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Royal jelly (RJ) is known to have abundant nutritional properties and a variety of biological activities. To inves-
tigate the effects of RJ on insulin resistance, 10-week-old Otsuka Long-Evans Tokushima Fatty (OLETF) rats, a type 2
diabetic model, were treated for 4 weeks with RJ (10, 30, and 300 mg/kg, p.o.) . RJ treatment tended to decrease systol-
ic blood pressure and significantly decreased serum levels of insulin and the Homeostasis Model Assessment ratio, an in-
dex of insulin resistance. In isolated and perfused mesenteric vascular beds of OLETF rats, RJ treatment resulted in sig-
nificant reduction of the sympathetic nerve-mediated vasoconstrictor response to periarterial nerve stimulation (PNS)
and potentiation of the calcitonin gene-related peptide (CGRP) nerve-mediated vasodilator response to PNS, compared
with that in untreated OLETF rats. However, RJ treatment did not significantly affect norepinephrine-induced vasocon-
striction and CGRP-induced vasodilation. These results suggest that RJ could be an effective and functional food to pre-
vent the development of insulin resistance.

Key words——royal jelly; insulin resistance; Otsuka Long-Evans Tokushima Fatty (OLETF) rats; periarterial nerve
function
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. BiE, KU ToEL AREHS—2 (W220
X L320XHI135 mm ; & HE/EFE) NIZ3 3D
BEL, fH P2 IVEERET M) KOEEIK
WFHBIZE A, EERX, MHHEEZ 40-50%,
=R % 20-25°C ICHMEFE L, 12 RO BHRE Y1 7 )L
(R4T » AM8 @ 00, 44T 5 PM8 @ 00) IZEE L7z,
ARWFEEI ML R EE Y EIRIT A KT A Lo
THEMEL 7.

2. RIRHAZKS70bra—JL  OLETF v k
10 R IC 48 R 2R 045 Uiz, RIIZEHRL
HRIBA (LHBBSIOELE 20 (Lot
No. 020605). RJ IZ/KTAHML, 10, 30 K ¥ 300
mg/kg DFGRABKRZEER L. ZOBKZ 1 H 1
B, T—J)VEEFREE R T 2ml/kg DEETROY >
T ERAWT, @®flO#S5 L7z, £/, Control &
LT, 2ml/kg DBEET/KEKERORG L /=

3. WiREAMMAE, mM&AKREMBERUZEIERIIEBED
AE I D I TE 132 B AR O I H 1 2 JE 5 1
Y I E ) 258 (Unicom #1#Y) % Wy, tail cuff
plethysmograph %12 T 2 AR B ICHIE L 7=, MR
B T OVZE G IR I RS A O HIE 1S, 12 Ref A &1,
CIFIVT—T)VERREE T, OB ZER 2170 0.8
ml ML, —HIEBICY RNT—=YFTZARNY
v TS (R=1 2H— « IUNA LR 12Tl
EZEBEL =, FROEH 1RGS2 0AE L, M
BHY TN ELT—80C TREFL, IMEFICHBIT
L4 2AYUE, NUZUERY REOHEIEIZHW
oo MiEHA AU MEEA AU CHEEF Y b
(BT 3, MEF R Z7URY RMEZRY 7Y
U RE- AT O— (FEHME) 20 THIE
L., 4220 EBMEOEEZETH 3
Homeostasis Model Assessment ratio (HOMA-R)
1% plasma glucose (mmol/1) Xinsulin (uU/ml) /22.5
OXTHRELZ. ¥

4. FEHBEEEIR I ERERDER 7wk
% pentobarbital-Na O JEFEN# 512 K 0 JfREE L TH
fE1%, Kawasaki 5D HENTHES TT v b GHE
BRMERZRL L, EREAE L. LIRS
RNANRY ZF L o8 =a—L 2 AL, Krebs-
Ringer bicarbonate #& (#Hh% ; NaCl 120 mMm, KCl
5.0 mM, MgSO, 1.2 mM, NaHCO; 25.0 mM, KH,PO,
1.2 mM, EDTA-2Na 0.027 mM, CaCl2 2.4 mM, Glu-
cose 11.0mM; pH7.4) Z{FEAL TIERND MK

