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Effects of Benincasa Hispida Seed Supplementation on Glycogen Status and
Lipid Peroxidation in Streptozotocin-Induced Diabetic Rats*

Kim, Myung Wha'
Department of Food & Nutrition, College of Natural Sciences, Duksung Women's University, Seoul 132-714, Korea

ABSTRACT

This study was designed to examine the effects of diets containing different levels of seeds of Benincasa hispida
(wax gourd) on glycogen, protein levels and lipid profiles as well as malondialdehyde (MDA) in streptozotocin (STZ)-
induced diabetic rats. Sprague-Dawley rats were induced diabetes mellitus by STZ injection (45 mg/kg) into the tail
vein and were divided into four groups: normal, STZ-control, and two experimental groups. Normal and STZ-control
groups were fed the AIN-93 diet and the two experimental groups were fed a modified diet containing 2.5% and 5.0%
of wax gourd seed powder for four weeks. The liver, muscle, lung, kidney, and pancreas were excised after sacrifice,
then the glycogen, protein, and lipid peroxidation products were measured. The rats fed 2.5% wax gourd seed group
showed higher levels of liver glycogen compared with that of the STZ-control group. The levels of kidney protein were
significantly increased in the 2.5% and 5.0% wax gourd seed groups. There were no significant difference cholesterol
and liver triglyceride levels of the liver and MDA concentration in the liver, lung, and kidney among all four groups.
These results show that wax gourd seed treatment of 2.5% and 5.0% doses did not exhibit profound anti-lipid peroxid-

ation properities. (Korean J Nutrition 37(10): 865 ~871, 2004)

KEY WORDS : Benincasa hispida (wax gourd) seeds, streptozotocin, glycogen, protein, malondialdehyde.
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Zojx @o] AuiE T Sl B oot YAl T
(wax gourd, Benincasa hispida) = B3] &3l 3l it
o] YFEEAPY I (LMF), IHA (LF), 87 (H
), FA (k%) D XA @) Sgn e Bz
+ petha ¥ golkaddugtal 3} F=X+= white gourd,
wax gourd ¥ ash gourdd&tnx Bdt}” 3= ¢ A
AL 7 53] H82 v, 3 2 e
Xgsh= 23 A3 ANE I FAE FIEFEEE
AUy 113 21735 afFololA JFAZE AR
. B Aoiq 45wl Y e o8
Rom? FoARIPe| oJ3td Fah= AW Algo] Joluy
LS wheoiA] 9o o] wiAo 53] wb] W9 F
HAHE Asto] agdolety ek 3= 439 el
o] glon MG FA 7} 2~3 kgollA 15~20 kg7HA] AU
O BE 10 kg ol3tE AT F Al F& 20]9} ¥
%29] Z7+ 5he A o Ao sk FhEo] oA
As5AA 9o} 5742 dve
side, acylated glucose$} benzyl glycosideE ¥§Hst 4
719 triterpenes® 27§9] sterols, cucumisin®] ¥2]% %
I gAgkA o g} ARl SN 2 AHE B
o1x} AUTE FIh= TS B otet 7], &, #9
F2AA 243 ekgoz e AL & 5 Yok =
Hog FopEty Eelv TR YO R E Benin-
casae semen® 2 HAL (LF), B35 A FHRA1E 3
o} A} (saponin), &#At (oleic acid) ¥ =#HAt (lin-
oleic acid) 52 A¥S 7z Qich”?

ool aAQ 7153 AE ANE Askd Ak
°2E T 7Y F ASELE AolE Ayl 9
stawprl AR =3 3 29 F Asdy 53F
A7} @FAstERTT Qe AR B Holgly) wlFe
B AP i AFA FHAL Ho)2M P
FEE g2 81 2329 uA| trET A HEE
o sl s ZALElY] Wizol B V| RN AFs}
22} AAEISAT

+ flavonoid, c—glyco-

1. dgis

2 A M52 ARS 3R] (wax gourd seed)
ZAAET FEFA 2001¢el #8310 AAAZRAI
& T8t} FT3EIch FAR1 A EE ERR
AN A Ho)el) 42t 2.5%% 5.0%7F HES H7)s)

