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Effect of Salt Stress on Some Biochemical and Hormonal Parameters
of Pregnant Shami Goats and Their Growing Kids under Semi-Arid
Conditions
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Abstract | This study aimed at investigating the effect of drinking saline water and feeding salt tolerant plant on some
physiological parameters of pregnant Shami goats and their offspring. Forty late pregnant goats (at 4™ and 5* months
of pregnancy) were randomly divided into 2 groups (20 each). The 1% group (control; C) was fed a diet consisted of
concentrate feed mixture (CFM) plus berseem hay and drank fresh tap water (274 ppm TDS). The 2" group (S) was
fed CFM plus Alfalfa and drank saline water (6000 ppm TDS). The treatment lasted to the weaning of their kids at
90 days of age. Body weight gain was significantly lower in females of S group than in control ones. Similar trend
was observed in kids body weight gain from birth tell weaning. Total plasma proteins of pregnant Shami does were
not affected by salt intake, but decreased with advancing pregnancy in females of the two experimental groups. Kids
of S group had higher (P<0.05) levels of all plasma proteins than found in kids of C group. Total lipids and insulin
decreased (P<0.05) by salt intake in pregnant goats and their kids. Leptin decreased (P<0.05) in pregnant does of S
group but not in their kids. Liver and kidney functions indicators significantly increased in both does and their kids of
group S. Blood electrolytes (Na and K) and plasma osmolality increased significantly in does drank saline water and
their kids which have negative feedback on aldosterone. In conclusion, Shami goats can tolerate a high salt intake and
living under harsh condition of marginal regions with minimum weight loss. Their offspring will be programmed to
alter their adaptive response to grow well under these harsh conditions.
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INTRODUCTION could cope against these harsh conditions. Martin-Gron-
ert (2006) found that adaptive responses such as alterna-
tion in water intake and hormonal changes could adapt
pregnant ewes to a high dietary salt intake. He added that
when high salt intake comes from feed alone, and there is

stock productivity. The use of alternative feed resources 2% unli.mited supply of freshwater, the a.nimal can cope by
from salt tolerant plants was proved to be useful in these InCreasing water intake and therefore increasing the salt

regions (El-Shaer, 2006; 2010; Fayed et al., 2010). How- excreting capacity by the kidneys. In pregnant ewes, Digby
et al. (2008) found that the consumption of a 13% NaCl

diet causes a decrease in aldosterone concentration reached

hortage of feed resources and salinity of water are com-
mon characteristics in marginal regions of desert areas
and it is considered the main constraints to improve live-

ever, high salt intakes through feed stuffs or water decrease
ruminant’s productivity. Nevertheless, small ruminants
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about two-folds.

During suckling period, new born kids depend basiclly on
their mother in feeding, and this may be in turn a good
reason for inhancing the adaptive responses to the most of
the outside challenges especially salinity problems which
become very crucial (Digby et al., 2010). Parental growth
is sensitive to the direct and indirect effects of maternal
dietary intake which may cause behavioural (e.g. diet selec-
tion and intake; Curtis et al., 2004) and physiological (the
renin-angiotensin system and renal function; Digby et al.,
2010) changes later life of the offspring. Moreover, the pre-
vious authors reported also that the fetal hormonal systems
which control salt and water balance could be modified by
high-salt intake during pregnancy. Reprogramming occurs
to fetal renin-angiotensin system that liable for the upkeep
of water and salt balance, with aldosterone controlling the
retention of sodium and arginine vasopressin that controls
water reabsorption by the kidney. Accordingly, offspring
could be more tolerant to salt stress. In cattle, calves had
a better appetite for sodium when their dams received
sodium supplement (70g NaCl/day) during the last two
months of pregnancy (Mohamed and Phillips, 2003).

There is a lack in knowledge about growth performance
and metabolic profile of kids that born to goats ingest high
salt amount during pregnancy. Therefore, the main objec-
tive of this study was to reveal the effect of high salt intake
by pregnant Shami does on the performance of their oft-
spring under semi-arid conditions of South Sinai Gover-
norate, Egypt, as marginal region.

MATERIAL AND METHODS

EXPERIMENTAL REGION

'This study was carried out at South Sinai Research Station
(Ras Sudr), belongs to Desert Research Center, South Si-
nai Governorate, Egypt. The experiment aimed at assessing
the impact of high salt intake at late pregnancy on some
physiological responses of Shami does and their offspring

tell weaning.

