¢ Ehiils

NARO mumsms:, B &0 E LRSS

Effects of Diurnal and Nocturnal Intravenous
Infusions of L-tryptophan on Melatonin Secretion
in Male Holstein Calves

S5 jpn

HARE:

~FHH: 2019-03-22

*F—7—FK (Ja):

F*—7— K (En): diurnal period (light period),
L-tryptophan, melatonin, nocturnal period (dark
period)

TERE: #TE, 1817, ¥i5l, B8R, Rk, X2, ¥, 1k, T4,
BF, W, FE, WL, EXF, B, F—
X—=ILT7 KL R:

FilE:

https://doi.org/10.24514/00002256




HEMWEHR  Bull NARO Inst Livest Grassl Sci 13 (2013) : 53-58 53

BEWBIOERNOL-M) 7 b7 7 VRN S 53
RIWVAZ A VHHETED AT b= W T3R8 ™

>

B AT - M [SERE - REESCRS  MMIESE - SFREF " MR - IR -

SRR S S T 7E T KRR, © <IFTi, 305-0901
VpEORSE, TR, 034-8628

C N

L-F) 7 77> ()77 7 ¥ L-Tryptophan) % &IRAFEG- 3 MG OMEN Lo X T b= >
(melatonin, N-acetyl-5-methoxytryptamine) Z7iAiZ KT TR XRG4 720, BT (1200-14:00) B £ OHH
17 (19:00-21:00) D L HERHIAT 12 BT, 6 BB TREFL L 72 3 HlO R IV A & 4 VREHET-A4 4 BOBIRPIZEEE, £ 7218,
M) T N T 7 U E 120 iG55 ERE T 7 o AR K D ER L 72 SN 4 THEOBIRNE G- 58RI
BT, B GRE, B L LT R (VI — 2581324 mg/ (kgof BW)) ##%5 L, £/, PUTbT 7
YEEHRGRECE, COWBIC N TN T 7 RS LIER () 7T 7 v GE 36 mg/ (kg of BW)) &#¢
5 L7z W ORGIMRF O/ SHBIRA B ICIT, —77, BRILSG SR S 3% 5-5AERT (0 45 JEEEH)
B L UBHE 30, 60, 90, 120 (5T M), 180, 210 75725 L 720 1% AT b = VIR RIA # W ClllE
U720 SEWOEIRATL G2 ISR SIS X7 M=y OMBmOIFEE LT, MiEXT = 0L E LR
FIEAR & R T E LA IERO SUC AR TS (net AUC: net area under the response curve) * & L7z,
A F b= OMAIEREEIL, B O353R X ) KT ORGEBREO T PERICE S Rolz (P < 0001), &
i OFG BRI BT, MEEAT b= VREIEEERSE, M) T b7y viEmkGa e b, AR TR IR
FEEEO L XV THR L, §XTORIMEEHR THEMICHEETRO SN G o720 £72, net AUC b IMAEREEE &
R ICH BRI 2o 70—, BT ORGHABRTIZ, M) 77 7 VEHRGHEO A T~ = v Ol
JEB £ U net AUC IZIEBHGHOE L D WIS ARIIE ko7 (P <005, INHDR2S, BHEFFIZHET
ZM)T 77 OMIGERNVAY A YREEFFORAT = U IIE L A LR S A R0, K ORI 2
T bW R EEICRESE S Z LRI S L,

F—TJ—FK:L-tUT 77>, BEE W), 27 b=, & )

® E DIFITTHENI R F DO REFGHERS & EFEME O] EIZHE D <
eI ND,

AT M= F, AR XL FRETC IR ROV %+ BT ZE AT F= ORI E 2 25DIE, FHE
DRNVEZE L THLNTWEA, FEikiEo i im e A BT I BO—2>THE M) T 770 Thb, M) T
RBOHBILER 2 HOMETH L 2 L WL ISR M7 7 rhbbn b= YGRS, RWT 2 EEORE
T3, E512, BEFRIVE Y OBUWMEEET %2 #o KTINVTVELT IV N-TEF VT VAT 25—
Zrbe bW o wy Y THESR TS, 0T, £ + (AANAT: arylalkylamine N-acetyltransferase)

