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Effects of Rhei Radix et Rhizoma on Insulin Resistance and Adipose Tissue
Inflammatory Response in High Fat Diet Induced Obese C57BL/6 Mice
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ABSTRACT
Objectives : The purpose of this study was to investigate how Rhei Radix et Rhizoma affects on insulin resistance and

adipose tissue inflammatory response in high fat diet induced obese C57BL/6 mice.

Methods : Obesity was induced in C57BL/6 mice by high fat diet for 12 weeks. Models were divided into 3 groups (n="6)

of normal diet, high fat diet (HFD), and high fat diet with Rhei Radix et Rhizoma and investigated for 12 weeks. We
measured body weight, FBS and oral glucose tolerance test (OGTT), serum insulin, homeostatic model assessment-insulin
resistance (HOMA-IR), weight of liver and epididymal fat pad. Inflammatory markers such as adipose tissue macrophage
(ATM), tumor necrosis factor-a and interlukin-10 and CD68 of epididymal adipocyte were determined to evaluate the effect of
Rhei Radix et Rhizoma on adipose tissue inflammation.

Results : Compared with the HFD group. we observed loss of body weight and epididymal fat pad weight, improvement

of glucose level and HOMA-IR, reduction of ATM and gene expression of TNF-a, CD68 in the high fat diet with Ehel Radix
et Rhizoma group.

Conclusions : This study suggests that Rhei Radix et Rhizoma has effects on insulin resistance and adipose tissue inflammatory

response in high fat diet induced obese mice.

Key words : Rhei Radix et Rhizoma, insulin resistance, obesity, adipose tissue inflammation
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C57BL/6 mouse2l X|gt=x

Rhizoma)-> v} 3}l 43 ohdA) £29 Rheum
palmatum L. & Be|Z7|2 A3 3o A T3}
o] AHg-3tsict.

2) &=

19~21 g9 653 male CO7BL/6(FAAHTE,
Korea) & 7o ked, 1241204 w3t Rhe] mivf=w
40~70%2 F=7} A%< stainless-steel cageol
A 1FQ2 A5 44718 AR, Helg 2
<= ZH’T A HEF 3.

3) Aot 9 7]7]

Zr%& A9k o 2 = phosphate buffered saline(PBS,
Gibeo, USA), bovine serum albumin(BSA, Gibco, USA),
collagenase(Sigma, USA), DNase I(Roche, USA),
Fetal bovine serum(FBS, Sigma, USA), RBC lysis
buffer(eBioscience, USA), Fc¢ Block(BD Pharmingen,
USA), CD45-APC Cy7(BD Pharmingen, USA),
F4/80-APC(eBioscience, USA), CD11b-phycoerythrin
(CD11b-PE, BD Pharmingen, USA)E A}-&-3loidh.

ZA4& 88 AH-E 7]71& rotary evaporator
(Model NE-1, ®up¥ft2m&it, Japan), 572
7127](Model FD-1, Hm¥ b8tk \grit, Japan),
A2 & (CAS 25D, Korea), strip-operated blood
glucose sensor(ONETOUCH Ultra Inverness Medical
Ltd. Stockport. UK), Ultra sensitive mouse insulin
ELISA kit(Crystal Chem INC, USA), cell strainer
(BD bioscience, USA), Mini RNA Isolation IITM
(ZYMO RESEARCH, USA), cellometer(Nexcelom
Bioscience LLC. USA), FACS LSRII(BD bioscience,
USA), FlowJo ZZ I3 (Tree star, inc, USA),
Advantage RT for PCR Kit(Clontech, USA),
7900HT Fast Real-Time PCR System(Applied
Biosystems®, USA), SDS Software 2.4(Applied
Biosystems®, USA), 7184 n]x $-417](GraphPad
PRISM statistical package(ver 2.00), Graphpad
software inc, USA) S AH&-3}gic).



Z2F 1000 g2 W3H(Rhei Radix et Rhizoma)<
1500 mle] Fiel Yol X7t 7tEFEs
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Table 1. Composition of Experimental Diets.

