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IEE Z AR B AR EERE . FUE L B ST RURE ARG DG B Il 14 5 i
ZWEE N A Bika’
(AR AL BB BT U, shE R X i =, st 100193)

OB AR B RIS 2B R B A K RE . PUEL RS ARSI G e (1 5
WEUATE S (19.03£1.30) kg MHERE “AhxKxk” ZICRAATIE 64 S, BENL N 2 41,
HAaNER, BAELE 8 M. o BALEMEIERAR, IR 2 W 401 R 7 ey iR h
600 mg/kg NFE Z. /8. TR 7d, 1Bl 14d. Z5REW: 1D SxTBAME, IR ZRA
REHTEHEERZT S (P<0.05) , BEEEEFFK (P<0.05) ; 2 HIEHREANT
HHREELREESR (P>0.05) . 2) I CRRARE I MK E A B LR (SOD)
A, HCH AR (GSH) & EMEPIEEE ) (T-A0C) &3 m T X4l (P<0.05) , 2
A AR — % (MDA) SRLREZESR (P>0.05) . 3) W LA E 1L R pE
—6-TR IR I (PFKO « NAHRR S (PKO « AT IR M 2B (IDHD . SF R R = i (MDHD .
ST e B e vy — i P R4 Q I8 )R (NADH-CoQ) FILERBAEE (CKO JEPEIMN B35 m
TRHRAH (P<0.01) , M3 CHEMEE (HK WA T X A& (P<0.10) , MK=
PRI AR (ATP) & HUME (ATPase) EPEA i T X A MEH (P<0.10) o HHILATAL, AR
R AT 2R P 5 R R AR R R, S e HT UL AR 0, JF @ I B2 s Wi AR 40 G B g
(PFK. PK. IDH. MDH) K ZEK{AMF 4 HIGH (NADH-CoQ. ATPase) FhTEfEHEAN
7 A, AR mHUA ATP ZK-~F, BEm Al Refe s i e 412y GILAAARNT D 15 .
K LR REM: ERVERE: PUAEE: R

h 2K S816.7; S828

Wk H . 2017-03-27

RETH: ERESHRITE (2016YFD0500501); [ 5 & 55 JEREHT 78 % iRl VR
(2012CB124706); 1 E AR EBE RO TR ) (ASTIP-IAS07)

EF TS 2 (1991, %, WHAbAFREN, BLHid, W3 aE SRS shwtaF)

5. E-mail: lijieleil23@sina.cn

MBS B, MRA, HE4 S, E-mail: guxianhong@yvip.sina.com
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I 218 (guanidine acetic acid, GAA) XFRINZIR. LFRAN. N-BKEH 2R, &5 M
NH R 4 s s 3N I 2B UBR I AT AR R, AT LR R A H =)
TEA MESH VI b 22 H B AL JE TR BUVLIR « LR 2 1A N e AT R EE Y i, R BEEIAFHIY

25 1

L)

BT WUBRER N A T B LR AR LR 2 FEEE, —H MR T HIRE RS . X
WLk = BB ARHF (adenosine triphosphate, ATP) 3TN, BERNLER K AERAMEAE, GHLk
ATP AL, BEIRALESK ATP B,

FLERAE Ay R B A A B B B, o T LR B RR  Bse F vb ( AS Rs EBT, if L f
JF A R AE SR 4 F R R e 0™, SOHAE 22 R FHCE Z e A LR M B . SR
R, ICE BRI mah e = e R B M R, SR R, R R — s P EL
DIREP ) N3 20 BT I 4 s L LR AT ATP & i, 42 B B AR RO E TR
B ZIRAHR B R A A R R AR ) B R A T 9T o AR B AUT S ICEE LIRS HR B 8 AR K
PERE . BUEALRE I RIREA G SRR I oM, RS 2R X R 27 B SR AR 4
1 MRS I
L1 5k

IEE 2. SRE>98%, T Abut B & A A KORHE A AT FR 2 7 .
12 ks i it

EEUATE R (19.03£1.30) kg IR EE “FxKex K7 ZJ04 581746 64 3k, BEHLo M 2 41,
FHAANEE, BNEE 8 KIE. XA (CON group) TMEFLRIMAM, I LR (GAA
group) TRRAEFLAM AR AN 600 mg/kg MUE 2R . T 7 d, 1R 14 do S NRC
(2012) P SEREIAR, SERRIARZH B E R KF LR 1,

xR R LE TR K O 2R

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %

WiH Items % & Content

J7%} Ingredients
A Corn 60.98
S Soybean meal 20.00

X¥ Wheat middlings 9.00
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50

/NAZ%EK Wheat bran 6.30

K5 Soybean oil 1.00
fi#y Limestone 1.00
B A4S, CaHPO, 0.50
£k NaCl 0.30
LA EIRELFR L L-lys-HCI (98%) 0.20
DL-HE% W/ DL-Met (98.5%) 0.04
TrE B Thr 0.06
FEIREE Phytase 0.02
S ALHERK Choline chloride (50%) 0.10
vkl Premix" 0.50
4t Total 100.00

B F27KF Nutrient levels?

