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CHAPTER |

,TION

untss a/éotic breed and crossbred.
———

Jreiggsshave been utilized as an efficient

i

tool for the high_milie™ pefEufial ol ol WRiicsian (HF) breed with the
. ARy Yl g_and short lactation of both
. e main problem in the
tropic. The regula oo S=are ene _; lilferent types of crossbred
HF cattle. The#®wver g i 7 et 588 : M poor adaptation have
- ‘ : \ | se of 50%HF in tropical
environment (Chaiy_a rtr-_ -‘i' *;i:_’_r 3 2 id reduction of milk yield as

| 87 59 t"l. F 2imal. The reduction of milk
yield is attributed to € dgGrease ) podMflow (MBF) coinciding with the

decline in the plasma boving S .-.-..-..: Ll concentration. These changes would

account foéﬁ shq Ation -persistenc 8L al., 2000). Mammary blood

flow has b _%o which related to

body fluids W Piaty gland (Davis and
= | —

Collier, 1985). 'iH| genetic is NOttHE"OREEAESE 0! (he proble l' ther factors can cause

the low milk produ |on such as heat stress condltlon Important meteorological factors

! ugingningans.

h|gh midity which may cause exc sive heat load in animals. The effect of excessive

IRTEINTU U Ainyaay

are increment of both respiration rate and sweating rate (Fuquay, 1981; Hahn et al.,

1999; West, 2003). Body water is known to play a central role in the mechanism of heat

dissipation including the process of lactation. Thus, body water loss during heat



dissipation in lactating animals may lead to a decrease in milk yield in cattle. The

question then arises as to whether either high environmental temperature or genetic

itself influences lactation persiste agses the decline of milk yields as lactation
advance. \\H / ;

Somatotropin | m the pituitary gland of all

vertebrates. The ' ine ‘natoWncems with growth and

lactation. Dairy cnﬁg/ ( Is S Faic rease milk production in

both normal thermg iro %elal, 1988; Johnson et al,

insulin like gr _
'3 ¥ = . - L '-I L .

1990; 1994) fO}J - o p tha R Udic e Wgllactating goat has been

shown to increaseglf milff py oiiohf of I8 by directly increasing of

mammary bloo ogpcver, X --""__ pistrafioh Nk O®@n reported to stimulate

plasma IGF-I and i ﬂ | ICBlularf ;, d%oldelka me in humans with severe
GH deficiency (Johanniiéon bl 2002) e the H”-. tion of IGF-I may be directly
i’f;’

involved increase mamma ':.J;:*. a. 'O Yy pass by increasing body fluid. A
study in crossbred dairy O'—__;,.u ,T"E’Tf 7
may exert theYga 'nEI body water (TBW)

:ﬂwts th
2007). However, long term exogenous rb

fDOST on increasing milk production
and extra cﬂ' afnmary blood flow, in

distribution nuteH (Maksiri et al., 2005;

Chaiyabutr et in 87.5% lactating HF

animals have bee‘ to increase in IGF— mmary blood flow and milk yield in

AUBINENTHENT

late lactation. These changes will I‘ considered to be tors that influence I

FRIANIEN ANINHIAY

relationship among body fluid and mammary blood flow relevant to milk synthesis during

administrations of bST in crossbred dairy cattle. Although it has been reported in human



and rats that GH can affect on a significant increased fluid retention always associate

with changes of the kidney function especially hyperfiltration, antinatriuretic and

antidiuretic (Ritz et al., 1991; Hirsclyeg ' i opple, 1992; Dimke et al., 2007).
The kidney is a , regulation of body fluids and

compositions. GH has“e - ., modynamic and renal tubular

1956, Falkheden o S| y ot e B Jaffa et al., 1994). In many
mammals, th r 1400 re 7 &L ONgh Rert the direct action on
renal tubule or i ’ gedial " s of GH on renal tubular
function would stimgffat | $reabtor s¥gRgment of tubule including
proximal tubule y 1989, iz __ : ). ta"@bule (Moller et al., 1991;
Johannsson et al i \wHich %hes E, u"\_l A& of the renin-angiotensin-

aldosterone system ( al., H"—: P4: Moller et al., 1997). Growth

H A1 l*
P

hormone also activates an [Nefease I ine: lldosterone concentration coinciding

with increases in IGF-1 a ‘5—" F.‘-’*TT Bl oL et al., 2001). Furthermore, GH

directly aff@

shown to of
p

1.

to renal functi hanges particularly renal hemodynamic an

CE’ d water has been

ctivation of Na', K,

ﬁnism of rbST in relation
11

al tubular function has
not yet been eIucm‘t

, 1992). The greater heat stress |‘reported in some ers when bST admml

Qﬂﬁ@ﬁﬁﬁﬁiﬁd’ﬁi@ﬁﬁﬂﬁ”ﬂ

Furthermore, there was an evidence of the reduction of plasma concentration of

2CI co-trans

triiodothyronine and cortisol in cows supplemented with bST (Manalu et al., 1988;



Johnson et al., 1991). However, it has been suggested that even though bST increases
heat production, it also increases heat dissipation (Johnson et al, 1991; West, 1994;
Tarazon-Herrera et al., 1999). Theseyle ; f ay be leading to unchanged of metabolic
hormone. Previous study fQ % afl the Q/ f milk production occurred by the
effect of bST under he QRN / lasma levels of triiodothyronine

oL @5 Zoa-Mboe et al., 1989).

interesting for study.

(T,), thyroxine (T,)
Thus, the confli

weeause milk compositions
lead to decr ghat NG T \rg@gvirctimental modification to

lactating dairy cowsfA nfmige . 1cbtnidu | Ve haen 8cd to alleviate the effect of
high ambient te j i NG de A& B/ shade, fans, sprinklers,
and dietary modifi ﬂ" (BE ""j' e/ 10386 ba ot al., 1994; Chan et al.,
1997). The evaporative q_.Af.'ZEs%.""’ cctal H'ﬂ peratures, sweating rate and
respiration rates than 'r.;:.. Solelic Armstfong et al., 1993; Chen et al.,
1993). A greater milk “":_'-/,_:‘.' ' en reported when compared with
- ) =
those Cowiraei [ tiin f sweating rate and
respiration E afer pool and plasma
mammary blood flow

electrolytes coj’cjnt asmiw
1l
(MBF) in distri | ion of nutrients to the mammary gland for i synthesis. It is known

that the regulatlon‘m water will involve bof@life concentration of sodium ion in ECF

AU NENINEANT

renal tubular sodium handling will t‘other factors |nvo| changes of body ﬂu

RIANNTU ANIINYIAY

The roles of bST on lactating performance in crossbred cattle under appropriate

controlled environmental conditions have to be investigated.



Therefore, the present study is performed to investigate the various physiological

response and the mechanism in response to supplementation of rest under shade with

or without misters and fans in tage of lactation. The effectiveness of

supplemental recombinan and misters and fans cooling on

’Mody fluids and mammary blood

). I\/‘eove leka of plasma hormone levels

milk production relative

flow were investig

for IGF-I, thyroxi ring rbST administration
in different stag gsshbre isty-fan cooling system
were carried Out g . ) C : | defee. of this matter, further
: o - gipechianism of renal tubular
reabsorption in.r ; _ _ 4 ) ; ] 1 ». . put mister and fan using
measurements of i '!'. afance | ( ; W ORMasopressin and aldosterone
(Chapter VI). Al y 6 ‘l nie . * TRVAY) Ssed the general discussion

(Chapter VII).

AUEINEN NGNS
IR IUNNINGA Y



CHAPTER I

Bovine somatotropin§

Bovine somat in, i ide=h oduced by the pituitary gland

located at the baser__gf- | g &/ Baib. ft -o hormone is regulated
by two peptid e g \ _ o SER "y ses release of growth
hormone and @j '7 Ie hibiteR 0l = ) e matostatin inhibits the
release of growth g 9 - AT R ygrowth, development, and
other bodily fl iong \ ~INE regsn A 0g M8 2bles new strains of
bacteria of an Eh / f ¥ o4 iUt ‘E:. | . inaMBMOST. Recombinant bovine
somatotropin h i ofe! ' ) 00 .' amino acids found in one of

; | ,
the pituitary formsy I .i' * at the '*.'i in@jacid methionine, which is

already found in pitui ":_ - d fOialanine at the NH2 end of the
chain. Based on extensive a ISis—recom bST and the pituitary bST forms have

fi'f-,,

essentially the samg ieal activity. However, Bovine
somatotropia i yone and is biologically
inactive in tReAul

i
bST is a complgxjprotein tha

and peptides and ndered ineffective when it enters a cow’s digestive system. Bovine

Gl UHANNINYINT.

o amino acids. Thus, to g|ve daily injections or use a prolonged-release

qwﬁfﬁﬁsmm NI NYI8Y

time intervals ranging from 2 to 4 weeks (Bauman, 1992; Muller, 1992).

; | i@ cows. The hormone

o
Taown into qﬂll, inactive amino acids



The mechanism of bovine somatotropin

Somatotropin is a homeorhetic controller that shifts the partitioning of nutrients so

in cows. The biological effegl ] foaf con be broadly classified as either

somatogenic or metal aliEm® ', . (GH) on somatogenic, growth

hormone stimulatg _ e@ect action of somatotropin
which mediatedﬁr‘-.J tabdlic efEsts ction of somatotropin in

absorbing nutrie oS | inat Walisey of various body organs
and tissues. Theseg Jche Ny ficSte. M [@lolism involve both direct

effects on livemand isfties ahc 40A c e B8ts nBBlated by IGF-I for the

mammary gland ) _. e 28p0R : 8 invallie the metabolism of all
nutrient; carbohydrafs, #bidl, Wotdinsiikndlh iflcfele. Whaddition, it is thought that
blood flow to th , marylenes 'l-. Aec Bi@od carries an increased

amount of nutrient ile oilk —:--3' gn¥M "'.. cnts are extracted from the

nd, whiehTmpro icienGilof

Several studies (Bfrber ety :'f?: 992)%upported that the role of IGF-I

blood by the mammar lilk production.

are mediators of GH. Injectigf=of i nio 8. artery has been shown to increase
JeCl ﬁiﬂf—ﬂ% y
blood flow 990; Prosser et al.,

1994). An i e in both mammary

, own after exogenous
1

“all 2003). However, the
galactopoietic eff@' H is not associated he plasma level of IGF-I as lactation

AULINENINYINT -

circulating GH, mammary blood rovfnd milk yield ( Cha utr et al., 2004).

Qmmmmumfmma d

Bovine somatotropin (bST) is an important control in the coordination of nutrients

n

il
blood flow aRd
\

administration MrbST in 87.5% HF cowls (Tunwattana et

{0 support higher milk production. Initially, changes in the partitioning and oxidation of

key precursors such as glucose, amino acids, and free fatty acids provide additional



substrate for milk synthesis. The effect of bST on an increase in milk yield fist well

documented. The experiment of Bauman and coworker (1985) studied in high yielding

cows, after recombinant bST a iop would increase of up to 40% in milk

production. Milk yield gen (average 10 to 20%), although

: (l/u ST
the response varied& ﬂ one where milk yield gradually
increase over the fiStafewsdays-of bS‘reatWeS a maximum during the

first week. If tre s to pretreatment levels

over a similar ti ®eftinucd, the increased milk

extended perio i - v ré ,' 8 rd@ce the response to bST

TR

. { Y.l AN |

During bST adp@ihistraionsthder® mbichtfemperatures, the optimal bST
I' e

dose may be lower _- Ve ’raction of ambient heat load and

increased heat productions '

15% (~4-6@

care of the ﬁ i

eld responses are increase of 10-

e@

management and

ement and care of

the animals aﬁlll t|vm'|en lactating dairy cows
The concentrations of milk composition (Iac1 , fat, protein, minerals

treated with b

and vitamins) are‘ as a result of factwsuch as genetics, breed, nutritional

AUBINENINEING

observed during bST adm|n|strat|o‘has been reporte Mohammed and J

q RIRNNIUNRINE IR

reported no change in milk fat percentage even though there was an increase in total fat



yield (Elvinger et al., 1988; Staples et al., 1988; Zoa-Mboe et al., 1989). Milk protein did

not significantly increase in the study of Johnson et al. (1991).

f milk production and provides

1987). The m _ IFC ez ] t upon the increase in
nutrient density of the

diets. The nufrient ggftitighing ekoohbelid L&l TR-tle Rt supports increased milk

yield particularl [ ‘ r Dxidat x“l- OiMicttys@cids and the sparing of

glucose by perip 98 UaS ™ Fhe-Iner d -'-,._ 2 tilization by the mammary

gland may in turn proi' e a Sl ing "‘n.. il intake (Bauman and Vernon,

F i’ﬂf.r".r
1993). S22

Effect of bST dry mete ""!:?'ﬁ"“?‘» 8o\ to increase in a linear fashion
t - :--r"{;‘ . ?#r#‘-."
with bST deSa (Ve s ingCows administered 20

mg bST an rease in fat corrected

il
milk (FCM) yieldsjs OF kmi
\ |
apparent efﬂciMy of production. Improved apparent efficient

noted in other stu‘e uman et al., 1985; E”rd et al., 1985; Elvinger et al., 1988;

AULANUNTNEIN 2

appears to relate to the dilution of‘é feed costs for m tenance in cows hlg

QW"I“Nﬂ?ﬂJNW]'JVIFJ']ﬂEJ

Effect of bovine somatotropin on mammary blood flow

ading to an improved

f production has been

The mechanism of BST for increase in milk production has not been clearly

delineated. The increase in mammary blood flow could make a significant contribution to
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the availability of milk precursors, thus leading to enhanced milk synthesis (Johnson et

al., 1991). Control of mammary blood flow (MBF) may be a way to control nutrient

35% concurrent with a 2 ° > f fighigh_in bST-treated cows (Davis et al.,
1988). The study in bot™eE E )An)n}ase in the plasma IGF-I level in

— _men@avisr 7 lay et al., 2004). There are

response to growt

abundant IGF- t, attempts to detect ST

receptors in bovi (ertler et al., 1984; Akers
et al., 1985; Keys gt ; c \ ofy Bucnammary gland with bST
had no effec i leDawe - Seu estigations show the
effect of rbST g 2 indk a DN By IGF-I (Capuco et al.,

2001). Other researgffes #bve 5 strateg e cC@ifect of IGF-I on an increase

in the mammar wifand inerease ik O U8kio™@cre noted (Etherton and

Jci 30kl tion and udder blood flow
has also been noted in F ctatindie pre tre il with rbST (Tanwattana et al.,

2003). Linzell (1974) *epo {datrar -..aa--.» pf roST significantly increased blood

bieved in part local vasodilatation,

tio firm that mammary

thesis and follows the

flow though the mammarys 'r_{_, ]
ib

11
n which correlated with an increase in miI‘j‘

Causmg in

blood is mae'

pattern of cha

blead flow was apparent in

IGF-I administ eld. A role for IGF-| is

also consistent wilh &ervations that IGF-I dgllatically increases blood flow to the

Ausantningn

1996)

q RIANNIAUNRIINA Y

Total body water is estimated to ranges from 75 to 81% of body weight in dairy

t appears

. Prosser et al.,

cattle (Kadzere et al., 2002). Sources of water consist of drinking, feed, and metabolic

(oxidation) water. Losses include water in milk, urine, feces, and various types of
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evaporation. Milk contains about 87 percent water. Water is the most important nutrient
for lactating cows. It has been reported that somatotropin plays an important role in
water regulation and probably re : jhe, galactopoietic effect in part through
increases in total body watg 2nd ¢ f ater (ECW) in association with an
increase in distribution e e &or milk synthesis (Maksiri et al.,

R It h‘ beca=epadededpet supplemented with bST

2005 ; Chaiyabut

significantly inc """_H of Fnimafgieio ] y lipids (Chiliard et al.,
1991). ‘ NN TN

The study pe deficiency (GHD) is
associated w llular water (ECW). |
patients with G body weight, TBW and
ECW. The physiol@fic . . r _ ™ B&ies (human, rat, dog and
sheep) have begf si . such, & __ e i i which related to IGF-|

-

(Christ et al., 199 g’ G 'T;h;-;’: ' H Qif&ct action on renal tubules
sodium handling. GH"’ 0 .__...:15.3; psorpliolk of sodium and water in distal

tubule (Johansson et al., 0 water retention, but not all studies.

In some study, it has ;f_,, ;""" contribute to fluid retention by

activation (@ re
y i@n in dairy cows was

Hox‘
iﬁé . re ﬂected on fluid retention
! 11
and may be relai€d to renal function in dairy cows. : l

Eﬂ AN INg, ...

amm . GH administration causes‘creased glomerular filtration rate (GFR) an

ARIRNTIU AN, INYIAY

production. Acute infusion of GH has no effect on GFR in humans (Parving et al., 1978).

Rats treated with rGH have shown no change in the estimated GFR (creatinine

clearance) as well as no change in systemic IGF-I. The report of Hirschberg et al. (1993)
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illustrated of the effect of GH on induced IGF-I and stimulation of GFR. The study in
healthy adults received a bolus injection of GH, plasma GH levels peaked after 2 h, and

then began to decrease back tow,

IJ e. Plasma IGF-I did not change during the
first 5 h after GH-injectio ' er did GFR. By the second day,
plasma IGF-I was elevy e ’ ack at baseline, and GFR was
significantly increa irschbei GH, acute effects of IGF-I

on GFR have beﬁﬁe/_ nang (Hi : 3) and rats (Hirschberg

et al., 1989; Bau with IGF-| is associated

with increased GE ‘ 9 Y irSelibera et al., 1993) and rats

(Caverzasio - ' , ; A9 . grg artl Kopple, 1992). Both
GH and IGF- }r ' ?' GFR. by réglucing aheh ek cfferent resistance and
increasing the glorg - i atit ,‘E-;r cf WBerg, 1993). These findings

| A
have been confi . hbe f hole (TORRM-t SRR and renal plasma flow

I L1 \
were increased d 'f -1¥in %—:‘- FNESE” Changes, afefinssociated with decreased
! ! { y " " .
afferent and efferent agi@riolar #€s b::;. hus filtr@iion fraction does not change.

The vasodilator nitric Oxide ig=theu .-:.. E E rtly mediate these effects (Haylor et

al., 1991). In addition, thefs ,_ ;T'E ! §lO91) in healthy volunteers using

extractive 'rare “ fetfiv

(ERPF) and
i
|

of the kidney to G‘ be mediated by IGF‘}After onset of the IGF-I infusion, RPF

AULINENINGINT .

finding supports the hypothesis ‘at IGF-I med|ate e effects of GH o r

QW‘TMﬂﬁﬂﬂJW]'JﬂEI']ﬂ ]

renal plasma flow

H was delayed and

occurred at the=dam -| Is, whereas infusion of

rhlGF-| prompt:j:creased GFR and ERPF, indicating that th

emodynamic response
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Effect of growth hormone on renal tubular function
The action of GH on renal tubule is not fully elucidated. In human, GH receptors

are expressed in the proximal a ( fyHenle. IGF-I receptors are expressed in

proximal, distal, and collectig £oigh| and basolateral membrane. Many

studies have been powgmact _ of GH and IGF-I on tubular

conductance througl jor ackivatioh ‘i isi2™Wlbulc (Gallego et al., 1995).

