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ABSTRACT

Tryptophan is 3 ™ essential amino acid for the body. Also an important substrate for essential
hormones such as serotonin and melatonin. This amino acid is metabolized in two ways in
the body 1- Kynurunine pathway and 2- serotonin pathway. Tryptophan entry to These
metabolizing pathways is five percent for serotonin production and ninety and five percent
for kynurenine production. This experiment was performed to evaluate the Effect of
intraperitoneal injection of the L-tryptophan on feed intake, rectal temperature, and some
blood biochemical metabolites of the Kermani sheep breed. 20 eight-month-old lambs
grouped in 10 males and 10 females in a factorial design. Lambs were divided into control
groups (saline intraperitoneal injection) and treatment groups (intraperitoneal injection with
50 mg tryptophan amino acid/kg body weight ). The Control group of each gender was
injected only with physiological serum intraperitoneally .immediately after injection, the
feed was offered to them and cumulative feed intake was measured in 2 hours intervals for a
four-hour duration. Feed was a total mixed ration consisting of 40 % concentrated and 60 %
roughage. Heartbeat, respiration rate, and rectal temperature were measured every hour after
amino acid or saline injection. This experiment showed that feed intake in tryptophan
treatment was reduced compared to the control group, also female lambs had significantly
lower cumulative feed intake (P<0.05). Heart rate decreased in males and tryptophan
treatment (P<0.05). Tryptophan injection significantly reduced rectal temperature (P<0.05).
Tryptophan injection did not show a significant effect on the serum concentrations of T3 and
T4 hormones of lambs (P>0.05) but reduced the ratio of T3 to T4 (P<0.05). this means
thyroxin converted to triiodothyronine more effectively in the group that received
tryptophan amino acid. Levels of cortisol, total protein, cholesterol, triglyceride, creatine,
and urea were not significantly different in the tryptophan-receiving lamb compared to the
control group (P>0.05). Serum albumin concentration decreased in tryptophan-receiving
lambs compared to the control group (P<0.05).blood Albumin level was decreased in
tryptophan-injected lamb compared with the control group (P<0.05). According to the
results of this experiment, reduction of heart rate and rectal temperature in tryptophan
treatment, it could be concluded that tryptophan improves the condition of livestock under
heat stress by affecting the mechanisms of coping with high ambient temperature. These
mechanisms are related to heartbeat and respiration rate control centers that were affected by
intraperitoneal injection of tryptophan amino acid. Tryptophan in route of intraperitoneal
injection significantly reduced cumulative feed intake but this was compensated for some
hours of post-injection.

KEYWORDS
Blood Parameter, Heat stress, intraperitoneal injection, Kermani sheep, L-tryptophan.

© 2023, by the author(s). Published by Payame Noor University, Tehran, Iran.
This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by-nc/4.0/).

https://eab.journals.pnu.ac.ir/


https://eab.journals.pnu.ac.ir/‎

VYNV ol Fu)b

Ve VAVYY icdl s Fo)b

DOI: 10.30473/eab.2024.67071.1901

ool 4
SR Gl (Wbl )

«&552‘ Jo»

9 O Blod (5 1y g B pan p SBgiw 5 dinel vl Blao 518 3355 Wb
Glusl olo 5 sl Jobo 30 0 9 o bawwgn S glo & 5

r),.g.d}g.g o "e.,\sjvﬁ O ! ‘réésmﬁ ]| felJ) ‘*rgl&é.\g PRY ‘\‘s)ylnd <l oy

2SS

Sl ol sl 23 (igMe  igig s Silo (ot SR gers St 5t a9 Al o (ot
2 ol o> g o oS 0gd 0 03dalio souo 55 (ul 3l (S 5 9 3)ly igige § gt (Sl s 93 & el
gl dpl (Blao S0 305 86 (s sefatods 235 0 Dy ghS e 2 ol (Bl g Cul g o
0 Ve g 5 oy V) op ool Yotk olendgn (slaculplio (S g o slad «Slygs pae p ligin
P BF) J5S 095 93 & oy b olitl g8 oo B 3 9 p S kS VA ETTD (559 ¢y olo cuin (ole
Pb Cogots i iy S g S ke 00 L 0335)5) o 098 5 (Blio b Cpgots (Sijgsnsd
Mals” STy Alolddly 525 31 g D32 39 i ool Lalyh 4y oy (23csle 093 oo i s (Blio
Hee Gdedy g el g0 Juolgd (0 5 <85 )18 oy HLis] 13 ddgle Mo yd Fr g 05luiS do)d Fr G 4 bgbre
Jog ey celos o )3 i S 9 B (o psiS) o (e 3 6pS ol St Bpae i ol
(2l 0lS 55 09, 4 Comss figin i s y3 gre25 by Slygs 45 3 s kel gl 45 plovl el
S By Gezed (P<H/+0) wmil (55aS (208 Slig Bpas 5 ne jbar oo oy e
ol bl )0 Lol s aals 09,5 b auglio j3 Liolel Jgl el 93 15 (me8 STigd Bpume il s Blao 2,5
st Bty F (P</0) il el g e 9§ iz > B Glps Sl (e Sl
T4 5 T3 aggorpe cllé s fasinn b st iy (P<e/+0) a3 oS (slod Lial sl (s o smo
@ S 98 9oy e (G o(P<e/+0) ol (ialS 1 TA 4T3 (yg0j9m s Lol (P>+/0) 3l (s Laoy o
2 0x3l 5 0818 S5 (Jg S e JgiysS o (b (I Byt 5 0aiS Bl 09,5 )3 (g g6
P o sl Sl (P>e/-0) 4 oanlie o gne Sglist )5S 09,5 & s figin 5 0aiS Bl (slaoy,
Oinlojl el 3l ool Cunddts gulis 4 dogi b P<o/+0) b LialS 58 09,8 4 gt 5 saS ey (gl y
ablio slapuslSo 2 ST b ofogiy 5 & O dn e ogin s o )3 29y (slod 5 B ooy IS
b oleyS i blyd g pld Cundg 290 el oy (glod yiulial b

S5 sWejly
HhogS ( So> sbcdplio ¢ glo)S LIS (gt 5 Blaw (49,0 By

oS cilesS ol gin (gjyoliS o ol
ol

Wy olSitily ¢ 6559liS oSl ¢ o> pole 095"
.Ql)i\ PRIV

J;.Mo [XvepY

obisay iy

y.badakhshan@ujiroft.ac.ir :asbL|,

@lio oyl 4y dlw!