H1kfE DE/(MJ/kg) 13.39
HERR CP 16.37
£ Ca 0.58
SE TP 0.47
#EBR Lys 0.97

DI AR S T s da kR it Premix provided the following per kg of the diet: VA 1750 IU,
VD 200U, VE 111U, VK 0.50 mg, VB, 1.00 mg, VB,3.00 mg, VBg3.00 mg, VB, 15.00
ug, MR nicotinic acid 30.00 mg, 7Z M pantothenic acid 9.00 mg, M folic acid 0.30 mg,
W% biotin 0.05mg, Fe (as ferrous sulfate) 100 mg, Cu (as copper sulfate) 5.00 mg, Zn (as
zinc sulfate) 80 mg, Mn (as manganese sulfate) 3.00 mg, I (as potassium iodide) 0.14 mg, Se
0.30 mg.

DE IR R EAE . Nutrient levels were calculated values.

1.3 T FREH
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WIGTE L TEE B R W AT, BRI R B R EMyoK, 8RR 3 XK,
IR A VL FERH R A S AR B BERITHSE 1R, JERUE R, s AR e, |
MR REFURE ORI, @AV R, R B b
1.4 FERCRE S A3

TR 14 K, SHTA IR XA & R0 R I R AT e ik L, B5.0 (3 000
t/min, 10 min) JEHUMIE, 4335 % 200 pL B.0%F, -80 CRLE, L& SR
1.5 MESEN5IE
1.5.1 AKHRE

TR TF UG g, S R AT AR R E, R AERE. THERERE T
Hi# (average daily gain, ADG) . “F¥JH K& & (average daily feed intake, ADFD) Hlg}
L (feed/gain, F/G)
152 MR HTEMIRR

I3 R EAL Y E AL (superoxide dismutase, SOD) i 5% Fl A4k 20 72 B ik 77 &
Mg, HikANtk, SOD fMif% 5 SOD itk £ 1EH; M A H L (glutathione, GSH)
. BPTAIEE /) (total antioxidant capacity, T-AOC) K &0 A TREWF 7 TR
FlEmE, Fidkomtetik; MmN —# (malondialdehyde, MDA) & &K FH e 5l & A
TR R &N E, FIEARREL %R (TBA) 4.
1.5.3 L3RR AR O i g 0T T 5 5 A O Tl 1k

I3 AR (hexokinase, HKO S HE -6 BRI ( fructose-6-phosphate kinase, PFK)
BRI (pyruvate kinase, PKD . SRR (malate dehydrogenase, MDH) HIJLER
Bl (creatine kinase, CK) Wit R FH B 5 i A= 7) CARR 58 BT A& sE , Bt ik
AR LA BE Cisocitrate dehydrogenase, IDH) . LA ARENS —#%# B2 (nicotinamide
adenine dinucleotide, NADH) 4§ Q it J5H (NADH coenzyme Q reductase, NADH-CoQ)
Al ATP & Hil§ (ATP synthase, ATPase) %R FgASE R A R 25 R H A IR 2wl il &
Mg, J5F At FEFRINE A HE AH AR 70 & U B AT R A
1.6 HH G it
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WIS EHE K SAS 9.2 BT K556, P<0.05 NZEREE, P<0.01 NHEFHREE. K
g RN CPIMEARHERE” FoR.
2 4 R
2.1 W 2R3 OR & 38 AR RE 2
2 AT, SxRAAEL, DU CRRA DR B R T 5 H A B R 25 T s (P<0.05) , K
HEEZERFK (P<0.05) ; 2 HMKPREMFEHREELEEZESR (P>0.05) .
2 M LR R B A A RE S

Table 2 Effects of guanidine acetic acid on growth performance of nursery pigs  n=4

TiH of L2 AN 7. R4 P
Items CON group GAA group P-value
YA E Initial body weight/kg 19.03+1.43 19.03+1.26 0.99
HKE Final body weight/kg 27.61+0.43 28.76+1.08 0.10
FHIHIGE ADG/kKg 0.61£0.04° 0.70+0.03* 0.02
P H R BE&E ADFl/kg 0.97+0.01 0.95+0.03 0.16
BELW F/G 1.61+0.10* 1.38+0.10° 0.02

747 ¥4 b 7 B 7 BE R R 2 AN B3 (P>0.05), ARNEFRERRERRE
(P<0.05), NFEKREFEEERRZFREEP<0.01). TEF.