ZRELZOS, BREEIRINE R Z BHE R L
o, M UmERIT 4 AOFEEHRZIKRL, TNl
S DOEARIIKEZLZ VI L, 4 ROEEIRNS THE)
W&ol 2 BB ME < TUIDEEL T, IGREBIR
IROFERBEAL Uz, BEAZEREEICEER,
Krebs iz XU A& R > 7 (AC-2120, ATTO #)
T—EfE Sml/min) ¥RLE. £k, EAD
Wi B <7=%, Krebs ik (0.5 ml/min) 7% K
F L7z, Krebs IZIZH SN LD 95% 0, KUK 5%-
CO, DB A &M, 37°CITRR LN Z
ABEENZ BB I, BALR S TOMIZBN
R Z AP a—1— (TP-200T, HAER)
WCCHEREZRIE L, EREOZRZ MERRELE
{t& LT, i#kEt (model U-228, Pantos fH8) k
IZRCER L 7z,

5. EBR7/0O0F3—JL  Krebs ik DR 30
%, BERIEDNZE LD ZMHERL, BRI
(PNS; 4, 8,12 Hz) KU\ norepinephrine (NE) (5, 10
nmol ; FHE—=4) OFEAZITY, MM HE KIS ZE
HIE L7z, Z0%#%, guanethidine (5uM), methoxa-
mine (7uM) %530 Krebs i Z#EH L, HEHREZ
—ELN)VETEREIEZDE, PNS (2,4,8Hz)
K OX rat CGRP (25, 50, 100 pmol ; X7 F K#FZERT)
ZIEAL, MEREKSZHEL . PNSIZ LG
MEEBIRFHEICR WY > 7RO EMZE L T
BLRHCEE (SEN-3301, HAGER) 2k fro
7=. NE, CGRP D+ Al infusion pump (model975,
HARVARD &) 7% T EGRIEESIIRNICHR A L
e Za—UAHEOERETICESEEA QEAREE
100ul/12s) L7z, FEER D&% T papaverine (100
UM R HARBER) 2R L, mAsMmER 2= HIE L7z

M ROSPEDZAIX, I e RS T EETEIE D
EH% (AmmHg) T/RLU, MEMEKRIGTIE,
papaverine |2 X 5 g KiifE M in 2 100% & Lz & &
DOfE#E (%) TaEMmL 7.

6. METFEEVEIT GOSN EBREIZEEME L
B (mean+S.E.) THLZ. ol
i, FBUE RO —Tehl B #o (ANOVA) Z17
>7D%, Tukey D% HE LIIRTE 5% AW THigHE
MICRT U7z, fABRE Sk Kimze A EALZdD D & HE
L7=.
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1. &, RKERUVEEE(CRET RI K&K
S50#%  OLETF T v ~ OREIINE & 412
mUZD, (K&E, fkEKRCERERIZRI #51CX
LHEBRBEIZRD SNBNh o7 (F—F RER).

2. MABREMERCRGEHMECRET RI KA
BE5DHE

2-1. [M¥EE, mEHA > R Sl L0 HOMA-
RIEICKREFTHZE  Figure 1 ITIT RIZFGH1& 4
T G4& 7T REO B fE, MmEH-1 > A fEDE
{E XX HOMA-R & R U7z, RJ #57i 10 5K
2B 5 M BEfE 1L, Control # (RJ JE# 5 8)
125.64 +7.52 mg/dl, RJ 10 mg/kg # 5% 109.50 +
4.03 mg/dl, RJ 30 mg/kg % 5-# 130.11+7.34 mg/
dl, RJ 300 mg/kg % 5-7f 137.92+8.11mg/dl T
o7, FERIFBHICLD, ZEERMEEICIIER
IS A S NIz - Tz (Fig. 1(A)).

RJ ¢ 5.0 10 Bk C B 2 i1 > 2
1%, Control # 0.98 +0.22 ng/ml, RJ 10 mg/kg %
B.# 1.05+0.31 ng/ml, RJ 30 mg/kg #% 58 1.03 +
0.23 ng/ml, RJ 300 mg/kg ¢ 5% 1.01+0.33 ng/ml
T&dH > /=. Control FETIX, MERICHES T, IMiFH
AR AMEFEIC ER L, &A A CIfE &
otz I RIFGHICBLTIER A > A >
fEld, RIOHEIZKEFEL TEFL, 300mg/kg %
BT Control #ICHE L THEEREKTAASL N
(Fig. 1(B)).

AR P DIEEE T dH 5 HOMA-R f# 13
Fig. 1(C)IZ/;rL /=& D12, Control ® OLETF T v
K Tid A L7=. HOMA-R ffii3 RJ #5810k F
LT ML, RJ300mg/kg £ 5 HIZH T Con-
trol B (14 HfR) ITHNXTHEI/NIWEZRL
/z.

