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Ahstract

Effects of exogencous urea infusion on glucose metabolism in acute heat

stressed swamp buffaloes.

Five buffaleoes kept.an narmal ’ambient temperature showed ne significant

>

changes in the hedrt

ate, res\Yir-atory rate, packed cell volume, glucecse

turnover rate, e/pogl siie}. glucose clearance, glomerular filtration
2 ¢ : 4 ';

r ' e -

rate (GFR), effectiye "eﬁal-ﬁlufma flow (ERPF), plasma concentration of

% ’4

electrolvtes, pr ?46 creat line during intravenous infusion of urea

2
1L A 45

for 4 h. The rat nf/ur’in:a; flow, fractionel urea excretion, urinary

/ 7.“4\" ) u/j.‘
potassium excretion an@f&‘é@mlar ‘Eﬁééance significantly decreased on the

et
— —

4 h. of urea infusien. _7he dm‘ré’{n&@f fractional potassium excretion

B

was concomitant with the reduction of the rateof urine flow and urine

\j'

- d N

pH. The renal Urea reabsorption markedly iftreased during urea infusion.
- 4

In animals exposed to heat, the rectal temperature, heart rate and
respiratory| nate s ignidicamt Ly finck€asedy ¢ThetOrnover rate of both

U-"%c glucose and 3-°H glucose markedly increased while the reduction

of glucese carbon recycling was observed. Flasma glucose concentration
significantly increased during heat exposure but no significant changes

in GFR and ERFPF were noted. An intravenous infusion of urea in heat
exposed animals caused the reduction of glucose turnover rate and glucose
clearance while plasma glucose concentration progressively increased,
Glucese carbon recycling slightly increased during exogencus urea infusion.

The rate of urine flow decreased while renal urea reabsorption, urine pH



and fractional electrolyte excretions showed no significant changes.
During heat exposure, there were marked increases in concentrations

of total plasma protein and plasma creatinine whereas plasma inorganic
phesphorus concentration significantly decreased. It is concluded that
glucese production and utilization increased in animals exposed to heat
!' ? curred during urea infusion. M
orp éﬂnp urea infusion in buffaloes

on the rate of urine flow

but the interference of
increase in renal
kept in normal amb: =g
which affect by electrolytes., The limitation
of renal ure; imals would be attributed
to an increases nitrogenous substance or

body metabolism,

FONUUMYUSNNS )
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Introduction

It is known that a preovisien of glucose in the ruminant is entirely
by endogencus synthesis from non-carbeohydrate sources in the liver and
kidney (Bergman, 1973). A wide variety of factors; for example, lactation,
pregnancy and starvatien, can affect blood glucose concentration by
changing the rates of entry and remeval of glucose in the circulation
(Chaivabutr et al, 1982). D{ acute heat exposure, an increase in
glucese concentratiocns has been reported in either calves (Bianca & Findley,
1962 ) and buffaleoes (Chaiyabut£ et al, 1987). The mechanisms for rapid
change in plasma gluccse cnnent;ht;nn particularly in buffale have not
been determined, althowh the wé;e; turnever rate and changes in renal

hemedynamics have been reported 'Ié;héiyabutr et al, 1983; 1987)., However,

4

in chreonic heat expesed sheep, a aégéaasa in glucose pool size, turnover

rate and rate of gluconesgenesis #:H;bout any changes in plasma glucose
concentration have been described {Sanoc et _al, 197%). In addition, acute
heat exposed buffaloes showed increases in Concentrations of plasma

protein, creatinine and urea (Chaiyabutr et al,. 1983; 1987).

The mechanism reésponsible for the intrarenal handling of urea in the
buffalo exposed to heat was mnclear although increaseldin urea reabsorption
was ebgerved after urea infusion in normal buffalo. {thé relationship
between metabolic substrate such as urea and glucose during heat stressed
condition have not been determined. An attempt to elucidate the mechanism
by which the animal regulated the bodily glucose metabelism during high
plasma nitrogenous substance is brought about, glucecse turnover rate,
glucose recyeling, renal urea reabsorption, renal hemodynamic and
electrolyte excretion were studied in buffale given execgenous urea infusion

in either normal envirenmental temperature or acute heat exposure.
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Materials and Methods

The experiment was performed in five adult female swamp buffaloes
reighing between 334 to 439 kgs. All animals were fed with paragrass,
‘ice straw and water hyacinth um?.tar natural cendition. O the day of
:he experiment, each of the animal was tethered with standing pesition
in the room while foed and drinking water were withheld throughout the
itudy.

Preparation y

Before the experimental periﬁd, polyethylene catheter (PE 200) were
inserted into both jugular veinq by using medicut intravenous cannular
to facilitate both dnfus ioa and bloed sanmpling. A rubber urethral
catheter with a coiled, multiper;argte tip (9.0 mm o.d,, 6 mm i.d.,) was
inserted into urinary bladder foéjg.r;i_.ne collection as described by

=

mnderson & Pickerifig (1961).

Experimental procedures

« pone b
{ -

The experiment was diviﬂaﬂ into t}w:n gseries. [First, the animal was
housed in the rceém held at normal ambient temperature 30 = 1°C (dry bulb)
and relative hw;idity was 60 = 4%. In the secend series of experiments,
the animal was exposed-to high}ambimt temperature of 41 Y 0.4% (dry
bulb) and relative humidity of 42 = 2% by using thermostatically electric
heating unit.as.described by Chaiyabutr et al (1 987). _In _each series of
experiments the measurements of renal functions and glucose metabolism
were performed both on 3 h b.efore exogenous urea infusion and on 4 h after.

