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Abstract: The features of functional salt glands in ostriches were investigated. Forty
ostriches were randomly divided into eight groups, according to the different levels of
sodium chloride (0, 2.5, 5 and 7.5g \ L) with or without vitamin C (0 and Ig \ L) in drinking
water. The aldosteron concentration, Na-K ATPase activity in some tissues, plasma osmotic
pressure, hematological parameters, some plasma biochemical parameters and liver and
kidney functions were measured at 12 months of age.

Results showed that T3 and plasma protein concentration decreased significanily
with increasing saline water level. Vitamin C addition caused a significant increase in T3
compared with other treatments while, plasma cholesterol significantly increased by
increasing saline water but, it significantly decreased with vitamin C addition. With respect
to liver (as measured by AST and ALT) or kidney functions (as measured by uric acid and
creatinine levels), birds drink high saline water recorded higher levels than the control
group. While, addition of vitamin C to birds led to improve in liver and kidney function.
Plasma osmotic pressure, aldosteron concentration and Na-K ATPase activity in various
tissues were significantly increased with increasing saline water level but, it significantly
decreased with vitamin C addition. Heterophels (H) and Heterophels / Lymphocytes %
(H/L %) except Lymphocytes (L) were affected by saline level whereas; it increased
significantly with increasing saline level. Ascorbic acid addition did not significantly effect
on H but it caused a significant decrease in H/L% and it caused a significant increase in L.

Present data indicates that vitamin C supplementation had some beneficial effects
on some physiological, hematological parameters and plasma osmotic pressure in ostriches
drank high saline water (5 g/ 1) during growing period.

INTRODUCTION

Fluid and ions homeostasis in birds  the €xtra renal salt excretion. Salt glands of

involves several organ systems including  Pirds have a mechanism of concentrated
the kidneys, cloaca, ceca, and the nasal salt salt. ions fr0[n the .bIOOd and work in
(nasal) glands (Braun, 1999). Saline comjunction with the kidneys.

tolerance in birds is determined by the According 1o Schmidt-Nielsen ez ul.
efficiency of the reabsorption of water and  (1963) ostriches have large, functional
sodium ions by the renal tubules and  (nasal) salt glands which may be imporant
sodium secretion by the salt glands (Butler  for extra renal salt elimination during
et al, 1991). Avian species possessing  dehydrational stress, as water-deprived
functional salt glands by two routes of  ostriches produced more secretion from the
sodium chloride excretion of the renal and salt gland than hydrated birds. According 1o
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Cloudsley-Thompson and Mohamed (1967)
these salt glands enable ostriches to utilize
saline water. They found that when fresh
water was not available, ostriches drank
dilute sea water and even solutions of
sodium chloride. They maintained their
weight on 20% (0.2 Molar) sodium
chloride solutions, but lose weight when
given higher concentrations.

While, Skadhauge er al. (1995)
found that exposed ostriches to a high salt
level with 1.5% salt as drinking solution
followed by an acute oral salt load, without
observing any activation of nasal secretion.
Gray and Brown (1995) however studied
the salt glands activity of ten ostriches (five
of that adapted to the fresh and five to the
salty water) and had doubts about their
meaning for the normal osmotic pressure
support in the blood plasma for this
species. After a hyperosmotic infusion in
only two of the animals (from the adapted
to the salty water group) had been observed
a secretion of insignificant quantity of fluid
for about 5-10 minutes. Sustained salt
gland secretion is also dependent upon
activation of the pituitary-adrenal axis.
Thyroid hormones and prolactin may also

MATERIAL AND METHODS

The present study was carried out at
a private ostrich farm (Naoomy Company)
at El-shourook city — Egypt. During August
and September, 2009. Forty growing
ostriches, 10 months of age were used in
this study. The ostriches were reared on
wood shavings as a litter floor. The room
temperature was initially 34°C and was
decreased by 0.2°C every day until the age
of forty-five days, and after that was
regulated depending on the climatic
conditions and the behavior of the birds. At
ten months of age birds were reared under
natural light. Diet contains 16% protein and
2400 Kcal/Kg and water were provided ad-
libitum throughout the experimental period.
The ostriches were randomly divided into
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be involved indirectly to support continued
extra renal excretion via the salt glands
(Holmes and Phillips, 1985).

