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ABSTRACT. The objective of this study was to evaluate the impact of varying degrees of water

salinity on the ultrasonographical and histopathological appearance of the liver and kidneys

in Barki sheep. Thirty Barki sheep (initial weight, 29.48 + 0.81 kg) were allocated into three

groups (n=10 per group) based on the type of drinking water for 9 months: the tap water (TW)

group (350 ppm total dissolved solids [TDS]); the moderate saline water (MSW) group (4,557

ppm TDS); and the high saline water (HSW) group (8,934 ppm TDS). After 9 months, the body

weight was significantly decreased in sheep subjected to MSW (P=0.0347) and HSW (P=0.0424).

Alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, urea, and creatinine

were significantly increased (P<0.05) in sheep subjected to MSW and HSW. Ultrasonographic

examination of the right and left kidneys revealed an increased length of both kidneys with

J. Vet. Med. Sci. crystal formation, particularly in male sheep. Ultrasonographic examination of the liver showed

80(5): 741-748, 2018 hyperechogenic dots varying in size and number between males and females. Histopathological

o - examination of kidney revealed significant changes in both MSW and HSW groups such as hyaline

doi: 10.1292/jvms.17-0596 matrix formation, atrophied glomerular tufts, and intramedullary congestion. Histopathological

examination of the liver revealed slight fatty liver changes, slight fibrosis around the bile duct,

. massive inflammatory cell infiltration and vacuolar changes of hepatocytes in both MSW and
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Sheep play an important role in the agricultural matrix, particularly in desert and marginal areas. Small ruminants are
important animals among livestock in Egypt, especially as sources of meat, wool and milk [25]. Sheep can survive in different
ecological systems and on differing vegetation [12]. Small ruminant populations represent approximately 50% of the total
ruminant population in Egypt. Over 80% of Egypt is desert, and groundwater is the main water resource. Per public health service
recommendations, domestic drinking water should contain 400 of TDS; concentrations >1,000 ppm are considered saline [21].
Under the arid conditions of South Sinai in Egypt, fresh water shortage is the main limiting factor of sufficient sheep production
[2]. Previous local studies examined the effect of water salinity on performance and physiological responses in desert animals [2].
Limited and controversial information exists on the effect of water salinity on the ultrasonographic and histopathologic appearance
of the liver and kidney in sheep.

The principal functions of the kidney are water maintenance, electrolyte homeostasis, selective reabsorption, and sodium
chloride conservation [22]. Kidneys are also responsible for excreting toxic metabolic waste products, particularly the nitrogenous
compounds urea and creatinine [23]. The liver performs many important functions, including the following: lipid, carbohydrate,
and protein metabolism; mineral, glycogen, and triglyceride storage; extramedullary hematopoiesis; and coagulant, anticoagulant,
and acute phase protein synthesis [19]. The liver also influences immunologic responses and contributes to digestion by circulating
enterohepatic bile acids and detoxifying endogenous and exogenous compounds [5, 19]. Common laboratory tests for determining
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Table 1. Water source and water analysis for ground saline and tap water

TDS Cations (mEq//) Anions (mEq//)
Level Water source
(mg/l) Ca™t  Mg™  Na' K* HCO;~ CI SO,
™ Collected in plastic tanks from south Sinai research 350 37.1 15.0 28.2 7.9 170.0 26.6 55.2
station
MSW  Collected in plastic tanks from moderate saline water 4,557 216.4 86.9 11,2320 15.6 3234 1,386.5 1,287.2
wells that present in south Sinai desert research station
HSW Collected in plastic tanks from high saline water wells 8,934 386.7 167.8 24160 35.0 457.6 3,301.0 1,858.8

that present in south Sinai desert research station

TDS, Total dissolved solid; TW, Tap water; MSW, Moderate saline water; HSW, High saline water.

liver and kidney function often fail to reveal a disorder if part of these organs are still functioning [15]. While ultrasounds can
sufficiently determine gestational age in sheep, they also provide important clinical information on other physiological systems
[24]. Ultrasonography has gained importance in physiologically and clinically examining the kidneys and liver [11, 24]. Despite
considerable advances in non-invasively evaluating liver and kidney dysfunction, histopathological assessments also continue to
play an important role in diagnosing and managing patients with liver and kidney disease [1, 13].

