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The Effect of Magnolia Bark on the Metabolic Inflammation and Insulin Resistance of
ob/ob Mice

Hyo-jae Kim. Eun-ji Kim, Young-hoon Ma, Yang-hee Han
Dept. of Internal Korean Medicine, Dong-Shin Hospital of Korean Medicine

ABSTRACT

Objective: This study was undertaken to investigate how magnolia bark extract affects ob/ob mouse in terms of metabolic

inflammation and insulin resistance.

Methods: Leptin-deficient ob/ob mice were divided into 2 groups (n=5): a normal saline treatment (=control) and magnolia
bark treatment. Wild type mice were the lean group (n=>5). After 5 weeks, we measured fasting blood sugar (FBS) and conducted
oral glucose tolerance tests (OGTTSs) in each group. After 6 weeks, we measured body weight, epididymal fat pad weight, liver
weight, serum glucose, serum insulin, and gene expression of tumor necrosis factor-a, interferon-y, and interleukin-6. We characterized
the phenotype of adipose tissue macrophages (ATMs) and analyzed fractions of the phenotype in each group by flow cytometry.

Results: In the magnolia bark group. fasting blood sugar, oral glucose tolerance levels, and insulin resistance (HOMA-IR)
were significantly decreased. The population and proportion of ATMs among leukocytes in adipose tissue were significantly decreased
in the magnolia bark group. The population and proportion of M1 type ATMs among ATMs were significantly decreased in
the magnolia bark group. Gene expression of tumor necrosis factor-a was significantly decreased in the magnolia bark group.

Conclusions: These results support a positive effect of magnolia bark on metabolic diseases such as insulin resistance and

metabolic inflammation in leptin-deficient ob/ob mice.

Key words: magnolia bark, ob/ob mouse, metabolic inflammation, insulin resistance, ATMs
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E#b0] ob/ob OFP22| ChAKY HE2} el&2l Mol ojXl= &

Ellciess 55( Hk, #5F Ekﬂfm:—k JUEAERE, R
TR o8l &\ R WA AbEo] AA
Aol B, B, WAL IS #iste A=
HIRE ZpAle] Wk Mg o ¥ ohz e
g Zole &35 el Hloloh [EM Magnolia
Bark)2 52 3}(Magnoliaceae)oll &3 3w E-al
JE4M Magnolia officinalis) == 9-¥-E#(Magnolia
ovobata)®] 32, MkE H, H¥Est HEel 9l
o], fTR., Hi¥ MR 25 S /AR KR A

H, EEERE st ‘%‘%"ﬂ Je] 2o}, meha
HEka wgte g g HARSFEe] A5 8l
oA K= At HiE A3y, RS &
SA7IEE BA0E S8 4 gin 23y oA
7 Al E B o] 43 AFE Folle wRte
2 s A ﬁ%’% e’ Aol vA=
of el B3t A+ %i)i‘;}.

€8

eI S =

olol & Az F-fAA A
mouse)"ﬂ E‘*l‘ FE2ES AT

494, A2A o WAL vig, A2
9 9zuest d-E ) A Sl W
38 BAHAL et B FIT 23S 2

1. Axel H=

JZFM Magnolia Bark) 1000 g& 80% <l&k& 1,500
mlell ¥¢], heating mantleel A 247+ %<t 7}ds}
o] 3&3 % applicators ©]&3led 500 ml =2}
239 ¥ filter2 Aefwict. 23l FHE rotary
evaporator® AZA 7|2, =4 Axd Eff —r%
5 AN Bzl Efbe] HF a1
5.68%<c}.
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s 3 BRA|Fo| CHe oI

2. MslEE9 FH|
Aol = 6 GAA o] A3 e F4A19
44 oz e el AYS Jehl:= C57BL

/6J-Lep ob/ob mouse(FA 3 5E, Korea)o} 3

427} e EE ofA3 el C57BL/6J mouse
(FAAFEE, Korea) S o] &3ttt 55739 A
HF5ES st 3 40~70%9 $57F FA=HH,
vt o] 1241744 wHj =& 3t M 15797 A
3] A58 AR F, 2537 ob/ob mousedt| A

e A Eelshe %}U] A3 A
7 AF=EE 3

Table 1. Composition of Diets

Nutrients iclatie
amounts (g)
Casein 22.0
L-Cysteine 0.18
Corn starch 50.0
Maltodextrin 75
Sucrose 10.0
Cellulose, BW200
Soybean oil 4.0
Lard
Mineral mixture S10026 4.0
DiCalcium phosphate
Calcium carbonate
Sodium bicarbonate 1.0
Potassium citrate 0.4
Vitamin mixture V10001 1.0
Cholin bitartrate 0.2
Total 100.28

