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Determination of Plasma Melatonin of Female Yaks with Different Reproductive
Rhythms by Reversed-phase High-performance Liquid

Chromatography in Warm and Cold Seasons
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for Nationalities, Chengdu 610041, China)

Abstract; The differences were studied among seasons, reproductive rhythms, breeding active
and resting terms. The plasma concentrations of melatonin of adult female yaks were determined
by reversed-phase high-performance liquid chromatography. A total of 63 adult female yaks were
selected as experimental animals and divided into three groups: A with calving every year and
breeding active term, B with calving per two years and full milking and breeding resting term, C
with calving per two years and semi-milking and breeding active term. Each group had 21 yaks.
In the sampling period of July 21-23 in warm season and November 21-23 in cold season, the yaks
were exposed to 12. 00 L ¢ 12. 00 D and 14. 65 L : 9. 35 D, respectively. Blood samples were col-
lected for 50 minutes starting at 2 h before sunset. A quantity of 20 mL jugular vein blood was
drawn from every animal and anticoagulated with heparin sodium. Plasma obtained after centrifu-
gation was estimated for melatonin. The content of plasma melatonin of group A ((68.90=£5. 82)

pg/ml) was higher than that of group B ((44.38 =2.61) pg/mL) (P<C0.01) and group C
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((57.51%3.82) pg/mL) (P<C0.05). The content of plasma melatonin in cold season was lower

than that in warm season (P<C0.05). The level of plasma melatonin of yak cows in reproductive

active term was higher than that of it in fallow term (P<C0. 05). There was a seasonal rhythm in

the secretion of plasma melatonin of yak cows. The concentration of plasma melatonin had an

effect on the seasonal breeding and reproductive rhythms of female yaks.

Key words: yak; melatonin; RP-HPLC; seasonal reproduction; reproductive rhythm

¥E2F (Bos Grunniens) [ 4= 7= P g B ok F 255
PERE . A A1 T 4 0 BB AN, (LR 47. 66
S R R — R R A AR AE 1 AR 1R L2 AR
LG K 3 4E 77 1 IG5 2R AN [al S0 5 Hn A~ 4. 38
Giil.2 I 3 AR 1 IR AR A 711606 K,
B IR VAR O IR A IR S5 1 R R IR 9 B R
FEA- 1 BEHH S B 32 3 =40 A2 A i BR A 2 B R ) 2R
B . B4R TR 79 H RE R, 2B
AR A—6 FFRAENT L AR P 0 0 LR A R Oy A2
Ao AR PR R KNG L AR I Z= 4R B2 A 5L L (H 3L
AU WA 50 % A4 R FRE DA, 2 4 1 R
FE 25 1 A SR BT AT 3 Oy B EE IS S 0 5 R AR
5 1N 3T B3 R AR 7 R B I ) R Ry BB T
S RS AR S M HORN R - ELBNRAE S 1A
S0 HR AT A0k B R PR O SR R . . 2 4R
1 R4 b T 20 L0 . 2 48 1 IGFUIE 44t
TR . A2EEE S AUEINEAE MR
FEXMELL A O E R R B RO . EAAEE AN
o3 AR AL S R M ZE A T IR AT HE A 19 AR
B AR FRAIL ) L O A P B KR T R R AT,
WIE RS AN [ S5 15 B R A I AR T L 1730 —
1 38 8 D % O BE D5 0GB i R A e 22 0
HMES W) Y 4B 2 3 2 (melatonin, MLT) 3 % d #4 5
A3 W T M| Pope JHg S 35 P R SR ) — PP A 2R B
Z R A BRI RE L b %) Sl S A A ) A 2 )
Wik O . MLT 3824 N 4 Wb A% Al - 2= 719 1 Ol IR
JA A AR AL 51 2 MLT 43 365 HE 1 o 28, 8 il 5 2=
THEEA S R R AT R . MLT B sh #
PR | 0 {457 0 o () 4 T L R o 55 X 3l i ) 4k
BAEAE s MILT 52 4 2F S50 45 A 1 4 3
B 5k DA B BEAE A R = K MLT 73 W 2 A
BTN, Sarkar %5 I 52 4E 4 A8 & 1 HC R
A0 3 MLT 43 W 33 47 7 B 5 I 30 (B R K
D3 P A I 22 ) 2 A5 A S 35 25 5%, Sarkar SN R
ATRER 2 A SRAEIH B AR DG O B[] Ho) &2k
S UNI S GRS RO B R A DO NICIE iR TR |

