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Anti-diabetic Effects of Fermented Green Tea in KK-AY Diabetic Mice

So-Young Lee, So-Lim Park, Young-Do Nam, Sung-Hun Yi, and Seong-Il Lim*

Fermentation and Functionality Research Group, Korea Food Research Institute

Abstract The anti-diabetic effect of green tea fermented by cheonggukjang was evaluated using KK-A* mice, an animal
model of type 2 diabetes mellitus. Over a 90 day testing period, food and water intake decreased significantly in the group
fed fermented green tea (FGT) and a group fed commercially available health functional food (PC), when compared with
a diabetic control group (DC). The blood glucose levels of FGT mice were lower than in DC mice throughout the test
period and were similar to the levels in PC after 60 days. Levels of Hemoglobin Alc (HbAlc) levels and insulin
resistance were lower in mice of the FGT group than in mice of the DC group. DNA microarray analysis showed that
administration of FGT increased the abundance of 12 mRNA transcripts related to diabetes. Whereas FGT increased
hexokinase transcripts related to glycolysis more than 37 fold, levels of Pdx! (pancreatic and duodenal homeobox1) and
Cacnale (calcium channel) transcripts increased more than 1.8 fold.
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A FUs A7 FH]5INM T Triglyceride, total cholesterol,
HDL-cholesterol, LDL-cholesterol ADVIA automated hematol-
ogy analyzer (Bayer ADVIA 1650, Tarrytown, NY, USA)E ©]

g3l st

DNA microarray £

zst, Z2F Aol 9 IE=x} Aol 7k ZZA oA RNA
£ FE3 3 Agilent’s Low RNA input amplication kit (Agilnet
tech., Wilmington, DE, USA) ZEEZd| wa} cy3 L= cy57t
A3 aminoally-lUTPE RNAE FEZAIA cylley57t BAE
cDNAZ FA3L ol A% % A4 £45e] assembled Agi-
lent’s Mouse Oligo Microarray (44K)9} 65°ColA 17417+ &<
hybridization A]Z T} Hybridization ¥ ©]7]X]= Agilent’s DNA
microarray scanner® 43193 21, Feature Extraction Software
(Agilent Technology, Palo Alto, CA, USA)E o]&3lod z} -f=}
o ¥l A=E AgHoez FAseh 2E dlolE¢] normal-
ization?} fold-changed genes®] 41'8-2 GeneSpringGX 7.3 (Agi-
lent Technology)g °l-&3ale] A st orn, W3 Fdx19] 7]
T84S 28] Gene Ontology TM Consortium (http:/www.gene-
ontology.org/index.shtml)}S ©]-&3}th. 4%} classificationS Bio-
Carta (http://www.biocarta.com/), GenMAPP (http://www.genmapp.
org/), DAVID (http://david.abcc.nciferf.gov/), ® Medline databases
(http://www.ncbi. nlm.nih.gov/)5 ©]-&3}At}

SHXE|

A A= SAS 9.1 (SAS Institute Inc., Carry, NC, USAYS ©]
23l ¥ EH(mean)+ EFH X} (standard  deviation) -2 EAI I3,
EAREA R (ANOVA) S 2 43T 7F AE T Alele] HHAgs
of tigt BAIA f9d HS2 p<0.05 $F°14 Duncan’s multiple
range testoll <J3 A7 3sISAch

=}

dup g nE

HE, MolgE H 5 53

AFH3l @ o] FL(FER)S RE AATo|A Fojzel xjo]
= fE ASE YElth(Table 1). 23u 58 H3Z] 4+
RE APt gizee] vs] W 385 AFEE Bied, &
5] waE=at HFHATY A 87 dF 7ol A dee B4
A7) HEFS AAS HduztS FoFA Aozt A oF
S AEE FAadte] o] 712 S F R o S ¢
st B30l He AR Algdn



490 =2 Z 388 %] A| 45 WA 4 & (2013)

Table 1. The weight gain and food/water consumption of KK-A"

lnti?l body F in?l body Change of body Food intake FER(%) Water intake

weight (g) weight (g) weight (g) (g/day) (g/day)
Control 27.29+1.32 45.58+2.35 0.20+0.02 7.11+0.26° 2.53+0.24 22.28+2.61°
Positive control 26.61+1.51 42.4949.16 0.20+0.01 6.57+0.27° 2.94+0.25 16.54+3.50°
Green tea 26.19+0.79 44.97+2.46 0.21£0.02 7.56+0.26° 2.78+0.33 20.22+2.90%
Fermented Greentea  26.31%0.61 44354251 0.20+0.02 7.174£0.17° 2.7240.25 19.59+1.15°

Each value represent the mean+SD (n=7).

“*Means with different superscripts in the same column are significantly different at the p<0.05 by Duncan’s multiple range test.
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Fig. 1. Effect of fermented green tea on blood glucose level in
KK-A" for 90 days. Each value and bar represent the mean+SD
(n=7).
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Fig. 2. Effect of fermented green tea on HbAlc (%) in KK-AY
after 90 days. Each value and bar represent the mean+SD (n=7).
Different letters indicate a significantly different base on one-way
ANOVA and the Duncan’s multiple range test (»<0.05).
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Fig. 3. Effect of fermented green tea on serum glucose level in
KK-A" after 90 days. Each value and bar represent the mean+SD
(n=7). Different letters indicate a significantly different base on one-
way ANOVA and the Duncan’s multiple range test (p<0.05).
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Fig. 4. Effect of fermented green tea on serum insulin level in
KK-A" after 90 days. Each value and bar represent the mean+SD
(n=7). Different letters indicate a significantly different base on one-
way ANOVA and the Duncan’s multiple range test (»<0.05).

