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The Effects of Dietary Supplementation of Vitamin C or E on the Expressions of Endoplasmic
Reticulum Stress, Lipid and Glucose Metabolism Associated Genes in Broiler Chickens

Jeong Geun Park, Young Sook An, Sea Hwan

Sohn, In Surk Jang and Yang Soo Moon'

Department of Animal Science and Biotechnology, Gyeongnam National University of Science and Technology, Jinju 660-758, Korea

ABSTRACT This study was conducted to evaluate the effects of dietary supplementation of vitamin C or E on the expre-

ssions of endoplasmic reticulum (ER) stress, lipid and glucose metabolism associated genes in broiler chickens. A total of
216 one-day-old male broilers was randomly alloted to 4 treatments with 6 replicate pens per treatment and 9 broilers per
pen for 35 days. The dietary treatments were control, vitamin C (control diet + ascorbic acid 200 mg/kg diet), vitamin E
(control diet + a-tocopherol 100 mg/kg diet), vitamin C+ E (control diet + vitamin C 200 mg/kg + vitamin E 100 mg/kg),
respectively. To evaluate gene expressions by quantitative real-time polymerase chain reaction, total RNA was extracted from
the liver of the chicken at 35 days of age. Dietary supplementation of vitamins was significantly down-regulated the ex-
pression of stress marker genes including HSP70, HSP90, and HMGCR, as compared to the control (p<0.05). The expressions
of ER stress associated genes also inhibited by supplementation of vitamins as well (p<0.05). Vitamin C supplementation
suppressed the expression of lipid associated genes such as FASN, FATP1 and ACSLI1. Vitamin supplementation did not
affect the glucose transporters, GLUT2 and GLUTS, in the liver. The results of the present study indicated that dietary
supplementation of vitamin C or E could be beneficial for the alleviating physiological stress in broiler chickens.

(Key words : vitamin C, vitamin E, endolpasmic reticulum, stress, broiler)
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Table 1. Formula and chemical composition of experimental
diets fed to broiler chickens

Diets
Items
Starter' Finisher”

Ingredients (%)

Corn 3242 27.72
Wheat 32 35
Wheat meal - 3
Animal fats 2.1 3
Corn gluten 2 -
Soybean meal 8.25 11.875
Dehulled soybean 8 -
Rapeseed meal 2 4
DDGS’ 6 8
Animal fat 3 3.5
Salts 0.15 0.125
Limestone 1.35 1.4
MDCP* 0.775 045
Lysine-50% 0.65 0.65
Methionine-100% 0.2 0.225
Thereonine-100% 0.075 0.125
HCl-choline-50% 0.08 0.08
Vitamin premix’ 0.15 0.15
Mineral premix® 0.15 0.15
Enzymes 0.05 0.05
Functional feed additives 0.45 0.4
Probiotics 0.1

Salinomycin 0.05 0.1
Chemical composition’ 100 100
Protein 19.62 18.22
Fat 4.54 5.51
Fiber 3.01 331
Ash 591 5.68
Ca 0.96 0.94
P 0.64 0.60
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Table 1.

'Formula of starter diet (3~21 d of age).

*Formula of finisher diet (22~35 d of age).

*Dried distillers grains with solubles.

“Mono di-calciumphospate.

>Contained per kg of diet: vit A, 10,000 IU; vit Ds, 2,000 IU; vit
E, 421 1U; vit K 5 mg; riboflavin. 2,400 mg; vit B,, 9.2 mg;
vit Be, 2.45 mg; vit By, 40 ug; niacin, 49 mg; pantothenic acid,
27 mg, biotin, 0.05 mg.

®Contained the mg per kg of diet: Cu 140 mg, Fe 145 mg, Zn
179 mg, Mn 12.5 mg, I 0.5 mg, Co 0.25 mg, Se 0.4 mg.

"Calculated values.

