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The Effect of Green Tea Polyphenol on Plasma Glucose, Lipid Levels and Antioxidant Systems
in Type 2 Diabetic Patients
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Department of Internal Medicine, Maryknoll General Hospital;
Department of Food Science and Nutrition, Pusan National University;
Department of Internal Medicine’, Pusan Palk Hospital College of Medicine, Inje University

- Abstract -

Background: Green-tea polyphenol (GTP) is a well known antioxidant with favorable effect
on blood glucose and lipid level in animal models. We were to investigate the effects of
GTP on plasma glucose, lipid and antioxidant systems in patients with type 2 diabetes.
Methods: We recruited non-complicated type 2 diabetic patients with stable glycemic
control by oral hypoglycemic agents. Subjects were randomly assigned to GTP group or
placebo group for 12 weeks. Fasting plasma glucose (FPG), HbA:., C-peptide, lipid levels,
liver function test, renal function test, urine microalbumin, malondialdehyde (MDA),
superoxide dismutase (SOD) and glutathione peroxidase (GSHPx) activities were measured
at baseline and after 12 weeks of freatment.

Results: At baseline, there were no significant differences in age, body mass index,
duration of diabetes, dietary status, HbA:., total cholesterol, LDL cholesterol, and HDL
cholesterol levels between GTP and placebo group. However, FPG levels and friglyceride
levels were significantly different between GTP and placebo group at baseline. In both of
GTP and placebo group, there were no significant change after 12 weeks of freatment in
FPG, HbA;., total cholesterol, LDL cholesterol, triglyceride, levels of MDA, and GSHPx
activities. SOD activities significantly increased affer 12 weeks of treatment in both of GTP
and placebo group. The increase of SOD activities were significantly higher in GTP group
than in placebo group (P = 0.01).

Conclusions: Supplementation of green fea polyphenol increased antioxidant activity in
type 2 diabetic patients. The effect on plasma glucose and lipid level was not significant
but should be confirmed in further large scaled studies. (J Kor Diabetes Assoc 30:217~225,
2006)

Key Words: Antioxidant, Lipid, Glucose, Green tea polyphenol, Type 2 Diabetes Mellitus
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w3k #AA A% (pancreatic islet) AES] AE7|7RS Z7}
AFom] A IS dAlst IAEEHE (superoxide) 2]
P& A= T et T3t 9ol LA P
ulzbA, 77l dMAkSE 28-S B3] AlEaAl A%k 3

>

¢

A ) 2 S AR olelt ) e AW
Zogelelt Bhe Qo] A8 oIk

o w QI A8 Al T} Sy S el
F9% qUS sjo] RIS 5t A e

glzol] o3 48 UehE AR S Silele A
Sol| HaElo] Q. AyhuAES] v|EZE=zlo} 7
oA TdstEo] Al AR Ji TS 1A
Fo ZAEQ FEE e EA3L HE G
Z7}, protein kinase C2] #AJ3} hexosamine THAEA 2]
%7}, NE-kB2| 243} So] Qo™ tiz=]el ahaks}
AlQl vlel] EE FaHEiAlollA] Fofsled hEZ whAY 3
4 o] 7S ERlels 80| Aot fol3t aaE
ShA] Y. =2 Zelsilize] 73$- ulels) Edll vlslo]
He} =g st a9E AVeE, daiixlel] Fof
Al A}t 2EdlE AAA Aog FgE, TE A
2 A 9] Ago T Al F3tE]e] gk

B e 52 ERlvilse] AkE FaE3AlelA €, A
A gl g} Al miXe gk 2ARlat AlEE gk

het B e

w2zl Wi ztllA A ddsiAls Fol Fol
| Ak 3T T dddshAle] &% wliee] gla ¥
ZZo] PFE 404014 704 Aole] ARY FaHRAE
ez 319l Jare] vl o o 3
o] Z717} 97} el thiazolidinediones, $FA]. 2.8l
Al a4 A, QEA| BN 28 8] XA, 2]ZE4
(lipoic acid), Z=E}&l-& AREsAY FdA= A7 thdollA]
AlelsiAct. IAES B A9 FHAol| Fofsle] ATl
HoJalr|2 Ao Fofsigion] 20041 28 104HE]

