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Effects of coffee powder supplementation on the blood glucose and antioxidative
enzyme activity of liver tissue in STZ-induced diabetic rats

Bae, Jihyun' - Jung, Yun-Jung? - Choi, Mi-Ja*f

The Graduate School of Pharmacy, Keimyung University, Daegu 704-701, Korea
2Department of Food and Nutrition, Keimyung University, Daegu 704-701, Korea

ABSTRACT

Purpose: The purpose of this study was to evaluate the role of coffee in diabetic rats in order to prevent hyperglycemia and
hyperlipidemia, and to improve antioxidant enzyme activity in streptozotocin induced diabetic rats, Methods: Thirty two male
Sprague—Dawley rats (body weight 200 + 5 g) were divided into two groups; diabetic and nondiabetic groups, The groups
were each randomly divided into two subgroups; fed control and coffee (5 g coffee powder/kg diet) diets, Diabetes was
induced by intramuscular injection of 50 mg streptozotocin/kg body weight, Rats with blood glucose concentrations = 300
mg/dL were considered diabetic for these experiments, All rats were fed an experimental diet and deionized water ad libitum
for 4 weeks, Results: The results of this study indicate that body weight gain was significantly lower in diabetic groups than
in nondiabetic groups regardless of diet, Mean food intake was significantly higher in diabetic groups than in nondiabetic
groups, and significantly higher in the coffee group than in the control group in diabetic rats, Food efficiency ratio (FER) was
significantly lower in diabetic groups than in nondiabetic groups regardless of diet. The fasting blood glucose of coffee
supplemented groups was significantly lower compared with the control group in diabetic and nondiabetic rats, The levels of
serum LDL—cholesterol and atherogenic index were significantly lower in the coffee group than in the control group in
diabetic and nondiabetic rats, and serum HDL—cholesterol was significantly higher in the coffee group than in control groups,
The contents of hepatic triglyceride were significantly lower in the coffee group than in the control group in diabetic and
nondiabetic rats, The lipid peroxidation of malondialdehyde (MDA) contents was significantly lower in the coffee group than
in the control group in diabetic and nondiabetic rats, Activity of superoxide dismutase (SOD), glutathione peroxidase (GPx)
and catalase in liver was not significantly different by experimental diets among all groups. Conclusion: In conclusion, effects
of 0.5% coffee powder supplemented diet were beneficial on blood glucose and lipids in diabetic rats,
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AAne gekgt S hrslal il ©] F polyphenol
Aol EZ 24X} (chlorogenic acid)®} caffeic acid2} non-
polyphenolA|9] caffeine, trigonelline, nicotinic acid, 5-
hydroxymethyl furfuraldehyde 5] $H-5o] o] ik
3 e 2 RlE-S she Zlow geiA ok
FE2ALE AT A st EAE FHT 7
Q1 i A FERaL lok. dRbE o g Ay 100 g ?F
ol 2-5 ¢} ZE A Sltl] oA Fale] FaE
o ARl 52 Aol FUSREE SRS ]
o) st W Sainle) Bade ATd MAATE
A B, Van Dam¥} Feskens G7%= An] 437} =&
42 o) Wy jge] wokdtka Wiskly, A
HAS G DAY THE ATNAE 3o A3 63
o1 PP B SReol 22 olalel vlste] A28 &
=8 9) 91 o] 35% stobithal Hasglct

et An) 43RS W% TeleelE FEe %ol 4
do] BuHA=d Aol e 71 o] €5 Al
A FE STV Fofshs AoE HofxH, WEkEA A7
M= Ad HH7F =25 T =F@2EES LDL-=3
ZHE, S FEE T/PPIE Ao Husiynp
HhH, 9dz7E ADE HAFHT Q1 (BaAE 36M)elME €
T 84 9 HDL-ZZHE T=ol FoZ<l o]
sle Aoz Ve’