TG 5 S BB AE 4 MLT 433 25 55 M 9 BF
FEARDARGE A EFEA MLT 230 19 2= 15 1 B 5
AR W ZMIE . R ARG 7R A Z MR ik 5% A
SRR 22 55 K A Ik 00 ek LA T R Y A L
A F BB 20 15 e Ok 0 AR BEAE A i K MLT
T34 T I 1 OB AR 8335 12 (RP-HPLO) JU & . PA
W) B R DL SR B S k5 ML T
Gy U 25 Sk IR A SEHE 2 MLT 43 Wb 1) AL A
ML 84 8 2 B 58 1 R0 2715 1 B0 1Y) WL 45 42
PR

1 #R5FZE
1.1 mERE

MAE R T )IAE LR B N a1 45 e H
Y AL T R R AR S i) P AL B AR &
102°48"30", Jb 4 32°32', 4k 3 534.2 m. F 2005
AN AT 2 WCRME LR D7 F 11 R
ARk 11,14 CHI—2. 67 C  AHABEE N 76. 8%
1 65.8 %0 RAEH H ARG 12.00 L = 12.00 D A0
14.65 L :9.35 D, 7 H#EF&X. EFRAL: 11 A
R RS A RL2F 4 & iy o A AR B A AU
WY 9.5~10.5 % 1K HE 190~240 kg, EFR R B
U B B LR o R AT DL . 5 B
8 ABLC 341, /4l 21 3k, 363 k(LE 2, 7
18 H R AH R HE AR i, R UCRAE 4 3 d SERL, 21
K/d B 7 k. B H SR MBS [ 2 7E H ¥ HT 2 h JF
f, FF2E 50 min, S KL, AF R PUEE.4 000 r/min
250 10 min BUMMK . H H H B RIECE “ R
Bt [ ZZ A2 i e H A H B 2] 5 90) R 487 (Website:
http://www. time. ac. cn/ serve/sunriseset) (L
D,
1.2 {UEFR i

% [E Waters 28 F) 2695 & R0 AR €351, 2475
R #5 . BE A 3 AE g% & Empower T 1E 3,
KL512 # & WAL (db 52 BE AR BL £ A IR 2 R,
TDL80-2B i #2500 L ([ 2 s R 22 XA ) 4501



304 )

H

39 #

®1 RHEHESBERNH

Table 1 Sampling date and sunlight hours
KA H H i B[] H W B[] H HE B 4
Sampling date Sunup time Sunset time Sunlight hours/h
WEZ=7.21—7.23 6:15—6:17 20:14—20.13 12
w2 11.21—11. 23 7.:44—7.46 18:05 9.35

x2 RBRIMERER

Table 2 The basic information of experimental animals

4151 W% BgH AR WL R BL BHARI k#
Groups Age Reproductive rhythm Milking status Breeding status N
A 10.5 1 4 1 i Calving every year 414 Full milking WG Active 21
B 9.5 2 4£ 1 i Calving per two years 4475 Full milking #r 1] Resting 21
C 10.5 2 4F 1 i Calving per two years 245 Semi-milking E S Active 21
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MV 5 HO AR S S fE 22 3 d 94y il A 3
Fofr e B8 A TR0 R H T AR 57
1.7 BIELESHH

HEAX:

MLT ¥ BE = CRf ity 0 TH] AR < bR AR i B R B X
8 AR RO AR B YR B / Chs o 6 TR L <R i 2
R BRI BD

K] SPSS13. 0 Xt &R # ATt tr S 2 E I
B, WA .