Bainave {1989) and Khalafalla et al.
(1998) have reviewed the responses of
poultry (layer type, broiler chickens, turkey
and ducks) to mineral supplements in
drinking water. These authors noted that
salt levels in drinking water ranged from
26 to 10.6 g/l and showed that high
concentrations of salt in drinking water
were associated with reduced growth and
increased mortality in these poultry.

Dietary vitamin C has been reported
to improve resistance to a variety of
stressors, including toxic salts and hypoxia
(Al-Taweil and Kassab, 1990), whereas,
supplementation of vitamin C is reported to
reduce plasma corticosterone, a stress
hormone, and the heterophil / lymphocyie
{H:L) ratio Lohakare ef al.(2005).

Therefore, the objective of this study
was to determine the impact of different
saline drinking water levels with or without
vitamin C on functional salt glands,
osmoregulation, some physiological and
hematological measurements of ostriches.

eight groups (5 ostrich / group), according
to the different level of drinking saline
water with or without vitamin C.

The drinking water treatments consisted of:
1) controls receiving tap water.

2) Tap water supplemented with Ig vitamin C/ L.
3) Tap water supplemented with 2.5g NaCl / L

4) Tap water supplemented with 2.5g NaCl and
lg vitamin C/ L

5) Tap water supplemented with 5g NaCl /L.

6) Tap water supplemented with 5g NaCl and
g vitamin C/L

7) Tap water supplemented with 7.5g NaCl/ L
8) Tap water supplemented with 7.5g NaCl and
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g vitamin C/L

The NaCl solution was prepared as
required, and vitamin C was added to fresh
supplies of drinking water daily. Plasma
osmotic pressure, hematological parameters,
some plasma parameters, liver and kidney
functions were determined at the end of this
experiment.

Physiological responses measurement:

All birds were taken for blood
samples in the early moming hours. Blood
samples were taken from a wing vein into
heparinized tubes. Each blood samples was
divided into two portions. The blood samples
of first portion were immediately centrifuged
at 3000 rpm for 15 minutes and blood plasma
was separated and stored at -20°C for
assaying of total protein (mg/100 ml) by the
Biuret method according to Henry et al.

(1974) and cholesterol (mg/100 ml)
according to Richmond (1973). AST
(Aspartate-aminotransferase) and  ALT

(Alanine-aminotransferase) activities were
determined as described by White (1970),
creatinine and uric acid were determined as
described by Husdan, (1968) and Bogin and
Keller (1987), respectively. Plasma sodium
(Na) and potassium (K) were determined as
described by Dean (1960).

Plasma osmotic pressure  was
measured by a vapor pressure osmometer
{(Wescor 5500, USA). Plasma concentrations
of aldosterone and T3 hormone were
measured by radioimmunoassay (RIA) as
described by lto er al. (1972) and Darras ef
al. (1992), respectively. The second portion
blood samples were taken to determine
Packed-cell volume (%) red blood cells (x
10%mm®) and white blood cells (x 10° mm®).

A percentage of packed cell volume
(PCV %) value was determined according
to Hunsaker (1969), Red blood cell's
(RBC's) and white blood cell's (WBC's)
were counted in fresh blood sample as
described by Hawkey and Dennett (1989)
using haemocytometer and counted at 400
X objective of a phase contrast microscope.
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Differential counts of 100 leucocytes were
counted using slides stained with Wrights
stain and Heterophils / Lymphocytes ratio
(H: L ratio) was measured.

Determination of Na-K ATPase activity:

Tissue preparation:

At the end of experimental period
three ostriches heads from each group
immediately after slaughtering, were
collected. The salt glands (up the eye) were
dissected out after removal of the skin
under sterile conditions. Also, samples
from the kidney and lower intestine (colon)
were taken from these birds and rapidly
excised and freed from connective tissues.
After the tissues had been weighed they
placed into Petri dishes containing an ice-
cold isolated medium consisting of 125mM
Kcl and homogenate for tissue analysis.