, b 22 S A2 Fst] QAA L FE5YE
A Al 4R -70TCell A Bt el @
Z2]-& RNeasy kit(Qiagen Hilden, Germany)S ]%—’3]—01
total RNAE FZ3lth £23 RNATE 1 ug/ule] &
7 &5kal, Improm-II Reverse transcription system(Promega,
Fitchburg, USA)= ©] &35} cDNAE 4359t Real-time
PCR-2 MyiQ(Bio-Rad, Herculus, USA)< o]-&-3l] th-33} 2
o] Alg&tAtt. PCR HHS-E-S cDNA(I0 ng) 5 1L, primer(5
pmole)= Z+2F 0.5 uL, SYBR Green(Bio-Rad) 10 pL, ddH,O 4
ILE ¥l & 20 uL7t H =5 E3tstar, 95CoA 323t
Z WS AR TR 95°C 1537F B4, 60°CollA] 1523t A
&, 72°C 4023t g S 408] WHESIGITh 12l 94T
12 Al A S AZ F55TAA 123t A 27 2%
S AT apR o 2 55T A 05T A A 3
3242 SYBR Greeno] BojA Y= viAE & &
Pateh FA B dul e 200 WS o] &
3o} F-243}93 th(Livak and Schmittgen, 2001). ¥ A]& o] o]
£% primerE2] JEH = Table 200 A|AE vie} 2},

3. SAHEN

HIEF C, E B BlERl &3 A3t 5419 Add 4
2 fHx dEge] vlw B4 SAS 5A|97]#|(SAS
Institute Inc., Cary, NC, USA)E ©]-8-3}>] ANOVA/Tukey H
o2 A7 Hatgkel g oS A5k

Zh g U

[

1. HIEIR] HT7} F0{et |42 &3 A mHAl=o o]
e g
HER %‘.7} wo7b SA19] A 58 2 HAREl
QS 2SR K Table 3). HETS £33 ZE

X =

A2l

Table 2.
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Primers used to analyze gene expression by real-time
RT-PCR and size of product.

Genes

Size of  Accession
product  number
(bp)  (GenBank)

Primer sequence (5' to 3')

Forward: tcctctgctttgtatttctctg

HSP70 145 102579
Reverse: atgctaatggtatcctgaacg

Hspoga Forvard: geagaagtiaccagegalt 133 NMO01109785
Reverse: cagaagatgaagaagagaagaaga

Hspogp Forvard: geaggacaglagelgagt 113 NM204289
Reverse: gaggcagagcaagatgaag

HMGC Forward: tcagagcgtaagacctaac 34 NM204890

R Reverse: tgtagtaatggcgaacctaa

ATF6 Forward: cagccaccacacataacaa 106 XMA22208
Reverse: atcatcacctcgtagtectt

TRy Forward: aglegatgticiggaaget 76 ABOI3138
Reverse: ctctttctctgacttggtgat

xpp)  Forvard: tetgelggatgelzeiag 89 NMO001006192
Reverse: aggtatggtcagtgtcaaga

speppy Forvard: gatgglegeagiggctet 97 AY029224
Reverse: ggctecccgtagacaaaga

SREBP? Forward:atgcggacctgaagatagat 115 AJ310769
Reverse: cctggctetgaatcaatgg

PPARr Forward: gattagcacaacttcacacaag 1 AB045597
Reverse: tcctcgttacagaactctatca

C/EBpg Forward: alggageaagecaactic 110 NM001031459
Reverse: gectctetgtagecgtag

FASN Forward: ttcgtgttaccgectcag 01 NM205155
Reverse: ttcccactgectgettag

FABP4 Forward: atggcaaagagactgttatcaa 118 NM204290
Reverse: tgaagacggcttccteat

FATP] Lorvard: eeglitgtiigtectecat 102 NMO001039602
Reverse: aggcgtcgttaaggtaaga

AcsLy Forvardcaagatigigtaatigtaatee g3\ 01019578
Reverse: gctctaacagttgacttgga

GLUT2 Forward: gctgectcttectgetaa 116 NM207178
Reverse: gtcecttccaacccaaac

GLUTg Forward: gaggageaggeactange 78 AB083371
Reverse: catcagaatcacaccaataagaag

SIRTI Forward: ccagttccagccatctct 105 NM 001004767
Reverse: gcaacctgttccaatgtgt -

SIRTS Forward: gtgctctgaaacctgete 110 NM 001276364
Reverse: ggcgatatgctttgctttg -

