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Abstract

The purpose of the present work is to investigate the effect of dietary-supplemented artichoke 
(Cynara scolymus L.) on the mRNA expression of calbindin 1 (Calb1), osteopontin (Spp1),  
albumin (Alb) and CALB1 protein in the eggshell gland (ESG) of laying hens. A total of 80 ISA 
Brown hens (each at 40 weeks of age) were randomly divided into two groups: a control and  
a treated group. All poultry received 130 g/day of compound feed for laying hens but the treated 
hens’ diet was also supplemented with 3g/kg of dried and milled artichoke (Cynara scolymus L.). 
The increase of the Ca content in blood of the treated hens was established. Significantly decrease 
of Spp1 mRNA transcripts was found in the eggshell gland of the treated hens, while the mRNA 
level of Alb was increased. The relative expression of Calb1 mRNA tended to increase in the 
treated group. The expression of calbindin protein in the cytoplasm of glandular cells of the shell 
gland was defined by immunohistochemical method. Very strong signals of calbindin were  
observed in the treated group.

The supplementation of the laying hens’ diet with dried artichoke (C. scolymus L.) led  
to a significant increase of Ca content in blood that was reflected in the changes of expression  
of the eggshell gland genes involved in the mineralization of eggshell.
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Introduction

Calcium (Ca2+), the most abundant chemical ele-
ment in the body, plays a vital role in necessary physio-
logical and biochemical processes such as bone miner-
alization, muscle contractions, neuronal excitability, 
blood coagulation, cell adhesion and apoptosis (Payne 
et al. 2009). Intestinal Ca2+ absorption, the main pro-

cess used by the body to extract Ca2+ from nutrients,  
is facilitated through the use of two mechanisms.  
The first one, called the paracellular pathway, is a pas-
sive process driven by an electrochemical gradient 
across the epithelium. This typically occurs when  
dietary Ca2+ levels increase (Eckermann-Ross 2008). 
The second one is an active vitamin D-dependent trans-
cellular transport, which occurs in conditions where 
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Ca2+ is scarcer (Bagur and Hajnóczky 2017). Wasser-
man et al. (2004) have reported that an active form of 
vitamin D (1,25-dihydroxycalciferol) regulates the trans- 
cription of transport factors as calbindin-D9k, osteo-
pontin and other proteins.

Chicken eggshell is composed of 95% calcite (cal- 
cium carbonate) mineral and 3.5% organic matrix pro-
teins (Marie et al. 2015). More than 500 proteins were 
found in the matrix proteome of the eggshell, some 
uniquely involved in the creation of eggshell (Mann et al. 
2006). According to Marie et al. (2015), about 216 egg-
shell matrix proteins, including calcium-binding pro-
teins, participate in the key stages of shell mineralization. 
The elucidation of the regulatory mechanisms and func-
tions of these proteins is critical for the improvement  
of eggshell quality in the poultry industry, and will ulti-
mately help ensure the economic efficiency of egg pro-
duction. Most studies regarding the effect of nutrition on 
eggshell quality have focused on the dietary sources and 
doses of microelements (Lukić et al. 2009, An et al. 
2016). Recently, an interest in the use of feed additives  
to improve intestinal health and mineral availabilities 
also grown (Światkiewicz et al. 2015). This inspired  
the purpose of our present work: to investigate the effect 
of dietary-supplemented artichoke (Cynara scolymus L.) 
on the mRNA expression of calbindin 1 (Calb1), osteo-

pontin (Spp1), albumin (Alb) and CALB1 protein expres-
sion in the eggshell gland (ESG) of laying hens.

