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INTRODUCTION
According to the Department of Veterinary Services 
Malaysia, Malaysia has a total cattle population of 721,341 
in 2014 (DVS Malaysia, 2022). Most cattle in Malaysia 
occur throughout the country in smallholder farms with 
more primitive management and infrastructure without good 
pasture (Tong et al., 2018). However, small fractions of large-
scale farms with better management systems are available 
in the government sector. Most of the large-scale dairy farms 
in Malaysia practice an intensive management system that 
provides good-quality of feed and water, to ensure optimum 
production (Moran, 2009). In small-scale production, 
dairy cattle graze extensively or semi-intensively in grass 
paddocks or open fields (Tong et al., 2018). 

The United States Geological Survey (USGS) 
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ABSTRACT

Current knowledge of abnormal physiological responses in livestock due to consumption of substandard water is 
limited. This study was designed to explore the host cell responses in mice orally inoculated with different drinking 
water qualities from selected dairy cattle farms. A total of 28 female mice used in this study were divided into 
Group 1- negative control (treated with sterile deionized distilled water), Group 2 - treated with good quality water 
sample, Group 3 - treated with moderate quality water sample, and Group 4 - treated with unsatisfactory quality 
water sample. All the mice were given 0.25 mL of water samples three times daily for 30 days. Blood samples were 
collected from all mice before euthanasia at 30 days post-inoculation for reproductive hormones and biomarkers 
analyses. All treatment groups showed significant (p<0.05) weight loss compared to the control group. There 
was a significant difference in the serum immunoglobulin-G (IgG), immunoglobulin-M (IgM), interleukin-12 (IL-
12), haptoglobin (Hp), and serum amyloid A (SAA) profiles of mice among the different water quality treatments 
as compared to the control group (p<0.05). In conclusion, the host cell responses exhibited by the mice in the 
treatment groups indicates a high risk of potential negative effect on the production and health of the livestock due 
to long-term consumption of drinking water with subpar quality.  
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reported that groundwater makes up about 60 % of the livestock freshwater source (USGS, 2005). 
Animal feeds with 50 to 70 % moisture content such as green chop, pasture, and silage can also fulfill 
their daily water requirements (Landefeld & Bettinger, 2000). Water pollution with sludge, chemicals, 
drugs, and other elements raises water safety concerns in farms (FAO, 2019). Previous reports have 
shown that 98% of the total water used in Malaysia originates from the rivers and 70% of the water is 
for agricultural use (Department of Environment, 2010). Despite this, only 3% of total water usage is 
accounted for by groundwater due to the lack of data on their quality and the high cost of groundwater 
extraction (Department of Environment, 2010). According to a survey by the Malaysian Department of 
Environment in 2010, all 107 groundwater monitoring wells showed excessive amounts of arsenic, iron, 
manganese, total coliform, and phenol. The quality of tap water is consistent and safe for consumption 
due to proper treatment before distribution, but other sources are questionable due to lack of treatment 
(MOH Malaysia, 2004).

A previous study by Su et al. (2017) showed that if present, the consumption of high 
concentrations of copper, zinc, manganese, and chromium produced degenerative necrotic changes in 
the liver and renal parenchyma of albino rats. Moreover, the consumption of high amounts of cadmium 
can cause lipidosis, focal necrosis, and proliferation of Kupffer cells in the liver tissue, degeneration of 
the renal tubules, edema, aggregation of the inflammatory cell, and thickening of interalveolar septa 
of the lung tissue (El-Refaiy & Eissa, 2013). Additionally, Nakade et al. (2015) have reported that if 
present, lead can induce vacuolar degeneration in the uterine tissue while Nasiadek et al. (2018) 
recorded uterine edema in rats because of cadmium toxicity. The consumption of excessive amounts 
of nitrate induced inflammatory cell infiltration and necrotic fibrosis in the liver tissue (Bouaziz-Ketata et 
al., 2014). Exposure to excessive amounts of phosphate caused renal tubular degenerative changes 
and peritubular infiltration of inflammatory cells (Eller et al., 2011). Also, certain water contaminants 
known as endocrine disruptors such as atrazine, phenols, and phthalates can reduce reproductive 
efficiency in humans and animals by interfering with the reproductive cycle (Rattan et al., 2017). 
The risk of important bacterial (coliforms, Salmonella spp., typhoid, leptospirosis, melioidosis), viral 
(including dengue, hepatitis, enterovirus), and parasitic (amoebiasis, giardiasis and cryptosporidiosis, 
helminth infections, Blastocystis infections and sarcocystosis) infections of livestock are increased by 
poor drinking water quality (Rahman et al., 2021; Ho et al., 2022). However, there is no data on the 
abnormal physiological and pathological effects in host cells due to consuming substandard water 
quality in Malaysia. The responses of the host cells mediated by proinflammatory cytokines, acute-
phase proteins, antibodies, and reproductive hormones due to challenges from water contaminants 
are not fully understood in animals. The study of host cell responses due to the effects of different 
water qualities is an essential indicator of the possible impact that the animals might suffer from the 
consumption of these water samples. This study investigated the host cell responses of mice receiving 
different qualities of drinking water.

