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Effects of Coenzyme Q10 on the Expression of Genes involved in Lipid Metabolism
in Laying Hens
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ABSTRACT The aim of this study was to investigate the expression patterns of key genes involved in lipid metabolism
in response to dietary Coenzyme Q10 (CoQ10) in hens. A total of 36 forty week-old Lohmann Brown were randomly allocated
into 3 groups consisting of 4 replicates of 3 birds. Laying hens were subjected to one of following treatments: Control (BD,
basal diet), T1 (BD+ CoQ10 100 mg/kg diet) and T2 (BD+ micellar of CoQ10 100 mg/kg diet). Birds were fed ad libitum
a basal diet or the basal diet supplemented with CoQ10 for 5 weeks. Total RNA was extracted from the liver for quantitative
RT-PCR. The mRNA levels of HMG-CoA reductase(HMGCR) and sterol regulatory element-binding proteins(SREBP)2 were
decreased more than 30~50% in the liver of birds fed a basal diet supplemented with CoQ10 (p<0.05). These findings suggest
that dietary CoQ10 can reduce cholesterol levels by the suppression of the hepatic HMGCR and SREBP2 genes. The gene
expressions of liver X receptor (LXR) and SREBP1 were down regulated due to the addition of CoQ10 to the feed (p<0.05).
The homeostasis of cholesterol can be regulated by LXR and SREBP1 in cholesterol-low-conditions. The supplement of CoQ10
caused a decreased expression of lipid metabolism-related genes including PPARy, XBP1, FASN, and GLUTs in the liver
of birds (p<0.05). These data suggest that CoQ10 might be used as a dietary supplement to reduce cholesterol levels and

to regulate lipid homeostasis in laying hens.
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Table 1. The primer pairs used to analyze gene expressions by quantitative real time-PCR and size of products

Genes Primer sequence (5' to 3') Size of product (bp) Accession number (GenBank)

Forward: ttcgtgttaccgcectcag

FASN 91 NM205155
Reverse: ttcccactgectgettag

HMGCR Forward: tcagagcgtaagacctaac ’4 NM204485
Reverse: tgtagtaatggcgaacctaa
F :

PPARY orward: gattagcacaacttcacacaag 1 AB045597
Reverse: tcctcgttacagaactctatca

XBPI Forward: tetgctggatectggtag 89 NMO001006192
Reverse: aggtatggtcagtgtcaaga

SREBPI Forward: gatggtegeagtggetat 97 AY029224
Reverse: ggctcecegtagacaaaga
F at t, tagat

SREBP2 orward: atgeggaccigaagataga 115 AJ310769
Reverse: cctggctctgaatcaatgg

GLUT2 Forward: gctgcctcttectgctaa 116 NM207178
Reverse: gtcccttccaacccaaac

GLUTS Forward: gaggaggagggactaagce 78 AB083371
Reverse: catcagaatcacaccaataagaag

LXR Forward: cccaaatgaataacacgaaaca 85 AF492498
Reverse: gaaagagactgaagaaagaggtt

RPL27 Forward: cagcaatgggcaagaaga 31 NM205337

Reverse: gcatcaggtggttgtagtt

Table 2. Effects of Coenzyme Q10-supplemented diets on the mRNA gene expressions involved in cholesterol biosynthesis in the liver
of chickens”

Treatment
Item C T1 T2 p-value
ACt 2*AAC{ AC‘[ Z*AACt ACt zfAACt
HMGCR 1.82+0.10° 1.00 2.63+0.61° 0.57 2.68+0.13% 0.55 0.0136
SREBP2 4.36+0.12° 1.00 4.90+0.12" 0.69 5.0940.29° 0.76 0.0012

The values (means+S.D., n=6) are ACt, which is represented as the Ct of each target gene corrected by Ct of the control gene (RPL27).

The fold difference in the relative expression of the target gene was calculated as the 27 °*C,

** Values with different superscripts within the same row significantly differ (P<0.05).

* Dietary treatments are as follows: Control(C): basal diet (BD), T1 (BD+ CoQ10 100 mg/kg diet) and T2 (BD+ micellar of CoQ10 100
mg/kg diet).
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Table 3. Effects of Coenzyme Q10-supplemented diets on the mRNA gene expressions involved in cholesterol homeostasis in the liver
of chickens”

Treatment
Item C T1 T2 p-value
ACt 27 ase ACt 27 Ase ACt 27 a8¢
LXR 4.24+0.11° 1.00 4.75+0.28% 0.70 4.87+0.44" 0.65 0.0390
SREBP1 7.93+0.31° 1.00 8.15+0.75° 0.86 8.67+0.21° 0.60 0.0412

The values (means+S.D., n=6) are ACt, which is represented as the Ct of each target gene corrected by Ct of the control gene (RPL27).

The fold difference in the relative expression of the target gene was calculated as the 277 .

*® Values with different superscripts within the same row significantly differ (P<0.05).