Na-K ATPase activity:

The enzyme activity was measured
at 37°% and caiculated as the difference
between rates of inorganic phosphate
liberated in the presence and absence of
ouabain (Johnson et al, 1977). The
released inorganic phosphate was measured
by the method of Fiske and Subbarow
(1925). The protein concentration was
determined by the method of Lowry et al.
(1951). All enzyme activities were
expressed as pmol Pi / mg protein / hr.

Statistical analysis:

Data were analyzed by the least
squares analysis of variance using the
General Linear Models procedure of the
statistical analysis model (SAS, 2001). The
statistical model was as follows:

Yijk=p + Ti + Aj + TA{j + Eijk

Where: Yijk. = Observation of the i
ostrich: p = Overall mean, common element
to all observations: Ti = Effect of saline
drinking water treatment (i= 1, 2, 3, 4); Aj =
Effect of vitamin C supplementation (j = |,
2): TAij = Interaction effect between i™ saline
drinking water treatment and j " vitamin C
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supplementation: and Eijk= Random error
component assumed to be normally
distributed.

Data estimated in percentage were
transformed with the arcsine square-root
procedure to normalize variance before

RESULTS AND DISCUSSION

1- Some blood biochemical parametars:
a- Triiodothironin (T3):

Data in Table {l) showed that
plasma T3 concentration was significantly
affected by saline drinking water level and
vitamin C addition. It can be observed a
significant decrease in plasma T level with
the highest level of saline. Also data in
Table (1) showed the effect of interaction
between saline levels and vitamin C
supplementation on, plasma T; level
whereas ostriches received the highest level
of saline had the lowest T; level.

This result agrees with Dawson and
Deeming (1997) who observed that saline
injection in quail, starlings and ostriches
resulted in a slow decline in thyroxin.
Harvey et al. (1984) found that plasma T
concentrations decreased and consequently,
reduced body weight and feed intake in
ducks reared on salt water. These endocrine
responses during salt water adaptation
might be expected to minimize the loss of
body reserves and to facilitate the extra
renal excretion of sodium; these alterations
in endocrine function may be partly due to
salt water-induced changes in food intake,

b- Total Protein:

Data in Table (1) showed that
plasma  protein  concentration  was
significantly affected by saline level and
vitamin C addition whereas, plasma protein
concentration was significantly decrease
with increasing saline level and it was
insignificantly increase with vitamin C
suppiementation. The beneficial effect of
vitamin C supplementation on plasma
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analysis and were retransformed again to
the original scale before presentation. The
differences among means were tested using
Duncan's New Multiple Range Test
(Duncan, 1955).

protein could be attributed to vitamin C
which works as coenzyme playing an
important role in the metabolism of amino
acid (Kutlu and Forbes, 1993) while, Rice,
(2000} reported that vitamin C is effective
as antioxidant, and it plays an important
role in metabolic activity.

The chicks when exposed to
environment stress they increased the
protein  catabolism  associated  with

corticosteroid release. This might have an
apparent ¢levation of protein levels in the
high saline groups therefore, an elevation in
protein-derived gluconeogenesis (Lohakare
et al. (2005), Also data in Table (1) showed
the effect of interaction between saline
levels and vitamin C supplementation on
plasma protein whereas birds drinking tap
water plus vitamin C recorded significantly
highest levels in plasma protein compared
to other treatments.

C-Plasma cholesterol concentration:

It is well known that serum or
plasma cholesterol of birds is strongly
affected by heredity, nutrition, age, sex and
environmental conditions (Sturkie, 1986).
The results of plasma cholesterol
concentration in (Table.l) showed that
there was significant increase in plasma
cholesterol levels due to saline drinking
water. Vitamin C addition led to significant
decrease in plasma cholesterol levels in
control group only.