ETHIiCAL APPROVAL

'This experiment was performed according to all ethics and
animal rights (Desert Research Center). As much as this
work had considering all rules and regulations in conform-
ity with the European union directive for the protection of

experimental animals (2010/63/EU).

EXPERIMENTAL DESIGN

Forty Shami female goats aged 3—4 years old with aver-
aged 29.38+0.32 kg body weight, were randomly divided
into two equal groups (20 each). The first group (C) was
ted berseem hay (7¥ifolium alexandrinum) and drank fresh

water (274 ppm of total dissolved salts; TDS) and this
group served as a control. The second group (S) was fed
on salt-tolerant plants (SP, alfalfa) and drank saline wa-
ter (6000 ppm TDS). All does were clinically examined
then synchronized and naturally mated with bucks of the
same breed. Bucks were rotated to eliminate the sire ef-
fect. Mating was performed in August, and pregnancy was
diagnosed by ultrasonography and confirmed by the birth
of the kids after parturition. Once kidding took place, the
born kids were identified by ear tag and left with their
dams till the end of experiment. Ten kids from each group
were chosen for measuring some biochemical and hormo-
nal responses. Experimental periods consisted of 2 inter-
vals, two months pre-partum (4*, 5* months) and the first
tour months of age for their kids. Live body weight of ewes
and their offspring were recorded monthly.

EXPERIMENTAL FEEDING AND MANAGEMENT

All experimental animals were fed their nutrient require-
ments from roughages (berseem hay or alfalfa) and con-
centrate feed mixture (CFM) (40:60) to cover their main-
tenance and productive requirements according to Kearl
(1982). The CFM consisted of 25% decorticated cotton
seed meal,43% yellow corn, 25% wheat bran, 3.5% mo-
lasses, 2% limestone, 1% common salt and 0.5% minerals
mixtures and vitamins. Samples from roughage and CFIM
were taken monthly to determine their chemical compo-
sition according to the standard methods of A.O.A.C.
(1995). Salt-tolerant plant (Alfalfa) contained higher
crude protein, ether extract, nitrogen free extract but lower
crude fiber and Ash (18.8,2.5,50.5,20.6 and 7.6%, respec-
tively) than that in berseem hay (17.5, 1.4, 41.3, 28.2 and
11.6%, respectively). The corresponding values for CFM
were 14.2,3.4,69.7, 8.1 and 4.6%, respectively.

Saline water (SW) had higher values of total dissolved
solids (6000 mg/L) and electric conductivity (9.96 ps/cm)
than those in tap water (TW) (274 mg/L and 0.53 ps/cm,
respectively). Moreover, SW had higher values of all min-
erals especially sodium, chloride, calcium and magnesium
ions (85.9, 61.4, 15.1 and 18.9 mg/L, respectively) than
those in TW (2.4, 2.5,1.8 and 2.3 mg/L, respectively). The

pH values were almost equal in both waters.

BLOOD SAMPLING AND MEASUREMENTS

Jugular blood samples were withdrawn into clean heparin-
ized tubes in early morning just before feeding. Samples
from does were taken at 4™ and 5" months of pregnancy.
Blood samples taken from kids in 60, 90, 120 day of age.
No samples were taken at the first month of age to avoid
stress. These samples were centrifuged for 15 minutes at
3000 r.p.m. for plasma separation before being stored at
-20°C until blood analysis.
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Using commercial kits supplied by Biostc Company for
Laboratory Services, Egypt, some blood biochemical pa-
rameters were determined for both does and their kids.

Those parameters included total proteins (TP), albumin

(A), total lipids (TL), total cholesterol (TC), glucose
(Glu), urea, blood urea nitrogen (BUN), creatinine (CR),
transaminase enzymes (alanine aminotransferase; ALT
and aspartate aminotransferase; AST) and blood electro-
lytes in terms of sodium (Na) and potassium (K). Values of
globulin (G) and A/G ratio were calculated. In addition,
insulin, insulin like growth factor-1 (IGF-1), and leptin
hormone were measured by the enzyme-linked immu-
nosorbent assay (ELISA) using CUSABIO ELISA kit
(CUSABIO BIOTECH Co. Ltd., College Park, MD.
USA). Aldosterone hormone was measured using ready
antibody coated tubes kits manufactured by Immunotech,
Beckman Counter Company, France.

