27%* 197.80+22.90 199+17.89 +

Group abbreviation : ND; normal diet, HFD; high fat, high sucrose diet, Met: high fat, high sucrose diet with Metformin, MMF; high fat,
high sucrose diet with Massa Medicata Fermentata. Significantly different between the ND and the HFD by ANOVA(x p<0.05, ** p<0.01,
=+x p<0.001). Significantly different between the HFD and the Met by ANOVA(T p<0.05). Significantly different between the HFD and the

MMF by ANOVA(T p<0.05, T 1 p<0.01).

36



M5 o) 5% ;i Folsh wRkg A 28 Py SRR tAIAS AgEd dFusd N 9% Qo)

450 1
400 A
350+
300 -
250 -
200
150 -
100 T

(1p/6w) 1190 B 594

=+ ND
—= HFD
=o— Met

=4= MMF

0 30

60 90

Minutes after glucose intake

Fig. 1. Fasting Blood Sugar, Oral Glucose Tolerance Test of Each Experimental Group.

Group abbreviation : ND; normal diet, HFD; high fat, high sucrose diet, Met; high fat, high sucrose diet with Metformin, MMF: high sucrose
diet with Massa Medicata Fermentata, FBS; fasting blood sugar, OGTT; oral glucose tolerance test. Significantly different between the ND
and the HFD by ANOVA(* p<0.05, *** p<0.001). Significantly different between the HFD and the Met by ANOVA(T p<0.05). Significantly

different between the HFD and the MMF by ANOVA(T p<0.05).

Table 2. The Biochemistry Index of Each Experimental Group After 8 Weeks.

ND HFD Met MMF
Total Cholesterol(mg/dL) 128.60+40.59 173.20+5.72* 171.294£23.09 171.00+£23.64
HDL Cholesterol(mg/dL) 121.96+11.75 111.24+6.80 131.10£11.47 T 115.04+£13.11
LDL Cholesterol(mg/dL) 5.80+2.77 11.80+2.77** 6.71£2.43 7 9.60£3.05
Triglyceride(mg/dL) 124.00£17.73 159.00+35.06 118.71£54.60 65.80+12.42 7 T
Leptin(ng/mL) 1.37+.015 1.914£0.31%** 1.61+0.25 1.616+0.19

Group abbreviation : ND; normal diet, HFD; high fat, high sucrose diet, Met: high fat, high sucrose diet with Metformin, MMF; high fat,
high sucrose diet with Massa Medicata Fermentata. Significantly different between the ND and the HFD by ANOVA(* p<0.05, ** p<0.01).
Significantly different between the HFD and the Met by ANOVA(T T p<0.01). Significantly different between the HFD and the MMF by

ANOVA(T T T p<0.001).

Fructosamine &%=+ U327(242.20434.27mol/L)
oA HAH(162.40+34.83 mol/L) K.t} 7 8h= Wk
o% 4 Qe Aol7b HEE O (p<0.01),
Metformin 0+(197.80+22.90mol/L) ¥} il -
74199.00+17.89mol/L)2 T3} vlw Al #-2]&}
A 723 tHp<0.05)(Table 1 & Fig. 1).

3. gl =07t S XEsZ0l| 0IXl= FE&
TC shv A4Teld 7P ¢, dxd
(173.20+5.72mg/dL)> ©]of| vl #-24 AA =3k

TH(p<0.05)(Table 2 & Fig. 2). HDL Cholesterol &%=
i Metformin F¢177(131.10+11.47mg/dL)I A 7}
=okom tixgtel HlE) e HATHp<0.01).
LDL Cholesterol &=+= th37(11.80+2.77mg/dL)°]|
A 7 =%om, o] AATH(5.80+2.77mg/dL)°l|
H &l 24 (p<0.01)°] U1K Table 2 & Fig. 2).

TG 5w thxard Z4T Atolel g Aol
7} A3, i 01 74(65.80+12.41mg/dL) A 7t
Z11(159.00435.06mg/dL) 7} 2] 3+ ZFo] 7} B2 Q)
THp<0.01)(Table 2 & Fig. 2).
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Fig. 2. Lipid profile of Each Experimental Group.