—

2004 59 15974 B4 A

2. Algiof} [hZo}

Alofo g A X FEE2 Eeldls dEe] 99.3%
o|aL 711 0.47% & 7Rl ol= BE AAXZ el
olt}. FelvllEs AR T 7HIITle] 82.1%%, =4 Zelvhs
3 2-gakel 1,300 mgolls FHElFle] 1,000 mgo] E3ks]
o glom ol A} oF 107kl slidzicl. tizdolAl= 9
oko g 72 Aol AEE= 1,300 mge AFSHES 313
o} Aokt 9ok B g 13t dqtaellA Als
om 325 mg 2784 of A9 Aol AHskEE +13l

£

3. NETN (ER M8 U FNBE

L
Il
0
b
4
J

PRSI AR A B a4, T
SRS 2 B, SF B AR FUe 2

RUSYCR})

=]
sk Ak ook A 49IE Jeel ol

Uzke] AN E-S =R F d=grt
20005 E3to] A72E =l
oll Tk w8, <3<k A A, dg A4 A vl

WA AT dede® 72 wbgsle] 2571
o] FAVIE AA F 2 =4 EelblErt AEE= 47
1,300 mg® 1257F AF 35 3leich 25729] FA7]
1% 125°9] G717 &<t A=Al =4, v, o
Al, SRS AFHE Faich WA= 47 HHew
15 sl slglen oFRel +aeet FAkE o
zAs190ek AF A 125 Foll At AT, slelEw),
T=7] it o8] "ok FAsIodck w3k 2AI F
EeellA 35, dekds calEls, 834 AA, AST,
ALT, »GT, &5 creatinine, 2% 2L, Q= creatinine
= FsIsick A3 At 125 Fofl 22 FRS ARsE &
IS Befslo] 1A 3H418}E2] malondialdehyde (MDA)
59} sHiks} G491 superoxide dismutase (SOD) EAl,

glutathione peroxidase (GSHPx) #A-S Z74s}oich

4
o nC

o o2 o
rie

N

AAAZL 258}t Ak 8l el EFEkE A
719k AlAIR ZASIT k> Abs PAlE S0k
S5 G5 A X, A AST, ALT, v-GT, &
A3} 4H creatinineS skt AFE-4]7] (Hitachi 7600
-020, Hitachi co. Japan)& o]&3lo] T4 oz H431%
t}. G4+ high performance liquid chromatography

- 218 -



— o) 9| 491

(Bio-rad) & &4

=N Z2|0E0] NI2Y S

shglov] CoElssh 9% vlAleita 4

?]v“f 1479 wizard v-counterS AREslo] HRA} uied Ak

SRt mAIERE AEe

Al %75‘*‘& 2% ARl

(mg)2] B2 T3t

5. RIMASIE 2 &

0k

: B

R

O

I

2] A ol
FX (ug)2t L% creatinine

elo] g

50] 248 Fragaol o4 WS 5

3]—93\1:]'14). °ézo" 20 Lol FFTE E5lsto] AA| HI)E 200
ULE 2430} o37]ol] vkl (0.4% thiobarbiturate acid,

15% TCA, 2.5% hydrogen chloride) 400 pL&

3| »ATq' 0174
R R )
248190, ol 3
A8l

SOD 242 Marklund 5] WS
3t pyrogallol®] autooxidation A HEE

=3
< 95°CollA] 2087 7hdelar 43l £ 1087k
ol-gslo] 540 nmellX FEEE

FFOZF 1,1,3,3- tetraethoxypropane s

Aslo] SODe| 9]
Z=A3s10] A7}

slgiek?. AP Fa|y 0.25 mLoﬂ =85 025 mL9}

Drabkins €8 0.5 mLE 7lsto] & 4

E F3k 100% LI S2REE

% o]% 0.5 mL

Z¥7F 10 mL

£ 4ol AlAl == % 2,000 rpmollA] 1 %7& ARl
th A2l 60 pLoll Tris 9= 3 mL&} pyrogallol 60 L

£ Jlelel & 1€ ¥ 420 ol FHEA B A

it

>~

gt Mol oinlE

Y -

8¢} coupled enzyme ¥WHoZ &4
} 20 uLoﬂ 2‘—%‘%‘“—— 7
Wk &3 025 mM PSR4 0.1 mLE
. ZA], spectrophotometerS ©|-&lo] 341
=T g4l wE NADPH £4%
7k st A 1%k

= 9%

S,
Fsled 100 pLZ 7HE ¥ 0.8 mL
Fhefel

1 mL

ol|A] 1552t 43kEl NADPHS| nmole & UlERIL

Sol#AEE | mg S]] el Bk DI B4
sgie.
6. SH=A
ARl 9T « EFARE EANG AR

Inc; Chicago, IL)<

e

11.0 (SPSS Statiscics
o gsiglet. ART AT 7]

