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Abetract

Effect of excgenous urea on urea metabelism in heat stressed swamp

buffalo.

In buffaloes during normal ambient temperature given exogenous
urea infusion intravenously; the heart rate, respiratory rate; packed
cell volume, glomerular filtration rate, plasma concentration of
electrolyte, protein and greatinine were not significantly affected.

The rate of urine flew, fractional urea excretien, urinary potassium
excretion and ecsemelar clearance significantly decreased on the third
hour of urea infusion. The decrease of fractiocnal potassium excretion was
concemitant with the reduectien of the rate of urine fleow and urine

pH. The renal urea reabsorption markedly increased after urea infusion
which had the negative cerrelation to urine flow rate, Before. and
during urea infusion in heat expesed animals, the rectal temperature,
heart rate and respiratery rate significantly increased. No significant
changes in GFR, RBF were noted., After urea infusion, the urine flow
rate slightly decreasedwhile Fenal urea reabsorption, urine pH and
fractional electrolyte excretion kept constant. During heat exposure,
there were marked. increases in concentrations of, total plasma protein,
albumin _ and plasma creatinine whereas plasma inerganic phospherys
concentration significantly decreased. It is concluded that an increase
in renal urea reabsorption during urea infusion in normal ambi~nt
temperature depends on urinary electrolyte excretion. Urea alone has

limitad diuretic ability. The decrease in urinary electrolytes



excretion (e.q. k%) will affect to the reduction of the rate of urine
flow by an osmotic diuretic sffect. These changes are insufficient to
aid renal wrea excretion although an increase in the filtered urea

has been determined. In heat s animals, renal urea reabsorption

is not affected by the d e of urine flow, but it
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Introduction

In general, the comservgtion mechanism of wrea appears to be
of primary importaree in _the ruminant. The utilization of urea faor
proetein synthesis has been known in this species animal whenever the
nitrogen intake is low. 2Additjon of urea tegether with starch has been
shown te increase the ameunt of protein synthesis in sheep and cattle
(Pierce, 1951). It has heen demonstrated that kidney should be able
to conserve urea by decreasing the renal urea excretion in some
phys iclogical condition eg. growth, lactation and during protein shortage
(Macfarlane, 196/). Very -]im-r dnﬁ are available in urea metabolism
during heat stress particularly in buffalo, although increases of plasma
creatinine and protein concentration have been reparted in acute -
heat 2xposuTe (Chaiyabutr et al, 1983), The data also showed a
slight increase in plasma urea concentration without the change in renal
urea excretion. These results did not provide enough information on

the intrarenal handling of urea in animal exposed to heat.

A1 attempt to elucidate the mechanism by which the role of
kidney in regulation of urea excretien is browght about; the urea
clearance, renal hemodynamjc and electrolyte excpetion are studied in
buffale given excgencys urea infusion durimg in either normal environmen-

tal thﬂpu-at:urt or acute heat exposure,



Materials and Methods

The experiment was cenducted in five healthy female swamp
buffaloes weighing between 330 to 440 kgs. The animals were fed
paragrass and water hyacinth ad 1lib throughout the experimental period.
on the day of experiments, the animal was withheld of feod and drinking
water while it was tethered with standing pesition in the contrel

climatic room.

Animal preparatien :

Before the start of the experiment the polyethylene catheter
(°E 200) was inserted into jugular vein by using Medicut intravenous
canula as the site for both infusien and bloed sampling. The S-shape

rubber catheter was inserted into urinary bladder for urine collection,

Experimental prnc'a:lwe :

The experiment was divided into two :m::':l.iilJl the first series,
animal was haused in a room held at an normal ambient temperature
(28 ¥ 3°c}, the second it was exposed to high ambient temperature
which was centrolled the temperature and relative humidity around
42 1% and s0% respectively by using thermcstatically electric heating
unit, Constant air was blewn out to stimulate ventilation of the room
by electric fan, All animals were elapsed for 1 menth befare the
second series was performed. Each series was divided into two periods,
befere and after urea infusion. During, the first period, the animal