RPL27 Forward: cagcaatgggcaagaaga 31 NM205337

Reverse: gcatcaggtggttgtagtt
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Table 3. The effects of vitamin supplementation on the growth performance and mortality in broiler chickens*

Treatment

Item
Control

vt. C vt.E vt. C+E

Initial body weight (3d), (g) 43.89+0.46

44.07 £0.45

43.89 +0.50 44.07+0.45

3~35 days

Total gain (g) 1,648.84 + 141.24

1,533.96 + 134.42

1,575.02 + 138.07 1,558.28 +116.23

Feed intake 2,950.56 +£116.94 2,857.33 £213.86 2,855.33 £105.62 2,840.70 + 165.33
Feed conversion ratio 1.79+0.13 1.87+0.13 1.82+0.11 1.83+0.08
Mortality (%) 1.43 2.86 2.86 5.55

1. vt. C(vitamin C supplement, 200 mg/kg feed), vt. E(vitamin E supplement, 100 mg/kg feed), vt. C+E (vitamin C 200 mg/kg + vitamin

E 100 mg/kg).

2. Values are MeantS.D. (n=6 replication means). Lows with no common superscript indicates non-significant difference among the values

(p<0.05).

" The data of growth performance and mortality were extracted from our previous published article (Sohn et al.,

SIX] A ARSI (3-35%) AE, SAY WH L AR
& 5 979 S e Aol ¢ ﬁﬂ*%ﬂﬁo%ﬂﬁ
gk Al el folA 2olzt YTk et 22 g
s} 14 Sl B Al A5 vEr B
A7 AtesE ) el i E3HNiu et al., 2009; Gao
et al, 2010)2 Holw, S84 o] Abghg 2 HAXZA 7A
o th&t vleb €] 7} E3KOrban et al., 1993)%5°] K%
AAT, Al A Fitst 22e] viEl o] H7F wode o
2ol A¢ A% 9 ARMAT 3t 2 AR o
o] gl Aoz H % tHPardue et al., 1985; McKee and
Harrison, 1995). = A7ollX = HIEWR Co} ES T 52 &
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)
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34

Zi

lo
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2013).
g 7} Folsl = §A19) AR A ole G XA &
F1e=N

2. HIEIZ] M7} F0{ot || 7te| AEF|A DA XX}
Uaof o|x|= I
sACA HERRIe] A7t g7t 2B 2 A F AR
heat shock protein(HSP)70, HSP90-a, HSP90-5 % HMG-CoA
reductase(HMGCR) 312} W&ol oW Jaks nx] =4 =
AbslZ] flstel Al S8 F 74 FAIEES] A total
RNAE =3} real-time PCR 415 A A 3}31 TH(Table 4).
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Table 4. The effect of vitamin supplementation on the expression of stress-associated genes in the liver of broiler chicken

Treatment
Genes Control vt. C vt. E vt. C+E p-value
ACt VA ACt hna ACt hna ACt P
HSP70 5.13£0.57° 1.00 8.76+1.20° 0.08 6.7210.44° 0.33 5.540.95° 0.78 0.0031
HSP90a 11.02+1.06° 1.00 12.52+1.60° 0.36 13.1120.78° 0.24 14.51+1.14* 0.09 0.0319
HSP90S 0.05£0.88  1.00 1.57+0.18" 0.35 1.2120.65® 0.45 -0.1440.62° 1.14 0.0263
HMGCR 2.1940.24° 1.00 7.2140.49" 0.03 4.09+0.34° 0.27 3.95+0.92° 0.30 0.0001

1. vt. C(vitamin C supplement, 200 mg/kg feed), vt. E(vitamin E supplement, 100 mg/kg feed), vt. C+E (vitamin C 200 mg/kg + vitamin

E 100 mg/kg).

2. *7¢ Values (means+S.D., n=6) with different superscripts within row significantly differ (p<0.05).
3. The values (means+S.D.) are ACt, which is represneted as the Ct of each target gene corrected by Ct of the control gene (RPL27).

