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Propolis is known to have abundant bioactive constituents and a variety of biological activities. To investigate the
effect of Brazilian propolis on insulin resistance, 10-week-old Otsuka Long-Evans Tokushima Fatty (OLETF) rats, a
non-insulin-dependent type 2 diabetic model, were treated for 4 weeks with propolis (100 and 300 mg/kg, p.o.) or vehi-
cle (control). Propolis treatment significantly decreased the plasma levels of insulin and insulin resistance index
(Homeostasis Model Assessment-Insulin Resistance; HOM-IR), without affecting blood glucose levels and tended to
lower systolic blood pressure compared with the control. In isolated and perfused mesenteric vascular beds of OLETF
rats, propolis treatment resulted in significant reduction of sympathetic nerve-mediated vasoconstrictor response to
periarterial nerve stimulation (PNS) and tended to increase calcitonin gene-related peptide (CGRP) nerve-mediated
vasodilator response to PNS compared with in vehicle-treated OLETF rats. However, propolis treatment did not sig-
nificantly affect the vasoconstrictor and vasodilator response to noradrenaline, CGRP, acetylcholine, and sodium
nitroprusside. These results suggest that propolis could be an effective and functional food to prevent development of in-
sulin resistance.

Key words—propolis; insulin resistance; Otsuka Long-Evans Tokushima Fatty rat; periarterial nerve function; mesen-
teric vascular bed
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OREBREEMUOBRBKEZE M LU, £, KEHEIZ
1 AR 1 EREE L7z,

4. MARBEMBORE I A5 A A D HIE 1,
12 R ts, PTFINT—F)VERREE T, O
FhlEiTo> TR O0.8ml ZHML, TO—HITED
W7 RNF—=y U (O a A7 T7 /)T R)
ICTIpEE 2 HIE Uiz, 520, &9 1 R ITE O
MEL, fEs>7ILELT—80C THREFEL, I
HERIZBITZ1 A VEOHIEITHW, miEHh
A A AMERA A CHEF Y b GRKERS
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(5, 10 nmol ; FE—=3) OIFEAZITV, MENHE K
IBEBIE L. F0#%, guanethidine (5uM) TX
SRR A 2 22 DB U 72 IR B8 C 1fi B i 8 © meethox-
amine (7uM) %58 Krebs k2w L, W#iRITE %
100 mmHg f2EE £ T LA X E/%, PNS (2, 4, 8
Hz), rat CGRP (50, 100 pmol ; X7 F REFFEAT),
acetylcholine (100 nmol ; % —=3t) &\ sodium
nitroprusside (SNP; 1000 nmol; Sigma Aldrich) %
FEAL, MEIERSZHELZ. PNSIZ LM
BEERMHIICB WY > 7 ROB&EMmZ /T L TE
KU AL E (SEN-3301, HANER) ck0ir>
7=. Noradrenaline, CGRP, acetylcholine, SNP D3}
Al infusion pump (model975, HARVARD #) #%
AWT EBGMEESIRNICHEA L2 =2 — L AHED
BERWHICERTEA GEAEE 100 ul/12s) Uz,
FE D 1% 12 papaverine (100 uM ; K H A #13#K)

ZRER L, mAnhiE 2 HIE L.

M8 SOSEDZEAIX, & IHE RS TIEERIE D
ER% (AmmHg) T/RU, 1% 5 KIS T,
papaverine |2 X B g KMFE NN E 100% & Lz & &
DHiFEHR (%) THHML 7.