Group abbreviation :

ND; normal diet, HFD; high fat, high sucrose diet, Met; high fat, high sucrose diet with Metformin, MMF: high

sucrose diet with Massa Medicata Fermentata. Significantly different between the ND and the HFD by ANOVA(* p<0.05. ** p<0.01).
Significantly different between the HFD and the Met by ANOVA(T 1 p<0.01). Significantly different between the HFD and the MMF by

ANOVA(T T 1 p<0.001).

Table 3. Fat, Liver Weight and Adipose Tissue Macrophage of Each Experimental Group.

ND HFD Met MMF
Fat(g) 0.614+0.36 2.75+0.57%** 1.79£0.73 7 T 2.12+0.42 T
Liver(mg/dL) 1.83+0.15 2.13+0.32 2.11+£0.34 1.86+0.35
Adipose tissue macrophage s
% ATM) 2.49+0.43 7.99£1.56 3.00£0.82 1 T 3.33+1.24 1

Group abbreviation : ND; normal diet, HFD; high fat, high sucrose diet, Met: high fat, high sucrose diet with Metformin, MMF; high fat,
high sucrose diet with Massa Medicata Fermentata. Significantly different between the ND and the HFD by ANOVA(*** p<0.001).
Significantly different between the HFD and the Met by ANOVA(T 1 p<0.01). Significantly different between the HFD and the MMF by

ANOVA(T p<0.05).

4. it =047t X 2 ZF 27|0f| 0|Xl= BF
WA gk AWFe] FAE AEE, T
(0.61+0.36g) 7 Bl Fe Wl thzv7(2.75+0.57g)lA]
o4 Qe F7HIE B 3(p<0.001), Metformin
FOJ7(1.7940.73g) thzetell wlwake] 23 A
SRS UERLOW(p<0.01),  ildlh  Fold
(2.12+0.42g) X = GA] tizTel vlal] F24 Q=
a7t B2E A oKp<0.05)(Table 3). 7+ F-AI= i
M Fot, oz, A 2k eIt atolrt §lgl

CHTable 3).

5. el E047} leptin s=0i| O|xj= &gt

Leptin 552 7% th%74(1.91+0.31ng/mL)> %
74(1.37£0.15ng/mL)el| vI3l -S4 A 571813
Slp<0.01), IEZTIH  Metformin  FOT
(1.61£0.25ng/mL),  thE73 ik Fold
(1.616+0.19ng/mL) AlolellX= 25k xfo|7}
=] Y TH Table 2).
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Fig. 3. Adipose Tissue Macrophage of Each Experimental Group.

Group abbreviation : ND; normal diet, HFD; high fat, high sucrose diet, Met; high fat, high sucrose diet with Metformin, MMF: high sucrose
diet with Massa Medicata Fermentata. Significantly different between the ND and the HFD by ANOVA(*** p<0.001). Significantly different
between the HFD and the MMF by ANOVA(T T p<0.01). Significantly different between the HFD and the MMF by ANOVA(T p<0.05).
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Fig. 4. Fluorescence Activated Cell Sorting(FACS) Analysis of Positive Cells of F4/80 and CD11b from a Mouse of Each
Experimental Group.

Group abbreviation : (A) ND; normal diet, (B) HFD; high fat, high sucrose diet, (C) Met; high fat, high sucrose diet with Metformin, (D) MMF:
high sucrose diet with Massa Medicata Fermentata.
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6. Tl E0{7 Adipose tissue macro—

phage(ATM)o| O|x[= S5

Mouse®] ATM< UAAME EAAR] F4/80%
CD11bE Ay $17] W&ol Fluorescence Activated
Cell Sorting(FACS)= &3l CDI1b(+), F4/80(+)%]
ATME FAEH3ITE 1 A& Fig 49 Q2 AREH
of E=Astste] ATMel 9t 5 AJHE YeRigl
T} 4A(2.49+0.43%) 1 HIl UlZETH(7.99£1.56%)
AN FA Sl FEE 7 B3thp<0.001).
Metformin F%(3.00£0.82%)> thzatol vlal &
o3 ATM UAE YERH O H(p<0.01), il Foi*
(3.33£1.24%) %] ATM 53t iz Hl&)] f-2JshA
728k tHp<0.05)(Table 3 & Fig. 3, 4).
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