STATISTICAL ANALYSIS

Statistical analysis of body weight was carried out using
a General Linear Model (GLM) procedures (SAS, 2004)
using One-way analysis of variance according to this mod-
el: Y, =+ T, +e Where: Y, = any observations of i
ammal within j® treatment = over all mean; T, = effect of
treatment (i=1-2); e, = experimental error.

Statistical analysis of other traits was carried out using a
General Linear Model (GLM) procedures (SAS, 2004)
using Two-way analysis of variance to test the effects of
treatment, age and their interaction according to this mod-
el: Y =p+T + S +TS, + e, Where Y = observa-
tions value of the K ammal po= over all rnean T, = effect
of treatment (i=1-2); S, = effect of status period, (J =1-2
for ewes) and (j = 1-3 for kids); TS = interaction between
treatment and status period; €y = experrmental error.

Significant differences among means were detected using
Duncan’s multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Live Bopy WEIGHT CHANGES

During pregnancy, Shami females that drank saline wa-
ter had lower (P<0.05) body weight gain (5.12 kg) than
control ones (6.88 kg) (Table 1). In spite of that, Kids of
group S had higher birth weight than those of control
group (2.88 vs. 2.66 kg). Birth weight of kids was stated to
have a relationship with survivability (Mtenga et al., 1992;
Awemu et al., 2002). This might indicate the ability of
Shami kids to withstand the harsh conditions of marginal
areas. However, treatment affected growth of kids during
neonatal period. Kids that were born from does drinking
saline water showed less (P<0.05) weaning weight (11.58
vs. 12.84 kg) and daily gain (96.66 vs. 113.11 g/day). Digby

et al. (2010) found that feeding goats with high salt intake
during pregnancy led to a reduction in feed intake by their
offspring. This might suggest that kids’ growth rate de-
creased in the treated group as a result of the reduction in
milk intake. Results reached in the present study revealed
that kids’ weight after one month of weaning (at the 4®
month of age) did not statistically differ, which meant that
kids of S group could cope the weaning choke such as their
counterparts of control group. It could be concluded that
Shami kids that were born to does drink saline water were
able to physiologically regulate their water and salt balance,
hence adapt themselves to the challenge of salt ingestion.

PLASMA PROTEINS

Treatment had no significant effect on plasma proteins
of female goats. In general, goats fed salt tolerant plant
and drank saline water at late pregnancy period (4™ and
5% month) had a slightly lower concentration of total pro-
teins, albumin, globulin and albumin/globulin ratio (A/G)
than the control ones (Table 2). Abdel-Halim (2003) and
Shaker et al. (2014) recorded similar results. Coles (1986)
explained that the reduction of plasma proteins in animals
due to high salt intake might be due to poor absorption of
dietary constituents from the intestinal tract lead to hypo-
proteinemia.

Total proteins decreased (P<0.05) with advancing preg-
nancy, and this was more obvious in control female goats.
This decrease in control does were due to decrease in both
albumin and globulin. During the same period, treated
does showed a decrease in plasma albumin (4.82 to 4.42 g/
dl) while globulin increased (3.68 to 3.87 g/dl). This what
made significant interaction Tr * M in most of plasma pro-
tein parameters (Table 2). The explanation might be due
to the decrease in active transport of amino acids needed
for building albumin rather than globulin in hepatic tissue.
According to Tata and Widnell (1966) the decline in albu-
min concentration might reflect reasonable impairment of
liver function. This might be true in the present study since
both transaminases AL'T' and AST of treated does in-
creased (P<0.05) with advancing pregnancy besides being
significantly higher than those of control does (Table 6).In
different ruminant species, Hussein (1987) and Ibrahim et
al. (1991) founded that drinking saline water resulted in an
increase in GPT. Also, Ibrahim (1995) working on goats
reported that drinking saline water (9178 and 13760 ppm)
increased significantly GPT and insignificantly GOT. Ab-
del Rahman et al. (2000) suggested that the increase in
amino transferases might reflect malfunction of the liver,
which was supported by the plasma albumin decrease after
drinking saline water. This indicated that does drank saline
water during pregnancy suffered physiological problems.