The objectives of the study were to evaluate the impact of saline water consumption on the ultrasonographical and
histopathological appearance of the liver and kidney in Barki sheep reared in the South Sinai Peninsula of Egypt.

MATERIALS AND METHODS

Animals and experimental design

Thirty Barki sheep aged 1-1.5 years with an initial body weight of 29.48 + 0.81 kg and owned by the Animal Health Desert
Research Center, located at South Sinai Peninsula, Egypt, were used in this study. The sheep were allotted to three equal subgroups
(n=10; 5 males and 5 females per group), balanced for age and live body weight. The tap water (TW) group were allowed to
drank tap water with 350 ppm TDS and were used as the control. The moderate saline water (MSW) group were allowed to drank
moderate saline water with 4,557 ppm TDS, and the high saline water (HSW) group were allowed to drank high saline water
with 8,934 ppm TDS. Groups were housed separately in shaded pens. The trial started at the beginning of August 2015 and was
terminated at the end of April 2016. All procedures were performed in accordance with the standards required by the Animal Ethics
Committee of the Animal Health Desert Research Center.

The sheep were clinically examined to assure their health before study enrollment. The sheep were dewormed in two doses
(two weeks apart) by an SC anthelmintic injection [Ivermectin + Clorsulon 0.2 mg/kg Bwt (Ivomec® super in a dose of 1
m//50 kg SC)]. The sheep were acclimated for two weeks prior to beginning the experiment. The experimental sheep were
offered a maintenance ration according to the Agriculture Research Council allowance. The ration consisted of berseem hay and
concentrated-mixture cubes made from undecorticated cotton seed (50%), rice polish (11%), wheat bran (18%), yellow maize
(15%), molasses (3%), limestone (2%) and salt (1%). Feed was offered once daily at 0800 hr, and water was freely available for
1 hr during feeding. The amount of feed provided was determined per locally calculated maintenance requirements. The sheep
were housed in a hygienic, well-ventilated stable under the same environmental, nutritional and hygienic conditions throughout the
experimental period. Live body weight was determined at the study onset and 9 months after saline water treatment. Analysis and
water sources used in the experiment are depicted in Table 1. The results of the analysis showed that the MSW and HSW groups
had higher cation (Ca*", Mg, Na*, K") and anion levels (HCO5~, Cl-, SO,") than those in the TW group (Table 1).

Clinical examination
The sheep were clinically examined periodically to ensure their health by measuring body temperature, respiratory and pulse
rates, ruminal movement and mucous membrane condition [26].

Blood sampling and serum biochemical analysis

Blood samples were collected from sheep at the study onset and after 9 months of saline water treatment. Blood samples were
drawn from all sheep via the jugular vein by collecting approximately 5 m/ of blood in a clean, dry vacuum tube (Biomedica Alex
Co., Alexandria, Egypt). Blood was clotted at room temperature for 20 min and centrifuged at 3,000 rpm for 10 min, and clear,
non-hemolyzed serum samples were stored at —20°C until subsequent analysis. Alanine aminotransferase (ALT, 1U/), aspartate
aminotransferase (AST, IU/), alkaline phosphatase (ALP, IU/]), urea (mg/d/) and creatinine (mg/d/) from the serum samples were
assessed using commercial kits provided by Spectrum Diagnostics (Obour City, Cairo, Egypt) and spectrophotometric analysis
(Clinical Chemistry Analyzer ERBA CHEM 7, ERBA, Mannheim, Germany).

Ultrasonographic examination
Ultrasonography was performed at the study onset and after 9 months of treatment with saline water using a portable ultrasound
machine (SonoVet R3, Daejeon, South Korea) with a 4-6 MHz linear array probe and a 3.5 MHz curved linear probe using a
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standardized scanning process [6]. To optimize image H At the onset

quality, the regional skin was clipped, washed with H At the end (9 month)
alcohol, and covered with ultrasonographic gel. All

ultrasonographic evaluations were performed in standing 40 \ ]
position. For all ultrasonography cases, both kidneys were 35 PSS ] P= 0.0424‘
scanned from the right side of the body, in the flank zone 30

