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AbSTRACT
The aim of the current study focused on screening the signal of the vitamin D receptor (VDR), 1-alpha-hydroxylase 

(1α-OHase) enzyme, and chemokine regulated on activation, normal T-cell expressed and secreted (RANTES) genes 
in dairy cows with hypocalcaemia. A sample of 120 dairy cows (20 dairy cows per herd) in the transition period was 
studied. Blood samples were drawn from the selected dairy cows for both biochemical and molecular analysis. In 
cows with subclinical and clinical hypocalcemia, there was a significant (P<0.05) down-regulation of both VDR and 
RANTES genes, whereas there was a significant (P<0.05) up-regulation of the 1α-OHase enzyme. Moreover, there 
was a significant (P<0.05) increase in the levels of glucose, parathyroid hormone (PTH), sodium (Na), and chloride 
(Cl). Furthermore, there was a significant (P<0.05) decrease in the levels of phosphorous and potassium (K). On the 
animal level, there was a significant association between the expression pattern of the VDR gene and the cows’ breed, 
the cows’ age, parity number, body condition score, and history of previous transition period disorders. The increase 
in both the expression of 1α-OHase enzyme and the level of each of PTH, glucose, Na, and Cl in the serum were 
significant risk factors for the decreased expression of the VDR gene. Likewise, the decrease in both the expression 
of the RANTES gene and the level of calcium (Ca) and phosphorous in the serum were significant risk factors for 
decreased expression of the VDR gene. This study revealed that the expression of VDR, 1α-OHase enzyme, and 
RANTES genes in the blood was greatly affected in dairy cows with hypocalcemia, indicating the need for an extra 
dose of vitamin D to maintain the normal level of Ca in the blood, especially during periods of high need. Hence, this 
study provides an insight into the role of vitamin D and its related enzymes in promoting the productivity of dairy 
cows, especially during the critical production periods. 
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Introduction
The transition period in dairy cows is the most 

challenging and critical period in relation to their 
health status during the lactation cycle. There 
are many inter-related physiological, nutritional, 
metabolic, and immunological disturbances that 

dairy cows encounter at the onset of milk secretion, 
concomitantly with parturition, which are a 
constant concern for dairy producers, nutritionists, 
and veterinarians (GROSS et al., 2011).
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activity of vitamin D is carried out by the activation 
of the VDR by 1,25(OH)2D3. Moreover, the Ca 
binding and transport genes in the intestine and 
kidneys, and consequently blood Ca, are influenced 
by the concentration of 1,25(OH)2D3 circulating 
in the blood. The concentration of 1,25(OH)2D3 in 
blood is primarily determined by the expression 
of the 1α-OHase enzyme that is tightly regulated 
in response to the PTH and 1,25(OH)2D3 at a 
ratio that keeps 1,25(OH)2D3 circulating at a 
concentration that maintains the level of Ca in the 
blood (HAUSSLER et al., 2013). To date there are 
plentiful data related to the valuable role of VDR in 
Ca homeostasis in humans (NELSON et al., 2010) 
and in Holstein dairy cows (ALI et al., 2018; SAED 
et al., 2020). Accordingly, our hypothesis was that 
understanding the changes that occur in the VDR 
gene expression during the transition period in 
dairy cows with hypocalcemia can help to predict 
these health problems during this critical period. 
Thus, the purpose of the current study focused on 
screening the expression of the VDR, 1α-OHase 
enzyme, and chemokine regulated on activation, 
normal T-cell expressed and secreted (RANTES) 
genes in dairy cows with hypocalcemia. Moreover, 
it addressed the association between the risk factors 
that play a significant role in the transition period 
and the suspected changes in the expression profile 
of the VDR gene in dairy cows with hypocalcemia.

Materials and methods
Study population. A case-control study was 

conducted on the basis of an appropriate sample of 
six different farms of dairy cattle from Dakahlia and 
Damietta governorates in Egypt, between January 
2019 and December 2019. The inclusion criteria 
for herds were (1) a semi-open shaded pen housing 
system with at least 100 milking cows, (2) feeding 
on an NRC based diet, (3) periodical monitoring 
using a metabolic profile test, and (4) computerized 
herd management software. The average herd size 
was 260, and ranged from 150 to 400 lactating 
cows. The average milk production was 6,500 kg 
and ranged from 4,000 to 10,000 kg. A sample size 
of 120 dairy cows (20 dairy cows per herd) in the 
transition period was studied. Three breeds were 
represented, as follows: foreign breed [Holstein 
(n = 39) and Friesian (n = 29)], and mixed native 