KLk = pta B T af; Tepn

Hor oy KR MLT ¥ JE 5 0 3208 BRI ME 5
B B R HE | F G RN R AR AR 5
i, R B A 5 2 2 8] 1 AR RN 5 e 22N TR
2200,

2 ZRE55M
2.1 EHMHEK

Ak 28 B ol 0 3% A . Waters 4\ i) Symmetry
ShieldTM RP18 i 43 7 4% (5 pm, 3. 9 mm X 150
mm) ; K P 2 285 nm K G IEK :345 nm; KR
25 CWshHl: W5 = k=25/75(V/V) ;i . 0. 60
mL/min; FFE R 5 pL, TERCARAL S5 0F T A5 UE S
MLT ({5 B B g 14. 112 min, K¢ 5 MLT ({82



3 SCH N7 S T BT A Y R 7 I AR R E RP-HPLC il 53 305

B[] 14. 093 min, % HA —5. FE4 MLT
5 I £ T P e 2 1] 5E AR T LX) 2 WO A A

o~
—
—

2.0 :
1. :
5! =
31.0 =
o
205
(S
0

0 2 4 6 8 10 12 14 16
Minute
A

AL FRE S s B AR i

A. Standard solution;B. Plasma sample

K MLT (RGN A Bbr i & —PEA 2 B R (8 D

g
=)
1

MLT-14.093

0 2 4 6 8 10
Minute
B

12 14 16

1 fRERSHER MLT H&IEE

Fig. 1

2.2 HKHEXER

£ 7.12~284. 80 pg/mL Z[]. 315 1 &M%
FRANEFHHEHL (K 2) . FfE N y=—1894.21 +
537. 98z, HH X BB r=0. 9998,

18 000 000

16 000 000

14 000 000

s 12 000 000
Z 1000000
= 800000
& 600000
400 000

200 000

0 -

-200 000

0 50 100 150 200 250
MLT content/(pg/mL)

2 MLT B4Rt i 2%
Fig.2 The standard curve of MLT
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The chromatograms of MLT in (A) standard solution and (B) plasma sample
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1. 97 % A5 A K R
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SRR FRE 2 (RSD) 3 2. 37 % ~3. 98 %, H ] 45 &
FH X oE 22 (RSD) g 6. 55 % ~ 8. 05 % , 4445 K ) 22
R

2.4 BESESNE MLT 25
2.4.1 ARVEECRIP AT BRAEAR LK MLT 5 48 1

ERAERIRL M 45 SR W3 5. BT Lo B A 30 AL g
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Table 3 MLT recovery rate of plasma sample with MLT addition(n=6)

WM/ (pg/ml)

Concentration of

[ i

Recovery rate

PR

Average

Coefficient of

MLT addition recovery rate variability
7.12 89.50 91.32 90.11 90.25 93.55 92.85 91.26+1.63 1.78
71. 20 94.36 91.29 92.36 95.36 95.23 91.58 93.36+1.84 1.97
284. 80 95.21 93.25 94.56 94.21 95.58 94.32 94.52+0. 82 0.87
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x4 MLTAUEMNBEELR (n=5)
Table 4 The result of precision of MLT measurement(n=>5) %
¥ / (pg/mL) P97 5% RSD [T 2 5 RSD
Concentration Variation in a day Variation among 3 days
7.12 2.37 6. 55
71.2 2.54 7.24
284.8 3.98 8.05
R5 ZERBSHER
Table 5 Results of general linear model analysis
5 5 R A HE 1 36 15 RE i Eta 75
Source P Observed power Partial Eta squared
I Model 0. 00 1.00 0. 24
HEE Intercept (p) 0. 00 1. 00 0. 83
B 5 8 Reproductive rhythm (o) 0. 00 0.98 0.12
Z=75 Season () 0. 00 0.97 0.13
B X N (X B 0.27 0.29 0.02
2.4.2 RIFEHTHAK MLT KPR %5 W 6 AT i B AL MLT K FAE T C 4P