Data in Table (1) showed that, the
interaction effect of saline levels and
vitamin C supplementation on plasma
concentrations of cholesterol, when birds
drinking tap water plus vitamin C recorded
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significantly  lowest levels  plasma
concentrations of cholesterol compared to
other treatments.

2- Liver and kidaey function:
a- Liver enzymes activities:

With respect to AST and ALT
Tabie (2) showed that there was significant
effect of saline drinking water on AST and
ALT. The result also agrees with that of
Abdel Rahman et al. (2000) who suggested
that this increasing might be due to
malfunction of the liver chickens which
was supported by the plasma T3 decrease
after saline drinking water. Ostriches
receiving vitamin C showed a decrease in
plasma AST and ALT levels compared to
control supplementation,

Changes in blood transaminases level
may depend on the rate of protein
metabolism which may be due to bird's age
rather than any other factor. It is well known
that by the simple process of transamination,
an amino radical is transferred to alfa- keto
acid while the keto oxygen is transferred to
the donor of the amino radical who is
promoted by transaminases (Guyton, 1981).
The enzyme activity in supplemented vitamin
C treatments is exhibit healthy, non
pathological or toxic effects of tested
biological additives on liver function.

Data in Table (2) showed that, the
interaction between saline levels and vitamin
C supplementation on liver function, when
birds drink tap water plus vitamin C recorded
significantly lowest levels of AST and ALT
compared to other treatments.

b- Kidney function:

Uric acid is the major nitrogenous
end product of nitrogen metabolism in
birds. Since, it is the excretory vehicle for
four fifths of the metabolized nitrogen.
Both uric acid and creatinine levels in
plasma as protein metabolites foliowed the
same manner as total plasma protein. These
levels increased or decreased in response to
protein metabolism.
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Data in Table (2) showed that there
were significant differences in plasma
creatinine and uric acid levels among the
different saline treatments; whereas, there
was significant increase in plasma
creatinine and uric acid levels due to saline
drinking water.

Vitamin C addition caused a decrease
in plasma creatinine and uric acid levels.
Suggesting that kidney performance of birds

were improved by vitamin C
supplementations with increasing saline level.
Present results indicate that protein

metabolism had significant effect on both
parameters. These results agree with the
results obtained by Geraert et al. (1996) in
broilers. In the present study, the changes in
uric acid and creatinine levels in plasma may
indicate a reduction in the glomerular filration
rate (GFR) as a result of high level of saline
since the serum concentration of these two
biological parameters depends largely on the
glomerular filtration(Gavin, 1995).

Also data in Table (2) shows effect
of interaction between saline levels and
vitamin C supplementation on plasma
creatinine and wuric acid, when birds
drinking tap water plus vitamin C recorded
significant low level of plasma creatinine
and uric acid compared to other treatments.

3. a-Sodium and

concentrations:

potassium

Osmoregulation is the turnover and
homeostasis of water and the major
electrolytes of plasma and extracellular
fluids (Skadhauge, 1981). Sodium and
potassium concentrations in plasma were
significantly increased with increasing
NaCl levels as compared with control
group (Table, 3). Increasing concentration
of sodium and potassium in blood may be
due to the increase of water consumption
containing the high level of NaCl which
caused apparent increase in the blood
sodium and potassium concentrations and
consequently, due to stress on kidney
functions. These results are in agreement
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with those obtained by Egwutu et al.
(1983) and Rashwan et al. (1997) who
found a highly significant increase of the
blood sodium concentrate accomplished
with increasing water salinity due to
increasing retention of salt and water in
both intracellular and extracellular fluids
compartments. Vitamin C addition caused
slight improvement in decreasing sodium
and potassium concentrations (Table, 3),

The interaction effects between
saline level and vitamin C supplementation
were significant on plasma Na and K
(Table, 3). Addition of vitamin C to the
birds drinking salinity water at 5g/l showed
significant decreased in plasma Na and K
compared to other treatments (Table. 3).