8. MEtEEVENT 5o N EBREIZEEME
EAHE % (mean+S.E.M.) TELZ. Hohizf
B3, 2 BB OSEEIEIRIED H S Student’s ¢ #r
FEEANT, ZHMLEOEAE, —TilE s s
#r (ANOVA) #%{7o 7%, Dunnett O % & Lihi
TEIEE AW TR ERITARIT U 72, fEBRER 59 A
EHEEDODEHELE.
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1. K&, RAKERUVEEE(CKIET Propolis
RERESDEZE  Table 1 KEHFHMBITBTS
RE, REBREKRIUKEZRLE. IXTOR
DOREIIINE & & HITHEANL 7253, Propolis 4 i [
BB T O {KE T Control £ & F#s L T Propolis
BEGHTIIAEREZIRD NN 2. RERE
FORBKED T XN TORTEREICEML 203,
Propolis ¢ 5-# O 18 & & & I /K &1 Control
HOMEEIE L THEEREIZED S NRho 7=,

2. FEIEEEMAEME, mEFFA XY ERD
HOMA-IR (Z % (£ § Propolis M2 %  Propolis
B Gl & 4 G T RO ZE MG R B, i
A A il kN HOMA-IR fii ® 28t % Fig. 112
< L 7=. Propolis # 57 10 8 iR 12 B1F 5 22 I
MAEfEZ, Control ¥ (AL 5#) 116.7+5.2 mg
/dl, Propolis 100 mg/kg ¢ 5-#f 117.1 £ 8.2 mg/dl,
Propolis 300 mg/kg % 5-# 112.3+7.0mg/dl T, #
MIORICEEREIIRD s Nah-o k.

Figure 1 (A) IZ/-R L7 & 912, Control # TIIAE

Table 1. Body Weight, Total Food Intake and Fluid Intake during the Experiment in Otsuka Long-Evans Tokushima Fatty

(OLETF) Rats

Body weight (g) Total food intake (g) Total fluid intake (ml)

OLETF 10 wk 14 wk 10 wk 14 wk 10 wk 14 wk
Vehicle 379+8 454+10* 3127 525+ 12%* 499422 862+ 32%*
Propolis 100 mg/kg 36311 423 +14* 3027 568+ 5** 512+25 909 +26**
Propolis 300 mg/kg 35715 430£11* 294+13 590+ 27** 521+£33 889 +22%*

Propolis at a dose of 100 or 300 mg/kg was administered p.o. once a day for 4 weeks. Each value represents the mean +S.E.M. of 5-6 experiments. * p<{0.05,
** p<0.01 vs. 10 week-old rats. wk; week-old.
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Fig. 1. Effect of 4-week Treatment with Propolis on Fasting
Blood Glucose (A), Fasting Serum Insulin Level (B) and the
Index of Insulin Resistance (Homeostasis Model Assess-
ment-Insulin Resistance; HOMA-IR) (C) during the Ex-
perimental Period in Otsuka Long-Evans Tokushima Fatty
(OLETF) Rats

Propolis at a dose of 100 or 300 mg/kg was administered p.o. for 4
weeks. Each value represents the mean=+S.E.M. of 5-6 experiments. *p<

0.05 vs. vehicle control.

7 4 RS LT EICE BR2MEi3EEo 5
N7sholz. £7z, Propolis 4 HHE#H5EIZHBINT
B, WTNOEETHZEERIMEEICTE B E
[EEH LAY aNAVINNSY N

Propolis i N BER 581 10 @2 B0 5 mik
i > AV filil%, Control # (A GH) 32.3
+1.5 uU/ml, Propolis 100 mg/kg #% 5.8 31.2+2.6
uU/ml, Propolis 300 mg/ kg #% 5-# 29.5 £ 1.5 uU/
ml T, HEOMICEREREZZIZED SN N =,
Figure 1(B) 12k L7=& ©1Z, Control B TiX, Nk
IR, iR > 2 AEQEMAA SN, &1
AU MYEE RS-, —FC, Propolis #%G5F#D
A > A #lZ, Propolis ®HEITEKEL TETRL,
Control Ff &I L THEIT/NSREZRL 72,

A AV ARPIEDIERE TH 5 HOMA-IR i3,
Fig. 1(C)IZ;RL7=& D12, Control BETIZH 2 12
ELHRLUK. —4T, Propolis #5#Tl%, Propo-
lis DHEIZHKAF L T T L, Control #f & L T
BRINSIREERL 2.