»orle

b3

£

2. UYFE A3 R Ghft

ALZEL AF 220 g W29 Sprague—DawleyAl 4=
R 337 367k E Wek2 (52134} MELE Biokorea, 2
AL A7\5) 25E] T3k stainless steel cageol] 3t
¥ Wy 2E 22 + 2ColA TR (IR 743
ADE 157U uASE & 4707 ERIAL. 7
2 AT (normal) 02 YA S GRafUros &
23tk Fafde SR F (STZ—contro) 3 &
el 25% AFHT (wax gourd seed 2.5%) X FIQl
5.0% dF 7 (wax gourd seed 5.0%) 2 2714 =i
oz #siGith Az Y GRS AIN-93
ZA o2, ATl ol AIN-93 FAAolE WY
st} FEAIEE AMESISIY (Table 1). AEFEIA &
2315 Fle 77 25%9 5.0%% wigse] ztzte)
FAolE 4573 FFIIRL AP Ao} £ AREA
AHBIEE 33T

i AEEES 16AKR AN § 39 g~

Table 1. Compostion of control and experimental diets (g/kg of
diet)

Experimental diet”

Components Control diet”
2.5% 5.0%
Comstarch 465.692 465.692  465.692
Casein 140.0 140.0 140.0
Dextrinized cornstarch 165.0 156.0 155.0
Sucrose 100.0 100.0 100.0
Soybean oil 40.0 40.0 400
Fiber 50.0 250 0.0
Mineral mix” 35.0 350 35.0
Vitamin mix” 100 10.0 100
L-Cystine 1.8 1.8 1.8
Choline bitartrate 2.5 2.5 2.5
Tert-butylhydroquinone 0.008 0.008 0.008
Wax gourd seed - 25.0 50.0

1) Control diet: AIN-93 diet

2) Experimentai diet: controt diet + wax gourd seed powder

3) AIN-93 Mineral mixture (g/kg): Calcium carbonate anhy-
drous 357.0, Potassium phosphate monobasic 2560.0, Potassium
citrate (tipotassium monohydrate) 28.0, Sodium chloride 74.0,
Potassiumn sulfate 46.6, Magnesium oxide 24.0, Ferric citrate 6.06,
Zinc carbonate 1.65, Sodium meta-siicate - 9 H:O 1.45, Mang-
anous carbonate 0.63, Cupric carbonate 0.30, Chromium pota-
ssium sulfate - 12 H.O 0.28, Boric acid (mg) 81.5, Sodium fluoride
(mg) 63.5, Nickel carbonate (mg) 31.8, Lithium chioride (mg)
17.4, Sodium selenate anhydrous (mg) 10.3, Potassium iodate
(mg@) 10.0, Ammonium paramolybdate - 4 H,O 7.95, Ammonium
vanadate (mg) 6.6, Powdered sucrose 209.81

4) AIN-93 Vitamin mixture (g/kg): Nicotinic acid 3.0, Ca panto-
thenate 1.6, Pyridoxine-HCI 0.7, Thiamin-HCI 0.6, Riboflavin 0.6,
Folic acid 0.2, Biotin 0.02, Vitamin Bz (cyanocobalamin) 2.5,
Vitamin E (all-rac- ¢ -tocopheryl acetate) 15.0, Vitamin A (all-
frans-retinyl palmitate) 0.8, Vitamin Ds (cholecalciferol) 0.3, Vita-
min Ki (phylloguinone) 0.075, Powdered sucrose 974.7



AEA BolF oz ZHg3le] T 7]l FES v|R)A
ot=thy 4 RA? streptozotocin (STZ, Sigma Che-
mical Co.)& pH 4.52] 0.01M citrate bufferol] 45 mg/kg
BW 52 x4 me|gdde FARIGICL B i
Q1L 24A12F & RSB A AP A T X
£% ¥57F 300 mg/dl o)) Re Frt fdE AL
2 g}, AL 0.01 M citrate bufferd BxH
FETH 2 PR oE FARIGI

3. SRy

AY 4F5 AYEES oH=2 vi¥sle G52 34
ANZ & FA] sRsl 1, A, #F 2 oEe) 3o
AR 25 AEsQith 1 A, A% W 2 252
MR —70CAA 34 F5AA BRIt