14,000 rpmel A 2087+ 941 £2]she] AHA o
78ttt o AANE A4 02 ime AH}AE
HAA i3} sl on, AH-E wj7kA] 70 Cell
Bslolc). o e 3‘4? 21.3%°1 ek
2) 3AM Ao] i wwk 58 2o Az}
AAds A 25 Al 60% fat diet
(HFD. Research Diets, D12492) 5 1257+ A3

A wlekE 3o (Table 1).
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FAEE

Normal Control Rheum
Casein, 30 Mesh (g) 22.0 25.85 25.85
L-Cysteine (g) 0.18 0.39 0.39
Corn Starch (g) 50.0
Maltodextrin (g) 75 16.15 16.15
Sucrose (g) 10.0 8.89 8.89
Celluose, BW200 (g) 6.46 6.46
Soybean oil (g) 4.0 3.23 3.23
Lard (g) 31.66 31.66
Mineral Mix S10026 (g) 4.0 1.29 1.29
DiCalcium Phosphate (g) 1.68 1.68
Calcium Carbonate (g) 0.71 0.71
Potassium Citrate, 1 Hs0 (g) 0.4 2.13 2.13
Vitamin Mix V10001 (g) 1.0 1.29 1.29
Choline Bitartrate (g) 0.2 0.26 0.26
Sodium Bicarbonate (g) 1.0
Rheum (g) 5
Total (g) 100.28 99.99 104.99
Normal : normal diet
Control @ 60% fat diet
Rheum : 60% fat diet with Rhei Radix et Ehizoma
3) AT A I AT AF 2 Ao 12577 AFsIES o
Male C57BL/6 mouse 67}2]4-& A AH(normal). 4) A= %"é
W 2 (control), 3} FoF(Rheum) &2 731 A F MA Lol Hx 24 3 & AYPF
o Xj}?) - AT A 24 L5 60% fat 2949 12—r}%ﬂ a2} sampling}7] Aol &4 319
dietE 12577+ A Wﬁ v A2y FRHE A oh AF EAL o AR FH Aol dPHoz
W) dj3t B2 HFDo| wske 5%9] v& AR EE AHEste] SAsR oM, 34 Al mouse®]
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A Qe e AF LAE i3] & E=t
~¥ bowlel mouseE 28%¥ 1, mouse’} o+ A
o o]z e AFE 715310
5) 737383 K oral glucose tolerance test, OGTT)
AT 23sl Aake A" 11FA 1227 o)A
AAZ]L & 5 A s AT 92, glucose
g/kg body weight)Z D.W.ell o] 7 FofA|
o3 308 £ 60 3 90 3 1208 ¥ mouse
ail veinell A} AL AF 3] S A3
-2 strip-operated blood glucose sensorZE ©]

=

OPT&ﬁr\i@ﬂlJ

shel 27 shoirt
6 A4 A4 2 W% A6 ¥ = 54
al

Jed A4 HOMA- IR# °]i’“6}°4 ZA5k3
oh A AE 12FA 12417 o] FANZ F
Al d 2 inguling 543193, HOMA-IR>
=2 FAE o] &3t Aol

HOMA-IR =3-233H(fasting blood glucose) (mg/dl) x
FE<le3 (fasting blood insulin) (ng/ml)x0.0717225161669606

dF e’ v AL Y8 AE Az 1274
A& tail veinell A dE AF3 oS, 4 TellA
2,000 rpm o2 2048-7F YAl st dAS Fe3)
ook 84 &2 Ultra sensitive mouse insulin
ELISA kit& ]£-3le] ZA313it}. 96well antibody-
coated microplatel] insulin standards ¥ MZ% 5 1l
A B oy 4 TollA 2417 ¢k dhAIA v
52 MA & anti-insulin enzyme conjugate® Z+
wellell #5817 3087F A2 M vEEA A o] &
72 MA E enzyme substrate solutions ¥
40%-7F vF-EA1 7] B2, reaction stop solutions ¥
1053 ELISA reader® o] £3tod 450 nMoll A
J

Ad A1z 1254 mouseE 3AAIZ F ) Ea)
of B3l x4tz 4] (epididymal fat pad) ¥ 7+¢]

&
OE_. wn mlm
£
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C57BL/6 mouse2l X|gt=x

T N Este] Fagk AukzAE AF s Mouse
o7 BE AF3 A=A phosphate buffered
saline o 2% bovine serum albuming &33+ £
o] Y& o1& round shape scissorE o]-4&ke] 1~2
mm Z7]¢ 2 7R FH3t of7]e)
collagenase & DNase IS o] 37 TelA 2087+
shakedled Z22le] H4 = =5 3}3ict. 2% BSA/PBSell
5mM EDTAE ¥ 9L 7 tubed] ¥ 4>
o, 250 imIEHE S HA g2 AWERAE 4
H oL 1,000 rpmo2 387 LAlEe sheddh
A9FA| E (adipocyte) 7} E&E A NS AFol=
£ o] &3] B8 oL =9 pelletS A3
w2 A& A A3}, PBSell 2% fetal bovine serum
< 533 o Y2 o2 100 pm cell strainer
£ o4t Eded A& A7, 200x gol
A 103 St AR e FHLe Boldl AlxE
RBC lysis bufferell 103 7+ A=, dAEe] 3l
Stromal vascular cellE =3t}

