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Effects of Orotic Acid and Di-(2-Ethylhexyl)Phthalate on Microsomal
Triglyceride Transfer Protein(MTP) Activity and mRNA Levels
in Liver and Intestine of Rats

Jae-Young Cha and Young-Su Cho

Faculty of Life Science and Bioresource, Dong-A University

Microsomal triglyceride transfer protein(MTP) activity and mRNA level were investigated in the liver and small
intestine of rats fed on di-(2-ethylhexyl)phthalateEHP) and orotic acid(OA) as serum triglyceride-reducing
agents. The concentration of liver triglyceride was significantly increased in the OA group, but that was not
increased in the DEHP group compared with the control group. The concentration of serum triglyceride was sig-
nificantly decreased in the OA and DEHP groups compared with the control group, but this reduction was more
pronounced in the OA group. MTP activity and mRNA level in liver were decreased in the OA group compared
with the control group, while MTP activity in the small intestine was increased in the OA group compared with
the control group. MTP activities and MTP mRNA levels in both liver and small intestine had no influence by
the DEHP dietary feeding, despite the triglyceride-lowering action, compared with the control dietary feeding.
The activity of liver microsomal phosphatidate phosphohydrolase(PAP), the rate-limiting enzyme in triglyceride
synthesis, was increased in the OA group compared with the control group, but that of cytosolic PAP was
decreased in the DEHP group compared with the control group. The result suggest that MTP activity and MTP
mRNA level are involved in the triglyceride-lowering action of OA, but those are not involved in that of DEHP.
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FEEFZ U2 polychlorinated biphenyls(PCB), dichloro-
diphenyltrichloroethane(DDT), di-(2-ethylhexyl)phthalate(DEHP)
S5 AU AHA oS doA EF AEE
27 AeR 4 dYCS. DEHPE Ed2H AEE
o 7taAE AFsl F71 A AFEEA AA 7kAL] v
48 AN AEZ FPA AHEEH, AP FAF
ol EAHEe] AW FEE Y& 7HsAol A FW
N T B8 A% EFEH glorz A =&F 9
Ho] wj¢ E& 39HEo|t). DEHPE $E¢] T =W
ZRg HgE, 7208 HEAIE Fo, SR8 &L catalase B4
FEE 2 7039 AAF gARE Fol Rxd uk 9l
t}o®, 53, DEHPE 7P HSAIES] BAA sk &
A28 =3l 45t 848 FAMFLREA EFole F4
A AzFE 2 she AR AlAtE e

L 2 EAKOrotic acid)i= pyrimidine nucleotide 43¢ %
7+ AARAEEAO, HEFEC #YFA AFHEA 73
A o] oFFH R FF FHo] AWTEE AR,
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T, LRENS APFTEI AFA dojA AXLFE
FEATlE Ae® gEA e, o8 rFo M TH
Ao 2HE very low density lipoprotein(VLDL) ¥H] 37}
AAEE o] Uep 742 7hgo] 2143} apolipoproteins: &
7d3te] lipoprotein® &4 FFo g FgsiA Gk e &
HAZA(SER)IA T4 apolipoprotein B100& & A%
(ER)E olsHHA A4 & 4 dAFe] VLDLE ®F
E9] Golgi AXNE £9Eth 2 & Golgi WES Esid
A A AAES YAl Feete] =¥ VLDLo] A4 E ]
dZoz Fujgag™, oju) AFA ] glycerol-3-phosphate 73
2o AfEA FHE F49x4e] VLDL 94 Y=z vk
o] microsomal triglyceride trnsfer protein®MTP)e] 523 <
g Jdshs Ao dEA it Ha, dAs AxHE
455 YElls FRBlXTil g3 Al (Abetalipoproteine-
mia)o 4] MTP F72+9] o)do] @A F o], apolipoprotein &
f EerAe] g3 Eujo] MTPL] Hdo] FA FERE
A HARD, 2-elA] VLDL @4 2 RHls 442
& apolipoprotein®] §A 2 Eal) 5o} s = 4
AE e, o] thAEgollA o shtets tiAbgElzF A7)
AR HglA AS S5 A7IAY, AAAEF B 1
ALEFS FEA7)7IE @tk 28, DEHPSF OAd) )&
B3 FAAAe Aet 712 HEsA wEA AA %
b, 2 A= DEHPSE OA7F AXZEE5S vER)
< AP1EE w7 9t - MTP 243 mRNA
F= 5788k, & oM MTP &4=ke] Adtged o
M= HESAC
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Orotic acid % Di-(2-ethylhexyhphthalate= Wako Junyaku
Co.(Osaka, Japan) & ZHE TYUsFATl Vitamin mixture
(AIN-93) 2 mineral mixture (AIN-93)2 Oriental Kobo Co.
(Tokyo, Japam)oll A +d3tA . [“Cltrioleic acid 2 [o-
#P]dCTPi= Amersham Corp. (England)ollA] F¢]&t3ict A€
o AREEE BE A 558 ARSI