3 AT HIA 2l o4 A=

opA & 2] 5271 C57BL/6J mouse 57l AA
Z(lean group)o 2 wjAsIG ., A=FAA A
< yellE= C57BL/6J-Lep ob/ob mouse 57}e] 4
< dlx=F(control group)2}t EAPEo](Magnolia
group)ell 72 sl stsich A 8F FHEH, dx



ol A4S 19 13] 800 mg/kge] S
6'71“7\} AT Tolslelal, BT Fell= EAb
=5 1¢ 13 800 mg/kg«] %—"‘*Oi 67t 74
Folatoleh. A Gt EAb FEEY] Fo

4 ¥} (oral zonde) % o] -39 3, Fof
L g oA AFstsdnt

25t ZAKOral Glucose Tolerance Test,
0GTT)
fEFo] 5F Fof| AFFTES tail veinollA A
Fsk dol o= strip-operated blood glucose sensor
(ACCU-CHEK Performa. Australia)7]7]2 o] &
ated S Akl
ARTES A7 ¢ FAA &
@‘4 AN AF kg T 2 g9 EET
Weoll o 7t AgFE] 7
37—. 60% & 90% = 1208 ¥ 53‘4*% A8kl ok

[
NEEE *lﬂ B), NEEs z‘a%}(mg/ol)gi 5}

ofgl] WAL ] Absle] AUC area under the OGTT
curve) 3t& F3ich

S i Bt Y S
BF 6AZHeE FAA17]2, tail Ve1n°ﬂ’ﬂ o
< A & dF& A2, Ultra Sensitive Mouse
Insulin ELISA Kit(Crystal Chem INC. USA)E
o]g3te] ed T=E A 3t AT T
% e %‘-E—% 7} 12, HOMA-IR(Homeostatic
model assessment of insulin resistance) & ©]-$-3}o]
ded APAAE AAstade. HOMA-IRS 559
TAE o83
HOMA-IR =26x%
<% (ng/ml) +405

AI'U

A @ (mg/dl) <354

Az - 227 - DG E - 5123

6. XIZUZZ0|M 7|ZMZ(Stromal Vascular Cell,

SVC)el 22

Phosphate buffered saline(Gibco, USA)el &3t
g+ 2% bovine serum albumin(Gibco, USA)£E- o]
A 5B AF3 LAtz s 9L oL
1~2 mm® Z7|2 A2, collagenase(Sigma, USA)
9} DNase I(Roche, USA)& o] #4413 & 100
um FEHE B EA > Axzs A,
1000 rpme.2 387 A Ee] st 859 pellet
< phosphate buffered saline(Gibco, USA)ol| &3}
g+ 2% Fetal Bovine Serum(Sigma, USA) £-<fei
Y, 100 um filters ol4-3te] EZ3 %
AN2F A AT F 200xgol A 108 Fot YA
of 3}5ol ®ol AN EE 731

7. X[Y=A L HAMZo| CHS
Activated Cell Sorting(FACS) =44
Cellometer(Nexcelom Bioscience LLC. USA)ell Al

550 Azl A 2|3t 71AM| 29 7+ A&

Fc Block(BD Pharmingen, USA)< 1:1009] v &=

YWy 1087 9HA170 B, fluorophore-conjugated

antibody S ¥ &9)olA 2F3Arel 2 3087F ul

SAFih vbso] B3 3 2% FBS/PBS £

A sk 1500 rpm o2 587 A& sk, FACS

tubeell #7 FACSCanto(BD bioscience, USA)ZE

EAE s, 7 AHE EHZE Flowdo(Tree star, inc,

USA)E o83t dAAZS vES £
CD45-APC(Biolgend, USA), CD11b-PerCP Cy5.5

(Biolgend, USA), F4/80-FITC Cy5.5(Biolgend, USA),

CD1lc-phycoerythrin( CD11b-PE, Biolgend, USA)

