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Effects of N-carbamylglutamic on blood biochemistry and reproductive
performance of pregnant female Hu sheep

YANG Xinglin"?, XING Yujia"’, LI Sigi"*, GUO Zhiwei"’, CHEN Jiajia"*, ZHU Haijing', LI Longping', QU Lei'
(1. Yulin University / Shaanxi Cashmere Goat Engineering Technology Research Center, Yulin 719000, Shaanxi, China;
2. College of Life Sciences, Yulin University, Yulin 719000, Shaanxi, China)
Abstract: The aim of this study was to analyze the effects of dietary supplementation with different levels of N-
carbamylglutamate (NCG) on the blood biochemistry, reproductive hormones, and lambing traits of first-bearing Hu sheep
ewes during pregnancy, and to lay a foundation for improving the reproductive efficiency of Hu sheep ewes. A total of 300

healthy first-bearing ewes with similar age (8 months) and body weight (31.81 + 1.20 kg) were randomly divided into four
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groups with 75 ewes in each group. Ewes in the control group were fed a basal diet, while those in the experimental group
were fed a basal diet supplemented with 1.0 (Group I), 1.5 (Group II), and 2.0 g (Group III) NCG per day. A breeding
method was used in this study. The rams were released into the female pen for 20 days. One month after the rams were out of
the pen, 40 pregnant ewes in each group were selected to continue the experiment through B-ultrasound detection. The trial
was conducted one month before the breeding of the ewes until the completion of lambing of all ewes. Ewe blood was
collected during the first (28 days after the end of male breeding) and second trimesters (15 days before the due date), and the
effects of NCG on the reproductive performance of the ewes were analyzed by measuring their blood biochemistry,
reproductive hormones, and lambing characteristics. The results were as follows: 1) During the early gestational period,
plasma progesterone levels of ewes in Group III were significantly higher than those of ewes in the control group (P < 0.01).
The plasma estradiol level of ewes in Group I was significantly higher than that of ewes in the control group (P < 0.01). The
plasma arginine level of ewes in Group I was also significantly higher than that of ewes in the control group (P < 0.05),
whereas the plasma total nitric oxide synthase level of ewes in Group III was significantly higher than that of ewes in the
control group (P < 0.05). Furthermore, plasma endothelial nitric oxide synthase levels of ewes in Group III were significantly
higher than those of ewes in the control group (P < 0.05). 2) In the late gestation period, the plasma glucose level of ewes in
Group II was significantly higher than that of ewes in the control group (P < 0.01), whereas the plasma prolactin (PRL) level
of ewes in Group I was significantly higher than that of ewes in the control group (P < 0.05). 3) Compared with the control
group, the pregnancy rate, the number of lambs at birth, and the number of live lambs at birth for the first-bearing female Hu
sheep in the experimental groups supplemented with NCG were increased to varying degrees (P > 0.05) and were the highest
in the the ewes in Group II, with increases of 5.13%, 0.15, and 0.18, respectively. In summary, dietary supplementation of
NCG can increase the number of pregnant ewes, litter lambs, and litter live lambs, increase the plasma arginine and NO
contents, and improve the reproductive performance of first-bearing female Hu sheep. The appropriate dose was determined
to be 1.5 g NCG per sheep per day.
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Table 1 Composition and nutrient levels of basal diets (dry matter basis)

HiH JE % & Content T 4B Content
Item Ingredient LEYRATIA U4 S5 4 Nutrient levels CEURATH SRR JE
Early pregnancy Late pregnancy Early pregnancy Late pregnancy
Cazo:f fﬁfgze >1.80 42.00 Metabolizab11ﬁe§1e?§y”/(MJ~kg’1) 7.83 17.49
Roiﬁgife/% éﬁtﬂi 11.10 9.00 Drﬁﬂ{’fﬁ% 51.38 52.46
Peaﬁiﬁling 11.10 9.00 Cruﬂilﬂe%rligﬁiin/% 11.94 14.54
?‘Oﬂri 15.16 23.32 NeutrTl iiﬁﬁrﬁiiﬁ)re/% 4236 44.85
Wh?:lﬁzoran 4.08 o Aci(?%ggfﬁgﬁfzéfre/ % 26.06 27.16
Soybiiﬁmeal 3.90 6.00 Ci%igfijz/% 2.9 3.6
I\;{3:14'71%%3 0.39 0.6Q Coaﬁeﬁfﬁ)&re/% 18.72 20.03
Reﬁfe?\fﬁd/% LimEejsF?one o8 b cﬁfﬁﬁi}% 8.18 8.89
ﬁ%;ﬁﬁ%ﬁgf 0.13 0.20 Calc!iéfm/% 0.55 0.6
I)\%‘%I\l 02 040 Phosp}ﬁ?irus/% 0.45 0.48
P}iﬁjﬁj 1.82 2.80
Mild}i%v%ijl[{over 0ul3 0.20
;a;z; 100.00 100.00