1989). Thus, IGF3 difteffne offec A SR 2 8 tion in diistal tubule.

It has Deen Wthoe Sodidhn A8 W rS@iping rapidly by the effect of

GH took place 4§ istlll tubuls "l'-.. Oy%en W@llcraction with the renin-
angiotensin-aldostefgile | g @M W0 -aNGBIN A% LeMlh-AWo00; Moller et al, 1997;
Johansson et al., et .""., 1999; Johansson et al., 2002)

ol ol p?-&'a . ; -
have shown that the p var,-- S f OC! rease in plasma renin, which in turn

will increase serum an |oi Sin 7 and«the Blbscosc directly the sodium retainin
g ,--"' f“ﬁ‘# Y g

effect in r ﬁatu jotensin-aldosterone

system is r , GH administration

in GH-deficien

il s
et unded that the extracellular

\ il
swjbut the plasma volume did not change. Plggna renin, angiotensin ||

and vasopressin ‘dﬂ change, and aldo e tended to decrease during GH

FUHANENTS NEANT:

have suggested that GH-induced @I in plasma atnal&nurehc peptide, Wh|

rIaNI NN

reduced urinary excretion of electrolytes ( (Na“, K', CI) which may be involved indirect

volume increa




14

activation of renal Na“, K, 2CI" cotransporter in the medulla thick ascending limbs

(MTAL).

cows in hot condition are still

decreased i : ; ) ik e Th N b1 72 to 81 (Johnson et
| & .. d a greater decline of
milk yield response, Amilk Y ic . . Pg\vorkers (1990) reported in
rbST treated co . O me i i HI of 85.8 and 71.5 that
: 0 ‘A& o.m. and p.m. milkings,
respectively. Cow ) ~l|"'., cld, but the response to bST
depended on the preffeat r::i:___ ilk yfeld in pretreatment production
had a greater milk yield respORE --:‘;"&ﬂ i llBe higher milk yield production (both

'4"1{"

in kilogra ved milk yield that

occurs in r ts for greater heat
stress with th abolic activity and heat

e s =
\ il
production as;iiﬁlaated with higher milk yield (Igono et al., ). During heat stress,

administration of t‘v omatotropin mcreaswnk yield by 4% and heat production

gum nansnyInNg.-

1994). The bST-treated cows had @her heat product| (19 and 25%) and h

RIANN TUUNIINYINY

cows during bST treatment (Manalu et al., 1991). Total evaporative heat loss increase for

cows in high temperature versus thermoneutral zone and for cows receiving bST. Cows
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receiving bST and exposed to heat stress conditions perform normally when the

additional heat is dissipated. Rectal temperatures of controls and of cows receiving bST

have been shown to diverge as t ] gjessed, reflecting increased heat load from

ambient conditions and t ipate the greater heat production

associated with greate' ' [ il ield are sharply depressed at
high temperature A @imi ﬁkemperatures (Ragsdale et
al., 1953). A stW dmnes that THI was relatively
constant, rectal. Bie different from those of
controls only on_thas LN N(SMBR, ot al., 1992). Thus, high
milk yield co D eftsunt 7 i 1 SyEtion O bST will have greater
heat stress and - | . 8 7 . 8. cows only (Elvinger et

al., 1992). Howevergmilk i L T Yo Ik f&ion show tend to increase

iR 1
during summer, 4 , : 0 WoinWl Kk yield with bST despite

The response COW,_ 40 :r-l—: g -~|". on the rate of milk yield, an
environment to whi d management strategies. Many

technologies and practicess

ambient te@

during expct' intain sufficient DMI
to sustain the ﬁnt

teshnology (West, 1994)
|l
Physiological resp‘ﬂdalry cows to heat st

1483 i’liimmmﬂ‘lmzﬁiz

normal body temperature of a dawy‘ow is about 38.61 ¢ Body temperature |s

q W‘T ANTUUNIINIAY

critical value which is exceeded about 26 °C, the cow begins to show signs of heat

igh yielding cow exposed to high

S tEO

il

administered bST

stress. Environment factor influences heat stress of lactating dairy cows such as
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ambient temperature, humidity and radiant energy. In addition, lactating dairy cow is

particularly sensitive to heat stress because of metabolic heat load, as a result of milk

synthesis, is proportionate to prog (Beede and Shearer, 1991). Currently,
both ambient temperature ined to derive the temperature-
humidity index (THI) il (THI) is commonly used for
assessing thermal 21994) (s sug@“ calculated from dry bulb

temperature an '_—P-rt | | y IeSBIN0.0" onsidered comfortable.
When a mean dajly : ( ' ¥ould be in heat stress. THI
cows being s or normal body
temperature. 4

During heat#p . SC.res NOR rSging heat loss mechanisms.
As environmentgh te J [ 'l - rowgghe effectiveness of for
dissipation of body aE, F rd| ion. o '40 'a Il"-. o) tion will be reduced. From
these results, a greate ‘ tion of m: .' {rom h\‘x skin surface and a more rapid
respiratory rate is ne essaly 46T ince. The importance of water as a
medium for ridding the 900\ ;: :

il""’t

respiration (grégtl he '.- ever, high relative
]

ess heat through sweating and

high environmental

temperature, oﬁé c he=8ow's cooling capability,
! il

and body tem | ture rises. Body responses of the cow to tﬁerature above the TNZ

are varied. These‘enmses include raised igg#fration rates and rectal temperature

AUBINENS WEAna

Goddard (1986) reported that the r‘plranon rate Woul in to increase abov

RN TUUNIINY A

reported that lactating cows dissipated heat by evaporation from the skin surface with

sweating (85%) and the remainder was due to respiratory system by panting during
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exposure to high temperature and humidity (Kibler and Brody, 1952; Finch, 1986; Maia
et al., 2005).

Physical responses to he

dairy cows appear to be breed-specific

(Finch, 1986). The Bos indj

stress than Bos taurus e
breeds are attribu vels‘ada

(1983) has sho

ds are less responsive to thermal
ﬂe to heat stress between cattle
mﬂwronments. Sharma et al.

)e Jersey is less sensitive

to thermal stress

2 in dairy cows

m p, Of reduced milk yield.

precisely the effects g thalferyhd} 8% 3% Ao dissipate heat. In Europe,

' exceed 72 and decrease

milk yield of cow fias s ight clecre hen they T
.ﬁ.ﬂﬂ

sharply when THI ex@®ed ,’ ) ] virominents on cow performance is
apparently mediated thr_ ifj:L.’:r'—ff"”_f— ' re of the cow. The mean daily
refr« temperature when

compared WiH-miRiRuiR=anc=mfaxifui=teipeiatuies=(al o= =hd Sarpong, 1991).

il 1

Each 1 °F INCrgpse ' I--_' ulted in 4 and 3 Ib
\ 111

decreases in Myield and TDN intake, respectively (Johnsd@t al., 1963). Holter and

coworkers (1996) ‘pﬁj that the minimum d HI was more closely correlated with

iﬁm HANEMINGINT -

(197 reported that DMI and milk ‘eld for cows in m||d actation were reduced y ot

ARIRINILM AMIINYIRY

total nutrients.

temperatur d
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Water metabolism of dairy cows during hot weather

In dairy cattle, total body water is estimated to ranges from 75 to 81% of body

(Silanikove, 1992). i s f‘ -t appear to increase their
'l \
total body watery - -"ui‘ aRfluic'@8 well as the rate of water

turnover (Macfarlan ;8 et-al ) A IIRc3SBS plasma and extracellular

fluid volume in proportiofifito thednd ."J’éﬂ : req ren ent of the stressed cows.

|}
-
ol ol il
I

Effect of cooling on heat str 1 Ttake and gl in dairy cows
AN
Envrime ition 8_heagt™stress in dairy cattle
SUCh a5 ShatE Water-spray=anc-ian=-aRtrovaporative-coonagm(2 strong et al., 1994).

Shading inaT emperature by 2% to

23.2%, and improved

il )
q;, h rect
i

i ate by 29% to 60%, improved DMI by 6.89 l

4.1%, respirati
milk yield by 9. 4‘Vfo .7% compared with aded cows (Schneider et al., 1984;

aﬁ;u HANUNT meﬂ”tmis;;“;i

Ct of two different Coolmqsystems on physiglogical responses dur|

q RIRMNIUANIINIAY

temperature and respiratory rate and increase in the comfort of cows. The
implementation of a cooling program can increase in milk production and improved

reproductive performance (Ryan and Boland, 1992; Armstrong, 1994). Similarly, the
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study of Chen and coworker (1993) reported that cows under shade plus evaporative

cooling had a higher milk yield (2.5 kg/day) and DMI, but lower rectal temperature and

respiration rate than cows under s“’?

Effect of heat stress on

______
AlHITHIL LS

may be substanW‘ 7 Tak bovine sweat are K,CO,

. ‘ 'l R 58 " jon loss through skin
secretions has beeng Afriho e o Dlep { Yelime rature from 35 and 45 °C
(Johnson, 196#" C ( eftg highh ts . pow Tekal compensation with
decreasing ra{te 7 T | “« giion of Na and renal
conservation of Kt ’ II__L. g .l 1% 3 ;e . Plgsma aldosterone level has
been observed g in,. eaf ol"'.l' &% stalys (El-Nouty et al., 1980;

Beede et al., 1982) , 980) ",._ u'ﬂ d that reduction of plasma

tin Ein con 'ecte 35 °C of ambient temperature,

aldosterone were ppa(r
r"" e ﬁfs . .
which was associated®with sk ':{ [ sertim Na level, increased urinary
N ) - .
Na excretion, and decreasgO=S SIf: $Erum Reduced plasma aldosterone aids
A= AL AN S
in conservatip Q e‘izhnment showed no
. X " - .
alteration | of edUjatory mechanism of

i
kidney. In cont

ﬂummmmmmm

hom%ta&s Reabsorption of mosti the tubular sod|um occurs in the proxmal bule.

ARIANNIU AN TINYIAY

cells. When the sodium ion is reabsorbed, the positive charge of the sodium ions causes

L]
S& during prolonged heat

€3S
.||
L

expose (Alver

passive diffusion or co-transport of negalive ions such as chloride ions. Then the

cumulative reabsorption of ions creates an osmotic pressure difference that move water
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though the membrane. The epithelial cell is so permeable to water that almost the same
identical proportion of water and sodium ions is reabsorbed. For loop of Henle, about 27

percent of sodium is reabsorbe

percent to enter the distal tubules. In

. Therefore, the concentration of

limb before it enters the distal
ﬁontrolled mainly by the

nd K'. Li" enters into
arance technique is an
ter from the proximal

Q8O0 in the proximal tubules
& sorption or secretion occurs

in distal nephron ' 34 )90). pf [ithium is delivered from the

straight proximal tubul€s ( ,’.",’ .-' amolint is excreted in the urine (V x

ULi)‘

Where; TF‘a , are the concentrahvf lithium in the proximal tubule fluids

ﬂz!ﬁ’inﬂ:ifl mmm:::; :

unree sorptlon of the substance ?I’ Na’, In and H 0), the concentrahon

ARIANNIU IMTINIAY
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Sub- % of Concentration Flow or
slance fliltered clearance
HyO Ma Liln mil/min
Glomerulus
i) i 120
-------- - . f e Pra 120
: Py 120

Pranimal
120

tubule  y_odlm

a0
a0
30
120

1.2
1.2
1o
120

Figure 4 iegt Y i in comparison with that

\ broximal tubules is equal to the

The fractional dg f 4 nat d of tf
fractional delivery of sodiu 7 ubule. Li" is not normally present in

body in significant amount8 ansported through Na~ channel or

actively re@r

(Holstein-Rathlou,

[Jjtubular reabsorption

of substance ?" m d Kashgarian (1979)

;j X ;ﬁ
demonstrated et Li was reabsorbed in the proximal tubule he same extent as Na"

and H,O by usmgﬁmncture techmque thhe TE/P),; ratio bemg 1.0 at the end
of i

|@ted t'b | re%o ﬂ ' tal"gonvoluted
tubuv 1 collecling ducts. However, the Tubular segments between the lale proximal

convoluted and the early distal tUbL‘S are not acceSS|b micropuncture. The

mﬁmﬁﬁmmmmm

late proximal convoluted and the early distal tubules accords with the notion that lithium

is reabsorbed to the same extent as sodium and water in the straight proximal tubules
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and that no measureable amount of lithium is reabsorbed in the loop of Henle. The
lithium clearance is measured the reabsorption of water and sodium in the proximal

tubules and in the distal nephron

Effect of heat stress on

Hormones

which is pro
hormone (bST) A woh improved insensible
heat loss and ‘egql _' 8 nd fi -‘ | ol 1991). Secretion rate of
growth hormone, J vy i f ; at-uré ‘ I ti concentration of these
hormones may be, . ' ted Viuth® ] a H o pf cattle to chronic thermal
stress (Collier et ..- 8. Jitic A 8| «i"".l se Yo heat stress challenge is
often variable. West e#al., ljz;_‘ 20 '-': bffeCts of increasing fiber content of

the diet on the response e T-i_-',lﬂn d W gported a linear increase in plasma
r '-_./ !_ff' #

e
cortisol. @
Effect of growth=h olra'-_-'-
@.
Aldosterone is a steroid hormone. It is the major mineralcorticoid and it therefore

AubInaniweang

merulosa of the adrenal cortex. Aldosterone is normally released in response to

angiotensin Il and potassium. Aldgterone acts on thé=Mistal tubules and co in

PRIRNTUNRTINE I

increased water retention, and increased blood pressure. The overall effect of

aldosterone is to increase reabsorption of ions and water in the kidney. Aldosterone has

three main actions:
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1. Aldosterone act on the nuclear mineralocorticoid receptors (MR) within the
principal cells of the distal tubule and the collecting duct of the kidney nephron,

it increases the permeabili

gical (luminal) membrane to potassium and

osphorylated form of the
sodium (Na') ions and
water in ; £ s oo} Tt ®dns, into the urine. (Chloride

sodiun cations to maintain the

2. d cells to secret H',
i8.acid/base balance.

3. P@§terior pituitary gland in
central nerygls ,::' ' 5 S ater by direct actions on

renal tubular r. . .
Cortex, is involved renin-
angiotensin stem [ with eRotassium, and the
potassium fecegCrSruEtivoperatveywer=ro=amoroteno) 4 is present. A small

portion of t/& i § Place indirectly from

decreased blod low through the TIVErate 1o constriction of gffillaries. When the blood

flow decreases, aI?st one was destructed byﬁr enzymes.

AULINBNTNEANT

and (Ho and Weissberger, 1990; Moller etal., 1991; Moller etal., 1997; Hansen et al.,
2001) After GH-administration, Plgma aldosterone isliSMner reported to mcreu or

RN UAIANEIAY

q Johannsson et al., 2002). However, GH administration of adrenalectomized rats for three

days showed an immediate decrease in sodium excretion, in the same manner as

normal rats (Stein et al., 1952). Moreover, within 24h after GH-administration, sodium
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retention is observed in a bilaterally adrenalectomized patient (Biglieri et al., 1961). It
therefore seems unlikely, that either the acute and chronic effects of GH are mediated

through aldosterone, although m of aldosterone levels may be involved in the

compensatory changes d

Effect of growth @ or antidiuretic hormone

(ADH)

isulfide bond. In most

causes a rise in AD uliic|e8n. ¥ o (88 Jelggested that the immediate

stimulus to ADH tilh migk e the jbutio "l._l blood from the center to the

periphery of the animél's ,’T"‘i”"‘ﬁﬁ* e dildtation of the skin vessels. The

consequent alteration of t &1 1..;? .-.__;

= '..-“y-‘
might eIicitaﬂ—( Ye

eceptors in the heart or main veins

aIﬁ@?G) found that ADH
..

nervous system=go jsssUggests at least some

* p
connection beﬁen neurons responsive to temperature afjdlithose concerned with

releasing ADH fro:“tmeurohypophy&s The rthermla in bovine is associated with

ﬂuﬁﬂﬂﬂﬁﬁﬂﬂiﬂnﬂim

did n change systemic AVP concvtrahons (Ho and W |ssberger 1990; l\/Ioller

ARIRINIEU. IN1INYIAY

that chronic GH-administration stimulates renal transport mechanisms independent of
AVP. The similar resull appears (0 be the case in the acule selling. The study of Biglier

et al., (1961) have shown that GH injection in a patient with diabetes insipidus showed
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the same acute anti-natriuretic and anti-kaliuretic responses as normal controls.
According to the phosphorylation of Ser256 and changes in subcellular distribution of

AQP2, this is a hallmark of vasoprg

(Nielsen et al., 1995; Fushimi et al., 1997;
sen et al., 2000; Zelenina et al.,
er rGH administration has been
as the apical a se results suggest that

vasopressin is u o0 ik ot al., 2007).