The experiment was carried out in the Experimental 
Poultry Breeding Center of the Institute of Animal  
Sciences, Kostinbrod, Bulgaria. This experiment and its 
procedures were approved by the Bulgarian Animal 
Ethics Committee in accordance with Bulgarian Veteri-
nary Law (2011) on the protection of animals used for 
experimental and other scientific purposes and relevant 
provisions of Council Directive 86/609/EEC (Permis-
sion for using the agricultural animals for scientific pur-
pose, N177, expire data 18.06.2020 obtained on the 
base of Protocol N33/18.06.2015). A total of 80 ISA 
Brown laying hens at the initial age of 40 weeks were 
randomly divided in two groups: control (n=40) and 
treated (n=40). Layers were raised on a deep litter pen 
on a 16 h lighting schedule. Water was supplied via nip-
ple watering trough. The experiment lasted 50 days  
(10 days adaptation period and 40 days experimental pe-
riod). All hens stayed healthy during the experimental 
period. The poultry received 130 g/day/hen compound 
feed for layers. Crude protein, crude fat and crude fiber 
were determined by the conventional Weende analysis. 
The metabolizable energy was calculated according  
to WPSA (1989). Composition and nutritive value  
of laying hens compound feed are shown in Table 1.

Table 1. Composition and calculated nutritive value of the compound feed for laying hens.

Ingredients, g/kg-1 Control group Experimental group

Wheat 643.4 640.4
Sunflower meal 140 140
Soybean meal 90 90
Sunflower oil 20 20
Artichoke - 3
Limestone 90 90
Monocalcium phosphate 4 4
Complex premix 6015* 12.5 12.5
Antioxidant (paradigmoks) 0.1 0.1
Nutritive value: 
Metabolizable energy, Kcal/kg 2710.23 2710.23
Crude protein 164.76 164.43
Crude fat 33.19 33.01
Crude fiber 45.81 46.18
Lysine 7.94 7.90
Methionine 4.39 4.40
Ca 37.27 37.33
total P 4.93 4.89

* Complex premix contains: sodium bicarbonate; lysine; methionine; threonine; choline chloride; 120 mg/kg Mn 
(MnO); 110 mg/kg Zn(ZnO); 140 mg/kg Fe (FeSO4); 18 mg/kg Cu(Cu SO4); 1.80 mg/kg I (Ca(IO3)2; 0.35 mg/kg Se 
(Na2SeO3); 9900 UI Vitamin A (retinyl acetate); 3000 UI Vitamin D3 (cholecalciferol); 30 mg/kg Vitamin E  
(dl alpha-tocopherol). It does not contain nutritive antibiotics, synthetic dyes and carotenoids or other stimulants.
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The diet of experimental group was prepared  
by reducing the quantity of wheat by 0.3%, after that 
remixed with 3 g/kg of dried and milled artichoke  
(Cynara scolymus L.). The supplemental product being 
tested (Profeed, Poland) was a dry mass of the above-
ground part of the plant Cynara scolymus L. The fol-
lowing analysis of this product was made: crude pro-
tein, crude fat and crude fiber (by Weende analysis);  
the content of both Ca (BSS 11  374-86, 1990) and  
P (BSS 4336-73, 1990); total polyphenols content  
(by the Folin-Ciocalteu method described by Blainski 
et al. 2013) and total antioxidant activity (by the DPPH 
method described by Petrova et al. 2016). The results 
are presented in Table 2.

Collection and biochemical analysis of samples

At the end of the experimental period, fifteen poul-
try per group were randomly selected and weighed 12 
hours after their last feeding. Blood samples were taken 
from each bird’s vena cutanea (3 ml/hen) using steril-
ized syringes and needles. A serum was isolated from 
these samples through the use of centrifugation at 3000 
x g 10 minutes at 4 °C and stored at -80°C until further 
analysis. Calcium (Ca) and phosphorus (P) concentra-
tions were measured using an Eppendorf D30 bio-
chemical analyzer (San Diego C.A.), according to the 
manufacturer’s recommendations (BioSystems S.A., 
Costa Brava, Spain). After that, the birds were humane-

ly euthanized. Their shell glands were then dissected, 
weighed and divided for immunohistochemistry analy-
sis and real-time PCR analysis. 