«Slysd Bpae p login Aol duns! o J3b 5,5 /wb (OFY) Jeor yamolype 5 oyl ol cebllzgy (35000 puo telily ¢ lidy el o5 o5y Yl
AOVY (FVPY (055 ()il (oulibcun j dolblad &bl (glo)S oyl Job 3 00 olendon lacdglie (S 9 (b o

https://eab.journals.pnu.ac.ir/


https://eab.journals.pnu.ac.ir/‎

v (VYY) VoY e oiim g Joz (olo pgm 0ylod omdjlyd Jlo ¢ 055 (6)9il> (wlibum ) (cole alxe

s £L83 9 LS Cag |y pyw i slS gl i Wl oo
.(Mondanelli et al., 2019) .5 o4 |y ool

s (Ht o )5S 0 p )5 ) (Bsin s JoSe
J935595 il «ogaVlge (15959 ym (il cly aSos
Stracke et ) sod 0 59, Vo 5l am Sb cdld ials 4 Bl
Lstolie aleds pisea (@l., 2017, Bandeira et al., 2015
51 3925 Ll g (Zhang et al., 2019) alo 5,50 )
.(Bernabucci et al., 2009)

Yo Gdody dS yogispe 35 lliawsS (g ddllas & o
g odd oLl g el I b g ealed Cido (gl Jus
S gpden (Bgin 5 ()] psdyge s o )P b))
Ding ) ol o ()55 o] cospll Cho g (rigia e oS
OMiwsS an login 5 anis (6,50 adllee > (et al., 2021
et Bpae o Sos dgp cohadl ySada (ol cuw ()lon
Wang ) cowl o byl 5 god 5l e gslanS cuseS jials g
55 15 6ol 4 Mign sy 2 (et al., 2023
5 U5nSlie gt w3l Called (al3l 2 o515 (6lows)
anl 005 (1S g ol gl g G4 w3l cpl S8
039 olya 2351l s SIS b (gl bty o (5 boa
Syt 4 gy (in ] (Shimg (il s oyl ) ol
adllbs . (Plainet al., 2011) cuul 03,8 SeS gyl Cundy
Lol Jols i b Jlod o oo e (o0 6500
Sntisly § 5Ssle el figia s a0 g
2 S gl o Mive (glapld 13 o 390 5 o]
b o Lol 5 095 olisiay oo oo adlos 5
(Brown et al., 2001) sy o (gygp5 yim] (sloine (slp
2 NS (U o 4 oadedadle (g = ) (3538
Byao jlam Colo diz (085 gMe 9 g aw
(Zhao et al., 2022) cul oris Sl pgda o

A5 awSi 3 ooibibablbrs gty 5 — I e 0y 4l
LoV i & ey A5 9 laoyy 15y > Shoe G138 el o
03 alax 3l 590 3 odlail dgpy el aSl Al liawgS
0lee 5 S (g8 9 0 Fsris &8 pialS Aoy
;1 (Sejian et al., 2018) s LadllwsS y dsljsy (55 Lyiul3-d)
Ui 5 aal del 928 gy w0l gy B cg)
lowdan 9 Sigdnid byiell p (Slao (190 ByF Lhgy
D dilinli  olo)S il cov goy > e

.

o0

5 acdes 31 a5 ol 51 il gly] o g
e 3 S5 e B oS 5 lomsd (shardis (o3
Sboga sl )3 059yl ggd90 (oS G (plo)S AT dan
o554 (Silanikove et al., 2015) cuol s Jb> j5 o8l
Copotl (2lo)S (T (g pme)S dosd g (Sypme)S 3ble 5
9 S_is (McManus et al., 2020) .S o Iy (glojg
Al i (el Sl ol e Siddas
Holm S QB plalo o cul Sesily
Sl ¥l 5 455 3 o s 22130 o b olaer blE
@) S €O 3 g MhagS (5)y slagly 0,138 oo b
e oA (D)2 Gpgods il D (18,5 )18 5l AS)le
<l Bpas Jlil g Slhes Byae Hlals G plas L
g lan Sisd o)l 4> Sy 5l (Slimen et al., 2019)
Al e sy (THI) Gago = 5l Ga3ld s Cash,
adbaio (ine 4 S 9 VY adld Coled)b 42> Guus p &S
5 bwgie Lyl VASAR (oMo Sl o il YW=V (S5
Ol S 55 e 4B LS 05 lsiea Ae 5l VL
ooyl pA e YYIY 0, S lw d s ey yasl i
ooyl YYIY=<YO/S cawgio yoyisl YYIY —<Y¥/Ye ol )5
dgi oo iy yx5 03l 598wyl dme 4 YO/F 5 YL 9

.(Marai et al., 2007b)
Ot 45 el (5950 el slannl alex ) lbsz 5
Bitzer-Quintero et ) ceus )l jiw 4 B LSk ¢ ol
Sao 5o,k jl Aol 4y L(al., 2010, Rosa et al., 2001
D (SIplie e 93 50 aielil opl 23,3 umb e
2331 dlaslgay (pis Mo —igig s AJg ppmee =) D900
095 AP e =V S )0 (lgin 5 0aiS 59
OLbsie i 9 Ugnslisd el Jgatal sl ol daulgay
e 23 D g gy i pgd 9 Sl e U SeuSTis
Badawy, ) sas o olaidl ags a1y g 5  Sale
1 el gl iz ps gt 5 e () JS8) (2017
Gk 039y Jbinl slaolw 55y )= 93 (ol
2925 59355 )gS B I (U A (S gl ol Gl 5 (338 39
s oy (Ligs 5wl sl (Mine et al., 2015) ¢l

1. Temperature-Humidity index



w0y obesdon ccdglio (S g o slod «Slygd Gpan p bgin 5 diel dl Blaw 315 5,5 10, Sen 5 5y Yo VA

