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Acute Oral Toxicity and Anti-obesity Effect of Diglyceride Preparation
Containing Conjugated Linoleic Acid in Rat
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Abstract The present study was carried out to investigate the acute oral toxicity and anti-obesity effects of a diglyceride
preparation containing conjugated linoleic acid (DG+CLA). To test its acute oral toxicity, the DG+CLA was injected into 30
rats (15 males and 15 females) at dosage of 2,000 mg/kg and 5,000 mg/kg. Mortality rates, clinical signs, and body weight
changes were monitored for 14 days following administration. According to the results, the lethal dose (LDy,) of DG+CLA
was determined as >5,000 mg/kg in both sexes. There were no significant changes in general conditions, clinical signs, body
weight, and gross lesions between the vehicle control and DG+CLA groups. For the anti-obesity studies, obese Zucker rats
were randomly divided into 4 groups and fed saline, soybean oil, diglyceride, and DG+CLA, respectively, for 8 weeks. The
DG+CLA groups presented significant differences in body weight, food efficiency ratio, serum lipid levels, and fat weight.
Overall, the results showed that the DG+CLA did not have acute oral toxicity and reduced body weight, serum lipid levels,

and fat gain.
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ol CLA 1.8-42¢g/dE 123G719) ol &39S
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19). ©]213t 5422 <8 CLAE 7154 2% 2 oFEe &
FAECR f&H ol8E F Stk tZEAEtel =DG)=
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‘EFgMgel =gl Bee w9l 5¥3| sl
FslaL v} H2ole tZEAgtel=7F SRR} HIAL Al
. wrEE e 2o, SRR A ARMIEHA
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DGl theh 4854 Axt 40 vehA ekom, F1F
A 2d F¢h25), BlFZAA 19 52 DGE F3 Fol= of
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A th28-34).
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AFEHR FdgEdlte] IE tEgAgels 2&/A
ZAE(DGHCLAYS F)QAAAZRE FFol B Ao A}
/A TE DG+CLAE 86.6% UlZelAlglol=, 0.87% Zi=FeAl
Zol=, 12.53% EzZgMgeol=rt HE 42 (100%)0 A5
A ZABRA FaEdibe] 60% o|doln, HZo] 0.87¢1
A 24 heating mantleS ©]-&3}9] interesterification WWHOZE 3}

A FELE 557 Sprague-Dawley ratsE (57) 22 A E(Orient
Bio Inc, A%, =NHRFE FU] 2442°C, F&= 60%°] T2,
& AH7Y Hol e AP AN TFAER 1FL =%
AR T ARSI AP F 3Em=30, ¥F 15, FH 152
2 77 AAERS PEATRA 3§ 14d EF A
oh 2 AIPEL] ndFe 2AR AAFM 2 93
BT ALHORE AHEEE 5,000 mgkgs HAEFOR 3}
I vy e A Wol AREE 2,000 mgkg & A
Z7- AAsY AR E AgEd o A oF 1687
b e AAFESHEA ARAIE AN F 9ol 3}
A3 FAPIE olgate] el &3] Al AT FoEd
Fol F OF 4N Foll AlRE FoIsidith AP Tt
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Vehicle: Olive oil(5 mL/kg/day) <

DG+CLA 2000: Diglyceride preparation containing conjugated
linoleic acid(2,000 mg/kg/day) Tl

DG+CLA 5000: Diglyceride preparation containing conjugated
linoleic acid(5,000 mg/kg/day) oI+

RE FEo et I duksy B uid A4 138 F
A FL7A (15497 FE3A . T AE 192 31, T
1oll= Fo] 305, 1, 2, 4 2 A7l dukae], 54 A
775 2 i E 5 Adsds BEEY, 2 teditE

>

vl 18] o BN, WAL AR £7E et
Ach AFS Fol B, Fof 4, 84 D 154FATY)N 5F
Tk BAS 8l AF FE A RE AEFEL APAE
AN F ether® WAA WE A = A EAE, F5E, &
8BRS R Ale] A7) - A0l thell A AR 59
Hrke AAesih