At the begining of the experiment of both series, the buffalo received
a priming dose of p-aminchippurate (PAH) 1 gm in 40 ml ef normal saline
followed immediately by a sustaining solution of PAH 25 mg/4 ml/min.

The solution was infused at a constant rate throughout the experimental
stu;iy using peristaltic pump (EYELA, MP-3, Tokyo Rikakikai Co. Japan).
clearance measurements were started about an hour after injectien of the

priming dese. In each hour of clearance measurement, urine sample
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was collected over an accurately timed periced about 15-Z0 min. To

ensure each accurale collection, the urine sample was started after
voldness the bladder. Samples for determination of electrolytes and

other constituents were collected every 30 min. interval while heart
rate, respiratory rate and rectal body temperature were measured very

one hour interval througheout the e;rpfg-.rimental runs. ©On both series of

experiments after the first 3 h pefieds when PAH solution was infused
-
aleone, intravencus infusion cf]' urea was started and continued for up to

4 h. The effect?h’wt ter'x infusien of urea were studied by intravenous
infusion of excy ay"’ﬁea with the priming dose of solution containing

’ i
3 gm of urea in}{ c;f ‘normal‘_,saline followed immediately by continuous

F 4
/ . %

infusion of urea S0 mg with & ml of PAH solution.
f —
“J. 744 LAY 45
To determine gludzi metabelism, the animal was administered a bolus

4047 Ndla

of 50 pCi 3-"H glucose and 50 uCi of )] C glucese via another jugular
g A M
o 28 T

catheter either on 3 hjgg;v;re exdg—gn:qug urea infusion and 4 h after.

\

Sequence of blood were collected at 18, 30, é;/ 60, 75, 90, 105, 120,

\
w‘/_ L .
135 and 150 min-after isotope administration to determine glucocse specific

- N

activity. The determinations of plasma velume using dye T-1B24 were
performed befpre-and after-exegenecus urea-infusden on both series of

experiments.

mal vt ical procedures

élmerular filtratien rate (GFR) was cbtained using the clearance of
endogenous creatinine. In the present study, the endogenous creatinine
clearance ECcr} can be accepted as an index of GFR in swamp buffalces.
Comparisen of 54 simultaneous measurements of renal clearances of inulin
Ecin} and endegenous creatinine showed a significant positive correlatiens
min = 126 + 0.64 Ccr)’ r =0.75, p < 0.001) (Chaiyabutr, unpublished

data). Effective renal plasma fleow (ERPF) was obtained using the
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clearance of PAH, Urinary and plasma creatinine concentrations were
determined by the method of Kennedy and the PAH concentration were
determined by the method of Bratton and Marshall as described by Smith

(1962). Plasma and urine urea were analyzed by the method of Ritcher &

Lapointe (1962), Plasma total protein concentration was analyzed by
biuret method. Flasma glucose copcentration was determined by enzymatic

colorimetric method.

. B 4
Electrolyte concentrations in plasma and urine samples were analys ed
!

by the following preecedures; so@ium and potassium by flame photometry
(KLiNa Flame Opergti’ﬁg, Beckman iinstrument, U.5.2.), chleride by

chloridemeter (Buchlep'digital, U.S.A.), calcium by cresolphthalein

complexone method As descri‘“bgﬂ by};‘l.;;rley et al,(1980)and phosphorus

by the method usinq,trichiob}:ac-nﬁi;‘jrj ;{cid, molybdate followed by reduction
with meth}:l—p-aminﬂﬁhMD;‘_'é.ﬁ.lfate:,ﬁf%@kﬁsm and urine osmolarity were
measured using freezingdgrg‘;;qrt depx%;::i}'@_ methed (Advance csmometer model

£

3, U.S.A.). Urihe pH was measured by pH meter  (EIL 7050, Electric

Instrument Ltd.UuK. )

Calculations of renal function

Clearances (C) of endogencus creatinineand PAH Were used to measwured
GFR and ERPF respectively, based on the Eick Principlet/Renal blood
flew “{RBF) was|pgbtained by diwiding ERPF by 1~-packed cell/volume. Filtra-
tion fraction (FF) was obtained by dividing GFR by ERPF., Fractional
excretion (%FE) was obtained by dividing clearance of either electrolyte
or urea by GFR. The tubular reabsorbed urea was obtained by the difference
between the glomerular filtered and the renal excreted urea. Tubular
solute-free water excretien (C } was calculated by substraction urine

| H, 0

flow rate (V) from csmolar clearance {Cmmj.



Packed cell volume was determined by microcapillary method. Heart rate
was measured by palpation pulse of coccygeal artery while respiratory
rate was recorded from the movement of abdeominal wall. Rectal bedy
temperature was obtained using thermometer and the ambient 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 eguation of Maust, et al (1972).

Plasma volume dgEerminltiﬂn

Plasma veolume was measured by dye dilution technigue using Ewvans blue
T-1824 as an indicator. After drawing blecd as a control sample, the
animal was injected with the bolus of 20 ml. of T-1824 (0.5% in normal
saline). Sequence of blood samples were taken at 30, 45 and &0 min te
determine the concentratien of dys in the plasma. Plasma velume was
calculated from the following eguation.

PV = 1Id
cd

where Id is total concentration of dye T-1T824 bolus injection,
cd is the concentration of dye in the plasma at zere time which extra-
polated from the concentration plotted at 30, 45.and 60 min. against

semilegarithmic scale.