20124F 10 H 7 H32f, 20124 12 H 7 HS2 88

FORBRZEIE, MOZATBOE N HARSARE S (BHERT SR BB 42 ¢ No. 23580381) D3R % =) CHEMES i/
CH WP E SRR S —

"Bl RO RIS  H R ge s, o dTh, 305-0901



54 = PE B A ZE T FE

B Fa®FT A YV F—=V-O-AF VT VAT x
T—XOERIZE > TAT b ~NEEK SN, FA
WCBITZ AT P OEBEELX, EETHL M) T
77 OMFEREICHEEZITLEEZONDLD, £
nPAMCS, ZofiRsErN7otRE, T 406,
BER BRI L 2BV 275 2 ek CHID
NTW5d, lfih T b= 2 REILIH F 72136 I
<, WA F 72 I3EMICE L 2k 2 LS, WFLE, BHEL
SIHEBELTROLNTBY, ZonNy—3hicks
AANAT iEHDOZLIZ L > TRE EN S Z LD 5 H
IZERTWD Y, 7z onTh, Ty rhRe b
BB, I X T b= ViR H RO TR, Hi%ke
b EREBOTHMICE S 2228, F/2, BHICE
FARBBETAT P Al sz 2y
HHE SN TS, LaL, 2oL 2B HEZE
BLICE B AT b= VB REZAbICRT L C, ARE T
H5H )T 77 ORAEE OB & DR
THMPIZONTIE, TEERIZD RV,

ZFIT, REIETIE, AT M=rOm5ikEimst5
EEZOLND YT DT 7 ORI AR TR O W
THEYT 2720, BEHSB L OEH, 2 OO
B CBWT M) 7 b7 7 v OB RN ERFE G- % 17,
BHGHEDBFNVAY A VHEFHFD AT b= VI TS

EEIOWTRETIT- 72,

MRELVHE

AFRGRITMOTATBOE NS - Aol SRR G T 7o
T8 1 T 72T B W SEBRTRET IS HE > THERE L 720
6K THEFLL 723 » Rl R IV A ¥ AV FllfET-4- 4
A7) = A= VEEOR (RHER 120 m*: BRI
50 m* B LRSI RE Y ZE70 m*) IR L, BRAR
MW EEE, fokESEOMAEFEETE S X T
L7206 5 fFNIZ MR £ > — (63% TDN, 12%
CP (DM #45)) L&k (80% TDN, 21% CP (DM
) RV, INSEEOREM S, HARGEE
e FL Y oS ERE (DG 07 kg/day) 12DV
72 TDN T2 % 100% 729 & 5 Ml 1:2 (DM #t
) THRELME TS O—H 2 BHEREICHS L
72 (8:45-10:00 3 & UF 15:45-16:30) o BUERI 13 10 H
DOBIEHIR & Ltk 16 H O A BRI R 2> S B S 1,
CORBABINEIZ BT, 4 FHEOEHRNL G5 %E 4
HRMECEM L7z (5 143 BRAT— ). BISkm#EH
2B RGO Hilii3 104 + 4 Hifh (BE#ERAE) TH )
ZOMREZ 102 £ 4 kg (BEHERE) Th ol flFo

%13 5 (2013)