Hypocalcaemia, a term applied to cows whose 
blood calcium (Ca) level is <2.0 mmol/L, is a rather 
unique endocrine disorder that has major negative 
implications for the profitability of dairy production 
systems all over the world (DEGARIS and LEAN, 
2008; CONSTABLE et al., 2017). The onset of 
lactation induces more significant changes in the 
Ca metabolism compared to the changes that occur 
at parturition, which contribute to hypocalcemia, 
as the loss of Ca from the blood to milk may 
exceed 50 gram per day (DEGARIS and LEAN, 
2008). Hypocalcemia is a common metabolic 
disorder in dairy cows, with incidence reaching 
up to 83% on the herd level, leading to increased 
prevalence of various other transition period 
disorders, increased risk of detrimental health and 
production outcomes, and threatened life in severe 
cases (LEAN et al., 2006). Therefore, cows with 
milk fever are eight times more likely to develop 
mastitis in the subsequent lactation, are three times 
more likely to develop dystocia, and are two to four 
times more likely to develop displaced abomasum 
(MULLIGAN et al., 2006).

Vitamin D is recognized as a prohormone 
that is widely known to be primarily involved in 
the mechanism of Ca homeostasis. The active 
form of vitamin D, 1,25- dihydroxyvitamin D3 
(1,25(OH)2D3), is formed by hydroxylation of 
25-hydroxyvitamin D in the kidneys, with the help 
of the 1-alpha-hydroxylase (1α-OHase) enzyme, 
thus mediating Ca homeostasis by the aid of the 
parathyroid hormone (PTH). The 1,25(OH)2D3 
binds to its receptor protein, known as the vitamin D 
receptor (VDR), and they form a molecular complex 
responsible for up and down-regulation of several 
genes, whose function is impeded in regulation of 
Ca homeostasis (DELUCA, 2004; WILKENS and 
MUSCHER-BANSE, 2020). When the plasma Ca 
level drops, the PTH is released, which raises the 
expression of the 1α-OHase enzyme to produce 
1,25(OH)2D3 that stimulates the absorption of Ca 
from the intestine, as well as its reabsorption by 
the kidneys (HORST et al., 2003; ÖZÇELIK et al., 
2017). 

In milk production systems, Ca-related metabolic 
disorders are frequent, and may be associated with 
a deficiency in the intake of vitamin supplements, 
especially vitamin D. As noted, the biological 
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breed (n = 52). Their ages ranged between 2.3 and 
9.6 years, and their weight ranged between 280 and 
600 kg. This investigation was permitted by the 
Animal Welfare and Research Ethics Committee, 
Faculty of Veterinary Medicine, Mansoura 
University, Mansoura, Egypt, code No. R/27.

Clinical examination. A case report form for 
each cow was obtained by direct inquiry from 
the responsible veterinarians and herd managers 
at each visit, to document the case history, time 
of calving, calving ease, and clinical symptoms 
of hypocalcemia. Cows were assumed to suffer 
hypocalcemia on the basis of symptomology, 
and this was further confirmed by the analyzing 
the serum Ca level, as previously stated by 
CONSTABLE et al. (2017). The studied dairy 
cows with subclinical hypocalcemia did not show 
any clinical symptoms. However, dairy cows with 
clinical hypocalcemia showed anorexia, some 
initial excitement, tremors in the muscles of the 
head and limbs, ear twitching, staggering, and 
recumbency. They took up the sternal recumbent 
position, often tucking their heads into their 
flanks. Then they appeared to be dull, with a dry 
muzzle, staring eyes, cold legs and ears, lower than 
normal body temperature, tachycardia, weakened 
heart contractions and peripheral pulse, and were 
unable to urinate or defecate. Untreated cows with 
hypocalcemia took a lateral recumbent position with 
muscle flaccidity, and were unresponsive to stimuli, 
lost consciousness, which progressed to coma and 
death. To identify the possible risk factors related 
to dairy cows with hypocalcaemia and their impact 
on the expression profile of the VDR gene, all the 
required data were collected using questionnaires 
constructed with only closed questions. The data 
related to the possible animal level risk factors were 
obtained for each cow studied, including breed, 
age, parity number, body condition score, stage of 
transition period, and history of previous transition 
period disorders. The criteria within each obtained 
item were given scores for further statistical 
analysis. 

Definition of hypocalcemia on individual cow 
level. When the Ca level in the blood was greater 
or equal to 2.1 mmol/L, the cows were recorded as 
normocalcemic. Meanwhile, when the serum Ca 
level in the examined dairy cows ranged between 

1.5 and 2.0 mmol/L, and the cows were not 
affected clinically, they were recorded as cows with 
subclinical hypocalcemia. However, dairy cows 
showed clinical signs of hypocalcemia with a serum 
Ca level below 1.5 mmol/L, and they were recorded 
as cows with clinical hypocalcemia (COOK et al., 
2006; REINHARDT et al., 2011; WILHELM et 
al., 2017). On the basis of both thorough clinical 
examination and the blood Ca level results of the 
sampled dairy cows per farm, the studied dairy cows 
were categorized as normocalcemic (40 cows with 
normal serum Ca level; ≥2.1 mmol/L), subclinical 
hypocalcemia (55 cows with serum Ca level 1.5 - 
2.0 mmol/L), and clinical hypocalcemia (25 cows 
with serum Ca level below 1.5 mmol/L).