was studied kidney functions and urea metabelism without exegenous



urea administration far 3 heurs. In the second period,

administration of exogenous urea was performed with the priming do -«
of 3 gm/animal followed by sustaining infusion of 50 mg/4 ml/min. of
urea diluted in nermal saline solution (N5S) wvia the jugular catheter.
Approximately one hour after equilibration, the studies ci the effect

of exogenous urea infusion were performed for 3 hours,

on the beginning of the experiment of both series, the buffalo
was given by a bolus injection of PAH 1 gm as a priming dese and was
sustained by continuous intravenous infusion of 25 my/4 ml/min of PAH
diluted in NSS throughout the experimental study. After one hour
egquilibratien, successive double collection and measurement of urine
volume were conducted at 10 minutes interval which was consistent to
bload sample collection at the midpeint of each urine collection period.
Blood sample for determination of electrolytes and other congtituente
were collected every 30 -mins interval while heart rate, respiratory
rate, rectal body temperature and temperature/humidity of surrounding
environment were measured every one hour interval throughout the

experimental run,

Determination of renal function

Glomerular filtration rate (GFR) was cbtained using the
clearance of endegenous creatinine expressed in ml/min as described by
Chaiyabutr et al (19282). Endogenous creatinine concentration was

determined by the method of Kennedy as described by Smith (1s62).



Effective renal plasma flow (ERPF) was cbtained by clearance
of PAH using Fick Principle expressed in ml/min. The PAH ceancentration
was determined by the method of Bratton and Marshall as described by

Smith (1962).

Plasma filtrate for determination of creatinine and PBAH

was deproteinized by Trichlercacetic acid

Flasma and urinary urea concentrations were determined by
the method of Ritcher & Lapoint (1962) using diacetyl mono-axime

reagent.,

Urinary nitrogen concentration was obtained by Kjeldhal
method. Total plasma protein was analysed using biuret methed,
glebulin by ferming the complex with glyoxylic acid and albumin by

the difference.

Electrolyte concentrations in plasma and urine sample were
analysed by the following procedures; Sodium and potassium by flame
photometry, chloride by chleridometer, calcium by creselphthalein
canplexone method as described by Varley et al (1980) and phospharus
by the methad using trichlorcacetic acid, molybdate followed by reduction
with _methyl=p-aminophenol sulfate. - Plasma-and urine csmolarity were

measured uwsing freezing point depression methed.

Packed cell volume was determined by microcapillary method.
Heart rate was measurement by palpation pulse of coccygeal artery while
respiratery rate was recorded from the movement of abdominal wall,
Rectal body temperature was cbtained using thermometer and the ambeint

temperature was recorded from dry bulb thermometer. Relative humidity



was calculated by the difference of dry and wet bulb temperature.
Temperature humidity index (THI) was calculated using the equation of
Maust, et al (1972) as follows;

THI = 0,72 (°C dry + °C wet) + 40.6

Calculation. The following symbols are used throughout the
calculation.

% = wurine flow rate (ml/min)

Cor = creatinine clearance (ml/min)

= plasma creatinine concentration (mg/100 ml)

cr
Ucr = urinary creatinine concentration (mg/100 ml)
CPAH = PAH clearance (ml/min)
Poay = plasma PAH concentration (mg/100 ml)
L. = urinary PAH cencentration (mg/100 ml)
COBm = osmolar clearance (ml/min)
Psm = plasma ocsmolality (mOsm/kg)
UOsm = urine ocsmolality (mOsm/kg)
CH20 = free water clearance (ml/min)
C = urea clearance (ml/min)
urea
= i 1
Purea plasma urea concentration (mg/10C ml)
) L & . 0 m
Uurea urinary urea concentration (mg/100 mi)
Uy = urinary total nitrogen concentraticn (mg/ml)
ureaN = urinary urea nitrogen concentration (mg/ml)
non ureay - Urinary non urea nitrogen concentratioin (mg/ml)
P = plasma concentration of electrolyte (mEg/l)
U = urinary concentration of electrolyte (mEqg/1l)

Het = packed cell volume (%)



eguation.

= Total Urinary nitrogen excretion (UNV) = Urinary urea nitrogen excretion(tlur

Statistic

significances were evaluated using student paired t~test compared with
control values (values obtained on the first period before urea infusion).