At the end of the experiment, ten eggs from each 
group, laid on the same day, were broken and of the egg 
white and yolk were carefully removed. The eggshell of 
each egg was ground and a feed (2 g) and eggshell (0.2 
g) samples were put in a furnace (Tammann) at 600°C 
to ash overnight, according to procedures described 
by method 942.05 of AOAC (1990). After that, the Ca 
and P contents were determined by colorimetric 
methods according to BSS 11 374-86 (1990) and BSS 
4336-73 (1990), respectively.

Real-Time PCR Analysis

Total RNAs from approximately 100 mg of tissue 
per sample (of eggshell glands) were isolated using the 
TRIsure reagent according to the manufacture’s recom-
mendations (Bioline, Australia). RNA was assessed for 
quality and quantity using a NanoDrop 1000 Spectro-
photometer (Thermo Scientific, USA). Reverse tran-
scription (RT) was performed on 1µg of RNA template 
with a SuperScript II RNase H Reverse Transcriptase 
kit (Invitrogen, USA). The qPCR reactions were per-
formed in triplicate using a cycler real-time PCR instru-
ment (Agilent Stratagene Mx3005P). Each reaction in-
volved a total volume of 20 μL, comprised of 2 μL 
cDNA, 500 nM primers (Table 3) and 12.5 μL SYBR 

Table 2. Chemical composition and total antioxidant activity of ground and dried artichoke.

Chemical composition Artishoke (C. scolumus L.)
Dry matter, g/100g product 89.56
Crude protein g/100g product 10.77
Crude fats, g/100g product 1.99
Crude fibers, g/100g product 14.58
Са, g/100g product 1.01
Р, g/100g product 0.18
Total polyphenols, mg GAE/100g product 546.6
TE/100g antioxidant activity 2928.7

Table 3. Sequences for primers. 

genes Sequences bp T°

CALB1 fw: TTG GCA CTG AAA TCC CAC TGA 
rev: CAT GCC AAG ACC AAC AAG GCTGA 116 60

SPP1 fw: CCA GCT CTG AAG AAA AAT ACG ACC 
rev: TTG GCT CTT GCT AGG AAT GTC AG 200 60

ALB fw: CCT GGA CAC CAA CAA GGA AAT 
rev: TGT GGA CGC CGA TAG AAT 197 60

TBP fw: TAG CCC GAT GAT GCC GTAT 
rev: GTT CCC TGT GTC GCT TGC 147 60

ß-actin fw: AGC AAG CAG GAGG TAC GAT GAATC
rev: ACAGTCCGGTTTAGAAGCATTTG 161 60
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Green Real-Time PCR Master Mixes (Thermo Scientific, 
USA). The primer sequences are presented in Table 2. 
Real-time PCR reactions were processed at 95°C for 5 
min, 40 cycles of 95°C for 15s, 60°C for 1min, 95°C for 
15s, 60 for 1min and 95°C for 15s. “No” template con-
trol (NTC) and “no” reverse transcriptase (-RT) control 
was used to detect possible contamination.

TATA-box binding protein (Tbp) and ß-actin were 
used as referent genes according to the recommenda-
tions of MIQE guidelines, as available literature  
on reference gene stability in human and various other 
animal species show variable results (Bustin et al. 
2009). Mean and standard deviation (SD) of the tripli-
cate RT-PCR reactions were calculated for each reac-
tion plate. The expression levels of genes were evaluat-
ed using the 2−ΔCT method (Livak and Schmittgen 
2001). The geometric means of two mentioned above 
referent genes were used for the evaluation of expres-
sion of target genes. 