9) Awkz2lo|A 2] RNA #=

AF A2 1254 mouseE 3 F s B3}
of Hud AutzAE Fesle] dFuE Yo
RA] Al&3HA A3k Aol H7b B3k & RNA £
A7HA 70 Teoll BAstsiet, Az o4 2] RNA
2l Mini RNA Isolation II™'& o]g-8tsich
B3y AEAE 57 o tubee] ¥ o
7lel ZR RNA buffer 300 p¥& &£53 o2,
homogenizerg o]-§-3te] 225 FHstsot. 14
H z2o] 271 tubeE 1.000 rpmell A Al E=] 8t
& A=dS Zymo-Spin I columnel %713 o] =
2 ml collection tubedl Z-& o} 2,000 rpme& 1
7+ 4228l Columnel RNA wash buffer
350 plE FFsla 137 YAl Ee st 23] A3
%, columns 1.5 ml tubeell $7 %2> oh, RNA-free
HF35te] 1,000 rpmez 94 £
A7) A7t

°b°

water 50 pl&
slo] HFH o2 RNAS $78 F
A =70 Coll ®3Ashedo),

10) Adipose tissue macrophage(ATM)ell =&t



fluorescence activated cell sorting(FACS) £4

2wk A ol A] —‘?—F/Ifﬂ SVCZ cellometers ©]&
st AE $5 ZAT L 4 AEL 10 cell 5=
2 2A9d. FcBlock(ZO ng/mhE 1:1009) w2
Y31 1087 9H5-A170 2, fluorophore-conjugated
=l antibodies?! CD45-APC Cy7, F4/80-APC, CD11b
-phycoerythrin® ¥ 2F3AFe] oA 2087 k%
XA 2% FBS/PBS 4402 AlA3 v+, FACS
LSRIIE ¢]&3te A} o] F FlowJo T2
@& o]83ke] CD45 (+)<l macrophage Z CD1lb
(+), F4/80 (+)4] macrophage?] HAMEZS EX3Ich

11) ‘E’f—ﬂ'% _P]_;q;(]_ ala u}\J

A8F A £ TNF-o, IL-10 @ CD68 A<
WE A2 AN AR JAA AT
(quantitative real time-polymerase chain reaction
:qRT-PCR) = ol-8-3te ZA3t5iet. qRT-PCRe
A ¢cDNA9 A2 Advantage RT for PCR Kit
& olg3tsint. AWzA A F23 1 uge] RNA
o OligodT¢} RNase-free H,0S ¥ 70 ColA 2
F7F vke-A171 o2, 10 nM dNTP, Recombinant
RNase Inhibitor, MMLV Reverse Transcriptase,
5X Reaction Buffer® 27 Y1 42 TellAl 60+,
94 CellAd 584 dbSAIFS. JAAE B3 e
A Z+2+2] complementary DNA(cDNA)e| 2x SYBR
Reaction buffer, primers, dH,02 &3&3led 7900HT
Fast Real-Time PCR SystemE o] &3}l =
Fubs-& Ak A #d EA4E SDS
Software 2.45 o]-&-3fe] -2 7+zke] f-A Aol gt
threshold cycle(CT)%= GAPDH 7]F2.2 relative
quantitation(RQ) 7S 2HAks & fold change?t
< Axksleh A H fold change?ts AATS 12
A sted olel djdl Fhoz FHAkste] ZA|BIA

12) 54 24

EA8 v w82 GraphPad PRISM statistical
packageE |83l 2 + 7] BIAE one-way
analysis of variance(ANOVA)el| o]e] ’I‘uckey's post-hoc
test2 7158loieh. Z(Table) 2t 23 (Figure) oM 2+

7+ $A= HA+EF 9 AHmeantS.E)E EAF O
), okl AR 89 = (Two-tailed p value)= pgtel
0.05 &Y d & 7|Fo2 sl

m. # =

1. M350l D[xl= &

Ay Az 125 F 279 AF 41794051 ¢
2N AAEY] 26.70+0.75 goll wlsl F-o)skA 7}
atod wuke] FEEHATH(pC0.001). A3 FeoF>
35.53+0.86 g= WETol ws AFZ7b} o8
A A = 5H(p<0.001) (Table 2, Fig. 1).

Table 2. Body Weight of Each Experimental Group.