If the P-value is less than 0.05 the difference was cmsideredlsignificant.

-10-

Renal function studies were calculated by the fellowing

Glomerular filtration rate (GFR) = Cc =0 Vv

Effective renal plasma flow (ERPF) = CPAH = UPAHV

Filtration fraction (FF) = GFR x 100
ERPF

Renal bloeod flow (REBF) = ERPF x 100
100 - Hct

\"

Osmolar clearance (Ccsm) = U(hm

Free water clearance (CHzO} = V'Ccsm

R 1 - v
enal urea clearance (Curaa) = Uurea
P

urea

Renal electrolyte excretion = UEV

Renal urea excretion U v
urea

Urinary non~urea-nitrogen excretion (U )

7
nonureal

Fractional electrolyte excretion (FEE) = UE/PE % 100

/P

U
cr’ cr

Fractional ures cxerction (FE ) = U /P
" urea’ T ured! ‘wres

The data are expressed as mean ¥ SD. Their statistical

eal
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Results

Changes of ambient temperature, rectal body temperature, heart rate,

respiratory rate and packed cell volume during contrel and heat

exposure period. (Table I, Fig. 1)

The results in Table I and Figure 1 show that there were no
changes of rectal body temperature, heart rate respiratory rate and
packed cell volume throughout experimental run in the normal ambient
temperature. In the first series of the experiment, the mean value of
surrounding ambient temperature slightly increased by approximately
2.5% during urea infusien which was due to the variation of diurnal
ambient temperature. After 3 h. of heat exposure, the rectal body
temperature inc}feased significantly with the rate of 0.005°F/min. The
further increase in rectal tempefature was observed during urea infusion.
Mereover, the heat-expeosed animal given cxogenous urea showed a marked
elevation of heart rate and respiratory rate which increased by 14%
and 120% respectively at the ':'th h, of exposure. The packed celil
volume slightly decreased during heat expecsure. The temperature
humidity index (THI) wae higher during heét expesure compared with

preexposed value (P < 6.,001) whereas no significant change in THI was

cbserved in the first series of the experiment.

Changes of renal function during control and heat exposure period

(Table II, Fig. 2, 3)
After 4 h. of urea infusion during normal ambient temperature,

there was a significant decrease in urine flow rate by approximately
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Tabla I Effect of exogenous wrea infusien on rectal temperature, heart rate,

respiration rate and packed cell volume of normal and acute heat

stressed buffaloes. (Mean’5.D.)

Normal ambient tesmperature

Heat exposure

fter ureal Pre-heat 3 h.heat h.after urea
I
| SXposure EXpoEure infusieon
Arbient tamp. ' 321334 s1207% 40.6%0%%
(°, p.B)
Humidity (%) 53,6%18.0 -] 70.0%8.8 42.057F  s1.0%0"
THI (%) 7 34.2%2.6  92.8%0%% o1,0% 7%
Rectal temperature . ~100.8%0,¢ 1.1%30.9 102:02078  102.7%0%3
°r) \
Haart rate 0 a3l 437 47t 495"
{beats/min) ° b 4 '
A 1
Fespiratery rate & Al 2539 sat1d 5520
{breaths /min ) gg.g‘:(ga,. 7
|
Packed cell volume ¥ 2 28.273.2 270725 27.3%5.3
{*} - - i % e & e .

% P £ 0.01
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Mean percent changes fcr rectal temperature, heart rate, respiratory
rate and packed cell velume of five swamp buffaleoes given exogenous
urea infusion during normal ambient temperature (o--o) and acute
heat expesure (#—=) pericd., The values are mem:S.E.,P—values with
respect to the first how wvalue and preexposed value for animals

during normal ambient tempersture and heat exposure period respectively.