Blood sampling. By puncturing the jugular 
vein, two samples of peripheral blood, 5 mLeach, 
were drawn from each cow under investigation. 
For molecular analysis, the first blood sample was 
drawn in a vacuum blood collection tube with 
ethylenediaminetetraacetic acid (EDTA) (EDTA 
K3 Tube, Golden Vac, China). Meanwhile, for 
biochemical analysis, the second blood sample was 
drawn in a plain vacuum collection tube (Golden 
Vac, China), which was left undisturbed at room 
temperature for 30 minutes to allow it to clot. The 
clot was removed and the serum was separated by 
centrifuging the collected samples, at 1568 g for 
10 minutes at room temperature in a centrifuge 
(Hettich EBA 8S centrifuge, Leszno, Poland). The 
collected samples of both serum and whole blood 
were aliquoted, numbered, and kept frozen at -80 
°C until analyzed.

Molecular analysis. RNA was extracted from the 
whole blood samples and the cDNA was synthetized 
according to the method previously described by 
SAED et al. (2020). Quantitative real-time PCR 
was used to assess the expression pattern of the 
VDR, 1α-OHase enzyme, and chemokine RANTES 
genes. The expression pattern of the VDR gene was 
evaluated using the following primers set, with 
accession No. # NM_001167932: the forward strand, 
5'- AGCCACCGGCTTCCATTTCA -3', and the 
reverse strand, 5'- AACAGCGCCTTCCGCTTCAT 
-3' (NELSON et al., 2010). The expression 
pattern of the 1α-OHase enzyme gene was 
assessed using the following primers set, with 
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accession No. # XM_588481: the forward 
strand, 5'- TGGGACCAGATGTTTGCATTCGC 
-3', and the reverse strand, 5'- 
TCTCAGACTGGTTCCTCATGGCT -3' 
(AALBERTS et al., 2007). The expression 
pattern of the chemokine RANTES gene was 
examined using the following primers set, with 
accession No. # NM_175827: the forward strand, 
5'- CACCCACGTCCAGGAGTATT -3', and the 
reverse strand, 5'- CTCGCACCCACTTCTTCTCT 
-3' (NELSON et al., 2010). For all studied 
genes, optimized PCR reaction conditions and 
amplification were implemented according to the 
program described by SAED et al. (2020). 

The relative expression of the assessed genes in 
cows with normal Ca level was used as a control 
value to quantitatively assess the fold change 
variation in their expression pattern in the diseased 
cows, relative to this control value. Besides, the 
mRNA transcripts were relatively quantified and 
specified using the 2-ΔΔCt method (LIVAK and 
SCHMITTGEN, 2001), where the house keeping 
gene was the β- actin gene, with accession No. # 
NM_173979.3. The sequence of the used primers 
set for the β- actin gene was: the forward strand, 
5'- GGCATCCTGACCCTCAAGTA -3', and the 
reverse strand, 5'- CACACGGAGCTCGTTGTAGA 
-3' (NELSON et al., 2010).

Biochemical analysis. The serum glucose level 
was colorimetrically measured using Spinreact kits 
(SPINREACT, S.A., Girona, Spain). However, the 
serum level of PTH was quantitatively determined 
following the standard method using a bovine PTH 
ELISA test kit (MyBioSource Inc., San Diego, CA, 
USA). Meanwhile, the assessment of the levels 
of Ca, phosphorous, magnesium (Mg), potassium 
(K), sodium (Na), and chloride (Cl) in the serum 
was performed using a spectrophotometer with 
commercial test kits (Human Gesellschaft Fur 
Biochemica und Diagnostica mbH, Germany). 
All the selected parameters were biochemically 
analyzed in the serum samples using the detection 
methodology described by their manufacturers.