73 259 glycogen -2 Hassid®} Abraham]
WP o8] B35l 0.2 g9 HY B 258 30%
KOH £-9o]] 911 100CellA 2083t 7Hgst § 95% eth-
anol& o] wwiskar ohr] 583 7Hdsieich a8t
o] 459 HEn FHES FAP0EZ 3Asie] LA
(anthrone 0.2%)E go] 10837t 100°CoA 71d3% &
620 nmolN EYTE Z4slel ¥F TEgd wlwst
o] Ak b4 FHAHEL Glol8Hel 2% cho
lesterol kit (FFAeh) & o]€3td 500 nmolA FJEE
Z33199 1, 7 FAXHE Trindery* ol 23 trigly-
ceride kit (FFAHE ©] 831 546 nmelH FREE
2389 7H, AL B 2 #ae] gl ek 1.15%
KCl §9& 378l #2433 ¥ Lowry 59 W™
we} il shes ARsiqich. A-Iitslel gt )
9] &S dotry] Y8t 13 Al H W #HFel g
o Y& AAIH3HE (malondialdehyde, MDA) 2] &
22 Uchiyama$} Mihara®] W® ¢l ulel Aeksigict 7+
2 A% #H 2 A% ZZL homogenizers: AR
1.15% KCl €902 10% (w/v) #ANAE LERUT #
Ao 0.5 mlell 1% HPO, €<% 3 mis} 0.67% thio-
barbituric acid 1 miE 7}3kaL 95°CollA 4587 714%H
% putanol (BuOH) < 4.0 mlE 713k AE3:E3 & 10
17 44%-esl] BuOHZ3E 33t 535 nmellA 9} 520
nmelX ] F35e] Aol Al L, ©]E nmol/mg pro-
tein® Z YERAITE

4, FWNE

BE 259 AL SAS (statistical analysis sys-
tem) package® AMEEI] AAIBGI Y B HdH
¥Z#x} (standard deviation, SD)E EA)3ISTE AHF

HEEES G 3700) :865~871, 2004 /867

7+ x}o)E one way analysis of variance (ANOVA)E
AAsl] AEBIE T p < 0.05 TFoA F-Ade) #EE
A9 7+ AP 20 Bake] Aolof gt #24dL Du-
ncan’ s multiple range testZ ¢}€3}9 p < 0.05 =9l
A Frrslich 2t 2RIk ABBAIE Pearson’s cor-
relation coefficientE ©]-&38}o] HFEssich

1.3 A 25 293N B
e Selal FE2 ATl vlste] FatiETelA

o] E3dth

ol STZOE B/t 7848 FelAE 1<) glycogen
synthase phosphatase &4j0] Z44A® Ao g2 HAIx|n*
ol f—-HXE9 Taje] &%t A&EH BFOZ glycogen
phosphorylase”} 84350} A/dtel] vla] Fthzol
A 23 a7t TS 1gelA SejmA gl
wolrl o2 noAn” FUFA AHE e Wire
b 9L vHT® 2 AT A 25%9) FHRle) AH
7} 2] SEl3A el 4L T AoE 4Z4drh

2. 78, {78, M) X §pgel o9 Y

FARA AFHANE B7] F2 @9E FFE Table 304
¥ Zhge] iy F%2 izl vis dmAET
oM astglon FAAQ Aole A AR &Y
A R T vE FadiETeld F93A s

Yable 2. Levels of glycogen in liver and muscle of normal and
diabetic rats fed wax gourd seeds for 4 weeks”

Liver glycogen Muscle glycogen™

(mg/Q)
Normail 11.00 + 1.84%® 1.52 £ 0.70
STZ-control 545 + 1.87° 0.33 £0.15
2.5% seed 8.34 + 3.48° 0.92 £ 0.26
5.0% seed 597 + 2,93 1.69 + 0.68

1 Mean £8D.n=9

2) NS: not significant at p<0.05

3) Values with different superscript within the column are sig-
nificantly different at p <0.05 by Ducan’s muftiple range test
Normal: non-diabetic control group, STZ-control: diabetic control
group, 2.5% seed: 2.5% wax gourd seed powder supplemented
group. 5.0% seed: 50% wax gourd seed powder supplemented
group
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Table 3. Levels of protein in liver, kidney, lung and pancreas of normal and diabetic rats fed wax gourd seeds for 4 weeks"