Normal Control Rheum

Body

. 26.70£0.75  41.79+0.51* 35.53+0.86*
weight (g)

* Significantly different from normal group (+ p<0.001)
# Significantly different from control group (¥ p<0.001)

th
i

.
=
E 3

Body weight (g)

T

0

Normal Control Rheum

Fig. 1. Body weight (g) of each experimental group.

* Significantly different from normal group (* p<0.001)
# Significantly different from control group (¥ p<0.001)

2. BT 2R dAl| Djx= dgt
F2 A Hoe g 22 (111.83+2.44 mg/dl) o)

A

AE(77.13%5.04 mg/dl).‘i‘:]' 94 A =k
(p<0.001), H3<-(101.80+3.02 mg/d)= HZzLoll
Hl& fol3HA ek (p0.05). 308 ¥ ¥ dx
(379.6735.66 mg/dl) o] A3A4(227.88+18.19 mg/dl)
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we} 214 A FARHEO00D, A= 28780
22 AT 5
o) 2 (406.50425.58
me/dl) ] HAT(196.88£6.29 me/d)el Wlste] )
A 97 ESET(pC0.001), H%7(23440£1068 me/d)

+13.14 mg/dlE 2Ll B3
A= okt 60E T P

C57BL/6 mouse2l X|gt=x

£6.12 mg/d) 2o} #2414 °l71] =432 (p<0.001), =

37(174.00423.23 mg/dl) 2
‘5:1';}‘4'(1)«) 01) 120'1‘ - bﬁ o‘:

Ztel wlal f-oj3H
o 27-(299.17+41.84

mg/dl) o] AAF(128.386.23 mg/d) Bt 214 Al
=0k (p<0.001), 3F2(153.20£15.37 mg/dl)< o

Eﬂi—?i\:} oA A Fkeh(p<0.001). 90+ Zol w8l ot £ 29H(p<0.05) (Table
2 o) 27-(362.83+40.65 mg/dl) o] AAR(159.63 3, Fig. 2).
Table 3. Oral Glucose Tolerance Test of Each Experimental Group.
Normal Control Rheum
OGTT (mg/dD)
0 min 77.1345.04 111.83+2.44%** 101.80+3.02%
30 min 227.38+18.19 379.67+35.66™** 287.80+13.14
60 min 196.88+6.29 406.50+25.58™** 234.40£10.68%#
90 min 159.63+6.12 362.83+40.65*** 174.00423.23%
120 min 128.38+6.23 299.17+41.84*** 153.20£15.37%

* Significantly different from normal group (## p<0.001)

# Significantly different from control group (# p<0.05, ## p<0.01, ### p<0.001)

g

=
s

Blood glucose (mg/dl)
g &

8 Normal
@ Control
i # Rheum

g

0 30 &0 20 120
Minutes
Fig. 2. Oral gucose tolerance test of each experimental
group.

* Significantly different from normal group (*** p<0.001)
# Significantly different from control group (¥ p<0.05.
# p¢0.01, *** p<0.001)
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3. 35 Al 2€ ¥ €5 stk sl MY
doi| 0jxl= S
2] FEAFS 11533428 me/dlz A4

9] FE584 64.88£1.64 mg/dlel HIEH $ 5HA
A3 ek(p<0.001). W3 Fod o] FEE §7.40
£7.00 mg/dl2 2ol w5 ﬂ—@ﬂ Aol 1
o 3HA ‘ﬂzﬂﬂ‘”‘;} p<0 01)(Table 4, Fig. 3).
fx7e % A4 rE 1.49+0.14 pg/dlE
A2 (.80+0.11 ug/leﬂ k] T%}ﬂl A=)
AeH(p<0.001). ¥ FoiFe] 3 J&d 2=
1.090.17 pg/dl2 W 2Fel vlste] <7t 3]
o} folgt Aol ¢ialeH(Table 4, Fig. 4).
z72 HOMA-IRS 12.35:1.312 AA9
3.67£0.50¢1 w8l foJshAl Adskalek(p<0.001). o
3} BoJ 9] HOMA-IRS 7.021.422 o) 27l H]
sl f-oJahA 723k eh(p<0.05) (Table 4, Fig. 5).



Table 4. Fasting Bloo (FBG), Fasting Blood Insuli nd Glucose (FBI) and HOMA-R Level of Each Experimental Group.

