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Hypoglycemic Effect of Paeonia lactiflora in High Fat Diet-Induced
Type 2 Diabetic Mouse Model
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Abstract — The roots of Paeonia lactiflora (PL) has been traditionally used as analgesic, spasmolytic and tonic in Korea, China,
and Japan. As part of a search for herbal medicine to treat diabetes and obesity, we confirmed hypoglycemic effect of PL
through high fat diet-induced obese and diabetic mice experiments in vivo. Treatment of ethanolic extract from PL led to a sig-
nificant decrease in glucose level, which is comparable to that of an antidiabetic drug metformin. In addition, PL selectively
stimulates the transcriptional activities of both peroxisome proliferator-activated receptor (PPAR)a and v, and inhibits enzy-
matic activity of protein tyrosine phosphatase 1B (PTP1B), which are predicted to be therapeutic target in treatment of type2
diabetes and obesity. Especially, the n-hexane fraction (Hx) from PL ethanol extract showed more potent activities on PPARa
and than others and exihibited moderate inhibitory activity against PTP1B.
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Fig. 1. The effects of ethanol extract of PL on body weight
gain (A), liver weight (B), and blood glucose level (C) induced
by high fat diet (HFD) during 8 week period. Values represent
the mean = SE (n=8). PL, 100 mg/kg of Paeonia lactiflora;
MET, 500 mg/kg of metformin. *P<0.05 vs. control; “P<0.05
vs. HFD group.

Table 1. Effects of ethanol extract of PL on weight gain, food intake and food efficiency ratio

Group Dose Initial Final Weight Food intake  Food efﬁcie_glcy ratio
(mg/Kg) gain (g/8wk) (x107)
Con - 23.49+0.79 29.96+0.82 4.72+0.66 255.12 18.50
HFD - 26.49+0.24 48.80+0.32* 19.27+0.75* 13291 144.99
HFD + MET 500 26.49+0.63 38.09+1.06" 9.28+0.62" 126.07 73.61
HFD + PL 100 25.55+0.58 46.33+1.53" 17.59+0.74 132.43 132.82

Values represent the mean+SE (n—8)

Food efficiency ratlo—[welght gain (g/8wk)]/[food intake (g/8wk)].

*P<0.05 vs. control; "P<0.05 vs. HFD group.



Vol. 45, No. 3, 2014

TS SHT A, A FE= PLee] dFAVE
196+14.55 mg/dIZ HFD-(249+30.30 mg/dlyl] Bl S31st
Has YA, ol txofE Folwtdd METH
(191.43+7.30 mg/dlel] A3HS HAAFAkFig. 1C). o] 2
= FHE B AoF FEES AR o|E filEe B
oA S AeA7lE B5s el Al veRiiY,
HREg AEiME B5S HolA] ¥ AR Btk &
=] 3 TFolA viLE S AT BdolA #ere] F
FFEE] dedAIS Tk, Adze A S TiA
TS BSIiET, ol B AFEER v VIR
2gate] led A sk €3S A7l &
T JEMIAE Aoz 4T 5 ok
Olﬂifﬂ =AY AIE vEeR & AR 1
g st ao] HHEE 714 fa dwe] 23
& FH 5 Feke] EtOH FEE0) thet &) 138
|Z3l32 PPARsS} RXRo -2 A7} transfection® A Z o]
i%ﬂ]é}oi luciferase assay= %3l PPARs 2 RXRol| tj st
A 58S 2AEg o, ZzF A8 i3k PTPIB &4 &
A &% IGA AFsIATHFig. 2). 4 AA A, Zefo

2

m

A &
PPARa

w

E=

P

Relative Reporter Activity
- w

0
Con WY EtOH Hx
PL(100|.Lg/mI)
c 5
z6 . * PPARy
=
<5
£4
g':-!- *
224 *
2,
0

Con TRO EtOH Hx MC EA DW

PL (100 pg/ml)