Liver Kidney Lung™® Pancreas™

(mg/g)
Normal 253.1 + 35.3% 658.4 + 28,1° 357.6 £ 31.0 617.8 + 21.1
S$TZ-control 290.1 + 27.6° 566.4 + 39.8° 408.4 * 65.0 656.2 + 30.0
2.5% seed 270.8 + 10.0™ 611.0 = 19.6° 378.0 + 284 627.5 + 50.3
5.0% seed 267.6 + 25.8% 624.7 + 24.1° 374.6 + 322 631.2 £ 48.7

1 Mean £ 8D, n=9
2) NS: not significant at p<0.05

3) Values with different superscript within the column are significantty different at p <0.05 by Ducan’s multiple range test
Normal: non-diabetic control group, STZ-control: diabetic control group, 2.5% seed: 2.5% wax gourd seed powder supplemented
group, 5.0% seed: 5.0% wax gourd seed powder supplemented group

FratZFEoh FAJNE B33 AT FAA #

F& FFoIqi) g Y A ke o
Loz vlE BE ZuAdPelr B FEoI oY
FE 2R AolF VehiAE Futh

Fx7t F NEHA god A S AquRdo g AR
3}7] 913k branched chain keto acid dehydrogenase
o] gYo| F7tEo] Bl ogtatgo] Frtsl=d] ol
3 o] Ave gnrl edrbd o WESH Jepd
T e STZOo R Fus #Ush AFH ) AAoA &
W Rt SUtEE RRoh gl $Ajo] wekd A%
ol vl E ®A| Ho il wago] solAA H1 53]
ngZcol & A¥F 2 vlo|a2E dfAd 9%
S Fol® ol Ay W ol AR P2 &S A3
AR zhel Aex A vlsedt Qe wkg-g
E & 9loy 1B A3 t2A bidirt dojuA]
deth ol el A Y&k 429 BY G
Al iAol A& PR AFIAYE £ F e E
2 A Yehbs 239 Hlgie 27]) Aggdes 3
A 2 ¢ F Ak 48 FAR= arginine gl
utamate—rich peptidesE 7H11 o T viapAE
24 E3RI1o|= ribosome inactivating proteins, ribonu-
cleases, lecithin, @ —amylase inhibitors, ¥ trypsin in-
hibitors¢} 22 @A 2 FAIR|o] 9}’ o]E ghulae
Ao it Wojdaz Fadld), JAREH 3= 472
ol GES Eo] Euh1 1 UL OR o]fEFo] &
olfrE At A7 A TR BFA| AN
o] B w=d aAole FLrt

3. W39 BYLEHEY TN B

Ul ZE2HEF 9 SE AvRd gl
Bl FatlETelM SR ou F Al AolE Kol
Wskor Pzl Hls] TR 2.5% HHA ok W
< FEOINU FFRI WS Bolx| ¥t} (Table 4).

Table 4. Levels of cholesterol and triglyceride in liver of normal
and diabetic rats fed wax gourd seeds for 4 weeks'?

Cholesterol™® Triglyceride™

(mg/g)
Normal 10.81 £ 1.28 2799 = 4.04
STZ-control 1293 = 8.19 33.45 +13.76
2.5% seed 12.88 + 1.51 2798 £ 232
5.0% seed 16.77 £ 291 36.07 = 4.99

1) Mean £8D, n=9

2) NS: not significant at p <0.05

Normal: non-diabetic control group, STZ-control: diabetic control
group, 2.5% seed: 2.5% wax gourd seed powder supplemented
group, 5.0% seed: 5.0% wax gourd seed powder supplemented