4. The fold difference in the relative expression of the target gene was calculated as the 2

ANACt
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7<4X}-‘:—(HSP70 HSP90-8 %! HMGCR)°| #elxo =z 7+A4st
< 2 5 AT(P<0.05). MIEH ES] A9 HE Cot %
Abb 222 eRiglch M o) R £ Fela 2
T-o| A3 HMGCRZ} HSP90-aol| A thzTtol| Bl3le] £-2o] 4
o7 vro dhE a-g B Th(P<0.05). HhE| 2] ol A FE] A&
_Tq. %%oﬂ o1g7]7]};<] —79_ T= §].‘51—7<4 Aga]x% }\Ea] s
7] =% HSpel Aol Skl Hivl, A E HSPE 2
i Q) IR Bue] £3e JBATAY £
Wolahs 7]5S (W, 1995). HSP Thi -2 Tkl
Edl s, ARAE Fol, A8A A2, £F Sl wgt
o] Al&siA AAdE = Tl o] (Al-Aqil and Zulkifli, 2009;
Soleimani et al., 2012), 2~E &2 HH-g-of 3+ HSPS] a2
AE W IHAE 2EH 2 gRlewiE Hodtele AH8S
GFh(Kregel, 2002). ol2fgt 28 wjZo] B AFAE0]
HSPE ZEel2 vhA fAEA 24 olgsta ot
(Beloor et al., 2010; Sohn et al., 2012; Al-Aqil et al., 2013).
HMGCR-2 Z#| 28| &F cortisole] A/l 71 Fa3t
ZHEGARA by 2E A v JAAR QllEe] gt
(Gomati et al., 2004). ¥t 21014 T Abakolu} ApgA e
AR ol @ 282 HMGCRE] 28E 27417 B
1(Beloor et al., 2010; Sohn et al., 2012)9} 2] 7}l =
AoR BT 5 UsT L 5 Uk B A7 A
HlERRIe] A7} Fol7h 2B 2 $¥ HSP ¥ HMGCR #4
AEe] WAL dAlsHs Ao Hol, HE ¢ B9 Al
Y 7‘<47]_ 21017]- u]—_o,] k| /\Eﬁﬂj\é 71/\)\]71 9 91LL
sEdx B4 A $E vaEd o Hel Tl

l% mlo l

3. ”H|EAlI H7} F0{2} M=E L] ER stresst FXX}
=9 &s

SANA vlER € 9 E9] H7F Foi7b Alxde] ER
stress T FHAEL] W] ofH JeS v|X|=A] AT E
1A v 7 o] 3 558 wol k2 Fste] fAE
o] BH-S BA5ITE Table 504 HE ule} o] vyl
C % E A7} o9& Al W HEA ER stress "} FAE
9l activating transcription factor(ATF) & XBP12] w&lo] tf
ZTof| H]Blo] ro okAS W I THP<0.05). SREBPsS] 73-%
HIE Col oJ gt AA EF= A4 o), HER] Eof 93
A7} F=SiskA veha, HER ceF ES 2ol H7F 5o
g A= o] FHAEe] FEle e oA aHE B
FATHP<0.01). ER Al ZA oA Tl o] 3l Z7] 3l &
H| & @3dle= F23F A Z 47| o |th ER stress= ERE] T
7 3 (folding) ¥ @3- go] d w0} A o] 2%
3l oild e HolA] R dhldo] SN = A4S
13T (Basseri and Austin, 2012). 2+ ER stresse A thA}
o} Aol FL3 VTS St Ao HuEHAtHLee et
al., 2008; Basseri and Austin, 2012). ER stress+= unfolded pro-
tein response(UPR)©] A 32 =3}, o] x|HeA] #&
ARIAES 2AFo 2N Adiatel] Hefdtta g
(Shen et al., 2004). wehA] ER stressot XA U3 &
Aol = ALeZ BuE YA Th iR X FF Al o
gk Ao, 2570 g Hue §le Aot waha A
Tl EA ER stress ] AL B Pt S
ol Bl th ATF-2 UPRY}; &gt 2 ezl AARIA}
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Table 5. The effect of vitamin supplementation on the expression of ER stress associated genes in the liver of broiler chicken