22, MAFHRIMISTVE) FELCRETZE
Figure 2 IZ RI # 5% oifiEHh U 7 U1 RED
W% Z/R L7z, RI %501 10 HEKIC B 5 g+
KU Z Ut R{flZ, Control # 117.45+9.21 mg/
dl, RJ 10 mg/kg # 116.90+6.59 mg/dl, RJ 30 mg/
kg B 136.43 =4.39 mg/dl, RJ 300 mg/kg # 101.91
+2.39mg/dl TdHh > 7=. Control BEDIiEF kU~
Ut ) KA 12 38 KO8 14 8 i TEE O HEINN & 5
NrENAEEREERRD NN /-, RI10 KO

A
15 F
2
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Fig. 1. Effect of 4-Week Treatment with Royal Jelly (RJ) on
Fasting Blood Glucose (A), Fasting Serum Insulin Level (B)
and the Index of Insulin Resistance (plasma glucose X plas-
ma insulin/22.5) (Homeostasis Model Assessment-ratio;
HOMA-R) (C) at 10 and 14 Weeks in OLETF Rats

Values at 14 week in A and B indicate as ratio over 10 week-old rats.

Each value represents the mean+S.E. of 6-8 experiments.

P<0.05

=] N N
é § § § O Control
0.5 % § § RJ ;g mg; kg
\ \ \ RJ mnf kg
oL § § § Bl RJ 300 mg/ kg
10 12 14
(Weeks)

Fig. 2. Effect of 4-Week Treatment with Royal Jelly (RJ) on
Serum Triglyceride during the Experimental Period in
OLETF Rats

Values at 12 and 14 week indicate as ratio over 10 week-old rats. Each
value represents the mean+S.E. of 6-8 experiments.
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30mg/kg HEGHIZBWVWT, HH5®K2BEMIZBNT
Control B & b L THEICEWEZ/RL . Lp
U, #&5 4 MO 14 @ik Tl3A BaZ2{tididso
507> 7. RJ 300 mg/ke $% 5 # Tl Control
HEFEEOMEEZ/RL Tz (Fig. 3).

2.3, WisHMECKREFIHE RIELGAH,
5 4 0 [ 5% T R O I 1 E © 24k % Fig. 3
IZ/R L7z, Control # T3 nis & & BITIME EFN
Bexns. £/, RI10 KU 30me/kg # 58T
13 Control B EFIMEDIMTED ERZRLEZ. —H,
RJ 300 mg/kg G5BT BWTIE, %5544 2 HRH
TREBERBREIEZAS NN =M, Control FEIZ
P U TR WE Z2 /R S A S5 7.

3. MERKHECKET RIERHZESOZE

3-1. RREMBHENERICOZEL  #HIERET
@ OLETF J v b5 MEEIREREARITH N T
PNS (4-12Hz) %175 & RIFABEE ITHKF L 72 R
JE ERMNBIERIND. T ORI ME E BH AL Rk e
HI 30 & D i EE X 217~ norepinephrine (NE) O Ifii
BRI KD 2 ENHRINTNWS, Y SAREMEIZE
Z 72 NE JE AT K o TH RIBRIRIHE RIS EZR S 1
L0, MEFEGED ol 7 RLF U > ZREZANT
L7RInTdh 5.9 RI 4 H %17 > = OLETF
Z v IR ENAREE TR AR 1T 31T 2 S EARREE O if
B SO DZE AL & Fig. 4 1IZ:- L7z, PNS (4-12
Hz) 12 & 26 RT 10 208 30 mg/kg £ 5-8F
IZHB T Control FED SR EHRTIFE E A EE(L
WA BN~ RI300mg/ kg #% 58 T,
PNS 12 Hz T & % [ Jix 7% Control FEIZ LN TH &
NS oz, —F, HREICEAT NEEAIRK

£ 160 |
2
E
o)

‘é’ T 150 [
i E O Control
o~ A RJ 10 mg/ kg
g 140 @ RJ30mg/ kg
s A RJ 300 mg/ kg

A7

0L L 1 1

10 12 14
Weeks

Fig. 3. Effect of 4-Week Treatment with Royal Jelly (RJ) on
Systolic Blood Pressure during the Experimental Period in
OLETF Rats

Each value represents the mean+S.E. of 6-8 experiments.

2 e K is i3 Control BE & kL T, RI#HG5HT
BREBAEI RN 2.