,) concentration
rmone secreted by the
. N controlled by a thyroid-
'o uitary hormone. TSH is
proteolysis of the thy g 0 y ele ., and T, into blood. Thyroxine
is formed by the mOlecujir addjjifie 7‘?’:‘ r [ aCld tyrosine. T, is transported
in blood, with 99.95%00 tElaes __“if‘

physical deyeomen

ein ®ound, principally to thyroxine-

ansthyretin and serum albumin. T, is

heg#edy and influencing
e

In calliggp€ oy from thermoneutral to

heat stress Mdition (Mohammed and Johnson, H, High environmental

temperatures red@ roid activity, leading WCreased plasma concentrations of T,

ml b ‘lﬂﬂm nyIn” e

unde eat stress. There is no ew?nce of both reduc d number of bmdmg

q mmmmmmmm

(1982) founded that the reduction in plasma T, and T, was positively correlated with
excretion of T, and T, during heat condition. This result suggests that environmental heat

reduced synthesis of both hormones. The decreased in T, and T, plasma hormones
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concentrations may be associated with metabolic adaptation of cattle to chronic thermal
stress. For bST administration, Capuco et al. (1989) demonstrated that exogenous

bovine somatotropin (ST) incre

tivity of thyroxine-5'- mondeiodinase in
mammary tissue of cows. ‘ ration trend observed in TS could
control monodeiodhatioms Mnished T, concentrations in the
short term until T. ' > ﬁ plasma concentration of
thyroxine obser ohnson et al., 1991) are

contrary to resuliSe ; ¢ t0MQR0 CegESisient changes in plasma

concentration  of ' ' e VRO ¢ @gone under heat stress

L el produced by the adrenal
s lellata and the zona reticularis
of the adrenal Cortex).lf 5 usu s hormone" as it is involved in
response to stress. Céws € By "‘»-'r'_-_;.ﬁ id inCreased serum cortisol (Wise et

al., 1988). v :
s ﬂi,"‘;" f‘W]

EffeC™af ras 's.‘ﬂe‘rum cortisol was not

affected by rhoE(Guilermo-et-aly 1990 West-et-aly 1994 "- @Uph the responses of
1)

il

heat-stressed cGws 16 .ﬂson (1991) has shown
\ il

that somatotr reduced plasma concentrations of cortist nder hot and normal

environment. Bec‘s reased glucose proc”m may cause a decrease in plasma

fu HANUNINGINT -

of humans and bovines. Tvs IGF-| |nfu3|on induce cortisol se

FRIaN NIMUNIINGIAY

concentration of cortisol, It is possible that IGF-I may act by activating the hypothalamic-

pituitaryadrenal axis and the renin-angiotensin system.
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The effect of somatotropin on plasma insulin like growth factor | (IGF-I) concentration
Insulin-like growth factor 1 (IGF-1) or calls somatomedin C is polypeptide protein

hormone, structurally similar to prgi -1 consists of 70 amino acids in a single

12 hr after th ations in approximately

48 hr (Cohick‘e ich is structurally and
functionally very sii 4 insuli 1\ receple : f | receptors were presented
on many cell ty ' . l".. TeRpre8@nted in bovine mammary
tissue and increas S MCURRE J . _ et al., 1988). Glimm et al.
(1988) found tha / ' "".’,' 980ous bST increased IGF-I in
mammary tissue. Fu _____ thests in bovine mammay tissue in
vitro (Baumrucker and Steg ects of bST at the mammary gland
may be m ted ] ctating dairy cow,
nutritional s s and their binding
proteins (Clem 2b). Restriction of dry
matter intake andemutrition has no effect on basal blood cﬁentrations of IGF-I, but

administration of t‘T Its in a less dramah”rease in circulating IGF-I than when

£l Ban EJ nmIneIne
R AINTNUNIINYINY



CHAPTER IlI

MATERIAL

Animals preparation \\\‘ //
The experi nduc‘j in of Faculty of Veterinary

Science, NakorwJ " ORI it 500 lactating crossbred

Mperiment, ten lactating
crossbred Holstej | f+1 day el s e hoxperiment were divided
into two groups of e_.‘. "  _rz- imals W | & 8l group were housed under

normal shaded Q#fn (  )# the second group were

housed under norm sh fled ,",-.m > ersy '-~ fa (MF) as cooled cows. The
| "1"’" \
open-sided barn With aflfled-roaf et V:: : ""-. P X 3.5 m high) was separated

into two parts by a met&l shég ,..r 15! firstYoart (8 m long x 7 m wide x 3.5

m high) was arranged for | :f)* o) ?1}’ o lllhe mal shade and the second part of

barn for c ; ans gUstems. Misters-fans

cooling co =d of a 05 cm. diameter biade fan circulal ;.v m’/min of air, with
- A i |
oscillation covegpe e @ed fm 4 mister spray heads
\ dll
(mounted relaMto the fan) was 7.5 L/h and size of mist let 0.01 mm. Animals
were exposed to n‘s ns for 45 minutes at ”lnute intervals from 06:00 h to 18:00

AUBINNG REI03T:

measured once weekly during the Wmd of hottest daily Emperature (13.00 to 1

ARIANNTUAND NnYIaL

thermometer. The temperature humidity index (THI) was calculated according to West

(1994), as follow:
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THI = td-(0.55-0.55RH) (td-58)

Where; td = dry bulb temperature (°F), and RH = relative humidity.

The experimental studies if d and non-cooled cows were carried out

in different stages of lactaij C ati i@ lactation and late lactation). In each

stage of lactation, expaniier ivi | atment and treatment periods.

administrated a). At the end of the

pretreatment, witii i igeicd with the first dose
subcutaneous inj f 500 recor _' S0ovinc somatotropin  (rbST)

(POSILAC, injected with two

consecutive dgs within 2 days after the

third injection, the gfeaty enf sitay Mad : |8 pretreatment, 3 doses of

j L

injections, and (€ tregimeflilt perigeS vErea. ' iWinMhe first 30 days and the

/. l f ol B,

same procedures W ef oWed "‘TFE" fdeYof [ERilOh. The experimental studies

were performed as follo ele H"-.

P J%-fa
The renal hemodyraBaies=retating: fluids and mammary blood flow in

~cooledGowsreated with (DS Tin i .
both cooled and non-cce {.,1::', i_rbr__ﬂ different stages of lactation were

performed jn @7
ChT

and non- cooleﬁo

Chapter V |
Alteratlons‘fmr intake, renal tubuldigfndling of sodium and body fluids of

AULIMENTNEINT -

All animals were fed with t@l mixed ration ( throughout the exper

RIRNNELY UNINEIRY

Samples of TMR were determined for crude protein and ash using procedures

tion in both cooled

s
o’rﬁctation were studied in

described by AOAC (1990). Acid detergent fiber (ADF) and neutral detergent fiber
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(NDF) were analyzed according to Van Soest et al. (1991). Feed ingredients and
chemical compositions of the TMR diet are shown in Table3.1

Animals were normally mi

aily at approximately 0600 h and 1700 h
using a milking machine igh Mok rded daily. Before treatment and

at weekly intervals duri

cience, Chulalongkorn
University. Theses e el o B npi ernational standards and
are in accordance: wciples an _ - a.Na jonal Research Council of
Thailand. . S A\
Table3.1. Feed i o clic s . s diet

Ingred|ents lﬂh

*l"

Pine appl vastg .r‘ ; _ =
) ...' r“'-‘;_ﬁi 7'
Soybean f T’;Tﬁ;

f WA

Rice bran

?';'-l‘ !Ef;E
Cotton seed o
Lime stone

Di-Cé@ 2

Potassquhlo
Mineral vitamin premix

total ¢ -9 _ w

qmmmmuﬁ%ﬂmaﬂ

Neutral detergent fiber 33.9
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Primiparous lactating cows

: _ :

Normal shade Normal shade plus misty-fans

—

rbST1 rbST2 rbST3

Vi -

Early {f— 3Qg

Pretreat Treat F

Hormones

Bod/yflwd Renal hag ‘Mx!}’ 1" M"-. ‘L osition

_ TBW - GFR, f / .I". Y - aldosterone
- ECF - ERPP [*. h RO AY ~ Potein - arginine

- ICF - ERBF : ! lactose vasopressin
- PV - FF - IGF

- BV - Thyroxine
- Mammary - cortisol

blood flow l

!
- -

e |
‘ M
Figure 3.1 Sc atic diagrams illustrating the time course he experiment in each

cow s‘ippementegmﬁ)ST at different stageulactanon Pre-treat = timed study for

’HH’JMWI?W gIn%

Experlmental procedures

" AMIUUNIINYINY

(MBF) in the morning around 9.00-10.00 am.. Cows were inserted with two polymer
catheters (i.d. 1.0 mm, o.d. 1.3 mm, L 45 mim; Jelco, Critikon; Johnson & Johnson, UK)

into either the left or right milk vein using an intravenous polymer catheter, under local
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anesthesia. The tip of the catheter was positioned near the sigmoid flexure anterior to

the point at which the vein leaves the udder. The other catheter was positioned

downstream about 20 cm. Bloodyflg h half of the udder was determined by

measuring of dye T-1824 (M @) di / ort term continuous infusion and
adapted from the me PSS Ui in the milk veins of cattle as
' | ﬁﬂfused by peristaltic pump,

ore infusion, blood was

Bullsct ol 997

drawn from downsl i { yeir] as “ini e ple. About 10 sec after
starting the infusio : \ Wilsiccam in the milk vein at a
: : A ‘ bles were taken during
dye infusion. Th g ‘. \ s (e N : ! ed by doubling the flow
measured in one mj 4 i ell’v _ o ! ®osW®O after centrifugation of the

v i # \
blood in a micro ill e, Aary \ Galcll@ted from equation.

-----
A o 4 el e

ﬂfuﬂﬂ RENINEINT. .

anes esia with xylocaine for mfus@ of para- ammohlp rate (PAH) solution f

q RIRINIUURIAINYIAY

rate of 2 ml/min continuously for 60 minutes to stabilize the plasma PAH concentration.

After equilibration period, duplicate of urine collection (U1, U2) along with coccygeal
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blood sampling at midpoint of urine collection (P1, P2) will be performed. Urine samples

were collected 30 minutes via Foley balloon catheter after urine empty bladder. Urine

volume was measured after collec I d amples were collected for determinations
of packed cell volume. B £ as separated. Plasma and urine
samples were kept at ' nous creatinine, PAH, sodium,
potassium, chloridgg Dlaritye Pﬁé@n was determined by the
method of Smithﬁ/_ 1 S - ration was analyzed by

Sy, e measured by flame
photometer. (Flam g Go _"' W84 Chloride was measured
by chlorimet | I Vo 2 BRinSMOC WSA). Osmolality was

measured by 08 af (QFfm, , : SunTeOkNC., USA).

The protg If' ndl ( :' 31 YR/ as the following;

Priming dose &

Infusion PAH

v

0 60 75 90™= 105 120 min

| I wﬂq U2 5
The renal functions were ev‘ated by measure as follow;

R ANIUUAIINGIAY

- Effective renal plasma flow (ERPF)

- Filtration fraction (FF)
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- Fractional excretion of sodium, potassium and chloride (FE,, FE,, FE_)

- Urinary excretion of sodium, potassium and chloride (U,,V, U,V, U.V)

al in each period of
experiment was d . C it N > weighing daily water
consumption by wa £ \ |

Animals y#€re; ’ 6 _:ﬁ | k | agellular water (ECW) and
injection of 1ml of tritiated
water (2,500 Aci per g§ : ,, 5156 RC)/a atc solution (10 g/100 ml normal
saline) and 20 ml the Evan§ _E'E—’fg #0.5 g/100 ml normal saline) via an ear

vein catheter.was cagii and PV, respectively After dye

injection, bleoersamples-rontheuouiar Ve were taken a2t O=3 40, 50 and 60 min

for ECF and PEgic8 BCied ™1 4, 8, 20, 26, 32, 44,
|
50, 56, 68 and 42 h subsequent to the injection for determinatiglof TBW.

Total bodﬂﬁ(TBW) was determind@gll each animal by dilution techniques
us ritﬁ ﬁj gs !re?r!ﬁ?ij !.a-aw;rﬂl.l, 1l9 ' §he Wreparation
for s@igple Counting is achieved the internal standard technique as described by

Vaughan and Boling (1961).

MIRATAUNITINLIAL

Sodium thiocyanate solution and Evan's blue dye (T-1824) were given for

estimate ion of ECW volume and the plasma volume, respectively. Venous blood
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samples from the jugular vein were taken at 20, 30, 40, 50 and 60 min after dye

injection. Blood volume was calculated from the plasma volume and pack cell volume

(Chaiyabutr et al., 1980). The m ni method for ECW was modified from the

/

method used by Medway. ) 7I ar water (ICW) was calculated by
subtracting ECW from \ /
The paramefg asuredd SR o][fer= -

SililK"@lectrolytes (Na', K', CI)

hine ifllie morning and afternoon. Milk

i

samples were collectéd a -’f:‘_-:_d;-m;'- onopodl (2-Bromo-2-nitropropane-1,3

diol) at 4 °C. Milk sa -L:{?%'f ag were used to determine milk

compositio@!: tﬁ,' otal solid and solid
] Ly

not fat (SNI‘ S N. Foss Electric,

e}

Hillerod, Denm '_' ). ik e estimated for sodium
(Na") and pojlium (K') using Flame photometer (41OCHorning, England). The
chloride in milk WJrﬁured by chlorimeter (”riqe analy_z_er 925, Ciba Corning Inc.,
U Ns&rﬂdﬂoﬂ%ﬁjweﬂiﬂnﬁ ﬁ Advance
Instr, Inc., USA). ‘

The parameters were meas‘d as follow;

RISNINUNINYAY

® | actose

® Milk fat
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® Milk protein

® Total solid (TS) and solid not fat (SNF)

Determinatit T tibula xos ' ing lithium clearance (C,,)
e — R
C, meth S Us [ orption of Na and H,O.
a & - o 8

proximal tubules and to
j A :
the same extent: i & NeguNgiilae output of isotonic fluid

from the proximal tu [o" 4! Y. | :' \ % (). ' Swvas similarly determined of

trSghgnent period in chapter VI,

the non-radiop i Caifeterlio uge |1 BORRO U™, Terumo Europe N.V.,

Belgium), was ins ' rglocal ."-, ia for infusion of both para-
aminohippurate (PAH)4# .-;..-.'_-_'_;.‘:'..-..- ion.\llhe atheter was flushed with
heparinized normal saline (7 gl saline) and was left in place during
ithium clearance was started by

5

ipfusion of 0.5% PAH

the experiment. After insgiing-oAtHet

giving of p Q | of normal saline)

f 2 mfpin continuously for 60
i

and 1.25%|ithiﬂchlo
minutes to stabMfze plasma lithium and PAH concentration by & peristaltic pump (Eyela,

MP-3, gl Okyo Rikaﬁ&pan throughout thewerimental study. During equilibration,

end qnoon catheter was introduced into the bladder and secured with the inflated

retaining cuff (60 ml. bulb capacit;”during urine colledillig. After equilibration “d,

Urine collection (P1, PZ) was performed. Each drine Collection period was 30 minutes:

Urine volume was measured for cylinder. Blood samples were collected for

determinations of packed cell volume. Blood was centrifuged and was separated.
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Plasma and urine were kept at -20 °C for analyses of creatinine, PAH, lithium, sodium,

potassium, chloride and osmolarity. The magnitude of proximal Na“ and H,O

reabsorption were showed by ca

Shirley (1990) \“
The protocol&

priming dose&

ording to Thomsen (1984); Thomsen and

Infusion LiCl

120 min

= -
e Dibtal abs ARNa)‘ﬂ.

® Dist fractlonal reabsorption ofsod|um (DFR,,

‘i‘.ﬂ HamEningng

Cayman's Aldosterone EIA Kit is a competitive assay which based on the compet|t|on

between aldosterone and a aldosterone acetylcholinesterase (AChE) conjugate for a

limited amount of Aldosterone Monoclonal Antibody. The amount of aldosterone
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acetylcholinesterase (AChE) conjugate that is able to blind to the aldosterone

Monoclonal Antibody was inversely proportion to the concentration of aldosterone. This

antibody-aldosterone complex bir ) pquclonal anti-mouse TgG that has been

previously attached to the to remove any unbound and then
Ellman s Reagent was e f this enzymatic reaction has a

distinct yellow c Aldosterone values were

Vasopressin Enzyme

Immunoassay ( ity t ' I’ & 7 ¢ i ' ay for the quantitative

immunoassay. T , AP0l RO Ay, opressin to bind, in a

competitive manner SE Va8 5Sin in sample or standard.

Assay procedure, stanl' rd di ¢ ed in "._I e N3SB and Bo wells and then
Standard and sample® rjf,r,% ( bte Well. Vasopressin conjugate and

Antibody were added in ey A...,ﬂ. ?. acous incubation (4°C) for 24 hours,

ll“jy
the plate w. ash gie added, followed by
incubated AT losorhotkmAloRshoirnoHbatoRmSIOR=sONIOTas added to every

1y, o
well for stop Fegg§o | _' Plate reader at 405 nm.
\ il
Vasopressin va | s were expressed as picrogram per miIIiIiter‘m

ﬂﬂ“ﬂﬂ NUNINEINS...

anal is automated chem|lu?|nescent |mmunoassays for the quanUtatlve

q RIRINTUNRIINGIAE

with pretreated sample for 30 minutes and, after removal of unbound material by a

centrifugal wash procedure. It was incubated in subsequent 30 minute incubation with
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alkaline phosphatase-conjugated polyclonal rabbit anti-IGF-I antibody. IGF-I values

were expressed as nanogram per milliliter.

Calculation

Calculation for

Fractional egfretigh offciecuglici@h” ¥ W\ S X100}/(P,XGFR)
g el |

Urinary électrg

)

Calculation fon @& hoe
Lithium clearance ( L‘ = U XV/P,
Proximal absoluladads F's < = (GFR-C|) XPy,

Pro@
DistL DS

et
Distal freigtional reabs

Distal absolate reabsorpnon of water DAR =C,-V

F‘T?JEI”’J WEJ‘FI?W d8lik)

Stat al analysis

QW’]ﬁﬂflmﬂWmﬂﬁﬂﬁﬂ

stages of lactation (early, mid and late) were separated analysis. Ambient temperature,

JGFR) X100%

o)

Ij- c./co) x100%

Na)

relative humidity, temperature humidity index, rectal temperature and respiration rate
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were presented as the mean * SE. Statistical significant difference between groups was

determined by the unpaired t-test. Statistic significance was declared at P<0.05. Other

parameters in each stage of lact esented as the mean+SEM. The statistical

analyses were performe £iof |t models procedure of statistical
software package SPS ’ﬂs Inc., Chicago, IL, USA). The
model used for ea | : ‘ - —

ij:“+AI+HiW

, (HB)U = interaction

effect betwee -t 2t JouS Qe | &0l Ol nimal / in house i and
' o L \

treatment j), Cov, = cfe fE€Ct afc-€ >sicy Al i he significance was set as

p<0.05.

AUINENINGINg
RINNTUUNINYAY



CHAPTER IV

poor adaptation/gff troj i 4*: f . b&dk Yako el in 87.5%HF animals in
B N
comparison with th i 50% pt @l OB 2000). There is a rapid
¥
leld @8

animal. The reduction#of milleaieiclis atfs  de®rease in mammary blood flow

J

o mi l"l,_ indMate lactation in 87.5% HF

(MBF) coinciding with th melosma  bovine somatotropin  (bST)

Thas § would e hort

concentrati ctation persistency
(Chaiyabut el 200 N S Ao o an el g enetic oot BE#hefors may affect milk
production‘ i y rl} fonmental temperature.

Animals in h|g| bient temperatures will Cause excessive hefitfload and impairment of

physiological funcfn luding body fluids HaWt al., 1999).

