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The Effects of Water Extract of Polygonatum Odoratum (Mill) Druce on
Insulin Resistance in 90% Pancreatectomized Rats

Sun-Min Park*, Seung-Hee Ahn, Mi-Kyung Choi, Soo-Ran Choi and Soo-Bong Choi'

Food and Nutrition, Hoseo University, Sechul-Ri, Asan-Si, ChungNam-Do, 336-795, Korea
'Internal Medicine, KonKuk University, Kyohyun-Dong, Chungjoo-Si, ChungBuk-Do, 380-062, Korea

We determined whether the supplementation of Polygonatum Odoratum (Mill) Druce (POD) extract had a good
effect on insulin resistance in peripheral tissues of 90% pancreatectomized (Px) and sham-operated (Sham) male
Sprague Dawley rats. Px and Sham rats were divided into two groups; one group daily consumed 0.3 g of POD
extracts per 1 kg body weight for two months, and the other group had a placebo. All rats freely consumed a
40% fat diet. At the end of the experiment, a euglycemic hyperinsulinemic (EH) clamp was performed in a fast-
ing, awake, and unstressed state to determine insulin resistance. At EH clamp, body weights were higher in
Sham rats than Px rats, and serum glucose levels of baseline were affected by diabetic status and POD admin-
istration. Serum insulin concentrations were higher in Sham rats than Px rats, and POD administration
decreased them in Sham rats compared to P. Glucose disposal rates in peripheral tissues increased with POD in
both Px (n=10) and Sham (n=10) rats. But glycogen deposits in soleus muscle increased with POD adminis-
tration in Px and Sham rats, and total glycogen synthase activity and fraction velocity were higher in POD
groups. Triglyceride contents in quadriceps muscles decreased with POD in Px rats. In conclusions, POD
improves insulin resistance by enhancing glucose utilization with increasing glycogen deposit and decreasing trig-

lyceride contents in muscles.
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Hel 7hed 9 d&€d AL ded Beles 34
Al71E Aol et ARE RALERE o] S350

T3 U] olAZA] F2 Bol] Fk BUIZ AR
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orng Faw g WA 4 o, agx|vl ot &
ABA7E A2d FeHoMe adder Jd&d AFHS
AENFIAY ] vE Axe] APEE WX sAL A
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A%E ol Fxg AF 338+35¢2] Sprague-Dawleys &
A AFAE 7Y 3~4Y 7He] HE F 30vle]l= Hosokawa
TPl olgsl WS ALREA AR 90%E AAIC).
AYFEANA 50mgkg A5 AFE 2§ FAlsl o}
HAANZ & BRE dAlst 2ASHA A @ (common
bile duct)ellA] AolXFY] g FE7IA2 oF 2mme| &
o] AANE @71 YA e RRe nE HAR &
253 A= B3tslo AT G SAE 7 APEES T
EQh e F 25 B¢ IFAEE ARSI, 2 B9
= A7 F4 22 SEFH 9] 9.4mmoll PRI A
ATES A9 A ALsla g TES AFo e
%39 (Randomized complete block design)el] &}8ix 3 7o)
10 vl ¥ 2o YRtk A4 URZO2E sham §°
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BE 79 Hole FEHOE 40% AW Hol& FF3IN
2, BrstE, dlds) Ao pve 7 SRR 40%,
20%, 40%= WS d5dEe S5 AReE, o
Ao FAQeR a8 BE3} AN S5 VIEeE F
Fagoh 7712 AN 7718 EFEY FAHIE ol&st
I BEie AN, BlEF EFE9] FABE o] &3ATH.
Px #49} Sham WA= F& 2 F FFH 40% A4olE
8 F B9 AH FAsta, Aol dHFE S48t POD T
A POD € FEEL 2¢] A% wet Pxét Sham ¥
Aol AFE 1kg T 03g8] PODE AHT F UATE 2ol
20] Foh, R A (placebo group, Py TS ¥
o) ARG Aold] 4o) FAUTH ARSI T 1 FLA g
HA 15-18 AlZF Bt FAAZ F oA 1149 B 2
2RE 9L AFste] 3 A5 SHAT A4
LT 20+ 2°C, ANEEE 65+ 5%F AL F5719
FF71E 12 A7kl HES U 2t