Immunohistochemical analysis

One portion of the collected eggshell gland samples 
was fixed in 10% buffered formalin solution for 48 h. 
After fixation, the tissues were dehydrated, embedded 
in paraffin and sectioned at 5 μm. Immunohistochemi-
cal detection of calbindin was acomplished at room 
temperature using the avidin-biotin complex (ABC) 
method. The primary antibody, mouse monoclonal IgG 
antibody (dilution 1: 2,000) against bovine CaBP-D28K 
(Sigma), was applied overnight. The sections were 
washed in the phosphate buffer (PBS), and then  
a secondary antibody - biotinylated goat polyclonal IgG 
antibodies against mouse IgG (Sigma) - was applied for 
1 hour. The reaction product was developed using 
3,3′-diaminobenzidine tetrahydrochloride (Santa Cruz 
Biot.). The treated sections were rinsed in distilled  
water and dehydrated before being placed on a covers-
lip for evaluation via light microscope (Olympus,  
Japan).

Immunohistochemical staining intensity of calbin-
din was classified into one of two categories: strong  
and weak. The “strong” category indicated the highest 
density of immunohistochemical reactions within the 
cytoplasm, and the “weak” indicated the lowest density 
of these reactions.

Statistics

Statistical analysis was conducted using the soft-
ware program StatSoft, version 10 (StatSoft Inc., Tusla, 
USA). Data are presented as means ± SD. The differ-
ences between means in the control and treated groups 
were analyzed using the Student’s t-test. Results were 
considered statistically significant at p<0.05.

Results

Dietary supplementation with the bioactive com-
pounds found in artichokes (C. scolymus L.) did not  
affect the level of P in the blood and eggshells of laying 
hens. Total Ca was significantly increased in treated 
group’s serum (p<0.05). This corresponded to the slightly 
increased levels of Ca in the same group’s eggshells  
(Table 4).

Two reference genes, Tbp and ß-actin (Table 5), 
were used to assess candidate target genes Calb1, Spp1 
and Alb in laying hens’ shell glands. The relative ex-
pression of Calb1 mRNA was higher in the treated 
group compared to the control, but the difference was 
not significant. RT-PCR analysis revealed that mRNA 
expression of Spp1 was down-regulated in the eggshell 
gland of the treated hens. It should be noted that in the 
samples of treated hens was observed the most signifi-
cant increase of Alb mRNA transcripts.

Using immunohistochemical analysis, the location 
of calbindin in the cytoplasm of glandular cells’ of the 
shell gland of both groups was revealed. In the treated 
animals, the signal was found to be very strong  

Table 4. Effect of dietary artichoke on Ca and P levels in blood serum and eggshell.

Parameters
Calcium Phosphorus

blood serum (mmol/L) egg shell (%) blood serum (mmol/L) egg shell (%)
Control gr. (n=10) 1.22±0.17 35.95±0.38 4.37±0.38 0.109±0.08
Treated gr. (n=10) 3.0±0.19 36.28±0.38 4.44±0.35 0.107±0.06

p-value 0.0001 0.880 0.894 0.984

Table 5. Relative expression of the candidate target genes in the shell gland of laying hens.

Genes Control group Treated group p-value
Calb1 4.73 4.96 0.89
Spp1 0.23 0.07 0.02
Alb 0.15 2.82 0.004
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(Fig. 1 A, B). In the eggshell gland of control group, the 
intensity of the immunohistochemical signal was nota-
bly diminished.

Discussion

The present study investigated the effect of bioac-
tive feed substance Cynara scolymus L. on both Ca con-
tent in blood and eggshells and on the expression of the 
genes in the eggshell gland, involved in the mineraliza-
tion process, in lying hens. We observed significantly 
enhanced Ca level in the blood of treated hens, along 
with a tendency to slightly increase the Ca content  
in their eggshells. There are no data in the scientific  
literature dealing with the influence of Cynara scoly-
mus L. extract on Ca levels in hens, but based upon  
the data on rodents and humans, it would appear that 
there is a potential effect (Fintelmann 1996). Our  
results confirmed that this effect also applies to laying 
hens. The increased Ca in the blood of the experimental 
hens allowed us to deduce that the nutritional additive 
was well-absorbed. C. scolymus L. is known to be  
a bountiful source of Ca. Salem et al. (2017) have  
reported that 100 g of artichoke leaves contain  
1,359.3 mg of Ca. These data are close to our results 
obtained from biochemical analysis of used additive 
(1,010.0 mg of Ca per 100g). It is important to note that 
laying hens’ intestinal capacity for Ca absorption does 

not reach a true maximum, but gradually increases 
during early laying periods (Scott and Balnave 1991). 
This is also supported by the high positive P balance  
at the beginning of the production cycle, with signifi-
cantly decreased P balances in the later periods, signify-
ing that P was released as Ca was removed for shell 
formation (Ahmad and Balander 2004).