AESE Y 4o =M

2 d3ol= 4577 2] Sprague-Dawleydl 71 FHE AL
sttt AHEES 2H AU A N AoAE A
8] AT 22+12°C, 5 50L5%2] BE ARSAA A}
Falyom, gohs 12417 F712A1 07: 00~19:00A | 7HA=
m7], 19:00~07 : 00N 7= 7|2 &t 2lo] 2 S
E 09:00~10: 004 Alelol]l Fdaigion, o) Aj7)el] o] A
HAZF 2 AF T 7Y FES AAET B AEs Ul
Alskz] el "AF e A dix 4olE 4U7 F-E ARSA
, Ha Aol A9 ZEE erlel¥ tlz 4Jol#, DEHP
9 0A 20|72 Z Uitk B Ao AREg 2]
Table 13} 2o, OA % DEHP:= 747 1.0% =
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Table 1. Composition of experimental diets (%)

Ingredients Control DEHP" OA?
Casein 20.0 20.0 20.0
o-Corn starch 15.0 15.0 15.0
Palm oil 10.0 10.0 10.0
Cellulose 5.0 5.0 5.0
AIN-93 mimeral mixture 4.0 4.0 4.0
AIN-93 vitamin mixture 1.0 1.0 1.0
L-Methionine 0.3 03 0.3
Choline bitartrate 02 0.2 0.2
DEHP" - 1.0 -
OA? - - 1.0
Sucrose to make 100

YDEHP: di-(2-ethylhexyl)phthalate (1%)
JOA: orotic acid

2F 3 g3o| X[E 24

277 28549 oA §8:00~9: 0009 FFE HE=R
TPEA vpEA & BN giEdozRE Ag AF3a,
e 24 AZ o AESE S8 Hojx A3H|
2 E7E AAS e S EASA, -80°Ce] ¥ e

HashEAA Ao AFstdry. 774 F X2 Folch 59
PRV o)Ele] F& 3EIloH, Mg FAAE B
1= Fletcher®) WMo g A% a3t AFH3 dHe 4
oA 302 AXAZ F 3,000 pmollA 1587 GAEE A

7 AL Ao, ¥4 F8AE T Triglyceride E-
test wako kit(Wako. Osaka, Japan)& ©]-8-3l 243} th

2Zo252E microsome &2 XX

7ha0 218 microsome w83} cytosol +8 Croze R
Morre?] WpH@oz Re)surt. &, 7H8S 4% Fsl 10
mM  Tris-HCl(pH 7.4), 10mM ethylenediaminetetraacetate
(EDTA) 2 250 mM sucroseS &3t homogenate -£4-2 4
ek Hriste] gAES AR o) S Wz 94E
2] 7](Kubota, KR-20000 T, Tokyo, Japan)ollA] 12,000 rpm,
£C, 2087 ARG T F5HE 4 HY gauze® oFHst
3, dNE =YAEZ 7 Hitachi 55p-72, Tokyo, Japan)llA
45,000 rpm, 4°C, 4577+ 94 #elsle] ¥ & homo-
genate £4S YA 71819} microsome HE ST S, A}
SAE cytosol B-F oz siGTh A WA FRTE 30
em AR A2 T UL AYNITE Aol &g
e falFeaR AuAE BES Fojrel A7l Wy
o7 7t BES Bk o)FA 7tz} dofxl £ &
Wz eko BCA protein assay kit(Pierce, Tllinois, USA)E ©|
#3lo] Microplate reader(Model 1550, Bio-Rad Co., Tokyo,
Japan) 570 nm A FHEE SA AT