= antibodyZ AHE-8lATh

Fluorescence

8. AIL=Zl0fAM RNAS| =2

FeRel 63 5 AYELE AN S )
o L
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E#b0] ob/ob OFP£22| ChAMY HEZ} ol&dl Mol OjXl= &

RESEARCH, CA, USA)E ol4el¢ RNAZ %)
skt
9. G3Y A FHA el 2N

AlWkzA o A Tumor Necrosis Factor-a(TNF-a),
Interferon-y(IFN-y), Interleukin-6(I11.-6)¢] A=}
7 A EE RS dolry] 98, AT A o
AL A4 F8ES-(quantitative Real time-polymerase
chain reaction, qRT-PCR)& A13)3}i=k. ¢RT-PCR
o] A complementary DNA(cDNA)2] A=
Advantage RT for PCR Kit(Clontech, USA)E ]
$3lde}. 7 uhol A3 primerd] 97 A9
Table 29} 23, GAPDHS Housekeeping gene-
2 Akl

A2 w8 BAML DS Software 2.4(Applied
Biosystems®, USA)E o831, o|FA 42 2474
o] A Atell A3 threshold cycle(CT)%< EF-la
71%2 2 Relative Quantitation(RQ)%k .2 3HAlSH
%, fold change#ts AAFstsich fold changedh<
AATE 12 A3t oo gt oz 3hale}
o ZA|8kSH

Table 2. Primer for PCR

RNA Primer

5 -TTCTG TCTAC TGAAC TTCGG
GGTGA TCGGT CC-3’

TNF-@ o _GTATG AGATA GCAAA TCGGC
TGACG GTGTG GG-3~
Ny O-ACTGGCAAAAGGATGGTGACS
5 TGAGCTCATTGAATGCTTGG3
1Ls 5 -AACGATGATGCACTTGCAGA’
5" -GAGCATTGGAAATTGGGGTASS
cxpp 5-AGTCCATGCCATCACTGCCACC-S

5-CCAGTGAGCTTCCCGTTCAGC-3

10. EA &AM
Z7 £42 GraphPad PRISM statistical package
ver 2.00(Graphpad software inc., San Diego, USA)
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U pRA7 (R0 CH 17

= haJ

£ o] &3, 2 & 7+9] ¥|XE one-way analysis
of variance(ANOVA)ell e]e] Tuckey's post-hoc test
2 AE AR A7 A e HA+EFLA)
(meantS.E)E ZEAsG e, ok AA f9=
(Two-tailed p value)& pgkel <0.05 ¥4 W&
71Eo 2 3tk

m. & =

oFE Fo] 55 3 AANG AR Al A,
2 A vlE 35 A (p<0.001), 308 &
(p<0.001), 60% =(p<0.001), 904 3(p<0.001), 120
B 3(p<0.00D) ] ddo] BF fo5HA &9kar, AUC
(area under the OGTT curve)®] = Wz
57.642+2,329.96 2.2 AA-2 21,738+674.87¢ ®]3]
FJ3HA EH(p<0.001). FANEFA S 2ol
Hlal, FEA1(p<0.01). 308 F(p<0.05), 90F-3(p<0.05)
Erto] Wby, AUCY #E 445412257812 =
ol wla] o3 2keh(p<0.01) (Table 3, Fig.
L, 2).

Mo

Table 3. Oral Glucose Tolerance Test of Each
Experimental Group

OGTT (mg/dl)

Lean Control Magnolia

0 min  96.6+2.04 325.2£22.08%** 246.2+9.98%
30 min  257.4+10.88 541.8+15.46*** 456+24.68%
60 min 200.4+12.25 517.6£34.31%** 416.8+38.46
90 min 154.8413.62 483£26.80*** 341.2+31.93%
120 min 127.44751 432.8£59.46*** 295.2+19.16
AUC 21,738 57.642 , 44541
+674.87  £2,329.96°*F  +2257.81%
* Significantly different from lean group (*** p<0.001)

# Significantly different from control group (# p<0.05,
#4 p<0.01)
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Fig. 1. Oral gucose tolerance test of each experimental
group.