® P < 0,05, wep < 0,01, wexP < 0.001
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37 in comparison to the value obtained before urca insusion. The
marked reduction of urine flow rate was also noted in animal axposed to
heat for 3 h. and it was more cbvious after urea insusion which decreased
by approximately 33% from presxposed value. There was positive
correlation between the rate of urine flow and fractienal urea excretion
(P < 0,001, Fig. 4). Urea infusien had no effect on glomerular filtration
rate (GFR) of animal during control peried while a marked reduction

was apparent in heat. exposed animal. Renal plasma flow (RPF) and remal
blood flow (RBF) did not alter in either centrol or heat exposure
period. Changes of GFR and RPF were not proportionate which caused

a significant decrease in calculated filtration fraction. Renzl urea
excretion ehowed no alteration threughout the experiment of both series
while the decreases in renal urea clearance and fractional urea excreotion
were apparent in animals given urea infusion in normal ambient temperature.
It has been noted that urinary total nitrogen excretion decreased
markedly by 57% after urea infusion in normal animals while no chenges
weres apparent in heat expesed animals. These reduction coincided with
the decrease in urinary non-urea nitrogen excretion by approximately
18.5% of the mean value obtained before urea infusion. Tt was found
that the rate of urine flow also showed 4 positive corrclation with
urinary non-urea nitrogen ekxeretioen (P < 0.001), “Fig.' 5). “The calculated
renal urea reabsorption showed significant increased by approximately
46% after uree infusien in animals kept in normal ambient temperature

(P < 0,03) while 2 slight decrease was recarded during heat exposure.
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Table II Effect of exogenous urea infusion on renal hemodynamic and urea excretion of normal and acute heat stressed buffaloes. (Mean¥s.p.)

Normal ambient temperature Heat exposure

before urea 3 h.after urea Pre-heat . 3 h.heat 3 h.after urea
infusion infusion exposure exposure infusion
Urine flow rate 9.37%7.18 5.87%4.77 7.08%2.68 5.87%2.2 4.713%2.08
(ml/min)
Glomerular filtration rate 280.4%64.8 278.3%89.2 302.2%56.7 308.9%25.7 233,5%51.8

(ml/min)

Effective renal plasma flow
(m{ /min)

Renal blood flow

1237.83323.1

1732.0%452 .1

1091.0%401.9

1501 .64545.7

1255.8%307.7

1751.1%434.8

1321.9%221.2

1812.7%278.1

1165.43322.3

1609.6%466.7

SL -

(ml/min)
+ + + +. + -3
Filtration fraction 23.0%3.49 26.9138.71 25.1026.73 23.76%3.72 20.39%3.76 '
(%)
Renal urea clearance 197.12%80.79 166.14%97.84 194.6%52.9 190.4%26.2 156.9%43.6
(ml/min)
Renal urea excretion 89.4%41 .1 8a.3%50.5 91.0%27.1 88.9%16.9 81.1%17.5

(mg/min)

Fractional urea excretion
(%)

(mg/min)

67.94314.10

56.13315.52 _

— e B e m—— m— = St e o w— b fmm e m— m—— = e e e e — e e

63.81%9.61

62.11510.29

el

68.16%15.45

Urinary total nitrogen excretion 128.5%110.9 55.5%26.6 55.5%9.8 58.9%13.4 55.5%20.5
(mg/min) '
* + + + +
_ Urinary non urea nitrogen excretion 86.8-93.4 16.1-6.6 12.9-7.3 17.4-8.6 17.7-14.9
(mg/min)
. . + - - + +
Urinary urea nitrogen excretion 41.6-19.3 39,.4-23,5 42.5-12.5 41.5-7.8 3_7.—8-—8.2
(mg/min) ’
Urea reabsorption 41.8%20.1 61.122.5 52.7%20.1 57.3%25.3 42.2%25.7

* P < 0.05, ** P < 0.01, ***xp < 0.001
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b———UHREA INFUSLON——si

FRE p——————— HEAT EXPOSURE — — ~ 4
HEAT

Mean percent changes for urine flow rate, glomerular filtration rate,
effective renal plasma flow and filtration fraction of five swamp
buffaloes given exegencus urea infusion during normal ambient
temperature (o---o) and z2cute heat exposure (e—a) pericd. The
values are meaniS.E.,F‘—valuEﬂ with respect to the first hour value
and preexposed Uaiue for animals during normal ambient temperature

and heat exposure pericd respectively.