Blood velume was estimated from plasma volume and packed cell velume

as follow :

Blood volume = Plasma volume x 100
100 - Het

Isotopic glucose determination

Blood samples used to measure glucose specific activity was collected

in dried heparinized tubes. After centrifugation, plasma was seperated



and freezed at the temperature about -4 until the day of determination.
tn the day of analysis, plasma was thawed and 2 ml. of plasma was
deproteinized by equal volume of 5.5% EZinc sulfate and 4.73% barium
hydroxide_,four ml of supernatant was passed through IRA anion exchange
resin (Amberlite, IRA-400 c.p, Mallinckredt, St. Louis, MO., U.S.A.)} that
filled in a glass celum ie\ ‘I/ c 4 mm. diameter) to eliminate

contamination of the }B@E ra ty by other organic acids such
#

asz lactate and pWﬂdz;’uk E@ . The resin bed volume was

2 ml. and the rat na cross the column was adjusted
Ne begining after it exited

to 0.5 ml/min.
.‘ ‘L ‘3}
. f’i‘

from the column.

(X 4
te wash out the radicac {fe gl J%' al 7 ml., of eluate was evaporated
dhdiaad B\
at 80°C to reduced fthe vélifie- ﬁ@?ﬂﬁr e 3 ml. The solution was
) AJJJAf ’: 1 . .
divided inte twe p - : srtion solution was used for-
RECSE
measure of glucose i:onc Enzymatlc glucose oxidase methed.
noehf %
Two ml. of the.kelutim in the seceni )as transferred to scintil-

lating vial @wt-’&'éo remove all tritiated

water. The res ue was redissolved by 0. 5 . of distilled water and
counted in 10 ml. the feintillant u uid scintillation spectro-
meter and El’] uua(y]ﬂﬂﬁ gover of C counted
‘“’QW"&W]WNW’?WEI’T’&UMW
eff1q1ency determined by using an external standard ratio. The scientillant

contained toluene-triten X-100 (3:1 v/v), 5 g of PPO (2,5-diphenyloxazocle)

and 250 mg of POPCP (1,4-bis-(5-phenyl-oxazele-2 yl) benzene)/litre.

The glucose specific activity, in uCi/mg glucose, at zero time extra-
polated from the specific activity plotted on semilegarithmic scale against
time every 15 mins interwval frem 30 minute to 150 minute was used to

calculate the glucose pool size as the fellowing eguation:



glucose pool size (G) = Injection dose
Specific activity at Zero time

Glucose turnover rate was caloulated as follow:

glucese turnover rate (T) = glucmn pool size x 0.693
tl/2

pressed in % was caleculated using

Glucose carbon recycling (\

QLAY y 3
turnover rate of both \\ - 79 3-"H glucose.
R = turnover rate of glugc turnover rutu of U—14C gluc-'l:\ﬁe x 100

e of 3— H glucese

Statistical analys '- \

The results of : ents were . mmg either paired or

unpaired t-test. 5 (G \

FONUUMIUSNNS )
RN TN INENAY
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Results

Changes of heart rate, respiratory rate, rectal temperature, packed cell

volume, plasma volume and blood volume (Table 1)

No significant changes in rectal temperature, heart rate, respiratory
rate and packed cell volume were cbserved in buffaloes kept in normal
ambient temperature when excgenous urea was infused at 50 mg/min for 4 h.
When animal exposed to heat for 3 h, the rectal tenperature, heart rate
and respiratory rate markedly increased, The progressive rises of heart
rate and respiratory rate were detected in heat-exposed animals given
excgencus urea by approximately 14% and 120% respectively. The packed
cell volume slightly decrease during heat exposure. There were no
significant differences in plasma velume and bleed volume in animal
given exogenous urea either during normal or high ambient temperature.
The temperature humidity index (THI) was higher during heat exposure

compared with preexposed value (P < 0.01).
-

Changes of gluccse metabelism in buffalces given exogenous urea during

heat exposure. (Table 2)

Table 2 provided the data of changes of glucese metabelism. During
excgencus urea infusion in buffalces kept in nermal ambient temperature,
no significant changes” of €otal body turnover rate of either U 3 C
glucese or EEH glucose, glucose recyeling, glucese pool size, glucose
clearance and plasma glucese concentration were cbserved., However
.animals given exogenous urea during heat exposure showed the marked
reduction of the turnover rate of both U‘IE C glucose and BEEI glucosﬁ.:
by approximately 25.2% and 23.2% respectively. The glucose clearance

rate significantly decreased during urea infusion while the significant



-

increase in plasma glucose concentration were determined (P < 0,05),

It has been noted that when animal expocsed to heat, I_JM—C glucose
turnover rate significantly increased by 68% (P < 0.05). The rate of
inerease was higher than that eobtained during urea infusion (38.5%).
The similar pattern has alseo been found on the change of 33H-glucose
turnover rate., During heat exposure, the calculated glucese carbon
recycling markedly reduced withouft any alteration in glucose poel size.
There were significant increases in plasma glucese concentration in

buffaloes exposed te heat in either before or after urea infusion.

Changes of renal functiens (Table 3]}

T buffaloes kept in normal ambient temperature, an intravenous infusion
of urea for 4 h resulted in a significant decrease in the rate of urine
flow by approximately 37% in comparisen te the pre-infusien value, The
marked reduction of urine flow rate was also detected in animals exposed
to heat for 3 h and it showed a progressive decline after urea infusion
which decreased by appreoximately 33% from the preexposed value. However,
the positive correlation between the rate of urine flow and fractional
urea excretion was enly detected in animals kept in neormal ambient
temperature {FEurea = 47,19 +1,8V, r = 0,665, P < 0.001). During
intravenous infusien of urea, no change in GFR was chserved in animals

kept in normal ambient temperature while a slight decrease in GFR was
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apparent in heat exposed animals, RPF and RBF did neot alter in either
control or heat exposure pericd. Changes of GFR and RPF were not
proportionate which caused a significant decrease in calculated filtration
fraction in heat cxpused animals given exogenous urea. Renal urea
excretion showed no alterat:. hroughout the experiment of both series
while the decreases in s‘t iu[# arance and fractionsl urea excretion
were apparent in a ive& ex urea and kept in normal ambiont

