CHAPTER II

BACKGROUND INFORMATION

Many information concerning climatic physiology of swamp

buffalo has been reported especi y about the heat tolerance compared

with any other domestic anime : rphological characteristics
are responsible for 7
for example : numl ) \est gland;.body formation, density of
hair coat and pigme 5 considered not to be
the heat tolerance one sixth of the sweat
gland population d s cattle (Hafez,
Badreldin & Shafie, surface area of the sweat

gland, and the low swWeafgi ate” inder high environmental

tion than in catti i, McDowell & Sad 964; Chikamune, 1986 )

/ E¥ness of the body. deep
belly and large Prgortian - ace drea (B@acefweight} facilitate

dissipation nz excess Quilhaat espidialfﬂth:augh radiation. Since
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against ultraviolet ray while it permits free convection over the body

hair is jus

surface. All of these morphological features make its ability to
thrive in the hot and arid environment (Shafie, 1985). However the
relative lower evaporative heat loss in buffalo indicated that it was
not heat tolerance animal so that the wallowing is one of the most
important adaptive behavior of buffale under hot climate to dissipate

heat by non-evaporative cooling.



Effect of heat exposure on circulatory system

The most obvious effect of heat exposure on cardiovascular
function is an increase in heart rate. An increase in heart rate
is consistent with an increase in cardiac output in ox (Whittow. 1965,
1968) but not in sheep (Hales, 1973). On the other hand, arterial

blood pressure will increase or

; Tua that depends on total peripheral

resistance affected by se posure. Some factors that

'nr.-.“ omé!;ria.l node, the area of

alter heart rate have _

pacemaker. The in t| rats ' “fi#at  stress condition is

considered by two reasgss; g5t, ithe inhcrease
directly at the SA nod -' . .-'--- ' \
— LA

during stress conditic : /

n temperature acts

catecholamine produced

se by 2.4° ¢ increased

\ n, been reported that severe
heat stress which - \

blood flow to the ad increased catecholamine

e

level (Rubsamen & Hales, 1985 ffalo, the normal value of heart

rate is quite low-whe e with any other domestic ruminant. The

) . —

previous reports | '] f’: 10-15° ¢, (the zone for

-

temperate cattle) 1m-20°(: (the zone for hufa& and 20-25°C (the zone

for subtropi tﬁﬁ %‘ﬁ:ﬂu falo was lower than Egyptian,
Dairy shartﬂﬂi m. ‘gj ﬁf- o had a lower

cardia 3; f i i ' Tﬁaﬂmt there

was a EWﬂf 1mam}h‘j m roximate of

30% compare with 9, 26 and 13% in Egyptian, Dairy shorthorn and their
crossbred respectively in direct solar heat exposure for 2 hrs. (Shafie,
1985). The similar response was also reported by Chaiyabutr et al.
{1987) who showed a marked increase in heart rate of buffalo from 40

to 56 beats/min after heat exposure for 6 hrs. However, a very slight

increase in heart rate of buffalc and native cattle with a much higher



value in Dairy Shorthorn and Holstein has been reported (Badreldin &
Ghany, 1954; Chikamune, 1986 ). Thus, the conclusion can not be
established depending on the experimental condition and probably the

genetic. variation of the individual animal.

Effect of heat exposure on respiration

The moisture is evaporated fyom the body by respiration and

/

about 35° C there is an  respi »- evaporative moisture

will increase excess heat

loss by respiratory e ambient temperature

for an apprioximate shich is ebeiit 60% of total heat loss

£5). and 32% in steer.

in sheep (Brockway, .