* Significantly different from lean group (***
p<0.001)

# Significantly different from control group (#
p<0.05, ## p<0.01)

Serum Glucose (mg/dl)
[~
=

=

o4

8x10%

6x10%

4x10%

AUC of OGTT

2:104 4

0 .
Lean Control

Magnolia
Fig. 2. Area under the OGTT curve (AUC) of each
experimental group.

* Significantly different from lean group (***
p<0.001)
# Significantly different from control group (##
p<0.01)

)3t qle A 3FA A}
A “]1—;1‘—'7"’] FEHHFBG)S 378.4£19.97 mg/dl
(p<0.001), 5541 d5 & (FSD < 6.34+0.25 ng/ml
(p<0.001), HOMA IR< 154.65+11.49(p<0.001) & A
Aol wls oA w=oket JEAMR 9] FBG
= 291.6£24.77 mg/dIE W 2FLEG 595 2ok
32(p<0.05), FSIE= 5.70+0.47 ng/mlz ++9]8t Z}o]
7} 911 A%, HOMA-IRE 103.82+5.572 o &7l
il foJsAl wkek(pd0.01) (Table 4, Fig. 3).

BN - 212K - OIYE - 212t

Table 4. Fasting Blood Glucose, Fasting Serum Insulin
and HOMA-IR Level of Each Experimental

Group
Lean Control ~ Magnolia
FBG 157 378.4 291.6
(mg/dl) 1104 £19.97%%F 224777
FSI 0.97 6.34 5.70

(ng/ml) £0.09 +() 5% +0.47

B 9.91 154.65 103.82
HOMAIR - agpggee 55777
* Significantly different from lean group (*** p<0.001)

# Significantly different from control group (# p<0.05,
## p<0.01)

2001
*kk

1501

HOMA-IR
=
T

an
(=]
1

0 .
Lean Control

Magnolia
Fig. 3. HOMA-IR level of each experimental group.

* Gignificantly different from lean group (***
p<0.001)
# Significantly different from control group ( ##
p<0.01)

2. RIYZA L BoiH|zel w3
1) Fluorescence Activated Cell Sorting(FACS)
A

(1) CD45
W8 (white blood cell, WBC o FEIYoE o
AXE CD45E 71 AlZSE Bzl 959317292
+1,282.030.892 AAF2] 2.214.969.81+296.931.61 X.c}
FrI3Al SAEHp<0.001). JEANRIZelME 857323170
+872.864.842 tZ27HEE Aot BAA fo4d>
sladch(Table 5, Fig. 4).

M
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Table 5. Immunocytometry of Adipose Tissue Stromal Vascular Cell in Each Experimental Group

Cell type Marker Lean Control Magnolia
WBC  CD45 (+)  221496981+206.93161 9.598.172.92+1.282.030.80°**  8573.23L70+872.86484
ATM gé/flob ((++)5 006.20258+13020L98  5.834.019.42+67L.604.36°*%  3.479.038.36+443.330.10°
ML ATM  CDllc (+)  138.14058+22.08406 355142301357 246,147  1362.632.98=179.650.61%

F4/50 (+).
ATM  CDIIb (+) \ .
B eD () 11464311 64.10:8.23 11224415

(%)

D1l (1)

ML ATM  /F4/80 (+), 15.30+1.06 62.69+7.68%+ 30.55+2.85%

/ATM(%) CDI11b (+)
(%)

WBC : white blood cell. ATM : adipose tissue macrophage, M1 ATM : M1 phenotype adipose tissue macrophage

* Significantly different from lean group (* p<0.05, *** p<0.001)

# Significantly different from control group (# p<0.05, ### p<0.001)

8x105 4
: @ dekeok
4 6x10° 1
3 5 "
L O 4x10° 1
cD45 v
o
[se]
g S 2:10°
A;W -_'_j'-;'_.':' 4 s ﬁ )
0_
ﬁ ﬁ Lean Control Magnolia
th L Fig. 5. The number of F4/80 (+), CD1lb (+)
coite Fa/80

. . . . cells in each experimental group.
Fig. 4. Fluorescence activated cell sorting of adipose b group

tissue macrophages. * Significantly different from lean group (***
p<0.001)
(2) F4/80. CD11b (## Spjggigéc)antly different from control group
AukxA o) A4 E (adipose tissue macrophage,
ATM)ell Eo]¥al Ex)212 otel7l F4/803} CD1Ib" S (3) CD1lc

7H A EE A 2FelA 5.834.019.424671.604.362
2 AAE 906.202.58+130.201.982.HF frol3HAl ok
(p<0.001), EAMF el M 3.479.038.36+443.330.10
o2 gzFre FoI8H A4 Aok (p<0.05) (Table 5.
Fig. 4. 5).