Statistical analysis. Data analysis was 
performed using a statistical software program 
(SPSS for Windows, Version 21.0, SPSS Inc., 
USA). To test the normal distribution of the data, 

the Kolmogorov-Smirnov test was selected, which 
indicated that the data were normally distributed, 
hence the values of each biochemical variable were 
presented as mean and standard deviation (SD). 
The data were subjected to One Way Anova with 
post hoc Dunn multiple comparison tests to assess 
the statistical differences between groups. The 
cutoff point of each biochemical parameter was 
analyzed using the ROC curve analysis. Univariate 
analysis using a Chi-square test was used to assess 
the association between the expression of the VDR 
gene and the suggested risk factors on both the 
individual animal level and the serum biochemical 
parameters level. The P-value, odds ratio (OR), and 
a 95% confidence interval (CI 95%) were recorded 
for each variable. In all statistical analyses, the 
results were considered to be significant at P<0.05.

Results
On the basis of both the clinical signs reported in 

the studied dairy cows and the Ca threshold of 2.1 
mmol/L, the prevalence of subclinical hypocalcemia 
and clinical hypocalcemia was 45.8% (55/120) 
and 20.8% (25/120), respectively. None of the 
studied dairy cows with subclinical hypocalcemia 
showed any clinical symptoms. However, in those 
with clinical hypocalcemia the following clinical 
symptoms were recorded: anorexia in 23/25 cows 
(92%), some initial excitement in 20/25 cows 
(80%), tremors in the muscles of the head and limbs 
in 3/25 cows (12%), staggering and incoordination 
in 3/25 cows (12%), sternal recumbency in 18/25 
cows (72%), inability to stand in 15/25 cows (60%), 
and lateral recumbency with cold extremities in 
2/25 cows (8%). In the recumbent dairy cows, a 
dry muzzle, cold legs and ears, constipation and 
lethargy were also recorded. Moreover, the body 
temperature fell below the normal range, and the 
heart beat became weaker and faster. 

In cows with subclinical and clinical 
hypocalcemia, the expression of the VDR and 
RANTES genes was significantly down-regulated 
(P<0.05), whereas the expression of the 1α-OHase 
enzyme was significantly up-regulated (P<0.05) 
in comparison with those with a normal Ca level. 
Furthermore, there was a significant difference 
in the expression of the VDR, 1α-OHase enzyme 
and RANTES genes between dairy cows with 
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clinical hypocalcemia and those with subclinical 
hypocalcemia. In cows with clinical hypocalcemia, 
there was a significant (P<0.05) increase in the 
glucose level, while, there was a significant 
(P<0.05) decrease in the phosphorous level when 
compared to those with a normal Ca level and 
those with subclinical hypocalcemia. However, the 
PTH level had increased greatly (P<0.05) in dairy 
cows with subclinical and clinical hypocalcemia 
compared to those with a normal Ca level (Table 1). 
There were non-significant changes in the level of 
Mg in the studied dairy cows with subclinical and 
clinical hypocalcemia when compared with those 
with a normal Ca level. However, the levels of K, 
Na, and Cl were significantly (P<0.05) increased 
in cows with clinical hypocalcemia compared to 
those with subclinical hypocalcemia and those with 
normal Ca levels (Table 2). 

On the animal level, all the studied dairy cows 
with subclinical and clinical hypocalcaemia (n 
= 80) showed decreased expression of the VDR 
gene. Thus, the distribution of risk factors and the 
univariate analysis of the decreased expression 
pattern of the VDR gene are presented in Table 3. 
There was a significant association between breed 
and expression pattern of the VDR gene, where 52 
dairy cows of foreign breed (Holstein and Friesian) 
(65%) with hypocalcemia expressed down-
regulation of this gene (P = 0.009; OR: 0.359; 95% 
CI: 0.164 - 0.785). The cows' age had a significant 
association with the expression pattern of the VDR 
gene, where 52 hypocalcemic dairy cows (65%) 
expressing down-regulation of this gene were older 
than 5 years (P = 0.004; OR: 0.206; 95% CI: 0.067 
- 0.639). Likewise, parity number was a significant 
factor in the VDR gene expression pattern, where 68 
dairy cows with hypocalcemia (85%) with a parity 
number >3 times showed a decreased expression of 
the gene (P = 0.002; OR: 3.778; 95% CI: 1.565 - 
9.120). Similarly, the body condition score had a 
significant association with the expression pattern 
of the VDR gene, where 52 hypocalcemic dairy 
cows (65%) with a body condition score ≥ 3.5 had 
decreased expression of the VDR gene (P = 0.009; 
OR: 2.786; 95% CI: 1.275 - 6.088). Furthermore, 
dairy cows that had suffered from previous 
transition period disorders were more likely to have 
a decreased expression of the VDR gene, where 48 

dairy cows with hypocalcemia (60%) with previous 
transition period disorders showed a decreased 
expression of the VDR gene (P = 0.001; OR: 0.167; 
95% CI: 0.068 - 0.408).