ﬂuﬂfl NEVINEINT

prod ion with alleviation of sever?heat stress in dalry cattle, for example, fans and

ARIANASUAN. INYINY

weather, for example the application of exogenous bovine somatotropin (West, 1994).
There are inconsistent results as regards the relationship between effects of high

environmental temperature and the application of exogenous bST on milk production.
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Some reports showed that bST-treated lactating cows increased heat production (Tyrrell

et al., 1988; Elvinger et al., 1992; Cole and Hansen, 1993) and caused a decrease in
e Some showed dairy cows treated with
/ ing h normal thermal zone and hot

environment (Staples ef'a nson“s , he increase in heat production

milk production during thermal i

exogenous bST increase.d

_g-

! erat#a mwenough to alter the cow’s

at exogenouse rbST to

in bST treated co
ability to maintai
: Jith increases in total body
water (TBW) and ¢ i f y i R 2005; Chaiyabutr et al.,

I in slowing down the

elevation in bod gratufe | on throlich @iaive cooling during heat

dissipation. These § Frang ore dre dériside 4 ok ekiaot ks that may be involved in
f / \

shorter persisten# of lg ta ] |f g 20l t ik pody fluids.

The kidney; e regulation of body fluids
and compositions. Flu" d Ho psition8@so depend on the coordinated
action of multiple mechani s fike arld excretion. However, there is
still no physiological """'}:'!1;-:;} “ ' e of bST on controlling the kidney

function inE |ati

has been rt

severe growth El'e'm ) E
11
increase in t | body water in rbST-treated cows (Chai1 utr et al.,, 2007), we

(GH) administration
ngion in humans with

iew of the study for an

hypothesized that‘“pplementanon wouldulve in the regulation of body fluids by

AuBINNINEING -

the study would focus exclusively ‘ the renal events rossbred dairy cows g@u ng

q RIRNIAARINGIRY

dairy cows have been published investigating this mutual influence. Therefore, the

objective of this studies were 1) to evaluate the effect of providing crossbred cattle with



43

housing under shade with or without misty and fan and 2) supplementation of cows with

rbST or not during period of lactation (early, mid and late lactation). Measures to

evaluate the effectiveness of the relative to renal function in regulation of

Pt _contribute to better insight into the

ﬂ under high temperature and

supplemental rbS T — ‘ [T

body fluids were perform

physiological basis for'

d Holstein cattle were
randomly select i _' --.;’ : ] , each. Animals in both
groups were “house ¢ sigledibarty, i als in group 1 were
housed in norm . ; ] \S) i ¢ were housed in shaded
barn with misters an ' [ ‘F zle “.. )9 X 7 m wide x 3.5 m high)
was separated int tw‘ Parts. JRGIHEE Ls _ wide x 3.5 m high) was

arranged for animals bnd Part of barn equipped with two

misters and fans system fo,rr Qolen r; .,?‘. @Bgsicm consisted of a 65 cm. diameter
i '._./ l.“iy o

blade fan latip eﬂ\ 80°. The amount of

water diso%r Dehiom=d=isieispiay=heace=tnounteamislatve 101Nc fan) was 7.5 L/h

and size of ol-'_ or 45 minutes at 15-

gl
minute mtervaIJom 06:00 h to 18:00 h. At night, animals wgrg exposed to MF for 15

minutes at 45- mm‘e rvals from 18:00 h t(WOO h. All animals were fed with total

mﬁmﬁl *mﬁm:m NG

alyzed for dry matter mtakef)l\/ll Samples of T R were determined for ryde

q RIRINIUUNINIAY

(1991).
The ambient lemperalure was recorded by a dry bulb thermometer. The relative

humidity was calculated from the reading of dry and wet bulb thermometer. Ambient
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temperature and humidity were measured once weekly during the period of hottest daily

temperature (13.00 to 14.00 h). The temperature humidity index (THI) was calculated

temperature (°F), and RH i ‘. | | was normally milked at around
0600 h and 1700 h usie el roduction was recorded daily.
Before treatment a | weiuri ﬁ«/g were weighed.

es, namely early- (Day 75
periods (Day 195
ing day of each phase.

At the end of the preffeatgfontl \gitqinBheSk a0 T8 aNila! was injected with the first

'l'-.."' g O@line somatotropin (rbST)

(POSILAC, Mons ' NS ' /e A was injected with two

consecutive doses inj ONS O "H., ereafter, within 2 days after the

d.

third injection, the 4.,’.,,...,__L, he pretreatment, 3 doses of

injections, and the treatmept] ds were Bllheo during the first 30 days and the

same procedtiges gst 30 days of each phase,

the effect of rbST

N
.il
Ldnd treatment period,

measurements of‘w ary blood flow, re nct|on and total body fluids were

AULINENTNEINT

inserted into either the left or right n‘< vein using a |ntra ous polymer Catheter

Nl AN IUURTINGS Y

After the study of MBF, the study of renal function and body fluids were

no experim > 5
i)
treatment to re

0 9
\
On e i specified day of both pretreatment

performed subsequently. The catheter for isotope injection, dye injection and para-
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aminohippurate (PAH) solution infusion was inserted into an ear vein, under local

anesthesia. The catheter was flushed with heparinized, normal saline (heparin 25 i.u./ml

been fitted with an indwellj ; / 2r, no 22) in the bladder for urine
collection. The free endw M into the bladder and secured

with the inflated retaigi iml. Dl : i ine collection.

otal body water (TBW),

extracellular fluid . “Hoil gd. The injection of 1ml of

and PV, respectively.

After dye injection, bodgfangPleS\rgih-=Hgk O\ 0% S A& aken at 20, 30, 40, 50 and

60 min for ECF g0 P\fetlirminatBHe=p ik sl e ollected at 4, 8, 20, 26,
AR A Y
32, 44, 50, 56, 68 af 7gf ‘ TETTIQMT i oct O oRg termination of TBW.

/i AN \
i’f;’

¢¢,..-.

Determinations of renal hemasi: mics-an tes excretion

Measurement of renal-Aemo

:-"";L-' vy
dose solut@!

sustaining |ﬁu ' @!/pin. The solution was

arted by injection of 20 ml priming
immediately by a
-14‘ I"'_
infused at a cq” ant ra studyjsing a peristaltic pump
L]

(Eyela, MP-3, Toky leaklka| Japan). After a 2 h equilibration period of infusion, the

ﬂﬂﬂﬁ NENINYINT.

samp g was started after the blefjer was voided. C ccygeal blood sampll

RN 4NN Y

The clearance (C) of endogenous creatinine and PAH were used to measure

GFR and ERPF, respectively, based on the Fick Principle as previously described by
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Chaiyabutr et al. (1992). The effective renal plasma flow (ERPF) was measured by PAH

clearances using standard techniques (Smith, 1962). Renal blood flow (RBF) was

obtained by dividing ERPF by If o_I me. Filtration fraction (FF) was obtained

by dividing GFR by ERPF? i @€ were analyzed for concentrations

of sodium and pot ) me photometer 410C, Ciba

USA). Fractional ex olytel %o W aSoalhed by dividing clearance of

g (Co8) was calculated by

sm)'

subtraction of t 5 C dlar 6lca Talol.

Determinations “0f wa ake, total boc ot trao8l|ulat fluid, intracellular fluid,
plasma volume andgfloc X TP \ 9

b \ |
Estimation of e—of waler of @g@h animal in each period of

experimental was recordedBy-an-averag ree days from weighing daily water

consumption by water a,; Total Ho: BW), extracellular fluid (ECF),

intracellulak d

etermined in each

Determination ' mammary blood flow

Blood flow)‘hﬂh half of the udder fNBF was determined by measuring in

AULTRBNTNEINT

lyaputr et al.,

QMIRIATN UM ING 1N

Milk yield, milk composition, milk electrolytes (Na", K, CI) concentration and

milk osmolality were determined in all experimental groups as described in chapter lll.
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Statistical analysis

Data for milk yield, DMI and water intake, in each lactating period were adjusted

Where Y,, = obse H.= house effect as main
plot (i = NS, A, nfloteer ah M inWause Ty B = treatment effect
(rbST) as a spli an), (HB)U. = interaction

Wor (animal / in house / and

Results
Ambient temperature, felatiwe ure Rumidity index

The mean values of ---—;;"--—-:-"i g in NS and MF barns are shown in
Table 4.1 the g es .00 14.00 h), ambient

temperaturSeang temperature - humidity- e ¢ (THD of the M shath were significantly

lower (p<0.0 :s!‘v rlx antly higher than in the
NS barn througH] ‘ t the periods of StUQY. ‘ﬂ.

mIE] ANENINENT...

rate, tary dry matter intake ( DI\/II‘nd water intake are shown in Table 4.2. Th m an

ARIANTIE URIINYIAY

cooled cows showed significant increases in RR and RT after rbST treatment in all

stages of lactation. The DMI of cows housed in the MF barn with or without treatment of

rbST was significantly higher than of cows housed in the NS barn in all stages of
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lactation. Cows treated with rbST under either MF or NS showed significantly increased

DMI compared with the pre-treatment period. The highest values of DMI were apparent

in cooled cows treated with rbS infpke was not significantly different among

fladbi cooled cows tended to be higher
/under either MF or NS showed

atment period. There was

cows; however, the mean
than those of non-coolcek
significantly incre

on water intake.

/ rbST was significantly
ag@iation. § Q;T'E’ alfwith ‘l""'n,l b er either MF or NS showed

ithiille pre-treatment period. There
™ and rbST treatment on both MBF and

MPF. The body weig

COWwS hous@

ignificantly higher than those of

40(:) th cooled and non-

Total body water, xtracellular fluid, mtracellular fluid, plasma volume, blood volume

HANUNTNYINS .

extremllularﬂwd (ECF), mtraoellula uid (ICF), plasma volume (PV), blood volume (BV)

qmmmmwﬁﬂmam

lactation. The application of MF cooling did not affect the level of TBW. Mean values of

an

ECF, ICF, PV and BV, either as absolute values or as a percentage of body weight, in

cows without rbST showed no significant differences between NS and MF barns in all
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stages of lactation, except that cows in MF barn showed higher absolute PV values
during late lactation. The absolute values of ECF, PV and BV markedly increased during

rbST treatment in all stages of lactgti

 jalues of ECF, PV and BV as a percentage
of body weight of cows wiH /cs to increase, but there were no
ent period. The absolute values
of ICF and as a percentage-o 5=-'o v’ght were.significantly increased (P<0.05) after

rbST treatment inﬁ’a_ t

nor MF cooling affected

\odynamics are shown
F were apparent in cows
during rbST treatm;. der s cooling in all stages of
lactation. The rat v: ’ ;-."' Brease - coWs treated with rbST by an

average 14.9% comp# €4 jore-fi periog under either MF or NS barn

conditions.

Q
Urinary anl

-
clearance of cri

afjce and free water

bre
| |l
Effects of su plemental rbST and MF cooling on urinary and fractional

fu ﬂﬁ*ﬂ“ﬂ% WH ﬁ%i?::;;

m|n|strat|on in cows housed in either NS or MF barns. The significant effect of

bST on decreases in both urina and fractional ex n of sodlum vvas a

treatment in early and mid-lactation, and tended to decrease in cows treated with rbST

administration under MF cooling in both early and mid lactation. The effect of cooling

system and rbST treatment on changes in fractional excretion of potassium was
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significantly apparent (p<0.05) in early lactation. Chloride excretion and fractional
excretion of chloride tended to decrease during rbST administration, but was not

statistically different (p>0.05) in lactation. Osmolar clearance decreased

significantly (p<0.05) duri
water clearance was

application of MF

Effects ' ne VR dool ncentrations of plasma
electrolytes and o Jas 9 / o\ 1k Al There were no changes in

the concentr. . 8, g Qe COWs treated with rbST or

= (.-_'__}.‘ ol 4

ﬂuEJ’JVIEWIﬁWEHﬂﬁ
RIAINTUUMIINYIAY
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Table 4.1 Ambient temperature, relative humidity and temperature humidity index in

animals treated with rbST under normal shade (NS) and misty-fans cooling (MF) at

different stages of lactation.

(6 P=0.001

humiditl o il 578 Ulo53 P-0036

index (THI) ™ 9.92+0.46 P=0.001

MeanzS.

AUEINEN NGNS
IR IUNNINGA Y
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Table 4.2 Rectal temperature, respiration rate, dietary dry matter intake (DMI) and water
intake in animals treated with rbST under normal shade (NS) and misty-fans cooling

(MF) at different stages of lactationy

Lactating Effects’

rbST MFxrbST

Rectal 0.023 0.886
temperature 0.011 0.245
(°C) 0.023 0.565
Respiration 0.017 0.544
Rate 0.065 0.751

(breath/min) 0.004 0.657

DMI 0.043  0.016 0.879
(kg/d) 0.001 0.042 0.709
0.010  0.122 0.666
Water Early 0.96 0.163  0.590 0.967
intake of 0430  0.895
(kg/d) }.' § 0216 0.840
SEM = Stand £ b
" P-values for the] cts; MF =Misty=fa I roST = rbST t, MF x rbST = interaction

effect of MF and rb&

ANEINENINGINg
IR IUNNINGA Y
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Table 4.3 Milk yield, mammary plasma flow (MPF), mammary blood flow (MBF) and

body weight in animals treated with rbST under normal shade (NS) and misty-fans

Effects’

MF rbST MFxrbST

Milk yield 0.580  0.002 0.146

(kg/d) 0222  0.002 0.413
0.362  0.003 0.217
MPF 0.923  0.044 0.154

(ml/min/100kg) 0.999  0.051 0.894

0.984  0.004 0.086
MBF 0.926  0.113 0.108
(ml/min/100kg) 1.4 0.949  0.058 0.857

0.872  0.006 0.083

Body weight Early 34 ifi‘" i -1 we Fflf%',f b 7.3 0.006  0.027 0.905
= J 1!#‘

(Kg) 0.030 0.048

0.002 0.966

= rbST

t, MF X rbST = interaction

effect of MF and ri

AUEINEN NGNS
IR IUNNINGA Y
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Table 4.4 Total body water (TBW), extracellular fluid (ECF), intracellular fluid (ICF), Plasma volume

(PV), blood volume (BV) and packed cell volume (Hct) in animals treated with rbST under normal

shade (NS) and misty-fans cooling (MF) at giffg

t stages of lactation.

\1///

TBW

BW

(L/100kg)

ECF
L

ECF

(L/100kg)

Icw
(L)

ICW

(L/100 kg)

PV
(L

PV

(L/100kg)

BV

Lactating ’ J Effects’

period i N& v SEM MF roST MFxrbST
Early s -_.:;::. 2.2 280.6 105.9 92 0.426 0.001 0.709
Mid12.6 ' 272.9@ 0.512 0.001 0.375
Late - T 0.712 0.006 0.999
Early 0.520 0.026 0.800
0.374 0.001 0.503

0.349 0.090 0.410

0.010 0.086

0.049 0.759

0.040 0.238

0.013 0.018

0.138 0.396

0.004 0.885

0.003 0.156

0.004 0.185

1448 0.687 0.010 0.933

Early 2.38 0.467 0.011 0.276
Mid 3.25 0.435 0.017 0.435
Late 3.82 0.271 0.008 0.984
1.11 0,185 0.047 0.627

0.018 0.079

0.035 0.918

0.226 0.401

0.068 0.170

530 5.97 0.069 0.862

Early‘ 25.36 26.80 23.20 25.82 0.166 0.668
Mid A.% 25.54 25.45 u31.83 0.028 0.056
e . | 9 | 7 f 0.892
arl 18 03 7 6 8 59 | 0.356
Mid 6.50 6.65 6.82 7.91 0.064 0.142
Late 6.38 7.A‘ 6.68 7.93 0.002 w
y . 2.0 1 0 7
a q ﬂ 23.4 . u% 224 0.489 2
L 24. ! = 0 | 22.8 0.607 4

SEM = Standard error of the mean.

' P-values for the effects; MF =Misty-fan cooling effect, rbST = rbST effect, MF x rbST = interaction effect of MF and

rbST
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Table 4.5 Glomerular filtration rate (GFR), Dmﬂ”‘“l" zs,@ﬂmlﬁ renal blood flow (EREBF), filtration fraction (FF) and

urine flow rate in animals treated with rthST

o ) g w 1S g (MF) at different stages of lactation.

_""ec:ts1
Lactating period Ml rosT MFx rosST
GFR Early 0,130 0.552 0371
(ml/min/100kg} Mic 0.201 0.5638 0073
Late 0.201 0.5638 0073
ERPF Early 0.423 0.123 0.815
(ml/min/100kg} Mic 0.087 0.820 0174
Late 0608 0.859 0.308
EREF Early 0.420 0084 0.450
(mil/min/100kg} mic 0.201 0.594 0877
Late 0.201 0a54 0877
FF Early 0.121 0.897 0.008
(%) Mic 0,363 0.845 0952
Late 0.383 0245 0952
Lrine flow Early y 0678 0170 0691
rate Mic 1 I I* \ 3.50 . @ 0.784 0.326 0634
(ml/min/100kg} Late 463 4.38 251 362 i 0237 0.739 0807

SEM = Standard error of the mean

== fudineninen
qmmmmumfmmﬂﬂ
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Table 4.6 Urinary electrolyte excretion, fractional excretion of electrolytes, osmolar
clearance and free water clearance in animals treated with rbST under normal shade (NS)

and cooling with misty-fans (MF) at different stages of lactation.

) Treatments Effects’
Lactating 1
period NS MF rbST MFxrbST
Na' excretion Early 120. 0.776 0.034 0.721

(umol/min/100kg) 0.005 0.266

0.303 0.174

Fractional Na" 0.245 0.360

excretion 0.007 0.496

(%) 0.397 0.083

K" excretion 0.001 0.168

(umol/min/100kg) 0.014 0.065

0.415 0.565

Fractional K 480 ™54 3 1 : 0 0.071 0.328

<), (ALL |+

excretion 0.008 0.221
(%) 0.411 0.287
Cl excretion 0.189 0.633

(umol/min/100kg) 0.427 0.306

0.123 0.153
Fractional CI 0.235 0.544
Excretion 0.165 0.097
(%) 0.332 0.477

Osmolar Earl ‘ & 4.30 4.49 - 048  0.106 0.010 0.142
clearan 6.08 3 6 16 ! - 0.167
(ml/min/ Ok L 128 17 0.13 0.9 0.627

Free water Early — -1.74  -0.71 ‘ 030 -025 . 0536 0.4

(&)

( .ﬂ 100kg) La

QSEI\/I Standard error of the mean.
"P-values for the effects; MF =Misty-fan cooling effect, rbST = rbST effect, MF x rbST = interaction effect of MF and rbST
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Table 4.7 Plasma sodium, plasma chloride, plasma potassium, plasma osmolarity in

animals treated with rbST under normal shade (NS) and misty-fans cooling (MF) at

different stages of lactation.