RERE I ERBH AT H © 1200 1247V, RS E 0%
FIEHFHE T R OR OG22 5, Bl ORENE
DRERIZFEDNTEM L 72,
SR H o0 B SR 0D BRAGIREZ |2 1E 0 D AR BT B 46 74 7
5 3 15 3% 1200 12, #TRZNL 1530 & L, &
O i O SRR VA i 00 P G- 1R T 1 12:00-14:00 12 Rk L
Too F 7o, M OREREE & AR, B R
B LR TEEZNE A 2 1900, 2230 & L, BROES
eI 1 19:00-21:00 10588 L7ce TS DA B LT
B OZRERTE 2B W T, HERFOBIIRNICHEE, £
72k, MU TN T 7 R 120 G E AR ST B
B (B iS558, BHW M) 7 N7 7 Vi
G, ' EERGER, o N, KEE MY S
N7 7 VEWAGRE) 27T B KD ERL
oo W, M7 I VRISEDL M) T ET 72O
HFEEBHDDLIETAT =V ARHEEOEE LY
HREIC 25 2 L2 MR LC, ABARKICZVa—2
i (Otsuka Pharmaceutical Factory, Inc., Tokushima,
Japan) ZMA7-LDEH Wz, FVa— AL > TH
WHMBE XD A 2 ) V1, AN G IEEE 7 2
O Ah i RAEST H25, P T M7 7 DL
DARICIXIFLEAERE LAV LML TYS Y,
MU T NT 7 VBBICE, COBEBICHED MY T
7 7 ~ (Wako Pure Chemical Industries, Ltd., Osaka,
Japan) ZiEfE L7z, L LTOZVI—ZAB LU
)7 N7 7 oS EE, FNE 324 mg/(kg of BW)
B L1036 mg/(kg of BW) & L7z #5-3ERBAA 1 KEH
A E T2, EEORNEBICER L 72 ft34 o mSHH Ik
WICETE S 7T — T Ve L, Dk, B T ot
AT LRI L TBWoe BRIV A ) v 7R T
(MINIPULS 3; Gilson, Inc., Middleton, USA.) # >
T, Mo SEEIRNISE RS- L, —7, Iiidh
SHFEIR 2> & P 5-BAAE AT (04 @ B E) B X OBHG#E
30, 60, 90, 120 ($5-#¢ THERT), 180, 210 73 IZHRIL L 726
M OG- TIE, Ny FF 4 M2 Sz 555
At & 2, FRINA A 7 — 7OV O IEERIT A 5 $F
%475 720 $RELL 72 5 mL O A 5 b = i
FERIE - O~ 2 IIRIE 12 5 THEAL, wo <
DHEFEL 72, K& L7z Dk, 1600 x g, 4T, 20
SO GMT LA EELER 24T 2 212 L 0 ImE xS
720 135 NIEEY ¥ TOVIL TR F T — 80T TSR
L7
ARHBEWHIZ BT 2 HOMB L UHOA Y OFIgEH
T2 445 1850 Th o7z, HAREBEIZIG->72H
AR 5720, EE~NOBRNOAFTZIRE, &



B o BB XM O L-FU 7 b7 7 VBRI S DF V2 5 A DR O 2 T b= 2 I IR 55

SN ERTHLT L 720 B B & O 7 0¥ 535k
IZBIT B ICEENOREEL, BRI 3 R R R 5
(LM-331; AS ONE Corporation, Osaka, Japan) % H
W, Ao BT T 10 FHIENE L 72,

Mm4E x5 b= ViEEIZRIAX v + (RKMEL;
BUHLMANN Laboratories AG, Schénenbuch,
Switzerland) % HWTHEIE L7 (X7 b= DllEA
TENREL  39%) 0 AWFZETIX, #HGHEWICHIG L Tt
MENE AT b= O5wEdIaiEc, MFEREREE %R
FIEAL & B AL TR AL 5 IEBR o RUS BT T TS (net
AUC: net area under the response curve) % v 7z,