The analyzing of genes expression in the shell gland 
was done with two reference genes. Using more than 
one reference gene allows for the achievement of more 
robust, accurate and reliable normalization of gene  
expression data (Vandesompele et al. 2002). Our choice 
of Tbp and ß-actin was based on the data of Khan et al. 
(2017), who characterized the main appropriative refe- 
rence genes for gene expression study in the shell gland 
of laying hens challenged by viral infection and defined 
the Tbp as the most stable and ß-actin as a middle stable 
reference gene.

The selected target genes in the current study have 
demonstrated a clear association with eggshell calcifi-
cation processes (Bar 2009, Marie et al. 2015, Khan  
et al. 2019). Despite the strong expression of the calbin-
din protein in the eggshell glands of experimental hens, 
the mRNA expression of this gene did not change  
significantly. In the eggshell gland calbindin is known 
as a facilitator of calcium diffusion (Li et al. 2012).  
The presence of it in the shell gland mucosa of laying 
hens increases with the onset of egg production and  
decreases as egg production ceases (Nys et al. 1989).  

Fig. 1. Immunohistochemical localization of 28-kD calcium-binding protein (calbindin) in eggshell gland  
of laying hens: A. and B. treated group; C. control group; D. negative control of antibody; x40.
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In our study, sample collection was conducted post-lay-
ing, so it is expected that the expression of Calb1 would 
remain equally low in all hens. In support of this sug-
gestion we did not define significant difference in Calb1 
mRNA level between control and treated group.  
The large accumulation of the calbindin protein in the 
eggshell gland of treated hens, probably, was a result of 
higher level of the Calb1 mRNA transcripts, when shell 
calcification took place (Nys et al. 1989, Jeong et al. 
2012, Khan et al. 2019).

The decrease of mRNA level of osteopontin (Spp1) 
was observed in the hens that received the feed additive. 
Spp1 gene regulates eggshell formation by inhibiting 
calcite growth (Chien et al. 2009). A normal phenome-
non in the hen: the expression of Spp1 mRNA gets up-
regulated by the entry of the egg into the eggshell gland 
for calcification (Lavelin et al. 2000, Jeong et al. 2012). 
The other factor, responsible for stimulating Spp1  
expression, is an enhanced level of bioavailable P  
in blood (Katsumata et al. 2014, Shet et al. 2018).  
Significant down-regulation of Spp1 in our treated 
group compared to our control may be a result of post- 
laying sampling, as well as the likely low level of bio-
available P in blood resulting from increased levels  
of Ca.

The mRNA expression of Alb was most significantly 
affected by the dietary supplementation of artichoke. 
Albumin binds calcium (Kraghhansen and Vorum 1993) 
and is one of the major eggshell matrix proteins utilized 
at all stages of shell formation (Marie et al. 2015).  
It is highly likely that the remarkable increase of Alb 
mRNA expression observed in the treated group has  
relationship with the enhanced level of Ca in blood, 
provoked by C. scolymus L. 

 In conclusion, the supplementation of the laying 
hens’ diet with 3 g/kg of dried artichoke (Cynara scoly-
mus L.) led to a significant increase of Ca content in 
blood that reflected on the expression of the eggshell 
gland genes involved in the mineralization of eggshell, 
but with low effect on the Ca content in the eggshells. 
The further study needs to elucidate the exact genetic 
pathways regulating the mineralization machinery  
of eggshell in dependence on changes of Ca content  
in blood provoked by feed additives.
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