Lactating Effects’

MFx
MF roST rbST

Plasma Na 0.570  0.400 0.543
(mEg/l) 0.744 0518
0.447  0.700

Plasma K’ 0.602 0.142
(mEg/l) 0.077  0.279
0473 0473

Plasma CI 0.380 0.637  0.180
(mEg/l) 0431 0195  0.195
0.889 0.730  0.495

Plasma Early 253 0333 0789 0473
osmolarity k! Mig 0.713 0.467
(MOsmMkg) 1 0648  0.327

SEM = Standar
ot

' P-values for the eﬁi ] & interaction effect of MF and

AUINENINGINg
RINNTUUNINYAY
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Discussion

In the present study, the temperature-humidity index (THI) derived from ambient

evaporative coali elifery €SSO Weepiay With considerable air

movement above. .t Pagk Sulti e hu midity but also causing the

®iratory rates of cooled

cooling effects sighfi wfes reptal tg SN BeNand e
cows at the pefj t 7 i 30 N KO0 h) showed a partial
alleviation of eat E sg‘ ; ed by an increase in milk
production comg@red, Jl{}:-f > _7 i I".I' ol@all stages of lactation.
However, administrg rl}-f KO' G "‘,‘_ »u p in crossbred HF animals
under high environe i ifer <oule ase i yield (Chaiyabutr et al., 2007),

indicating that therm@l stig & wa extra-mammary factor causing a

J' Jrv_l_“:
An @ @\, JECF, blood volume

and PV in rt uj lactation confirmed

reduction in milk productiopgfie .‘

the previous rﬁs 0 tr et' (2007) that exogenous
i

rbST in the cr red cow exerts a galactopoietic action, in , through increases in

and Mgﬂstmbutmn of nutrients Me mammary gland for milk synthesis.
% Bncre % ﬂnﬂecréiow du inﬂj@tration of
exoqous growth hormone were also reported in goats (Hart et al., 1980) and Bos

taurus cows (Davis et al., 1988). T‘ marked mcreas BF has been show

RSN NINMIMIAINENE

effect of rbST on MBF is thought to be indirectly mediated via IGF-I (Bauman, 1992),

since infusion of IGF-I into the pudic artery of lactating goats has been shown to
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increase MBF and milk yield on the infused side (Prosser et al., 1990; 1994). However, in
the present study, the pattern of progressive decline in milk yield as lactation advanced

was apparent even with a high

? of MBF during rbST administration under

i i vield as lactation advances without

ﬂd to a local change within the

mammary gland. — ) ——

conditions with or without

facilitating MBF during e

The acti r _. igheh Bin TRl y mammary gland, but it
seems unlikely. ectabogf gy b t » gk level of TBW and ECF
during rbST admStratign. Vi) reIpé ".,7 \ dyhe ics, no alterations of

glomerular filtration gifte (G RY, grgetives RN RPF), effective renal blood

flow (ERBF) ang@ftratigh frgCt "Bc T-Melicd cows housed in NS
or MF barns at all ag‘ 0 " =i Yol A.".'l' 30" rbST on renal blood flow
i e y

compared to thé man] jland indicates th sk n &8s Were able to regulate RBF

i / - : , ' %A % ,
and GFR constantly L}d ’ menial BFigCs. It ]"l.“ ible that the kidneys of the
ruminant respond diff _;—--——-l o4l the high level of endogenous
i Lt
IGF-I, secretion of which co 1 eSeic=i nferred. DST administration in crossbred cows

4-1--

(Chaiyabutr et al., 200 e ‘-'ﬂy G | pear directly in the blood vessels,

but be mc@
hyperfiltration rjzj in th

been shown to decrease renal vascular resistance and increased GFR and RBF both in

H3nenINen:

is arﬂerestlng finding that deserves further investigation.

q RAGIASAIRI eI

The GFR and filtered load for Na", K and Cl ions (GFRX plasma ion concentration) of

e present findings
1] effect of IGF-I on

recomminant human IGF-I, has
i

jordano and

rumlnants

rbST-treated cows remained constant, while the absolute values of urinary excretion of

these ions, including FE,,, FE, and FE_ decreased as compared with pre-treatment
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values under either NS or MF barn conditions. On the other hand, these results

obviously indicate an elevation of renal tubular reabsorption of ions in rbST-treated

showed that the urinary ex o1gNo | f , and chloride ions and urine flow
rate decreased in ratSeiEaCRRY &An increase in renal tubular
reabsorption of i jon ‘:' C m‘tﬁ dwarf rats treated with
somatotropin (Ws/.ﬁ——.J wel er, N i

on kidney functiogg Bhydol SMeltukL ar reabsorption of ions

tion of growth hormone

is generally know g rilf GOR 8o Mgdsiudies demonstrated that
growth horm inc lignigan At DSO8R, via Stimulation of the renin-
3% "k OB <o et al., 1991; Herlitz

et al., 1994; Moller g al:  ' -" 0/IST TR | /% 9k Qo W ormone also activates an
. . A

increase in the ma, ,.o i-:,,,_,--"_; Mo Wlh increases in IGF-I and
'] L N i \
renin-angiotensin (k, uﬂlff flu¥et .,\ 2007 g iMeradliok@ these hormones on kidney
. . . ; ‘ - i ;
function in ruminants | | =.v......_.-.£:xx; H"-.

- r
o Tl
F N e o e

In the present findinGetE=nciea: hereby restoration, of body fluids in

rbST-treated animals _nigt heELe -ihe ier consumption, although water

é\r ated cows. Higher

e treatment of rbST

intakes welig-lg

water intak&w |

(MacFarlane etiﬁa , 19 W, anf'i‘, reased plasma sodium
L]

concentration and plasma osmolality will stimulate vasopre

whichgleads_to_enla vol H A e _present_res both the
pl ;um centiati y;%s IWC Weri iftain I constant

durirq}bST supplementation in NS or MF barns. This is likely explained by the fact that

w

Sin secretion and thirsty

sodiumion is the osmotic factor of E€F and water is reqﬂ in proportion to the Mnt

q réabsorp ion from the distal tubules and the collecting dchs of the kidneys might not é

expected to occur to save water and thereby increase the ECF in rbST-treated cows. No

significant change of the C,,, values was also independent of any direct effect of the
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rbST on free-water formation. In the present results, the observed decrease in excretion
of electrolytes during supplemental rbST would create lower osmotic diuretic effect

resulting in the decline in rate

W These findings would be supported by

i gopjemental rbST. It is known that the
sodium ion is the "ﬂe dominant role in regulation of

ium ion | main’ '
body fluid homeosigsi mOtI*CtIO@
m_—fe?‘/

findings that, a

estimation of C_ = which

stulated from the present

glectrolytes (Na', K, CI)
during rbST adn electrolytes in the body
composition. This« e CHiuid volume arising from its
| N giging vody water. It would be

Radministration.

an explanation f i e i i e\ g, 108
sed under misters and fan

cooling could i Vi ré ; ; S Ve i0k. ABplication of misters and

fans alone did notg@ffeqllf ki [ fgterms WROOM renal hemodynamics and
s \ ‘

electrolyte excretion. ingrezs ' oloi¢ olURg® during rest supplementation

,gn-_-:

appears partly due to chan{esei=Ee: renal tu

- A ¥
electrolytes without chag e -y -3'54,5.!‘?:'

monction by stimulating reabsorption of
urther studies are required for a
better undessti somatotropin on

segmental b . o0 aldosterone and

vasopressin ac}ﬁ}tion |
ﬂﬂﬂ?ﬂ&lﬂiﬂﬂ’]ﬂ?

QW’]Mﬂ'ﬁﬂlﬂJ‘lﬂ’]’mmﬂﬂ

olumemcrossbred dairy cattle.
i



Effects of s 3 i @atotropin (rbST) and

0 changes in plasma

| and IGF-I in different

Meteor, ica ngitiofs; Ut ke TMMand are generally high
ambient temperatﬂui ' un . ChiGh 9 8ircS8% hot environment lowered

productive efficiency igfai : ok line 8 A&l The low milk production and

¥ \ b
short lactating peri ofj,‘ btic brgda ‘E COross - i‘-. g is still the main problem for

ol \
1

dairy farming in the trogh€s. DgirFree _‘ C gt 5s with variety of hormonal and

metabolic response. The resp [ses—by-wh

rf”;‘ EE?

functions. Nutré : cting physiological

€at stress influences milk production is
partly explained by red ggether with changes in bodily

signals recek ere are a number of

studies for metahplic ho with hc:> one and glucocorticoid,

which have been shown to decrease in chromcally heat stress cattle (Collier et al., 1982b;

HUHINBNINBING

mter n between genetic potential and nutrition and milk production (Gulay & Hatipoglu

2005 Settivari et al. 2007). Previous & ics by Chaiyabujiial., (2000) have beerf@ghwn

JRINTUNRINGIR’

9

These changes would account for the short lactation persistency.



63

There are a number of studies have shown that the high milk yield cows treated with

bST probably lead to increase L /est, 1994), which caused reduction in
plasma concentration of tr

% Vanalu et al., 1988; Johnson et al.,
1991). However, ther s&_—ﬁsed milk yield by the effect of
bST under high :‘@w : S o —evels of triiodothyronine (T,).
thyroxine (T,) an rtiso, eqd et : ; D sMboe et al., 1989). It has been

it also increases heat

suggested th
dissipation (Johns ., 1999). An increase in
milk production has| e Jt . COWS i ) e O binant bovine somatotropin
(rbST) under bg | ZOR \ en fables et al., 1988; Johnson

et al., 1991). There - &8ion of rbST on changes in

o ":,‘;

metabolic horm in gfossPred dalfy.cat peralures.
.F""'!fﬂi ; ' \
J ! ¢ o p \ L) . ) )
There are ) of stt e-;ﬁ‘i"‘.ﬁ jjron t i@tifications that can alleviate
‘ e g. / |
severe heat stress in dalify catilEmbrcXan ater Splgy and fans (Armstrong, 1993),

.i'f.f'

evaporative cooling (Armstro ‘—J'»'-—~ g et al., 1988; Ryan et al., 1992).1t has
been reported that cows undege l‘ JWE;F 7 aer in milk yield when compared with
those of C@U An environmental
modification t | y for high producing

fmion are also involved of
m
A

thyroxine and corhs‘ entrations in milk Wer by the effect of cooling system. Both

%ﬂ;ﬁ mﬂmmmmr;:::

would™De attributed to an increase |wthe plasma level of GF-| (Chaiyabutr et al

qmmmmwm NYINY

present studies were designed to determine the effect of supplemental rbST and the misty-

cow especially iaatb
\

changes in milkjeld in hot environment. Correa-Calderon e (2004) found that the
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fan cooling on milk production relatin changes in the plasma levels of IGF-I, thyroxine

to
and cortisol in 87.5 %crossbred Y

Materials and metho
Animal managemV ‘

selected rando - ivelani sach Al were housed in open-

7 6 m long x 7 m wide x
3.5 m high) was sepg J tw s-Due TENSN38L WA .5 m high). The first part (8
m long x 7 m gl F o) oh o cd ~ ys in group 1 in normal
shade (NS) and thafbthe g of bata for 3 Ol MBade plus two misters and
d ] 7 Tl ) ,.

fans systems (MF). Ea g te i g@ueter blade fan circulating 81

m’/min of air, with GiEll8 g 1 ‘H.'-., DU ! of water discharged from 4
' 7.8

mister spray heads (m h and size of mist droplet 0.01

mm. Animals were exposed To—

,{f” 1"

18:00 h. At night, animals=were“ex ,u; s? minutes at 45-minute intervals from

18:00 h to (@ *

B8 at 15-minute intervals from 06:00 h to

n (TMR) throughout

Table 1. Samples of

TMR were anal;/jﬁ for ash lJ g procedures described
by AOAC (19 Acid detergent fiber (ADF) and neutral d ergent fiber (NDF) were

z accordm t(h1 Soest et al. (1991). IM/ldual feed intake was recorded daily

ma e% e a b| tur N and MF barns
Wereqorded uring the daytime (13.00 hour), using a Wet and dry ulb thermometer. The

relative humidity of NS and MF barns‘ere calculated by rometric chart depen

RIRING mmﬂmﬁwﬂ

0.55RH) (td-58) with td = dry bulb temperature (°F), and RH = relative humidity.
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Rectal temperature and respiration rate of individual animals were determined at the

same time as recording ambient > {o) d 13.00 hour. Rectal temperature (RT) of

iration rates (RR) of each cow was

____;_muy milked at around 6.00 am,

and 5.00 pm. using g T Y chine.’and : n were recorded dairy. The

each cow was measured
measured by countin ent. Anim:
present study, the e principle and guidelines

of the Faculty o

Experimental procedu

The exp‘er' ent ( WV, ) _’ i %o VRMC and late lactation. The
pretreatment study .y s : &chf 8¢ ‘ | f8ys 75 post-partum of early
lactation, days 13§ o_s,'. part . i Al % 95 mos®@artum of late lactation). At
the end of the pretr; r ithin the-sa tr .]_ Bs injected with the first dose

somatotropin (rbST) (POSILAC,

subcutaneous injection Q#f500 bov ."',
g . .
Monsanto, USA). Subs -.IT__“ “ihet anie ected! with three consecutive doses

cre administrated at the tail head

injections of rbST in every 2FWeEk s

TR T
depression (’iwio after #7e third injection, the
treatment stifySvassconcoioamrhepiolecatmentma-tosessommeri™ s, and the treatment

periods were Pe : . Ir'_rI edures were followed for
|
each phase. ﬂ
On each s;ibl d day, before and aft T injection, blood samples from the

umm NEn mmm:::::;

msuh”ke growth factor | (IGF-I) C(?centranon Milk sam les were collected by l|k|ﬂg

qmmrrmummmm

concentrations, sodium, potassium, chloride concentration and osmolarity.
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Determinations of the plasma hormone concentrations

y/%

The  concentration thyro><| ‘- termined by using an

The concentration of pl rowth factor 1(IGF-1) was measured by

using a chemiluminescenc analyzer (DPC, Los Angeles, CA).

electrochemilumine agnostics GmbH, USA) by
Elecsys and co , USA). Plasma cortisol

concentrations lunoassay in an immulite

Milk sampleg o _ s 3k o giermine milk compositions.
) and solid not fat (SNF)

‘ 1 ! W
were determined i 2h—(MikC 2 B AISK N. Foss Electric, Hillerod,

Denmark). Milk Na and‘. cond dtraiions: deter! ."'. ed y flame photometer (Flame

,..d:. L . .
photometer 410C, Cib& Co ir* ginc.;. USE | coRfcentration was determined by

Chloridometer (Chloride anajlyzer: nc., USA) and milk osmolality was

7

determined @sm Y If SA).
J i

Statistical an

=
The stad of lactatio

temperature, relativ um|d|ty temperature hum|d|ty and the values of milk yield in lactation

AU Eﬁ“ﬁﬂﬁﬂﬂﬁﬁ? oos

Data rectal temperature, resplratlon rate, plasma hormones, milk yield and milk

|
e) were sq@[ated analysis. Ambient

package SPSS (SPSS forwmdows V13.0; SPSS Inc., Chicago, IL, USA
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The model used for each analysis was:

)le -y COVk + eljkl

Y= W+ A+H +AH) \‘él/ :
Where Y;, = observation, // ct H= house effect as main plot
(i=NS, MF), A(H), = (animal / &: treatment effect (rbST) as a
split plot (j = with?‘ ‘ iStre j . interaction effect between

treatment and house , AGGB¥, ] MipURGRL0USE | and treatment /), Cov, =

covariate effecte®® e, 50t i SalitnCi ™ 8hce was indicated at P-

value<0.05.

Results _
Ambient temperatureffrelg Koz 4 | A ik i b respiration rate and rectal
temperature | ' : .

The mean b : _f- ."H and relative humidity index,

respiratory rate and in' table 5.1 and table 5.2,

respectively. Relative Blmidif ."t 3 barn,"while ambient temperature and

temperature humidity |nde>5, W’ decreased (P<0.05) in MF barn in

ij,s

comparison NS es rgaging 79-85 throughout
stages of |laCka il e eanalues OB o BRIt TR #h e o ctal temperature of
cows were SI .~ contrary, respiratory
rate and the reﬂgtemperature of COW VIF barn were low ll an those of cows in NS

barn in all stages of*ctatlon

£ UHUINLNINYINT

ffects of supplemental rboST and cooling on alterations of plasma hormones (IGF-1),

CLEERGRT) PRI

supplementation, while no significant changes by the effects of mist and fan cooling in all
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stages of lactation. The supplemental rbST and mist and fans cooling did not affect to the

mean values of the plasma corti n Recomblnant bovine somatotropin (rbST)
supplementation caused E <O 05) of the plasma thyroxine

concentration in both n- cooled tation but not in mid and late

rgétlon (

lactations. The pl

than those of non-C

Milk yield and milk g#fpogifiopé

s had tendency to be higher

Effects of s_ ’ Ie__n . D Tk ';| '..n on milk yield and milk
composition arg gown T £ 0.4 deael L e Ty es d in figure 5.1. The milk
yields of cooled cow eF’ lig tI ' tha Mo e &8 -Sghed cows. Milk yield showed
significantly h|gh . | . Al s3ges of lactation. The value
of milk yield in earl . barn and treated with rbST
treatment. There were no igeh onceikation of electrolyte (Na', K', CI)
and milk osmolarity by*effecGlefHo8 IR bn and mist and fans cooling system.
Milk protein, lactose, TS and ﬁ-'-{ oNgel frat : reated with rbST and housing either
NS or MF barfg we [ [agtation. Milk fat of cows
treated with gy Ticktion, while it had a

g il.
tendency to incréape

il

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU
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Table 5.1 Ambient temperature, relative humidity and temperature humidity index in animals

treated with rbST under normal sha | ghisty-fans cooling (MF) at different stages

of lactation.

;
P-value

P=0.003
P=0.001
P=0.003

P=0.004
P=0.015
P=0.109

P=0.001
P=0.036
P=0.001

AUEINEN NGNS
IR IUNNINGA Y
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Table 5.2 Rectal temperature (RR) and respiration rate (RT) in animals treated with rbST

under normal shade (NS) and mi igh (W'F) at different stages of lactation.