MTP &M &3

MTP £4¢ Wetterau 581 W7ol Sstel 9ahaint.
2, 0.035nM Egg phosphatidylcholine, 0.175nM trioleic
acid, 0.5uCi [“Cltrioleic acid % 0.1% butylated hydroxy-
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toluenes & donor-vesicle} 0.175nM phosphatidylcho-
line, 0.875nM tdoleic acid, 8.8nM cardiolipin % 0.1%
butylated hydroxytoluene& ¥-5-3 acceptor-vesicle &S 30
& o] 283 X859 liposome particleE A5 15
mM Tris-HCl(pH 7.0), 35mM NaCl, 1 mM EDTA, 0.02%
NaN; % 0.05% bovine serum albuming $H-3F uh-g-o4Z0)
donor ¥ acceptor vesicle® ZzHzt H7F8F 3, microsomal &
aolg Frlsted 37°ColA 1XZE WHSAIZIT) ¥He- ¥ DEAE-
cellulose/TH&-(=1:1)2] EF &AL 7tete] EhHES 3
AA|F)5L, FE38] wHbske] 3,000 pmoll A 1087 9A18E)
5, AE UAFE F3 scintillation §HE 715 7
Estd HA scintillation counter(Wallic system 1410,
Pharmacia, Sweden)ollA] A 48 2A 819t MTP &
’3-& donor vesicleZHE acceptor vesicle®] ©]FH [“Clmi-

oleic acid®] dpmE HNXZE st Jehlglch

MTP mRNA #=&2o| &%

AR 27 2 AHAZE d9F sl 44 2
27tER F4 F4 A2 F ISOGEN(Nippon Gene, Tokyo,
Japan)g ©]8-3te] % RNAE F&31%1o0, MTP mRNA
(Saga Medical School, Saga, Japan)= northern blot HPHO
2 2434 &, F RNAGSOug)S 1.0% agarose gel2 A
719E 1A nitrocellulose membrane®] &7]3 [*P]-labelled
MTP plasmide DNA probeZ 65°CollA s EA3F 3l
. MTP plasmid DNA®} glyceraldehyde-3-phosphate dehy-
drogenase(GAPDH) plasmid DNAE 2}z Hind 109+ Eco
RI AlgEas A2ld & 17195AA DNA F% kit(Wizard)
2 @3, 7+ DNA ©¥HL [o-?PldCTP(110 TBg/mmol,
Amersham Crop., England)®} Bca BESTTM Labelling sys-
tem(Takara Co., Tokyo, Japan)S ©]-8 3} random primer
extension WYL R S35 S on, ol AFEHA] P
probe= sodium citrate/SDS washing §H 2 A A3}, nito-
cellulose membrane-S X-ray film (Fuji Photo Film Co.,
Tokyo, Japan)oll =&A]Z1 & (-80°C, 72A17}) autoradiogra-
phyZ MTP mRNAE #<I515ich. o]wl MTP mRNA $%&
GAPDH &) thgh Bl&2A Jep Aok

SAHXz
g 93l dojx AFA+= Duncan’s multiple range
tests Alg-sle] BA A2 sIRTi®,
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Z I (n )
AY 717ve] A% F7HEe dlzd sl DEHPE ¥
OATIAM 8oz A YePdthTable 2). ol#]d W3}
= ol HAHH 2o AFozA, Ho] Ao 7hid
o8l A Wt dojd Aoz Aztdnt AFo) i 7+
o] dd F%E DEHPE ¥ OATOIM Z71d Aoz
YER} FHEerel 7o) 7H u|thr) Eel g Qlohea,
743 FAAA 5= tF2d B8] DEHPZIAE &
o]Fel ztol7t giRo}, DA E AT 271 vt

Table 2. Effects of OA and DEHP on body weights, food intakes
and liver weights in rats

Body Weight (g) Food Intake Liver Weight

Initial Final (g/day)  (g/100g B.W.)

Control 972+27 187+24* 154404 575%0.10°
DEHPY 97.7+1.7 152£16° 9.70£02° 7.38%0.18
OA? 982+21 151161 124+04® 6.2310.18

USee the legend of Table 1. Rats were fed the semipurified diets
supplemented with either di-(2-ethylhexyl)phthalate (1%) or orotic
acid (1%) for 10 days. Values are the means + SE of 6 rats. Values
with different letters are significantly different at p<0.05

Table 3. Effects of OA and DEHP on the concentration of
triglyceride in the liver and serum of rats

Triglyceride
(mg/g liver) (mg/100 mL serum)
Control 16.9+2.34* 184+14*
DEHPY 16.5+0.87* 70£2.7°
OAY 156+7.10 38+23°

YSee the legend of Table 1. Rats were fed the semipurified diets
supplemented with either di-(2-ethylhexyl)phthalate (1%) or orotic
acid (1%) for 10 days. Values are the means * SE of 6 rats. Values
with different letters are significantly different at p<0.05