3. WiEHEAMm E (C K (F S Propolis R 5 D&
£ Propolis 4 1 [E % 5-%& 7 B o I #& 84 1 & 2
Fig. 2 IZ7/x L 7=. Propolis 100 mg/kg % ¢X 300 mg/
kg % 5% D & 1fn 1% Control B O Ifi JF 12 bk
U TERWEZ/R L2, WMEMICERERETEDS

B Vechicle (n=5)
B Propolis 100 mg/kg (n=6)
0 Propolis 300 mg/kg (n=6)

Fig. 2. Effect of 4-week Treatment with Propolis on Systolic
Blood Pressure during the Experimental Period in OLETF
Rats

Propolis at a dose of 100 or 300 mg/kg was administered p.o. for 4
weeks. Each value represents the mean+S.E.M. of 5-6 experiments.
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® OLETF J v b MEE IREREAICBNWT
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® [l Bk 7R U SIS DY B2 T 7=, Propolis 4 i [ 4%
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VI % 28R AR R OD I B NHE B s D 284K % Fig. 31
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FOR EHRTIEE AL EBLNH SN T2,
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fEZRLU77z. —7, SHEREEICEE L /- noradrena-
line 7 A2 & B UG iE, Control # & sz L T,
Propolis $¢ 5.5 TI3A BRAIEED SN 7z,

4-2. CGRP #fRMHiERISOE(L  sZIEm#E
JE KT 3 T & % guanethidine 727E FIC oy ST I
— A h T® % methoxamine {Z & D #EA @ [fiL & 2 X
fa S E72IRET, PNS (1-4Hz) Z{75 &, %y
B LT ERIE DR S, 972 b i EHLGR Rk
MBI N7, Propolis4 @B ®REG 217 -5 7=
OLETF J v hGHESIRERIEAICE T S CGRP
TR O I 55 At % s D28k % Fig. 4 ITR L 7=,
Propolis 300 mg/kg ¢ 5-#£ 125 1F % PNS IZ K Bt



No. 6

837

C
=100 100
E
E 80 80
-9
£ 60 * 60
2 40 40
g
g 20 20
<
= 0 0

—— e

4 B 12 (Hz) 5 10 (nmol)

@ Vchicle (n=5)
O Propolis 100 mg/kg (n=6)
A\ Propolis 300 mg/kg (n=6)

Fig. 3. Effect of 4-week Treatment with Propolis on
Vasoconstrictor Responses to Periarterial Nerve Stimulation
(PNS) or Norepinephrine (NE) Injection in Perfused
Mesenteric Vascular Beds with Resting Tone in OLETF Rats

Propolis at a dose of 100 and 300 mg/kg was administered p.o. for 4
weeks. Each value represents mean+S.E.M. of 5-6 experiments. *p<{0.05
vs. vehicle control. MPP; mean perfusion pressure.
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Fig. 4. Effect of 4-week Treatment with Propolis on Vasodi-
lator Responses to PNS or CGRP Injection in Perfused
Mesenteric Vascular Beds with Active Tone in OLETF Rats

Propolis at a dose of 100 or 300 mg/kg was administered p.o. for 4
weeks. Each value represents mean+S.E.M. of 56 experiments.

B ISIE Control BEEIFE AV EARD SR WEZRL
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2BV B Rt Control B & Hlz U THE LR Z(KIZ
o XSR ANAG Sl

4-3.  Acetylcholine & 7% SNP (C & 5 M &t #E KR
IEDZE(L  CGRP Motk SO 2 8152 U 72 Ry
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Fig. 5. Effect of 4-week Treatment with Propolis on Vasodi-
lator Responses to Acetylcholine or Sodium Nitroprusside
(SNP) Injection in Perfused Mesenteric Vascular Beds with
Active Tone in OLETF Rats