just before the 13th rib and in the ventral section of the o

transverse process of the lumbar vertebrae. To assess the < 25

right kidney longitudinally, the transducer was placed over '5) 20

the sublumbar fossa immediately caudal to the last right g 15

rib. To assess the left kidney longitudinally, the transducer 10
was placed parallel to the lumbar vertebrae on the middle
of the left flank. To evaluate transverse kidney sections,
the transducer was placed directly on the longitudinal axis
of each kidney [7]. Ultrasonographic examination of the
liver was performed from the right side on the right of
the abdomen in the 12th to 7th intercostal spaces [14]. In
each intercostal space, the liver dimensions and location
and the diameter of the portal and hepatic veins were
determined if visible. Ultrasonographic measurements

of liver size and location in healthy sheep were used as
references for changes in liver size attributable to illness
due to water salinity.

T™W MSW HSW

Fig. 1. Changes in body weight (kg) in Barki sheep at the experiment
onset and after 9 months of saline water treatment in the TW, MSW
and HSW groups.

Histopathological examination

At the end of the study, four animals from each group (two males and two females) were humanely euthanized [10]. After
opening the visceral cavity, the esophagus and rectum were clamped to avoid spilling gastrointestinal digesta and contaminating
other intestinal sections. Immediately after removing the gastrointestinal tract from the visceral cavity, standardized liver and
kidney locations were exposed with sterile instruments. After collection, 2-cm portions from different areas of the liver and kidney
were excised, placed in 10% neutral buffered formalin, washed, dehydrated in ascending grades of ethyl alcohol, cleared in methyl
benzoate and embedded in paraffin wax. Several paraffin sections of 3—5 microns thick were cut and stained with hematoxylin and
eosin [4] and observed microscopically.

Statistical analysis

Statistical analyses were performed using JMP 13 software (SAS Institute Inc., Cary, NC, U.S.A.) [26, 27]. The data were
compared using a one-way analysis of variance (ANOVA) and pooled #-tests fitted in JMP 13 (SAS Institute Inc.). P value was
adjusted through comparisons of all pairs using Tukey-Kramer HSD test. Dunnett’s multiple comparisons procedure was used
to compare the MSW and HSW data at the end of the experiment (9 month) against day O (pretreatment control). The values are
presented as the mean + standard error (SE). All differences were considered significant when P<0.05.

RESULTS

Live body weight and clinical examination

The live body weights of the sheep at the study onset for the TW, MSW and HSW treatment groups were 29.55 + 1.49, 28.1
+2.39 and 30.8 + 1.77, respectively (Fig. 1). After saline water treatment, the body weight significantly decreased in the sheep
subjected to MSW (P=0.0347) and HSW (P=0.0424). No significant change in body weight (P=0.519) occurred in the TW group
(Fig. 1). Clinical examination revealed evident dehydration in the HSW group, and three animals died within the first 4 months of
the experiment. The TW and MSW groups had no mortality throughout the experiment. Post-mortem examination of the recently
dead sheep revealed congested liver and mildly enlarged kidneys. Clinical parameters (rectal temperature, pulse rate, respiratory
rate and ruminal movement) observed during the experimental period showed no significant differences among the groups (data not
shown).

Serum biochemical analysis

At the study onset, no significant differences (P>0.05) were noted in any biochemical parameters (ALT, AST, urea, creatinine)
among the TW, MSW and HSW groups (Fig. 2). After 9 months of saline water treatment, AST, ALT, ALP, urea and creatinine
values were significantly increased (P<0.05) in the MSW and HSW groups compared with the TW group (Fig. 2).

Ultrasonographic examination of the kidneys and liver
Ultrasonographic examination of all sheep in the TW, MSW and HSW groups at the experiment onset showed normal
echogenicity without hyperechogenic dots in either the right (Fig. 3A—F) or left kidney (Fig. 3G—L). After 9 months of saline water
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Fig. 2. Changes in ALT (1U//), AST (1U/l), ALP (1U/I), urea (mg/d/) and creatinine (mg/d/), levels in serum samples of Barki sheep at the experi-
ment onset and after 9 months of saline water treatment in the TW, MSW and HSW groups.