Lactating Effects’

MF rbST MFxrbST

Rectal 0.001 0.023 0.886
temperature 0.005 0.011 0.245
(°C) 0.057 0.023 0.565
Respiration 0.001 0.017 0.544
Rate 0.001 0.065 0.751

0.001 0.004 0.657

" P-values for the effedifl! MrutAisHPranic T = 0ST effect, MF x rbST =

AUEINEN NGNS
IR IUNNINGA Y



71

Table 5.3 The value of plasma insulin like growth factor | (IGF-I), thyroid and cortisol

concentrations in animals treated with rbST under normal shade (NS) and misty-fans

Effects’

period MF rbST ~ MFxrbST

IGF-I Early 4 wgw 0.023  0.216

(ng/ml) [ y ; : .72 0.644 0.029 0.575

0.005  0.166
Cortisol  Early 154 Sfope S ) 457 0972 0.868
(ug%) Mid <y S ) K- 0 W 0780008 0139  0.404
989 0907  0.405

T, Early 10518 0021 0237
(ug%) Mid 0 0337 0993 0673

Late 15 :

2.04 0.276 0.760 0.774

SEM = Standard error of the

" P-values for the effe

interactio@
§

bST = rbST effect, MF x rbST =

AUEINEN NGNS
IR IUNNINGA Y
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Table 5.4 Milk yield and milk compositions in animals treated with rbST under normal

shade (NS) and misty-fans cooling (MF) at different stages of lactation.

Lactating Effects’
period SEM MF rbST MFx rbST
Milk yield Early 0.580 0.002 0.146
Mid 0.002 0.413
Late 0.003 0.217
Milk compositions:

Protein 0.227 0.790
(gm%) 0.466 0.695
0.586 0.499
Fat 0.004 0.757
(gm%) 0.013 0.732
0.075 0.301
Lastose 0.411 0.140
(gm%) 0.698 0.452
0.186 0.217
SNF 0.079 0.110
(gm%) 0.385 0.474
0.953 0.179
TS 0.703 0.381
(gm%) 0.215 0.147
0.722 0.494
Na+ 0.449 0.670
(mEg/) 0.714 0.902
0.544 0.432
K+ 0.341 0.688
(mEa/) i I’ ) 90 682 0.267 0.854
I 35.16 34.74 33.8; 34.50 1.07 0.914 0.628
Cl- f1 .00 33.00 36.40 35 80 0.78 0.398 0.136
(mEg/L Mid 3& 32.80 29.80 0.255 0.132 0.279
L&te 3340 I 0 3 s '3 0.284
Osfijolal y 277) by K | 27 7 710 0.7 | 0.908
(mO : Mid 276.6 272.6 279.8 277.2 .66 0.289 0.081 0.684

Late 269.8 275.0 ‘ 302.2 283.4 O 265 0.499

WAt N%%VI%H& ¢
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Discussion

The present study was performed to investigate whether an increase in milk

production during rbST supplems

ng application of misters and fans relate to
changes in plasma hormoneyéyVels ‘& G H #ox T,) and cortisol in different stages

lactation by the effect of rbST

(Manalu et al2 38). _ We Mallaanc associated with that

thermogenesig | 8s secretion of thyroid

hormone which . ¢ iiature better to maintain

homeothermy ’ J { al".l '@ e o o. accounted for a reduction of
‘ s L \

i f ’ F . .
plasma Thyroxi , PntratiokikiE-e: i". AU pST administration in the

i L3 !!‘.: L _; ‘: , ‘. 1 I
present study. It h !’ S ' VI Y ficiency that rhGH therapy
appears to increase sef T, leveland-d e ."‘r.. . level, resulting an increased
R
conversion of thyroxide (T} | o Jfolaial! #.. in peripheral tissues (Losa et al .,

2008). The reduction of thyfoXine:remain he normal range does not induce
| TR ¥

hypothyroidisty (Pe F-I (Hussain et al.,

1996). H ring hot and humid

weather, the

0
i
, el Cle=s
U i
administration olstein and Jersey cows (West et al., 19

founded in cows‘r with rbST that plv triiodothyronine were significantly

ﬁuﬂ%ﬁﬂﬂﬁhﬂﬂﬂ N3

in cooled cows during hot summ‘ but differences re not significant. Sl

JWIANTLS AUUNIINYINE

temperature was observed in cows in the MF barn. These results may be related to

not affected by bST

Johnson et al. (1991)

higher leveis of plasma thyroxine concentration in MF barn consequently the cows
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increased milk yields. The study of Yousef et al., (1967) in cattle suggested that the

response of thyroid to the stimulus of cold may be retarded by vasoconstriction in the

thyroid gland. This would preventy ' ‘f om reaching a concentration sufficient to

Cortisol is the M iaySRacrer ' j//ﬁcattle which enable animals to

tolerate stressful cQrgl itiom.( _shso*nd . Some previous studies
reported that p heat exposure in both
cattle (Ingraham including during rbST
supplementation i ; ' son T (Johnson et al.,, 1991).
However, pla > , PLdairy ' chgised Trresponse to exposure
to cool environ incR B ™ higher plasma cortisol

resulted in a marlgfd etV iin Muate: | _ Lodl Blcining activity which was

associated with# si aift, dec se ‘| S e S ction (Fan et al., 1975;
Guerrini and Bert " Y. ~Howe DI migh cOiflol concentrations did not
change by rbST or misi@ians i whi ates \"-. cortisol did not play a role in

il
responses to rbSt treatmel -Or=mist-fans g¥on inCreased body fluid in present

study. These findings agreef .;":'J‘F:’%FT,' ' Peel et al., (1982, 1983) and West
7 aUthors, that the levels of

S
ol did not differ in

rbST-treated C(::I ( OWeH (Shayanfar et al., 1990)
1l
and early lactatibn (Koprowski and Tucker, 1973). The enﬂenous bST levels are

et al., (1991

adrenocortit'

C

naturally higher m‘aﬁctahon and in high piiglicing cows (Hart et al., 1980; Kazmer

ARBINUNINAING -

of the coordinated metabolic ada‘anons required to port the mcreases

qmﬂﬁﬂmumg NE1aY

rbST increased milk yields and the plasma IGF-I concentrations throughout lactation.

These results supported the study of Bauman, (1992) that the effect of exogenous rbST
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on increasing of milk productions requiring IGF-I as a mediator or nutrient partitioning

affects. IGF-I injection has been shown directly increase in mammary blood flow

(Prosser et al., 1990; Etherton an 4998).

y  substrates to the mammary gland
/ﬂetion and synthesis IGF-I in the
liver are known to wﬂctlo‘f GH-Ethonal factors (Clemmonsa

imulate appetite in both

An increase in the mammary blood
flow would be a factor for. i

for milk synthesis. The T

and Underwood
cooled and non- idkke would attribute to be a
cause of increase LS, either the direct action
of exogenou By rbST administration
would cause a in present experiment.
Moreover, It has beg L treatment would not take

place during he D7, Settivari et al., 2007).

The effect } @fs And*fansco .f afd gl 'S8 in THI in MF barn in the
present study can incrg@é ple" pals H"», indicated by the decrease of
body temperature and inclgaserin .-:....a I arity,’ Correa-Calderon et al., 2004

studied in cows received g i:':"l :,;EE‘F iive cooling system during summer

that the de@s eﬂa d in cortisol levels,
. - =

the increas il yields

In the

ﬁa‘ise YEO 85 which would be
1l
t | ess for lactating cows in normal shade bamw8nd shade plus misters

and fans barn. Tf‘ t of chronically heat uss cattle had tended to be reduced

AUBINENINEING -

1972; Niles et al., 1980). In this exr‘rlment the effect wronment did not af cion

N ANTAUUNIAINGIAY

tolerant which were a consequence of lower heat production as compared with 100%

moderate hea

Holstein lactating cows
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Milk protein and lactose content did not alter by the effect of rbST throughout the

experiment. These results are in agreement with previous studies (Gallo and Block,

1990; West et al., 1990; Downer, , but it is partly in contradiction with the

results reported by other n increase in milk protein content
(Richard et al., 1985; J@ was the only parameter in milk
compositions whi ted rbST in this study. An
increase in mil cows injected with bST

(Eppard et al., 1 Rof milk and the trend for
an increased pere ) jn il K e .| g The increase in milk fat
‘ atty acids from body
reserves (MCQW 96/ . I 2 [ 281 16, mil icows in positive energy
balance did not in _ . Ps1 Hdn oh g and McCutcheon, 1984).

However, many, ingo| J hat affec nd composition of milk

produced in cattle ﬂ' §chaties, {2gc\Oh|28l8ion, age, diet composition,

nutritional status, envir@gfmen -..'.'_"éuf-.l..' £se H‘-. ar factors also affect the milk
i’f;’

compositions of cows reatdd Wb o T (EtF fl Bauman, 1998).

In conclusion, an iR n’” ,&ﬂ : fiicr rOST treatment did not change
milk comp - e} elevation of IGF-I
@y I e
concentratlt irect action of rbST

P hi

on increasingﬂ ﬁst of milk yield in cows
1l

treated rbST | Stheat production which

may be caused t‘ MBR;case of plasma thyriife concentration in cooled and non-

AUHINENG WENS:

stress. This result suggests that 87‘% HF cows can t to both hot condm

RN NTANIINYINY

g early lactation may be lead to increase



CHAPTER VI

Effects of supplemental recomhinant bovine somatotropin and misty-fan

cooling on renal tubular h

, / different stages of lactation in

ploited as an efficient

Introduction
In the.

tool for blending.t ' jiropice| catle'i ilking potential of exotic

advanced to mill angffateflactatidinegae, HF ik Al duction of milk yield is
attributed the decrg F : ‘ ' o (MB 0 N ding with the decline of the
plasma bovine somat@ i soncer hesg hages would account for the
short lactation persistency (GHiel - ®. The genetic is not only a cause of

the problem. High envirogg ;'f'i‘l'i St E; or, which involve milk production

in dairy Ca@ s Ino n to play a central
L e

[ agtation. The effect of

excessive heamad = hn et al., 1999). Such
L]
changes may ™&d to a loss body water and decrease in milyield in lactating cattle.

Envirgpmental mogﬂans can reduce heatuss and mcrease milk production in

y mpll iw a oratie cooling
systm han et al., 1997; Cha|yabutr et al.,, 2008). Some studies have reported that

cows treated with rbST under enwrc‘mental modificatiogfiliguld give highest mllk

ARIINIUUNRNINED a8

exogenous somatotropin has been shown to play an important role in water regulation,

in part, through increases in total body water (TBW) and extracellular fluid (ECF), which
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are the consequence in distribution of nutrients to the mammary gland. (Maksiri et al.,
2005; Chaiyabutr et al., 2007).

The kidney is known as apgif

compositions. The mechaniswis. @ T in v" ' function for fluid retention are not
fully elucidated in dairyeagtie 1 &growth hormone administration
causes increased-RQg iC ‘-:'1 Chaﬁes mW especially hyperfiltration,
Kopple, 1992; Dimke et

ngorgan in the regulation of body fluids and

al., 2007). The ingk i Itk Ay NI renal blood flow(RBF)

: Jaffa et al., 1994).

Previous stud¥ ' show %oST dig ot fect RBF and GFR. It

appeared only decgfass in fh&Mri @Jt ofop% Aol potassium and chloride
/ f 4-* rj . Il'l 1 1

ions in 87.5% neters g,ﬂ:!:i R all Siapcse§ [8@ation. The renal tubular

reabsorption of ion gegerdily'K "“f'& der RN@MONABI functions. Several studies

\ A \

h .‘---- e 1T SOayl
il

d-.,.a

stimulation of the reni angl g tdoste em (Cuneo et al., 1991; Herlitz et al.,

demonstrated that gpQ and water reabsorption via

1994: Moller et al., 1997)4 ﬂ"j’}%ﬂ_‘; : ptivates an increase in the plasma

aldosteron@n —14@

(Hanukogluf

kidney functiorﬁ-ﬁ S ulm{;
|
tubular handli | in proximal and distal tubular sodium

administration in C‘s“d dairy cattle have nd§t been reported. No data have been

FULINENINEINT -

The present study Wasﬁherefore deS|gn investigate effe

IR UMIAINAINY

would focus exclusively on the renal events for renal hemodynamics, renal tubular

renin-angiotensin

e hormones on the

hanges in segmental

bsorption after rbST

handling of electrolytes and water, including plasma aldosterone and vasopressin
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levels. The method, namely lithium clearance technique (C ) was chosen to estimate the
rate of renal proximal and distal tubular reabsorption of sodium and water in the present

study. C,, has been shown to be

Ii'c, $ jmate end-proximal fluid delivery including
tion (Thomsen 1984; Koomans et
nderstanding the mechanisms

ated cows.

ssbred Holstein cattle were
five animals each. All

's.-;‘-'i yiftiva ile & e barn (16 m long x 7 m

X I (3.5 m high). Th
s‘f
? rte 'fif,a \ t wall (3.5 m high). The
first part (8 m long rml'r de x 3 q‘[’“’- s arrd '*.: cd§i@ non-cooled cows in group
! ) g. L |
1 in normal shade (NS)f@nd t -::-.ﬂ:"f:'. 3N fAEooled cows under shade plus

two misters and fans syste -'1-‘-‘--—" act onsisted of a 65 cm. diameter blade

age of 180°. The amount of water

s

fan circulating 81 m’/mi

discharge@

of mist drou-

intervals from (ﬁ.‘ Oh expdsed to MF for 15 minutes
! i
at 45-minute i als from 18:00 h to 06:00 h. Animal in each®jfoup were fed with total

mixedgation TMR‘ hout the ex enments% chemical compositions of feeds are
u&g1 S ﬂ ana 74 r Bﬂattlr ﬂ,%je protein

usmg procedures described by AOAC (1990). Acid detergent fiber (ADF) and

as 7.5 L/h and size

inutes at 15-minute

neutral detergent fiber (NDF) wer‘analyzed accordigEo Van Soest et al.

hottest daily temperature (13.00 to 14.00 h). The ambient temperature was recorded by

a dry bulb thermometer. The relative humidity was calculated from the reading of dry
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and wet bulb thermometer. The temperature humidity index (THI) was calculated

according to West (1994) where: THI = td-(0.55-0.55RH) (td-58) with td = dry bulb

temperature (°F), and RH = relati . Animal was normally milked at around
jk production was recorded daily.

0600 h and 1700 h usin
Body weights of theé ﬂntervals during treatment and

before treatment. =—_- -

All exped mittee in accordance with

the principles a cience, Chulalongkorn
University. These Wi cnational standards and
are in accord gal\atiOttal Research Council of

Thailand.

o il A N
g;:----u,:ﬂ’.- dfgd dling®arly, mid and late lactation.

" W ".

J rLAL i
The pretreatment Study fies stalRtror e; sciicd@ey (8ay 75 post-partum of early
lactation, day 135 p@st-ps _i'.:"ff“{u and™day 195 post-partum of late

lactation). At the end of th ,rf' ‘..f A regtment; B.same day, the animal was injected

ll“jy
das g offrecombinant bovine

with the fj
somatotrop OSILAC, Monsai SA Beeauents e animal was injected
with three coTfaggU " Thereafter, within 2
days after the ﬁd injection, the treatment study was condug , . The pretreatment, 3

doses of |nJect|onfa the treatment perlods performed during the first 30 days

f ﬂﬁfﬂi NENINGIN %ﬁ::i:::

the e ct of rbST treatment to returavto the control level rchgessner et al.,

q RIRINTUNMIINYIAE

morning (9.00-12.00 h). At the end of lithium clearance study, measurements of total

body water (TBW), extracellular fluid (ECF) and plasma volume (PV) were carried out.



82

Animal preparation

On the day specified day of both pretreatment and treatment period, the non-
radiopaque intravenous catheter, ' : (Surflo, Terumo Europe N.V., Belgium),
was inserted into an ear @ Lo sthesia for infusion of both para-
aminohippurate (PAH)%&

} .
heparinized normal_sasi _ LU @hd was left in place during

performed by in . / #‘ ing oloe ; \ 9%l lithium chloride solution

(5.0g/100 ml of nor _ Ml : ) tion (2.5g/100ml of normal

nq;’ lowe dglfgi 5'_!; ¢ a sustdlipind¥infusion infusion of solution

saline) via ear vei

containing 1.25% lithigfMm c oride-e ridesan 3*#; ormagl saline at the rate of 2 ml/min.

The solution was infused at a=-CORGtaRt ek gl ristaltic pump (Eyela, MP-3, Tokyo,

= ff’”'" .-Wr"

Rikakikai, J n) th equjoration period of 90

minutes, S eI=igiank AW ere carriedoutin aunlticateof .-‘_‘ p|e collection over
i}

an accurately ' sle gch=d®Curate collection, the
H e

urine sample Was ‘started after voidness the bladder. The CoI rgeal blood sampling at

midpoint of urine fl ﬁ ion was performed. P a and urine samples were kept at -

ﬁr.ﬂﬂ?%ﬂﬂiwm ns -

The clearance (C) of endOfnous creatinine, I|th|um and PAH were used to

ARIANT TUININIAY

urine samples were analyzed for concentrations of sodium, and potassium ions by flame
photometer (Flame photometer 410C, Ciba Corning Inc., USA), chloride ion by
chloridometer (Chloride analyzer 925, Ciba Corning Inc., USA), lithium ion by using
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Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES model PLASMA-

1000) and osmolality by osmometer (Osmometer 3D3, Advance Instrument Inc., USA).

Determinations of.wa i _ ar fluid, intracellular fluid,
plasma volu ;

Estimatio al in each period of
experimental weighing daily water

consumption by, . nd of lithium clearance
study, The injection ' 5 ‘I', Wk animal), 20 ml of sodium
thiocyanate soluti ‘e Evans blue dye (T-1824)
(0.5 g/100 ml normal "{ form eaMvein catheter for estimation of
total body water (TBW), e , far-fiuid: EBAC plasma volume (PV), respectively.
After dye injeg{ion les fror .ok t 20, 30, 40, 50 and

60 mln for .',_ (Erminations-o-ECEahd-P\V-ahd-other-blood-samidlzs were Collected at 4,

8, 20, 26, 37, riiated water injection for

\ I
determination Motal body water (TBW) as previously desg I"ed (Chaiyabutr et al.,

1997). The conceta of plasma sodium t anate was performed by method of

ﬂﬁ;ﬁlﬁ} NENTNE i I

ked cell volume ( Chauyabutvt al., 1980).

qmmmmumfmm A

On each specified day of each stage of lactation, blood sample was collected
via venipuncture of the jugular vein with the 18 gauge needle into heparinzed tube after

the first meal of the day. Blood was centrifuged at 2200g for 20 min at 4°C and plasma
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sample was separated and kept at -20 °C for determinations of hormone concentrations.
The plasma aldosterone concentration was determined by radioimmunoassay

(Cayman’s Aldosterone EIA Kit, A) Plasma vasopressin concentration

was determined by r

Immunoassay (EIA) kit,

were determi 0ss Electric, Hillerod,

Denmark). MilkeQ) by flame photometer
(Flame photometer‘ r ,rr oA ﬁ.r ' A). N | concentration was
ing Inc., USA) and milk

osmolality was dete 8, Advance Instrument Inc.,

USA).
Calculation for renal hemo TiC :f; g Jifl@s.cxcretion

The al

equation: k

alculated from the

AT

-l

‘I‘

Glomerular fi trﬂ i

‘ I
Effective renal I sma flow (ERPF) = Upp XV/Ppu M
Effective renal bloll i (FRBF) QERPF < 100)/(100-Hct)

ﬂHﬁQﬂﬂﬂiﬂHﬂﬂﬁ

sn“r clearance (C_,,)

Free water clearance (C =V-C,,

q Waﬁ}ﬁﬁ“ﬂ'%m ummm Y

Urinary electrolyte excretion (
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Calculation for renal tubular handling of sodium
On the basis of assumptions that lithium is reabsorbed only in the proximal

tubules in the same proportion as § n water and that lithium is not reabsorbed in

the distal tubules, C; represg omc fluid at the end of the proximal

tubules (Thomsen and g fsegmental tubular handling of

Distal absolute rea@@orp; ?'
y .