TR dET & vholA 28, Fud g gl st &4
o] #AE ol AW A HALE AU HET e
0% 4 2T goo] w3t AT FAG mm)E A4
g 5 dubAQl 2AAY HHS A et Zojste] 3ume
z2 AR ARSI 015 ARl FAHE<] Hematoxylin
& Eosin AM(H&E stain)S 3lo] Ftdn 4oz #Fs5ict

EES Abgo] HEER] gfol AALFS Fike AT AAE
2] @okth RE AAAINE X9} FFUXE AR U
Wew, txaa AdEae] BlaE Student’s ttestS AR5}
o, tizata Hlaste] pgrol 5% vvr WE FASHoR &
ool glka Fgsl ek
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AY5ES 558 4% Obese Zucker ratsS TYAHFTE(F)
25 20.7-21.2°C, AHEE 49.9-54.2%, 371315
10-153] /hr, ZHAIZF 12A07HQA 8A]-23 8A]), % 200-300 Lux
9] TEAFANA AR Had AYEER FAANEE F)
Feluglol @ e, a=elA FFwol 85 I Fos
om 1 AL Table 13} 2t} 14U B9 FEASA] 37
sl A AY 9 E3AITIEA HPe] fFEEE AR 9
g F Aol AR
AYTE F 4Tm=8)22 87+ Z7te] AEE Y ATE
o stk APwd Fo] &3 o 2tk

Control: Saline(5 mL/kg/day) o<

Soybean oil: Soybean oil(5 mL/kg/day) <t

DG: Diglyceride(5 mL/kg/day) -

DG+CLA: Diglyceride preparation containing conjugated linoleic
acid(5 mL/kg/day) ol

Table 1. Composition of normal diet

Composition (%) Normal diet
Corn 31.7
Wheat flour 23.0
Wheat germ meal 72
SBM dehulled 22.8
Corn gluten meal 3.0
Alfalfa meal 3.0
Fish meal 34
Animal fat 2.5
Vitamin premix 0.2
Mineral premix 0.2
Choline, 50% 0.3
Others 2.7

Total 100.0
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X7 CElETR0] SHAIE

2 Agox AFEZ DG+CLA 2,000 mgkes} 5,000 mgkgS
ratel] €3] ¢ T3 Az FFV|7(14Y) B A AR
94 AFER T AMgEE BEER] etk FA7|¢
B A Oz 2 A AIEEE BoE, 43 ARER
5,000 mgkg FATNAME AFEZLR 71103 L7t e] A3t
& FHEA] LUTHTable 2). ZeL}t 4 tizolA Fo] 3 |
A7) ol] A (soft stool) 28 2 A (mucous stool) 187}
ZE RS, Tl T AA ROl A 18 7F FRE A 4 A
AEH 2,000 mgkg TN Fol T 1Al AW 1EHE,

Fo] 3 6AIZe] A 187t 2EE o, Fo] 2dRE <
Atz @ AFEEZ 2,000 mgkg FololA Solgk it
& AFER] gt}

Table 2. Clinical signs of acute oral toxicity study in SD rats(n=5)
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AT Wsh SN Al Fo] FAALA), 4, 8, 15UA
ATE F4T A4, & - 724 AFEEE FoA BRAM bz
w3 vlaste] F=51EE 2pel7t gl xR A SV &
ZEUch(Table 3). 43 &5 F FAst] =, A%, A4, A, 10,
91, 8, Bx, 9 Tl e #ES A, Atz 2 o
T A= FoT BFolM 5ol &2 #EHA FUH
(Table 4). 570 & 18]olA F-328K(epididymis), &' (seminal
vesicle) B 3L8k(testis)oll Al A% (small) &7o] HFE o] A
3 A AAsiiTh 2 e A A3, A dix
1ol Fareh, A 3 2gke] 9] (atrophy) o] FEE )
o1}, o] A AR 207 ARF T

Wz SD ratg ©|-8&3 DGHCLAS] ©3| 73750 EA4AE 2
I APEEE B AN, ASHs), S s, 2AHe et
A A Al weEt H3EE 5,000 mgkg body weightoll A ot
g oPduiste UER A edof - AFelME LD,k 5,000 mgkg
body weight ©]’o2 AH&E3I4th