197
EtOH F=Eo4 Faigr f718m) 28E Hx, MC 2 EA
A E7F 2(1) 3229 EtOH A 8ol H]3le] #wkz o
F5o] Al et 2t FEES Y =(100 ng/mlL)
oA w3k Az}, PPARa] 3 B4 (Fig. 2A)S Hx
g Eo] EtOH A& OE];LJJ- H]_u_o 0:1 H oA} o A
= HoFRlAL, MCE
9] AL tixfa]] tnghtazone(”[RO)«ﬂ] H)sled okal|uk
EE f718 Eg=olr dAntaor 22 4 9‘}5}.
=1 PPARS(Fig. 2By RXRa(Fig. 2D)°ﬂ/\1lr_—
o] VrElbA] 9gsket. kA PPARS] 4= ast vl &
A (agonist)2] TS & 7PsA 0] TS Ao T A
o= ¥ A3t a5 A2 oloj o AtEHT
PPARo= t|EZ=g|ols} H&A)Zo)|A] 2| Hak 2kslE
Aok 7158 7RI 2o o $53 o g2 B
Ho) gloz Azt n ek & HFDO 2J8) zbell A1)
o] ZpEdbA X% @42 PPARa B459 Fefo]
S)Ao] YR ekx|k AdA|aro 24 Fdk x| Ho] o]3)] ut

Aol 7l~’£§}5‘ ? 91—5 A2Y P of ;g:: 7%@

NN

B 10
£ - PPARS
2 8 -
t
L
2
& 4
w
£
& 24
L v
=
0 : [ | !! | -

Con GW EtOH Hx MC EA DW

PL (100 pg/ml)

O
FS

RXRa

w

Relative Reporter Activity
— [¥]

| |JJJ1

Con 9cRA EtOH Hx
PL (100 pg/ml)

[=]

Fig. 2. Effects of ethanol extract and each solvent fractions of PL on PPARa (A), PPARS (B), PPARy (C), and RXRa (D). Values
represent the mean+SD (n=3). EtOH, Ethanol; Hx, n-Hexane; MC, Methylene chloride; EA, Ethyl acetate; DW, Water; WY, 10 pM
WY 14,643; GW, 1 uM GW501516; TRO, 10 uM Troglitazone; 9cRA, 9-cis retinoic acid. Each bar represents the mean+SD of

duplicates. *P<0.05 vs. control.
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Table II. Inhibition of PTP1B by the ethanol extract and
solvent fractions of PL

Samples ICs, (pg/ml)
EtOH 35.2
Hx 24.6
MC 48.7
EA 10.0
DW >100
Ursolic acid® 3.2

Positive control

Ul PTPIB €4S AMgt 23} EA £E=(IC,, 10 pg/mL)
o] F& S BOH thao® Hx £8E(ICs, 24.6 py/
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W3skA ske AO0R AlgEoRITh 53] ekl f7]-8n)
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o] 74 =& PPARos} PPARy 8552 H$2H, PTPIB &
Al &% 3 rsiGit). o|=H] o] g et a5
PPARa, PPARy, PTPIB 5°] E3}4 02 2gal= 2102
A AR zpeke] BB F Hx £ o] Ay oz 71
a5l Sl AR ATE Y Fol Ak =9 F
TR B2 Folle ded e dEE ol

d 2 Qliksls S5t dded MY HH Alad

oj Kol zpope] giyAdito] Agaleir] FFTtsta

= Hep=A g 71975 3 el

off of{ 1%

AL AL
B =Ro 20138hd e Exogly wUldT] 2 Y 9
sto] ATE S

Kor. J. Pharmacogn.

ol

—_—

rak

(==
S=

CEAA (2013) 20123 AP = AVEA A

2. Paton, C. M. and Ntambi, J. M. (2009) Biochemical and

10.
11.

12.

13.

14.

15.

physiological function of stearoyl-CoA desaturase. FEndo-
crino Metab. 297: E28-E37.