* P < 0,05
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HEAT

Fig 3 Mean percent changes for urinary urea excretion, fractional urea

excretion, renal urea reabsorption, urinary total nitrogen excretion,
urina;y non-urea nitregen excretion and renal urea clearance of

five swamﬁ buffaloes given exogenous urea infusion during normal
ambient temperatute {o---o) and acute heat exposure (e—e) pericd.
The values are meanfS.E.JP-values Qith respect to the first hour

value: and preexposed value for animals during normal ambient

temperature and heat exposure peried respectively.

*®p < 0.05
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Unon-urean’
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Fig 5 The relationship between urine flew rate (V) and wrinary non-urea

nitrogen excretion (U V) of five swamp buffalees given

non-ureal

exogencus ‘urea infusien during nermal ambient temperature and acute

heat exposure period.

0 normal temper&tire without urea

@ normal temperature with wrea

& heat| exposure without urea &' heat exposure with urea
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Changes of remal electreolyte excretion, Osmolar clearance free water

clearance and urine pH during control and heat exposwre pericd.

(Table III, Fig. 7, 8)

The results show that the urinary and fractieonal sedium
excretion slightly increased after ures infusion in animals kept in
normal ambient temperature. However after 3 h. of heat expossure, the
marked decrease was detected by 32% and 42% respectively. The tendency
of an increase in gither urinary and fracticnal sodium excretion was

«xhibited thereafteér during infusion of urea in heat stressed anicals.

Urinary and fractional ¥" excretion decreased significantly
by approximately 43% after urea infusion in animals kept in normal
ambient temperature (F < 0.05), whereas slight reduction was detected
during heat exposure. A positive ¢§}relatinn between wrinary flow rate
and fractional excretion of potassiom (P < 0,001, Fig. 6), werc coboerved
in either heat exposure cr during mrea infusion.’ The pattern of excrotion
of C17 was similar to that of K'. No significant changes of the execretion

of ca”" and P.i. were noted throughout the study.

The esmclar clearance of .animals) kept in jeithur normal ambient
tempeorature or exposed to heatoshowed marked decrease 2fter uwrea
infusien. | However ; no remarkably changes of free water clearance by the
cifect of urea infusion were apparent. Urine pH in animals kept in
normal ambient temperaturc markedly decreased after urea infusion whereas

there were no changes in animals expeosed to heat.



Table III Effect of exogenous urea infusion on renal electrolyte excretion, osmolar clearance, free water clearance and urine pH of normal

and acute heat stressed buffaloes. (Meanis.D.)

Normal ambient temperature

Heat exposure

before urea 3 h.after urea Pre-heat 3 h. heat 3 h. after urea
infusion infusion exposure exposure infusion
. + . + + + + +
Urinary Na excretion 186.3-195.3 212.9-158.5 320.2-301.8 217.2-136.3 280.2-267.4

(Jqu/min)

‘Urinary 1<+ excretion
gﬁﬁq/’min]

Urinary C1~ excretion

(JAJEq/min )

. 2 .
Urinary Ca * excretion
(mg /min )

Urinary F'C:l= excretion
(mg/min )

Fractional Na+ excretion
(%)

Fractional kt excretion
(%)

Fractional Cl1 excretion
(%)

Fractional Ca++ excretion
(%)

Fractional 90: excretion
(%)

Osmolar clearance
(ml/min)

Free water clearance
(ml/min)

Urine pH

1898.111000.4

1337.9%928.9
0.413%0.436
0.032%0,013
0.492%0.468
162.3%67.6
4.53132.30
1.64221.,666
0.245%0,069