On the basis of the cutoff point of the investigated 
serum parameters, the distribution of the serum 
parameters as risk factors and the univariate 
analysis of the decreased VDR gene expression are 
presented in Table 4. Both the increase in 1α-OHase 
enzyme expression and the decrease in RANTES 
expression were significant (P<0.05) risk factors for 
the decreased expression of the VDR gene. All the 
80 studied dairy cows with hypocalcemia (100%) 
expressed up-regulation of 1α-OHase enzyme 
and down-regulation of the chemokine RANTES 
gene. In cows with hypocalcemia, the decreased 
serum level of both Ca or phosphorous was a 
significant risk factor for the decreased expression 
of VDR gene. All the 80 studied dairy cows with 
hypocalcemia (100%), with a low Ca level (< 2.1 
mmol/L), expressed down-regulation of the VDR 
gene (P<0.05). Furthermore, 56 dairy cows out of 80 
hypocalcemic dairy cows (70%) showed a significant 
decrease in the level of phosphorous (<1.60 
mmol/L), with a decreased expression of the VDR 
gene (P = 0.002; OR: 3.50; 95% CI: 1.584 - 7.735). 

The increased serum level of glucose, PTH, 
K, Na, or Cl was a significant risk factor for the 
decreased expression of the VDR gene. Out of 80 
dairy cows with hypocalcemia, 64 dairy cows (80%) 
showed a significant increase in the level of glucose 
(> 2.62 mmol/L) with down-regulation of the VDR 
gene (P = 0.001; OR: 0.063; 95% CI: 0.024 - 0.161). 
Moreover, 72 dairy cows (90%) showed a significant 
increase in the level of PTH (≥ 42.63 pg/mL), with 
a decreased expression of the VDR gene (P = 0.001; 
OR: 0.028; 95% CI: 0.010 - 0.081). Likewise, 52 
dairy cows (65%) showed a significant increase 
in the K level (≥ 4.25 mmol/L), with a decreased 
expression of the VDR gene (P = 0.009; OR: 2.786; 
95% CI: 1.275 - 6.088). Furthermore, 56 dairy cows 
(70%) showed a significant increase in Na level and 
52 dairy cows (65%) showed a significant increase 
in Cl level, with a decreased expression of the VDR 
gene (P = 0.001; OR: 0.107; 95% CI: 0.043 - 0.266) 
and (P = 0.002; OR: 0.290; 95% CI: 0.131 - 0.643), 
respectively.
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Discussion
Vitamin D is an integral component of Ca 

homeostasis in both animals and humans. The 
molecular mechanism of this biological process 
is very sophisticated, and includes a large amount 
of up and down-regulation of various genes. There 
is a large amount of data regarding the VDR and 
1α-OHase enzyme gene profile in human diseases, 
but this topic is still somewhat unexplored in bovine 
medicine, where hypocalcemia in dairy cows is 
widespread, especially during transition period. 
This is the first study to demonstrate the expression 
pattern of the VDR, 1α-OHase enzyme and 
RANTES genes in dairy cows with hypocalcaemia, 
with special reference to their relationship to some 
serum parameters that play a crucial role in the 
occurrence of this metabolic disorder.

The severity of the clinical signs depends on 
how low the level of Ca in the blood is, however, 
signs may become worse when the levels of both 
glucose and other minerals and tissue elements, 
including phosphorous, Mg, K, and Na are 
changed. In the current study, the levels of Ca, 
glucose, phosphorous, Mg, K, Na, and Cl were 
not altered greatly in the cows with subclinical 
hypocalcemia, and therefore these cows did not 
express any detectable clinical signs. In contrast, 
all of these analyses were significantly altered in 
the cows with clinical hypocalcemia, particularly 
Ca and phosphorous levels, and were mainly 
responsible for the clinical signs recorded, as 
previously reported by GOFF (2008); TADESSE 
and BELETE (2015); CONSTABLE et al. (2017). 
The failure of a cow to maintain the normal serum 
Ca level during the transition period is due to the 
failure to adapt its mineral metabolism properly in 
response to higher Ca requirements. Dairy cows 
require about 20 gram of Ca per day at the end of 
the dry period, while, when colostrum is produced, 
their requirements rise to 30 - 70 grams per day, 
depending on the amount of daily milk production. 
The natural homeostatic mechanism that is able to 
regulate the level of Ca in plasma with remarkable 
precision takes approximately 48 hours, which may 
result in Ca deficiency in this critical period (GOFF, 
2008; KUREK et al., 2016). 