In the same row, values with the same or no letter superscripts mean no significant difference
(P>0.05), and with different small letter superscripts mean significant difference (P<0.05), while
with different capital letter superscripts mean significant difference (P<0.01). The same as below.
2.2 WK AR B 8 IR T A T B R

HIZ 3 "N, AR ZBRA R E MK SOD Mt F A T-AOC &

%
el
“H
el
B
l\:T:L?

(P<0.01) , I3 GSH S EEZEm T4 (P<0.05) ; 2 HIAK M MDA SELEEZE
5 (P>0.05) .
3 NFEE 2R X B S I3 B AL TR bR I 2

Table 3  Effects of guanidine acetic acid on plasma antioxidant indexes of nursery pigs  n=4

it H Xof 4L i 24 PH
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Items CON group GAA group P-value

ALY AL HIHI 2 SOD inhibition rate/% 79.48+3.91% 88.65+6.11% 0.009
7§ - MDA/(nmol/mL) 1.59+0.46 1.59+0.37 0.990
MPTEALRE )] T-AOC/(U/mL) 0.85+0.12" 1.30+0.20" 0.002
HMH K GSH/(umol/L) 82.54+10.92° 102.57+17.60° 0.040

2.3 IR SRR T R LSRR A O e I AR P R B A O Bl 128 1) 2
FHE% 4 mI 50, 5T RZHAR B, IICEE /R 40 £R B 4% 1 % PFK.PK.IDH.MDH.NADH-CoQ
A CK MR THE (P<0.0D) , I3 HK 3G A K T3 RA M-S (P<0.10) , M3
ATPase Ji5 PEA 5 T AL A S (P<0.10)
R4 WEE 2RO R 1 08 I RN A O e I R I R B A O s 128 1) 2
Table 4 Effects of guanidine acetic acid on the activities of glycometabolism key enzymes and

respiratory chain related enzymes in plasma of nursery pigs  n=4

POAE (A 2R 41/

205 Groups P
i xR 2D
Items ot L 2H AL 2, FR 21 Ratio (GAA
P-value
CON group GAA group group/CON group)
FEA I L8RS Glycometabolism key enzymes
U HK/(U/L) 74.39+16.96 61.60+10.02 0.83 0.080
RWE-6—EIRIEEF PFK/(U/mL) 4.67+0.648 11.78+7.18" 2.52 0.003
AR B4l PK/(U/L) 43.12+19.65%  109.27+39.354 2.53 0.001
SR EEE IDH/[mmol/(min-mg)] 6.39+4.35" 19.96+9.83%4 3.12 0.005
WRER AR MDH/(U/mg) 25.52+4.728 38.45+6.88" 1.51 0.003
IR %A X Respiratory chain related enzymes
JHIEE R AR — A% IR -4 Q iR
15.07+12.665 74,2143 87" 4.92 <0.001
NADH-CoQ/[mmol/(min-mg)]
=R IR A
14.38+1.11 26.42+7.92 1.83 0.060

ATPase/[mmol/(min-mg)]



HAth Others

WER¥ M CK/(U/mL) 3.05+1.158 6.15+1.374 2.02 <0.001

103 2.4 AU 2B IR B3 ATP & RS 70 i A FE

104 HHEE 4 A 1 T sn, AR s IniiE: 282, w] 724 ATP i) PK. IDH. MDH. NADH-CoQ
105 Ml ATPase #% M FF 5 2.53. 3.12. 1.51. 4.92 Al 1.83 fi5, JH#E ATP ff] PFK Al CK #E T+
106 2.52 f12.02 fi.

