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OTAL water intake averages of dry pregnant cows, late lact-
£ ating cows were 27.25 4 0.33 and 34.2] =+ 1.88 respeotivel
whereas, water turnover rate averages were 28.78 4= 0.49 and
35.96 4= 1.39, respectively, The diffcrence between the averages
was significant (P < 0.05).

Pulmocutaneons water loss averages as Lfday extimated by
subtraction technique in dry pregnant and late [actating cows were
11.47 -+ 1.00 and 16.37 &+ 2.08, respectively whereas those as
estimated by TOH dilution technique were 12.40 4+ 0.98 and
18.12 - 1.58, respectively. The difference between the averages
of two techniques was significant (P < 0.05).

TOH dilution technique gives higher averages than the con-
vetional technique by 8 - 10 9. At 18° skin vaporization water
loss averages were 0.36 - 0.05 and 0.37 -+ 0.05 L{day estimated
by conventional and TOH dilution techniques, respectively.

Under hot conditions (at 38°) the average of skin vaporiza-
tion was 0.61--0.07 L/day by the conventional technigue comp-
ared with 0.65 4 0.07 Lfday that estimated by TOH dilution
technique.

TOH dilution technique was higher average than the conven-
tional technique for about 4.03 - 6.64% and the difference was
found insignificant,

The average counts for plasma net activily was 970
cpm/ml increased significantly (P < 0.01) in milk to 1276
cpm/ml,

The averages of quenching were 2.15 = 0.06 and 1.63 +4- 0.03
for plasma and milk samples, respectively. The differences were
ffound significant (P < 0.01). When the samples were corrected
; for their quenching, their averages were 2159 = 333 and 2307 4=
35T in plasma and milk, respectively,

150
16

=
=+ 167

W Milk samples can be wsed for total body water and water tu-
rnover raie determinations, however, the averages of TBW L/100
kg LBW were 74.78 - 0.61 and 73.77 4 0.27 that estimated by
vlasma and milk respectively. WTR average was 36.16 -+ 0.26
L{day by plasma decreased to 35.3 =+ 0,83 L/day by milkc samples.
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The direct estimation of water intake in a large number of animals especially
under grazing condition is practicaily impossible. Therefore, it was attempted
in this study to estimate water intake with a simpler and practical method for
such conditions using the tritiated water dilution technigue as the major obje-
ctive. In this iechnique blood samples, which are collected once a day for 4-
5 days, were replaced by milk or urine sampies, which are easier to collect,
and this modification was tested for accuracy of waler intake determination as
another objective in this study.

Under hot climate, where heat dissipation through conduction, convect-
ion and :adiation become ineffective the evaporative cooling renders the most
efticient system of heat dissipation through skin and respiratory vaporization.
The estimmation ol pulmocutanous vaperization by the conventional subtrac-
tion technigue encounters some errois esjeaelly uncer Lol clinuate due 1o ke-
eping the animals deprived of feed and water for 12-18 hr which would deer
case the rate of skin vaporization. In this stuqdy it was attempted, as another
objective, to use the tritiated water diiution technique in determining the pul-
mocutanous water loss while providing the animals with feed and water ad
libitumn.,

Material and Methods

A. Animals, jeed, water and management

$ix 3 years old lactating Friesian cows and six 3 years old pregnant cows
belonging to ARE USA-NSF Project of “Bovine Adaptation to the Sahara”
in the Atomic Energy Authority were used in this study. The animals were
led individually in metabolic cages, a ration consisted of rice straw, pelleted
concentrates, The concentrates consisted of undecorticated cotton seed cake
604, wheat bran 109, rice milling 257, limestone 27, sodium chloride 1]
and molasses 29%,. The concenirates and roughages were given io the anim-
als according (o their bedy weight and miik yield, as recommended by Morr-
ison (1957). Ihey were watered ireely ed fibitum using automatic water bowis.
‘The animals were sianchioncd on the cages for 10 days in the shade. The
minimum and maximum averages of amoient temperature at 6 a.an, and 4
p.m. ranged from 25-33°. Urine was separated from feces partially by plastic
setve through which the uritie passed to a plastic container.