With respect to the gene expression profile, the 
current study revealed the relative down-regulation 

of the VDR gene during episodes of hypocalcaemia 
in the studied dairy cows, which may be considered 
a cause of the condition rather than a consequence. 
HORST et al. (2003) stated that even if 1,25(OH)2D3 
reaches its highest level by up-regulation of the 
1α-OHase gene, its mission will be disturbed 
in the case of a lack of VDR protein. In a study 
conducted on sheep and goats, there was increased 
demand for Ca during gestation and lactation, 
which was met by the mobilization of Ca from the 
bones, and an increase in its absorption from the 
intestine. Vitamin D has the main influence on this 
physiological process of active absorption, which 
works through the VDR present in the mucosal wall 
of the intestine, thereby increasing the absorption 
of Ca. As a result of the pronounced effect of 
pregnancy and lactation on the VDR, Ca absorption 
is inadequate with the resultant metabolic diseases 
such as milk fever (LIESEGANG et al., 2007). 
The issue needs further study to reveal how the 
expression profile is modified in dairy cows with 
hypocalcaemia that recovered. 

In the studied dairy cows with hypocalcemia, 
the up-regulated profile of the 1α-OHase enzyme 
gene was noticed. In sheep and goats fed a diet 
deficient in Ca, there is increased secretion of PTH, 
with the consequent stimulation of renal 1α-OHase 
enzyme expression in both monogastric species 
(BECKMAN et al., 1995), and female sheep 
and goats (HERM et al., 2015; WILKENS et al., 
2018). The expression of the 1α-OHase enzyme is 
negatively associated with 1,25(OH)2D3 in the form 
of a negative feedback mechanism, with a major 
share in the PTH (SUNG et al., 2012). The high 
level of 1,25(OH)2D3 is offset by high production 
of the VDR protein, so that there is up-regulation 
in the expression profile of the gene and vice 
versa. NAVEH-MANY et al. (1990) showed that 
physiologically relevant doses of 1,25(OH)2D3 in 
rats resulted in an increase in VDR mRNA level 
in the parathyroid glands, with a decrease in PTH 
mRNA level. PTH is necessary for up-regulation of 
1α-OHase enzyme gene expression. Hence, vitamin 
D3 deficiency is accompanied by deficiency of the 
VDR protein, and thus down-regulation of the VDR 
gene takes place, along with the up-regulation of 
the1α-OHase enzyme gene, to activate vitamin D3. 

In hypocalcemic dairy cows, the down-
regulation of the chemokine RANTES gene 
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occurs in line with the down-regulation of the 
VDR gene, and a positive correlation between 
these two genes was previously recorded in an 
in-vitro study (NELSON et al., 2010). A study 
conducted by KLEIN et al. (2016) demonstrated 
that cultured peripheral blood mononuclear cells 
produce the chemokine RANTES in proportion to 
the medium Ca level, strengthening the hypothesis 
of the positive correlation between the Ca level and 
expression pattern of the chemokine RANTES.

The level of glucose increased significantly in 
the studied dairy cows with clinical hypocalcemia 
compared to those recorded in cows with 
subclinical hypocalcemia and cows with a normal 
Ca level. In Holstein dairy cows, HERNÁNDEZ-
CASTELLANO et al. (2017) observed a decrease 
in the insulin concentration during the postpartum 
period, which is usually related to the onset of 
lactation, resulting in an increase in the blood 
glucose level. Likewise, in-vitro studies on β cells in 
various animal species and humans have shown that 
pancreatic cells require Ca influx into the cytosol in 
order to release insulin granules and to respond to 
insulin after glucose tolerance tests (RORSMAN 
et al., 2012). Thus, hypocalcemia impairs insulin 
production and release in dairy cows with milk 
fever, which in turn leads to an increase in glucose 
level in their blood by reducing peripheral tissue 
glucose uptake (HAYIRLI, 2006). Furthermore, in 
a study conducted to evaluate chemical profiles in 
cows within 12 hours of calving, LARSEN et al. 
(2001) reported a negative correlation between the 
level of glucose and the level of Ca in the blood. 
Moreover, in Holstein dairy cows, SAED et al. 
(2020) revealed that there was a positive association 
between the level of Ca and the expression pattern 
of the VDR gene during the transition period. This 
clarifies the significant association between the 
expression pattern of the VDR gene and the level of 
glucose in hypocalcemic dairy cows. 

Previous studies indicated that the changes 
in plasma phosphorous level are parallel with 
the plasma Ca level as parturition approaches, 
confirming the results showing the phosphorous 
level in the studied cows with clinical hypocalcemia. 
The decreased phosphorous level in the studied dairy 
cows with clinical hypocalcemia may be attributed 
to the increased PTH level, with resultant increased 

renal excretion of phosphorous by reducing tubular 
reabsorption through internalization of the sodium-
dependent phosphate (Na-Pi) co-transporters, thus 
increasing urinary phosphorous concentration 
(BERNDT et al., 2005; BERNDT et al., 2007). It 
also stimulates active phosphorous secretion in the 
salivary glands, which reaches the rumen, but it 
cannot be readily utilized (WRIGHT et al., 1984). 
Furthermore, CONSTABLE et al. (2017) debated 
whether the decreased phosphorous level that occurs 
in cows with milk fever is the result of hypocalcemia 
and recumbency rather than a concurrent event. 
Since the serum Ca level is positively associated 
with the serum phosphorous level, and the serum 
Ca level is positively correlated with the VDR 
gene expression, a significant association was 
documented between the VDR gene expression 
pattern and the phosphorous level in dairy cows 
with hypocalcemia. 