3-2. CGRP #fE4iiERIGDZEL AR
W N ICEADOME 2 BRI EERLEZ LRI
IREETT, PNS 2-8Hz) #1175 &, BEKGEMEDRE
MEER NP ERIND., 0K mEEHE
CGRP #ift 241 L 7= &g It Td 5 T &Vl
HINTWS, 9 RJ 45 217> 7= OLETF
v NG RS IR E R AE AT BT D CGRP #ifgE o
1L 5t 8 I i D 284K % Fig, 5 1Cx L7z, PNSIZTX
% i #% Kt 1 10 mg/kg #% 5812351 T D A Con-
trol FEE i U THEICKEWRINZ/R L2, i
OHETIIAERALIZED SN =, —F,

PNS

)
= 100 100 -
£
é 80 80
&
S 60 60
'E 40 . 40 O Control
4 A RJ 10 mg/ kg
2 20 20 - @ RJ 30 mg/ kg
= A RJ300 mg/kg
= 0 - 1 1 1 0 - 1 L
4 8 12 (Hp) 5 10 (nmol)

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

Each value represents mean+S.E. of 5-8 experiments. ¥p< 0.05 vs. con-
trol.

2 4 8 (Hz) 25 50 100 (pmol)

- T . r i

N

< 20k 20 |-

s

T 40 40

= 3

T 60 t 60 -

E

> 80 80 -

100 = 100 = O Control

A RJ 10 mg/ kg
@ RJ 30 mg/ kg

A RJ300 mg/ kg

Fig. 5. Effect of 4-Week Treatment with Royal Jelly (RJ) on
Vasodilator Responses to Periarterial Nerve Stimulation
(PNS) or CGRP Injection in Perfused Mesenteric Vascular
Beds with Active Tone in OLETF Rats

Each value represents mean+S.E. of 5-8 experiments. ¥p<{0.05 vs. con-
trol.
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SLRPEIZ CGRP Z1E A L T ® [Alkk 7 5% K s 23 8
RINDN, ZORKINIMEEHE D CGRP, %%
BREN LIRS THS.9 ZOnhfE i, Con-
trol B & Hhir U C, RIEH THEREMLIZI SN

o7z,
% =

AR, BERIEZ T Ca < BEw, FEEHEE, &
MEREL L DEREBETA > 2 ARPIENED 51
HZENPENERD, EREEEOERETEU
TOZTDHRIILENY DDdH %, OLETF 7 v k
W, B A D 2 BIBERE OB T IVEM & U TR
SN,V mEICRD, mEHRT >R fER R
L, @122 VIEROA > 2D ARG ZERT
ZEMHESNTND. Y AHFERITBNTSH, 10#
D Control # 7% 4 A E T 2 L MiEH 1 > AV
EK 2 FIC ER/ L, & R CENRRD 5
Nz, UL, MEMEZIRED LARASNDDHD
DHEERENTERL, £k, 1220 EFHtD
fEfETdH % HOMA-R S ERAMNABENS 20, T
DORFAD OLETF 7 v K TlidA > AU ARPiiEA
IoTWws&EFEZS5N%. OLETF 7 M RI %
EWiG59 5L, mighA > XY UfEIE R O%E
HABIZHE->TET L, &1 AU ZIfE Z M U
7z. T5IZ HOMA-R{® R O HEKFHITIKT
L, Control #IZHRNTEWEZRLEZ. 05D
fERIE, RIOEMEREI31 >R U VIR RIEZ
W9 2 vl EEEAVRB TN 5.

RIZIBENTIEY N—YIZ X 26510 R % HE
LThHMOI 70 zAbIgs &2k, MiE
HOREEHZ2EFI®2 2 &pmEINTW
5.9 KB N T OLETF 5 v MIZ RI 10 K TY
30mg/kg & 2 MG T 5 LifiEHho U7 Uk
) RYEIZ Control # &b L THEITEWEZ RL
7. —7, %5 4 FERO 14 8 EEE T i 15 2K
TERAIES: L, Control B L IFIFFE UMEICETlH
L7 ZHIRIBRICIFEEENEEENT
B0, EWREAHMTIIEENEREL, RIDIEE
KFERZHZLZEEZAONS. £FE, GHED
300 mg/kg # 5 H TIIIEEK FTERIZASNT, &
IZRUZ Ut RiEIX Control #EL D BWEZERL
TWa, ZOXSBBEZIRICHEEINTHD,
RIWCEBEEHEND D I ENRBINTIND, 101D