H AT A9 Bur, dFAAEE 2 T 5 oixt
A%k #A 97 Apele] BHAS BHagh ddT A
AN Al tget FHgo] BaElont stdTe] A
T A TR AY A Al 71E %0l WE A”olut A7
A7F A% 5 AFHF Fel AP FAFOE o FoA]
2 F%7] el AAHR AvEH] ZARIA] st
Al TEE A Rt e Ao, A F= 84 ujet
M= A FaAR ] Aol sl 5 A =l
H A= GEFe] Zolstdt

wehr] B Ao A= streptozotocin (STZ) H-42F
FolA Lt JI=HEADRT FE=AlLo] Zste
ZHE AA9ELE Aolol] AY g 0.5% A7
7HolE XA g9, 85 AE w5, 1 AT
Zre] kst s G4l vA = Y-S s
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Sprage-Dawley 3 F (H A5 200 + 10 )= G
YIEZHE ool Adlols AFfelr] A 1Y%t

o] A-g 7|13t T LA ZE ARSS & G S o]8s)
of Z+ # 8ul R 47 (Non-Diabetic controk, Non-

Diabetic coffeea”, Diabetic control™, Diabetic coffeex”)
o= re] 457 HBolE FaSIA HEEERE
stainless-steel wire cageol|A] ¢+ vlE]¥] E2] ARSSIHS
o, ARSAle] 25 25 + 2°C, 5= 63 + 5%=2 545t
Tl FF7), GFVIE 1207 THE 0 ' s 2 A
g olgste] A Holst T AFEA A (ad
libitum)shAl 3}aL £ BT 23 o]2udE AN
o 5249 3 AL APEE £ P4l 2A
RS AAE T
Qur

A8 FEo] it AlFo] °F 200 g H A2 W streptozotocin
(Sigma S0130) 50 mg/kg body weightS 0.25 M citrate
buffer (pH 4.5)°l] 833t thEF 250l 13] FARste] A
HAo 7 s FUEIYT, RS S8 citrate buffer
BN FAFSIA T Fi ko] g1 streptozotocin A
4 % e gEelA) AfFste] Fgol 300 my/dL o<l
B2 vt 38 202 1Fsle] 470 AHR ST

o

AGAle] 2L Table 191 ehARIT. Aol
7K Aske GRBAIA 397 3] A3 53 o]
§ QANAS A Yol FOlHoE gasarie B
TS0 A WAL TS BF AL gas

Table 1. Composition of experimental diets (g/kg diet)
Dietary group
Ingredient
Control Coffee
Corn starch 529.5 524.5
Sucrose 100 100
Casein') 200 200
Soybean oil 70 70
Cellulose? 50 50
Mineral-mix3 35 35
Vitamin-mix*! 10 10
L-Cystine® 3.0 3.0
Choline bitartrate® 2.5 2.5
TBHQ'! 0.014 0.014
Coffee® - 5.0

1) Casein, Maeil Dairy industry Co. Ltd. Pyungtaek- City, Kyunggi-Do,
Korea  2) a-Cellulose, supplied by SIGMA Chemical company
3) AIN-23G-MX, Teklad Test Diets, Medison, Wisconsin, USA

4) AIN-93-VM, Teklad Test Diets, Medison, Wisconsin, USA  5) L-Cys-
tine, Sigma Chemical Co., St. Louis, MO, USA  6) Choline bitar-
frate, Sigma Chemical Co., St. Louis, MO, USA  7) Tert-bultyl
Hydroquione, Sigma-Aldrich Inc., St. Louis, MO, USA  8) Maxim
well-being polyphenol coffee, Dongsuh, Co., Ma-fo, Seoul, Korea
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Acks ATl ZAsIS ARrlEE 2] 0.5%
AF7FE 0.5 /100 g diety& AIN-93G 7|22 %) 7|5
ated Z7)stadet.

HE, AMolMHE H Ao|lgE

AT LTl 3 A LF3 ARl S7g8131aL, 4
o] HF T olSdll T MY S48l e, 2olas (food
efficiency ratio)> 473+ ARA7IZFEF Hd 2)o]