MATERIALS AND METHODS
Collection and assessment of water samples

Seven dairy cattle farms from the state of Selangor in West Malaysia were selected randomly 
and visited to collect livestock drinking water samples in acid-washed containers and transported at 4 °C 
to the laboratory for further analysis. The water samples were initially examined onsite using probes to 
determine the dissolved oxygen, temperature, pH, turbidity, conductivity, and salinity. In the laboratory, 
water samples were further tested to determine the biological oxygen demand (BOD), chemical oxygen 
demand (COD), total coliform count, total soluble solids (TSS), total dissolved solids (TDS), magnesium 
and iron, nitrate, phosphate, and ammoniacal nitrogen using standard methods (Jesse et al., 2022). 
Drinking water samples were further categorized as good (Class I and Class II), moderate (Class III), 
or unsatisfactory (Class IV and Class V) according to the National Water Quality Standard of Malaysia 
(MOH Malaysia, 2004).

Experimental design
The female mice were acclimatized for 14 days in the Livestock Research Facility, Faculty of 

Veterinary Medicine, Universiti Putra Malaysia. Estrous synchronization was done by the intraperitoneal 
injection of 0.5 µg of cloprostenol twice given 3 days apart in combination with a single dose of 3µg 
subcutaneous of progesterone together with the first cloprostenol injection (Pallares & Gonzales-Bulnes,   
2009). The mice (n=28) were divided into 4 groups, with 7 mice in each group. All the mice were fed 
0.25 mL of the water sample three times daily by oral gavage and the same water sample was given 
ad libitum in feeding bottles for 30 days. Group 1 (negative control) was given sterile deionized distilled 
water, Group 2 was given good water quality, Group 3 was given moderate water quality and Group 4 
was given unsatisfactory water quality. The mice were weighed and observed daily for any clinical signs 
during the 30-day experiment. At the end of 30 days, all the mice were euthanized by anesthesia, and 
blood was quickly withdrawn from the heart before death.
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Radioimmunoassay for quantification of serum progesterone and estrogen
Oestradiol and progesterone radioimmunoassay (RIA) kits (Beckman Coulter Diagnostics) 

were used to determine the serum oestradiol (ng/mL) and progesterone (ng/mL) concentrations. All the 
serum samples were diluted in a 1:4 ratio using distilled water. 500 µl of 125Iodine labeled tracer solution 
was first diluted in the tracer buffer by gently and carefully pouring it inside the tracer buffer vial. 100 µL 
of the calibrator, control, or sample was added with 500 µl of the tracer solution into the anti-hormonal 
antibody-coated tubes. The test tubes were then incubated for 3 h at 18 – 25 °C with shaking (350 
r.p.m). The content of the test tubes was then aspirated carefully after incubation. The test tubes were 
then run through the Packard 2100TR gamma counter to determine the radioactivity of the test tubes. 
The gamma counter results were then run through the ARIA II automated radioimmunoassay analyzer 
to determine the serum oestradiol and progesterone concentrations. 