. Bajaj, M., Suraamornkul, S., Hardies, L. J., Glass, L., Musi,

N. and DeFronzo, R. A. (2007) Effects of peroxisome pro-
liferator-activated receptor (PPAR)-alpha and PPAR-gamma
agonists on glucose and lipid metabolism in patients with
type 2 diabetes mellitus, Diabetologia 50: 1723-1731.

. Nissen, S. E. and Wolski, K. (2007) Effect of rosiglitazone on

the risk of myocardial infarction and death from cardio-
vascular causes. N. Engl. J Med 356: 2457-2471.

. Adeghate, E., Adem, A., Hasan, M. Y., Tekes, K. and Kalasz,

H. (2011) Medicinal chemistry and actions of dual and pan
PPAR modulators. Open Med. Chem. J. 5: 93-98.

. Zhang, S. and Zhang, Z. Y. (2007) PTP1B as a drug target:

recent developments in PTP1B inhibitor discovery. Drug Dis-
cov. Today 12: 373-381.

. Montalibet, J. and Kennedy, B. P. (2005) Therapeutic strat-

egies for targeting PTP1B in diabetes. Drug Discov. Today
Ther. Strateg. 2: 129-135.

. Van Huijsduijnen, R. H., Bombrun, A. and Swinnen, D.

(2002) Selecting protein tyrosine phosphatase as drug targets.
Drug Discov. Today 7: 1013-1019.

JERES] (2002) SFPMIIETE (31, 693. EAET AU,

R
Aokt HF9D3] (2006) At 200. FHAL, A
Lee W, Ham J, Kwon H. C., Kim Y. K. and Kim S. N. (2013)
Anti-diabetic effect of amorphastilbol through PPARo/y dual
activation in db/db mice. Biochem Biophys Res Commun.
432: 73-79.

Baumgartner, R. R., Steinmann, D., Heiss, E. H., Atanasov,
A. G, Ganzera, M., Stuppner, H. and Dirsch, V. M. (2010)
Bioactivity-guided isolation of 1,2,3,4,6-penta-O-galloyl-D-
glucopyranose from Paeonia lactiflora roots as a PTP1B
inhibitor. J. Nat. Prod 73: 1578-1581.

Kim, B., Lee, S. M., Hwang, T. Y. and Kim, H. S. (2013)
Anti-oxidative and skin barrier effects of natural plants with
a supercritical extract. Korean J. Food Preserv. 20: 597-601.
Hsu, F. L., Lai, C. W. and Cheng, J. T. (1997) Antihyper-
glycemic effects of paeoniflorin and 8-debenzoylpaeoniflorin,
glucosides from the root of Paeonia lactiflora. Planta Med.
63: 323-325.

Lee, W., Kim, H. J., Moon, H. S., Kim, S. N. and Yoon, G.
(2013) Screening of Korean traditional prescriptions with
inhibitory activity against protein tyrosine phosphatase 1B
and analysis of Jakgamhwangsinbu-tang (*5 H /15 ) pre-
scription. Kor: J. Pharmacogn. 44: 176-181.



Vol. 45, No. 3, 2014 199

16. Zheng, L. Y., Pan, J. Q. and Lv, J. H. (2008) Effects of total 18. Lee, W., Yoon, G, Hwang, Y. R., Kim, Y. K. and Kim, S. N.

glucosides of paeony on enhancing insulin sensitivity and (2012) Anti-obesity and hypolipidemic effects of Rheum

antagonizing nonalcoholic fatty liver in rats. Zhongguo undulatum in high-fat diet-fed C57BL/6 mice through protein

Zhong Yao Za Zhi. 33: 2385-2390. tyrosine phosphatase 1B inhibition. BMB Rep. 45: 141-146.
17. Desvergne, B. and Wahli, W. (1999) Peroxisome proliferator-

activated receptors: nuclear control of metabolism. Endocr: (2014. 6. 17 B, 2014. 8. 20 AL, 2014. 9. 4 HMNEH)

Rev. 20: 649-688.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