B4, Ak Agd 59 242 chi-square testS

olgigiek. 714 B A, dok g A, et

24 =+ independent t-testZ FABIS vl AT HzT

olA X7 AFe] ¥3}E paired t-testol] 23l HAJsta A

Pt =t 7] X8 date] Hole S

=ol] Tt
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Table 1. Baseline Characteristics of Study Subjects
Placebo Green tea polyphenol P value

Gender (male:female) 7:10 4:17 0.17
Age (yr) 59 + 8 55 +7 0.08
Duration of diabetes (yr) 54 £ 74 43 £ 3.6 0.13
Body weight (Kg) 622 £ 95 632 + 7.7 0.73
BMI (kg/m®) 252 * 3.1 252 + 25 0.98
Waist circumference (cm) 84.7 + 10.5 86.0 £ 8.3 0.69
Fasting plasma glucose (mmol/L) 740 £ 1.17 8.49 + 1.83 0.05
HbA (%) 6.7 £ 1.0 74 £ 1.3 0.08
C-peptide (nmol/L) 0.66 + 0.17 0.76 + 0.53 0.53
Total cholesterol (mmol/L) 5.26 + 0.88 5.10 + 1.04 0.60
LDL cholesterol (mmol/L) 3.08 = 0.65 3.00 £ 0.78 0.73
HDL cholesterol (mmol/L) 1.30 + 0.23 1.37 + 0.23 0.36
Triglyceride (mmol/L) 1.77 + 0.82 1.24 + 047 0.03

Values are means * standard deviations.

P values are calculated by independent-t test between placebo
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slglont oA Znlel] 7789 $AlEe] weuiile R detel
ek HEAT A= 38R AT 217, =T 17
Hog oF 7 Zholl ¥, B FH7IZE Al A=A
T, slelEsls FoIgt Xlol7t §iadet (Table 1). TEZE, &
Zoll "ok, 5 5 ASH, okt A= ol %t
olF Holx] gokrl (A& AR o). WY I =
Metforming 5-83}= 3= 2192] AT F 129 (57%)
o|aL 177e] izt F 98 (53%) & Xjo|7} ik

AgTollA X5 A FEEGo] foaroll ZAsHA o
ZgREr) Z9kom (849 + 1.83 vs. 7.40 = 1.17 mmol/L,
P = 0.05), ¥%F AU AT dzgHe} 23
Al g9kl (124 £ 047 vs. 1.77 £ 0.82 mmol/L, P =
0.03) (Table 1). X|& 4 ¢ T Zholl B3}P4, 55 C-5)
Elt, & Zd|l~4HlE, LDL Zd|~HE, HDL 3| ~HIE2
frelgk xol7t i} (Table 1).
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A, AAYAT, SlelEals ARTH ET BFA
A8 F ReI3 Wi} WA Sk} (Table 2). ol
A 357 5 o4 Weke ol Wb} ek ek
o (A2 AR 252
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3 W3k gigdch (Table 2). EA A1Ae] 75 ¥ Zul2=d]
%, LDL FHl=ElE, S4AY TX1= frol3h msks Kol
7] ¢kgkor] HDL Zal~HlE 4% L=

sl ot I RS o] 83l
T 7ol frelgt Xjol & HolA] oigke). FAAM
WY REkS o] 83le] TAA] AdTellA (1.24 + 047
vs. 1.45 + 0.73 mmol/L) thZol (1.77 + 0.82 vs. 1.54
0.66 mmol/L) B3l o]l A F7ksl= Aoz
el (P = 0.05) (Table 2). 5%} Zelslse] 43 =
ouloke & wlAlER] oko] wishe WA ekek

TEM
(Table 3).

MDA 559 GSHPx 242 %8 el A3drat of
FollA frelgt WSk Ho|A| eighr} (Table 2).

© AT (026 + 0.11 vs. 0.57 + 0.25 unit/mg
protein, P < 0.05)  th&T (0.26 + 0.12 vs. 0.38 + 0.13
unit/mg protein, P < 0.05) E5oll4 X8 F ou|9lA] &
7helolom, MR REES o] 83lo] A A ellA

Table 2. Changes of Clinical and Laboratory Characteristics After 12 Weeks Treatment of Green Tea

Polyphenol or Placebo

Placebo Green tea polyphenol P
Baseline 12 weeks Baseline 12 weeks value’