temperature, TM mlcrptim showed significant
¢ S

increase by ap sijon  of urea in animals

in
kept in normal”ambj s while a slight decrease
:_n'!‘ar clearance of animals

exposed to heat showed marked
er, no remarkably changes

ef free water clea - urea infusion were apparent,

No significaﬁ ch: : andﬂfractimal excretions of

sodium i@, calcium :U:il:'l and inorganic phosphurus were apparent during

the last ﬂ'ﬂ’}ﬂﬂw wﬁiﬂq?tal potass ium

excretion markedly decreased by approximately 43% duging the infusion of

<3 AR T R A B R oo, sheres

a sla.ghL decrease was detected for animals durinag heat exposure. Cn both
series of experiments a positive correlation between the rate of urine
flow and fractional excretion of potassium were chserved {FI:‘.K = 49.53 «+
7.97 V; r = 0,6884; P < 0,001), The pattern of excretion of chleride ion
was similar to that of potassium ien. Urine pH in animals kept in normal
ambient temperature decreased after urea infusion whereas there were no

changes in animals exposed to heat,
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The concentrations of plasma constituents (Table 5}

Neo significant changes of the concentrations of plasma constituents
were apparent in animals kept in normal ambient temperature. During heat
exposure, the concentration of plasma sedium significantly decreased after
3 h. of heat exposure (F < 0,05} and it returned to preexposed value after
urea infusien. Plasma inerganic phospheorus concentratien decreased
agradually by appreximately 10% during heat expesure and a preqressive deocline
was detected during the infusion of urea (P < 0,05), During heat exposure,
there was a rise of plasma creatinine cencentratien with the cencemitant
increase in total plasma pretein cencentratien (P < 0,001), The pregressive
rises of these plasma nitrogencus substances were obviously coincided with
the time course of heat exposure. Plasma cemolarity decreased significantly
during animals exposed te heat fer 3 h. (P < 0.05) and it returned to the

preexposed value during urea infusion.



Table 1 Effects of intravenous urea infusion on rectal temperature, heart rate, respiratory rate, packed cell volume,

plasma volume and blood volume of normaland acute heat exposed buffaloes. (Means.E.M. )

Normal temperature Heat exposure

Pre-infusion 4 h-Urea Pre-heat 3 h-Heat Heat exposure
+
infusion exposure exposure 4 h-Urea infusion
Ambient temp (Dry bulb Wet bulb) 30:24 30:24 32:27 41 :31 41 :31
%)
THI 78.871 .4 79.4%1 .5 8a.231.2 92.8%0.37" 92.2%0.8""
(%)
+ B + + ** + ald
Rectal temperature 38.0520.38 38.2120.22 38.40%0.22 38.9020.13 39.30%0.13 |
(°c) z
I
Heart rate 4333 4333 43%3 4724 492"
(beats/min)
Respiratory rate 2313 2133 25%4 s8%6" 55%9"
(breaths/min)
packed cell volume 26.920.9 27.3%0.8 28.221.4 27131 27.3%51.5
(%)
plasma volume 17.3035.92 16.7034.81 15.6573.19 15.67%2.94 16.3423.25
(L)
Blood volume 20.63%4.53 32 .93%6.18 51/18675:03 7~ 21.7625.04 22.6074.84

(L)

P-values with respect to mean pre-infusion values and pre-heat exposure values for the normal temperature

and heat exposure experiments respectively

* P < 0.05,

** P < 0.01.



Table 2 Effects of intravenous urea infusion on glucose metabolism of normal and acute heat exposed buffaloes.

Nermal temperature

Heat exposure

Pre-infusion

4 h-urea infusion

3 h-Heat exposure

Glucose turnover rate (mg/min)

14

U- C glucose
3

3-"H glucose

Glucose carbon recycling (%)

3—3H glucose pool size (gm)
Plasma glucose concentration (mg%)
Glucose clearance (ml/min)

14
U- C glucose

3-3[-1 glucose

609.9570.8
(7.21%0.93)

840.4X108.7
(9.90%1.34)

25.99%5.17
132.9%20.9
+
(1.572%0.267)

52.5%4.2

1190.32153.8
(14.13232.07)

1680.87325.9
(19.90%4.00)

§55.3%72.9"S
(6.54%0.95)NS

873.15141.5"°

NS
(10.24%1.61)

31.85%9.65"°

92.5%11.6"°

(1.102%0.165)"°

55.244.6 >

NS
1024.45137.2

NS
(12.11%1.86)

- NS

1671 .63368.1
NS

(19.69%4.40)

3062.31"157.7f

(12.12%1 .51

1173.6319.8
(13.37%1.86)

g.67%1. 7171
108.8%13.3
(1.249%0.134)

69.572.0 17

1548.83275.3
(17.65%2.62)

117.4%321.3
(19.49%3.12)

Heat exposure

+

4 h-Urea infusion

800.3%148.1
(9.0631.40)

+ *
904.6-162.4

+ *
(10.27-1.59)

11.3033.96
111.8%14.2
(1.279%0.131)

82.8%2.8"

+ *
951.9%159.8%
(10.79%1 .44)

+ *
1075.45172.5)
(12.23%1.61)

Figures in parentheses are values of glucose turnover rate and glucose clearance per metabolic rate

pP-values with respect to mean pre-infusion values and pre-heat exposure values f

and heat exposure experiments respectively : * P < 0.05, NS = Not significant

The significant difference from pre-infusion values

1t p<o0.01.

or the normal temperature

of the normal temperature is indicated : T P < 0.05,

_El_



Table 3 Effects of intravenous urea infusion on renal hemedynamic and urea excretion of normal and acute heat

cxposed buffaloes.