Shes U 595 s Bras Shed i 65 0jul Gl
Ol 9 38 Shgs plos osile (3L I S 5o, aidly polais]
Slosliwl Ly o8 by slass ol dpolee (8 e STygs
sboed b hylad 4883 S5 loj e 3 9 (i (095
A 5 Seflal o338, St gioled alyuges (o5
6 —Soilal &l (Avendafio-Reyes et al., 2020)
b plosl (S e gl Sl (Ss5 sledplie
8,5 plodl gy dw Cdods g 9y ;2 VY Celw > (605 9>
ol  ooliz ol Ly 5 Jitio olStslof] & agys digad e
Py A8 Vo Cdody 4283 )0 jgd Frve 10 (fout sl w
slaces jloslil L oy Jojeines oliee b (il
Ad (650l S 1oV ol ws g A bgige <8y
b S Sl osliial L g5 slaculplio plo 6So3ls
A5 bl 9ol

Wodls Juloxi 9 4 25 (w9

b B 5 g (YXYXYXY) o958 & ygmds iolejl oyl
395 1 Jols Lajloss s plosl " gloj asly o (o3l
Jols o)l 51y g oolo slvoyy ol iz 3l jg dw Cdosy
Jols el Sl g lgin 5 atelicl 5 So3glgasd oy loss
sloodls g (Blao 5)5 5l o celo Jloz 9 93 ho o)
5 (1991) SAS 3 31s,5 5l adlil Ly inles] 51 osalcamsay
Wy 58 )l Sl g a5 3,90 ¢ S 4y
)5 )15 Ll Ul 5500 (5 gesl b g slacuglie
Tt oo s 10 5 (S5 (el b Sl dulio
WP EY IRWESES

ol
Jogas 3 (P<e/+0) €85 )8 5y 5l e o g Alselpus
el by o Lagl Jolite @yl g (bl Jless 3B Y
u_ls ub).ao Lol ol 00l L)L‘“) LsJLo)f oS Cod dlﬁb){

2. Repeated measure in time
3. Mixed

by 3y 9 3lg0

OV g 5 09l V0) e ol Ve B gy el
o83 as] Lo 3155 kS a8 5l 01 sl (o3l
b bl oleys > Cd e oty iy b (Slaidos
Cubs o b g p)SohS VF/AET/D 055 (159 6Ske b VY4
ool & 5 05 ) @) gl g ooy b ealitl ol
oolslyy ad ]S 09,5 9 jlesd 09,5 (s (3o
Db 2lo)S o gl olodls ya g 0loys ()l sk paSls
)0 o2yl (Sl Sl 3 0 ol b A o £y i
13 aS o ) S Glbl oS I alols cleMbl .3
S-Sl et g oaiS L ablie (sl > open 4 09 4dlate
Js-lxe 5 aoy> S oyl Jlptalesl 5,90 slapls gl
by il By i 5 odlitl leljolSs STy5
sbasloss 9 pld 0155 ()9 elowl g g oaijlow (slaeS 5
w39 05 20d 4 plalel ol )3 adllasd, g0

S5 p oy L Lal 0db 353,08 09,5 — il
(Slio b &)gon

P59k [l 8gk 5 )5 o B0 b oS53 1loss 095~
(Bandeiraetal., 2015) Blao J5b &yaods b

Olgiy § AT ! 3355 9 S 3lwodkT
eS8 b cdls (629 Al S olosin i 5l plejl ol
2 o Ay S Lo 5 b ookl UL Spgn
S Jlop ) al Sl g)0m Sofele i ey Jole
slacdale 3 (giluJsloxe 5l sl B2)55 jl S coles
(p1> 039 olowly) )l (Hee YO LSV oo (3,55 Jladae
L0y 98 5 I8 )5 Joee - plosil (Slao ©jg0y
20l S BuF g 0dd  wdy (B ey S ool
b plsil jgy dw Cdedy g o)

539 5oy Can (6d|yail ola juad 4 laply mdcsle 6y40
Slao b plosl (o) masiged 5oy ds Saeas o] 5l mg
Slygd Byae jlab)le Sialojl ol )3 sasd (g pSejlul
pr (lordon lacdglio 5 (098, lod b (L5
OB959326 35 S S350 x5 Slay90)92 (J935)e5 Jold

D920)90 g Cpil)S o pnndS (6 )5 ¢ g pandS (S g5 4

1. Biobasic Company



" (VO=TV) WYY (o) i 5 ez 2l cpg o)lod o33ld Jlo c(0285 ()9l (ouliditunj sole dlne

s sLmoy s ogiSy slod yr gl ilite 3l 5 ool]]
597 5 i LS o8 g8y slad el ol S 15
OLogin 5 aisel dual Jlaws b Lol (P>+/+0) 8,55 )5 iole]

(P<ee0) ol lis o pxe dlaly oyloj g

0.6

Jl,,»d,.m

godlo i ;3 (P<+/+0) 8,5 |15 o)l blize il gl g ylo;
2 ot A b B ol S5 i S5 055
Otk P paigel ez 9 93 Cslu g pow 5 ped lajy)
Hlows ),.,l_, odmd LS ¥ ylages el oy Ll b Sl

a
0.5
a
i 04
9
} 0.3
Y
52' 0.2
2 01
0
Female Male Salin  Tryptophan Da& 1 Day 2 Day 3 Hour 2 Hour 4
PAaas
(Sl A5 slweyy Shyss Gpmo  loj g (65l iged g il dpal i Lol I yldg900
(P<el+0) 5yls (o)l bime B cgliie gy b Jole jo (gl SLe ADC
100 - .
a B s 2 a g
9 a I I
o b b a
80 I I
3
E (]
é' 60
40
NG N &
Q?S&Ib étb %‘b\\ &dQ Qrb' o Q‘b' Q‘b‘ ,‘2‘0 *2‘0& ‘2"0
I
(S 3l5 ooy B s oloj g )l pises gy cizel dpul i Lol SISLY 5900
(P<e[0) Wyly (glo dime BB «glito gy b Jole o (sl 1Sles abC
40 PyS ) sld
3 39
)
S
Q
3 38
4
2
37
Q@ @Q o‘° o"’ 0“’ qs ~2»° ~2~°
«d“ los

u_vln)f .)I).: Lgl.lbo).g upQIf) LgLo.) 2 ul.n) 9 Lg)].)).g&U,oj J9) ‘4».:4471 J.:.wl > L;Lal g_:l).’:" Yy )‘3905
(Pelod) 3yls gyl iz M) cglite gy b Jole ya (sl 1 Sls ADC



w0y obesdon ccdglio (S g o slod «Slygd Gpan p bgin 5 diel dl Blaw 315 5,5 10, Sen 5 5y Yo y.