Body weight (kg) 622 + 9.5 61.8 + 99 632 + 7.7 62.7 + 7.2 0.89
BMI (kg/m?) 252 + 3.1 25.1 + 3.1 252 + 25 250 + 2.5 0.84
Waist circumference (cm) 84.7 £ 10.5 85.7 £ 10.5 86.0 = 8.3 86.2 = 8.7 0.59
Fasting plasma glucose (mmol/L) 7.40 + 1.17 7.6 £ 122 849 = 1.83 849 = 1.89 0.78
HbA . (%) 6.7 + 1.0 6.7 £ 0.7 74 + 1.3 75 + 1.2 0.66
Total cholesterol (mmol/L) 5.26 + 0.88 5.02 £ 0.67 5.10 = 1.04 4.97 + 1.06 0.73
LDL cholesterol (mmol/L) 3.08 = 0.65 3.13 £ 0.54 3.00 £ 0.78 2.98 + 0.67 0.47
HDL cholesterol  (mmol/L) 130 £ 023 119 + 021" 137 + 023 127 + 026 0.94
Triglyceride (mmol/L) 1.77 + 082  1.54 + 0.66 124 = 047 145 + 0.73 0.05
AST(mg/dL) 28 + 14 23 + 7 20 + 5 23 + 8 0.02
ALT(mg/dL) 38 + 30 26 + 13" 2 +9" 28 + 17 0.01

v-GT (mg/dL) 38 + 29 36 + 33 40 + 50 63 + 122 0.2
Serum creatinine (mg/dL) 0.8 + 0.2 08 + 0.1 0.8 = 0.1 0.8 + 0.2 0.25

Urine microalbumin (ug/mgCr) 13.6 £ 8.8 103 + 7.5 22.0 £ 352 17.0 £ 14.5 0.8

Values are means * standard deviations.

* P values are calculated by repeated measures general linear models between placebo and green
on difference of between their baseline and after 12 weeks of treatment.

tea polyphenol group

t P < 0.05 caculated by independent-t test for comparison between placebo group and green tea polyphenol group.
¥ P < 0.05 caculated by paired-t test for comparison between baseline and after 12 weeks of treatment.
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mzzel w8l Heb el SRk P - 001)
(Table 2) (Fig. 1).

5. 28

=2 Felslse] FE YAES shgelglont AT
oA 3, thzgollA] 4o oF o Zholl FoJ3t Xol=
Nk, AgrolA] el Seaglo] 29, A3bdelrt 1

o]k

¥-GT, creatinine< 2|3k Xjo]7} ¢igl e} AST, ALT
TFA7F dlzTolA] AdTEcl =9keh (P < 0.05) (Table
3). B3k, U R ElS o] g3le] EAA] AddTellA thz
Tl HlEl ASTSF ALTS] W37} ]38k 2ol S Kol A
oF vEhtor} o]E tizFollA ASTS ALTY Z4E
Qg Aog Kot} AAE AYF WellAe ou|gle
AST, ALT ®ish= 3w A] ¢kgict (Table 3).

Placebo

Superoxide dismutase
(unit/mg protein)

0.0

Baséline 12 w'eeks

Superoxe dismutase

(unit/mg protein)

al
7~

Forer mio) o= Y -

M2k

il

ARy FaHgAlelA kst avks Bl Zlog 4
A Zlez wlell E, vleW] C, wel 7F2"l 59 3kt
ulely} ofed, 2E, AellE 5 A3 7714 Fol tEA
o] thiazolidinediones, QFA| 2 EIX Z$kE 4 AAA|, Q1A
S8 28] 48] XA, 2]lZAF (lipoic acid), ZElElT}
o] Al FiargirtellA] gl 220|3 Qe X BAIEE &
At gakg TRAAL gl Ao AR J?. asjeg
AR FigzEAtellA] oKl AF3F viek], =X}, gH4kst
A2 oggFo] =At FeldlEe] st AdE Tt ¥
T2 283 F 9ol 257k FA 77 v 43t
285 7 Ao F gEAl okAlE B8 F}) e o
Aol 4] AlelgrozA Jgks Ak ik, shAke] =3
55 A7) S1sll ASAQ A=t A5 Alsisick
Agcker AGH =X FEEL HEe] Al flell=

Green tea polyphenol*
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Fig. 1. Changes in superoxide dismutase activities after 12 weeks treatment of green tea

polyphenol or placebo.

There were significant differences between baseline and after 12 weeks of treatment in
both placebo group and green tea polyphenol group (P < 0.05 by paired-t test).

* There was a significant difference between placebo and green tea polyphenol group
(P = 0.11 by repeated measure general linear models).