7} S2EY(38). KK-A' mouse= KK mousel yollow obese Ay
FHAAE =Y3 genetically diabetic mouse® A5 8 F& o] F
Azpet vyl 389, s, e A @A aledd
o] FrEET dEA UTh39). & delME o] A,
5 glucose FE7F FANET, FAb B HE A AF ] H]
3 AR #A SgEeH Y e FRe 236 33 plu/
mLZ 7 %71] HZEH 9] insulin o] E2o= B35 &

% glucose FE7F 2 AT JHIYS & '/F U 2

T 491

120 ab

100 - ab —‘V
60 [ -‘V

40

HOMA-IR
@©
o
;
—i
o

20 -

Control Positive control ~ Green tea Fermented green tea

Fig. 5. Effect of fermented green tea on insulin resistance index
HOMA score after 90 days. Each value and bar represent the mean
+SD (n=7). Different letters indicate a significantly different base on
one-way ANOVA and the Duncan’s multiple range test (p<0.05).
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lipoprotein (VLDL)2] A4 5719} lipoprotein lipase®] &4 Zr4
Z Q8] FEHE IFPAAARIZOZ 20-60%] HIEZ LR}
), ol B A FH AFARIQl 4735 He 1A
o] 223 S v|FITH41-43). /‘E‘%Wéﬂr(Table 2), xe] =
AX ML 235.60+46.73 mg/dLOE =& FXE BHon FAT
ZTE 221.5431.05 mg/dLE thRTH FARE FF9 SAAY
FAE BYoy B3 @ waxzt H4H7e 77 166.60+
12.69 mg/dL. & 184.67+16.82 mg/dLZ T2l H]3)] FAg=]wo]
22-30% 7HE 7HAS o2 vepdt) ¢hH, GgiaiolA WAy
she I O XA Al o de® ¥4 o] VLDLY LDL &

Table 2. Effet of fermented green tea on serum total cholesterol, HDL-cholesterol, LDL-cholesterol, triglyceride level in KK-A"

(unit: mg/dL)

Total cholesterol HDL-cholesterol LDL-cholesterol Triglyceride
Control 141.25+16.69 116.00+£6.12° 9.60+2.06 235.60+46.73
Positive control 144.80+12.54 119.33+22.48° 9.75+3.90 221.50+31.05°
Green tea 144.40+8.52 120.00+£25.82% 9.67+1.70 166.60+12.69"
Fermented Green tea 145.33+3.86 136.33+5.25° 9.00+1.00 184.67+16.82°

Each value represent the mean+SD (n=7).

**Means with different superscripts in the same column are significantly different at the p<0.05 by Duncan’s multiple range test.
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Fig. 6. Hierarchical clustering analysis of gene expression data.
Expression profile data was derived from pooled RNA of the livers
of KK-AY treated with fermented green tea
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Table 3. Differentially expressed genes in the liver of fermented green tea treated KK-AY

Accession No Gene name Gene symbol  Fold Function
NM-013820  Hexokinase 2 Hk2 34.70 Glucose?zgé(yji‘z brocess
NM-013474  Apolipoprotein A-II Apoa2 3.68 PPAR signaling
NM-133360  Acetyl-Coenzyme A carboxylase alpha Acaca 2.56 Insulin signaling
NM-013963  Tumor necrosis factor Tnf 2.40 GluC(l)I;ZurEthtg(?l?ilg%ocess
NM-080464  Protein phosphatase 1, regulatory (inhibitor) subunit 3A Ppplr3a 2.36 Glyco{gnesrllﬂrlrrlleiﬁ)rcl)?ilénsrocess
NM-008814  Pancreatic and duodenal homeobox 1 Pdx1 2.08 . In;ulm slgnahng .

Protein amino acid phsphorylation
NM-016979  Protein kinase, X-linked Prkx 1.93 Insulin signaling
NM-0097g2  Caleium channel, voltage-dependent, R type, Cacnale  1.89 Gllllllcsc?sl:enhirgrglsltlfsis
alpha IE subunit Calcium ion transport
P!
NM-207692  Mitogen-activated protein kinase 9 Mapk9 1.87 Insulin signaling
NM-009512  Solute carrier family 27 (fatty acid transporter), member 5 Slc27a5 1.86 PPAR signaling
NM-028259  Ribosomal protein S6 kinase, polypeptide 1 Rps6kbl 1.86 PPAR signaling
NM-010011  Cytochrom P450, Family 4, sunfamily a, polypeptide 10 Cyp4al0 1.84 PPAR signaling
NM-001033599 Acyl-CoA synthetase long-chain family member 6 Acsl6 0.48 PPAR signaling
NM-010554  Interleukin 1 alpha Il1a 0.48 Type 1 diabetes mellitus
NM-008839  Phosphatidylinositol 3-kinase, catalytic, alpha polypeptide Pik3ca 0.45 Insulin signaling
NM-009231  Son of sevenless homolog 1 (Drosophila) Sosl 0.45 Insulin signaling
NM-153679  Carnitine palmitoyltransferase 1c Cptlc 0.42 PPAR signaling
AK-052374  Phosphodiesterase 3A, cGMP inhibited Pde3a 0.39 Insulin signaling
NM-133656  v-crk sarcoma virus CT10 oncogene homolog (avian) Crk 0.38 Insulin signaling
NM-019388  CD86 antigen Cd86 0.34 Type 1 diabetes mellitus
NM-028817  Acyl-CoA synthetase long-chain family member 3 Acsl3 0.34 PPAR signaling

Fatty acid metabolic process
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