o, 3 Lol (P>/+0) sl s gyl c—ixe coglss
e J 8 09,8 & Cund (lbgt 5 dinel Al 0SBl
Gille (P<-/-0) cdly (ialS gl tae oo pyus (05
sbooy a4 S 03lo (slooyy 53 pyw Jg S aw A lg00
o ez (P<e/+0) 390 YL (6)l3 e yoboan
59 4 Camd ()l piges pow g pgd Slajg) ) pyw JoyiadS
G0 bl f1P</-0) cdly ials )b e yobar Jol
S9 I stme oy pyws JgyiualS s 1 (Bt 5 el e
Iges oo (P</+0) 395 o gxo Luin b o] Jolize I Lol
s g2 6 ypiges slojg) g Aol dpsl i (Lol Sl &
Jlie @l St Ll (P>+/0) 3545 )l gine oy poslS 53
S yntlS 65 s )3 5ustS oA (5 )b me ysboa gl
g (YL a5 (g g boay (P<e/:0) adl e Loy pyu
atel Al oA Sl 3 o3le (glooyy ) p s byl s
g ool @l sl ey L Ve lages el oy yligi
oS i i ol pdiged oy g Atselisesl (i ilize
= S mdiges g g el sl et b sl ooy s
59> 9 iz Jlite Sl (P>+/+8) 395 > gme (1S (e
i8S o (p YL P<e/0) 39 ) dne ()l peiges
W lbged ad odaliiie pos 9y )3 9 03le (sLooy 5 pyuw
= ozl 5oy 5 el gl i ol Sl o s
sobodn Loy pyws o9l (e Al o Waoyy ppuo 09l (50
CbyS B ol yrasges oy g i WU o (gl dne
U ol G5 pice & Cos el Sl 3,5 Lol (P<+/-0)
Py 0y9l Oljwe (P>0/+0) Cudlis (g 0yl (e 32 ()3 5ne

Sg Poba odle sbroy 4 S 5 slroy )

0.8

J5S 09,5 4 G gt 5 diel ol 0SB 53 095

lof] (sl 18l 3l LS |y s omly oS slod
(T4 5 T3) gy slogsgesgn (liee » gl lie Il g
ol 0ad 00l L i T VY o ¥ sl yldged jd oy pyw
Loy 4 S 03l (slaroyy )3 3955 Say9es92 (e
Ol iz (P<e/00) 390 )5 ke )l e yobas
sLojg) 4 s (51385905 pgw o) 53 oy (g ighacs
e (P<e/+0) 5y (Lis (Bl ()l e yobods p9> 5 sl
el Aol oA S Bl > (slwo iy )3 oy (g e
Al odalidio ()l gine Coglis J S 09)5 4y Canns (g 5
s Canwl 05 0315 L5 Bl3505 43 45" jsbo o [(P>+/40)
gl o3le g 5 (i gd (et (S 958 4 (89S g
aigoliuul 00 iScdl 3 09,5 ;5 Lol (P>+/40) 505 (¢)ls sxe
Ssine sobds (5l pdiged pow g pgd slajgy 32 5 (Bgk S
595 9 el dl s pin Jolite 51 (P<1/-0) <l lals
S92 )P e p iy ($339585 Say9e)9n Cund g ()l pdiges
2 OS5 A Ogyieia ST Cumd (nyinS (P<e/40)
£93 39y 30 Ol el Al sa S8l odle (slaoy
Sl o i U oaimd L £ loges el Canddy (6l ppdiges
J955555 e 2 o] e Sl 3l 5 (g)lapaiges 9, catpel
S pigad jg) g dinel Ayl i ol Sl oy
LT Ll (P>+/+0) 395 yla e py J935555 Olie
Ol p s 9585595 lie 22 S0 ste glis o] Julize
g 4ol Aol ¢ iz 5T oaimd LS Y jlages (P<+/+0) sl
s Sl Loy pyws (ol s 1 (63l paiged 35,
6o yraiged sloj) izt g odlo g 5 iz 93 53 (el

- . a
0.7 a oINSy I
' I b . b
0.6 - * T b £
, = I
5 05
By
;': 0.4
% o3
E 02
D
£ 01
0
Female Male Salin Tryptophan Day 1 Day 2 Day 3
B

(S 315 sy pyw T3 (lime (553 piges o) 5 disel dpusl ¢ i Lol Sl & ylog03
(P<el+8) 35))5 oyl sine M| cglito Gy L Jale b sl ysSilie abC



AR

(VO-YY)IFLY linoj idn g Joz (ol pgw 05lod comdlgd Jlo ¢ 2285 ()pils (awlidum (ole dloxe

0.09 a
a
&S
e
3
2 006 b
; b
3 b
% 0.03
0 d H .
Female Male Salin Tryptophan Day 1 Day 2
o
S)S 315 slmoy T4 4 T3 s (553 piges jg) 5 Asel duusl ¢ i Lol 31 .0 ylog03
(P<elo0) 35yls (o)l imo M cuglite gy b Jole ya (sla -, Sle aDC
3 -
Josss5
25
‘q; 2
215
o
g1
E
0.5
0
Female Male Salin Tryp{gghan Day 1 Day 2 Day 3
Phaas
(S 315 ooy p o Jg3ssS i 12 (Sl pdiges S, g el syl e iz ol ST Hlaged
(P<el+0) Wyls (o)l bz B cglite gy b Jole yo (gl 1Sle ADC
7 ‘o]
e
a
6 2 N * b 2 =2 =
5
%
5 4
3 3
j=2]
E
2
1
0
Female Male Salin Tryptophan Day 1 Day 2 Day 3
o