In the studied dairy cows with subclinical and 
clinical hypocalcemia, the PTH level increased 
significantly when compared with those with 
a normal Ca level. When cows develop a 
hypocalcemic state, they respond rapidly by 
increasing secretion of PTH, which activates the 
Ca homeostatic mechanisms, including renal 
re-absorption of urinary Ca, osteoclastic bone 
resorption, and increased renal production of the 
hormonal form of vitamin D in order to enhance 
intestinal absorption of dietary Ca (LIESEGANG 
et al., 1998; HERNÁNDEZ-CASTELLANO et al., 
2017, ÖZÇELIK et al., 2017). The PTH suppresses 
VDR gene expression as the serum PTH is inversely 
proportional to the serum Ca level, and the PTH 
has a blocking action on a 1,25(OH)2D3-mediated 
increase in the renal VDR (HEALY et al., 2005). 
This explains the significant association recorded 
between the expression pattern of the VDR gene 
and the PTH level in hypocalcemic dairy cows. 

In the studied dairy cows with clinical 
hypocalcemia, the K level in the blood was inversely 
correlated with the Ca level, and was therefore 
accompanied by mild hyperkalemia synchronized 
with metabolic acidosis, that usually occurs during 
this time. The dairy cows appeared to be highly 
susceptible to sub-acute rumen acidosis during the 
early lactation period, which may be due to the 
instability of the rumen microbial population that 
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always occurs when the balance between lactate-
producing bacteria and lactate-utilizing bacteria is 
disrupted (DEVRIES et al., 2009; RÉRAT et al. 
2009). The acidosis and the high glucose level in the 
blood work together to cause fluid and K to move 
out from the cells into the bloodstream. Likewise, 
patients with an increased level of glucose often 
have diminished kidney capacity to excrete K into 
the urine. Therefore, the combination of both the K 
shifting out from the cells into the blood circulation 
and the diminished urine K excretion causes 
hyperkalemia (UDENSI and TCHOUNWOU, 
2017). Thus, there is a significant association 
between the expression pattern of the VDR gene 
and the level of K in the studied hypocalcemic 
cows. This association can be attributed to the 
negative association between the level of Ca and the 
level of K in the blood, and the positive association 
between the level of Ca and the expression pattern 
of the VDR gene, as previously reported in Holstein 
dairy cows during the transition period (SAED et 
al., 2020).

A decrease in the Ca level in the bloodstream, 
as well as an increase in the PTH level is mostly 
associated with increased activity of the rennin-
angiotensin-aldosterone system, which leads to a 
positive Na and Cl balance, with an increase in the 
extracellular fluid volume. Likewise, an increase 
in the Na level during this critical period may be 
associated with an increase in the concentration 
of aldosterone, which is usually observed during 
the first week of lactation (SKRZYPCZAK et 
al., 2014). Hypernatremia and hyperosmolarity 
in animals and humans are associated with 
impairment of both the insulin-mediated glucose 
metabolism and glucagon-dependent glucose 
release. Hence, hypernatremia is often associated 
with hypocalcemia, hyperglycemia, and endocrine 
dysfunction (LIAMIS et al., 2014). On the basis of 
both the positive association between the level of 
Ca and the expression pattern of the VDR gene, and 
the negative association between the level of Ca and 
the level of Na, a significant negative association 
was reported between the expression pattern of the 
VDR gene and the level of both Na and Cl in dairy 
cows with hypocalcemia. 

Regarding the investigated risk factors, 
the cows' breed had the greatest impact on the 

expression of the VDR gene. Foreign breed 
(Holstein and Friesian) with hypocalcemia was 
significantly associated with decreased expression 
of the VDR gene. Genetically, the high-producing 
foreign breeds lose more Ca in their milk, making 
them more susceptible to this condition (LEAN et 
al., 2006; ROCHE and BERRY, 2006; SABORÍO-
MONTERO et al., 2017). Thus, these breeds endure 
hypocalcaemia with a concurrent down-regulation 
of the VDR gene. In Egypt, Holstein and Friesian 
cows are known for their higher milk production 
compared to the native breeds, and hence a high 
percentage of Ca is pooled to the mammary glands.