DR AR T SRR VA, 288~1152 KIU. VD2, 28.8~115.2 KIU. VE, 11521U, Fe0.8g. Cu0.16g. Mn0.8 g. Zn 0.8 g. I8.0 mg-

Co 1.6 mg. Se 1.6 mg. AR EE, EARASIE .

"The premix provided the following per kg of diets: VA, 288~1152 KIU, VD2, 28.8~115.2 KIU, VE, 1152 IU,Fe 0.8 g, Cu 0.16 g, Mn 0.8 g, Zn 0.8 g,

18.0 mg, Co 1.6 mg, Se 1.6 mg. ’ME is a calculated value, whereas the others parameter values are measured values.
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144 EHHMERE
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2 R

2.1 NCG X4EiRER#AF B 3 I 2R & (LR FRAY 200

U 4 i B9 T 46 BE = 1f 3 K 3 %0 (BUN) & K T
[ 44 (P<0.05), FRIGHGX A2 BT EEZER
(P>0.05) (% 2). 1 ZH BF=F I 3K 4 %) B (GLU) 8 %)
T B FEEH (0.05<P<0.1). B F 5 4 i) &
TR (AA) BN AN (ALT). A HEH (TP). H il
= fig (TG) F & BH & B (TC) &R 56 4 5 B 41, LA
I BRI 2 [A]3) T 2 2 7 (P> 0.05).

4 g f5 B 1 2H BF 2 ifl 5 GLU B & 35 & T X% R
H(P<001), BFm T TH @P<0.05); K%
H4H BE = 1M 3% GLU 2 3% & T X0 f2H (P < 0.05), %
R I A4 T (0.05<P<0.1). R 415
EIMHK TC B3 m Tik% 141l (P <0.05), k54
5XP A 2 1806 B #E E 7 (P> 0.05). BEF LK
BUN. AA. ALT. TP fl TG %4 20 5 %4 41, DL &
FREHAZ B LR EEER.

2.2 NCG S iF iR BB E R F M2 Arg 1 NO LA
% NOS #9520

SR GRATHA T 2B 2 MR A 2R (Arg) B & T
X ZH (P < 0.05), BR5E 1T AR5 M4 A T+ s
#(0.05 <P <0.1) (& 3). W5 MALEEE M1 2% NO &
Zm T 141 (P<0.05). 56 M2H B 2 i ¢ 2 —
AME G B (TNOS) & 3% my Tl 48 T 20 A0 xf 41
(P <0.05). 56 M BE 2 i 3 3 B2 B — A AR A
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Table 2 Effects of NCG on plasma biochemical indices in female Hu sheep during pregnancy
i #H 73 Group
N
Item X HE2H T4 I EE 11 2N P
Control group Group 1 Group Il Group 1l
LML AA/ (ngmL ) 171.72 £ 13.26 170.73 + 10.60 170.48 + 11.02 167.89 = 11.16 0.996
JR %% BUN/ (mg'mL ") 0.21 +£0.01ab 0.23 £0.02a 0.20+0.01ab 0.18 £0.02b 0.195
S KA ALT/(nmol'mL ) 37.33+4.59 36.93 + 4.46 35.00 + 4.41 3248 +4.15 0.858
HI A B
Earlly A& TP/(mgmL ) 29.03+2.15 26.60 + 4.15 29.70 +2.98 2420 +2.20 0.437
pregnancy .. 4
il =M TG/(mg-mL ") 0.83 = 0.05 0.85 +0.04 0.71£0.03 0.75 £0.03 0.103
i EBE GLU/(umol-mL ™) 0.41 +0.02 0.36 £ 0.01 0.36 +0.02 0.38 £0.02 0.236
SR E R TC/(umol-dL ) 496.09 + 33.30 466.15 +£21.55 510.42 + 38.65 493.82 +35.23 0.812
LML AA/ (ngmL ) 208.63 + 11.34 196.98 +9.37 215.92 + 6.99 216.54 + 12.54 0.557
JR %% BUN/ (mg'mL ") 0.17 £0.01 0.21 £0.01 0.21£0.01 0.15+0.02 0.059
P KA ALT/ (mmol'mL ™) 37.64+4.94 38.36 +2.96 43.48 +2.89 39.18 +£3.69 0.692
B 7y
Late %[ TP/(mgmL ") 32.60 +2.04 28.40 +3.28 28.67 £2.58 28.43 +2.06 0.558
pregnancy N 4
H il =8 TG/(mgmL ™) 0.90 + 0.06 0.91 4 0.02 0.96 £ 0.05 0.96 +0.05 0.754
A% 8% GLU/(umol-mL ) 0.41 = 0.01Bc 0.42+0.02ABbc  0.49 £ 0.02Aa 0.47+0.02ABab  0.124
S JEEBE TC/(umol-dL ™) 556.64 £22.08ab  546.88 + 26.00b 619.47 + 19.96a 558.92 + 23 28ab 0.128
FAT EF B A AR R ERAREP > 0.05), FRNESFREEREREEP<0.05), FRARKSGFRRRERREEP<0.01); T4, T4M