o AF27h0 2 Liro] Akt

(Daiichi, JapanyS AF&-3}] auto analyer (Hitachi 7170,
Japan)Z A5t @4 S 2~HE, THAW, HDL-Z
Y=HE kit (Asan Pharmaceutical, Korea)Z
spectrophotometer (Uvikon 930, Switzerland)S ©]-8-5}
FH=E =319t €% LDL-ZY|2HS-& Friedewald
59 WS o) galol A=l 2F 249 FAAM
7} FY2EHEY F2L Folehy %S 2831 3 4
A FHEZEE A SYg e B8
Zal A3 x]4=¢] atherogenic indext T3] TS
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Atherogenic index
= (total cholesterol — HDL cholesterol)/HDL cholesterol
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Catalase (CAT) /& 7+ 23] ¥ mitochondria 82
hydrogen peroxide (H,0,)5 712 & slo] 9ls= A=
£ 240 nmollX FBEE ¢ BASBATE o835t
FAS A== Aebi WP o) Fsle] 2431t 24
T e 1txAe] a4 Fofl ErE wilE 1 meo] |
B Bk vkgsle] 7171 Hy0, S nmoleE A5}
%t} (Reduced H,0, nmoles/mg protein/min) 7+ 2% &
glutathione peroxidase (GPx) &=+ Paglia®} Valentine
o] w16 we} =431t} Glutathione 7183} &4
%1 NADPHE Al&¢} 7 25°CollA 52 HESAIA 340
nmel|X] NADPHS] k= QIgt F4%E 7HAe-S 43
At G E 9= BARREN Fofl e @A 1 mg
o] 1%t 4HIA1Z1 NADPHO| %5 nmole=Z AT
(NADPH oxidized nmoles/mg protein/min) 7F22] &
superoxide dismutase (SOD) 4=+ hematoxylin A5
Akse] AP =S PA3H= Martin 59 WP ol 3
0.1 mM EDTAZ} 19 50 mM QA+ 959 (pH 7.5)0ll

10 uM hematoxylin & &4~8-8- 73] 25°Cel|A] HES-A]A
A48 hemateing- 560 nmol|A] S5k 40 SAS
A3 BT B9l E4YS WX ga vkgAIR)
ol =2] hematoxylin®] AF52H81E 50% A= A== 1
unitz? YERRITH (Unit/mg protein/min (50% inhibition
of autooxidation of hematoxylin)).

Malondialdehyde &t2F

7r %2] Z°] malondialdehyde (MDA)= Ohkawa'89]
ol we} 83T, dAS AAS 1F AHEE vt
& homogenateE = % 0.8% TBA 1mLe} 1 mM
FeSO, in 20% TCA 0.5 mL$} D.W 1.3 mLE 37|38 v
7z E38te] 98°C 8 ol X 302 St ¥-& AlIZ1 &\t
2 Y2319} W28 tubedl] n-buthanol 5 mL-&- 7}5fed 2+
4131 4,000 rpmellA] 1027 AR A1A FedS FHst
of 532 nmellX FHBEE SAAY. BFEHEE 1,1.3.3-
tetracthoxypropaneS ARE-313al, X AIreME 5
7+22 <] nmol MDA/g 2 VFERN ST

SAHXzE|

B A& Av= SAS package (Statistical Analysis System,
Version 9.3 :SAS Institute Inc., Cary, NC, USA)E ©|-&
sted EASITE 2t AdWSe Hd e xFAAE TSt
oM, ANOVA testz 7} o 11| BAA Fode o =
0.05 4===oll4] Duncan's multiple range testol] 213} 7]
ot
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A7 FA o] Aol mhE o1l Abeol= fiMH. 4570
o] A7kt <t sl B HoldHET Aol
&5 Table 39 YehHSITh. 1t AoldF e ol
HGea o fodo2 =4ar Bl iolie tix
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M 7AvEe] tiaariEn folHoRs =3t Holad
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Table 2. The effect of coffee powder on body weight gain in diabetic rats

Non-Diabetic rats

Diabetic rats

Group
Control Coffee Control Coffee
Initial weight (g) 2157+ 4.8 2152435 208.2+17.0 2152+ 14.0
Final weight (g) 381.8+19.792 387.1+25.8° 215.2+37.7¢ 247.8+13.1P
Weight gain (g) 166.1+21.2° 171.9+27.29 7.0+253P 32.5+13.7°
1) Mean+SD  2) Values with different superscripts within the row are significantly different at p <0.05 by Duncan's multiple range test.

Table 3. The effect of coffee powder on food intake and food efficiency ratio (FER) in diabetic rats

Non-Diabetic rats

Diabetic rats

Group

Control Coffee Control Coffee
Mean food intake (g/day) 22.5+2.2'°2 229+2.7° 29.6+6.2° 35.8+5.1°
FER 0.337040.0528° 0.3396 £0.0219° 0.0036 +0.0468° 0.0444+0.0201°

1) Mean +SD

2) Values with different superscripts within the row are significantly different at p <0.05 by Duncan's multiple range test.