21.63210.97

-12.176%4.099

9.52%0.20

+ *
1093.8-704.5

973.03727.4
0.728%0.575
0.028%0,015
0.623%0.460
90.9%24.6
3.43331.392

3.14531., 790

0.251%0.067

16.2779.36

-10.398%4. 646

9.14%0.40

1181.3%647.9

1207.8%398.7

0.929%0.391

0.046%0.028

0.923%1 008

87.526.9

4:130%1 .445

4.061%2.167

0.305%0.142
17.07%5.50
~9.996%2.940

8.83%0.79

1172.7%455.1

. 1051.,7%614.3

0.73020.448
0.048%0,033
0.538%0.315
93.4720.6
3.378%1.822
2.946%1.807

0.340%0.143

17.38%.04

-11.512%4. 021

8.86%0.90

738.9%418.9

699.2%430.1

0.551%0.496

0.040%0.032

0.911%0.886

80.5%33.9

2.860%1 734

2.758%2.390

0.435%0.268

13.40%4.64

-8.551%2.682

8.79%0.9

* P < 0,05

Lz -
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Mean percent changes for fracticnal excretien of sodium, potassium,
chloride, calcium and phesphorus ef five swamp buffaloes giwven
exogencus urea infusion during normal ambient temperature (o---o0)
and acute heat exposure (e—e) periocd. The values are mean:S.E.J
P-values with respect to the first hour value and preexposed value
for animals during normal ambient temperature and heat exposure
period respectively.

*® P < 0,05, *%P < 0.0
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Fig 8

Mean percentlchanges. for cemolar clearance, free water clearance and
urine pH of five swamp buffalees given exegenous urea infusien during
nermal ambient temperdture {o---olhand acute heat exposure (e—a)
pericd. The values ate rl'l.\‘z--Etrlei.F!.J P-values with respect to the first
hour value and preexpesed velue for animals during neormal ambient

temperature and heat exposure period respectively.

# 0 < 0,05
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Changes of plasma &lectrolytes and plasma constituents during control

and heat exposure period (Table 1V, Fig. 9, 10)

The results indicate that no significant changes of
the concentration of plasma constituents were apparent in animals kept
in normel ambient temperature. During heat exposure, -.i-‘.;s)ma Sodium eoy ‘-mﬂaﬁm
significantly decreased after 3 h. of heat exposure (P < 0.05) and it
return=d to preexposed value after urea infusion. Plasma concentrationg
of 1”7 and ca’t remained constant throughout the period of study. It
has been shown that plasma inorganic phesphate concentration decrsased
gradually by 10% and 23% during heat exposure and after urca infusion
respectively (P < 0.05). During heat exposure, there was a rise of
plasma creatinine concentration with the concomitant increase in total -
plasma protein concentration. 2An elevation was obviously coincidec with
the time course of heat exposure. Plasma protein concentration
incieased nearly 13% during ?th h, of heat expesure after urea infusion
(P < 0.001)., The increased values of plasma albumin concentration was
higher than that of globulin. Therefore, the albumin globulin ratio
exhibited a tendency to increase. Plasma csmolarity decreased signifi-
cantly during animals exposed to heat for '3 h. (P < 0.05) and it returned

to the preexposed value during urea infusion.



Table IV

(Meants.Dp.)

Effect of exogenous urea infusion on plasma electrolytes and plasma constituents of normal and acute heat stressed buffaloes.

Normal ambient temperature

— — o —

Heat -exposure

before urea 3 h.after urea Pre-heat 3 h. heat 3 h. after urea
infusion infusion exposure exposure infusion
|
Plasma sodium 133.4%6.4 134.3%8.3 138.2%4.0 136.2%3.9% 137.133.0
(mEq/L ) |
Plasma potassium 4.44%0.38 4.32%0.22 4.62%0.34 " 4.27%0.35 4.14%0.34
(mEq/L) |
Plasma chloride 95.8%5.0 99.1%7.0 ' 99.635.7 98.4%5.0 100.1%2.9
(mEq/L ) |
Plasma calcium 7.90%0.50 7.8770.36 I 8.63%0.44 8.36%0.26 8.58%0.28
(mg%) |
. + + | + + .
Plasma inorganic phosphate 4.34-1.05 ATTO-1.21 4.68-0.82 4.19-0.67 3.59-0.45
(mg% ) |
|
Plasma Protein 5.77%0.9 9.90%0. 91 | 9.12%0.23 9.57%0.23 10.27%0.25""
(gm% ) |
Albumin 4.47%0 .51 4.60%0.63 | 4.0%0.38 4.38%.27 4.76%0.38"
(gms ) |
Globulin 5.30%0.63 5.30%0.49 I 5.12%0.46 5.20%0.42 5.51%0.27
(gms% ) |
|
A/G ratio 0.854%0,127 0.873%0.129 | 0.791%0.127 0.851%0.111 0.870%0.100
*
Plasma creatinine 1.39%.25 1.43%.29 I 1.53%0.29 1.63%2.7 1.82%0.3
(mg%) |
| *
Posm (mOsm/kgH,0) 26418 263210 | 274%8 263%8 27534
*
Plasma urea concentration 46.3%12.5 53.2%15.0™" ! 47.4%8.6 47.1%8.6 53.0%9. 1"
(mg%) !
* P < 0.05, *x P < 0.01, #*%* P < 0,001
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Fig 9 Mean percent changes for plasma concentraticns of sodium, potassium,
chloride, calcium and inorganic phosphorus of five swamp buffalces
given exogenous urea infusion during normal ambient temperature
{g—--g) and acute heat exposure (e—e) pericd. The values are
mean=5. E. , P-values with respect to the first hour wvalue and preexposed
value for animals during normal ambient temperature and heat exposure