T4 53 590 2 B 2 A0 JE Al R Al bR AR R IR N 1,04 1L5HI2 gffIN-E A 2. N[

In the same row, values with no letter or the same letter superscripts indicate no significant difference, while those with different small letter superscripts mean
significant differences at the 0.05 level and those with different capital letter superscripts mean significant difference at the 0.01 level; Groups I, 11, and III indicate
1.0, 1.5, and 2 g of N-carbamylglutamic acid per ewe per day on the basis of the basal diet, respectively. This is applicable for the following tables as well. AA,
amino acid; BUN, urea nitrogen; ALT, glutamic-pyruvic transaminase; TP, total protein; TG, triglyceride; GLU, glucose; TC, total cholesterol.

3R 3 NCG X1y B3 &5 M A5 EBL A NO LK NOS By S0
Table 3 Effects of NCG on plasma Arg and NO as well as NOS in pregnant female Hu Sheep

23 Group

T H
Item Xt HE2H 14 e |1 22N p
Control group Group | Group I Group Il
Hi 5 Arg/(ng-mL ) 1223+£052b 14.94+058a 12.79+0.51ab 13.00+ 1.14ab 0.128
— %16 % NO/(umoL-L ) 7820+ 4.97ab 72.12+4.91b 79.78+2.98ab 85.95+3.34a  0.166
U URHTHA TN i
Early pregnancy AR AT TNOS/(ng-mL ™) 32.73+1.66b 3250+ 1.64b 33.59+1.77ab 38.68+2.18a  0.085
794U A& INOS/(ngmL ™) 14.91 + 0.90 14.84+0.64 14.59+0.51 15.76 £ 0.75 0.682
WAL eNOS/(ng'mL ') 82.28+4.28b  82.03+2.55b 83.12+4.33b  9443+3.63a  0.086
W% Arg/(pgmL ) 1285+0.87  13.46+133 1391+038  1349+1.10  0.898
—% 6% NO/(umoL-L ™) 50.20 +2.49 51.93+585 51.33+5.20 56.49 +5.33 0.794
;ZJI:;UEE /ﬁﬂ Mo A e O . -1
Late pregnancy = FEEEH TNOS/(ng'mL ") 2948+1.82 25294235 24684234  2668+235  0.448
FSM—4S A & INOS/(ngmL ™) 1148+ 1.16 1239+0.98 11.86+1.26 11.56 +0.93 0.933
B — 4 A B AT eNOS/(ng'mL ') 63.36 + 5.30 65.93+6.59 71.17+3.62 59.62 £ 2.67 0.177

Arg, arginine; NO, nitric oxide; TNOS, total nitric oxide synthase; iNOS, inducible nitric oxide synthase; eNOS, endothelial nitric oxide synthase.
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0.05) a5 I 2H BF = 1f % 175 5 2 — S AL A A B (INOS)
BN RAA e, H LR EEER.