Normal Control Rheum
FBG (mg/dl) 64.88+1.6 115.33+4.28*** 87.40£7.00 %%
FBI (ng/dD 0.80+0.11 1.49+0.14*** 1.09+0.17
HOMA-IR 3.67+0.50 12.35+1.317%** 7.02+1.42%

* Significantly different from normal group (*** p<0.001)
* Significantly different from control group (¥ p<0.05, ** p<0.01)

_ 1507 * Significantly different from normal group (*** p<0.001)
% % % %
é —I— a4 154 *kk
3 ] T
S =4
% — 101
= 501 <
2 >
2 o s
N i : : -T—
: Normal Control Rheum
Fig. 3. Fasting blood glucose of each experimental ) . :
group. Normal Control Rheum
* Sienificantly different from normel group (%% pC0.000) Fig. 5. HOMA-IR of each experimental group.
# Significantly different from control group (¥ p<0.01) * Significantly different from normal group (% p<0.001)
# Significantly different from control group (¥ p<0.05)
2.0
% e 4, -‘?—1% R|ez=2lo] 2| & 71e| FAHOf| Ofx|l= Y&t
£ 13 B8 AubzAe] FAE 27 (2144022 g)
= o AAZ062006 o) H13) $I3 27} 93
B ool __ Sp0.00D), A3 T oM 1564004 g0.2 o
E zol vlsl fo #2T BATHp0.05). 7]
5" FAE (0992003 9), BHEZ(1.26£019 g). )
i _ : g} 2o]£(1.10+0.03 g) AkelellA 23t zfe]7} 3
" Normal Control Rheum 2= R okol}(Table 5, Fig. 6).

Fig. 4. Serum insulin of each experimental group.

Table 5. The Change of Epididymal Fat Pad, Liver Weight.

Normal Control Rheum
epididymal fat pad (g) 0.64%0.06 2.14+0.227%** 1.56%0.04%
liver (g) 0.99+0.03 1.26+0.19 1.10£0.03

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

201



A#FO| 1X|4HAlo| 2 H|Tto| FEHEl C57BL/6 mousell X|ghz=

l_ Normal
k] Control
Rheum

Organ Weight (gram)

Fat Liver

Fig. 6. The epididymal fat pad and liver weight of

each experimental group.

% Significantly different from normal group (e p<0.001)
# Significantly different from control group (¥ p<0.05)

5. X|2MIZES] macrophage &8i0f D|X|= Pt
Adipose tissue macrophage(ATM)¢] ®]&2 A

24(29.09£1.90) ol Bl o Z=-(66.44+3.44) 1A
A F71sk 2 (p<0.001), 3} Fod(48.46+2.60)
<> Wzl vl ol 2Haskadeh(pd0.01) (Table
6, Fig. 7).

Table 6. The Ratio of Adipose Tissue Macrophage /CD45+ Cells in Each Experimental Group.

Normal

Control Rheum

ATM /CD45+cells (%) 29.09£1.90

66.44:£3.44*** 48.46+2.60%*

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

%
g

*kRk

S
=

i

Adipose Tissue Macrophages
ICD45+ Cells (%)
(=] F

0
LL]

Rheum
Fig. 7. The percentage of adipose tissue macrophage
(ATM) in each experimental group.

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

T T
Normal Control

6. XILAIZS| TNF-a, IL-10, CDB8
0|xls st
TNF-o= A4S 12 A3
083914 FrefsiA F7kata 2 (pd0.000),
frelsA 7u ‘};iﬂ}(p<0.01)(Fig. 8

KE%

nE
rd
2

~ :HE
= g
o‘:‘l }..N
:g;j 4

o
SN

(1.060.06) o A= ).

IL-10= 7‘5"}]”2‘% 12 A3l & “H Yz
0.39£0.152 2]8HA 71-/‘\‘6]-95{‘7 p<0.001), W& =
o] (1.530.65) < 23|89 Zrlst= 4 {,— 1oz

gt SA A oA Ak (Fig. 8).

CD68 AATS 12 ARG e o dxide
15361712 F-4J3HA F7F8ksd 2 (p<0.001), =
3 Tl 2o AE 051101 ola ikl
(p<0.05)(Table 7. Fig. 8).

Table 7. The Gene Expression of Tumor Necrosis Factor (TNF)-a and Interleukn (IL)-10 and CD68 of
Epididymal Adipocyte in Each Experimental Group.

Normal Control Rheum
TNF-a 1.03+0.04 5.39+0.83%** 1.07+0.06
IL-10 0.98+0.01 0.39+0.15%** 1.53+0.65
CD68 1.03+0.01 15.36+1.71%** 951+1.01%

* Significantly different from normal group (:#x p<0.001)
# Significantly different from control group (
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Gene Expression

0-

TNF IL10 CD68
Fig. 8. The gene expression of tumor necrosis factor
(TNF)-a and Interleukn (IL)-10 and CD68
of epididymal adipocyte in each experimental
group.

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

# p<0.01)
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