Euglycemic hyperinsulinemic (EH) clamp study

AP FEL SAY)E Aol BH clamp B 2J3iA Qs
2 Age | sl APHolg FFTA 7 A H
R o AR 2& FAlsld wHAR] F 9F HTH
(carotid artery)?} Q2% 7AW Gugular vein)?l| =¥(catheter)S
AL, FE T BAA AR & AYHLE F
FaHIL, 1 FY Felle ATl & AT 78] A%
sl FeRYE A3 FEAAG 7 7 4 A He= g9l
oF 15~18 AIZF FAAT F A& AL S8

2820 HAW] AR =Hog ¥ Qleds F
Qatz, fzo HEYolMe Ag ANFHS = o8t
FU% d&ed =AM HHe EET £XE(glucose dis-
posal rae)® AR Aed AFAHLS AN AEF
B ghfoa} v Mol 4 HF(heart puncture)> 2
< g g A AP AAFRE 1:1(v:vE 4T
g0 ¢lEdE Aol 12mUkgmin £=2 AL A&
Hog FAFHAUL. ole} TAl 25% =T &S FH
2 sl ¥3o] 50~5.6 mmol/LE 7’38 F(euglycemia)
o2 YT A (steady-state)S FAY W T FYE
SRR 2T AE £58 2k X7 A S
E 8% 50~-5.6mmol/LE fA8lE Exd FUSE F
ddle g9 T BEE FEL WA Y AFoE T
oAl £ 9 AF B AHe =T Fo=2 A
I 29 e mgkg ASATOITHD,

AF gAe AR E AL £ T T 247
(Glucose Analyzer, Beckman Instruments, Fullerton, CA)Z
g2 =438t 8% A€¥ %= EH clamp § A%}
2, 903 1208 Zgaith U ded TEE HA
el#3 RIA kit(Linco Research Inc., St. Charles, USA)S
0]4-3le radicimmunoassay 27 3FETHY,

EH clamp’} BUAWER Hl2 FFQ0mgke)s o=z
Fsta, 7+, 4 259 solens?t quadriceps o5, AW &
< BYsle AA "o Yol Szt 5AAA A 4
< @ g7k —70°Ce] BABATE 40l o83t
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7v7 soleus®} quadriceps 259 FE|2A FE UAAH
9] AL 57‘15}7\17] Az IxY TEE A, AV
o gluicoamylaseE 75t} WA & E=H T8
763}04 b3k 2% FEA R AGE FIYIAY TF

£ ARFIRTH, 28 B SAAN] FHe A
4 280 FRERIE (WEEQ2:1, v:vg B0 #FVE
AN T AEstY 280 2HE AWNE FEIIAT
719 09% AEF SAE Fo TN T e
ZRRIE & BIYID o1F FFHA de F4A

u ghke GEAoF J)Ekits)E o] 83t 500 nmel|A] B4
9 ‘3}31‘31-“6) Glycogen synthase 432 Thomas et al.'79]
Pl A3 THY, Glycogen synthase /42
10.0 mM glucose 6-phosphate(G-6-PyS A71519S vk 7t
34 ¥ 0.3 mM UDPG-[H]-glucoseS <5 A|Z9} wjjst
9L o =89 FFAAY &A= [PH)- glucose94 ¥ s F
At AABkd Glycogen synthase E/3-8 nmol/mg T2
Aoz AT 10mM G-6-P =949 glycogen syn-
thase 42 glycogen synthase?] At EAolx, G-6-P §lol
243 glycogen synthase B4 G-6-P H|EH Fejo| &
Aelty. X3t glycogen synthase®] fractional velocity(FV)<
10mM G-6-P7} =A% wfo} EA|skA] &2 e glycogen
synthase2] &/4e] v Al4lekdtt. FV+ glycogen synthase
7v v|Z3AE B Aeeld E43EE 5 Ul A
2 o] o] =L4E FNF O F glycogen synthase E/Js}
A& v