Enzyme-linked immunosorbent assays for acute-phase response
Commercial enzyme-linked immunosorbent assay (ELISA) was used to quantify serum 

immunoglobulins (Ig) G (µg/mL), IgM (µg/mL), interleukin (IL)-12 (µg/mL), Haptoglobin (Hp) (µg/mL), 
and serum amyloid A (SAA) levels (ng/mL). Briefly, the test sera were diluted to 1:10000 using the 
diluent solution. The standards (100 µL) and the test samples (100 µL) were pipetted in duplicates into 
the microtiter plate and incubated at room temperature for 60 min. This step was followed by washing 
before adding 100 µL of the Enzyme-Antibody conjugate and further incubation at room temperature in 
the dark for 30 min. The plates were then rewashed before adding 100 µL of the ready-to-use peroxidase 
substrate containing TMB in a mildly acidic buffer in each well. The microtiter plate was then left at room 
temperature in the dark for another 10 min, followed by the addition of 100 µL of stop solution. The 
absorbance of the plate at 450 nm was recorded using a Labomed EMR-500 ELISA microplate reader. 
The optical densities obtained from the ELISA microplate reader were quantitatively analyzed using 
a Four Parameter Logistic curve fit to calculate the concentrations of immunoglobulins, cytokine, and 
acute-phase proteins, in the serum samples (www.myassays.com).

Statistical analysis
The analysis of experimental data was done using the IBM statistical package for social sciences 

software version 25.0. A one-way analysis of variance (ANOVA) and Dunnett’s posthoc test were used 
to compare means between treatment groups at a 5% level of significance (p<0.05).

RESULTS
Changes in serum immune biomarkers and reproductive hormones

In this study, no significant clinical signs were observed in the mice from Groups 1, 2, and 3. 
For Group 5, all the mice showed severe ruffled fur, dehydration, and severe emaciation while most of 
the mice in Group 4 exhibited moderate emaciation and mild ruffled fur at the end of the experiment 
period. The results of ELISA assays for various serum biomarkers are summarised in Table 1. It was 
hypothesized that there would be no difference in the mean serum immune and reproductive biomarkers 
of mice inoculated with different drinking water quality. As expected, the results of statistical analysis 
on experimental data using one-way ANOVA and Dunnett’s post-hoc test revealed no difference 
in the serum concentration of estrogen (F (3, 50) = 0.57, p=0.475) and progesterone (F (3, 50) = 
0.57, p=0.638) hormones among the different water quality treatments. However, contrary to our null 
hypothesis, there was a significant difference in the serum IL-12 concentration (F (3, 50) = 43.86, 
p=0.0001), SAA (F (3, 50) = 256.19, p=0.0001), Haptoglobin (F (3, 50) = 6.367, p=0.001), IgG (F (3, 50) 
= 8.38, p=0.0001), and IgM (F (3, 50) = 77.71, p=0.0001) among the different treatments. The mean 
serum concentration of IL-12 was increased by 4.9% in Group 3 (318.14±16.23 µg/mL) and 27.4% in 
Group 4 (389.60±25.82 µg/mL) compared with the control group. The mean SAA was increased by 
24% in Group 3 (281.91±8.26 ng/mL) and 25% in Group 4 (297.16±7.32 ng/mL) compared to Group 
1 (224.62±7.86 ng/mL). The mean serum Hp was increased by 3.7% in Group 3 (68.21±1.54 µg/mL) 
and 3.6% in Group 4 (68.20±1.20 µg/mL) compared to the control Group 1 (65.74±2.94 µg/mL). The 
mean serum concentration of IgG was increased by 1.7% in Group 3 (919.23±11.12 µg/mL) and 2.4% 
in Group 4 (926.22±9.03 µg/mL) compared with the control. The mean serum concentration of IgM was 
increased by 10.6% in Group 3 (567.13±38.11 µg/mL) and 40.8% in Group 4 (742.70±35.85 µg/mL) 
compared with the control. But there is no difference between Group 2 (525.60±51.11 µg/mL) and the 
control (Table 1).
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Table 1. Results of assays for immune and reproductive biomarkers of laboratory mice inoculated with different qualities of 
livestock drinking water expressed as Mean±SD

Variables Group 1 Group 2 Group 3 Group 4

SAA (ng/mL) 224.62±7.86a 231.22±9.22a 281.91±8.26b 297.16±7.32b

Haptoglobin (µg/mL) 65.74±2.94a 65.99±1.66a 68.21±1.54b 68.20±1.20b

Iinterleukin-12 (µg/mL) 302.52±22.72a 316.31±18.57a 318.14±16.23b 389.60±25.82b

Immunoglobulin-G (µg/mL) 904.01±14.57a 909.85±13.22a 919.23±11.12b 926.22±9.03b

Immunoglobulin-M (µg/mL) 511.55±49a 525.60±51.11a 567.13±38.11b 742.70±35.85b

Oestrogen (ng/mL) 4.24±0.09a 4.28±0.08a 4.00±0.48a 4.27±0.10a

Progesterone (ng/mL) 1.37±0.26a 1.13±0.35a 1.10±0.71a 1.08±0.42a

Row means represented by different superscripts (a,b) were significantly different (p<0.05). Progesterone and estrogen data were log-transformed 
LG10(SAA) in SPSS.