Both groups of kids showed decrease in all types of plasma

proteins from 2™ to 3 month of age. However, after wean
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Table 1: Effect of salt stress on body weight changes of pregnant Shami goats and their kids

Items

Body weight changes of does:

Body weight (Kg) at start of pregnancy

Weight just before kidding (Kg)

Weight gain during pregnancy (Kg)

Growth performance of suckling kids:

Birth weight (Kg)

Weaning weight at 90 days of age (Kg)

Daily weight gain (g/day)

Weight (Kg) after one month of weaning (120 day)

Treatment

C

29.66
44.16*
6.88*

2.66
12.84
113.11°
15.47

29.10
41.24
5.12°

2.88
11.58°
96.66°
14.69

*SE

0.47
0.67*
0.31

0.28
0.41*
2.63*
0.63

C: fed on berseem hay and drank tap water, S: fed on alfalfa and drank saline water, »® Means bearing different superscripts within

the same row are significantly different (P<0.05).

Table 2: Plasma proteins concentrations of pregnant Shami goats as affected by salt stress

Items Month of pregnancy  Treatment (Tr) Overall +SE
C S Jncan Tx M T*M

TP (g/dl) 4 9.30 8.50 8.904 0.09Ns 0.09° 0.13°
5t 8.58 8.40 7.99%

Opverall mean 8.94 8.45

Albumin (g/dl) 4 5.12 4.82 4.97A 0.15N8 0.15 0.21N8
5t 4.92 4.52 4.428

Opverall mean 5.02 4.67

Globulin (g/dl) 4h 4.18 3.68 3.93 0.12N8 0.12N8 0.17°
5th 3.66 3.87 3.56

Opverall mean 3.92 3.77

A/G ratio 4th 1.22 1.33 1.28 0.07N8 0.07N8 0.10°
5th 1.35 1.19 1.26

Opverall mean 1.28 1.26

C: fed on berseem hay and drank tap water, S: fed on salt-tolerant plant and drank saline water, #® Means bearing different

superscripts within the same column are significantly different (P<0.05), NS= non-significant, *= significant differences (P<0.05).

ing (4* month of age) all kids showed obvious increase in
all these proteins. In all cases, kids of group S had signif-
icant higher values of plasma total proteins, albumin and
globulin than kids of C group (Table 3). Female goats of
S group fed the salt tolerant plant Alfalfa. This plant con-
tains higher crude protein, ether extract and nitrogen free
extract than berseem hay, which might help in producing
milk that have higher protein content during suckling pe-
riod. Accordingly, kids of this group obtained more protein
that help in building higher amounts of plasma albumin
and globulins. This might indicate the capability of Shami
kids; that born to does exposed to saline stress; to with-
stand the harsh conditions and saline stress prevailing in
the marginal regions.

METABOLIC ENERGY INDICATORS
Pregnant goats fed on salt tolerant plant and drank saline

water showed significant lower total lipids, insulin and
leptin as compared to their control counterparts. This was
accompanied with insignificant increase in glucose, cho-
lesterol and IGF-1 (Table 4). High salt intake has been
shown to regulate energy partitioning in sheep including
a direct effect on insulin concentration, as much as, this
reduction in insulin concentration as a result of feeding
high-salt diet is unrelated to the decrease in feed intake
(Blache et al., 2007). Those authors explained that this in
turn led to an increase in the high density lipoproteins
(HDLs) which contain cholesterol. This relation can be
seen as an indicator of the animal’s energy status.

Lower leptin concentrations due to salt intake during
pregnancy might suggest an effect of ‘salt programming’
on leptin and increased the energy expenditure, as much as
this ingestion of high salt intake may resulted in mobiliza-

tion of energy reserves (Digby et al., 2008). Furthermore,
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Table 3: Plasma proteins concentrations of kids born to pregnant goats ingest high salt intake.

Items Age Treatment (Tx) Overall +SE
(month) ¢ S mean Tr M M

TP (g/dl) 2 4.85 6.14 5.50 0.08" 0.09Ns 0.14N8
3d 4.72 6.10 5.41
4th 5.12 6.10 5.61

Opverall mean 4.90° 6.11°

Albumin (g/dl) 2 3.28 4.21 3.7548 0.10° 0.12° 0.17N8
3d 3.24 3.77 3.518
4th 3.52 4.49 4.01A

Overall mean 3.35° 4.16*

Globulin (g/dl) 2nd 1.57 1.93 1.75 0.10° 0.13N8 0.18N8
3d 1.48 2.33 1.91
Al 1.60 1.61 1.60

Overall mean 1.55° 1.952

A/G ratio 2 2.12 2.28 2.2048 0.17N8 0.21° 0.30N8
3w 2.20 1.75 1.978
4t 2.42 2.97 2.704

Overall mean 2.24 2.33

C: fed on berseem hay and drank tap water, S: fed on salt-tolerant plant and drank saline water, ® Means bearing different
superscripts within the same column are significantly different (P<0.05), »* Means bearing different superscripts within the same
rows are significantly different (P<0.05), NS= non-significant, *= significant differences (P<0.05).