* Dietary treatments are as follows: Control(C): basal diet (BD), T1 (BD+ CoQ10 100 mg/kg diet) and T2 (BD+ micellar of CoQ10 100
mg/kg diet).
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A % H44A LDL 84 A4E st FdzEHE
ARS Wellste 2o Alsdth webi CoQlool g
LXR#} SREBP19] & 7HAw FHZHE oY W& A
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A=o] Baol] ol JEFS n|x)=x] ZAFSte] Table 491 A
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2 9F 25~30%9] FAApEEe] b2 ZHAaFHP<0.05)2 K31
o CoQl09] A= FAAY TS At AW EL
(FASN)9] -2} & g g]wtoll Al <F 30%, f-31* 2
oA 2k 65% AR (P<0.05)S 2H1&13ith XBPIS A%
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AR G PR, FHZoll= ollA] T8 A 349 =
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i B

=
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I

Table 4. Effects of Coenzyme Q10-supplemented diets on the mRNA gene expressions involved in lipid metabolism in the liver of

chickens”
Treatment
Item C T2 p-value
ACt 27Ana ACt 27 ana ACt 27Ana

FASN 5.41+0.12° 1.00 5.88+0.17° 0.72 6.97+0.07" 0.34 <0.0001
PPAR Y 8.89+0.20° 1.00 9.47+0.11° 0.67 10.15+0.11° 0.42 0.0001
XBP1 2.07+0.07° 1.00 2.31+0.06" 0.85 2.36+0.13" 0.82 0.0039
GLUT2 2.26+0.10° 1.00 3.67+0.35" 0.38 2.86+0.11° 0.66 <0.0001
GLUTS 1.53+0.13° 1.00 1.95+0.05" 0.75 2.05+0.16" 0.70 0.0004

The values (means£S.D., n=6) are ACt, which is represented as the Ct of each target gene corrected by Ct of the control gene (RPL27).
The fold difference in the relative expression of the target gene was calculated as the 27 **C

#7¢ Values with different superscripts within the same row significantly differ (P<0.05).

# Dietary treatments are as follows: Control(C): basal diet (BD), T1 (BD+ CoQ10 100 mg/kg diet) and T2 (BD+ micellar of CoQ10 100

mg/kg diet).



52 FAY - R

o
o
/@)
=
1o

L
N

N
s
K
)
®
1:;)11
L

Y

O
Hﬂ
A
_OL
K
o,
it
™

ARR1AL el o3l 2= ]
o] HFHor FAAAEe] o] nﬁ\—% Zo R odd
L HE oAt A Fdste] ERE S8l 2
a3k 2207 o]F3HA FrHO’hea and Leveille, 1968). 7t
Az AE FAsH7] Al e AETAA ZHH o
7 X wRtelof sk, ol dagh ddEo] gl-
cose transport proteins(GLUT)®|th. E= %491 GLUT
v AEe 259 55 9 25T P FAld T8 7]
5% 31, Holl A GLUT2E 2t} Algola F2 Wd =,
GLUT8S tjf-i-9o Az o|x EHHETHCarver et al.,
2001; Kono et al., 2005). ¥ 15llA] CoQ100l £]g+ GLUT
frdate] W gt I AL o] B egk 7%
B4 AT onlsla, ol HEAEA 4R

QA= J&FS & Aoz AlRHT
£ ATtellA] CoQl0°] 23t Zal| ~H B} A g 2 24
2HE A nA= d3E B2 8t AASHtHFig. 1).
N Q

-

: Coenzyme Q10 A|HthA} A

# fA4

Coenzyme Q10(CoQ10)-= AFAA de] #x3l= &7
B2 NEoFe AtsA A 1 7]50] & dEAARE F
< FAzAE] X*Z}EAH 7Fs & AR = AT ot
2hA & A= AHAOIA CoQl109] 7t Feol7h Zu|2H|
E3 Ak I’JWJ&L FRAAFES] Hdol| nA= = #
zhel a1} 24181t Lohmann Brown(405-%) 36572 CoQ-
102] Z 7}l whe} th22H(CON, basal diet(BD)), CoQ10 71
ZE2 FoJ74(T1, BD+CoQl10 100 mgkg AF&) 2 CoQl0

0 311 2] X(T2, BD+micellar of CoQ10 100 mg/kg

) T BF 3 TR AAste] 57 AFGAIE S A
1k A1 28 3 7 A9 7He 2 2E total RNAS 3=
Z3}1, real-time PCRS ©o] &3l A= &dS EA
skt ZY 2= A FH A F8 A T4 HMG-
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Fig. 1. Proposed function of dietary coenzyme Q10 in gene regulatory network of lipid metabolism in chickens. Dietary CoQ10
suppresses the SREBP2 which is a master gene of cholesterol biosynthesis and down regulates HMGCoA reductase which is a
rate-limiting enzyme of cholesterol biosynthesis. Dietary CoQ10 inhibits SREBP1 which is a stimulator for lipogenic genes including
fatty acid synthase and acetyl CoA carboxylase. The suppressed SREBPs might be associated with inactivated expression of LDL
receptors. Dietary coenzyme Q10 inactivates LXR leading to a decrease of CYP7A expression and cellular cholesterol efflux. I}
indicates the down regulation of gene expressions by coenzyme Q10.



Jang and Moon : Coenzyme Q10 and Expression of Lipid Metabolism-Related Genes 53
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