SAH w2l
Px} Sham A4 POD Ei&= PE 8F T 3
7% vk W] 8 4 2HE Had ®
AZkstsch. 8 8 AFE 5 Px9t Sham WA
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two-way analysis of variance(ANOVA)Z #9]/4& Z
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ARoz Fodh wUThP<0.05, Fig. 1). & A&7 &
ot POD+F P79 AFELS o7} glsdnh

PODS PE Fod3}l7] Ao Px wWire] FL 99106
mmol/Le) R, AAwe @32 6.4+0.5 mmol/Lelt A
AY7)7F B Wi AF 3 w2 2T T2 Pxrol
Shamitol| s EAHcw oA EUThFg 2). & A
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Fig. 1. Changes of body weight in four different groups during
experimental periods.

abcValues on the same week with different superscripts (a, b, c)
were significantly different at 0=0.05.

After overnight fasting, body weights were weekly measured at the
assigned time.

Px_POD: 90% pancreatectomized (Px) rats administered with
Polygonatum Odoratum (Mill) Druce (POD) (n=10)

Px_P : Px rats administered with placebo (n=9)

Sham_POD: Sham operated rats administered with POD (n=10)
Sham_P: Sham operated rats administered with placebo (n=10)
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Fig. 2. Changes of serum glucose levels in four different groups
during experimental periods.

abe\alnes on the same week with different superscripts (a, b, ¢)
were significantly different at 0=0.05.

After overnight fasting, serum glucose levels were weekly
measured at the assigned time.

Px_POD: 90% pancreatectomized (Px) rats administered with
Polygonatum Odoratum (Mill) Druce (POD) (n=10)

Px_P : Px rats administered with placebo (n=9)

Sham_POD: Sham operated rats administered with POD (n=10)
Sham_P: Sham operated rats administered with placebo (n=10)
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Table 1. Serum glicose and insulin concentrations, and glucose disposable rates at euglycemic hyperinsulinemic clamp at the end of

the experimental study

Px rats Sham rats
POD (n=10) P (n=9) POD (n=10) P (n=10)
Serum glucose levels at baseline (mmol/L) 8714 98+ 1.2 59+13° 64+1.1?
Serum insulin levels at baseline (pmol/L) 2532+ 58.4° 248.8 + 64.4° 342.8 £ 45.6" 396.8 £ 53.29
Serum glucose levels at steady-state (mmol/L) 56104 56+04 57+£03 57102
Serum insulin levels at steady-state (pmol/L) 1713+ 140 1745 + 138 1750 + 167 1788 + 185
Glucose disposable rate (mg/kg of body weight/minute) 360+ 10.6° 292+ 6.8° 539+7.7% 38.7+13.6®

YMean+Standard Deviation

P%2Values on the same row with different superscripts (a, b, c) were significantly different at 0=0.001.
»2b<Values on the same row with different superscripts (a, b, ¢) were significantly different at 0=0.05.
#2bcValues on the same row with different superscripts (a, b, ¢, d) were significantly different at ¢=0.01.

Px: Pancreatetomized; Sham: Sham-operated

POD: Administration of Polygonatum Odoratum (Mill) Druce (POD);

P: Administration of placebo

AE 71R 7% FaS YeRitiy B EJT ), Bonner-
Weirsol WE2H A HAE 9 #AFe] Wel AxE %
(mass)7} 7+4313, EEFe] A2 HEl A|X9 715E H|
AGHeE wrge ¥€9S =9k 23y g AelAA
Atelell gotb SlE #Fe wiE Axe Jed FH A4
o]F AL HIABIFTH. Px WX+ o] X&H o2 o]
ARG =2 JHE fA%e A% T=wI A #AF
g 3] WHolE YEpdT@?, 5 px A e JIEd B
H7} A3 BlE) 2R T FES ¥us S5 F Ae A
== Ho FEes dA 2¥ES YehliR] &AL A%
o= Ad&d FFo] Al FFol EAFA oA U
A Aol Jeide A2d Zerel SME Jehdtie,