{Mc Lean & Calver, 1

Buffalo has a * than cattle (Alim & Alimed,

1956; Fahimuddin, 1975; ; afie, 1985). The respiratory

rate markedly increases.in : gegreater than in buffalo in

contrary to the .-‘- me G * hen exposed to heat in

—
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climatic chamber T€Hi : fespiration volume was

associated whith a qh ratio of c:-:qrgen uptu.kﬂn buffalo suggesting

the more affxﬂﬁ Ern:-.ﬂ Ej m;wmﬂ iapiratory exercise

in this specid# than in -:at.tla t{.‘.hikamnm 1987 ). Hnwavar. the
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buffalo %han native cattle and Dairy shorthorn during direct exposed

to solar radiation has been demonstrated (Shafie, 1985).

Effect of heat exposure on body temperature

The ambient temperature has an effect on thermoregulation and
body temperature. 2Zone of thermal neutrality is the range of tempera-

ture that the animal can persist with comfortable. Zone of thermal



neutrality in buffale was considered to be 13 to 24° C (Goswanui &

Narian, 1962) while the value which was reported by Shafie (1985) was
15-20° C. When the temperature decreases until reach lower critical
temperature, the metabolic rate and oxygen consumption will increase

to maintain body temperature by increase in heat production. If the

ambient temperature falls furth eat loss will be greater than heat
production. The animal i tharmia and finally,

fatal. When animal exf h upper critical

temperature, it wil loss by beth sweating

and respiration to crgdsg’ be \\ \": body until maximal rate

\‘\
A

of evaporative hea ient temperature

further increase, , according to the
increase in heat proé the environment which
are greater than hea ‘ 2 core temperature will
increase and animal is re /perthermia. The previous

report showed that, in 416 61 ical ambient temperature

€8s Chikamune (1986)

is 36.1 c tHiara

reported the range gtwaan oo C ana™3o H ﬂmral studies proved
that buffalo és the Somer norm of bédy temperature than cattle
(Fahimuddin, u &Lgﬂm EJ w j mﬂ 1@1‘5 The rises in

rectal m.a 5&» Tln Holsteidl€attle than in
the hufal chi n ﬂﬂ m Ellrlﬂﬂ chamber in
contrary to the report in buffalo exposed to direct solar radiation

(Shafie, 1985).

Effect of heat exposure on plasma volume, water content and water

turnover rate.

Many previous reports showed that blood and plasma volume



increased both in cattle and buffalo exposed to hot environment.

Kamal and Shebaita (1972) reported an increase in plasma volume with

a concomittant increase in plasma solids by 13.5% and 15.6% in buffalo
and Friesian respectively. The results was the same as that reported
in buffalo exposed to heat at 42° C in climatic chamber for 5 hrs.

asma solid by 12.8%, plasma volume

# of packed cell volume and

the The increase in plasma
e —

reaborption at the
Ny

b, erease of rumen retention
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in which there was an increase

7.1% and blood volume 6.5

a higher rate of liquil

volume might pmhab
intestine which ' o / r

2l
o

“ar centration of buffalo
exposed to heat infres l nifica yich produced an osmotic force
facilitating the water . into infrayascular compartment  (Chaiyabutr

et al,, 1987). These'pofisiblh rclé Mlas also supported previously in

In the dry): t tropic cond leaftle and sheep contained

extracellular fluid

increased when expdsed to heat in camel # gaat,m)oran cattle and fat
¢ o Q/

tailed maﬂaﬁlﬂWWﬁ i ﬂlﬁ (Hafez, 1968).

The increase in water content is a part of mechanism for evaporative
R T T T TITE TR R
\
to hot dénditions (Mullick, 1962; Misra et al‘., 1963). Water turnover
is justified to be one factor responsible for acclimatization. It
determines rate of water loss and replacement from the animal. Hafez
(1968) showed that buffalo had the higher rate of water turnover than
cattle. Bos indicus requires less water than Bos taurus and pure
European breed in the same environment (Siebert & Macfarlane, 1969).

Goat uses less water than sheep while camel has the lowest of water



turnover rate (Macfarlane & Howard, 1970). In these studies it was
shown that the animal which has lower water turnover rate survied

better in the hot and arid environment.