Nermal temperature Heat exposure

Pre-infusion 4 h-Urea .Pre~heat 3 h-Heat Heat exposuré.
- _ infusion exposure expos ure 4 h~U;ea infusion

Urine flow rate (ml/min) 9.37%3.21 5.87%2.13" 7.08%1.24 5.87%1.00 4.73%0.90
Glomerular filtration rate (ml/min) 280.4778.9 278.3%39.9 302.2%25.4 308.9213.3 233.5%23.2
Effective renal plasma flow (ml/min) 1237.8%144.5 1001.0%179.7 1255.8%137.6  1321.9298.9 1165.43144.1
Renal blood flow (ml/min) 1732.03202.2 1501.61244.0 1751.13194.4 1812.72124.4 1609.62208.7
Filtration fraction (%) 23.0%1.5 26.933.9 25.133.0 23.7%1.6 20.3%1.7"
Osmolar clearance (ml/min) 21.6%4.9 16.3%4.2" 17.1%2.5 17.4%2.7 13.4%2.1
Free water clearance (ml/min) _12.251.8 -10.4%2.1 -9.9%1.3 -11.5%1.8 -8.621.2
Renal urea clearance (ml/min) 197.1236.1 166.1%43.8 194.6323.7 190.4311.7 156.9219.5
Renal urea excretion (mg/min) 89.4718.3 84.3%22.5 91.0212.1 88.927.6 81.1%7.8
Fractional urea excretion (%) 76.9%6.3 56.2%678" " 63.8%4.3 62.1%4.6 68.2%6.9
Urea reabsorption (mg/min) 41.8%8.9 61.1410017 52.778.9 57.3%11.3 42.2%11.5

P-values with respect to mean pre-infusion values and pre-heat exposure values for the normal temperature

and heat exposure experiments respectively : * P < 0.05, ** P < 0.01.

_b"L‘_



Table 4 Effects of intravenous urea infusion on renal electrolyte excretion and urine pH of normal and acute heat

exposed buffaleces. (Meants.E.M.)

e ——— Lt — T

Normal temperature Heat exposure
Pre-infusion 4 h-Urea Pre-heat 3 h-Heat Heat exposure
+
infusion exposure exposure 4 h-Urea infusion
. + . + - + o+ +
Urinary Na@ excretion 186.3787.3 212.9%70.9  320.22134.9 217.2%60.9 280.2%119.6
(uEq/min ) t(0.49%0.21) (0.62%0.21)  (0.92%0.45) (0.53%0.14) (0.91%0.39)
. + . + o - + + +
Urinary K' excretion 1898.1%447.4 1093.8%315.1° 1181.3%289.7  1172.77203.5 738.93187.3
*
(uEq/min) T(162.3%37.2) (90.9%11.0)" (87.5%12.0) (93.4%9.2) (80.5315.2)
- *
Urinary C1~ excretion 1337.9%415.4 973.03325.3 1207.8%178.3 1051.7%274.7 699.27192.3
(uEq/min ) T(a.5%1.0) (3.4%0.6) (4.1%0.6) (3.4%0.8) (2.8%0.7)
Urinary Ca’' excretion 0.41%0.19 0.73%0.25 0.9220.17 0.73%0.20 0.55%0.22
(mg/min) t1.6%0.7) (3.1%0.8) (4.1%0.9) (2.9%0.8) (2.7%1.0)
Urinary PO, excretion 0.032%0.016 0.028%0.017. .0.0460.013 0.048%0.015 0.040%0.014
(mg/min ) T(0.24%0.03) 0.25%0.03) _ (0.3120.06) (0.34%0.06) (0.43%0.12)
Urine pH 9.5270.09 9.14%0.18 8.83%0:35 8.86%0.40 8.79%0.40

P-values with respect to mean pre-infusion values and pre-heat exposure values for the normal temperature

and heat exposure experiments respectively : * P < 0.05,

Tt ttalicized figures in parentheses are percentages of fractional electrolyte excretion.

= 41



Table 5 Effects of intravenous urea infusion on the concentrations of plasma electrolytes and plasma constituents

of normal and acute heat exposed buffalces.

Normal temperature

Heat exposure

Pre-infusion 4 h-Urea Pre-heat 3 h-Heat Heat exposure
+
infusion exposure exposure 4 h-Urea infusion
b & &k
Plasma urea 46.3%5.6 53.2%6.7°" 47.433.8 47.1%3.8 53.0%4.1
(mg%)
Plasma sodium 133.4%2.9 134.3%3 .7 138.2%1 .8 136.2%1.7" 137.1%1.3
(mEq/L)
Plasma potassium 4.44%.17 4.32%0.10 4.62%0.15 4.27%0.16 4.14%.15
(mEq/L)
1
Plasma chloride 95.8%2.2 99.123.1 99.612.5 98.4%2.2 100.1%1.3 -
[en}
(mEq/L) |
Plasma calcium 7.90%0.22 7.87%0.16 8.63%0.20 8.3670.12 8.58%0.13
(mg%)
: + =t + + + *
Plasma inorg. phosphorus 4.34%0.47 4.10%0.54 4.68%0.37 4.19%0.30 3.59%0.20
(mg%)
. ' * P 23
Plasma Protein 9.77%0.40 9.90%0. .41 9.12%0.10 9.57%0.10" 10.27%0.11
(g%)
*
Plasma creatinine 1.39%0.11 1.43%0.13 1.53%0.13 1.63%0.21 1.82%0.13
(mg%)
Plasma osmolality 26413 263t4 2 74%2 26313 275%1