Briffa et al. (2015) clarified that in all species, there is a
plasma leptin surge that occurs during pregnancy (humans)
or postnatally during the suckling period (other mammals)
that is correlated with the maturation and development
of the organ. Fetus development may influenced by the
changes in maternal-placental-fetal leptin modification.
Accordingly, the lower (P<0.01) value of leptin of saline
stressed does (Table 4) resulted in lower (P<0.05) weaning
weight of their offspring (Table 1).

In pregnant goats, insulin and leptin take the same trend
where they decreased with advancing pregnancy (Table 4).
Tokuda et al. (2001) and Magistrelli et al. (2008) stated
that during periods of negative energy balance there was a
reduction in serum leptin. This interpret the highly signif-
icant decrease in leptin in pregnant goats in the 5™ month
of pregnancy. In accordance, cholesterol level was signifi-
cantly rises in the 5* month of pregnancy and this might
be due to the increase of stress on pregnant does at this
stage (pre-partum) which need more energy.

Insulin growth factor-1 (IGF-1) is a primary media-
tor of the effects of growth hormone and stimulates the
growth-promoters in nearly every cell in the body (Scarth,
2006). In the present study, IGF-1 insignificantly in-
creased with advancing pregnancy (from 89.80 to 92.24
ng/ml). This might be a response for fetal growth. It worth
notice that does drank saline water had insignificant high-

er values of IGF-1 than control ones (92.24 vs. 90.48 ng/

ml) that might interpret the higher birth weight of their
kids (Table 1).

The offspring born to does fed Alfalfa and drank saline
water during pregnancy (S group) had significant lower
total lipids and insulin, but higher cholesterol than their
counterparts of group C (Table 5). Coincidently, they had
insignificantly higher glucose. Both leptin and IGF-1 did
not affected by treatment.

Blache et al. (2007) explained that high salt feeding dur-
ing pregnancy is associated with changes in circulating
concentration of insulin, leptin, and thyroid hormones.
These changes might have effects on offspring. Digby et
al. (2008) stated that alternation in ewes’ thyroid hormone
concentrations could affect lambs’ birth weight. Moreover,
Digby et al. (2010) suggested that the biology of the off-
spring is influenced mainly by the ingestion of high-salt
intake during pregnancy.

All these parameters, except glucose, were significantly af-
fected by age but in different manners. Total lipids and in-
sulin decreased (P<0.01) with age, while cholesterol, IGF-
1 and leptin significantly increased with age. These results
indicated that the need of energy to offspring increased
with age thus the cholesterol concentration significantly
increased in the 4™ month at the same time total lipids
concentration tended to be significantly decreased. Also,
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Table 4: Effect of salt stress on metabolic energy indicators of pregnant Shami goats

Items Month of Treatment (Tr) Overall +SE
pregnancy C S e Tr M M

Glucose (mg/dl) Al 53.74 55.10 54.42 1.40N8 1.40N8 1.98N8
S 48.31 52.54 50.43

Opverall mean 51.02 53.82

Total lipids 4th 426.40 280.20 371.30 11.66° 11.66N8 16.50N8

(mg/dI) 5 488.70 300.40  394.55

Overall mean 475.55¢° 290.30°

cholesterol 4th 84.00 96.20 90.108 4.96N8 496" 7.02N8

(mg/dl) 5t 114.28 117.40  115.844

Opverall mean 99.14 106.80

Insulin (pU/ml) 4t 30.18 26.07 28.12 0.54" 0.35N8 0.75N8
S 28.12 25.45 26.78

Overall mean 29.15* 25.76°

IGF-1 (ng/ml) 4t 88.26 89.80 89.03 1.14N8 1.13M8 1.61N8
5eh 90.48 92.24 91.36

Overall mean 89.37 91.02

Leptin (ng/ml) 4th 2.96 2.04 2.504 0.08™ 0.07" 0.11%s
5th 1.99 1.50 1.748

Overall mean 2.48* 1.77°

C: fed on berseem hay and drank tap water, S: fed on salt-tolerant plant and drank saline water, IGF-1 = Insulin like growth factor
-1; A, B Means bearing different superscripts within the same column are significantly different (P<0.05), " Means bearing different
superscripts within the same rows are significantly different (P<0.05), NS= non-significant, *= significant differences (P<0.05), **=

significant differences (P<0.01).

insulin has an important role in lipid metabolism, stimu-
lating lipogenesis and inhibiting lipolysis (BanTokuda et
al., 2007).