Propolis at a dose of 100 and 300 mg/kg was administered p.o. for 4
weeks. Each value represents mean+S.E.M. of 56 experiments.
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U ARYIMEZRL, EBEAICIEE i &K1 > XY
CHUEZERT I ENHEINTNDS, 91221 >
PRI, BERB 2 T < I, NeE AR,
EIMEREL S DEETHED 6N, HRGEEDRE
BN T2 ZEARBINTVWS, AFFEICBN
TH, 10 Al OENE O OLETF £ % 4 HMfHH
THETTIMmMHEFRA > A MERHK 1.5 i L7
L, @1 > ENRD SN LrL, 20
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IoTWBHEEZLND., ZOXDBHFEERT
OLETF 7 v hIZ Propolis Z B D& 59 5
&, MmyEF- > A Al Propolis D5 H &1
WO>TIKTL, @m1 R VIEZMHI Lz 5
IZ HOMA-IR i & Propolis ® il & F I T
L, L& OLETF (Control) RfITEE T fE
ZRLUTZ. I05 ORI, Propolis 51 > AU >~
EHEFRIEOMENER 2 H T 25 Z L2 <IRRT 5.
—7J, OLETF Z v kT, MiEH-1 >R i
ERBRITINEIZHE N IMEDN EF Uil 2R U7z,
I, A2 AU IR 72T Tra < NER PRI EE
B & U CIEERFAETICBI G U TW % AlREME D /RIZ
N, SCIEAREIEVETUHEAE T, 20 B IKME ToF
U L F R AR, 20 I S 5 i A 2 G A
AR ENA A VKB MEEFICHFEL TN
ZLuREEN MG SN TWwWa, LA > T, OLETF
Zv hTCTEEINEED, &1 2 AU CMmED
KT db % nTREMEDS @ V. £72 OLETF T v k OFf
% & L T cholecysotkinin A Z KA KIE L TW
58 ENHISN, T OZEMRIERBZ T TR
MEFGFICHEGT 29 ENIH/EHH S DT,
OLETF 7 v b @i+ _EF 13 cholecysotkinin A 2%
RRENREEICE > TR I > TWSIREEDHE XS
5. Propolis #% 5-#12 BV 5 i) EfE L Control £
LU THEERERASNRBN S 20, KN EE
RYIEMAIH 53 7=. Propolis $% 5 TLE i 1
AV COERTFERANPREOSN TS DT,
Propolis |2 & % ifi £ = FHHIEH ORI > &
U UIMEDKE, T78b6, 1 2R ARbiESGE
MRICESTEZo2EFZEA NS, #FIERETD
OLETF J v MR B RERERITH W T,
Propolis 300 mg/kg % 5K Tld, PNSIZ XK 2 5%
TS ISfE Kt Y Control B FURIC i U THZE
WNS 2R Uiz, ZORINE, I & B A
FERET & O # B X 7= noradrenaline O Ifi & U
LB EMERINTNDS. D —F, HNREMEICEH
Z 7= noradrenaline 73 AT & % IU#E I st Control
BB LT, Propolis # 58 THERAIT 2 M
o7z, ZORINIMEFEH LD o 7 RLFY >
ZHERENLERIBETH S ZENMHRIN TN
5.2 UMM -> T, Propolis #2585 v hMizB W
T, MEFEHED oy 7 RLF U ZREOESZ
MBI E T, MDD 5 D noradrenaline D jfif

BENHIHI SN TWAHZ ENBAZLGND. bhibh
&, 1R i Z/RT OLETF Z v MMZBW
T, DRERIT PR I B AR AR D TLEE AN 2 5 T
WBZEZHALGMNICILTWVWDS (F—FRH¥EH). £
7z, AAUCOEMELT, RREMERIEETEE
AMAENTNDS 20 ZN6D0ZENS, &1
) VMfEZRY OLETF v R TiE, 1> RYU I
X0 ZIEAHRIE B TTHE L TS ATREME DY E 2 5 h
%. OLETF 7 v kDA > A Y 2 MFEIT B TTHE
T B 38EARIT6 LT, Propolis 131 > AU Vi
MEWET D T & TRBEMREREZ MG L 720 Tl
BahEEZENS.