Distal fractionalfeabs; - B C Fx100%
& .5' .. k

/

Statistical analysis

The stages of lactatrom= 88 7 ate) were separated analysis. The

statistic analyses were_peHdgmea-ifsihe 3. models procedure of statistical

software p& ! ‘.&T ago, IL, USA). The
model useoto A B), + A(HB), + Cov,
+ e, Where Y@?observ nimal@ect H.= house effect as
main plot ( S MF ), = main plot error ( animal /in house /), B, = treatment

ﬁﬁﬂﬁ%ﬂiﬂ WEMG -

/ and treatment j), Cov, = covarlate effect and e, = residual error. The

y ep|

Si mﬂcance Was set as p<0. 05 blent tem eratureﬁatlve humidity, temer
i vi

1IN et

SE. Statistical S|gnn‘|cant dlfference between groups was determined by the unpaired t-

test.
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Results

Ambient temperature, relative humidity and temperature humidity index

The average of ambient te
index, rectal temperature & ) ‘ animals in NS and MF barns are
presented in Table 6. tagRDIGRE & dity were recorded during the
period of hottest dail e @mbient temperatures in MF

idity were higher when

, relative humidity, temperature humidity

compared with NS. s Wens MaIERG e mperature and humidity

were created an_ay i RUO0L e MEMLH! in MF barn tended to

Dietary dry ectal temperature and
respiration rate 4

Effects of sug elr._ on dietary dry matter intake

o

¥ \ b
E_:: “'\. era@ire and respiration rate are

(DMI), water intake#mi ‘ eld, '__;E:!
presented in Table 6.7 VG ofMililithout supplemental rbST were
slightly higher than those h:::ﬂe' : [N _all stages of lactation. The values of
DMI and water intakes significant increases (P<0.05) in

cooled andygol ed with an increase

in milk yiech ]

et
rbST. The meaH\| jalue of

than those of covviwithout rbST. The rectal temperature and respiration rate of cooled

AUYTNENINGINT
QWARITSI I3 NIE TS

Effects of supplemental rbST and misty-fan cooling on total body water (TBW

i ed cow treated with

o
ated with @T tended to be higher

extracellular fluid (ECF), intracellular fluid (ICF), plasma volume (PV), blood volume (BV)

and hematocrit are presented in Table 6.3. The absolute values of TBW and relative
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values as a percentage of body weight significantly increased (P<0.05) in rbST-treated

cows in early and mid of lactation but not for late lactation. The absolute values and

id non-cooled cows during rbST

lative values of PV and BV
significantly inc tages of lactation. The
absolute values By Were not different between
cooled and non-cqgl } € O supplemental rbST and

mist-fan cooli _ itfalligs £nroy ghlok "8,k iMenial Petods.

ARsTkaffk and free water clearance

Effects WY t"‘-.i 2 iGROIMAG on renal hemodynamics

osmolar clearancey 8 o : W tark &l ce are presented in Table
A 1 w;-f f ~i|
6.4. There were no" ects ST | rbS "".. d ‘mist-fan cooling on renal
Pt gt ¥ . .
hemodynamic (GFRF ERPESES 4 ani hroughout experimental periods.

Administration of rbST sh ,.,agn--f Gan p of the rate of urine flow in both
B2, 7

@ C@ tatgny, Osmolar clearance

.. ggs of lactation, while

S grm;cmt differences in both
|
:l'ioled cows treated with rbST throughout lac n.

AU INNIN 2Ina"..

fractiONal (FE) electrolytes excretww and plasma eleit olytes Concentratlon

ARIRNNIUANTING A

statistical differences (P>0.05) in all stages of lactation. Urinary potassium excretion

cooled an

significantl
free water cle

cooled and no

lended 0 decrease in rbST treated cows in both groups, while the significant

reduction (P<0.05) of FE, in rbST treated cows were apparent during early and late
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lactation. No changes in the fractional and urinary chloride excretion including the

concentration of plasma electrolytes (Na’, K" and CL) were apparent in both cooled

and non-cooled cows treated with,

supplementation. g & pIbx A i KOSWelieated cows significantly
increased (P 05)
pretreatment perigh. T ’ ojed s on% Qo/et treated with rbST tended

to increase in early#nd fl@ont increase (P<0.05) was

i \
apparent in late la ; atiqf‘5 At the distal - 1, jed™o decrease coinciding with
DAR, o, While DFR, t€ o;‘z‘-_";_‘-'_"‘;v- e.d supMementation in cooled and non-
cooled cows in all stages Qf sl Ot affected by rbST administration in
cooled and Agn-cog propogien of the filtered load

of sodium “GPRIP—Ireabsaried N —the —oroximat—ana s} fibules during rbST

supplementa ' - iI efease in reabsorption of
. \ . .
sodium was aﬂirent in the proximal tubules from 81.58+ I' 7% in pretreatment to

87.05+1.16% ( P<(¥1 uring rbST supplemenjgtign. In contrast to proximal tubule, the

ﬁm&l ANBWINEINT.

effec of mist-fan cooling alone hid no influence on changes of proximal and distal

ARIANT SUANIINYINY

cooled cows in all stages of lactation. The plasma aldosterone levels tended to increase

during rbST supplementation in cooled and non-cooled cows in all stages of lactation
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especially in early lactation (P<0.05). There were no effects of supplemental rbST and

mist-fan cooling on plasma vasopressin concentration in all stages of lactation.
\‘re

lactose, TS and X in d @SIkcand housing either NS or

Milk compositions

Milk compositi under normal shade (NS) and

misty-fan cooling (M

MF barns were notzaiigafL af6fdntin Bl tagsie Milk fat in rbST-treated

Table 6.1 Ambient temg € !-": ‘ and¥@ative humidity index in animals

treated with rbST under n@ sl isty-fans cooling (MF) at different

.
t P.value

-l
AMD

M .
/ L 20.023
- -

o |U
tel[jrature 9719+0.16 II P<0.001
©) 30.94+0.50 29.44+0.27 : P=0.020

stages of lactation.

@

QW’] ﬂﬁﬂﬁu-

Mean+S.E.

' P-values for the effects; MF =Misty-fan cooling effect
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Table 6.2 Dietary dry matter intake (DMI), water intake, milk yield, body weight,

respiration rate and rectal temperature in animals treated with rbST under normal shade

Lactating 3 ’ ’ : Effects’

period e S rbST MFxrbST

DMI Early 8.92 & e . 0.003 0.075
(kg/d) Mid 4 o - . . 0.027 0.860
Late ' . 4 - . 0.024 0.637

Water 0.003 0.075
intake 0.027 0.860
(kg/d) 0.024 0.637
Milk 0.001 0.944
yield 0.001 0.021
(kg/d) 0.026 0.059
Body 0.006 0.705
weight 0.175 0.469
(kg) 0.065 0.936
Respiration 0.061 0.573
rate (RR) 0.045 0.689
0.002 0.352
Rectal

temperatur
e 0.060 0.533
(°C) 0.012 0.628

i ' . I 070 0.063 0.515
SEM = Standard error mean.

' P-values for the effects; MF = ty fan cooling effect, rbST = rbST effect, MF x rbST = interaction effect of MF and rbST

Aueaneningng
IR IUNNINGA Y
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Table 6.3 Total body water (TBW), extracellular fluid (ECF), intracellular fluid (ICF),

(
/
with ST under normal sh \ ‘ age cooling (MF) at different stages of

Plasma volume (PV), blood volum acked cell volume (Hct) in animals treated

lactation.

Lactating Effects’

period MF rbST MFxrbST

BW Early 0.013 0.693
(L) Mid 0.015 0.214
Late"’. i 68.6 ) 2 0.329 0.908

BW 0.018 0.873
(L/100kg) 0.029 0.288
0.386 0.925

ECW 0.010 0.846
(L) 0.088 0.805
0.893 0.563

ECW 0.020 0.852
(L/100kg) 0.116 0.901
0.978 0.625

ICW 0.069 0.723
(L) 0.165 0.371
0.507 0.744

ICW 0.103 0.937
(L/100kg) 0.213 0.415
0.542 0.77

PV 0.004 0.122
(L) 0.015 0.274
0.001 0.144

PV 0.001 0.437
(L/100kg) 5.26 5.70 4.71 5.58 0.23 0.498 0.029 0.381

Late ‘A 5.43 4.99 ” 0.1 0.713 0.001 0.153

arl ; 0 A o [ 0 0.108
i 29.2 J 8 25 31] Ol 0.53 1006 0.188
at 26! 3160 28 1 0.88 1002 0.230

m Early 6.05 7.33 6.09 7.90 0.25 0.693 0.001 0.343

(L/100kg Mid 7.30 7.93 ‘6.67 7.83 oh 0.564 0.013 w

)
Lat 1 - i 0 y 99
RIRIATUNAINLA
i (%) Mid 2784 7 ‘ 8. 0.5 il 442 2 E

Late 29.63 27.86 28.69 27.39 0.78 0.567 0.098 0.774

SEM = Standard error of the mean.

' P-values for the effects; MF =Misty-fan cooling effect, roST = rbST efiect, MF x tbST = interaction efiect of MF and roST



92

Table 6.4 Glomerular filtration rate (GFR), effective renal plasma flow (ERPF), effective

renal blood flow (ERBF), filtration fraction (FF), urine flow rate, osmolar clearance, free

ws treated with rbST under normal shade
(NS) and shade plus mistys W diErent stages of lactation.
Effects’
Lactatlr:ha‘
period o NBE DST /i : MF rbST MFxrbST
GFR Fa 189.1 .8 i : 0.660 0.072 0.442
(m/min/100kg) Mid, g2 ; h DTS . 0.125 0.129
’ ' 0.355 0.501
ERPF 0.138 0.205
(ml/min/100kg) 0.229 0.894
0.985 0.276
ERBF 0.067 0.101
(ml/min/100kg) 0.309 0.749
0.766 0.262
FF 0.207 0.473
(%) 0.081 0.173
0.181 0.475
Urine flow 0.037 0.909
rate 0.221 0.700
(ml/min/100kg) 0.017 0.816
Osmolar
0.003 0.423
clearance 0.016 0.255
(ml/min/100kg) Late 5 53 0.012 0.418

' P-values for the effects; MF =Misty-fan cooling effect, roST = rbST effect, MF x rbST = interaction effect of MF and rbST
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Table 6.5 Electrolytes excretion, Fractional excretion and plasma of electrolytes

concentration (Na', K™ and CI) in cows treated with rbST under normal shade (NS) and

Lactating Effects’
period MF rbST MFxrbST
Na" excretion Early 0.057 0.491
(umol/min/100kg) Mi 0.055 0.925
0.060 0.753
Fractional 0.081 0.809
excretion Na” 0.052 0.850
(%) 0.074 0.921
K excretion 0.066 0.305
(umol/min/100kg) 0.327 0.375
0.181 0.272
Fractional 0.014 0.168
excretion K 0.255 0.176
(%) 0.010 0.065
CI excretion 0.493 0.337
(umol/min/100kg) Mid . ‘ 63.0 0.676 0.104 0.956
Late 1492 g 13 < 48.4 0.467 0.306 0.724
Fractional ‘ ! 0.480 0.381
excretion CI’ i T —— e — e — e ———— 0.085 0.907
(%) 0.223 0.638
Plasma Na’ 130.8 129.8 0.473 0.152
(mEqg/l) Mid 130.0 129.3 131.8 131.0 0.631 1.000
La‘ “,0.8 132.5 129.0 u1 0 0.342 0.947
n;‘a 0.816

Pl u a 10 4 45
(m q“ 4.15 7 475
|

Late 3.93 4.03 4.05

SEM = Standard error of the mean.

' P-values for the effects; MF =Misty-fan cooling effect, roST = rbST effect, MF x rbST = interaction effect of MF and rbST
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Table 6.6 Lithium clearance, aldosterone, vasopressin and insulin like growth factor 1

(IGF-1) in cows treated with rbST under normal shade (NS) and shade plus misty-fans

Lactating Effects’

period SEM MF rbST MFxrbST

C, Early 0.953 0.175 0.884

(ml/min/100kg) Mid 0.249 0.175 0.806

0.179 0.090 0.589

PAR 0.610 0.018 0.543

Na

(mmol/min/100kg) 0.670 0.034 0.104

0.369 0.125 0.593

PFR, 0.538 0.116 0.839
j -
(%) / [ ! 90 D B35 B 3 L 0.193 0.076 0.5622
/ i B § \
he! 7AW . 0130 0042 0814
DAR, 0.885 0.226 0.860

Na

(mmol/min/100kg) 0.159 0.222 0.858

0.115 0.624

DFR . 0.142 0.327
(%) 0.085 0.636
0.676 0.983
DAR o 0.299 0.974
(ml/min/100k 0.339 0.918
0.112 0.578
DFR,,,0 0.432 0.377
(%) 80.14 76.52 87.69 89.73 0.073 0.896 0.642
La 89.58 90.60 88.29 85.39 0.531 0.611 0.303
er a i | 0.334
o) M 88. oogall 0323

“ ate 553.

|
Vasopressin Early

= Standard error of the mean.

' P-values for the effects; MF =Misty-fan cooling effect, roST = rbST effect, MF x rbST = interaction effect of MF and rbST
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Table 6.7 Milk compositions in animals treated with rbST under normal shade (NS) and

misty-fans cooling (MF) at different stages of lactation.

Effects’

Lactating

period MF rbST MFx rbST
Protein Early 0.120 0.265 0.719
(gm%) Mid 0.571 0.281
0.677 0.633
Fat 0.042 0.495
(gm%) 0.037 0.405
0.020 0.097
Lastose 0.594 0.974
(gm%) 0.446 0.148
0.394 0.537
SNF 0.152 0.034
(gm%) 0.624 0.113
0.181 0.475
TS 0.287 0.993
(gm%) 0.155 0.262
0.805 0.831
Na+ 0.300 0.697
(mEg/l) 0.471 0.806
0.717 0.699
K+ 0.199 0.428
(mEg/l) 0.621 0.861
Late ‘ m 37.05 42.65 0.991 0.271 0.199
E 2. IOl 0.513
E ) 3 38 | 0.755
. Late 33.50 34.25 31 25 35.25 . 0.936 0.587 0.708

Osmolarity Oy

Earl 331.0  294.8 ‘ 284.5 297.0 . 0.422 0.610
\ =
Lat 291.8 ; . 288.5 20. .8 .68 128

SEM = Standard error of the mean.

"P-values for the effects; MF =Misty-fan cooling effect, roST = rbST effect, MF x rbST = interaction effect of MF and rbST
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Discussion
It has been found that the application of misty-fans caused a decrease ambient

temperature in the barn about 1-25

hgut the experiment. The present results are

heat stress (Fuquay =98I =Wt _ @old (Amstrong, 1994). The
THI value might_,;mr‘-.J jcate ( Stress isters and fans cooling

systems. The mispe® ' . Sl cate a highly humidity
surrounding the anigg i ) 2c s p Ay with air movement above the
sty-fan cooling in the

present study w ymeg o ) in R SRONAR iMglading an increase in milk
i '}

The rbS I 4 r d naticr iy (DMI) and milk yields in

cows in both cooleg n‘e'i on OBl¢ T gre agreed to those reports

that the DMI was "posi " ated i yiel ring rbST treatment (Murphy,
. V(A . o . .

1992). DMI is known 6 be &SaeiERihTiueHt er intéke in ruminant. An increase in

dry matter intake will correlgtes ....-;-j ACK Blkeicr consumption (MacFarlane et al.
'._./ l.“iy e

1959). An 'h}a € | ecting an increase in

body fluids rted previously that

exogenous rbSIEgx u increases in body fluids
\ il
and mammarygbod flow which are the consequence in distifdiition of nutrients to the

mammary gland ff synthesis (Maksiri e 2005; Chaiyabutr et al., 2007). The

AUBANENTNENT

Since the kidney is known wplay the major roI maintaining salt an

RIRNINIU WIINLIAY

direct effect on the renal hemodynamics. These findings confirmed results in chapter IV

that the kidneys are able (0 maintain their normal function in the mechanism of
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autoregulation to regulate RBF and GFR constantly during experimental periods. In

contrast to what has been observed subjected to growth hormone (GH) administration

which showed increases in GFR F l]'"ns_hoff et al., 1993). However, changes in
GFR and RPF in human did dhiflic sed levels of circulating GH, but
rather with elevations Sk AT et al.,, 1989; Hirschberg and
Kopple, 1993). Infugiogsg =—-~-=‘=- sh‘/n toWnd RBF (Guler et al., 1989;
Giordano and D 7 r resistance (Hirschberg
and Kopple, 19924 4. k9 Sl Sg0mcnal vasodilatation and
being mediated b ) greti 90" oogenberg et al., 1994)
or kinin (Ja L gF g s ® alteration of renal
hemodynamics il od owl. Sdiod: 7 N g present study, despite
a marked increasg g tt . ia, 1ovels & _ A s dence that more complex
processes of regifati , g via g A4 - sting fRoCORgtricting mediators.

I s ins of electrolytes during
supplemental rbST we ‘ 1eir i-.n».: es i |I"-. cred load of electrolytes which

pled coOws. These findings are similar

to results presented in ¢ -:ﬁ); A\ net ! p the renal tubular reabsorption of
e ) n

electrolyte@i
ctrolytes during rbST

urine flow. Inoﬁe'se ofﬂi} i
i il
supplementati | ould increase the number of electrolytes i l e ECF. Posm was not

affected by rbST, ‘Wy because sodium isfgglosmotic skeletal in ECF and water is

AULINNTNEINS
Y- 0 al "absOlu bsorptiont of " sodi (PAR.) “an ‘fractional

reabsorphon of sodium (PFR, a@ssessed by lithiu Iearance mcreased

8 SYNIRUUNIAINANAY

Navar, 1985). In the present study reabsorption of sodium in the proximal tubules may

otic diuretic effect

eg¢rease in the rate of

have resulted from an increase All although no measurements of the plasma All were
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performed during rbST supplementation. An increase in the plasma aldosterone
concentration in rbST treated-cows would be attributable to involve the action of the

renin-angiotensin system (RAS). T|

fjgrowth hormone on the regulation of renin-

angiotensin-alsosterone s rat model were also noted (Wyse

et al., 1993; Lampit et erefor /ﬁ in sodium reabsorption in the

proximal nephron iw;)laing by thedndiectafipet of roST.