Only, there was significant interaction treatment X age in
IGF-1, because it increased with age more pronouncedly
in kids of control group. These kids had significant higher
daily gain and weaning weight (Table 1). This clarifies the
impact of salt feeding during pregnancy in goat that led to
lower growth rate of the offspring after postpartum. Lep-
tin increased with age in the same manner in kids of the
two groups that mean it was not affected by salt feeding of
mothers during pregnancy.

L1ver AND KIDNEY FUNCTIONS

Female Shami goats that fed Alfalfa and drank saline water
had significant higher alanine aminotransferase (ALT), as-
partate aminotransferase (AST), creatinine, urea and blood
urea nitrogen (BUN) as compared to the control group
(Table 6). Increasing these parameters was suggested by
Flores (2002) and Kaneko (1989) to indicate liver tissue
damage and the state of glomerular filtration rate and kid-
ney function. This means that liver and kidney functions
had been affected in pregnant goats as a result of salinity.
Also, all these parameters except creatinine increased with

advancing pregnancy. Goats of group S suffered double

stress of pregnancy and salt intake.

Changes in these parameter in offspring take the same
trend as their mothers (Table 7), indicating that high salt
intake leads to increase liver and kidney functions and sug-
gested that maternal salt intake may aftect liver and renal
development in the fetus.

These results are in harmony with those reported by El-
Tayeb (2006) who found that the activity of liver and kid-
ney enzymes were significantly higher in Nubian goats
drank saline water than those drank fresh water. As much
as, Fayed et al. (2010) reached the same results in Barki
sheep fed salt-tolerant alfalfa compared to control group

ted berseem hay.

MINERALS REGULATION

Female pregnant Shami goats fed Alfalfa and drank sa-
line water had significant higher values of sodium, potas-
sium, osmolality and renin, but lower (P<0.01) aldosterone
(Table 8). Salt stress disturbed mineral balance and fluid
osmolality of pregnant Shami does. Minerals play an im
portant role in the regulation of body fluids, acid base bal-
ance and metabolic processes (Milne, 1996). Sodium and
potassium are of particular importance to the living animal
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Table 5: Metabolic energy indicators of kids born to pregnant goats ingest high salt intake.

Items Age Treatment (Tr) Overall +SE
(month) C S mean Te M TeEM
Glucose (mg/dl) 2 53.80 54.61 54.20 1.24N8 1.52N8 2.15N8
B 53.50 55.30 54.40
4h 53.84 55.59 54.72
Opverall mean 53.71 55.17
Total lipids 2 495.40 280.20 387.804 9.75" 11.94" 16.89 N8
(mg/dl) 3 462.40 207.20  334.80°
4h 488.80 213.40 351.108
Overall mean 482.20° 233.60°
Cholesterol 2 80.38 99.00 89.69% 447" 5.48 7.75N8
(mg/dD) 3w 77.60 107.8 92.708
4 108.02 110.80 109.414
Overall mean 88.67° 105.87°
Insulin (pU/ml) 2 29.42 25.54 27.48A 0.33" 0.40" 0.57%8
3 27.11 23.69 25.408
4+ 28.48 24.62 26.5548
Opverall mean 28.33¢ 24.61°
IGF-1 (ng/ml) 2% 90.18¢ 95.60 92.898 0.65%  0.79" 1.127
3 92.80¢ 92.424 92.618
4h 100.05* 97.38® 98.714
Opverall mean 94.34 95.13
Leptin (ng/ml) 2% 1.90 1.80 1.858 0.07M8 0.09" 0.13M8
3 2.17 2.10 2.134
4h 2.40 2.20 2.304
Opverall mean 2.15 2.03

C: fed on berseem hay and drank tap water, S: fed on salt-tolerant plant and drank saline water, #® Means bearing different
superscripts within the same column are significantly different (P<0.05), *® Means bearing different superscripts within the same
rows are significantly different (P<0.05), NS= non-significant, *= significant differences (P<0.05), **= significant differences (P<0.01).