Table 3. Changes of MDA, SOD, GSHPx Activities After 12 Weeks Treatment of Green Tea

Polyphenol or Placebo

Placebo Green tea polyphenol P
Baseline 12 weeks Baseline 12 weeks value*

Malondialdehyde (nmoL) 340 + 2.34 4.16 + 2.28 336 + 291 330 + 3.33 0.49
Superoxide dismutase (unit/mg protein) 0.26 + 0.12 0.38 + 0.13" 026 = 0.11 057 + 025" 0.01
Glutathione peroxidase (unit/mg protien) 16.3 + 8.3 129 £+ 7.3 147 £ 6.6 14.6 £ 5.1 0.38

Values are means * standard deviations.

* P values are calculated by repeated measures general linear models between placebo and green

tea polyphenol group

on difference between their baseline and after 12 weeks of treatment.

+ P < 0.05 calculated by paired-t test for comparison between baseline and after 12 weeks of treatment.
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o xe] Rl Ao Az, ) ATl 2
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HIHE NE-4B 8432 2JAllslo] 4344 (itric oxide) A3
e ARRFozA Uehhe Zos Ao, ma
ARERA dhFERA ol ARl A
Tl EEeke] §45 AN Aoz Hyl W ol
T AT P, 1270k S A IellAle g
3} R Aol fabe wXA) Sk ZloR Bawlef,
A IS oo e dugel wE B
AT wagl vl glisel HolglollA wlwd Ehe o)
PR FI e TTA SEAE A2Y )
o Weigel TS wadk A7) Qent Folrlgtel 19
= go} PekeaLe] folgh WSS WA TP,
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o
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e

il foldt ddzbehs WEE A FSick

=AE S8k AlellA BEAgke] o] 2k
ks oot Bl el AA|z S22 AFlsid E%
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2 FojA BF FuilHBo] Aadrhe AT Ha™ 07}
etk sEdTee St FElzEE At
S FelRe] S A 5 ezl
g 73] AN, 51 AiA] FalS diihe
Z e & el E 101 ol 51 583 Tl

LDL-Z8|Z=ElE 27} fofaiA] drbes A+ At B
HAF. S ez & A edelde uiRE
FalzelE At At vepdA eksk=l FollA 41
o] ZElollE AR theaflavino] FH3F =Xk 553 12
FF Tl Aeldde & EHl=ElEs}t LDL ZEl2E]
ol frofaiAl 24l SAAM T HDL FHl2ElES
frolgk vzl qigelF?. e theaflavin®] Fa|l2-€l S
Ask714ell sl A7t5l mi7t glo] o Al o3k
A AE&Hel7] A= AP Aok 2 dTellA 125719
=2b Zeldls Fole ARE BarsiAlelld % Ao
o|2F ¥ mXA FYrk FAAY A= A& AE
frolgh wshe glglont dukdRdls o] 8slo] A4
AgdTellA] dizgoll mlsl frelaoll Al SkEE
Ao & el (P = 0.05). FAAYL $2= dizgolA
Aol mlal] Zamslglont AjddellA] TRl okt
Z7elaa] A7) AOPQl Rkolm - F B4 714
ol w3l I3k Wk glglemg Fogt ovle gl
Zlo g AZkdet B ool HDL Fal=ellE: 4= o
A E5FollA] 0.1 mmol/L (8%) #2413t ol= B4l 74t
A HDL Zul=elE 349 wolAlrt 2.5~3.0% =
e s A 4 efiters AEA] oberk
HDL Felzulge] S 9% S 522 st
e whethe Ae s, Addelke EF 5484
We] Z7tel] whet o]xp o2 HDL Fdl~slEe] 743t
vk 7S = Qdek sARE dizrelie EF AR
7} HDL FEI=EIE X7} SAlol s ng g5 34
Age] wis} olglell vhE agle] 2SIy, e 3kt
o] G} AobA AR 9, R PS4 A 1ok
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ol vlal )7} 2l s Holut o] & vl
S Aoz Azt

=2 ZEllEe B A ©] odFllA superoxide,
peroxynitrite®} 7+ FA] AHEa} 4] AshEol] tigk At
HQl H4A (scavenger) HLE sto] AAHQI P4t} Ft
= bl - ez A, NF-Bot 22 AARIZ
A4S AdAskaL A, iNOS, lipoxigenase, cyclooxygenase
oF 2 ABtaAE AAlsle] AA IHshEe] FAS <Al
slaL AR, SOD, GSHPx9F 7+ Ak} &40 IS 5
Ao EH A EakE ehikes oz Feid P,
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