T=FIZDTOET VA H, SASGLM 70y ¥ v
|2 & 0T L7- (SAS Inst. Inc., Cary, U.S.A),

Yige = oo+ o + By + i+ e
Yo 0 T MH, pi &R, o W 1ORR, B
BRAT—2 JOMAE, o BIEk ORDE, eyt R

au

IO RIT FRZIZL D HEL, & 512 Contrast
AT —=hAZMIEY, FTGRRETGORE, BGERO
ROV THE L7z,

% 72, T O @ 8 5E 1213 Duncan’s multiple
range test & 272,

s R

T OBIR N3 5 BRI IS BT AR S B L O
MU T T 7 YRS REEOTFERER e, BB
FAGEE%) (1200) T 1,340, 1,390 1x, #&THEH (15:30)
T650, 690 Ix TH Y, INbxEGFHTTORERH
BAICBWC, HRTHEETIROON 27 (57—
Y RIBE) o F 72, WM OFIRNAL G- BRI IC B 5
FHEEE, 1900 ORERB GBI THEER SR, MY
T 77 S HONEIZ, 10, 20 1xThH Y, HHTEH
EAEE o, T2, DB, TEE (2230) F T,
MRS BBEIX0Ix TH o720

AT N =y OISEFEEEEL, BT O GRE L D
W OG- RO H A EIIE L o7z (BT R
BaiF (12:00) vs. B aEREE (19:00) 09 vs. 84 pg/
mL, P < 0001). Fig. 1 (ZER B L OEREH O 538
BRRFICBUT A IM8E 2 T b= ViREOZELE R B
OG- REFIC BT BIMSE R T b = VIR S B,
N T LT 7 oG EEE b, BRI TR E CHLREE
OLNVTHER L, $_CORIMIEM CHMICAEZIZ
OB NTLN o720 T72, net AUC b IMALIEIE & A4k

DFERER LT (BEERGHE vs. M) T b7 7 VR
5# 12 vs. 67 pg- min- mL ™). —7, #HEW O
H5REEClZ, YT N7 7 B GEO MR E L,
ABRRAA T 120, 180, 210 40 ICA R GAE L D HEICE
WEAE R L72 (P <005, $72,net AUCH b 7+ 7 7
SRS RO T IEAR G R L D ERICRE (ko 1
(B 5-HE v, M) 7 b7 7 VWG 0 8704 vs.
1,962.3 pg* min- mL™", P < 0.05).

z =

AT b= UL, FEICBRREO X T b= VREEMEIC
BWC, M) T b7y rhbku b= v ERTAKRS N
bo LH M=V H AT MU NOERGBRIZB T,
AANAT DIES RIS OBEAE T L 2o THB Y, 200!
EHRT ERIC D B AR X > THR SN TWw B Y,
WFLE T, M5 ATI 2 0IEHAT Z O A RIRET &
HHT2RIEELNT L ->TBY, BEHICBI L4
RARD AANAT &SR 3070 f5 12 LA 57, %
D7z, FAEMF D AT b = VIR~ T
EBIMICE L 2B 2 &, KBHWE &5T% < OBYE
THER SN TWS ", RBFZEICB VT, BRI D A
7 b= VRIS T (&MAT 1.6 pg/mL LLF),
—7, WEHFICB VT, ARG (H%%8 10 45)
WZBWCTERICEMWOR 10 fEolEERL, 20k, H
MAIZHEI L 720 SOMRDS, AT =V rwoign
FHERIDP ST > TR H B L EZ BN
5o BEFTIX, 27 =Y WofilHRFED &5 &K
HEEEAT 100 Ix B2 Td 5 2 L DS ST w5 Y,

FAYIMApA~D N) 7 7 7 UG, KA BITS
REHAEBIZEE D) A7 P = ViREO LA Z S 52 S
7S, BREAFIZBVWTIE A T M= VISR L o
720 FREDRERIL, V— X N SAMFL 72 F) 7 b
77 rEREOHS LB TOHEShTwE Y, 2
NH DRI, 7Y@ AANAT i MHEAVE M ISR o T
, HETHDHN) TN 77 v OMEHE LR BINS ST
LAT N VOEBEEIRITEACEEL W EER
BLTWh, HEoT, AT b= VirWormtEs Hi&§
L7 ~NO M) T NT 7 rofbE, Folih oW
AEENIBEIN S A DAENTHL EEZ NS,