&3t 3 AlE

DG+CLAS] AA £24 A &axs dolrr] flste {714
o2 ugto] §¥ obese fafa male Zucker ratsE UlZ<t, soy-
bean oil Fiw, DG FoIw B DG+CLA Fw o= 27331
th ¥ o, dikaols AFAITIAL dEee EadEAds
g, Foe o] BAS smikegd %302 8577 1Y 13
ATEe sk AR dAaAE HEsr] 93 AR A
o] W3l Holas, dPANLHF ¢ ARATA 55 3

sk,

=
=4

Day after treatment
Dose . . .
Sex  Compound Clinical sign 1
P (mg/kg) £ 3 4 5 6 7 8 9 10 11 12 13 14 15
05hr 1hr 2hr 4hr 6hr
Vehicle 0 NADV 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 55
Male DG+CLA? 2000 NAD 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 55
DG+CLA 5000 NAD 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 55
NAD 5 3 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 55
Vehicle 0 Soft stool - 2 - - - - - - - e - e a e e e e e
Mucous stool - 1 - 1 - - - - - e - e a e e e e e
Female NAD 5 4 5 5 4 55 5 5 5 5 5 5 5 5 5 5 5 5
DG+CLA 2000 Soft stool - 1 - - - T
Mucous stool - - - - 1 T
DG+CLA 5000 NAD 5 5 5 5 5 55 5 5 5 5 5 5 5 5 5 5 5 5

"NAD: No abnormalities detected

IDG+CLA: Diglyceride preparation of containing conjugated linoleic acid

Table 3. Body weights of acute oral toxicity study in SD rats (n=5)

S c d Dose Day after treatment
ex ompoun
P (mg/kg) 1 4 8 15
Vehicle 0 168.00+6.44 212.79+11.01 259.19+14.37 325.19+18.77
Male DG+CLA 2000 166.26+5.79 211.33+5.67 252.84+7.85 311.67+10.20
DG+CLA 5000 167.98+4.08 212.45+4.29 253.07+5.98 312.87+9.49
Vehicle 0 138.48+4.04 171.19£7.17 191.77£11.15 221.74+18.07
Female DG+CLA 2000 140.35+3.11 172.16+5.41 192.55+11.86 220.31+16.61
DG+CLA 5000 139.75+2.17 171.96+1.09 191.98+10.00 221.08+13.42

Each value represents the meant+SD
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Table 4. Histopathological findings of acute oral toxicity study in
SD rats

Sex Male
Compound Vehicle

Dose (mg/kg) 0
No. of examined animals 5

Organs

No. of examined

Epididymis

1
Not remarkable 0
Remarkable 1

1

Atrophy

No. of examined
Not remarkable
Remarkable
Atrophy

Seminal vesicle

—_— O =

No. of examined

Testi Not remarkable
estis Remarkable

_—_ 0 =

Atrophy

HNE Hst # AMolgs

85 &S AFEL S FoslHA Ao}l Holaes A}
3l A3 Table 59F 72tk thZF3 soybean oil £+ ¥ DG
Bl 717} 31344124, 3074+ 124, 30724110 g0.2 §-o|8
et AF F7FE JERIA &t wEe] DGH+CLA T2
2 vlaste] 3FARE SATHORE {4 Al AlFol
Z2si3ivh. CLAS] 3H|Tad= CLAS F8 o] dZAIQ] ¢,
t11-CLA®} t10, c12-CLA”} hormone sensitive lipase®} carnitine
palmitoyl transferase®] &S F7HAA AAHE Ttk
AT AFGB5)Y o] DG+CLASE obese Zucker FZ=olA hor-
mone sensitive lipase®} carnitine palmitoyl transferase®] &S
F7MA AT FAE FEshe AR AlgE X