'(mC‘sm/kgHZO)

P-values with respect to mean pre-infusion values and pre-heat exposure values for the normal temperature

and heat exposure experiments respectively : * P < 0.05, **x P < 0,01, **+ P < 0,001).
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Niscussion

The previeus study shewed that during heat exposure, a marked increase
in plasma glucose cencentratien was apparent (Chaiyabutr et al, 1987).
However, there is little infermation on the turnover and oxidation of
glucose in buffaloes. The measurement of glucese kinetic in heat exposed
buffaleoes showed that an increase in glucese turnover rate was related
to the glucese concentration in the plasma. It has been known that only
little glucose is absorbed from the digestive tract of the ruminating
animal (Bergman et al, 1974). If availability of exegencus gluccse
absorption from digestive tract is assumed to remain censtant throughout
the present experiment, it would be suggested that the increase in the
total glucese turnover rate in heat stressed animal could be related
te an increase in the rate of glucenecgenesis particularly from amine
acids since an increase in plasma protein concentration has also been
noted. 2mino acids would be mebilized and thus as precursors for gluconc-

cgenes is. However, during shert term expesure to heat, an increase

plasma level of catecholamine in the ungulate has been reported before

(Yousef, 1979; Barrand et al, 19B1), The plasma level of biogenic

amines were also wed as indicator eof thermal stress in cattle. (David,
1978), The changes of these hormone levels would be responsible for
increase glucose preduction particularly the high rate eof glycogenolysis
from the liver and muscle. In the present study, the turnover rate of
3—3H glucose may be considered to represent the total glucese turnover
rate as the 3!—! is not recycle from product of partial glucese degradation
(Katz et al, 1965). Thus, one way of estimating carbeon atem recycling

is by simultanecusly injecting 3-3H aglurcse and U-14C glucese as in the

present experiment. The results of aglucese carben recycling suagest that a
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constant level of tricarbon units originally derived from glucose is
again reincorporated inte glucese and that this was alleviated in heat
stressed buffale. The reduction of glucese carbeon recycling is probably
partly due te tricarben atem of glucese more enter the tricarboxylic acid

cycle which oxidized te CO However, during urea infusion period, the

5t
renal urea reabsorption kept constant in comparison to the contrel normal
ambient temperature. These results shew that during heat exposrue the
other nitrogen compounds were not synthesized from the urea nitrogen

given into the bloed which might be related to an increase of plasma
protein concentration (Macfarlane, 1964). The extra exocgenous urea may
affect the biochemical reactien of intermediates in TCA cycle which

have been demonstrated te inhibit isecitrate and glutamate dehydrogenase
(Katunuma et al, 1966), and impairs the decarboxylation of o -ketoglutarate
and pyruvate (McKhann and Tower, 1961). Energy vielding processes
including the Krebs cycle and exidative phesphorylation might be inhibited.
Therefore the accumilation of glucese with a result of reduced utilization

could account for hyperglycemia associated with the decrease in glucese

turnever rate during urea infusion in heat stressed animal,

The amount of urea excreted in the urine of mammals is known by the
determination of both the amount of urea filtered at the glemerulus and
by the extent to which this urea is reabserbed. The present experiments
show that buffale at nermal ambient temperature excreted urea in the
urine by approximately 68% of glomerular filtered urea., These results
indicate that buffaloes could maintain on adeguate dietary protein, since
it was shown that very low percentage of glemerular filtered urea could
be detected in ruminating animals fed low protein diet (Schmidt-

Hielsen et al, 1957) Gans , 1966, However, in the present experiment,

only 56% of glomerular filtered urea was excreted in buffaloes given
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exogenous wea intravencusly. The marked increase in renal urea reabsorp-
tion in this period indicates urea retention which was independent of
glemerular filtratien rate and the level of protein in the diet.
(Schmidt-Nielsen et al, 1958)., In the present study no increase in GFR
was observed, despite a marked increase in plasma urea concentration

which was similar to the experimij}/}n sheep fed high protein diet after

'y
short term of urea infusien (Ergene and Fickering, 1978). The decrease

»
in the rate of ur1ne flow ﬂurlf‘lg urea infusion seems to be responsible

for an increase W’ﬁr

r‘eabs ption since there were significant pesitive

correlations between the rate af urine flow and fracticnal urea excretion

4 J

(FE = 47,1945 1 Enﬁ.r Fr & _ﬁEE, P < 0,001), This phenomenon has

urea

been noted before ( f 1952 %ans, 1966; Cocimanc & Leng, 1967).
//J' ‘i
The decrease in he u.r:me flmfyate during urea infusion was related

.‘AJ

to the decrease in elec;{rniyte exgga_{,ion particularly potassium ion which

cannot create asmutic«diﬂ'rfétic efi?/m‘.;#‘raaultinfg in the decline of csmolar
A
clearance. '1'?1!7

.-

Fassium excretion was also

- o
reported in she@p after increase urea level in the blood (Juhasz & Szegedi,
Ay &4

196%9). Therefore, effect of urea alone had limited diuretic ability
(Godwin & Wildiafs, 984 ) /In) the present study,the clinical signs of
urea poisoning were not apparent, However, an intravenpus urea infusion
would contribiute to a décrease| in blood pH which has heen previously
demonstrated in sheep given ammonium cempound (Singer & McCarty, 197 ).
This evidence could account for the decrease of urine pH concomitant
with the decrease of petassium excretion. Such changes can be explained
by the well known fact that kidney play a significant rele in acid-base
regulatien by an attempt te ensure hydrogen ion with a reciprocal

secretion of potassium ions (Johnson & Selkuyrt, 1966).