—73, OLETF T v b~ TIEINEZHE W I FE A If 17
At 22 VEEFMRIC ERUEMEZZ L.
B, A 22 AIEERHT7Z T T < NRPE S 1EB)
Wrg & U CHEERERAETNICEE 5 L T\ 5 ATREEAVRIZ X
N, 122 KB ZEARRIETETUEERM, 12 B
g PRAIE T DS U L FRIEEER, D miEF
WA O 7 EIE ERICEHE L TWa
AEEENREINT WS, LR THEIAWVWE
OLETF Z v T ®EA AU VIMEE/R> TW5
e, MENEFLEEHERINS. RI10 KU
30 mg/kg ¥ 5-#EIC BT 5 I £ @1 Control # & [F
FRDIMEMEZ R L 72AY, mHED RJ 300 mg/kg %
BERIZBWTIE, Control BEIZL#R L TRWEZ R
JlEANAS Nz, @mHED R £E5TIXMiEHS 1
AN O TFIERNEREO LN TNSDT, RIIK
KB IME EFMFEIERZE A > A > ME DS E T
FoTRI->7=EEZLENS.

F#1EE8E T @ OLETF 7 v b5 B B IR i A AR
IZBWT, RJI300mg/kg £ GHEATIE, s
PR IHE s (PNS 12 Hz) A% Control £ D i IZ
U THEBICNS otz — 0, SAREICE A
NE £ AT & % IUE MOt Control # & bh#g L T,
RI &% 5B THEERAILE BN/ Lo T,
RIZBGHS Y MIBWT, METFEB LD o 7
RLFU 2B ROBEZEIIEET, SRR
5® NE O il SN Tnbd 2 ENEZ 5N
5. bbb, >R it %E/Rd OLETF
Fw MIZBWT, I I BRSSO 7T
ENEZ > TWBZEEHLSNILTNS (F—%
KRER). T, A AV COEMELT, R
RIEBTTEERAN A SN TNS. D ZhbsD I &
5, &A1 AU ZIE%ERY OLETF v kT,
A2 AU TR D ZEARIE BN D THE L T W S AT RE
PENEZ 505, OLETF v hDEA > AU >l
FENZPEWTUHE T 2 S8R LT, RIEA >R
U YN 2 MET B 2 & TR RE 2 I L
DT W hEEZONS.

—75, ZRTEABREE T T IR A D ME % Bk S B
WRIEZ FRIE/ZEATIE, PNS 2-8Hz) I2XD
CGRP #i# 1 @ ifi & st 4% K 2 B % . © CGRP
TR S A% SO X 10 mg/kg G EEITB VW T O A
Control L L THEICRKREVWKINZ/RL 2
N, MOHETIIAREREITFED SN ho 7.
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—7, 4 A CGRP i AIC & % CGRP, Z &K%
It U 7=otiE ) itiZ, Control B & Hels LT, RJ #%
ERTHEERAMT N>/ DL EORERE, RI &
HE#HZ v MIBNWT, mEFEMH LD CGRP, 2%
RDORZMITZLE T, CGRP #ifk/ 5 D CGRP
DFEEHENMEE SN TND I ENBASND. DD
N1 > A bk ZER9 OLETF 7 2B
T, ZOHEITITHEY CGRP ##EHERE D 55 2% Z
STNEZEZHEMIIL TS (F—F RFER).
RIIEA > AU ARPUEITEWK 9 % CGRP #i#%
WREICH L TH >R VYt 25%ET 2 2 & TR
HPICER L, CGRP #fEHEAEITK L THREEMIC
B < ATREMEMNRR I NS, DLk, RIGARY >
HRPTE DSk ERh R 2@ U T I & PR e A L &
WEL, INSOEMPHEE> TMEZK NS EZ
EEZBNS.

] A

2 BIBEIR B DET )V Tdh % OLETF T v M RI
D 4EMBEORGETo . TORE, Mmigh-1 >
AU % HOMA-R fiilZ R D H&ITHKEFL T
KFL, MEFRI OEHAE TR FEMZRL .
%7z, OLETF T v hHEENIRERIEA Z H Wiz
I JE B R B RE D 28T U Tid, OLETF Z v
cDA 22 ARFIME OHEFTITE D SRR RE D
JUitE & CGRP MR HEAE DIl 35 2 A Z I tkE L 7=,
DIEDFEREI D, RIWGA AU VEPIEESKET
DIERZFEDREMEAVURIZ S N, A > AU Rk
WEIsHRE B R DB EEZ NS,
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