(Table 3). AAEL OAE AFHAIZ AF AN 7 F4AA
2 AR = sttt sAAEE F7bstr] ARkt 10
Aol e A Ao o) Agzie] flEE o By
g vl ok §A, 9% $AHAA sx= DEHPE % OA
oA EATHA AFEJeH, ol#Hd A2 0AZNA ¢
< HASHUTHTable 3). OAZNA Q] 8% FAHAXE F=9
A 5o VLDL BWA& 7} sl 9o Ry
H Ao} ARz Yo, 0Ax 7o RRE Fo =z
HDL #H|ol& o}Fd 432 vix|x] &%, @A apoB &
fr VLDL #°]%e AHaA7)e Aoz Bud vf o,
A4 2lolsk OA 2olZ A58 83 TAE B89 A
o theix HEF A}, 0AZ AFIF Y o aRE
ZAS AZ £ ER WF# Golgi A4 apo B &
Nt 2 sdS Fo7 EAEE, HA FA4AE2 ER
Ulgeld &858 W, Golgi A WllAe 4 HA4 &%
T2 01712 apo B #de] Asfol|l gk Aol ol trans
Golgi =] Ex= 2 o] AZE3} apo B packing modify
@A AF)el o Aoz Bud w U™, wehr, o] 7
oA X Zpgo] #Jshe MTP7F F03 9as & AL
2 F2a00,

VAo SR AL FHAEAY glycerol-3-phosphate 73
2o FAHIHWO, MTPe 3] & Tolr] FHLE
AollA FAHE apo BS 7 €AY VLDL YAE ¥HE3
Golgi AUHZE o}F3slaAr BH7P7} olF0i F, A&<E VLDL
YPAZA Disse U1 FE MAANA dFoz Eu|xo] Any®),
MTPE ZHHE9} 27 ATt &A= 2 A|e] dalz
24 VLDL YAEle] Ahgpo] Bojsle Aog A
stk A2, ke R TaEFe BN MIP §4
Ape] ool AR apo B Ty BlZTMAe] A £
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Table 4. Effects of OA and DEHP on the microsomal
triglyceride transfer protein (MTP) activity and MTP mRNA
level in the liver and intestine of rats

Liver MTP Intestine MTP
Activity mRNA Activity
(% of control)
Control 100+ 11* 100+ 16 100£2.8*
DEHP? 84+17° 101 £2.9* 117 £6.4*
OAY 58+16° 78 +£2.4° 144 +24°

YSee the legend of Table 1. Rats were fed the semipurified diets
supplemented with either di-(2-ethylhexyl)phthalate (1%) or orotic
acid (1%) for 10 days. Values are the means + SE of 6 rats. Values
with different letters are significantly different at p<0.05

Hlol MTP7} 88 988 3= A2 Bud o o,
71EA FR-ElETEE S VLDLY A el apo B
= AAHdoz %LA%Q;(]\:&’ ol 7] ] gtﬂ-o} Z/H;q;f_:]g]
&o] A=l VLDLY] ¥H]7} dAgozs AREES
FraAlZich webd, OAd 93t Ax A8z Ho} g
AL 128 dhsu 7] %’6‘}04 ¥ W‘: MTP thAtel] o
st AESAT 2 A3 -l MTP 4L gzl
B3] DEHPZolA+ %-‘ﬂﬂ‘ﬂ e %’i&’i L, OAT-lA]
= BAA A TH(Table 4). E3F, 27800 MTP 44
7L dEe] Atz MTP 43 728 AFS Jehdom
A, OA°ll o3t AXAEZe] tjA} 714+ MTP ke A
A EANEE SAHE Aoz AJARE AT 8, 0A 4
H F3e] 2% AHHEAN EHEE apo B w3
chylomicrone $4 % #8]& AAFOE o|FojzivtE A}
7b M3l Gk, B T sl TN S MTP
4T Gy 27 A e e MTP 48 tiRTR
o OATolA F7Fete] olde] Astel UX A, DEHP
= 8 HSAE FAEXH AL B 3AE f=
sty zRate} ALE ER18la, @YX A FEE A
e ZAo® 4¥A vk DEHP Folo] &3 7h%
;<1 l-;r.:g/] tﬂEO O%OiO],]_ ﬁﬂi-] Z)H;{]X] lg_l]:__E_ xi
HASATHTable 3). olElgt Az, 704 oA =)
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XA %j-g%i—J A FBE AN ZA 7]
dAde] %3 =M, DEHP= 7W 2 Ao A 2] MTP
B flA daldle e WAA Rike AoE AlEd
ok WA, DEHPY ©& #%
2 2 Helxe] S$4AE diAbsed 718k AL AlAE
st} AA2 DEHPw 7H39

=

A Ak Ae £AN7)E At 2 v Ao, 7
gollAe] AgAk *@}—t— 7 Wel At pools A3
A, 9742 BEAN o1&E = Aate] availabiliyS A5}