The incidence of hypocalcaemia is often 
increased in multiparous and elderly cows, starting 
from the 3rd lactation onwards, due to increased 
Ca mobilization from their bone reserves to cope 
with milk production, especially with impaired 
absorption of Ca by the intestinal cells (SAED et 
al., 2020a). Furthermore, the intestinal VDR count 
decreases with increasing age, resulting in a decrease 
in the response of intestinal cells to 1,25(OH)2D3 
(HORST et al., 1990). Accordingly, the increase in 
both age and parity time of the studied dairy cows 
had a profound effect on the down-regulation of the 
VDR gene, which may postulate impairment of Ca 
absorption by the intestinal cells as a result of the 
reduced number of the receptors in these cows.

On the basis of the positive association between 
the increased body condition score and the 
occurrence of hypocalcaemia (ØSTERGAARD 
et al., 2003; SAED et al., 2020a), and the positive 
correlation between the level of Ca and the 
expression pattern of the VDR gene in the dairy 
cows, it was reasonable to find a significant 
association between the higher body condition 
score and the down-regulation of the VDR gene. 
Moreover, in dairy cows with a history of previous 
episodes of hypocalcemia, deficiency of the vitamin 
D as well as impaired parathyroid function leads 
to recurrent episodes of hypocalcemia, that may 
vary in clinical degree (CONSTABLE et al., 2017; 
SAED et al., 2020a). This is closely related to the 
depletion of Ca homeostasis resources that involve 
VDR gene expression to combat the condition.
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Conclusion
In conclusion, apart from renal and intestinal 

tissues, the expression pattern of the VDR, 
1α-OHase enzyme, and chemokine RANTES genes 
in the blood was greatly affected in dairy cows with 
hypocalcemia, indicating the need for an extra 
share of vitamin D to maintain the normal level of 
Ca in the blood, especially during periods of high 
need. Thus, the current study provides an insight 
into the role of vitamin D and its related enzymes in 
promoting the productivity of dairy cows, especially 
during the critical production period. Furthermore, 
identification of the risk factors relevant to both 
animals, and the serum biochemical parameters 
associated with decreased expression of VDR in 
the blood may enable practitioners and dairy cows' 
breeders to establish the most appropriate control 
measures to control the related metabolic disorders.
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SAŽETAK
Cilj ovog istraživanja bio je nadzor genskog signala za receptor vitamina D (VDR), enzim 1-alfa-hidroksilazu (1 

α-OHase) i kemokin (Regulated on Activation Normal T-cell Expressed and Secreted – RANTES) u mliječnih krava 
s hipokalcemijom. Uzorci za biokemijske i molekularne analize prikupljeni su od 120 mliječnih krava (20 krava po 
stadu), tijekom prijelaznog razdoblja. U krava s subkliničkom i kliničkom hipokalcemijom utvrđena je znakovita (P 
< 0,05) podregulacija gena VDR i RANTES, te znakovita (P < 0,05) nadregulacija enzima 1-α-Ohaza. Nadalje, u tih 
životinja došlo je do znakovitog (P < 0,05) povećanja razina glukoze, paratireoidnog hormona (PTH), natrija (Na) i 
klorida (Cl), te znakovitog (P < 0,05) smanjenja razina fosfora (P) i kalija (K). Uvažavajući različite osobine životinja 
utvrđena je znakovita povezanost između izražajnosti VDR gena i pasmine krava, dobi krava, redoslijeda teljenja, 
ocjene tjelesne kondicije te prethodnih poremećaja u prijelaznom razdoblju. Povećanje, s jedne strane ekspresije za 
enzim 1 α-OHase i s druge strane razine PTH, glukoze, Na i Cl u serumu, dovelo je do znakovitog rizika za smanjenu 
ekspresiju VDR gena. Isto tako, smanjenje ekspresije gena RANTES i razine kalcija (Ca) i fosfora (P) u serumu bili 
su značajni čimbenici rizika za smanjenu ekspresiju gena VDR. Ovo je istraživanje pokazalo da je na ekspresiju gena 
VDR, 1 α-Ohaza i RANTES u krvi mliječnih krava uvelike utjecala hipokalcemija, što upućuje na potrebu dodatne 
doze vitamina D kako bi se održala normalna razina Ca u krvi, osobito u zahtjevnim razdobljima visoke proizvodnje. 
Stoga ova studija daje uvid u ulogu vitamina D i s njim povezanih enzima u poboljšanju produktivnosti mliječnih 
krava, posebno u kritičnim razdobljima proizvodnje.

Ključne riječi: vitamin D receptor; 1-α hidroksilaza enzim; RANTES; hipokalcemija; mliječne krave_____________________________________________________________________________________________