3. b- Plasma osmotic pressure:

Plasma osmotic pressure showed
different responses to saline level as
indicated by its significant interaction
(Table. 3), where increasing saline level
significantly increased plasma osmotic
pressure compared to low saline levels.
These results are in agreement with those
obtained by Ash (1969) who studied
comparable increases in total osmolality of
the plasma which produced by oral or
intravencus  administration of NaCl,
sucrose, mannitol, KCI, urea and dextrose;
but the first three only of these compounds
evoked secretion of NaCl and high
osmolality of the plasma. Therefore,
Schmidt-Nielsen et al. (1958) suggested
that the secretory mechanism responds to
an osmotic load rather than to specific
changes in plasma (Na+) or (CI-).

Vitamin C supplementation also
insignificantly reduced plasma osmotic
pressure (Table. 3).Therefore; these results
are very close to those of Yahav et a/. (1997)
who reported that the increase in
concentration of plasma protein could be
important in this regulatory response, which
also resulted in a decrease in osmolality.

The interaction effects between
saline level and vitamin C supplementation

were significant on plasma osmotic
pressure (Table, 3). Birds drink high saline
level with vitamin C supplementation
showed significantly higher plasma
osmotic pressure compared to other
treatments (Table. 3). It could be concluded
that, vitamin C supplementation showed no
beneficial effects on plasma osmotic
pressure under high saline level.

4.a- Aldosteron concentration:

Steroid aldosterone produce from
the adrenal cortex which is important in
osmoregulation (Sturkie, 1986). Also, he
suggested that drinking salt water in birds
stimulate hypothalamo-hypophyseal
adrenal system, where adrenocortictrophic
hormone (ACTH) is released from anterior
pituitary and triggers the secretion of both
aldosteron and corticosterone from adrenal
cortex. This explains the increase of
aldosterone level in bird plasma which in
turn influences electrolyte absorption from
smaitl intestine and kidney. Increased
tubular re-absorption of sodium with
increase retention of sodium and water
leads to expansion of the extracellular fluid
compartement. Also, Arnason (1997)
reported that aldosterone exerts major
control of the amiloride-inhibitable Na (+)-
transport system in both colon and
coprodeum. It can also modulate the CI (-)-
secretory capacity of colon and coprodeum,
but only temporarily. Also, Elbrend es al.
(1998) reported  that  Aldosterone
stimulation increased sodium transport, the
height and number of microvilli, and the
brush-cell number under a high -NaCl diet.

Results showed that, aldosteron
concentration was affected by saline drinking
water level and vitamin C addition (Table, 4)
whereas; it significantly increased with
increasing saline drinking water level and
decreased significantly with ascorbic acid
addition. This result is in agreement with
Aupetit ef al. (1986) how show that oxygen
is required in the transformation of 18-
hydroxycorticosterone into aldosterone, at the
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cytochrome P-450 level.

Vitamin C was used to increase
oxygen consumption at the cytochrome a
level, thereby decreasing its availability to
cytochrome P-450. Vitamin C system acts
as an 'oxygen trap' and consequently
vitamin C works as strong inhibitors for
aldosterone  biosynthesis  from 18-
hydroxycorticosterone.

The interaction effects between
saline level and vitamin C supplementation
- on aldosteron concentration showed that

birds drink tap water plus vitamin C

recorded significantly lowest levels of
aldosteron  concentration in  blood
compared to other treatments Table (4):

4.b- Na-K ATPase activity:

The hypertrophy of the gland and
hyperplasia of the plasma membrane have
been correlated with the level of (Na+-K+)-
dependent ATPase, an enzyme which is
involved in the concentrating function of
the salt gland to produce a hypertonic
solution for secretion (Karlsson et al.,
1971). Also, sensitivity this Na,K_ATPase
enzyme in various tissues to level of Na+ in
the body was reported by Yakushev et al.
(2008). Therefore, there was a significant
increase in quail nasal gland Na-K ATPase
when only saline solutions were offered to
drink (200 mM NaCl} Dunson ez al. (1976).