Table 6: Effect of salt stress on liver and kidney functions of pregnant Shami goats

Items Month of Treatment (Tr) Overall *SE
pregnancy C S acatl Tr M M

ALT(U/M) Al 5.50° 4.80¢ 5.158 0.12" 0.12" 0.18"
S 5.17b 6.69* 5.9324

Opverall mean 5.34°b 5.742

AST (U/) 4 35.53« 43.16° 39.348 1.00" 1.00° 1.42N8
St 37.45¢ 48.10° 42774

Overall mean 36.49° 45.63°

Creatinine 4t 0.83¢ 1.18 1.01 0.04° 0.04N8 0.06"

(mg/dl) 5th 1.112 1.06* 1.09

Overall mean 0.97° 1.12°

Urea (mg/dl) 4th 57.52 62.72 60.128 1.65" 1.65 2.34N8
5th 60.18 71.88 66.034

Opverall mean 58.85" 67.30*

BUN (mg/dl) 4t 26.88 29.31 28.098 0.77" 0.77 1.09%8
Sy 28.12 33.58 30.854
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Overall mean

27.50°

31.44*

C: fed on berseem hay and drank tap water, S: fed on salt-tolerant plant and drank saline water, #® Means bearing different

superscripts within the same column are significantly different (P<0.05), *® Means bearing different superscripts within the same

rows are significantly different (P<0.05), NS= non-significant, *= significant differences (P<0.05), **= significant differences (P<0.01).

Table 7: Liver and kidney functions of kids born to pregnant goats ingest high salt intake.

Items

ALT (U/1)

Overall mean

AST (U/1)

Overall mean

Creatinine

(mg/dl)

Overall mean

Urea (mg/dl)

Overall mean

BUN (mg/d))

Overall mean

Age
(month)
Jnd

3rd

4ch

an
3 rd
4th

an
3 rd
4ch

an
3 rd
4th

2nd
3 rd
4th

Treatment (Tr)

C S
4.70¢ 6.84®
6.96 6.36b
5.60¢ 4.82¢
5.75% 6.00*
10.91¢ 17.39
15.24b¢ 17.812
15.84 17.58
14.00° 17.59*
0.64¢ 0.74¢
0.89¢ 1.26*
0.84¢ 1.19°
0.79° 1.06*
57.84 70.20
65.26 64.60
51.52 62.49
55.21° 65.70°
27.03 32.81
26.29 30.09
24.07 29.20
25.80P 30.70°

Overall
mean
5.778
6.664
5.21¢

14.158
16.534
16.714

0.698
1.084
1.024

64.024
60.3348
57.018

29.924
28.1948
26.648

0.50"

0.03"

1.19"

0.55"

0.13"

0.61"

0.40"

1.46"

0.68"

Tr*M
0.19”

0.86'

0.05"

2.07%8

0.96M8

C: fed on berseem hay and drank tap water, S: fed on salt-tolerant plant and drank saline water, »® ¢ Means bearing different
superscripts within the same column are significantly different (P<0.05), »»<%* Means bearing different superscripts within the

same rows are significantly different (P<0.05), NS= non-significant, *= significant differences (P<0.05), **= significant differences

(P<0.01).
Table 8: Effect of salt stress on blood sodium and potassium and its related hormones of pregnant Shami goats
Items Month of Treatment (Tr) Overall *SE
RIEZRANCY C S mean Tr M Tr*'M
Sodium (mmol/l) 4t 133.80¢ 156.77* 145.28 1.247 1.248 1.757
5t 141.60¢ 148.11° 144.85
Overall mean 137.7° 152.44¢
Potassium 4h 5.02¢ 6.37% 5.698 0.16 0.16” 0.23"
(mmol/1) 5th 6.92° 6.58" 6.754
Overall mean 5.97° 6.47°
Osmolality 4h 291.12¢ 339.00° 315.06 2.817 281N 397"
(mOsmol/kg) 5th 307.37¢ 324.81° 316.09
Overall mean 299.25° 331.90*
Renin (ng/ml) 4th 2.90° 3.60° 3.254 0.11~s 0.10” 0.14"
5t 2.00¢ 1.80¢ 1.90®
Overall mean 2.45 2.70
Aldosterone 4 27.00 23.00¢ 25.008 0.66" 0.65" 0.927
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5 39.20°

33.10®

(pg/ml)

Overall mean

20.00¢ 29.604
21.50°

C: fed on berseem hay and drank tap water, S: fed on salt-tolerant plant and drank saline water, #® Means bearing different
superscripts within the same column are significantly different (P<0.05), »><4 Means bearing different superscripts within the same
rows are significantly different (P<0.05), NS= non-significant, *= significant differences (P<0.05), **= significant differences (P<0.01).
Table 9: Minerals and its related hormones of kids born to pregnant goats ingest high salt intake.