736

CD1lex WA ES] classic activation THAIQ]
MIgeA wage zuchlgz oex oot
CD1lcE 7Hl MEE] $= d2FellA 3,551,423.01
+357,246.142 A2 138,140.58+22,184.06 8.5}
SJaHA| B(p0.001), JEAMRA M E 1.362.632.98
+179,662.612 2LRE F-25HA A eH(p<0.001)



(Table b, Fig. 4, 6).

5x10° -

4x10° ] ookl

3x10° 4

CD11c+ cell

2x10° +

1x10°

0 .
Lean Control

Magnolia
g. 6. The number of CD11c (+) cells in each
experimental group.

Fi

* Significantly different from lean group (***
p<0.001)

# Significantly different from control group
(### p<0.001)

2) fE"—*.*ﬂz«l ¥z
) MRT F WAL W
ZH] WYL CD45 A AE FollA F4/805%

CDIIbE 7F M Z7}F AR ek vl & WEEE
A B A3 2ol A 64.1088.23% 2 AT
oMl 41.46+3.11%5 oI5 =k 3(p<0.05),
EfpEo] Lol e 41.22+415%2 HZ2ZET +9
A Yrakeh(p<0.05) (Table 5. Fig. 7. 8).

Lean Control Magnolia
43% 76% 59%

]—> CD11b (Gated in CD45+)

Fig. 7. Fluorescence activated cell sorting of F4/80

(+), CD11b (+) cells in CD45+ cells in
each experimental group.

F4/80

BN - 212K - OIYE - 212t

£ 807 *

+

2

O 60+

O

-~ #

+

2 4041

o

O

& 201

o

L

I o

Lean Control Magnolia

Fig. 8. The percentage of F4/80 (+), CD11b (+)

cells in CD45 (+) cells in each experimental
group.

* Significantly different from lean group (* p<0.05)
# Significantly different from control group (#
p<0.05)

(2) AAAE F MIE A Z u)&

gAA £ A2 F4/80, CD1lb A A=
ZollA Mg HAMNZE Yepl = CD1le 4 Al
7} AA s vlES WEEE AAlE B Ad
22 62.6047.68% 2 AAES) 15.30+1.06%3cF
28l =9ka(p<0.001), JFANES 2 30.55+2.85%
2 2R A $keh(p<0.05) (Table 5,
Fig. 9. 10).

Lean Control Magnolia

% of Max

1%

\—' CD11c (Gated in CD45+, CD11b+, F4/80)

Fig. 9. Fluorescence activated cell sorting of CD11c
(+) cells in F4/80 (+), CD11b (+) cells
in each experimental group.
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E#b0] ob/ob OFR22| ThAKY HS2} el&2l May

£ 80, e
P
O 604
© #
&
S 401
<t
w
I 204
Q
3 o
Lean Control Magnolia

Fig. 10. The percentage of CD11c (+) cells in F4/80
(+), CD11b (+) cells in each experimental
group.

* Significantly different from lean group (***
p<0.001)
# Significantly different from control group (#
p<0.05)

3. G93d SH A e 2Y

1) Tumor Necrosis Factor-a(TNF-a)

WA APl BRI F dAAEE EA3HA7) 2,
gA3}t =AM EAAM BuEH7| = 3= TNF-a
o] W35 ohetny] $sl, AWzA A 4 SVC
ol A TNF—a«l W AsE ZAsy, EftFdL
I 2Ll A SAT FoERE AL dg
fold changegt& AXFEIHT. I A3}, dzTolA
13.19+1.272 AA=lA 9] 102£0.0482 5 F-2l3H)
EX(p0.001), JEANFAZAME 830+0.642 =
3o oA Pekek(p<0.05) (Table 6, Fig. 11).