Results showed that, Na-K ATPase
activity in various tissues (kidney and lower
intestine) was affected by saline drinking
water level and vitamin C addition (Table, 4)
whereas; it significantly increased -with
increasing saline drinking water level and
decreased significantly by vitamin C
addition. This result is agreed with William
et al. (1982) observed that the salt water
treatment in ducks stimulated the salt gland
to increased Na, K-ATPase activity.

On the other hand, Petty (1981)
suggests that the activation of Na-K
ATPase membrane is depend on an
aldosterone that increase in the passive

entry of Na across the luminal membrane.
With respect to the salt gland Na+/K+-
ATPase activity with or without vitamin C
addition recorded the lowest Na-K ATPase
activity compared to other tissues. This
result may suggest that hyperosmotic NaCl
loading was unable to activate the nasal
glands for secretion or it due to low relative
mass nasal gland in the ostrich. This
suggestion is in agreement with Skadhauge
et al. (1984) who reported that ducks
weighted 3 kg (salt-adapted) have nasal
gland weighed approximately 0.5 g, with
relative mass 20-fold higher than in the
ostrich thus, were unable to stimulate the
nasal glands for secretion. While, Schmidt-
Nielson er al. (1963) reported that desert
birds such as the Ostrich have functional
salt glands, which are stimulated in
response to high temperature,

The interaction effects between
saline level and vitamin C supplementation
on Na-K ATPase activity in various tissues
showed that birds drinking tap water plus
vitamin C showed an improvement in these
parameters Table (4).

5- Hematological Parameters:

Data of hematological parameters are
presented in (Table, 5) which indicated that
saline levels did not effect significantly on
RBC whereas; it decreased slightly with
increasing saline level but, vitamin C
addition caused a significant increase in
this parameter. While, PCV % was affected
by saline level whereas; it decreased
significantly with increasing saline level.
Vitamin C addition caused a significant
increase in PCV % compared to other
treatment. Also, data in Table (5) showed
that, WBC was affected by saline leve!
whereas; it increased significantly with
increasing saline level. Vitamin C addition
caused a significant improve in WBC
compared to other treatment.

‘These results agreed with Mohammed
(1997) who reported that drinking salt
water increased the WBC count in rabbits.
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They attributed that to salt poisoning with
drinking salt water and lukocytosis might
occur due to gastroenteritis, They added
that this might be due to injury of tissue in
response to irritation resulted from water
saline treatment. The observed increase in
PCV in experimental groups could be
attributed to the effect of vitamin C in
protecting the membrane integrity of the
erythrocyte as demonstrated by Candan et
al. (2002) and Adenkola et al/. (2010)
whereas, the membrane of erythrocyte is
rich in polyunsaturated fatty acids which
are susceptible to lipid peroxidation which
results in the loss of membrane fluidity and
cellular  lysis (Brzezinska-Slebodziiska,
2003). This function directly affects the
total erythrocyte count in the experimental
groups being higher than the groups which
were not supplemented with AA.

Data in Table (5) showed that,
Heterophils (H) and heterophil /
lymphocyte (H: L %) ratio were affected by
saline level whereas; (H) increased
significantly with increasing saline level.
While, Lymphocytes (L) decreased
significantly with increasing saline level,
Vitamin C addition did not significantly
effect on (H) but it caused a significant
decrease in H/L% and it caused a
significant increase in (L) compared to
other treatments. Vitamin C is reported to
reduce plasma corticosterone, a stress
hormone, and the H/ L%, Sergeev et al.
(1990). However the lower value of total
white blood cell count recorded in the
experimental groups were supplemented

with vitamin C could be due to the effect of
vitamin C in preventing the release of the
white blood cells from their body pool due
to its effect in inhibiting corticosteroids
which are known to increase in animals
under stress (Whitehead and Keller, 2003).

Also data in Table (5) showed the
effect of interaction between saline levels
and vitamin C supplementation on these
parameters whereas ascorbic acid addition
with the highest saline level caused an
improvement  in  these  parameters.
Therefore, it is not ruled out that the nasal
glands may become functional in certain
ostrich populations exposed to long-term
salt loading, and/or high ambient
temperature but such secretion cannot play
any quantitative role in osmoregulation.
This study may be suggests that
osmoregulation of ostriches involves levels
of Na' and water regulation by the
intestinal tract and the kidneys than the sait
glands in growing period.