pericd respectively.

# P < 0,05
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Fig 10

Mean percent changes for plasma protein, glebulin, albumin,
creatinine and urea concentrations of five swamp buffaloes given
exojenous urea infusion during normal ambeint temperature (o---o)
and acute heat expesure (e—a) pericd. The values are mean¥s. E. >
P-values with respect to the first hour valuer and preexposed
value for animals during normal ambient temperature and heat
e.xpmuru\ pericd respectively.

#P < 0,05, #%P < 0,01, =sep < 0.007
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Discussion

The amount of urea excreted in the urine of mammals is
known by the determination of both the amount of urea filtered at the
glomerulus and by the extent to which this urea is reabsorbed. The
preseni experiments show that buffalo at normel ambient temperature
excreted urea in the urine by approximately 68% of glomerular filtered
urea. These results indicate that buffaleoes could maintain on
adeguate dietary protein, since it was shown that very low percentage
of glomerular filtered urea could be detected in ruminating animals
fed low protein cdiet (Gans, 1966; Schmidt-Nielsen et al, 1957). However,
in the present experiment, only 56.9% glomerular filtered urea was
excreted in buffaloes given exogenous urea intravenously. The marked
iﬁc:(,-cnse in renal urca reabsorption in this period indicates urea
rctention which was independent of glomerular filtration ratc and

the level of protein in the diet. (Schmiat-Nielsen, 1958).

Ne increase in GFR was observed, despite a marked incrcase
in plasm: urea concentration which was similar to the experiment in
sheep given short term urea infusion (Ergene and Pickering, 1978).
There were significant positive correlations between the rate of urine
flow and fractional urea excretion which indicates reabsorption or
bacl diffusion of urea through renal tubule. This relstionship has
been shown in Cdomestic animals including the sheep (Gans, 1966;

Cocimano & Leng, 1967).
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In the present experiment the decrease in the non-urea nitregen
excretion ceincided with the decrease in the rate of urine flow, This
phenomencon indicates that the decrease in the total nitrogen excretion
during excgenous urea infusion depends not only on the nitrogen intaka

but alse on nutritional condition (Houpt, 195%9).

The decrease in the wrine flew rate during urca infusion was
related to the decrease in electrolyte cxerctien particularly potassium
ion which cannot create camotic diuretic effeect resulting in the decline
of csmolar clearance.  Thepefore, effect of urea alone had limited
diuretic ability (Godwin & William, 1984). The decrease of urine pH jas
concomitant with the @ecrease of k' excration during urca infusien vlhicl could
be explained by the well knewn fact that kidney play a significant role
in acid-base regulation by an attempt to ensure hydrogen ions with a
reciprocal secretion of petassium ions ‘fdﬂmsm & Selkert, 1966). The
gsimilar decrease in urinary K extretion was also reported in sheep after,
increase urea level in _the blood (Juhasz and Szegedis 1969). Whether
the decréase in urinary petassium xcr: tion by the ef fecl of metabolic
aridrs is during exogenous urea administration in the presemt experiment
would be furth. r-ihvestigated. | 4n by resent-investigation, the
artidiuretic effect aftur weéa infusion war not apparently due to the
action of pantidiuretic\hermons gince the free water clearance kKopt
constant. This finding is apparently due to the fact that wreca readily
panctrates cell membranes and thus does not provide an effactive camotie
stimulus. Hypertonic urea has also been reported to provide a poor