(oS 315 glooy p o agdl (i 2 510905 53 5 el syl e iz ol SV Hlaged
(P<1+8) 55,15 (s 3 sine M) cglite gy b Jole o (sl Siks abEC



w0y s Sacdglio Sy g o slod Sy Bpae pr (lbst 5 dizel sl (Flio S 51,5 b rollSem 5 5y VMo vy

60

a JQ)M a
50 b
b b
40
i 30
5
T 20
[=))
E
10
0
Female Male Salin Tryptophan Day 1 Day 2 Day 3
o
Sy A5 slwoyy p o JgsdS liee (60585905 gy 5 atzel ol iz ol SIS A Sl5g03
(P<el+0) Kyls (o)l imo OS] cuglite gy b Jole ya (sla Lo ADC
50 & -
A S (6 55

45
w0 |

3 3 T T l
(S n
s L [
3 20 l l
D
B |
10
5
0
Female Male Salin Tryptophan Day 1 Day 2 Day 3
Slo
(oS N5 slboyy p o by pndS (65 e 2 (6)10 503 gy g el Sl i ol I3 13905
(P<el+0) Kyls (o)l ime OB cuglite gy b Jole ya (sla 1 Sle aDC
15 )
ol
w1
3
S
>
E
0.5
0
Female Male Salin Tryptophan Day 1 Day 2 Day 3
o

(oS A5 slwo s p o (513 Glize 2 ()50 59 9 el el uin Lol I o laged
(P<o/+0) 355 (gl pixe M) iglie CBgys b Jole ja (sl 1Slo ADC



vy (VO-YY)IFLY linoj idn g Joz (ol pgw 05lod comdlgd Jlo ¢ 2285 ()pils (awlidum (ole dloxe

18

15

b 2,9/
12
I
=
S 6
E
3
0
Female Male Salin Tryptophan Day 1 Day 2 Day 3
Sl
uaLo)f .3]).7 L;thﬁ £y o)9| ul).m » d)lb).gi;?o.i 399 Mi .,\:w‘ > LA“D‘ ul).}l -\ \ )'3903
(Pel+0) 35yls (o)l imo OS] cuglite gy b Jole ya (sla 1 Sils ADC
3
a 5 a
25 ]: M’)’ﬁa -ia- .|.
: T 1
X o2 T T 1
3 15 T T
5 il I
g 1
E
0.5
0
Female Male Salin Tryptophan Day 1 Day 2 Day 3
Low
I

u;Lo){ LSLQ’D)'? £y T4 ul).ua » d)‘.)).gb}oj 399 d.,.:.c] wal > ‘_fho‘ ul).:l NY )‘D’d
(P<el+0) K5yls (o)l ime OS] cuglite gy b Jole ya (sla 1 Sle aDC

ool o (b slod b 5 s o 5 o 9w 5 laress
ael Myl i lizee zgla s .(Sejian et al., 2018) ssl
St 3B o yadiS (sloyy Slys Bpan p gy
S+ g ¥ A0 io pskw 5l (Ma et al., 2012) culy
Co8 (b slmgls 1y (gt 5 dipel asl gy 3 p)5
59y 3 )5S Ve a0l gLt @l b (ole)S i
o3l ¢yf ok plo & G &S GHIS login 5 disal Al
Sid ool po rals s cdl i)l e SUis
N9y 2 ey e aw 0aiS 8l (6ymd SaglS (B yan
153,835 (Byman jgd S |y gt el
Slyss Gyma LinlS 431 Ylazs! (Choi et al., 2021)
et g 0392 LIS g Cdge g 5 G5 b cov

2y o B 5 by gt 5 ke 8l Cos

S5 dom 9 Sy
Lo el s sz el a8 o ol Lol ol s
Loyl d o ;551 (e 5 550 S folan b
w8 lys g 1l Bpae pgS) slod el (olondon
A S 8 le)S eyl ;b Cos (gl ne ysbosy
ozl GLb b )l ixe jobods B lps g poiS) sled
Gyme Lol gy 55 0mly dinel bl oA 8L )3 095
alsl )3 g ialS anelawl 09,5 )5 lanl 3 Shys xess
o bl s jo dlasly cpl jo 8,5 108 dald 09,5 L aline
oaalS Iyl o5 gl iue 0 Siid oole Bruas (b )3
Shygd e 43 ials .(Bernabucci et al., 2009) c.sl
b3 b glse @)l e p3 (ool Sl o0 (B pan
re3S 3l (86 iy )l ShalS g lateds ae



w0y obesdon ccdglio (S g o slod «Slygd Gpan p bgin 5 diel dl Blaw 315 5,5 10, Sen 5 5y Yo v¥

DS ) S ple)S OIS bl 0 (gadey o geysn
-S> kg »> J(Nazifi et al.,, 2003) cowl oloyw
DI 35 i 4 G o3le (i 3 T4 (y90y9m (1920
L Sy sk, ,o . (Steinhauser et al., 2021) cuol suis
o Sl Syt S0y S Oseysh aw (lgin i B0y
s S il 09,5 3 Th &y T3 s Lol 5l L5 aalis 0,5
S T3 4 adloe (oo e nl o3 Joml s
b 5 @il 5l S T3 4 T4 s Yl 598 o Mg
Al e
05 935095 gaw ) 5y sne ol lgin 5 55 b
22095 238 Gl aSeSs oS S9lS e A5 osmlitie Lao
(Sejian et al., 2017) cwl ole,S s kuly s 4 Lol
OBsi 5 (hali8l L aS cunl oyl (y90)90 S J9565505
2l o ! (Koopmans et al., 2006) sob o ials
LS (o0 oS (lgw> 42 85 8L jan (gig e 1B Jdsa
Sy @li= 52 29290 JoiussgS domss 53 9 W8 dblie (o yial L
3o SlS B9-b o sy e iie 3,985k S5 ko
RS 0,8 S (S Gheggy md e (LS ugeVlgen
093 = el @b [l ) bogls g jus gl line (o)
yobs Lingh , (Zhai et al., 2019) cuils ¢, ppw JS
G5 9 10l 09,5 (e (50 ime gl ypos ] e
HLidd e o a8 cwl (Ko cpmogdl Dl LS Bgig
3l (el Ly ol slongely s g Sl
Jy gl S el (Baldassarre et al., 2017)