107 3 W #

108 3.1 I ZEXHOR & 58 AL RE R

109 HEE 2R 2 SN PIHL A 3 2 BOULIR (1 = 22 N YR 5T, B VT B LA ) 5 & et v AN o
110 G, ARWHF AR, FRPEIIE 2R B E R SR E RN T A E, B3 EER
111 EH, (EXFE RS R RE R . X5 0N AT R 5 i 25 P o ik e g 1
112 M8 WE W kB, W 600 mg/kg WKL 20 T A8 AT XS 1724 H 1 5 5 3% 7+
113 &, BIEREERE, BEEEES . Michiels P58 R I, M7 600 mg/kg T
114 5 Z W2 AT 32 im0 2 S DAL AT X651 1 3% I 08 2 A0 ARl R P 2R e i s PR B, AR R S
115 300~600 mg/kg ANHE 2% AT 4038 A KB A A KM RE

116 TR RS AT R PTAE EN LR LR B B, T Fe m R LR A ATP 55 =y RE =S4
117 A R B R, TR BELPR R AT, Sl D BRI & 2R B AR 0 1 23 A 41t
118 &, ity 4K,

119 3.2 I ZERXR & R LA AL BE 1 20

120 sl B R G LT ERR RN 210 B B, gERELAAR R A RSP . MDA 2R
121 FUd A B B A=, R LR 5 SRR . SOD 2R W I HT b igz —, ]
122 CHEBEARHE FECA I AE (H0,) , RIS, GSH Wik p M B B, i
123 T-AOC & RMNA S HE MM ERIRGL IR FR . ARIEHF ORI, TR AT 278 7T i
124 FHREHREHEMIMNIE SOD #f3% . GSH & & T-AOC, {HX} MDA % &L i # 5 . Wang
125 SPVRE B POR R R, R A AT 2 5T AR LA SOD. i AL A

126 (catalse, CAT) &M T-AOC AL 1 43 bt H KO S A B (glutathione peroxidase, GSH-Px)



127

128

129

130

131

132

133

134
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137

138

CAT &%, T-AOC, % FEMILAAIMA T MDA &&. "I, AlEZIRAE—ERE L
A IE I 4R RGBS PR T 4R LA B AR

AL Z R LA A AL RS 7 7T B 5 3R M ULIR & A G . Lawler ZC7MASMRIG B 7t
KW, IR RIS BR B B RSP R I, BERRLER AT > MDA & &,
1970 SOD. CAT 5 Hi Ll RS ThRe, MRARRT 8 2= SR I EM RO, X B Ry L ILIIER .
Maddock 25 HR 56 2 W, LR AT 45 i AL S 93 ) 1) DN YEVE, (R L ThRE 10 IE 7 R 4%
3.3 JIEE R KO8 7 W A D Ml R VRGO Rl 1 5

S I—

O
BB |
ATP
AR A |
wampan|

> > > AEHR

T ATPE T
Lﬁ&lﬁiﬁ@ > e

SRR |

- % R
ATP

AOF AR . BRSNS . AT IR B NE . SRR A8 . NADH-Q it
JERGEA ATP & i 9725 ATP (B, COBE BRI BERR 0E B I e ATP HIRE

The red arrows represented the role of promotion. Pyruvate kinase (PK), isocitrate
dehydrogenase (IDH), malate dehydrogenase (MDH), nicotinamide adenine dinucleotide

coenzyme Q reductase (NADH-CoQ) and adenosine triphosphate (ATP) synthase (ATPase) were
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164

enzymes that produced ATP, and hexokinase (HK) and fructose-6-phosphate kinase (PFK) were
enzymes that consumed ATP.

NADH: fHEEREIRMES 4% BR nicotinamide adenine dinucleotide ; ATP: —BFMR IR TF
adenosine triphosphate.

K1 IS 20 B X AR i
Figure I Effects of guanidine acetic acid on glycometabolism

HK A 27 8 I 1 A6 B BT P —6— IR, L PRV AE 1 A ATP. PFK LR HE—6-
IR AR Jy Wi —1,6- — AR, LI FRVHHE 1 A ATP. PK 0B 1 4 1 X 7A e R 2 A Sy TR il
MR, FINHERE ATP 14, ZRBIGHEL KRR HET, BOAEHE b A IR AL IR T 1
a—F IR, X ZRBEA I | AR, i IDH 4, 4 NADH A .
MDH i 403 SRR it S E R B 2%, ££45 NADH f4: i

L8 R P A8 A — s R A R LA () A LR AP AR B v, 50 R AL K
e, AN ZBRAMAE MMM PFK. PK. IDH 1 MDH &M% 2 &, Bl 1 A,
1L 352 P R 1 4 AR 5 YR BRSSP W, 250 mg/kg UKL Z RAL R LA R PK
FHEEA IR it SR iE i S AT, (R o B S 0, 3K M B B (K Pl 22 S 3 BT