During acute heat exposure, buffalees showed signs of distress and
increase in respiratory rate which usually produce alkalesis (Hales &
Findlay, 1968). The decrease of the concentration of plasma potissium
and inerganic phospherus were apparent, It could have been due to the®
shift of ions moving intracellularly during alkalotic state (Knochel &
Caskey, 1977). However ,bath uriﬁl?/and fractional potassium excretion

of the héat stressed buffalo given "exggmgus urea showed no significant

. .
change. The effect of exegencus urea infusion might be superimposed

J— »
by respiratory al};&é‘

total piagma protein increased significantly
rF R i ¥

' g T

reeThis result has also been reported in

d { ‘1

v v

d buffalo expecsed te severe heat (Chaiyabutr
‘,d r;l _ 7;'0 4+

increase dn the concentration of plasma protein

Py Ndla

fdurimxhnat stress since urine pH kept ceonstant.

In the presen
by the time of heat
both man (Senay, 197

et =], 1983; 1987)

would be due to the breakdewn of muscle protein. It was also indicated

by a marked increase m,tlgq cmcn\‘i,fgv.‘;tion of plasma creatinine which

b’ £
has alsc been reperted in steers exposed to b Igf environmental temperature
D

-

(Terui, Ishino, ﬁﬁtsuda, Sheoji, Ambeo & Tsudari‘}'}‘ﬁl. An exogenous urea
- o

infusion during heat exposure could not induce a greater extent of renal

urea reabsarption in comparisen te the bpuffale képt in normal ambient

temperature eventhough the decrease of the rate of urine flow has been

cbsékved., Thése findings suggest that the other 'c:mtrnl systens are

responsible for the renal urea reabsorption, During heat exposure,

ene might expect an increase in plasma pool size of nitrocgencus substances

which can be attributed to an elevation of both plasma protein and

creatinine concentrations coincided with the elevation of plasma urea

level during urea infusien. The guesticn then arise whether an increase

in plasma pool size of nitrogenous substances in heat stressed animals
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given exogenous urea resemble to the state of high dietary protein intake.
Then such changes might inhibit renal urea reabsecrption, since Cecimane &
Leng (1967) shewed that in sheep given a higher pretein nitregen intake

led to a marked decrease in the rate of the urea transport from the tissue

inte the blood.

The previews study in acute heat stressed buffale showed a marked
increase in water turnever (Chaiyabutr et al, 1987), This change would
therefore closely relate te an increase in energy.metabclism {Macfarlane &
Howard, 1970). This evidence supperts ancother possibility that the
limitation of renal urea reabserptien in heat stressed animal given
exogenous urea would attribute to an increase metabolism within the kidney
cells, especially since Rabinowitz and Co-workers demenstrated in sheep
that an increase in the cellecting duct permeability to urea of the low
protein animal was a manifestation of reduced cellular velume consequence

to reduce cellular metabelic activity (Rabinowitz et al, 1973).

We wish te thank Miss K. Fuangfeeo for secratarial assistance,



- 22 =

References

ANDERSON, R.5. & PICKERING, E.C. (1961}, A technigque for the accurate
measurement of the rate of urine flew of the cow for renal

clearance studies, British Veterinary Journal 117, 502-506.

BARRAND, M.A., DAUNCEY, M.J. & INGRAM, D.L. (1981). Changes in plasma
noradrenaline and adrenaline asseciated with central and peripheral

thermal stimuli in the pig. Jeurnal of Physielegy (Lenden) 216, 139,

BERGMAN, E.N, (1973), Glucocse metabolism in ruminants as related to

hypoglycemia and ketesis. Cornell Veterinariane3, 341-382.

—

BERGMAN, E.N., BROCKMAN, R.P. & KAUFMAN, C.F. (1974), Glucose metabolism

in ruminants : comparisen of whole-bedy turnever with preduction by

gut, liver, and kidneys. Federation Proceedings ﬁ* 1849-1854.

BIMNCA, W. & FINDLAY, J,D, (1962), The effect of thermally-induced
hyperpnea on the acid-base status of the blood of calves. Research

in Veterinary Science 2, 38-49,

CHAIYABUTR, N., BURANAKARL, C,, MUANGCHARGEN, V., LOYPETJRA, P, &
PICHATCHARMNARON, A. (1987}, Effects of acute heat stress on changes
in the rate of liquid flew from the rumen and turnover of bedy water

of swamp buffale. Journal of Agricultural Science (Cambridge) 108,

549-553.

CHATYABUTR, N., CHANPONGSANG, 5., LOYPETJRA, P, & PTCHATCHARNARONG, A.
{1983)., Effect of heat stress on renal urea excretion of swamp buffale.
In “Current develepment and preoblems in swamp buffale preoduction" Ed.

Shimizu, H. pp. 184-191, Tsukuba : University of Tsukuba.



- 23 -

CHAIYABUTR, N., FAULKNER, ANNE & PEAKER, M. (1982), Glucocse metabolism
in vivo in fed and 48 h. starved goats during pregnancy and lactation.

British Journal of Nutrition il; B7-54,

COCIMANG, M.R. & LENG, R.A. (1967). Metabolism of urea in sheep.

British Journal of Nutritiem 21, 353,

DAVID, T.P. (1978). HPLC of Biegenic amines in Cattle : Effect of Heat,
Cold and Dehydration, Ph.D. thesis, University of Missouri, Columbia,
1978. I

ERGENE, N. & PICKERING, E.C. (197B). The effects of urea infusion on
glomerular filtratien rate and renal plasma flow in sheep fed low and

high protein diets. Quarte:l}f Journal of Experimental Physiology 63,

77-81.