5355 o0 3l b Cov iy gl )S 5 Job 3 Bign
poisns 295 e agll 9 S ug Mg SRl 4 i
b 59y A9 9 col 5 elas S ole)S 05 4 g8
Habeeb et al., 2007; Kadim et al., ) a3 o (ials
Sgdie JS3k smpe o) L5 Jsb 3 gy Ll (2006
.(Korde et al., 2007; Scharf et al., 2010)
S OUgin 5 (Blao )5 dbawlgay pols Jhagy )
s ol (iS1)S g  yeealS (65 09l ¢ Jg S a5
JoyedS lie Simgiy Sy o edolcussay gl L llon
Cglds ]S 09y 5 & G (2lo)F S35 o5 glglS oy
Rasouli et al. .(Zhai et al., 2019) csly (sl —xe
Ol 3 BolS 55 s JyiudS e 55,5 35S <(2004)
LS iy Sl e s Jpinds il tals e YU

SialS cow aiel awl Blas 5,5 yols Limgh )
el lyd ol gineygbas aald 09)S 3 435 BB Ly
og 4o oleS 5 Ll > B by Gl g 5L
.(lguchi et al., 2012) cwl osis o)l55 was oo, s
G I) 8 ul.:)w L;gln)f uu.u<\§ Cawl 04 o3> uL.uJ o QL.u’l
Lol .(Swanson et al., 2020) sy Lials a0y Ve d9u>
SLagls By olass (gl e 55T SRS lbgiy
o= J=> (Choi et al., 2021) csly ole S s cos
1 1525 il oo digal bl 3,8 B yas bgsye Yioss| G3Ms]
@ Olg> O A 02)555C s &gty abpel dpsl (Blio g,
bwg aeSi 3 ol 5l o3laj pise (Shgs (bgy 52 Lol e,
9 2le)S U5 goyd LB (p i (09555 slod il
P pySFe g ¥ N o zolaw (Mahjoubi et al., 2014)
Co5 (5 s slaglS xSy slod gt 5 il Sl o)
(Choi et al., 2021) cuilss pyd syls ine wl olo,S i
Slie 52,5 (Sle S looym ) 0 G > 42 5]
0‘93@ 4\.‘4{‘) C)"»‘ I .,\,7_315 f:92§) sl u,u.mlf o ulsy.u);
45 58 o )lsl llae oyl &
Fimw lm o3bo iy plotedn Mlgi e (B gt
Choi et al., 2021;) 5445 skl 58 1> pogsMo 5 (yigig
Ols—isdny igigyw 5 owis—Me (Richard et al., 2009
Alg e 5 1S e Jos e 555 0 slod laoniS e
(Choi et al., 2021) 2> gals 1y sle)s jus ol
&5 a8l g 6,50 a5k 1 GigiMe 5 (g
o s ol glsbol el 5l b )S 285 (gl Cuvsy (glod
as ol slis b yiagds J(Sutoh et al., 2018) Wgs o (ol )5
O A9y g (S9lS (398 28 bawgs oadag (slaygey9m
LS s b 5> Slpbie denly 5 Sl el 3 ot
sle S g pials jplatean Slglie sl se )90 g
Cowl oad i3S Lan o ole)S i byl Sdelie
cble a S crwloa s 5,35 .(Sejian et al., 2010)



A (VYY) VoY e oiim g Joz (olo pgm 0ylod omdjlyd Jlo ¢ 055 (6)9il> (wlibum ) (cole alxe

a0 VY glod jd o ()l slroy 4 cuns 31,5 Sl
bl oMl jl o)l cwl poas b 535
2l g i e cptalofl sl ogid 4 gy ossl Cunoay
D35 e )3 Ola 9y 9 (asme Jelgs
ols il g ptalejl ol jlesslcunst; mlis 4 g L

& 85 Wl lgiee (Bgiy slad ) o9y lod g B
e (slod (il b ablie slapuslSe p 156 L (Bgiy 5
BuF bogdie by Wi kulyd 5 el Cunsg dgue sl
oyl (655 e JgydS ol (95 sacdgilio (gt

)85 e (S (35,5 Slayge )9

S1o8 9 K5
gy g (Sladnd oK) p e LS sl KeS

28 o (1,08 5 St (gl pl ploml y3 by oS

8o o)
Dyl 3935 BN g lawg a8lie (5 )le5 digS gun

References

Abeni, F., Calamari, L., & Stefanini, L. (2007).
Metabolic conditions of lactating Friesian cows
during the hot season in the Po valley. 1. Blood
indicators of heat stress. International journal of
biometeorology, 52(2), 87-96.

Avendafio-Reyes, L., Macias-Cruz, U., Correa-
Calderén, A., Mellado, M., Corrales, J.L.,
Corrales, G., Ramirez-Bribiesca, E., & Guerra-
Liera, J.E. (2020). Biological responses of hair
sheep to a permanent shade during a short heat
stress exposure in an arid region. Small
Ruminant Research, 189, 106146.

Badawy, A.A. (2017). Kynurenine pathway of
tryptophan  metabolism:  regulatory  and
functional aspects. International Journal of
Tryptophan Research, 10, 1178646917691938.

Baldassarre, M., Naldi, M., Domenicali, M., Volo,
S., Pietra, M., Dondi, F., Caraceni, P., & Peli, A.
(2017). Simple and rapid LC—MS method for the
determination of circulating albumin
microheterogeneity in veal calves exposed to
heat stress. Journal of Pharmaceutical and
Biomedical Analysis, 144, 263-268.

Bandeira, L.G., Bortolot, B.S., Cecatto, M.J.,
Monte-Alto-Costa, A., & Romana-Souza, B.