ZRRIREIAE R NADH, AT DLE#EHEARFIRBE 5 2R N, FIRFEA 2.5 4> ATP
Ak, AIEEZ MR 512 NADH-CoQ M1 ATPase y& PET} i, X AT g5 2L TH i i Py LR 7K P-4
Ko AMVERPIEFRIL, B ER LR T A R R AR e A 2 W S A0 T k4 2 IR
WEEH T 1. L IV, VG, SFFm Ry, BRI gt Zohiik iy ATP (142K,
Y5 R 1) IE A S s,

0

I ZRRAERTIE S S-IR R E R (SAMD TERUILER, WLERAE CK AL T 5 ATP M A:
R LR AN — B IR 1T (ADP) o ARG h, TR A IS Z B vl {3 7= 4k ATP 1 PK.
IDH, MDH, NADH-CoQ #! ATPase Jif AN Ff 15 2.53. 3.12. 1.51. 4.92 F1 1.83 fi%, 1]
HIHHE ATP ) PFK R CK 35 M T 2.52 1 2.02 fif . ATP & B S KT ATP (T HE
B, WMUARR A AR 2B AT SR AL ATP K.

4 # w
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188

189

190

191

TR AN 600 mg/kg WIKE 2.8 T 505 Or B 0 AR KPR RE, dR i Kyt abie 7y, JFnlE
g m MK PFK. PK. IDH. MDH. NADH-CoQ I ATPase [¥I3iGtE, {2 ih4k i /) g,
fembligk ATP /K1, #Eimaraefestifse ] LA BI& .
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Effects of Guanidine Acetic Acid on Growth Performance, Antioxidant Capacity and
Glycometabolism Key Enzymes of Nursery Pigs
LI Jielei HAO Yue GU Xianhong"
(State Key Laboratory of Animal Nutrition, Institute of Animal Sciences, Chinese Academy of
Agricultural Sciences, Beijing 100193, China)
Abstract: This experiment was conducted to investigate the effects of guanidine acetic acid on
growth performance, antioxidant capacity and glycometabolism key enzymes of nursery pigs.
Sixty four healthy “DurocxLandracexY orkshire” hybrid piglets with body weight of (19.03+1.30)
kg were randomly divided into two groups with four replicates per group and eight piglets per
replicate. The piglets in control group were fed a basal diet, while the others in guanidine acetic
acid group were fed the basal diet supplemented with 600 mg/kg guanidine acetic acid. The pretest
lasted for 7 days, and the experiment lasted for 14 days. The results showed as follows: 1)
compared with control group, average daily gain of nursery pigs in guanidine acetic acid group
was significantly increased (P<0.05), and the ratio of feed to gain was significantly decreased

(P<0.05). There were no significant differences in final body weight and average daily feed intake

*Corresponding author, professor, E-mail: guxianhong@vip.sina.com  (3ifT4fE =0
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between two groups (P>0.05). 2) The superoxide dismutase (SOD) inhibition rate, glutathione
(GSH) content and total antioxidant capacity (T-AOC) in plasma of nursery pigs in guanidine
acetic acid group were significantly higher than those in control group (P<0.05). There was no
significant difference in the content of malondialdehyde (MDA) between two groups (P>0.05). 3)
The activities of fructose-6-phosphate kinase (PFK), pyruvate kinase (PK), isocitrate
dehydrogenase (IDH), malate dehydrogenase (MDH), nicotinamide adenine dinucleotide
coenzyme Q reductase (NADH-CoQ) and creatine kinase (CK) in plasma of nursery pigs in
guanidine acetic acid group were significantly higher than those in control group (P<0.01).
Compared with control group, the activity of hexokinase (HK) in plasma in guanidine acetic acid
group had a decrease trend (P<0.10), and the activity of adenosine triphosphate (ATP) synthase
(ATPase) in plasma in guanidine acetic acid group had an increase trend (P<0.10). In conclusion,
dietary guanidine acetic acid can improve the growth performance and antioxidant capacity,
promote catabolism in vivo by increasing the activities of glycometabolism key enzymes (PFK,
PK, IDH, MDH) and mitochondrial respiratory chain related enzymes (NADH-CoQ, ATPase),
improve the body ATP level, and thus may promote the energy storage organizations (muscle and
fat) synthesis.

Key words: guanidine acetic acid; nursery pigs; growth performance; antioxidant capacity;

glycometabolism