Water turnover rate as well as the total body water of buffalo

increased in summer (Kamal & Seif. 1963). The total bedy water of

18° c. 52% RH to 2328 m
RH). The similar res ore aﬂo M‘" Chaiyabutr et al. (1987)

with an increase in wats m 43.8 to B2.53 litre/day

\\\ *;-- with natural

\ aver, water turnover

when buffalo exposed
environmental tempers:
rate is affected by atura. season, food

intake and many physiological iThus, the values obtained cannot

be compared between eachlof fhese o

Effect of heat expos

N

Very little conterning the effect of

high environmental ature on body metabolism. Macfarlane (1964)

suggested thﬂﬁ:ﬁnfj:ﬂ Wiﬁwﬁnrn Iﬁum absorption of

the heat of arfbient air and anlar unurgy, the mtabalic rate would
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consider®d to be depressed because of the decrease of thyroxin ocutput
{Johnson, Ragsdale & Cheng, 1957; Premachandra, Pipes & Turners 1960).
The 1:HI uptake per 24 hr at 22° ¢ air temperature was 10.13% in buffalo
but its value was 8.91% at 35° C. The reduction is quite lower than
Friesians (Kamal, Kotby and El-Fouly:; 1972). The serum content of T4
in summer was also lower than that in winter : 11.16 & 2.04 VS 11.36 =

1.55 ng/ml (Dixit, Agrawal, Agrawal & Dwaraknath, 1982). The
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reduction of thyroid function was related to the decrease of feed
intake or the direct effect of the temperature on thyroid gland. Many
researchs showed that high environmental temperature had a direct
influence on decreasing thyroid activity in cattle (Yousef, Kibler &
Johnson, 1967b) and sheep (Thompson, 1973). Furthermore, Yousef and

Johnson (1965) showed that the c es of thyroid activity would occur

60 hrs. after heat expos ad 108 hrs. for readijustment.

= role i&hﬂat experimental study.

During summer ard expe! on of 17-hydroxysteroid

Thus, it does not play

and 17-ketosteroid werg s [e ‘. s low productmn of
cortisol resulted in
Morris, 1960), Shért Fer@ #kpodurd t - heat reased plasma cortisol
which was the responSe f£o Strass. oy whil® long term exposure to
heat decreased plasmacoptisgly= ‘J i 23 ‘ ate (Christison & Johnsons

“' s | ..,..-

1972), Yousef and Johnsnn . #sted that this was the part of

acclimatization oyre org@uction. Short term

exposure to heat *f_ \E bf catecholamine in

the ungulate {Thmq:mn, Christop
Dauncey & Vﬁ avis (1978) indicated
that the pmﬁg ﬂam Elam indicators of
M UL E N 101
responsible fur@la m @ ilmil.:‘mtm a“i constituents.

The changes of glucose metabolism were reported in animal

TS50 » Hmn@ Hills, 1978; Barranda

during various physiological state for example starvation, pregnancy,
lactation and after the administration of some substances such as
exogenous glucose, insulin and epinephrine etc. (Spirtos, Stuelke &
Halmi, 1957; Altszuler, Steele, Rathgeb & Debodo, 1967; Rizza, Haymond,

Cryer & Gerich, 1979; Gray, Lickley & Vranic, 1980; Chaiyabutr, Faulkner
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& Peaker, 1982b, 1983¢). Sano et al. (1979) reported the changes of
glucose metabolism in sheep exposed to an ambient temperature of 30° ¢
{(RH 70%) for ten days in climatic chamber. During heat exposure both the
pool size and turnover rate of glucose tended to decrease compare

with those of 20° C. Although the sheep was refuse to feed,the
starvation of this sheep did not decrease glucose turnover rate the

same as that by heat. He su the decrease in glucose

metabolism was a part lic adaptation by

inhibition both glycgge agis due to the depression
of thyroid functior & glucose concentration

did not change sim exposed to mild heat

(Bianca & Findlay, #9620 owSyery the st \,\ ise in plasma glucose
concentration has bgé i ' \§- s (Chaiyabutr et al.,
1987) and in calves (Biafca & Rindls 962 ) lexposed to severe heat

for a short period. le data about the changes of

glucose metabolism of b ass condition.