A Rossetti 5 IT7NM 90% HFE AAT WA
TE ¥ ¢ 6.6mmolLolL A T HFL 158
mmol/L AEZ FE T2 Sham WA} A Aolrt QI
ol RUSIGTHY. & A Al FEE G| A A
A Fed X 25 Fo o] 9.4 mmolLelde] WA= 4
g il AAHES o] ¢F 9.8 mmol/LE Rossetti¢] 2
AR} YT, E oy AFA Hug AL BEUR
2 AN e d&d AZAo] EXT o PODY Fo &
HE AN HolA A Ao|& FFIATHBEM.
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Table 19 Ztzte] Az 2o)lE FFS & WA AU
TeF AA &8 437 9814 EH clamps 39S W)
EH clamp A} 9&¢dL 12mUkg AFA0E ALz
2 FEEEA 25% TxF 9 FFESY 898 56
mmolV/LE FA3HES W S & Y =9 55, F
A Jed T =T AA SEE FUG Aol
F3A| 854 EH clamp W o2 2z Wre] ¥u A7
8 &3 Ud€d AdAES AAAY. EH clamps
3171 Aol 712 FE ¥ POD §9 Fo] 3 B4
A 4949 HolE YeRIAHP =0.001). Z, Px WA 2]
FE 7|2 9& PODZ(n=10)°] PEm=9)l Bl&f @k
3, Px 9A¢ 1%x BFS Sham WA¢) H3 ZQTHTable
1. 712 8% 948 $%E Px W7l Sham WAjdl B3

B ok

0

wok3l, Sham WA9)AE PE Fo(n=10) 313 we] ¥
3 POD B9E 319e Whn=10) 7% % 9<d F=7t
BaA Tk Px WA e PODOl g &t §ilY
(P<0.05). Ex4¢ AA £EE Px9 Sham ¥AJdA] EF P
2 ZF39¢ vl HE PODE FF3US o F7HkNc
(P<0.01).

E A7 72 oW FEE Rossetid] AHANY FE
g ¥EE 375pmol/LE sham &£ 3 WY LS
3 FHollA AR A ¥wstdS @ Sham A
Y FEE AKX T Px dAe] FE ¥F
= WAtk olgA Aol Aolrt AW AL
of A¥FE] o)7}t Aozt YU Aoldl] Aol
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338 g A0, Rossetti®] A7 BF 4
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A& AYHS ABHoT 24T 4 e AU EH
clampZ 3l7] Ao AEHa} AW =S HAYdte
%< 3l 137Y %9 EH clampE 36 =d 2 olf+= <l
=9 AL Fed 2EHZY oA F FFE LeE
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Table 2. Glycogen and triglyceride contents in soleus and quadriceps muscles(unit: mg/g of tissue)

Px rats Sham rats
POD (n=10) P (n=9) POD (n=10) P (n=10)
Glycogen contents in liver 28.1 82" 26.7+7.1 30.1£7.9 25.1+5.6
Glycogen contents in soleus muscles 35+£22° 29+ 1.5° 48+ 1.8 32+£229
Glycogen contents in quadriceps muscles 32+ 14 28+ 1.7 38t 19 341132
Triglyceride contents in soleus muscles 48.6+35.0 61.5+£345 3431418 535+463
Triglyceirde contents in quadriceps muscles 494+ 18.1° 1042+ 379" 51.7+£23.5° 80.7 + 20.6*¥

DUMean+Standard Deviation

22bValues on the same row with different superscripts (a, b, ¢) were significantly different at 09=0.05.
Px: Pancreatetomized; Sham : Sham-operated
POD: Administration of Polygonatum Odoratum (Mill) Druce (POD); P: Administration of placebo

Table 3. Glycogen synthase activities in soleus and quadriceps muscles

Px rats Sham rats

POD (n=10) P (n=9) POD (n=10) P (n=10)
Glycogen synthase activity with 10 mM G-6-P in 3534620 275+8.4° 395479 3474982
soleus muscles (nmol/mg of protein/ minute)
Glycogen synthase activity with 10mM G-6-P in 337465 2984922 3684108 302483
quadriceps muscles (nmol/mg of protein/ minute)
Fraction velocity” in soleus muscles 11.4+25° 8.6+ 1.9° 136+ 1.8 103+2.1%
Fraction velocity in quadriceps muscles 107+1.9 88+£2.2° 12617 118 +239