Althoug ase in the renal tubular

reabsorption of sQgii MRosed that an increase in
MO 2 direct action of IGF-1
(Guler et al. ). Uy /i al” §heeo\ ha e dehown that IGF-1 enhanced

proximal tubular, p_t" f sqdiug tinicted e e in-angiotensin system

(Marsh et al., 2001)4fhe .u £ ; L A A the level of plasma IGF-1

after rbST suppl@mentatiol ' .' A0lcd 8@ ws. Thus, the effects of

rbST on proximal g Ia'F ‘o; ,_1.’% Gy afel oM mediated by both All and

IGF-1. In contrast to th n' ';j?.,.' eCt tﬁ"-‘ of GH and IGF-I took place

o
mainly in the distal nephrof€ds P02). An increase in distal absolute

reabsorption of sodium has: _ pan treated with GH (Hansen et al.,
2001). HoweVar, . t stuch or timulatory action of
N 4

aldosteronet on sodium (DAR,,)

1 ui

although the pﬁ'dm edﬁncreased during rbST
i 110

supplementati | DAR,, had tendency to decrease during b supplementation by an

average 19.7% |r‘r‘ oled cows and 46. 8 cooled cows. It is possible for the

AULANENINEING

increase in distal fractional reabsong@tion of sodium ( |n rbST-treated COW

Qﬁﬂﬁﬁﬂﬁm INIANAIAY

R..) during rbST supplementation may lead to decreased proximal tubular fluid

output. A reduction in the delivery of sodium via the tubular fluid to macula densa cells
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may stimulate the release of renin, which will stimulate angiotensin and aldosterone

production (Guyton, 1991). It is known that aldosterone plays an important role in

regulating sodium reabsorption i tgbule. Wyse et al. (1993) reported that

aldosterone was secrete All, via the action of the RAS.
Conversely, in GH-defi® creased sodium reabsorption in
distal tubule with er et al., 1991). Thus, a
stimulatory acti h as IGF-1, since IGF-1
receptors has b eral membrane of either
proximal and distal J ing il e hberg, 1996).

A KWere apparent in roST-treated
cows in all st g .. . & 2 ite ,  -,~ Whoximal reabsorption of
electrolytes particulg#fy s . hwingf rDSY 8 _ I8 P, and thereby decrease the
delivery of filtra fi ing segm n deilered out of the proximal
- I‘ t low amounts of sodium
escaped into the urine (s E indigdie /4 pased ""-. ). Additionally, the stimulatory
action of GH on reabbsorptlg .:.-....-i.. ele (Na¥ K', CI) and water has been
shown to occur in the meg ;_{j'; (mTAL) with activation of Na*, K,
2CI co-trapsplrte S fﬂ\\ that no significant
i

')Ia ol
in all stages of lactation. It indicates that

changes int with no significant

changes in the= ‘ and non-cooled cows

treated with r tion of vasopressin on

water reabsorptior‘tndistal tubules and theffggllecting ducts might not occur to save

RAREIN m NaMmS

excretion.

Qﬂ’lﬁ‘iﬂ;ﬁmﬂd‘mﬁmﬂﬁ”ﬁﬂ

although both rbST supplementation and application of misty-fan cooling increased milk

yield. It is similar to most researchers apparently reports the fact that rbST
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administration does not alter milk composition (Gallo and Block, 1990; West et al., 1990;

Downer et al., 1993). However, in present study supported previous experiment that

administration of bST showed siggifi ,'J creased milk fat compared with the pre-
treatment period. An incre } rbST supplementation in negative
energy balance cows we claie ' ' mob|||zat|on of long-chain fatty

no significant changes in
milk electrolytes polarity were apparent in

both cooled and ewresent study. This may be

indirectly reflected: se & \ S, B8] SWEBlcmentation under mist-fan
cooling ‘ :

It is co | _ _' ‘l Yoo SOV ith ¥ der misters and fans
increased milk yiel 4h 3l sfac of laotation € ion of rbST plays a role in
expansion of : l f j %O bred Holstein cattle via

changes in the bular sodium and water

reabsorption in respong® to risk tion tQOk place mainly in the proximal

nephron segment, mo t likefylelt tion Of endogenous aldosterone, All

and IGF-1 but not for vasop .Lf»ﬂ

i

AUEINEN NGNS
IR IUNNINGA Y



CHAPTER VI

presented in

It is re C Riry cows is between 5
and 25 °C or THIl of 72 (VeBowel ¥ 19 b tr OBy, 1994) with the maximum
productivity ( ' _ S o Meoy N : 2), dairy cows would
increase in respir ) £ (s fe T 8 T ociated with a decline of
milk production (B_it 7 \f 7 f, . he experimental results in
Chapter IV-VI show i Imbieni#ie " : and te l". peraUre-humidity index (THI) in
both NS and MF ba ar %o, nd 80-84, respectively, which
these parameters exceeded_[De=thfes; eat stress. It might be considered that
animals in bath groupsIexposed o' mog ; uquay.1981). However, the
application@ <Ladsed a significantly
decrease aMis > S Mirtion rate and rectal

= | —
temperature ariHjimproved K- production w showed a‘%rtial alleviation of heat

stress in cooled caﬁs Therefore, THI value of I\/IF barn might not accurately reflect heat

ﬂwmzmmmn e

The action of rbST on milk oduct|on has been elucidated in all experimental

RIBINTN v ingaay

compared with the pretreatment period. These findings agree with several reports for an
increase in milk production in rbST-supplemented cows (West, 1994; Etherton and

Bauman, 1998; Gulay and Hatipoglu, 2005). The milk yields in all stages of lactation
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remained greater during rbST supplementation in both cooled and non-cooled cows.

However, lactation curves of cooled cows without rbST had tendency to be higher than

“\W

those of non cooled cow

18

16
§ 141
2
o}
o
12 4
s
8
&
Z 10 4

8 - I rbITZI

bST1  rbST 3
6 = T T T T T T T T T
3 4 5 6 [/ 28 29 30 31 32 33 34 35 36 37
AP e [ e
RS T
L; d late lactation in
' -
response tctb uging in normal shade

s
alues,are means+SE, n=10.
i

(NS) and shadwus
In the present study, an increase in milk yield in respoffse to rbST was returned

to thegcontrol lev!\m 30 days after rbSTuministration in_both_cooled and non

AUBANENINBANT -

duriﬂthe first week after injection of bST, milk yield ilncreased sharply and almost

returned to control level within the r‘xt 3 weeks. The higiley of milk production iMNS
n

q Watel @ﬂ' ‘ pro m‘@rﬂ%ﬂtrea e tEediuctin
q et al., 1938) which ‘confirmed Dy Increasing of level of recCtal temperature (RT)"In rb
(

treated cows (Chapter IV-VI). An increase in heat production may depress endocrine

functions, e.g. secretion of thyroid hormone which may assist the animal to keep body
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temperature better to maintain homeothermy (Johnson et al., 1991). The reduction of the

plasma thyroxine (T4) concentration was apparent in early lactation by the effect of rbST

administration (Chapter V). there were numerically higher rectal

temperature and respirati oled cows treated with rbST, but
physiological significah : ' i stress was not evident in rbST-
treated cows. ke and milk production.
Crossbred HF nder high environment
temperature cou . Moreover, the plasma
cortisol did not ch er cooled or non-cooled
cows (Chapt i eparisd: \ V Rlasmay Ol level enables animal
to tolerate stre§ ' . attle riﬁ il ] 7 % %1072). Thus, the present
findings indicate thgf c .  '. 3 ¢ L 3iNg %Mo!stein genes using in the
present study h I'y gt tolg A __ L exqt ’-.;h au8g breeds alone.

10 ch@ Melr source of nutrients for

synthesized milk produglion in daMIDow casBlk milk production was positively

correlated to dry matter -*r._-.;_-..':-;. : Dplententation (Murphy, 1992). An

increase in dry matter i g}*“ﬁﬁﬁ 7 increase in water consumption
e ’ '-

MacFarIar@t 000). Cows with

supplememt' th greater milk yield

(Chapter VI)

. Tﬁ’j V\ﬁnd water intake would

il
distribute the | r d" sustaining high milk
production. The ré ated cows mcrease (average 13.39 %) for supported

gummmwm 13

rbST-treated cows. The water mtak‘of cows treated wi ST has shown to be

q RIRINIUINIING IR

and blood volume in both cooled and non-cooled cows treated with rbST in all stages of

ients and water to the mammary glan

lactation (Chapter IV and VI). Thus, an increase in water intake would be partly led to a
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higher water reserve by an influx of water via the Gl tract. However, mechanisms for

expansion of body fluid by the effect of rbST supplementation would depend on the
coordinated action of multiple fa

restoring body fluids in “
consumption only. In o ; ’M ht in cooled and non-cooled
cows treated with .!;,_-.A.._...EE:-?' po‘bly ﬁﬁ‘ect of increase in water

g factor for supply of

the increase in body fluids and thereby

ight not be the result of water

nutrients for mijk i tfr e \ 2 jctic effect of rbST on
mammary gland fuglti _ eughtnCre es ids and mammary blood

synthesis (Maksiri et

al., 2005; Chaiysa ) 4 C Nt ingra A ammary blood flow was
apparent in cooled/, : 0 d €0 ¢ %It OST when compared with
pretreatment perio@ i Is, 2P n B. Taurus cows (Davis et

T,

present study, the pattern of
progressive decline in milk: on_advances were observed in cooled
and non-cogled cQu “with ST 2 higher level of MBF. The
QarB&T treatment without
_je mammary gland.

o
OWn o assooi@.with an increase in the

continued &ECIF

facilitating 8 f"

ot |
Moreover, an iwase in the MBFSRasEs5

level of plasma I?I (Chapter V) in cooled and non-cooled cows treated with rbST,

?ﬁlﬂ? NBWINETINT -

ry gland, but not bST. In g.gt Infusion of IGF- | into the mammary gland has

qwﬁmﬁw RWIINYIAE

by mediated via IGF-I.
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The effects of rbST supplementation and mist-fan cooling system on renal

functions are shown in chapter IV and VI. The renal functions including renal

hemodynamic and renal tubular f ¢ not significantly different between cooled

and non-cooled cows with

hemodynamic (GFR, ERR FF), er level of body fluids (Chapter
IV and VI) in coole i v &C i j@- all stages of lactation. The

mentation in either cooled

. had not significant effect on renal

or non-cooled Co . : Bl whtka-renal factors mainly in
the renal tubular fugg g : ¥alharmones play a role in the
increase rea AR ghule, " Which may lead to body
fluids expansiqn % one system (RAAS) and
cortisol. In the g of the plasma cortisol

bn-cooled cows (Chapter

’ pans e the high plasma cortisol

etaini

"-.

activity which was associated
2tion (Fan et al., 1975; Guerrini and
Bertchinger, 1982).

markedly i@a '

changes int'

Howel 1'”.;- 2 4G : slosterone levels (Chapter VI) were
: indicate that the
ministration lead to
T Idosterone, the similar
mAn increase in sodium
reabsorption via ‘rﬂmn of the IGF-I, re“ngwtensm -aldosterone system and

AuyIneningIng -

Moller et al., 2000). However, the m‘hamsm underlymg effect of these horm

qmmﬂmmmﬁm A

retention might be primarily due to a direct renal tubular but not to be due to enhanced

il
body fluids expe |

SGISI -1
results have b reported in both human and experimental

aldosterone secretion (Hoffman et al., 1996). In the molecular study, growth hormone
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has been shown to exert its acute antinatriuretic and antidiuretic effects through indirect

activation of Na', K', 2CI" co-transporter in the medulla thick ascending limbs (mTAL),

was studied by using the lithium

clearance (C,) techni e i ﬁreabsorption of Li is proportion

to the reabsorptio at ‘)xim 18 en et al., 1984; 1990). The

were not directly mediated by the, ) ?imke et al., 2007).

present results | the pro s (PAR,,) and proximal
fractional reabso (P "\ Rallectcd that increased renal

tubular sodium re B otipf i S oS Nscst Sacur in the proximal tubule.

An increase i kely TOtinvolve a direct action
of IGF-1 (Guler . s 2| sAACHN I e MBRowN that IGF-1 enhance
proximal tubular regbsogptio 5 alitm Ao e ity 112 OgWge renin-angiotensin (RAS)
system (Marsh @ al. ¥ B d6ver grbyih ok Ok ("S@ment also activates an

Pl i B8 \vith increases in IGF-l and
et .H". 001) reported that. Thus, it is
possible that an increase i n-reab n proximal tubule induced by rbST
supplementation should ‘.':-51‘?%3

that the proxiffial

ation of IGF-I and All. It is known

ofd
mechanisms o

i ﬂcr ulzﬂ:y be a stimulation of
|
angiotensin | | All) because higher of plasma aldo ne levels by rbST

supplementation \‘l“)e attributable to thefaglion of the renin-angiotensin system

FUBINERINEING -

tubule is most likely explained by tf‘lndwect effect of r . In contrast to the

RIRINT MAMIINYTIRY

It has been noted that the increase in both distal absolute DAR ) and fractional

GF-l on sodium ion

reabsorptiot' present study, the

reabsorption of sodium (DFR,), were observed in human treated with GH (Hansen et
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al., 2001). It is interesting that these findings were not similar to the present studies in

crossbred cows which DAR,, had tendency to decrease by rbST supplementation. It is

ubular fluid output, resulting in the
decrease in distal abJwk i ', ion. e distal fractional reabsportion
were slightly incre: 7 bST supplementation. This
finding may be via the tubular fluid to
macula densa ¢ Wsiimulate angiotensin and
plasma aldosterone in
actional reabsorption of

B he significant changes in

DAR, o, and DFR , 48T ¢ iéh cbiricd _ 1% igRiligant changes in the plasma
vasopressin co ahnc L __ . o - ‘.‘.‘lb fows treated with rbST in
all stages of lactati y ' {As=thar ’p‘t- . I‘ water reabsorption in this
study might not occur jiniiflistal_@He .:3-1..;; ing u\-, and independent on free water

o
formula because of nO stin & n addition, an increase in the renal

gsponses to rbST supplementation
.nf

ich would reflect a part

tubular reabsorption of ele J’,-_f,’ S
A

were acco@ni

electrolytesE'

ed the number of

concentration and
plasma osmolﬂ di on,ﬂi

gl
of the effects | nlarged body fluid volume arising from its

ligative properties with
exerting osmotic f&ﬁr retaining body wate

AUINENIHEING -

mist-fan cooling increased milk y|e|‘lt is similar to mos earchers apparently

QWﬂﬁﬁﬂﬁﬁi&l?ﬁ’]@%ﬂﬂ.ﬁﬂ

in positive energy balance cows did not change milk protein and milk fat (Peel and

Bauman, 1987). In contrast, milk fat of cows in present study was increased by
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supplemented rbST. Previous study founded that negative energy balance cows

showed increased milk fat and decreased milk protein during bST injection, which would

related to an increase in the mob

Ay wass

Qf long-chain fatty acid from body reserves
(McDowell et al., 1987). ‘ e that using of rbST exerting
galactopoietics in the " d to the composition of milk
produced expectegda ' . S stimulated mobilization of
| ) ity and compositions of
milk in cows su ‘ T /ol Ry, many factors including
breed, stage of | g | sill i Toga tatus, environment, and
season (Ethe I IS8 59, .—" St O significant changes in
milk electrolytqs . \ .s' molarity were apparent in
both cooled and nggFca . Ws shibpleke _ Syay be indirectly reflected

no apparent ady , < (6] 'f_; a unde -fan cooling.

ghstra th he effects of supplemental

rbST and mist-fans coglihg codel f'ﬁ Srodion which did not change milk
I"r-'r
composition in all stages o Flattation: =16 at persistency of lactation was also

improved by rbST supple ;,- ' based on the effects of rbST

supplemen@n Is!m attle are proposed

- S
function in present
study. In the

opeletic action is mediated

W, i}
i
primarily througl® higher body fluid and secondary increaset ammary blood flow to

mammary gland fc‘rﬁyntheys The sUmuIa”effects of rbST on expansion of body

i i sting” poSsibility1s that” supplementa of " &imMated renal

tubular function by stlmulatmgﬁolute reabsorptl not changmg

q mm ATMNIANEIRY

rbST supplementation, possibly as a result of the increase in plasma levels of IGF-I and

aldosterone which may involve a stimulation of renin—angiotensin—aldosterone system,
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but the mechanism does not seem to be mediated via vasopressin hormone. These

results may simply reflect one mechanism of rbST on increasing of water retentions.

Another possibility is that the incr

intake and water intake response to rbST
i" X -

supplementation may be ids which partition the distribution

esi@ urthermore, application of mist-

of nutrients to the ma or mi

fan cooling to dairyg ' ) eser’tudy. L exposure to conditions of

heat stress bec duction in RT in cooled
in heat stress in cooled
cows was sufficien o’ ) z S s Meuater intake which resulted
: 7 t | yhrotdghout the experimental
period compare i ¥ i A S d by application of mist-
fan cooling is not il oe 'C:a' | f gh, THI of cooled and non-
cooled still hig ; . ge critieat o . W nO%gffect on plasma cortsol
concentration becaye efff g -‘_, [~SuppJE N chiatio B ist-fan cooling increased
water retention, theref nogt 2 - thafotolerance to heat stress. In

addition, the highest 6f valG@srof=mitc Vieh lactation may be lead to increased

heat production which /b2 ieause / SSlon, of synthesis thyroid hormone in

AUINENINGINg
RINNTUUNINYAY
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Exogenous MF
A 4 \ 4
4 Plasma IGF-I v AT and THI
(Ch. IV-VI)
s : — . | ¥ RRandRT
| d - N (Ch. IV-VI)
Il— - - -
m _ BT :
|I Renal odyjg n} , . W \ [M4Body fluids (TBW, ECF, PV
GFR, ERPF, BfBF, Rt i R and BV) (Ch. VI&VI)

!

4 Mammary blood flow
(Ch. 1V)

? Water :.-‘/_

il
1E
m ‘ w rate (Ch. VI&V

to renal function and milk production in crossbred Holstein cattle, solid arrows represent

demonstrated pathways whereas dashed arrows represent speculative pathways.
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