group

STZ FHZ sl Furbrt 483] o]Foix|A] gx
acetyl—CoA2] F3 oz A4 o] F718l - o]
A Ao FAHo| A Aol dojun, EFelA A
A7 A frEo] F7HH Addr E48E VA
< ¥ il FAAY £F0] FA HE 3 Axot
FotA A 5% 7hssiAl Aok® STZFIA A
WAl &gt lipotoxicity & WAIE] A AN &
o] ZrtHE Fxtgo] +Id ASES AUFHEY ¥F
SAAEe] FoRthy SIEU £ ATl E T3
2.5% AFATNN BuolzFro ¥ FEoY f94
ol skt &V vlgEY IFoA 1FYAEFTL
Az g 2-o] £ FAolA LA gAL 8
F Z7go] MR T4 5 AsEHA = A
TE Avkm sivh AR e T A FaT
A g% ZHAHE 2 FAAESEES $5en 97
79 AFVNME T F2F 25%004 BAFAAAW] &
Ho7 AP 2 A7 AHNE FHA 2.5%0)
A FHAHET FAAAY el RolAA TRl 5.0%
Bt} gaog Az f2A]l Aolg RojR|:=
23tct. Flavonoids® &4v8Hd-8- X\ Hibiscus rosa si-
nensisc @9 FAAY £ES A= 1P}




AU £ AFIME flavonoidsd AES k= %34
Q9] A 2.5% FTolN FAAA] W FEE BY

v A8 2polg HolR] got FAAAY FEde 5-7"
FEE vAA] gty AZEY FATSE tEA YA
HE 58 s agae)x] gttt

4, 1 3 NANNGE BF
TR BFA] F7PER ARt v)xe e
B7) A8 4 A, H5 D 3l Batslage] 23 &

AlA A== MDA % 373ttt (Table 5).

4, A% 9wl MDA 832 3w vjaste 2
EAET BRI AR lolg Bolx] ofstch
9] A$-= Aol vla] GatiRFA F93F AelE
HPou BE AT APldde fe3Ql xlo|& Kol
2} &3k

A A7kehk2-2- free radicalol 93l AlzeAAe &
TRl AtslA EEE dodle ZeE Y 9
Z3 2 AT T ABAEAAZ S AHA
227 o] FUFsAY e AlAl2] ats} Wl sy
o] FAEE A FRILY IETF £ Sk
;(H?ry])\g/d }.__ *‘ﬂE 1—4 H]-;qodzﬂ-_a_ 3},__ MDA & 5
9 F7HE & F Ued ASEAEG AL X E1 MDA
S ABIHAEYAE W ARE 7)1WEE A7|vith
AR e RoR RN g fiEd He A%
Ao 2gsh= Na" K'~ATPase 849 842 &4
B FeAe A Aol oM = carbonyl stress
E /M= E MDA $5& 24k et o A
Azitste) digt ALAEe] JFE HE HRYe Ae
7 A AgtEte] 38 ZAAAE e,
Boldine (Peumus oldus Molina) A 52384 283
alkaloide #Ft3HEd) A& HAAAA vEES ot
A3 g 29 F e RoE AFHAL? Gupta
59 neem seedoll B3 AFV)A scavenger HEo| 7+

J
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A3} Aol Bolx] iskon) A= a3 A& R
07 AR Averrhoa bilimbi 25L& ZHUXAHE
FIeHA| Fovt A FdstE A dEed a9y
O)ATE* Ocimum sanctum®) F2E3 250] AP
webx] FAbsta st oA vkt 0 m* phenolics A
& Ad karela F2E P4 Bo} AgelM 3t
B9l F7HE AaA7le B4 1welEn stk s
9 BF2 GA] AUAIAES el ke F= A
08 BRI gtz vl HE, A L F7elA
o] MDA FFell 2018 Helx| 99ty MDA &3}
A7 wEt AEREEE b8 a9 B a3
E Rog Az,

5. Parameter Hi4 9] AT

FTHRAL] AFHA B 39 FwaA (Table 6 :3: L
P} FEAEF 7 FUAHES A% &9 HduAE
B3e 3717k MDAE A3} #elA 32 *04&&741

(p < 0.01)E Jepich 78 Se13A3 778 MDAE 4
WAL AR 3 259 S Dok daA
£ Ho|A| st

=

OO}
2=

3D

3

ri

Sprague—DawleyAd 3 #HE streptozotocin® &
TEAA 47 T THAIE 25%3) 5.0% BF
Al 23 DA 9 ALt |2 IS
Agst] the g 2L 2Eg Itk