Table 6. Gene Expression of Tumor Necrosis Factor-a,
Interferon-y and Interleukin-6 in Each
Experimental Group

Lean Control Magnolia
TNF-a  1.02+0.04 13.19£1.27%** 8.30+0.64%
IFN-y  0.98+0.02 6.72£0.94***  4.81%0.31
IL-6 0.98+0.01  3.78+0.95* 3.24%0.55
TNF-a : Tumor Necrosis Factor-a, IFN-y : Interferon-y,
IL-6 : interleukin-6.
* Significantly different from lean group (* p<0.05, ***
p<0.001)

# Significantly different from control group (# p<0.05)

758
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Lean Control Magnolia

Fig. 11. Gene expression of TNF-a.

* Significantly different from lean group (***
p<0.001)

# Significantly different from control group
(# p<0.05)

2) Interferon-y(IFN-y)

AN EE ST LS B
Ato]l 270l o2 ezl [FN-yo| W3tE dolr 7]
s, ApzA A A2 SVCoAA IFN-ye] i3
AEE SA3NA L, EiFd 23 gz 34
g o2 HE Aol W3t fold change Fhs 7l
Abstdeh, 1 A} 27 6.7210.942 AATY
0.98+0.022.¢F F-9J3HA =3k (p<0.001), EApF
T+ 4810312 RFLREY Wtoy EAA &+
2] ek (Table 6).

3) Interleukin-6(IL-6)

A3 AA EAAM EulEE G5 AlelE
7helel IL-69] wWsts dolr 7] e, AHbzA¢|
Al AL SVCAAM IL-69 ¥d A=E 243197,
EAMFA 3 2ol AT oz iy A4
ol W3 fold changezt& AAletsich 1 Az
22 37820952 AAM-9 098i0.01i‘;]' 9
A X (p0.05), [EAMFALS 3240552
ZFHY wokovt BAA fo4 3 UK Table 6).

N, o #F

vt A& d77h APHHA, vtoz 3



HJézi(ectopic fat deposition) & 7H&3}Fskar, Ak
Az 232 Asstn)’ AA EA ofe 2A}
o) E7}Al L n|AAPA 0 7 B A7 B3] 29}
ZAo gl 43 F HAHEE TNF-q
IL-6 59 9434 A}OIJPM AZIIAE £
atod, Bl 2] AA el A F3F] o}t EALO| B
7hle] HH|EEF dl=d, ol EAFo| BRI

sl A ES] Hfo] oS 7MEEE e Az
A YoM H2S ZZAF|E dedhe] dojudt
gt AkzAY ) AA) E(adipose tissue macrophage,
ATM)E ABAE AZEW 2 2& f43te
HE A ded A s FEEk, A 2
Do e 22 do mepa Aubzs
YA M Eol| o3t FFTube JAEE AL HEt
o2 gt A Az oAuks} X 8o F83
koot

ofl off

grolstel| M= wluks I, k] Wl Ao R o

s 3o} R, Kol AAE AL nuk A 2] EA o
o, @I ko ® Qs R i, WAL cie] W
#op AL wEto g <3t fAEE s FAA
9] 9x}& el =z Alel7lz] T3 )

Y o]l:]- uebA grejstel A wlgk X A
g Z8E | ¢y, vRtoz Qld $ukE WAL

Ao Az} ohe xR,

i

B o] AR A RIR AR EEER
2 Q3 W3] de] 2ejmz nintd} ngto R

|
e JAEFEY] Az KRS A E
e saste], wete JAWAE A3 A &
07 A 4 gl oo R JEFRY] Al
FH-=5e] & Obovatol, Magnolol, Honokiol,
-O-mrthylhonokiol 5= #9243 A4S

ety iAo o AR EAhe 01%5& d

U - 22K - OjgE - g2t

JEAol A 323 obovatol?] 89 &Ie} g &

A7 Sl glglont, nivte g gitwl

WA 953 ded AFA vl gk o
g HyE ¢ldleh

Aol A143F ob/ob mouse: 6¥1 G A 2] &

FAA e G4 Sdu o)z} WAy ste] wigh w9l

=2
9 5 ;_z e AYEE 2

F ool 7‘]‘3“1]:‘7-91 77} F7}
317] Aztele, AE 4F Axr) HH vededd
Zo| FAsA vepdgl, Ao AP A4
213“’4% WH7)%59 oA, d3t Aske WA F
Alell 38kS m2]7] W&o, ob/ob mouse EH->
Tﬂ"??—?:—" Z7|HA M W] A== AA &
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