DISCUSSION
The result of this study has revealed significant changes in host immune biomarkers with different 
degrees of severity observed depending on the treatment groups. Findings of weight loss, dehydration, 
emaciation, and ruffled fur observed during the experiment may be due to decreased water intake as a 
direct consequence of poor palatability of the inferior quality of the drinking water provided to the mice 
(Maharjan et al., 2016). The turbidity and TSS levels of water cause decreased palatability and less 
consumption (Bilotta et al., 2008). Decreased water intake in animals causes a reduction in their daily 
food consumption and slows down the metabolic process (Fortun-Lamothe & Boullier, 2007). The high 
levels of heavy metals in the drinking water can also damage the internal organs such as the liver and 
kidneys, leading to reduced appetite and weight loss over time (Su et al., 2017). In this study, the treated 
mice showed moderate to severe emaciation with pale and dry muscle and atrophy of the fat tissues. 
These changes are usually associated with prolonged starvation in animals due to the breakdown of fat 
and muscle to produce energy for bodily functions (Patel et al., 2017; Jesse et al., 2019). 

However, there was a significant difference in the serum IL-12 concentration, SAA, Haptoglobin, 
IgG, and IgM profiles of mice among the different water quality treatments. The IgM antibody concentration 
for treatment groups 3 and 4 showed an increment in concentration. The elevation of these immune 
parameters indicates that the animals are having active infections ongoing, which may be potentially 
caused by coliform bacteria in the untreated drinking water samples evaluated (Jesse et al., 2020). 
Exposure to high levels of heavy metals over a prolonged period as seen in this study can also affect 
the immunological parameters. A study done by Marth et al. (2001) reported that exposure to high 
levels of heavy metals over a prolonged time could affect the immunological parameters in this study it 
was observed that all the treatment groups had a significantly elevated serum IL-12 concentration and 
this can be indicative of regulation of T-helper cells responses due to toxicity caused by contaminants 
(Colosio et al., 1998). Moreover, the significant increase in serum Hp and SAA proteins in the present 
study suggests the presence of an active inflammatory reaction. Both Hp and SAA are positive acute-
phase proteins that will increase in episodes of acute inflammation which indicates that the animals 
from all the treatment groups were having bouts of inflammation of different severity (Eckersall et al., 
2010; Takata et al., 2011; Shih et al., 2013; Chung et al., 2019). 

As stated in our null hypothesis, the results of statistical analysis revealed no difference in 
the serum concentration of estrogen and progesterone hormones among the different water quality 
treatments. The absence of significant differences in the serum progesterone and estrogen hormone 
profiles of mice for the different livestock drinking water quality samples evaluated in this study suggests 
that the present water quality used in various livestock farms is not detrimental to the reproductive 
physiology of the animals. However, the numerical reduction of estrogen hormone concentration might 
be due to the presence of contaminants such as heavy metals (Ryzmski et al., 2016), because the 
water samples were not treated. Previously, Kenny et al. (2002) reported that ingestion of excessive 
amounts of ammonia could cause changes in the uterine hormones and the oviductal fluids of animals. 
Other chemicals such as atrazine, phenols, and phthalates, which are collectively known as endocrine 
disruptors can also affect hormonal dynamics in animals (Rattan et al., 2017). Furthermore, Ferguson 
et al. (2013) have shown that prolonged exposure to heavy metals could cause irregularities in hormone 
levels and immunological parameters. 

CONCLUSION 
This study has established that drinking unsafe water can cause detrimental effects on the host cell 
evidenced by increased immune activity in mice. The knowledge of host cell responses of acute-phase 
proteins, antibodies, proinflammatory cytokines, and reproductive hormones due to water contaminants 
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in this study is new in ruminant medicine. Therefore, constant monitoring is required to ensure that the 
drinking water provided to livestock in the dairy farms meets the required standard.
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