Fig. 3. Ultrasonographic examination of right and left kidneys in both male and female Barki sheep at the experiment onset in the TW, MSW and
HSW groups. Right kidney in male (A—C) and female (D—F) and left kidney in male (G—I) and female (J-L) Barki sheep at the experiment onset
in the TW, MSW and HSW groups showed normal echogenicity without hyperechogenic dots.

treatment, there was a significant increase (P<0.05) in both right (Table 2) and left kidney length (Table 3) in MSW and HSW
group compared to TW group especially in male sheep. No significant differences were observed in width, thickness, renal pelvic
length, renal pelvic width, renal cortex thickness, or renal medullary thickness in either the right (Table 2) or left kidney (Table 3).
The MSW and HSW groups showed crystal formation and more echogenic dots in both the right (Fig. 4A—F) and left kidneys (Fig.
4G-L), particularly in male sheep, compared with the TW group. Ultrasonographic examination of the urinary bladder at the onset
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Table 2. Changes in right kidney measures at the onset of the experiment and after 9 month of saline water treatment in TW,

MSW and HSW groups
) . At the onset of the experiment After 9 months of saline water treatment
Right kidney

™™ MSW HSW ™ MSW HSW
Right kidney length 590+£0.16® 590+0.129  6.12+0.20% 6.17+0.17®  733+0.159 7.63+0.17Y
Right kidney width 3.70£0.14® 370+0.11®  3.70+0.09 » 375+0.199  3.65+0.139 3.81+0.129
Right kidney thickness 320+0.179 3.20+0.07%» 3.10=0.08% 3.50+0.15%  3.55+0.10% 3.63+0.119
Right renal pelvis length 250+£0.12% 240+0.100  2.60+0.159 3.22+0.159 3.54+£0.17% 331+0.169
Right renal pelvis width 1.50+0.21% 1.40+0.16%9  1.20+0.07% 1.31+£0.079 144006 1.36+0.08%
Renal cortex thickness 0.60+£020% 0.60+=0.02%  0.70=0.02 0.68+0.03®  0.65+£0.02% 0.60+0.00%

Renal medullary thickness 2.00£0.16® 2.10+0.11%  2.01+£0.139 2.51+0.119 243+£0.09% 241+0.119

Different superscripts letters means significant difference when (P<0.05) at the same row. TW, Tap water; MSW, Moderate saline water; HSW,
High saline water.

Table 3. Changes in left kidney measures at the onset of the experiment and after 9 month of saline water treatment in TW,

MSW and HSW groups
. At the onset of the experiment After 9 months of saline water treatment
Left kidney

™ MSW HSW ™ MSW HSW
Left kidney length 5.86+0.18%  6.02+0.17%  6.05+0.159 6.66+024%  7.63+£0.14® 7.48+0.22"
Left kidney width 3.78+0.16®  3.52+0.11% 3.68+0.169 3.64+0.14%  3.82+0.15% 3.77+0.11?
Left kidney thickness 2.92£0.18%  3.05+0.129  3.06+0.14? 3.154£0.18% 3.26+0.099 327+0.12%
Left renal pelvis length 2.57+0.13%  2.67+0.089 2.64+0.112 3.22+0.19%  342+0.14% 3.56+0.119
Left renal pelvis width 145+0.19%  121+£0.129  139+0.179 1.32+£0.18®  1.29+0.09® 1.51+0.12%
Renal cortex thickness 0.87+0.12%  0.81+0.092  0.76+0.04 0.78+0.12®  0.71+£0.09? 0.81+0.11?

Renal medullary thickness 2.04£0.05% 1.87+0.179  2.11+0.119 223+0.13%  232+0.08% 241+0.07%

Different superscripts letters means significant difference when (P<0.05) at the same row. TW, Tap water; MSW, Moderate saline water; HSW,
High saline water.

of the experiment showed a normal, non-echogenic appearance in all groups (Fig. SA—C). After 9 months of saline water treatment,
ultrasonography of the urinary bladder revealed stone formation in the MSW and HSW groups compared with the TW group

(Fig. 5D-F). At experiment onset, ultrasonographic examination of the liver in the TW, MSW and HSW groups showed normal
echogenicity without hyper echogenic dots in all sheep (Fig. 6A-F). After 9 months of saline water treatment, the liver surface
showed echogenic dots, varying in size and number between males and females (Fig. 6G—L).