Treatment
Genes Control vt. C vt. E vt. C+E p-value
ACt A ACt anc ACt P ACt ana
ATF6 7.20£0.51° 1.00 7.26+0.56 0.96 9.29+0.29° 0.24 8.56+1.20° 039  0.0185
ATF4 2.5240.32° 1.00 4.48+1.57° 0.26 2.600.16 0.95 2.11+0.57° 133 0.0379
XBP1 3.55+0.66" 1.00 6.200.90" 0.16 3.52+0.61° 1.02 405£1.47° 071 0.0284
SREBPI1 10.64+0.20° 1.00 10.99:+0.40° 0.79 12.59+0.61° 0.26 13.08026°  0.18  0.0003
SREBP2 10.030.38° 1.00 10.57+0.68" 0.69 12.45+0.29° 0.19 12.66£021*°  0.16  0.0001

1. vt. C(vitamin C supplement, 200 mg/kg feed), vt. E(vitamin E supplement, 100 mg/kg feed), vt. C+E (vitamin C 200 mg/kg + vitamin

E 100 mg/kg).

2. * Values (means+S.D., n=6) with different superscripts within row significantly differ (p<0.05).
3. The values (means+S.D.) are ACt, which is represneted as the Ct of each target gene corrected by Ct of the control gene (RPL27).
4. The fold difference in the relative expression of the target gene was calculated as the 27°°C,
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Table 6. The effect of vitamin supplementation on the expression of lipid metabolism associated genes in the liver of broiler chicken

Treatment
Genes Control vt. C vt. E vt. C+E p-value
ACt P ACt ana ACt pana ACt ana
PPARr 8.99+0.83° 1.00 8.95£0.32°  1.03 9.05£0.25 0.96 9.26+0.33° 0.83  0.8738
C/EBPa 11.71£0.61% 1.00 11424058 1.2 11.69+0.81% 1.01 12.82+0.27° 046  0.0825
FASN 3.24+0.64° 1.00 732£147°  0.06 4.05+0.94° 0.57 3.550.69 0.81 0.0034
FATPI1 7.77+0.38° 1.00 10.07£1.17° 020 7.82+0.45° 0.97 8.3420.17° 0.68  0.0084
FABP4 9.21+1.37° 1.00 9.30+0.94*  0.94 8.1240.70" 2.13 9.80:£0.56" 0.66 02445
ACSLI 2.98+0.48" 1.00 447£037° 036 2.54+0.64° 1.36 2.26+0.58" 165 0.0038

1. vt. C(vitamin C supplement, 200 mg/kg feed), vt. E(vitamin E supplement, 100 mg/kg feed), vt. C+E (vitamin C 200 mg/kg + vitamin

E 100 mg/kg)

2. * Values (meanstS.D., n=6) with different superscripts within row significantly differ (p<0.05).
3. The values (meanstS.D.) are ACt, which is represneted as the Ct of each target gene corrected by Ct of the control gene (RPL27).

4. The fold difference in the relative expression of the target gene was calculated as the 2

ANACt
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Table 7. The effect of vitamin supplementation on the expression of glucose metabolism-associated genes in the liver of broiler chicken

Treatment
Genes Control vt. C vt. E vt. C+E p-value
ACt ana ACt asc ACt P ACt asa
GLUT2 10.030.14° 1.00 11.04+0.92° 0.50 11.18+1.69° 045 10.74+0.76" 061 05602
GLUTS 9.44+1.22" 1.00 9.54+0.31° 0.93 10.9120.49° 0.36 9.42+1.27° 101 02186
SIRTI 8.09+0.55% 1.00 7.65£0.93° 1.35 9.28+0.40° 0.44 7.25+0.85° 179  0.0392
SIRT5 13.58+0.31° 1.00 11.49+0.71¢ 427 14.82+0.32° 0.43 12.42:0.29° 224 0.0001

1. vt. C(vitamin C supplement, 200 mg/kg feed), vt. E(vitamin E supplement, 100 mg/kg feed), vt. C+E (vitamin C 200 mg/kg + vitamin

E 100 mg/kg)

2. *7° Values (meansS.D., n=6) with different superscripts within row significantly differ (p<0.05).
3. The values (means+S.D.) are ACt, which is represneted as the Ct of each target gene corrected by Ct of the control gene (RPL27).

4. The fold difference in the relative expression of the target gene was calculated as the 2
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