It is knawi that . Hoa protein nitrogen

will be conserved @ the process of urea ranyﬂlng which passes to the
rumen and br 4 { i ia it is converted

to amino mﬂm ﬂﬂlﬁ: ﬂal’l?jh body requirement
is incq i PTW £ 3. tio Q&’ ow protein
inta.lca.:ﬂhﬂ | n nijH aﬂﬁmLﬁHat passed

less than 0.3 gm urea per 24 hrs in urine but it rose 10 to 12 gnm.

when feeding with adequate protein (Schmidt-Nielsen, Schmidt-Nielsen,
Houpt & Jarnum, 1957). The similar results were cbtained in sheep

{Schmidt-Nielsen, Osaki, Murdaugh & O'Dell, 1958) and buffalo calves
(Nath, Mlhra & Chetal, 1979) on low protein intake without any changes

in filtered load of urea. In hot environment, Chaiyabutr et al. (1983a)
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found that there was a tendency of increase in urea reabsorption in
buffalo during exposed to solar radiation. Plasma urea concentration
slightly increased while there was not any alteration in glomerular
filtration rate. Moreover, the results shown that there were increases
in plasma protein and plasma glucose concentration by approximately

6.5% and 73% respectively suggesting the alteration of nutrient supply

for metabolism, The experit \ /an of urea together with

starch in sheep has s increase in protein synthe-

sis (Pierce, 1951). ated the interrelationship

between protein a fortunately, little

. -—'
information was obf3ing . r_.J- ‘ r\\\ 1pid metabolism in heat

\

stress condition.

Effect of heat exposur;

Kidney is one o t organ responsible for heat

: : LT o
adaptation. In rumina it take a"Tre nitrogen recyclings glu-

coneogenesis and reguliation a%gretion. The study of

renal function shmg that there the edu@on in GFR and E-RPF

for a half in five 4 .gh-: Merino ewds/deprived of water (Macfarlane,

Morris, Huwaﬂ uﬂq nﬂm im ﬂf] f‘]hjpatasm.um secretion
rate J.ncraased ﬁa r rose alfe for 3 days.

NCY VKT 14T iaN 112 aY:)1 I
that rapurtad in sheep during summer (Nawaz & Shah, 1984). In hot
environment, there was the higher Na/K ratio of the urine. This renal
behavior was supported by Chaiyabutr et al,(1983b) studied in buffaleo
exposed to solar radiation although there were not any changes in GFRa

renal blood flow and Na' excretion while K' excretion decreased. These

phenomena might be some parts of endocrine action. The correlation
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between plasma aldosterone concentration and urinary sodium excretion
has been demonstrated in buffaloes exposed to heat - (Youngsukying, 1986).
The endocrine and hemodynamic aspects of these ruminant electrolyte

control require further analysis both in the short and long term of

heat exposure.

The water excretion was 'thé most important factor for heat
adaptation. McDonald & M; ‘ N f that the low GFR and
REF were responsible sy Car : in sheep. Hafez (1968)

reported the reductiop in. camel and sheep in arid

areas. The kidney cifcame . vds -expe b\“._; esponsed to vasopressin
while it had a lowerg ®ef e  catt Al (facfarlane et al., 1967). 1In
ruminant exposed to hLEt @ng e there was an increase in plasma
vasopressin which had fhdl efféct by ddereesed in potassium secretion,
thus increase in water @xc o re nglin diuresis (Hafez. 1968).

The information showed - H‘ al function and its role of

conducted in buffalo

- ox

which cannot tole “ | - Scause of the less
: i
efficient of evaporative cooling. 5o, kidney may play an important
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