AlZ .24 VLDL #H]7} 7h48 2oz Az
ger e SAEAAL glycerol- 3—phosphate ZHEAA &4
Hedl, o] AR £ 2HAsE phosphatidic acidol] 4]
diacylglycerol A4S Zv] sl= Qﬁ\_fﬂ phosphatidate phos-
phohydrolase(PAP)/F &4 ITH>1, o] 7. & 444 g
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Table 5. Effects of OA and DEHP on the activity of
phosphatidate phosphohydrolase in rats

Phosphatidate phosphohydrolase

Microsome Cytosol
Control 10.1+1.25% 157£1.57
DEHPV 10.0+£0.94° 9.94+1.56°
OA" 14.2+£0.44° 153047

USee the legend of Table 1. Rats were fed the semipurified diets
supplemented with either di-(2-ethylhexyl)phthalate (1%) or orotic
acid (1%) for 10 days. Values are the means = SE of 6 rats. Values
with different letters are significantly different at p<0.05

o #HEH UE 4 FHHTE AgeA 283, 83
FHAE =Y W = ARZ o]E4FHI 7] wFe]
o} PAPE MM E W9 microsome, AEZ 2 plasma mem-
braneol] =A] sh=t], £4X12 2] A= microsomal PAP
o} NZAY PAPZ} #oislal, AxEF PAPE At 59
SR ool ofgAl B E o)Fxo] BAHEIR microsomal
PAPZ A& o7 E4d8lE?, ulg}X, microsomal PAP
7t 2AAE B 28 2EHEAT gE|A Yo, 2
AT A= microsomal PAP &/30] 0A Folol 23] #A s}
Al F7HEeEN 1 XA w=e AHHAE YR
©{(Table 5) ol&e] Ao} AXFHAT?. OA Foof 23t
7 AFFEEe] e, 27IdA0~3)elMe 83 $4

A Fmet A At A Sksked Bls) 2% F
BA I A% A SEE AV, olef 2
£l OA°ﬂ o g 34 V‘«l Ao Qs 5

o S}

b qloh mhebA, Xix}
3272 AHAE AES @
tﬁ_%ﬁr PAP 49 HEL Fd
8 Ae YeERNAE, 7 Z3 5 ATEAE BT,
2 289 A E(Table 5), OA°] )T microsomal PAP
FHol Z7HE, AEZE PAP 842 HEo g Ao
2 el o]de] A% Azt A&t Egh, DEHP
AAFH ol 93 microsomal PAP 42 tZ3 Zol7F gl
O, MZAE PAP €42 dlxel Y3 DEHPZOIA &
A3 225k ol DEHPol 2 7 Zujo A =k
poole] W3}l <lahr AZAY pAPY} FARAL A&
2248 microsomal PAPE HEF A £3to 24 VLDL YA}
ol SAAES Tk Filod B4 S49A4E TRV 24a
= Ao ABEY uEA, PAP 49 DEHPS} OA
= 498 98 YR 9ES nAe ALE AlRdEY.
olate} AsellA, OAol 9%t AXAEFA= 7+ MTP
A3 FHA wde] A7t #e3H 2, BEHPY] 23t
o= 7HE MTP /439 A= gle Aoz 4]

Y 9D ARHEL NI e AOE FeR 0A
4 % DEHPHS 77k Foldt 8218l 704 3 27994 MTP
o]
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z7d BlZsiA OAFNA F2dA F71slel o), DEHP
ZAAME Fog Aol7t YT A FRE == dx
ol BlsiA OA % DEHPZOIA §2l3A uis}ai-crﬂ,
o|23 A OAZAIA B dA3IAT. ZHA XA ¢
MTP ZA43 mRNA FF& o] vlsA OAZA
oA Astaaon, £%es MIP 4 F7taT
ey, 2 9 A% MTP 93 mRNA £ Q=22
7 DEHPZ Alololde §220 wszt il 78l $d
oM 24Ad F49 3—& 24§22 microsomal PAP &
Aotz vl OAToIM frelsAl 27181901, DEHP
ToAlAE cytosolic PAP /o] 7HAsidith. ool Ax=H
B, OAdl &3 84 FA4AE A3} &= 74 MTP &
A7 mRNA 47} Lo Zlo] &Ity 21}, DEHPY| ¢
3 g3 2AAE A FLde MTP tiraksle 733 A
o2 AFHATH

ZAle] 2

B =8e 20009 FF=REAT] =] Y KRF-2000-
FAOODel o3 = en, oo AL =gyt

%d
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