UMean+Standard Deviation

PabValues on the same row with different superscripts (a, b, ) were significantly different at 0:=0.03.
IThe ratio of glycogen synthase activity with 10 mM G-6-P and glycogen synthase without G-6-P
Px: Pancreatetomized; Sham : Sham-operated

POD: Administration of Polygonatum Odoratum (Mill) Druce (POD); P: Administration of placebo

Zholld AW 2 AA Skel S A= 811 WA A gk PODS] Aol 27k AolE HEhfIH
‘]

o5 239 FTFA F(Table 2), TAAY H(Table 2) L A&y APAe A obH7kA AR FYAT, 7t
2] glycogen synthase ¥4l (Table 3y FARISG T 7 24 58 AL F9 she 283 AW AxoA ded 7}
o SN ¢ Px WA7F Sham #Ajof] Hls} W& 7 f2o| Zhashes Tx2AA Y ded AFPez Qg A
T AIAT FAARJ] frelde ¢z, pODS HFH N @ ot} o1&y ALY Trhe I{HAM AL Az &

g zol= Itk 259 FI ¢ Bt POD A3 Aste TEFS AAXHE olFAFE GLUT4Y 849 7
of W& ZpolE UEho] soleus 59 FT|FA ¥ Px &, AZYe Exgo] o]8EE A F83 hexokinase

Wl HE] Sham WAeA FAHOE FoatA EURIL, a8z 2 Aol k= glycogen synthasee] &
Px ¥4} Sham WxjeA R PODE AH#HANIE o 2 of Zashs A #HHe] givhe Byt BH®P0 &
FA &3 o] Z75AthP<0.05). Quadriceps =59 FE|E T2 AFME PODE FH3I%S W glycogen synthase &
A &AL pE FTFURE px WA} T2 2o W& Ao} =718t B3] fraction velocity’} E718te A& R
stk Px WAolA soleusst quadriceps 2% TR & F3Uth AR ofHAA] Aede] gl st ol
Z#o] Sham WAl B3] ESk=dl, Poll Bl PODE 3+ 7} BAEA HEAA = P

e W FAEALY FH Y] vopnt. oleld Aole

quadriceps THOM T FAH O Folgt xolE ERIAL 2 of

(P<0.05), soleus TFNME BAALE Fog Ao)7t YA

ok Px #AA PE FH3IHE W soleus 254 F glyco- AR7HA Qe A4 E PIT)= FeR AlHREHE
gen synthase activity7F Th& ol Hl3] $Strl, Total glyco- e e thiazolidinediones®] AT Zoo= HI7HA] FHe
gen synthase ¥4 quadriceps 2= Fx=9 POD ¥ 2o dsir o g35 2ARIAL Atk & dFoxe 7

Foll W& Aol7t Pt Soleus =514 glycogen synthase wHe] g Erh Ak g deRRFEH FET
9] G-6-PZ H7IBIA kS W 10.0mM G-6-P F LA POD2] ¢l&d Al v e FEFE AT A5l
9] fraction velocity= Px$} Sham Aol 25 pE FF3} 338+35g ¢l Sprague Dawley WA S FFOE Fo] g
g€ 4 ®oh PODE F33I9e o =%, Sham WA7} T2 sham FEL 3t} AL, U8 IFL 90% A
Px #ixjoll H]3)) #=3¥ch(P<0.05). Quadriceps T5ol4] fraction AA &S 3l B Px)CE 3k Px WAE 90%
velocity™= soleus =53 w7 ER) H e YERI AL, Px AAA F&L 3 F 2 5% FFE S FH 7
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o] 9.4 mmol/Le)del WAME HesHth. Sham WA 9} T
WA= OA] 4z 2o 2 vre] dEE(n=10) 3l POD
< 03gkg AT §Fo2 Hojof o] FFIHAUL, ThE
2 (n=10) ALP)e 8 T < T3t Aol 40%
AW AolE AFEA AFF=E AT 7 F A HAL
o ed AFAS A7) A B AN =
A, s 15~1847F 4% EH clamp 24¥
AT PODSE PE F4317] ol Px WA e ¥%
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