Histopathological examination of the kidneys and liver

At the end of the study, the TW group showed normal histopathological glomeruli structure, surrounded by the capsule, and
normal proximal, distal, and convoluted tubules. After 9 months of saline water treatment, the histopathological appearance of the
kidneys in the MSW group revealed hyaline matrix formation within the glomeruli with atrophied glomerular tufts, hemorrhage
in the cortex and initial necrosis of the distal convoluted tubules. The histopathological appearance of the HSW group kidneys
revealed massive medullary fibrosis and hemorrhage, intramedullary congestion, atrophied glomerular tufts, and hyaline casts in
the distal convoluted tubules.

Histopathological examination of the liver in the TW group at the end of the experiment showed normal histopathological
structure of the central vein and surrounding hepatocytes. After saline water treatment, significant histopathological changes were
observed in both the MSW and HSW groups. In the MSW group, the liver showed clear hepatic sinusoid dilatation, congestion,
massive inflammatory cell infiltration (lymphocyte and plasma cell), slight fatty liver changes and slight fibrosis around the bile
duct. In the HSW group, histopathological examination of the liver revealed massive inflammatory cell infiltration and vacuolar
changes of hepatocytes.

DISCUSSION

Physiological responses in small ruminants to varying degrees of water salinity have been reported in detail previously by other
investigators [2, 18]. In this study, we describe the first use of ultrasonography and histopathological changes to compare the
impact of consuming saline water on the liver and kidneys in sheep. These findings are important because of the central roles of
the liver and kidneys in regulating metabolic processes [5, 23]. In this study, water intake was influenced by the degree of water
salinity. At the beginning of the experiment, water intake was significantly decreased in the HSW and MSW groups compared with
the TW group (data not shown). This finding supports the observations of other investigators who showed that animals receiving
5.5 and 11 g of TDS// saline water consumed large amounts of water [17]. Initially, the reduced water intake level in the MSW
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Fig. 4. Ultrasonographic examination of right and left kidneys in both male and female Barki sheep after 9 months of saline water treatment in the
TW, MSW and HSW groups. Right kidney in male (A—C) and female (D-F) and left kidney in male (G-I) and female (J-L) Barki sheep after 9
months of saline water treatment in the MSW and HSW groups showed crystal formation and increased numbers of echogenic dots, particularly
in male sheep compared with the TW group.

Fig. 5. Ultrasonographic urinary bladder examination in sheep at the experiment onset and after 9 months of saline water treatment in the TW,
MSW and HSW groups. At the onset, the urinary bladder in the TW, MSW and HSW groups (A—C) showed a normal, non-echogenic appearance
in all groups. After 9 months of saline water treatment, the urinary bladder in the MSW and HSW groups revealed stone formation compared
with the TW group (D-F).

and HSW groups may have been an adaptive response to reduce the negative effects of the water salinity. The increased plasma
colloid osmolality, particularly in desert animals, also helps to protect the sheep from the saline water by decreasing their water
intake [2]. After the 1st month, the animals became accommodated to the salty taste and thus increased their water consumption
by the end of the experiment (9 months). This finding is consistent with the observations of Kii and Dryden [16] who reported
that water consumption increased with increased salt content, and the animals who consumed 8,500 mg of TDS per kg drank
significantly more water than those who received 570 mg of TDS per kg. The increased water intake occurs because the salt
stimulates specific receptors on the tongue to activate osmoreceptors in the hypothalamus. This effect increases serum osmolality,
causing thirst and leading to increased water consumption [2]. The animals’ attempts to maintain the Na content in their body
fluid compartments within physiological limits led to increased water consumption by the end of the experiment [16]. In our
study, the significant decrease in body weight of the sheep subjected to water salinity could be attributed to decreased feed intake
and/or metabolic failure. Saline water also stimulates cerebrospinal fluid in the brain to inhibit parotid salivary flow production,
negatively affecting the rumen microflora and reducing digestion and resulting in decreased microbial loads and proteolytic
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Fig. 6. Ultrasonographic liver examination in both male and female Barki sheep at the experiment onset and after 9 months of saline water treat-
ment in the TW, MSW and HSW groups. At the onset, the livers in males (A—C) and females (D-F) in the TW, MSW and HSW groups showed
normal echogenicity without hyperechogenic dots. After 9 months of saline water treatment, livers in males (G—I) and females (J-L) in the MSW
and HSW groups showed echogenic dots that varied in size and number between males and females.