1. 7] %9 23 g2 PPN
slo] FithrTol froHor B Foln

T % %htﬂz-?"ﬂ vl R 2.5% AFTolA 8.34
+ 34822 & #XE Kith 59 283 g2
XS o] FE zlo)F HolA] ¢sie)

2. 7] 2 oA FFellx 7Hg] Gy Fe G

2
s

AT
\_}é]?;J

Table 5. Malondicldehyde concentration in liver, kidney, ung. pancreas of normal and diabetic rats fed wax gourd seeds for 4

weeks”
Liver™ Kidney™ tung™ Pancreas
(nmol/mg protein)
Normal 0.72 £ 0.13 0.04 = 0.01 0.05 £ 0.01 0.03 £ 0.02®
STZ-control 0.61 £0.10 0.03 £0.00 0.03 £ 0.01 0.02 = 0.00°
2.5% seed 0.61 = 0.03 0.04 = 0.01 0.04 £0.01 0.02 + 0.00°
5.0% seed 0.66 £ 0.11 0.03 = 0.00 0.03 = 0.01 0.02 = 0.00°

N Mean £SD,n=9
2) NS: not significant at p <0.05

3) Vailues with different superscript within the column are significantly different at p <0.05 by Ducan’s multiple range test
Normal: non-diabetic control group, STZ-control: diabetic control group, 2.6% seed: 2.5% wax gourd seed powder supplemented
group, 5.0% seed: 5.0% wax gourd seed powder supplemented group
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Table 6. Correlation coefficient between parameters of rats fed experimental diets for 4 weeks

Liver Pancreas Kidney  Lung Liver Muscle Kidney Lung Pancreas Liver Liver

MDA MDA MDA MDA _ glycogen glycogen protein protein protein protein TG
Pancreas MDA 0.298 - - - - - - - - - -
Kidney MDA -0.028 0.358* - - - - - - - - -
Lung MDA 0.193 0.182 0.174 - - - - - - - -
Liver glycogen 0.106 0.379* 0.354* 0.126 - - - - - - -
Muscle glycogen  0.258 0.182 0.398* —0.283 0.193 - - - - - -
Kidney protein 0.530**  0.343" 0.242 0.072 0.484* 0.470** - - - - -
Lung protein -0.501** -0.343* 0012 -0341* -0.271 -0.189  -0.377* - - - -
Pancreas protein  —~0.184 -0219 -0.186 -0.342* -0.094 -0.274 -0.179  0.261 - - -
Liver protein -0.661** -0.343 -0097 -0.043 -0.383* -0.237 -0.630* 0.269 0.114 - -
Liver TG -0.116 -0.015 -0.244 0.058 0.1256 0.122 0.181  0.006 -0.046 0.106 -
Liver cholesterol  —0.120 -0076 -0.277 -0057 -0.005 0.202 0.089 0.012 -0.163 0.146 0.813**

*p<0.05, **p<0.01

RUZEY AT Alolols f2HQ 2oz} I3l
A7ge] il e G AT 2.5%9) 5.0%004 &
FYAQ zpolg BTk Ho} #Fe Gy Fe Jd
23} FuAT 25%9% 5.0% T BEA Fut)zT
Hjg) 25 232 FEo|glou f2A]] Alo)E YehiA] &
pi=g

3. Btz vlg] TRl 2.5% BEA 2 U &
HAAHEH FHAY FE0] thh R FEoIU2Y 79
Al zjo|E Koz gsiel,

4. A9 AFA) 7R AQspastel vlE g
& 249 2% 23, A%, 9 D A5 MDA S2& @
wOzF) vl FEARE BN #9492 RolE B

o] ekstct.

olde] A7 P FHO AXdAES] TF HIE
Ba E39) 25% HEA S 3l go] fHor F
7R3 Al Gl FEele TRl 2.5%% 5.0% B
ZFA FadzTRo foFoR 8 5L HY T
o] BEA] 7HE3} A1) tiAbY] dEg W 72 93
T} gzl giitE e FaRlo] ¥ RO
2wtk 739 FeAHES FAAY =7

RolA] ¢fo} TR 719 AAILE FEol= B

o)) 3t
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