GANS, J.H. (1966). Renal excretion of urea in sheep. American Journal

of Veterinary Research 27, 1279-1283,

GODWIN, I.R. & WILLIAMS, V.J. (1984). Renal contrel of plasma urea level

in sheep : The diuretic effect of urea, potassium and sodium chloride,

Quarterly Journal of Experimental Physiclogy E, 49-59,

HALES, J.R.5. & FINDLAY., J.D. (1968). The oxygen cost of thermally-

induced and CDz-inducad hyperventilation in the ox. Respiration

thsiﬂlﬂy i, 353-382,
JOHNSON, P.C, & SELKURT, E.E. (1966). Respiratory and renal regulation
of acid-base balance. In "Physiolegy", BEd. Selkurt, E.E., pp. 537-552.

Boston : Little Brown & Company.

JUHASZ, B. & SZEGEDI, B. (1969), Regulation of the acid-base equilibrium

in sheep. Acta Veterinaria Academiae Scientiarum Hungaricae 19, 61-80.




_ 24 -

KATUNUMA, M., OKADA, M. & NISHII, ¥. (1966). Regulatien of the wrea
cycle and TCA by ammenia. In "Advances in Enzymes Regulation® Vel.4,

Bd. Weber, G., pp. 317-335, New York : Pergamon Press.

KATZE, J.'J ROGNSTAD, R, & KEMP, R.G. (1965). Isotope discrimination effects

in the metabeolism of 3H glucese. Journal of Biological Chemistry E_ILD.

1484-1486,

KNOCHEL, J.P, & CASKEY, J.H, (1977). The mechanism ef hypophesphatamia

in acute heat stroke. Journal of American Medical Association 238,

425-426,

MACFARLANE, W,V. (1964). Terrestrial animals in dry heat : ungulates.
In "Handbook of Physiclogy (sec,d) : Adaptation teo the Environment"
Eds. Dill, D.B., Adelph, E.F. & Wilber, C.G., pp. 533. Washingten,

D.C, : American Physielegical Society,

MACFARLANE, W.V. & HOWARD, B, (1970). Water in the physiological ecology
of ruminants. In 'Physiclegy of Digestien and Metabeolism in the
Ruminant' Ed. Phillipsen, A.T., pp. 362. Newcastle upen Tyne : Qriel

Fress.

MAUST,L.E., McDOWELL, R.E. & HOOVEN, M.Ww, (1972), Effect of summer
weather on perfermance of Helstein cews in three stages of lactation.

Journal of Dairy Science 35, 1133.

McKHANN, G.M. & TOWER, D.B. (1961). Ammonia toxicity and cerebral

exidative metabolism., American Jeournal ef Physielegy 200, 420.
Sl — -1

RABINOWITZ, L., GUNTHER, R,A,, SHOJI, E.S., FREEDLAND, R.A, & AVERY,
E.H., (1973). FEffects of high and low protein diets on sheep renal

function and metabeolism, Kidney International 4, 188-207.




25

RADZIUK, J., NORWICK, K.H. & VRANIC, M. (1978). Experimental validation
of measurements of glucose turnover in nonsteady state. American

Journal of Physioclegy 234, E84-E93,

{diacetly mono-oxime

RITCHER, H.J. & LAPOINTE, S.‘r 962 )., Urea in blood serum or urine

//ﬂn;cal Chemistry 3 335,
I'IQ. .ﬁ,&( & TSUDA, T. (1979). Effect

of envlrmmenta eat’ axpos . ic ngmal response, blood

SANO, H., TH.I'IAHFLSE

U
SCHMIDT=-NIELSEN, E AR MER DAL , & O'DELL, R. (1958),

American Jeournal of

Z2RYIN D N
K]i‘v]ID'T‘—NILLSLDiBE,, SCHM D= 161 Ea T.R. & JARNUM, S.A.

(1857)., Ur

188, 477-484. m M
SENAY, L.C. Jr. (197034 Mowement of watex, protein and crystalleids -

SN AT M EAEREAR LN Hiwn 2ol A ——
RO e v e

SINGER, R,H, & McCARTY, R.T. (1971), Acute ammonium salt poisening in

Journal of Physioloay

sheep. American Journal of Veterinary Research 32, 1229-1238,

SMAITH, H.W. (1962). Principle of Renal Fhysiolecgy, p. 209, London :

Oxford University Press.

TERUI, S,, ISHINO, 5., MATSUDA, K., SHOJI, Y., AMBO, K, & TSUDA, T.

{(1979), Effect of experimental high envirenmental temperature and

humidity on steers. Tohoku Journal of Agricultural Research 310,




- 26 -

VARLAY, H., GOWENLOCK, A.H. & BELL, M. (1980). Practical Clinical

Biochemistry. 5" Bd. Lenden : William Heinemann Medical Books.

YOUSEF, M.K. (1979). Mdaptive responses of Ungulates te the envirenment.
In "Biemeteorelegical Survey" Vel.1, Eds. Tremp, S.W. and Bouma, J.J.,

pp. 20. Lenden : Heyden & Sen.



	Cover (Thai)
	Contents
	Abstract (Thai)
	Abstract (English)
	Introduction
	Materials and methods
	Preparation
	Experimental procedures
	Analytical procedures
	Calculations of renal function
	Plasma volume determination
	Isotopic glucose determination
	Statistical analysis

	Results
	Changes of heart rate, respiratory rate, rectal temperature, packed cell volume, plasma volume and blood volume
	Changes of glucose metabolism in buffaloes given exogenous urea during heat exposure
	Changes of renal functions
	Changes of electrolyte excretion
	The concentrations of plasma constituents

	Discussion
	References