Table 4. The effect of coffee powder on fasting glucose and serum lipid concentrations in diabetic rats

Non-Diabetic rats

Diabetic rats

Group
Control Coffee Control Coffee
Blood Glucose (mg/dlL) 116.5+31.4'<2 105.0+29.7¢ 366.0+55.2° 295.4+ 49.7°
Total cholesterol (mg/dL) 1148+11.3 104.8+13.1 115.9+9.9 110.3+8.2
Triglyceride (mg/dlL) 71.1£82 64.1£16.5 73.9+11.3 69.8%13.0
HDL - cholesterol (mg/dlL) 17.8+2.8° 19.5+2.59 14.7 £ 4.6° 17.9+3.2°
LDL - cholesterol (mg/dlL) 111.2+10.9° 98.0+15.3° 116.0+9.8% 106.3+10.2°
Atherogenic index 55+0.9° 4.4%12° 7.6+2.8° 5.4%1.7°

1) Mean +SD

Hu|Z7IA07t S F | ol 0xl= B
A7 o7 B Fo] el WA= Y-S Table
4ol ERAAT. HIgtell A thE 116.5 £ 31.4 mg/
dL, 7Y 105.0 + 29.7 mg/dL, B oA Sz 366.0
£ 55.2 mg/dL, 71T 295.4 £ 49.7 mg/dLO.E F=ito]
o] HlGmrRTt fojHoF wYal, Y HIY
bt B AvFe] lEaHTE ddo] fojFoz v}
AR o] JFH7E = F 9] S U 202 YEith

o
A7 B FHY EFAE F=d vA= o
RS- 243 A3} (Table 4), @F & SU2HEFE=< H]
FeFUlo A o2 114.8 + 11.3 mg/dL, AT 104.8 +
13.1 mg/dL, P oA thZTF 115.9 + 9.9 mg/dL, 7
I 1103 £ 8.2 mg/dLo|gaL, 8F FAAW E5E H
o)A thET 71.1 £ 8.2 mg/dL, AT 64.1 £16.5
mg/dL, Yol A= &7 73.9 + 11.3 mg/dL, 73
T 69.8 + 13.0 mg/dLZ #3443 w2 F2] 7)<l 2ol
AT

% HDL-Z2EIS s ol tiz 17.8

2) Values with different superscripts within the row are significantly different at p <0.05 by Duncan's multiple range test.

+ 2.8 mg/dL, AT, 19.5 + 2.5 mg/dL, Fi=oll A thx
T 14.7 £ 4.6 mg/dL, A9 17.9 + 3.2 mg/dLOE ¥
T Gt BF AT giETEY R oE =%
o 8% LDL-ZHZHE sov HEdawor tizTt
111.2 £ 10.9 mg/dL, A9 98.0 + 15.3 mg/dL, Bzl
A 2 116.0 £ 9.8 mg/dL, 713 106.3 + 10.2 mg/dL
2 HYaad Gaat BT ATl ey 194
o7 ygit} FWAHERA|SG= (atherogenic index)= 57
3} A AREZ AREEEY Bl iR 55 +
0.9, AYT 4.4+ 1.2, oA 2T 7.6 £2.8, 79T
5.4+ 1.72 Ao f9]7 02 ropr.

AL H7tAo[7t S Fof 2H X[H R ntiStX|HE
ol O0|xl= &

FAPNES R

A7 o7F B Fo] 11 A A | vA= FY
S Table 59 e} ko] SAAAGSRE v
ol A & 35.1 £ 2.0 mg/g, 9T 30.4 + 0.8 mg/g, T
Lol A 2 24.6 £ 1.3 mg/g, 7139 21.7 + 1.4 mg/g
02 WG Gt BT Adgto] thERTED 79

oo

T
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Table 5. The effect of coffee powder on the liver lipid and malondialdehyde content in diabetic rats

Non-Diabetic rats

Diabetic rats

Group
Control Coffee Control Coffee
Triglyceride (mg/g) 35.1+2,0'92 30.4+0.8° 24.6+1.3° 21.7+1.49
Total cholesterol (mg/g) 40.8+2.5° 39.0+1.8° 448+1.8° 43.6£0.4°
Malondialdehyde (nmoleMDA/g) 3.26 £0.4° 2.87+0.17° 3.15+0.18% 3.04+0.059

1) Mean +SD

2) Values with different superscripts within the row are significantly different at p <0.05 by Duncan's multiple range test.