B. Experimental design and statistical analysis

& dry pregnant cows and 6 late lactating cows were used in the present
study. The goats were maintained in the climatic chamber laboratory for
7 days, 7 hr daily at 18° and 653 R.H. followed by 7 days, 7 hr daily
at 38° and 50% R.H. The raise of temperature’ in climatic chamber was gra-
dually and reaches to the maximum point (38°) of temperature through onc
hour. During such time live body weight measurements were carried out
before eating and watering on the 1st and on 7¢4 days in each of mild and hot
climates.
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The components of water metabolism were determined by the TOH dily-
tion and the conventional techniques. The physiclogical parameters which
were measured consisted of total body water, water turnover rate, biological

nations by extrapolation technique. The differences between the averages of
the two treatments were tested by means of the > test of significance, accor-

C. Tracer technigues for the estimation of water metabolism

L. Total body water (TBW)

a.  Radiation dose Preparation : Tritiated water (TOH), in which one hy-
drogen atom is replaced by radioactive tritium was used for determining tota)
body water and water metabolism in this study. The radioactive tritiated water
was purchased from the Radiochemical center Amersham, Buckinghambshire,
England.

b, Dose injection and sampling : The animals were deprived of water
and feed for ahout 12 hr after which TOH was injected intravenously in
Jugular vein on the first day of the mild climate and on the 2nd day of the hot
climate exposure with a dose rate of 1 me at 18° and 2 me at 38° 100 kg
body weight as described by Kamal and Johnson (1971). The second dose
was higher so as to minimize the residual activity of the first dose. Following
each dose seven blood samples were collected from the opposite jugular vein in
vaoutainer test tubeg containing 2 drops of 30% Na,EDTA (Ethylenediamine-
tetra acetic acid disodium salt) as an anticoagulant. Blood, urine samples
were collected during the 7 days of each climatic exposure.  All samples were
stored frozen at 18° iy order to determine the total body water as described
by Kamal and Seif (1969).

S Counting of radiogetivity : One mi aliquot of plasma and urine was
transferred into the liquid scintillation counting vial which contained 10 m]
of the scintillation fluor solution. The teagents of the fluor solution consisted
of : 0.1 g POPOP (2, 2-p-phenylenc big (5-phenyloxazole) 4 ¢ PPO 2, 5-
diphcnyloxa-zolc) and 60 Naphthalene, which were dissolved in 1 L, 4-dioxane,
The dioxane is a primary solvent which the particles of the *H atoms transfer

energy to photons of a shorter wavelength, The naphthalene increases the
efficiency of dioxane. The vials were stored in complete darkness overnight
as 4° into the regregerating cabient of the automatic liquid scintillation spectro-
meter and were counted between 0.2 and 9.9 on the energy dial, thys covering
practically the whole tritium spectrum,

An aliquot of the dose solution was diluted to (1:1000) lin distilled water
and 0-1ml of this diluted standard solution was transferred into the vial which
contained 10 ml fluor mixture. Fach sample was counted for one minute,
after which, 0.1 ml of tritiated water standard was added to each vial using an
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automatic pipette. All vials were thercafter counted again for one minute.
This second counting was used for internal stundardization process. The
samples and internal standard, however, were made in doublicates. The value
of using an internal standard was to correct for the quenching due to colour,
chemical composition and physical strucutre of the sample. The corrected
activity was plotted on a semilogarithmic grid to obtain the activity of plasma
milk or urine samples at zero time of dosing by using the least square method.
The zero time activity was then used in calculating body water.

d.  Calculation of resulfs

TBW ~ SXVXD
A X 1000
TBW = Total body water (L).
5 == Standard net activity {cpm/ml}).
v — Administered dose volume.
D == Standard dilution factor.
A = Plasma, milk or urine activity at zero time.

2. Water intake

Vater intake as determined by tracer technique i.e., water turnover rate.
Water turnover rate was determined from the tritiated water exponential disap-
pearance constant and total body water in the animals as follows :

WIR = TBW X 24 hr
— 0.693/T 4/,
T ,/, = Biological half life time of tritiated water.

Water intake as determined by the conventional technique

a. Free water © The water provided to the animals in buckets was wei-
ghed before and after being ofiered to the animals.

b.  Metabolic water : The amounts of metabolic water were estimated
based on the assumption that | mg of digestible protein, fat and carbohydrate
gave 0-4, 1 .07 and 0-6g of metabolic water, respectively (Leitch and Thomson,
1944).