Aze] 7a7F AoldHAZo o8 IS WeAE golir]
A8l F A7 B 1Y AT SRS 1Y Aol Ee
2 o] 1Y Aolaeg Akt 23, soybean oil 47, DG
FoF 2 DG+CLA $o{79) 1Y 201 a8-& 7Hz} 0.220+0.009,
021320014, 0.226£0.017 g2 T Z7(0.185£0.007 &)} 1] 3]
SATHOE Fo JA 2olago] S7FEIITE Obese Zucker
ratse A2 lepting=8-9 ©]’d2 7F hyperleptinemia®]
el SER4Y2ld] DG+CLA $97} obese Zucker ratol| 4]
leptinT8A TS 3t 2o HAFE JATHALR AlREHY
ol 5ol o @B A37F desital AlsE R

83 X& =4
DG+CLA2] 8% 5 ZFYzEHE 9 SAARAE nA= IS

Hrsh7] fetd AlE 8§ A AFske] dYAES £
A8l th(Table 6). 8| 2HES ] 142.0+11.4 mg/dL=E
eI, soybean oil, DG % DG+CLA Tt 7}7F 1193+
8.5, 120.0£6.3 2 100.8+15.4 mg/dLE YER} Tzl nlsle] &
o4 Q= FFY2HEY ZAE et S9N gz
o] 383.8+754 mgdLE UEFHIL, soybean oil, ¥ DG FolTte
Z}7} 23554537 mg/dLe} 246.5+342 mg/dLE YER} thETo)
vlale] feld e T AE veRth 28y DGHCLA
Fo7e AR o] 2963+86.1 mg/dLE TR Hlsle] ¢
4 e WskE YepiAlE EeAR dAg A aaE el
ot FE Yukdo® 65mgl00g AEA SHEFE I-hst
3 Qom o] AEAHAHEL FYHE 29 g v]S=3
o], Unkd o2 FH2ElE THA A3t a3t e se=
dHAA Ath36). AEAH ZHEC 5 FH2HES WFe &
= AEN 2HEC| FEA FeE 2 ERG A uasllrA)
of tigh 8o o Eo} FH2EIE F4E AT Wi
S HRTH37). DG E3t JIAANEH SEAE 23 €5 29
ZHEFH ALY 55 At d#A ATh38,39). &
AR M E thZo| B8] soybean oild} DG Folwto] ¥ H|
S5 A e] Astadrt veltt. ol HHg 872] soybean
oil, DG @ DG+CLA”} H]¥ko 2 <18t wAd A AT m
o ol eSS HES 4 FHAsSS owdt
T AT 7FsAE BT o A9t

Xe=Eo| RAHEH

DGH+CLAZ} Aol n|x)E 93-S dolrr] 9ste] 49
ZTE T AT, FASFA, WA 2 2 7
AE AU H(Table 7). 2179 AW FAE txdo] 216+
1.9g2 g UERIT) Soybean oil, DG ¥ DG+CLA Fo#& 7}
7} 20.8+19, 212+13 2 187+13 g2 & YeR} EAISH fo)4
QG =A] YA, DG+CLA Fodtoll A 21592 FA|
izl BlE] AR 7AE Jeplich g, s, 2
A 2 YA EAE soybean oil € DG TS A9)3H
DG+CLA Sojstol A thz4(17.7+1.8, 1.8+03 2 13.8+1.1 g)F
vlawel] ZFzF 12.3+1.0, 0.9+03 2 11.6+0.7g2 & oA A& 7+

e rlo

Table 6. Effect of DG+CLA on serum lipid level in Zucker rats
for 8 weeks (n=8)

Group Dose Total cholesterol Triglyceride
(mL/kg) (mg/dL) (mg/dL)
Control 5 142.0+11.4 383.8+75.4
Soybean oil 5 119.3+8.5* 235.5453.7*
DG 5 120.0+£6.3* 246.5£34.2*
DG+CLA 5 100.8+15.4%* 296.3+86.1

Each value represents the meantSD (*p <0.05, **p <0.01).