Table 6. The effect of coffee powder on the liver activities of SOD, GPx, catalase in diabetic rats

Non-Diabetic rats

Diabetic rats

Group
Control Coffee Control Coffee
SOD (unit/mg protein/min) 4.62+6.87" 5.53+£5.19 4.72+2.58 5.03+2.10
GPx (nmol NADPH/mg protein/min) 14.32+5.05 17.38 £ 6.61 13.77 £ 6.07 18.82+1.90
Catalase (nmole H,O, reduced/mg protein/min) 50.94 + 17.099° 63.19£13.09° 35.31%17.54° 43.50£2.24P

1) Mean +SD

Ao yoith 7te] FH2EE T HlgrellA U
Z 40.8 £2.5 mg/g, 71 39.0 = 1.8 mg/g, Tzl A
N2 44.8 + 1.8 mg/g, 719 43.6 + 0.4 mg/g 0 P
o] HPaTRT fojFo® F9ku AYHFH wE
2ol fIAeh

r

2t DR E S

ATz o] HH ol e I Fo] 11FZ e Hils)
A9 MDA ghol| m]x):= 9 &S Table 5l YERARATH
k22 ] MDA 3k HdeqtollA] T2 3.26 + 0.40
nmolMDA/g, 713 2.87 + 0.17 nmolMDA/g, Bz
A thZEF 3.15 + 0.18 nmolMDA/g, 71T+ 3.04 + 0.05
nmolMDA/go 2 H|F=ol|A] FAzlio] TRt

folAom sk Gumlae ARad we 2
17} gigiet.
HIZIHAO} S Fo| ZERZl0| SMEEA BY

ol Oxl= &

A7 o7} B F9] 3kslasl SOD, GPx B
CAT @4ol] mR)= J3-E Table 60l YERASITE. 1h22]
o] SODEALS H|G=te] tET 4.62 + 6.87 unit/mg
protein/min, 7 ¥} 5.53 + 5.19 unit/mg protein/min, B
TN A T 4.72 £ 2.58 unit/mg protein/min, 73]
5.03 + 2.10 unit/mg protein/min® 2 F=H5F 2 FAT|H
2 ool me fo)29) Aol7} GIiTk. GPx BAE W%
ol A thEF 14.32 £ 5.05 nmol NADPH/mg protein/
min, 13| 17.38 £ 6.61 nmol NADPH/mg protein/min,
Pzl A tiZ 13.77 £ 6.07 nmol NADPH/mg protein/
min, A F7 18.82 £ 1.90 nmol NADPH/mg protein/min®

2) Values with different superscripts within the row are significantly different at p <0.05 by Duncan's multiple range test.

2 F9231 2Fol7t Itk CAT S4B Gigtoll 4] o
Za 50.94 + 17.09 nmol H,0, reduced/mg protein/min,
AT 63.19 + 13.09 nmol H,0, reduced/mg protein/min,
P At 3531 £ 17.54 nmol H,0, reduced/mg
protein/min, 71T 43.50 + 2.24 nmol H,0, reduced/mg
protein/min® = 2] 21 xfo]= gIATH