T SRR BT T I RE A O IS % AR & B ERIE 2
FREEZEATIE, PNSITX D ME R GA
HET 2. 18 Z 03 B CGRP #ikE 2 4
LI-MEMBERIETH D I ENHERINTNS.
CGRP i M 5th %% 52 )i 1d Propolis 100 mg/ kg #% 5
BB WT, Control BEE LB L TREWKIEZR
U7=73, 300 mg/kg $¢G5-H TIIF & A ERLITED
SN olz. i, SR CGRP EAICK S
$E L, Control & Lz L T, Propolis #5-#
THEREZIA NN STz, T ORISNTImE
B LICFEET % CORP, 2R K Z N LG TH
5 EMERINTND. O bbbl > AU >
EP i Z/R9 OLETF Z v MZBWT, ZODHETIC
PV CGRP MR HERED ST NE Z > TWnwa 2 & %
oML TWD (F—FRHERK). LENST,
Propolis |3 B #2412 CGRP #ifk B AL IC 2283 T
SV, AR RV ERETSHILET
CGRP #if#HEE DK T Z B3 2 FIREPE AVRIZ &
N5, —Kh, MENEIEEDmE RS % Z
9" acetylcholine % Ifil & -1 i IC BBV ICIER L T
A% St 2 L 23 SNP O [ 12 H Propolis 135 2
RIF S o J=. Acetylcholine @ JZ il If & N
FfiiE EICEIET 2 L AN 2R/ KEN L —
ftEFE (NO) FELEICIDMERIETH D Z DM
BINTND OSNPIEINO 5K THD, HIZ
FIZ NO 2t 5.9 5 =D &N M2 S 371
MEF/BOMBEBLZEI T ENERINTW
5.2 25 OFEE M S, Propolis 13PN R IE =2 1
BV OEEEICEEE B ABWEEDNS.,

ONHNIEE T v b (Wistar &) IZ7)IVT h—
ZERK 2B U TIER L 2RI > 20
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MEEFIVITHBIT B Propolis EHI#E 5 D& % it
L, Propolis "KM ETIVICBNWTA R >
EHMEOXEBEBYDRZRTIEEZHSNITL T
5.1 LEHW/z OLETF T v NI, BERIERIEIC
Bd2EBNBEELTE (QTL) ZHD I LA
5N, 1R RPIEEZERRETZ2ET I TH
% .2 Propolis &M/ EF )L TH S OLETF 5
v R THA R R OSENRERLZZ E
5, Propolis 1%, HRFEFIEICET S QTL /2 &
DELEMERICEEE 52 TA > A VPt Z %
ETH0TIRREL, LENIIHERBIIEICES N
A — RORMiD T R TF DR/ 2 5485 % il helE
MEZBNS.

LAk, Propolis i1 > AU Uyt z2%ET S Z
& T PR, R, SRR RE AL B
L, ZOSOEMAZBEL TILEDK FEM 277
EEZBNS.

] B

2 BIBERIE D E T )V Tdh % OLETF 7 v M
Propolis @ 4 AM#E (#5217 > 7z fE8, miEH 1
> 2 il J O HOMA-IR {13 Propolis @ fl &1
&KF LTI N L, MmEIX Propolis ¢ 512 X D KT
fEmZ7RL7=. £/=, OLETF v b 5 EIRE
TRAEAS 2 W 72 i 8 B R RE 28 i L T,
OLETF T v h DA > AU HIEDHEITITHED 2
MR EEEOREZ2RELL. DU LEOERLD,
Propolis {31 > AU Rt 2E T H1EHA 2D
AREMEAVRIB I N, A AU VIRPIMEIC A R sk RE
HEMEBRVELSEZEZION5S.
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