Items Age Treatment (Tr) Overall +SE
(month) C S mean Te M Te*M
Sodium (mmol/1) 2 137.80 146.68 142.24% 0.98" 1.21 1.71N8
3 135.06 147.06 141.06*
At 131.64 143.13 137.398
Opverall mean 134.83P 145.62°
Potassium (mmol/1) 2 5.15¢ 7.52° 6.334 0.117 0.14" 0.20”
3 5.63¢ 6.66" 6.144
4 5.20¢ 5.66° 5.438
Overall mean 5.33° 6.61°
Osmolality 2 299.25 321.46 310.36% 2.29" 2.81° 3.97N8
(mOsmol/kg) 31 29318 32019 306.69*
4th 284.67 311.67 298.178
Overall mean 292.37° 317.77*
Renin (ng/ml) 2 2.90b¢ 3.00P 2.954 0.08" 0.10" 0.15"
g 4.60? 1.70¢ 3.154
48 3.00° 1.50¢ 2.258
Overall mean 3.50° 2.06°
Aldosterone 2= 41.28* 19.00¢ 30.14% 0.61" 0.75" 1.06"
(pg/ml) 34 32.50¢ 20.40¢ 26.45°¢
4th 40.00% 26.80¢ 33.404
Overall mean 37.92¢ 22.06"°

C: fed on berseem hay and drank tap water, S: fed on salt-tolerant plant and drank saline water. #® ¢ Means bearing different
superscripts within the same column are significantly different (P<0.05),*>>%< Means bearing different superscripts within the same
rows are significantly different (P<0.05), NS= non-significant, *= significant differences (P<0.05), ™= significant differences (P<0.01)

because of their role in maintaining the electrolyte balance
and osmolality of blood and other body fluids. Similarly, da
Silva et al. (2003) found in Shami goats that fed high salt
tolerant plant and drank saline water an increased plasma
osmolality and sodium levels.

Data presented in Table (9) showed that fetal plasma os-
molality and sodium were also enhanced by maternal salt
intake during pregnancy. Blood osmolality and sodium
levels which observed in the fetus could be associated
with two major sources. One of them was the salt from
the maternal circulation cross the placenta; the other could
be related to fetal own regulations when Na* levels were
increased.

Sodium (Na) and potassium are Known to be found in
high concentration in salt tolerant plant (El-Shaer, 2010),
however, excess intake of these electrolytes is accompanied

by their excess excretion through the kidneys (Neatherly,
1980). So, sodium retention and the increase in extracellu-
lar volume are the main characteristics of pregnancy that
are very important to maintenance of mother and fetal
growth (Davison and Lindhemer, 1989). Thus osmolali-
ty is significantly increased in the high salt ingestion an-
imals by stimulating the kidneys through osmoreceptors
to maintain water and electrolyte balance, when there is
excess present, then osmoreceptors stimulate the kidney to
decrease sodium reabsorption.

Renin angiotensin system (RAS) controls the regulation of
the salt and water balance (Fitzsimons 1998), a system that
involves hormones such as renin, angiotensin (even I and
II), and aldosterone-controlling sodium retention as much
as arginine vasopressin (AVP)-controlling water reabsorp-
tion. The present study clarify that there were significant
decreases in aldosterone concentrations in both pregnant
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goats and their offspring ingesting high salt intake than
that found in the control groups. In pregnant does drank
saline water (S group), the decrease in plasma renin activity
resulted in regulation of salt and water balance, and in turn
decreases the production of angiotensin II and finally the
secretion of aldosterone (Digby et al., 2008; Chadwick et
al., 2009).

Data obtained in this study revealed that the most serious
adaptive mechanism that helped pregnant Shami goats to
successfully complete pregnancy may be the reduction in
aldosterone concentration while fed on Alfalfa and drank
saline water. Therefore, these goats were probably able to
bypass obstacles such as hypertension, or neonatal mortal-
ities by decreasing their plasma aldosterone concentration
than that in the control animals.

CONCLUSIONS

Salt tolerant plant could be used as alternative feed resource
for Shami goats with or without drinking saline drinking
water since they can tolerate a high salt intake and live
under harsh condition of marginal regions with minimum
weight loss. Moreover, their offspring will be programmed
to alter their adaptive response to grow well under these
harsh conditions.
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