-

o #F

B o) A= streptozotocin 72 T F oAl 0.5% A
37 olE 47 AHAA B, 5 A w5, 1T A
Adk 9 7ko] lslas G4 mXe FEs B8}
At oA Assrhe i XE57)REset & &
=1 AAe] AL FEE T8 18 AE EHA 2
19 Aue d WA, A E AL B A 2ol o) 7
=4 SxolN AF At BTN A A2 e
2 3 AdeATelM AR AT At F=0t
1=, Wi, 2 Fol A 3%, 6% AMFE S5l
0.04%, 0.08% FHt 713Q1 2o = oF 80Uzt =3k 2,
Aes7tdt B AoldFwge] izt Hlawste
972l pol7} YAt ol 71291 Auje} 7191 A
FAZE FFARI Aol dHE T ATl FES vAA] &
= AoZ HAZIT B AolA A HFA7F d F9
A5 2o] AFHZe rAe &= BH, AAEE A A
T2 FaruoA] Ano] dERTET fFoHoR &
kot AR7IRFEr B FHY ATFTHEE A HH
o W& &1 ztol7} YTt Wt 2o dH T 79
o] ERTHT foHo= 9o} 2olagd 79
AFel 2 9421 2ol7t YT AFEE Al AT
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Flel A Aol xRt froFoR Eke
& A7) AT FET AR 0.6%S SHE 1A
THNE AEEe] AT hErHy £ o= 1
Eht & drdvte) RStk ey 48 w2 el
24% AVZMol= 238 Ales daAzl=dl o=
79 dF ] & B AT Hael FEL viHE AL
2 Bausigirt. A= AFFl w2t ATS7el vAe
Il OE Ao Uit ddeE] 9%, AT 5
] F gesk Aololl 7k 78] AFHF wet AT
7k B Aol RS a3t AojEE MAE I
O & Sle 2oR Bejint.

7377 B Fe] Il IRl el
wrd] o] Mgy foHoR w9ku Pk
I AT B AuTe] TRy 9] fojFes
Stob 7Agje] 37} B 7o) @S BFE AR e
St ol= AV 53k ol A Al Do) freH o R gha
drhe A7 A} skl A9 1332 AT AR
o 63k oS AHEARS 3¢ FFo) FHdghs B
o 22 A3 HERhlT o2 ATl 71we] A
FA7b dE AATIa Bl RS A
AR HuH=d, ofe Add EAlsh= AEd 3%
=o] THAR IF SIS 5] HaE fEde
= ol SFIAGOM, GLUT4, SF-3122-6-3 201}
Ao 28 AL A FF52 F AL Jed AR

TE A 9 I T A, U 20N ded

FdE ST EA EEgTiAlA FlERle]

A9 ol AFH 02 2-8317) o2 HojHTy

oft

‘

AT AFH APl A WrEe A1
Hole) 0.5%2 FFSHAOR P A 19 BT Aol
oI5 714

o H Q) HHHE A5 kg & 27.20
mge |tk AAEES] 75 o] A= 719 AT A
HollAl A&3l7] st T HAH &S AEHF
(body surface area, BSA)ol| A3 Aol A3 &=
(human equivalent dose, HED)°S.& A32551e] AR
™, o= AF 70 kgol T AR FAZF sl 308.7
mg®] 7HQ1-& A F s ol sid= e otk AT 3
Zholl oF 60~80 mgH =2 7H#|Qlo] SrEo] glom et 7
=2 57 3.9~5.1z AL AF sk S50 sigEnt =
Sk HldF] o] Wt Aol dFH T 22.9 g/dayZ ofF 719
Q] A AlF kg T 11.23 mgo]AL, ol AF 70 kg
A Q1 FAPL skl 127.4 mge] 7HIQ1E AdFH s}
FolH, AMZE 1.6~2.17 A% AF s 50l sl
= Folth. B AqollA B FHollA 0.5% AT H7HA
5 5% 2y, Avrre] @ tIRTHET 23.9%

¢

fr to

o

2
2HEADY F22Aste] o] = ARZIFE A
L3tRom, AHTES AT kgd Hi 50 mge] S=2=2A41
2ks AFEe] S22k lslgddeoz Qs A9
Astol| kS v o g]et Bzt

An] JFel 2 5 A-ol| viX= JTFS Hagk A
FATE AT EH, 40% IAH2)old] A3 0.6 (57, 1.2
(107h), 2.4% (207 =02 FF3 Ay, I35 SR
FE7F 0.6% ATHHATS FolHo= FTRIAA 1.2%
o} 2.4% AFHFHATL F T E} 2y 2
L FFE FAENT, FEEsHE sEE AT
o] xR FoHo g ko HDL-ZFYXHE &
T AYHAT BF xR folFes =4 yE
w1 Ag a2 olahd AuS 28U AHANAS
) LDL-ZH2EE FEE S7Igual Husilon,
1,0179E tido 2 gk mleREAellA it 4593t ANE
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