cemotic stimulus for ADH, (Robertson et al, 1977),
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During heat exposure for 3 h., therc were no significant
changcs in renal hemedynamies, These results are not similar to the
provieus study in buffaloes after 4 h. exposed to solar radiatien in
which the eclevation of renal blood flow has been apparent (Chaiyabutr-

oL al, 1983),

In the present study, teotal plasma protein incressed
significartly by the time of heat EXPCSUrT, AN elevation has also
buen reported in both mam (Scnay, 1970) and buffale exposec to sevoce
hoat (Chaiyabutr et al, 1985: 1937), An increase in aibumin fraction
was excecd than that of globulin causing a tendency of increase in
A/C ratio. The change' in albumin hed a lekge rolc dn dctormining
tetal protein behavier (Senay & christ;men. 1968)., The mechenism of
increase in plasma protein uoncmtra.tim;tﬂ-;ould be duc to the activation
of ondogenous nitrogen catabelism (Blmc;a‘ﬁd Bredy, 1951} or duc te
the mesela pr_utein breakdcwn, -~ Bowever, na;l:hﬂr the change of plasma urea cone
contration nor the urinary teotal nitregen-excretion were obscrved.
Therefor=, the elevation of plasma pretein cencentration during heat exposure
would be due to muscle pretein breakdown since plasma creatinine
concentration increasad indicating skeletal muscle cell-degeneration
{(Terui et 21, 1578). An excgenous urea infusion during heat) exposurac
could not be accounted for an increase in/renal urea reoabgsciption in
comparison fo the buffale study in neormal ambient temperalturc oven

though the decreasc of urime flow has been observed. Thes: f{indings

auggust that the bedy poel size of nitrogencus substances would Lo
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a factor influencing the relation of blood urea level to its renal
retention of N-substance rathcr than dietary protein status during
acute heat exposure. Since; In acute heat stressed buffalo thure was
an increase in body water turnover and blood volume (Chaiyabutr et al,
1987) cencomitant with an increase in plasma concentration of protein
and creatinine. In this case either urea and non-urea nitrogen may be
transported from the tissue into the bleed and distribution in the
body fluid. The decrease in plasma potassium concentration in the
present study is complex. During acute heat exposure the sympathetic
outflow could be responsible for increase cardiorespiratory freguency.
Significant increase of norepinephrine and dopamine have been reported
in cattle exposcd to severe heat (Yousef, 197%) which will causc the
reduction of plasma k* concentration (Brown, 1984). The pruovicus
experiment has also been shown markedly increase of plasma gluceose
concentration in acute heat gtressed buffalo (Chaiyabutr et al, 1987).
This cffect may induce to reiease endogencus -insulin and can cause
hypokalemia by a shift of K' inte cell (Rese, 1977). Mnother
possibility for the decrease in plasma xt concentration might be duc
to the shift of potassium ién moving intracellularly during alkalotic
stales which usually occur in panting animals. The decrease in pK was
congistent to the decrease in Pp:i which has also been demonstrated

in heat exposed steer (Terui et al, 1979). The reduction of Ppi
might result in increased rates of glucolytic enzyme activity and
accumulation of phosphorylative glycolytic intermediates by trapping
merce P ointracellularly during alkalotic states (Knochel & Caskey, 1977).

During exogenous urea infusion, both urinary and fractional X' excretion
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markedly decreased in buffaloes kept in normal ambient temperature.
However, no apparent change during heat exposure might be due te the
effect of excgenous urea infusion which was superimpesed by respiratory
alkalesis since urine pH kept constant. In cenclusion, an increase
in renal urea reabsorption during urea infusion in normal ambient
temperature depends on urinary electrelyte excretion. Urea alone has
limited diuwretic ability. The decrease in urinary electrolytes
excretion (e.g. K+} will affect to the reduction of the rate of urine
flow by an cemotic diuretic effect. These changes are insufficient
to aid renal urea excretion although an inerease in the filtered urea
has been determined, In heat stressed animal, renal urea reabsorption
is not affected by the decrease in the rate of urine flow, but it
depends on an ingrease in the body pool size of nitregencus substance

which will limit renal urea retention.
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