In conclusion, excess of any salts in
drinking tap water induce adversely affect
to some hematological and physiological
parameters. Moreover, vitamin C addition
to saline water alleviated the toxic effects
of saline drinking water up to 7.5g/l.
Therefore, it can be recommend that the
maximum sodium chloride level in the
drinking tap water can be bear safely by
ostriches neither injurious on its
hematological and physiological
parameters were 5 g/| with vitamin C
supplementation during growing period.
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Table (1): Effect of different levels of sodium chloride (NaCl,g/l) with or without
vitamin C (V.C, g/l) in drinking water on some blood plasma components

of Ostriches.
Treatments Some blood plasma components
T3 (ng/ml) | T. protein (mg/dl) ] Cholesterol (mg/dl)
(NaCl) git
0 374 4.04" 112.05°
15 3.45" 3.62° 124.80°
[ 3.25° 334" 134.23"
15 2.63° 3.01° 136.52"
SE +0.10 +0.14 £1.92
(V.G g/
0 3.06° 3.43° 129.28*
1 347 3.57 124.51°
SE + 0,07 0,10 +1.36
Interactions
NaCl | Vv.C
0 0 3as™ 3.82% 117.947
1 419" 425" 106.15°
25 0 2™ 3.48% 127,75%
. 1 3.64° 3.75* 121.85%
s 0 3.03% 3,33% 134.92°
1 3.49° 3.35% 133.53"%
75 0 2.62° .08 136.53"
i ] 2.65° 2.94° 136.51*
SE +0.14 +0.20 £2.72

**- means in the same column within each item bearing different superscript are significantly
different (P<0.05).

Table (2): Effect of different levels of sodium chloride (NaCl,g/l} with or without
vitamin C (V.C, g/l) in drinking water on liver and kidney function of

Ostriches.
Treatments liver and kidney function
ALT(U/L) | ASTUU/A) |  Uricacid(mg/100ml) |  Creatinine (mg/100ml)
(NaCl) g/
0 5.04° 95.95° 314 15.94°
2.5 5.50" 95.96° 3.35% 15.95°
5 5.63° 100.75° 345 17.50"
7.5 5.98" 118.58" 4.18" 2097
SE +0.06 +0.59 +0.09 +0,39
(v.C) g/
0 5.62 105.25" 3.61° 18.77°
1 4.5 100.37* 3.45° 16.41*
SE +0.04 +0.42 +0.06 +0.28
Interactions
NaCt | v.C
0 0 5.33° 97.66" 333" 17.66>
i 4.95° 94.24° 2.95° 14.24°
15 0 5,36~ 97,687 3.36" 17.67%
) 1 5.64™ 94,24* 3.4 14.24°
s 0 578> 10531° 3.58° 18.81°
] 549 96.19% 3.3 1619°
1.5 [} 602 120.36° 4.18° 20.95"
) 1 5.94" 116.79* 4,19 20.99*
SE £0.09 +),84 +0.12 £0.56

*>£ means in the same column within each item bearing different superscript are significantly different
(P<0.05).
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Table (3): Effect of different levels of sodium chloride (NaCl,g/l) with or without
vitamin C (V.C, g/l) in drinking water on Sodium, Potassium concentration
and osmotic pressure of Ostriches.

Treatments Sodium, Potassium concentration and osmotic pressure
Na (mmoi/l) ] K {mmol/l) | Osmotic pressure/kg H20
(NaClyg/L
0 106.057 3,34 315.74°
2.5 125.80° 3.45° 316,60°
5 131.54° 3.83" 316.60°
1.5 137.73° 4.36" 339.229°
SE +1,73 .11 +5,58
(VO g/ L
] 122.52* 3.8¢" 325.38"
i 125.03" 3.63" 319.32"
SE +1.22 + 0.08 +3.95
Interactions
NaCl v.C
R [ 106.15° 3.3 322.36™
1 105.947 3.35° 309.13°
4 0 123.85° 3.56" 323.64%
. 1 127.75% 134 309,57
5 0 134.55% 4.18" 323.64%
1 128,53% 3.49° 309.57°
75 0 137.5%° 4.38" 332.05"
- 1 137.92" 4.34" 346.39"
SE +2.44 0,16 +6.08

*"%-means in the same column within each item bearing different superscript are significantly different
{P<0.05).