TR A M MLT &4 I3 6,18 Z Rl 745 55
SHT AR M MLT SR 7. NEK 6 Fili.A
M2 MLT #5350 m T B 41(P<<0. 01 fl C 41
(P<C0.05), A7 & . BF A 4l MLT #
BESY S TR /9 B 41 (P<<0.01) il C 41 (P <<
0.05);¥ % AT B4l (P<<0.0D A4l T
CHl.HEFAREF(P>0.05), MEHEM KM
B LIRS 24 1R IRE A T 25
W 8. RR 2 EERTERARE A
e 25 A 2= (B 22 S 3%, R W) MILT X REJE 25
B R A R .

x6 TRAEEVEFELWMEME MLT FHIELLEK

Table 6 The comparison of yak cows’ plasma MLT
content of the two seasons among the

different reproductive rhythm pg/mL

205 MLT 335 &
Groups MLT content
A 68. 9045, 82

B 44,38+2. 61

C 57.5143. 82"

BB AR F AN, R 25 B3 (P<0.05, /NEFE)
AR E (P<<0.01, REFH), TRF

Means with the different letter are significant different (P<C
0. 05, small letter) or extremely significant different (P <C

0.01, capital letter), same as follow table

<0.0L;NFE 7 FH I LR F R F.B 4] MLT
KFHMET CHHEFAHAALE(P>0.05), &
B TE SS9 N 3 2 8] MLT K B4k 22 5 R i
FHAHN A 2R B AT T e GR
6), T BAAET B E R . C AT B3
WY 3 W SR T S 1 e b S A E] o e MLT K
A7 AE 22 5 - HOBE IS Sh ] v T S A e 1k
x7 AEAZETEABETEESOLE MLT 28R
Table 7 The comparison of the female yak plasma

MLT content between different reproductive

rhythm and seasons pg/mL
Z=y 43 MLT % &

Seasons Goups MLT content
A 83.5249, 27

% Z= Warm B 50.12+3. 14
C 65. 044, 45"

/it Total 66.2343.93
A 54,2945, 63"

% Z Cold B 38.6343. 85"
C 49,9945, 87

/Nt Total 47.6443.07

2.4.3 RRZETE MLT K BHE4 R 1R
ZIf g MLT KL 3. A 43 MLT /K- 1% 5
TR Z(P<<0.01), BAIC HBEZE 05 T
(P<<0.05 ., BT AR C A4+ 515 i, A
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P<0.01; *. P<

years and semi-milking. * x .
0.05
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Fig.3 The comparison of plasma MLT secretion of

yak cows between warm and cold seasons
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Al 2 h #¢22 50 min SRAE. H 092 6 Fril 15 5 MLT
WS AE B EA T et ARBES 7 H RAR A5
B MLT &0 66. 23 pg/mL(5£ 6), 55K 55 A 14
AWM AN,

AR 1 4R 1 BRI 2K MLT ¥ & F 2 4F
1 i A A2 5 A A L 3% WY B 2R 1) B0 1 A2 3
MLT 43 W 7K ¥ 09 52 s 2 4F 1 i 2F 05 A 44 1l 3¢
MLT K8 TF 2 48 1 RTS8 5% s
I3 MLT 7K T S # k0 BEFE 4R 3k MLT
WS TR AT RGeS W ZT
P Z 5] MLT 43 WA 52 . X =5 1 0F 58 A 251
8, Z= PR B A R A Il MLT 5 s 72
2R 2SS RE.6 M9 A+ MLT & &b
312 AP, B EM TILA AR 482 5 Fh
M3 MLT @ 2= 28 4k, o = 2% MLT )2
TMEAR AL B B % Sarkar 25 ¢ K I B 4E 2R 1 2%
MLT 78 &A% A S iR A i) 22 5 R N 22—, 7]
RE S F1 T 0 R AR B 19 3 0 R SR ) B A B (12, 51
:11.5D 5 11.5L ¢ 12.5D) . [ /B W] AH 224X 1 h
et AR 2 ORFE AR RS ) A 22 K
2.65 h(W 3 D, Bl W k4S5 Sarkar A [6] 49 45 £ .
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