Nazifi et al. (Marai et al., 2007a) s cbwl clale
a0 ¥ glod o Laoyy (g0 an S y5)l55 (2003)
eSS s f(2le)S (B Ll 52) 31,8
bl (8L s JayiadS l5e o Lol A oy s
5 Jyb 33 s i1y 45 1535 IS S g
Oiari (e Jsi g Slygd Bpas als Jdsa le)S
Ol Lsesis pluw J(Abeni et al., 2007) aob o 58l
O S glaiaeglS g 9 oy i) g ) el
wleo, > (Wankar et al., 2021) 15,8 5,15 1) b,

OsSa o 9 )3 (198 0y9l (Sle (2le)S L Cou sl

PR g oS e OV 9 YOI ey (ale 5350 9 (sl o)l
S ol sl 018 GRS s aine GS] 8 oS 395

2 2lo)S T 3929l o g (59555 qke S B 0
Ui U pie e dies (Can et al., 2005) coul o1t

Hamzaoui et al.,) 13,5 (5,155 1) gy 0l lise p ole)S
(2003) Nazifi et al. Loy sadplos] jimgis ,5.(2013

a0 ¥ gled jdoad (o )haSS slao,s pyw oyl Lials

(2015). Exogenous tryptophan  promotes
cutaneous wound healing of chronically stressed
mice through inhibition of TNF-a and IDO
activation. PloS one, 10(6), e0128439.

Bernabucci, U., Lacetera, N., Danieli, P.P., Bani, P.,
Nardone, A., & Ronchi, B. (2009). Influence of
different periods of exposure to hot environment
on rumen function and diet digestibility in sheep.
International journal of biometeorology, 53(5),
387-395.

Bitzer-Quintero, O.K., Davalos-Marin, AJ., Ortiz,
G.G., del Angel Meza, AR., Torres-Mendoza,
B.M., Robles, R.G., Huerta, V.C., & Beas-Zérate,
C. (2010). Antioxidant activity of tryptophan in
rats under experimental endotoxic shock.
Biomedicine & Pharmacotherapy, 64(1), 77-81.

Brown, J., Howie, S.E.M., & Entrican, G. (2001).
A role for tryptophan in immune control of
chlamydial abortion in sheep. Veterinary
Immunology and Immunopathology, 82(1),
107-119.

Can, A, Denek, N., & Yazgan, K. (2005). Effect of
replacing urea with fish meal in finishing diet on
performance of Awassi lamb under heat stress.
Small Ruminant Research, 59(1), 1-5.



w0y obesdon ccdglio (S g o slod «Slygd Gpan p bgin 5 diel dl Blaw 315 5,5 10, Sen 5 5y Yo ys

Choi, W.-T., Nejad, J.G., Moon, J.-O., & Lee, H.-G.
(2021). Dietary supplementation of acetate-
conjugated tryptophan alters feed intake, milk
yield and composition, blood profile,
physiological variables, and heat shock protein
gene expression in heat-stressed dairy cows.
Journal of Thermal Biology, 98, 102949.

Ding, L., Maloney, S.K., Wang, M., Rodger, J.,
Chen, L., & Blache, D. (2021). Association
between temperament related traits and single
nucleotide polymorphisms in the serotonin and
oxytocin systems in Merino sheep. Genes, Brain
and Behavior, 20(3), e12714.

Habeeb, A., Fatma, F., & Osman, S. (2007).
Detection of heat adaptability using heat shock
proteins and some hormones in Egyptian buffalo
calves. Egyptian J Appl Sci, 22(2A), 28-53.

Hamzaoui, S., Salama, A., Albanell, E., Such, X., &
Caja, G. (2013). Physiological responses and
lactational performances of late-lactation dairy
goats under heat stress conditions. Journal of
Dairy Science, 96(10), 6355-6365.

Iguchi, M., Littmann, A.E., Chang, S.-H., Wester,
L.A., Knipper, J.S., & Shields, R.K. (2012). Heat
stress and cardiovascular, hormonal, and heat
shock proteins in humans. Journal of athletic
training, 47(2), 184-190.

Kadim, 1., Mahgoub, O., Al-Kindi, A., Al-
Marzooqi, W., & Al-Saqgri, N. (2006). Effects of
transportation at high ambient temperatures on
physiological responses, carcass and meat
quality characteristics of three breeds of Omani
goats. Meat Science, 73(4), 626-634.

Koopmans, S., Guzik, A., Van Der Meulen, J.,
Dekker, R., Kogut, J., Kerr, B., & Southern, L.
(2006). Effects of supplemental L-tryptophan on
serotonin, cortisol, intestinal integrity, and
behavior in weanling piglets. Journal of Animal
Science, 84(4), 963-971.

Korde, J., Singh, G., Varshney, V., & Shukla, D.
(2007). Effects of long-term heat exposure on
adaptive mechanism of blood acid-base in
buffalo calves. Asian-australasian journal of
animal sciences, 20(5), 742-747.

Ma, H., Zhang, W., Song, W.H., Sun, P., & lJia,
ZH. (2012). Effects of  tryptophan
supplementation on cashmere fiber
characteristics, serum tryptophan, and related
hormone concentrations in cashmere goats.
Domest Anim Endocrinol, 43(3), 239-50.

Mahjoubi, E., Amanlou, H., Mirzaei-Alamouti, H.,
Aghaziarati, N., Yazdi, M.H., Noori, G., Yuan,
K., & Baumgard, L. (2014). The effect of
cyclical and mild heat stress on productivity and

metabolism in Afshari lambs. Journal of Animal
Science, 92(3), 1007-1014.

Marai, I., El-Darawany, A., Fadiel, A., & Abdel-
Hafez, M. (2007a). Physiological traits as
affected by heat stress in sheep—a review. Small
ruminant research, 71(1-3), 1-12.

Marai, I.F.M., El-Darawany, A.A., Fadiel, A., &
Abdel-Hafez, M.A.M. (2007b). Physiological
traits as affected by heat stress in sheep—A
review. Small Ruminant Research, 71(1-3),1-12.

McManus, C.M., Faria, D.A., Lucci, C.M,,
Louvandini, H., Pereira, S.A., & Paiva, S.R.
(2020). Heat stress effects on sheep: Are hair
sheep more heat resistant? Theriogenology, 155,
157-167.

Mine, Y., & Zhang, H. (2015). Calcium-sensing
receptor (CaSR)-mediated anti-inflammatory
effects of L-amino acids in intestinal epithelial
cells. Journal of Agricultural and Food
Chemistry, 63(45), 9987-9995.