activity [3, 17]. The significantly increased ALT, AST, ALP, urea and creatinine in the MSW and HSW groups revealed impaired
liver and kidney functions in sheep consuming varying levels of saline water. In the MSW and HSW groups, the significantly
increased AST, ALT and ALP activities could also be attributed to these enzymes leaking from hepatocytes due to pressure damage
by crystal formation. In ruminants, liver function tests are non-specific for diagnosing liver diseases [14]. For example, hepatic
function tests generally cannot differentiate metabolic disorders that lead to diffuse changes in the liver from other disorders that
usually induce focal changes [9]. In contrast to liver and kidney function tests, ultrasonography is an accurate, quick, non-invasive
and safe technique used for following kidney and liver abnormalities in small ruminants [8, 20]. Ultrasonography has been used
successfully to describe normal hepatic and kidney appearance in sheep [20]. In small ruminants, ultrasonography has efficiently
diagnosed fascioliasis, subclinical liver lesions, fatty liver, glomerulonephritis, hydronephrosis and urolithiasis [20]. In the present
study, in both healthy and saline water-treated sheep, the kidneys and liver were examined while the animals were standing. Our
study revealed a significant increase in right kidney length (P<0.05) in the HSW group. The increased kidney length indicates mild
hydronephrosis that may be attributed to crystallization, but we cannot conclude or generalize this metric for diagnosis. However,
determining kidney size provides significant information for diagnosing hydronephrosis [3]. Ultrasonographic examination of the
right and left kidneys after saline water treatment revealed a significantly increased number of echogenic dots (crystals), especially
in male sheep. Microscopic examination of the urine showed that these echogenic dots were uric acid crystals that formed due

to the decreased urine pH (data not shown). Crystal formation in males is mainly attributed to the urinary system structure (long
and narrow urethra with sigmoid flexure and the urethral process), which predisposes them to crystal deposition compared with
females (short urethra, absence of sigmoid flexure and a urethral process). Ultrasonographic examination of the sheep livers after
saline water treatment revealed a significantly increased number of echogenic dots in the MSW and HSW groups. The hyperechoic
features in the livers with saline water may be attributed to changes in the liver tissues due to fibrosis, abscesses or tumors that
cannot be differentiated ultrasonographically. The increased number of echogenic dots and larger size in females could be attributed
to differences in sex hormones. A similar increase in echogenicity was reported following a cystic echinococcosis infection in
sheep with pathological findings of hemorrhaging and necrosis [14]. In this study, the histopathological findings supported the
ultrasonographic results and confirmed the changes in liver and kidney appearance in the sheep treated with varying levels of saline
water. Significant histopathological changes were observed in both the right and left kidneys of the MSW and HSW groups after 9
months of saline water treatment. No changes were observed in the TW control group. Changes in the kidneys were characterized
by hyaline matrix formation with atrophied glomerular tufts, hemorrhage in the cortex, initial necrosis of the distal convoluted
tubules, massive medullary fibrosis and hemorrhage. No histopathological changes were observed in the TW livers (control group)
in either males or females. The TW group revealed normal histological structure of the central vein and surrounding hepatocytes,
while after saline water treatment, there were significant histopathological changes in the MSW and HSW groups. Liver changes
included fibrosis and inflammatory cell infiltration, similar to those reported by other investigators [1]. Additional studies using
larger animal cohorts of different species are required to determine the safe upper salinity value in desert-reared sheep. This
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information is crucial due to the importance of water in sheep health and productivity and may aid in the development of strategies
that could reduce saline water usage in livestock reared in arid conditions.

According to our results, we concluded that, saline groundwater harmfully affected the urinary system in sheep, as represented
ultrasonographically by echogenic dot (crystal) formation on the kidneys, leading to urolithiasis, mild hydronephrosis and kidney
fibrosis. The saline groundwater also resulted in hepatic dysfunction, which was represented ultrasonographically by hyperechoic
dots, and histopathologically by inflammatory cell infiltration and massive fibrosis in most cases. We recommend that sheep
breeders in Egypt, especially in south Sinai, use saline groundwater mixed with fresh water to avoid the harmful effects of saline
water on kidney and liver function.
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