Table (4): Effect of different levels of sodium chloride (NaCl,g/l} with or without
vitamin C (V.C, g/l) in drinking water on aldosterone concentration and ATPase
activity in different tissues of Ostriches.

aldosterone concentration and ATPase activity
Treatments | Aldosterone ATPase in kidney ATPase in Salt gland  |ATPase in Lower intestine
mg/dl {molpi/mg protein/hr) (emolpi/mg protein/hr) (molpi‘mg protein‘hr)
{NaCl) g/L.
0 9.14° 7.14° 0.53* 5.02°
2.5 9.31% 897 0.48* 570"
5 9.82° 10.01" 0.49" s
15 11,14" 10.97" 0.54" 5.70%
SE +0.18 +0.23 +0.03 +0.62
VO g/ L
[ 10.22* 9.69* 0.54* 6.82"
1 948" 8.85° 0.50* 5.63°
SE +0.13 +0.16 +0.02 +0.43
Interactions
NaCl | V.C ]
0 0 9,55 6.33* 0,57 523
1 8.73" 7.969 0.52* 4.82°
24 0 9.54° 9.45% 0.57" 6,48"
' 1 9.08° §.48% 0.49" 4.92°
5 0 10.558" 11.02* 0.52* 738"
1 9.08° 9.01% 0.48" 6.01"%
7.5 0 11.2%8" 11.98* 0.56" 8.22*
i 1 11.02* 9.96° 0.52* 6.76"
SE +0.26 +0.33 +0,04 +0,72

5% means in the same column within each item bearing different superscript are significantly different
(P<0.05).
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Table (5): Effect of different levels of sodium chloride (NaCi,g/l} with or without
vitamin C (V.C, g/l) in drinking water on some hematological parameters of Ostriches.

some hematologicnl parameters
Treatments RBC's WBC's Hetorphils Lemphocytes (L)
X 10°/ mm® |X 10°/ mm*| PCV % (H) X 10°/ mm’® Xl)lﬂ’lymmJ H/L %
{NaCl) g1t
0 2.48* 26.69" 31.93" 42.09¢ 59.08" 0.71°
2.5 2.43* 26.62" 32.2¢9* 43.65° 61.03* 0.71°
5 2.44" 27.73*" 29.85" 44.53" §7.11° 0.77
15 2.44" 28.73" 29.68" 46.25" 52.68° 0.88"
SE +0.08 +0.48 +0,54 +0.23 %0.38 #0.01
VO g/l
0 2.35° 19.83* 30.17" 44.16" 56.72° 0.78"
1 2.53" 25.55° 31.70" 44.11" 58.22" 0.75°
SE + 0.06 + 0.34 10.38 #0.16 0,25 £0.01
Interactions
NaCl | v.C
0 0 2.48°° 27.83" 31,72 41.27° 58.31° 0.70°
i 2.46™ 25,54 32,13 42.29° 59,84"° 0.72%
25 |0 2.43%¢ 28.69" | 31.72°°% 44.22° 58.31° 0729 |
i 1 2.42% 24.54" 3213 43.08° 59.84"" 0.72%
5 0 2.38% 30.72* 29,299 44.74% 55.49° 0.80"
1 2.5 24.759 30.42% 44.32° 58.72° 0.74°
5 0 2.13° 30.09* 26.15° 44,74° 51.88" 0.89"
. 1 2.75" 27.36" 33.22% 44.32° 53.47° 0.86"
sbli +0,11 +0.68 +0.79 +0.32 +0.51 +0.01
abe,...

means in the same column within each item bearing different superscript are significantly different
(P<0.05).
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