Mondanelli, G., lacono, A., Allegrucci, M.,
Puccetti, P., & Grohmann, U. (2019).
Immunoregulatory interplay between arginine
and tryptophan metabolism in health and
disease. Frontiers in immunology, 10, 1565.

Nazifi, S., Saeb, M., Rowghani, E., & Kaveh, K.
(2003). The influences of thermal stress on
serum biochemical parameters of Iranian fat-
tailed sheep and their correlation with
triiodothyronine  (T3), thyroxine (T4) and
cortisol concentrations. Comparative Clinical
Pathology, 12(3), 135-139.

Plain, K.M., Silva, K.D., Earl, J., Begg, D.J.,
Purdie, A.C., & Wihittington, R.J. (2011).
Indoleamine  2,3-Dioxygenase,  Tryptophan
Catabolism, and Mycobacterium avium subsp.
paratuberculosis: a Model for  Chronic
Mycobacterial ~ Infections.  Infection  and
Immunity, 79(9), 3821-3832.

Rasouli, A., Nouri, M., KHAJEH, G.H., & Rasekh,
A. (2004). The influences of seasonal variations
on thyroid activity and some biochemical
parameters of cattle.

Richard, D.M., Dawes, M.A., Mathias, C.W,,
Acheson, A., Hill-Kapturczak, N., & Dougherty,
D.M. (2009). L-tryptophan: basic metabolic
functions, behavioral research and therapeutic
indications. International Journal of Tryptophan
Research, 2, JTR. §2129.

Rosa, A., & Pesti, G. (2001). Estimation of the
tryptophan requirement of chickens for maximum
body weight gain and feed efficiency. Journal of
Applied Poultry Research, 10(2), 135-140.



vV (VYY) VoY e oiim g Joz (olo pgm 0ylod omdjlyd Jlo ¢ 055 (6)9il> (wlibum ) (cole alxe

Scharf, B., Carroll, J., Riley, D., Chase J, C,
Coleman, S., Keisler, D., Weaber, R., & Spiers,
D. (2010). Evaluation of physiological and blood
serum differences in heat-tolerant
(Romosinuano) and heat-susceptible (Angus)
Bos taurus cattle during controlled heat
challenge. Journal of animal science, 88(7),
2321-2336.

Sejian, V., Bhatta, R., Gaughan, J., Dunshea, F., &
Lacetera, N. (2018). Adaptation of animals to
heat stress. Animal, 12(s2), s431-s444.

Sejian, V., Bhatta, R., Gaughan, J., Malik, P.K,,
Nagvi, S., & Lal, R. (2017). Adapting sheep
production to climate change. In Sheep
production adapting to climate change, 1-29.
Springer.

Sejian, V., Maurya, V.P., & Naqgvi, S.M. (2010).
Adaptability and growth of Malpura ewes
subjected to thermal and nutritional stress.
Tropical Animal Health and Production, 42(8),
1763-1770.

Silanikove, N., & Koluman, N. (2015). Impact of
climate change on the dairy industry in
temperate zones: Predications on the overall
negative impact and on the positive role of dairy
goats in adaptation to earth warming. Small
Ruminant Research, 123(1), 27-34.

Slimen, 1.B., Chniter, M., Najar, T., & Ghram, A.
(2019). Meta-analysis of some physiologic,
metabolic and oxidative responses of sheep
exposed to environmental heat stress. Livestock
Science, 229, 179-187.

Steinhauser, C., Askelson, K., Hobbs, K., Bazer, F.,
& Satterfield, M. (2021). Maternal nutrient
restriction alters thyroid hormone dynamics in
placentae of sheep having small for gestational
age fetuses. Domestic Animal Endocrinology,
77, 106632.

Stracke, J., Otten, W., Tuchscherer, A., Witthahn,
M., Metges, C.C., Puppe, B., & Dipjan, S.
(2017). Dietary tryptophan supplementation and

affective state in pigs. Journal of Veterinary
Behavior, 20, 82-90.

Sutoh, M., Kasuya, E., & Yayou, K.l. (2018).
Effects of intravenous tryptophan infusion on
thermoregulation in steers exposed to acute heat
stress. Animal Science Journal, 89(5), 777-783.

Swanson, R.M., Tait, R.G., Galles, B.M., Duffy,
E.M., Schmidt, T.B., Petersen, J.L., & Yates,
D.T. (2020). Heat stress-induced deficits in
growth, metabolic efficiency, and cardiovascular
function coincided with chronic systemic
inflammation and hypercatecholaminemia in
ractopamine-supplemented feedlot lambs. J
Anim Sci, 98(6), skaal68.

Wang, J., Ding, L., Yu, X., Wu, F., Zhang, J., Chen,
P., Qian, S., & Wang, M. (2023). Tryptophan
improves antioxidant capability and meat quality
by reducing responses to stress in nervous Hu
sheep. Meat Sci, 204, 109267.

Wankar, A., Singh, G., & Yadav, B. (2021). Effect
of temperature x THI on acclimatization in
buffaloes subjected to simulated heat stress:
physio-metabolic profile, methane emission and
nutrient  digestibility.  Biological = Rhythm
Research, 52(10), 1589-1603.

Zhai, R., Dong, X., Feng, L., Li, S., & Hu, Z. (2019).
The effect of heat stress on autophagy and
apoptosis of rumen, abomasum, duodenum, liver
and kidney cells in calves. Animals, 9(10), 854.

Zhang, C., Zhang, Q., Song, X., Pang, Y., Song, Y.,
Wang, Y., He, L., Lv, J,, Cheng, Y., & Yang, X.
(2019). L-tryptophan promotes the cheliped
regeneration of Chinese mitten crab (Eriocheir
sinensis) through melatonin, serotonin and
dopamine involvement. Aquaculture, 511, 734205.

Zhao, F., Wang, G., Li, X.-b., Zhao, G.-d., Chen, H.,
Ma, C., & Yang, K.-l. (2022). Effect of diet
supplemented with rumen-protected 5-
hydroxytryptophan on the concentration of 5-
hydroxytryptophan and melatonin in the plasma of
sheep.