Il

e. Feed water : The samples’of concentrates, hay and straw wers analy-
zed for water, the samples dried at 105° for 24 hrin a 250 g glass weighing
botile, and water content was calculated as percent of fresh weight.
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3. Water oulput

a. Urinary water : The urine was collected daily quantitasvelyusing
polyethelene funnels and the samples were taken for water analysis.

b. Fecal water: Feces were collected daily quantitatively using hind bags made
of polyethelene. The funnels and hind bags were attached to the animals us-
ing hainess. A composed sample of 7 days was coltected from each animal.
The samples were dried at 105° for 24 hr, in a 250 g glass weighing botile
and water conteni was calculated as percent of fresh weight.

c. Pulmocutaneous water loss : Pulmocutancous water loss as determi-
ned by water turnover rate using tritiated water dilution technique =

Water turnover rate-(urinary water - fecal water) pulmocutancous water
loss as determined by the conventional technique =

Total water intake - (urinary water -~ fecal water).

In this technique it is assumed that, a8 long as the live body weight of the
animal is constant, then, total water intake must equal the water output (Temor
et al., 1969, Wilson, 1970, Maloiy and Taylor, 1970 and Maloiy, 1972).

d.  Respiratory vaporization waler . The method that used for measuring

the water output from the respiratory iract by evaporation and suitable
for use on animals confined in climatic chamber has been described by Kibler
and Yeck (1962).

This method is adaptabic for either sheep or goats and readings are taken
over a short period (generaily not more than ten minutes) (Yeats et al., 1975).

Respiratory water loss = apparatus weight (Mask - Tubes -+ Calcium
chloride battary) after reasuring-apparatus weight before measuring, Respi-
ratory water oufput was measured twice during heat exposure period (7 hr
daily).

e.  Skin water loss @ Skin water output by water turnover rate using tri-
tiated water dilution technique = Water turnover rate - {Urinary - fecal
water -~ respiratory water).

The general equation of skin water output by the conventional technique
is as follows :
s 1. Skin water output = Total water intake - (urinary water -+ fecal
water - respiratory water output).
\ &, Under hot conditions, the equation of skin water output is as follows :
2. Skin water output = Total water intake - (Urinary water -~ fecal
water - respiratory water + retained water).
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4. Water balance

Water balance by tracer technique = Water turnover rate - (Urinary
water |- fecal water -|- respiratory water -- skin water).

5. The retained water, 1jday Water rotention ==

{Tofial body water, L at 38%)-(Total body water, L at 18°%)
Heat exposure period (days)

(D) Tracer technique jor estimation of heat Tolerance coefficient (HTC)

This technique was carried out on goats based on the estimation of total
body solids (TBS) under mild and hot climates, then the percentage decrease
in total body solids content due to heat exposure was subtracted from 100 to
obtain the coefficient of heat tolerance as described by Kamal and Johnson
(1971} in cattle. The total body solids estimated by subtraction the total body
water (TBW) from the live body weight in cach of climatic conditions. The
equation used for the TBS HTC is as follows :

TBSY at 18°-TBS%at 38°
TBS HTC = 100 - TBSY, at 189 X 100

Results and Discussion

AY TOH dilution and conventional technigues for determining total water intalke
and Pulmocutaneous and Skin water loss

Feasibility of the water turnover rate technique for water balance studies,
cmerges from the {act that tritiated water as a tracer marker is distributed uni.
formly in the water pool of the body after equilibrium is attained and behaves
physiologically as ordinary water (Ernest and Pinson, 1952; Best and Taylor,
1966).

Table | shows that total water intake average of dry pregnant and laciat-
ing cows 27-25 4 0-33 and 34.21 4 1.88 L/day respectively. Whereas wa-
ter turnover rate averages were 2878 +0.49 and 35.96 + 1.39 L/day, respe-
ctively. The difference between the two averages was significant (P < 0.03).