FEAEIR G, % NCG 5 21 BF = 1l K Arg. NO
AT INOS B B A Frde &, 11 NCG il 5 41 BF = 1fiL
A TNOS ZMIK F 5 B 2H, PL L F5ARTE NCG %R
BG40 2 (A1 LA K NCG 455 R4 2 (R 34 0 B B M 2 5 o
2.3 NCG 3T HAAF B =F I 3R MR R E R 5200

B U0R T A T2 B 5 1 2% 2 i (P4) 1 2 35 v Tk
o T4H. MARNHRLZ (P<0.01) (£ 4). R T HE
K ME TR (B2) AR 2w Tl T 4L T4 Ay
FRH (P<0.01). BEE M A KB ZE (GH) FE S =
(INS) %R 56 41 5 %F FR 41, A S 753k 36 41 2 1) 358
wEMEZE R (P> 0.05),

MR FE W T AR E ML &= (PRL) B & & T
TR T ZH AN 6 4 (P < 0.05). T 4H A0 T 4H ) B = 1.
H GH, LA K 3 AR 56 2H 19 BE 2 1f 2% INS 56 B 4H

ATt (HE LR EMEZR (P> 0.05),
2.4 NCG X#FEEFERS~EMHRFMN
Lt B AR B, R0 B SR U R R L BEE AR
FEREEL BRI R BCRE SV AE IR E I A BTt e,
I T AL AN 1T 20 3% 76 90 A2 AN A = AIS T X R4
DL EARFRE T R 2 R (R 5): e [ A5
MAA 1 REBEE=P R BEAG, X I A5 T 4H
AW REEER 1 JBEHG, W5 T4A 1 A~
3HBEHG . FAh, WG T4 A 5 R BE 2 KA P /TR
Byl re 2 R 3 RAEHG.

3 i
3.1 GHFEFIERABR PR NCG MmKE

&t 0EA
BILN I RGAE NN EER T R L

& 4 NCG TR M F B MR HMERER M

Table 4 Effects of NCG on plasma hormone concentration in pregnant female Hu Sheep

2 Group

T H

Item X HEH 14 1N 1| EZEN P
Control group Group | Group I Group I
240 P4/(ng'mL ") 26.15+1.67B 23.85+ 1.68B 27.62+1.91B 3446+ 1.87A  0.001
R T M2 E2/(pgrmL ) 107.96 £5.32B 14534+ 583A  12238+6.16B  11539+6.79B  0.001
Early pregnancy /& i 2% GH/(ngmL ™) 12.074:0.79 12.12 £0.79 12.11 £ 0.69 12.12 £ 1.05 1.000
Jifi &% % INS/(uIU-mL ) 36.9442.73 35.19 +2.61 31.01 +3.40 30.67 +2.71 0.349
7L PRLAMIU-L ™) 43841+32.36b 537.42431.92a  488.9+29.94ab 421.59+22.92b  0.075
Lagﬁ’i’gﬁn’ﬁi oy KB E GH/(ng'mL ™) 14.17 +1.37 14.58+ 1.35 12.80 + 0.40 15.77 £ 0.56 0.302
i % INS/(uIU-mL ) 31.44+3.01 36.05 +2.32 32.75+2.06 34.70 £3.70 0.677
P4, progesterone 4; E2, estradiol 2; GH, growth hormone; INS, insulin; PRL, prolactin.
# 5 NCGAM*FEFERE~EMHRMEN
Table 5 Effects of NCG on pregnancy and lambing traits of female Hu sheep
G #H Group
Item X 2 4 JIEZE || e P
Control group Group | Group I Group Il
UEURZR Pregnancy rate of ewes/% 64.87 +0.09 66.67+0.12  70.00£0.04  70.00+0.07 0.897
577 26 2 M Total number of lambs born 1.75£0.11 1.85+0.11 1.90 +0.09 1.80 +0.09 0.742
7% 7540 Number of live lambs born 1.69+0.10 1.81+£0.12 1.87£0.09 1.74£0.10 0.604
TSI AE R E Birth weight of live lambs/kg 5.45+0.20 5.61+0.23 5.63 +0.22 5.51+0.20 0.925
TESEMILEA A E Birth weight of a live lambs/kg 3.04+0.09 2.96 +0.08 2.91+0.07 3.09+0.08 0.379
BERG 2L The number of dead fetus 4 7 3 4 _
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