M b)) 7 N7 7 v o—EE, MgNEE P A U
PICBATL, WmEWME ChH L0 b=y NEAHE
Nb, AL IZIZFE - AEETOM) T b7 70D
HRPIPE G, BT Oy > CHMERR o h =ik
EEERSELZEPRESATYE Y, A~ 7 b



56 BRI ZEEE 4513 5 (2013)

N
S
J

Diurnal intravenous infusion

W
(e}

10 1

Plasma melatonin concentrations, pg/mL
[N}
(e}

Time after infusion, min

40
Nocturnal intravenous infusion

30 -

20

Plasma melatonin concentrations, pg/mL

O T T T T T T 1
0 30 60 90 120 150 180 210

Time after infusion, min

Fig. 1. Changes in plasma melatonin concentrations at diurnal (upper panel) and nocturnal
(bottom panel) intravenous infusions in vehicle-infused calves () and tryptophan
solution-infused calves (@ ). Values are the mean %= SE. Asterisks indicate significant
differences: *P < 0.05 compared with the corresponding values for vehicle-infused
calves. Horizontal lines represent the intravenous infusion periods: 12:00 to 14:00 (upper
panel); 19:00 to 21:00 (bottom panel). Tryptophan solution-infused calves were offered
36 milligrams of tryptophan per kg of BW for 120 min.
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Effects of Diurnal and Nocturnal Intravenous Infusions of L-tryptophan on
Melatonin Secretion in Male Holstein Calves™

Hiroyuki SHINGU, Shiro KUSHIBIKI, Fumiaki ITOH®, Masayuki HAYASHI, Naoko MORIYA",
Hisami KOBAYASHI, Kayoko YAMAJI and Koichi HODATE'

Animal Physiology and Nutrition Research Division,
NARO Institute of Livestock and Grassland Science, Tsukuba, 305-0901 Japan

! Kitasato University, Towada, 034-8628 Japan

Summary

The present study was performed to examine the effects of diurnal and nocturnal intravenous infusions
of L-tryptophan (Trp) on secretion of melatonin (N-acetyl-5-methoxytryptamine) in male Holstein calves. Four
3-month-old male calves, weaned at 6 week of age, were intravenously infused for 120 min with either vehicle or
Trp solution at diurnal and nocturnal periods ranging from 12:00 to 14:00 and from 19:00 to 21:00. During these 4
challenge tests, vehicle-infused and Trp solution-infused calves respectively received infusions of physiological
saline in which liquid glucose was added (a vehicle; glucose content: 324 mg/(kg of BW)) and the vehicle in which
powdered Trp was dissolved (Trp content: 36 mg/(kg of BW)) in Latin square crossover design. The solutions
were intravenously infused into left jugular vein of the calves, and a series of blood samples was collected from
right jugular vein at 0 (just before the infusion; basal concentration of hormone), 30, 60, 90, 120 (at the endpoint
of infusion), 150, 180, and 210 min after the infusion. Plasma melatonin concentrations were determined by RIA.
As an indicator of the amount of change in blood hormone after the infusion, net area under the response curve
(net AUC) was calculated. The net AUC was the residual area subtracted by the area under a hypothetical line of
basal concentration, from total AUC of hormone in response to vehicle or Trp solution infused. Basal melatonin
concentrations in plasma at the nocturnal challenge tests were greater than those at the diurnal challenge
tests (P < 0.001). At the diurnal challenge tests, plasma melatonin concentrations after infusion were similar
to basal concentrations in vehicle-infused and Trp solution-infused calves. Moreover, there were no significant
differences in plasma concentrations and net AUC of melatonin between the groups of calves, respectively. In
contrast, at the nocturnal challenge tests, plasma concentrations (P < 0.05) and net AUC of melatonin (P <
0.05) in Trp solution-infused calves increased as compared with those in vehicle-infused calves. These results
suggest that supplement of Trp at diurnal period has almost no effect on the secretion of melatonin, but that at

nocturnal period induces marked increase in the secretion in male Holstein calves.

Key words: diurnal period (light period), L-tryptophan, melatonin, nocturnal period (dark period)
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