It 1s worthnoting, however, that water turnover rate overestimated total
body water by 5.61 - 5.11%7, This can be mainly attributed to the fact that
tritiated water space overestimates total body water (Pace and Schachan,
1947; McManus and Prichard et al., 1969) because the tritiumn atom of the tri-
tiated water exchanges with exchangeable hydrogen atoms present in the body.
The rapidly exchangeable hydrogen atoms in the organie constituents of body
are estimated to correspond to a water equivalent 0-5 to 0-2% of the body
weight in man (Heresy and Jacobson, 1940), For carbohydrates 6%, of carbohy-
drates is hydrogen and that 359 of hydrogen is exchangeable (Boxer and Stee-
ten, 1944). The rapidly exchangeable H atoms in fat are assumed negligible
in amount.
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TABLE 1. TOH dilution and conventional technigues for determining fofal water infake
and pufmeocutanmeous water loss.

Dry pregnant cows | Late lactating cows Pulmocutanous water loss/1/day
Conventional | TOH | Convent- TOH | Jan day cows | In lactating cOws
techniques |techmig.-| ional technig- | pregnant ToH |Conventional| TOH
Lfday ues techniques [ues convention- technigue| fechnigques | techmique
L/day | Ljday L/day (al tecnigue
X-27.25 | 28.78 | 37.21 35.96 | 11.47 12.40 | 16.37 18.12
SE 033 | 0.49 1.88 1.3% 1.00 0.98 2.08 1.58
CV.2.98 | 4.19 | 13.51 9.50 | 21.44 19.51 31.18 21.39
ST™  3.46* 3.30% 3.95% 3.28%

*Significant at (P < 0.05)

The comparison between total water intake and water turnover rate have
been studicd by many investigators. Baiely and Broster (1958) found that
water turnover rate of grazing animals was similar to water consumption recor-
ded by them in dairy heifers well fed in stalls. Water turnover rate was also
similar to the water consumption of grazing Holstein X Zebu cows in Jamica
(Wilson and Barrat, 1962). In three sheep, which were accustomed to consume
water containing 1-3 salt the daily water intakes were 8.3, 10.84 and §.35 L/
day as compared to water turnover rate of §.26, 10-6 and 8-40 L/day, respecti-
vely, (Potter and Jones, 1970).

In this connection, water turnover rate was similar to or, slightly above
the amount of water consumed from the trough. This is consistent with a
small of moisture from the vegetation (Brown and Lynch, 1972). Moreover,
the calculated water entry rate values were comparable to the corresponding
estimate water consumption in sheep by Kamal (1977) who stated that water
consumption average was 3-79 +0.14. Also El-Fouly ef al. (1979) found that
total water intake L/day was 2.71 compared with water turnover rate that was
2-67 Lfday.

Pulmocutaneous water loss was measured by subtraction technique which
depend on the subtraction of output sensible water loss (urinary and fecal wa-
ter from total water intake (Free, metabolic and feed water), (Temor et al.,
1969), Wilson, 1970 and Maloiy, 1972). This was based on the assumption
that water outpul equals water intake when the animals are in a steady state
with a constant body weight.
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The tritiated water furnover rate as a new technique proposed and used
in this study for estimating the pulmocutaneous water loss measures the rate
of water output whether or not the amimal is in a steady state, i.e. whether
or not retaining water in its body.

The differcnce between water turnover rate and urinary and fecal water
output represented the pulmocutaneous water loss, whero :

Pulmocutansous water loss ==
Water turnover rate - (Urinary water - fecal water).

If respiratory water 1oss is estimated and subtracted from the pulmocuta-
neous water loss, the skin water loss can be obtaingd @

Skin water loss == Pulmocutansous water loss-respiratory water [oss

.- Water turnover rate-(Urinary water - Fecal water —
respiratory water loss).

Data presented in Table 1 shows that pulmocutaneous water loss avera-
ges as I/day estimated by conventional technique in dry pregnant and laciating
cows were 11.47 + 1.06and 16-37 + 208 respectively, whereas those as
estimaied by tritiated water dilution technique were 12.40 & 0-98 and
1$.12 - 1.58 respectively. The differcnce between the averages of the two
technigues was found significant (P<0-05).

From the above results it is indicated that tritiated waler dilution techni-
que give higher averages for the vpulmocutaneous water loss because this
technique depends on estimating the disappearance rate constant of TOH and

the tritiated water space. The latter as mentioned previously overestimates
total body water (Pace and Schacham, 1947: McManus and Prichard, 1969).