Table 5. Effect of DG + CLA on food effciency ratio in Zucker rats for 8 weeks (n=8)

Body weight gains .
Group Dose (mL/kg) Food intake (g/day) FER"
56 days (g) g/day
Control 5 313.4+12.4 5.60+£0.22 30.23+0.09 0.185%0.007
Soybean oil 5 307.4+12.4 5.49+0.22 24.97+0.06** 0.220+0.009**
DG 5 307.2+11.0 5.49+0.20 25.81+1.41%* 0.213£0.014*
DG+CLA 5 225.8+8.4%* 4.03+0.15%** 17.85+0.66** 0.226+0.017**

YFER (Food efficiency ratio): body weight/food take
Each value represents the mean+SD (¥*p <0.05, **p <0.01).
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Table 7. Effect of DG+CLA on serum lipid level in Zucker rats for 8 weeks (n=8)

Group Dose (mL/kg) Kidney fat (g) Epididymal fat (g) Brown fat (g) Visceral fat (g)
Control 5 21.6+1.9 17.7+1.8 1.8+0.3 13.8+1.1
Soybean oil 5 20.8+1.9 17.9+0.7 1.7£0.2 13.4+1.0
DG 5 21.2+1.3 18.9+1.4 1.7£0.2 13.3£2.7
DG+CLA 5 18.7+1.3 12.34+1.0%* 0.9+0.3* 11.6+0.7*
Each value represents the mean+SD (¥*p < 0.05, **p <0.01).
28 vehin. EHIE3

w}2}A], obese Zucker ratsel4] DG+CLAS] 17} DGS9} soy-
bean oil®] FojHth YAF3h ALEFHZ 0 AAE HoHA Fu|vt
L JIAGEE AR AT, ofd ik HE 71He
G o qe Fo B4E Bl AHeR 458 + IS A
o= Alsdrh

o (]
el =

i
2 i o ol

@3] AT Fo 54 H7E 8 - oratg ]88k
E3 2,000 mgkgd 5,000 mgkgs FoIdt & 14U B9
Az, Fodol 7]Q1gk Abde] B AFHs), Soldt it
A=A gt A iz 2 AE=Z 2,000 mgkg FoT
Al Fo] 1ol ARie] Froe] #EEAO Y, o] Fodl 71
gk AAARQD sk AlgE) Fo 24 EE gA gz Al
HEZD Foox] olgh dntside] BE=A] gttt 774 Al
A Uz 2 -5 AFEE FAFolA] T 7ds A
0 dEe SQtAae HEAFA gt A dlET 189
TAAS, R Gd B FF 18X &7 A FET o,
AW YA QA Arg e, Rask e 2 a3k 95
7ol FEEY oL, ol A TAAR] AR AR o]
oz FagEdllte] diE tEFgMgtels AE&fA 2=
< ratoll @3] AFEA A3, LDl rat kg@ 5,000 mg ©]
Fog werEm, @3] A3 B tigt 548 UERiA] ¥=
Ao 7 dAotE), syt a3E ZA}5H7] 28l obese Zucker rat
ol saline, soybean oil, DG DG+CLAEZ 8F7F 53t & s
Bl wakSict AFHEke] 49 DG+CLA Fol7e thxzol v]st
o B & 3FANE SASEoRE o IA As FAERE Y
BT 1Y 2o|a8374 <] A, soybean oil, DG ¥ DG+CLA
FofFto] o] Hlate] TATHH R foA U= 19 o]
T80 7 UeEith @A) A3, FFH2HE
]o| A4 soybean oil, DG ¥ DG+CLA Fo|& E5F Tzl v]
slo] BAHCRZ [l A FEFAZHE Tl HAEHA
o, AL FX= soybean oil 2 DG FAAA T T2t
o] vjate] FATHORE {olid A TAFHUTE AR FA
54 A3, DG+CLA T AFFAARTAE At Far
A, 2R B PR A A g Z2ete v stk
BATH R Fod A AWRATAZ AU o)de]
ZAIZ obese Zucker ratol] thet 5mL/kge] DG+CLA 73715+
CLAS] F2 o]AZACl ¢9, t11-CLAS} t10, ¢12-CLA”} hormone
sensitive lipase?} carnitine palmitoyl transferase®] 432 Z7HA1A
A FAHE FAAA AR AL FHE Hon, ST F
H2HEF 722 Ad tiatel] G Fof FH|NE AHE e
We AoR Atz wofint.
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