The averages in the present study, however, are in accordance with those
found by Kibler and Brody, (1950),

Kellaway and Colditz (1975) and Siebert er al., (1978) for pulmocuta-
neous water loss as estimated by other different techniques.

B) Plasmu, milk and plasma, uring activities after dosing the tritiated water in
animals

Comparisons between plasma and milk net activity at 24, 48, 72, 96 and
120 hr after dosing the tritiated water in lactating Fricsian cows are presented
in Table 2. The average for plasma net activity was 970 + 150 cpm/ml incr-
eased significantly (P <0-01) in milk to 1276 4167 cpm/mi. Milk was high-
er than plasma net activity by 33-55%.
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The differences between plasma and milk net activity were attributed to
the fact that part of the energy in different biological samples may be dissipated
without production photons. Such loss in activity is known as quenching
(Horrocks, 1964). This quenching is due to the differences in chemical compo-
sition colour and other physical properties of these fluids. For estimating the
quenching value for all samples, 0-1 ml of tritiated water internal standard was
added to the 1ml of plasma and milk samplesand the samples activity was
corrected as described by Kamal and Seif (1969). Moreover, the facility of
the internal standard addition process is the only limitation of this method,
which involved correction for all types of quenching (Stubbs, 1973).

The averages of quenching were 2.15 4 0.06 and 1.63 +0.03 for plasma
and milk samples, respectively, the differences were found significant (P >

0.01) as shown in Table 2.

The corrected sample activities cpm/ml were 2159 4 333 and 2307 + 357
in plasma and milk, respectively (Table 2).

The higher activity of milk than plasma was due to the fact that the milk
was synthesized at earlier time from plasma of a higher activity than that used

for counting.

The previous discussion revealed that there are no significant differences
between corrected sample activity for plasma and milk so, milk samples can
be used for total body water and water turnover rate determinations by extra-

polation technique.

The average 4 SE for TBW in Friesian cows was 224-.68 + 5.84 L by
using plasma samples decreased to 22158 - 5.27 L by using milk samples
because milk was higher than plasma corrected activity by 6-59%. When the
values of TBW were expressed as L/100 kg LBW, the averages were 74.78 -
0.61 and 73.77 4+ 0.27 by plasma and milk samples, respectively and the di-
flerence was found to be insignificant. The averages of WTR as L/day were
36-16 + 0-26 and 35-30 4 0.83 that estimated by using plasma and milk

samples, respectively, (Table 3).

The results that mentioned above were associated with those revealed by
Aschbacker et al. (1965) who found that TBW estimated from tritium content
of plasma, urine and milk was 71.9, 73, respectively, when they were expres-
sed as percent of live body weight.

The “t” test of significance indicated that milk samples in Friesian cows
has insignificant cflect on WTR determination when they were compared with
plasma samples.  This was due to the fact that tritiated water disappearance
rate constant (- K x 10-%) (Table 4) and biological half life time of time of
tritiated water that obtained from plasma and milk had same values.
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TABLE 3: Total hody water, water turnover rate and biological half life time of
tritinted water by using plasma compared with milk samples after injection
tritiated water in lactating cows.

i Plasma Milk
X- SE C.V. X SE C.¥.

Total body water, . . . |, |224.68 | 5.84 10.40 | 221.58 5.27 951

3=

‘}LQ! 0-861
Total body water, . . . . 74.78 0.61 3.28 3.9 0.27 1.46
t/100 kg., LBW . . _

b2 S 0.261
Walter turnover rate, . . 36.16 0.26 2.90 35.30 0.83 | 9.46

Irghe” &« vt

B o mmmow o d 0.488
Haif life time, . . . , . 4.23 0.16 10.63 4.27 0.18 11.94

days.. . . . .. ..

s R 0.107 :

i |

TABLE 4. Tritiated water disappearance rate constant
(—KXI107% in plasma and milkafter
mtravenous injection in Friesian cows.

Cow's No. ! Plasma Milk
1 7.53 721
2 5.92 5.77
3 7.21 ’ 7.53
R 688 6.83
B.S. 0.42 0.46
s 0.26
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