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Sanguinarine improved nutrient digestibility, hepatic health
indices and productive performance in laying hens fed low
crude protein diets
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study was carried out to investigate the effects of dietary supplementation of sangui-

narine on the performance, egg yolk biochemical parameters, serum enzyme activi-
ties, nutrient digestibility, ovarian follicles, and hepatic health indices in laying hens
fed decremental levels of crude protein (CP). For this purpose, 180 laying hens were
allocated into nine dietary treatments with four replicates of five birds each. The
experimental treatments consisted of three levels of CP (85.0%, 92.5%, and 100% of
Hy-Line W-36 manual recommendation) and three levels of sanguinarine (0.00, 3.75,
and 7.50 mg/kg) in a 3 x 3 factorial arrangement administered during a 70-day feed-
ing trial. Results showed that the decremental levels of CP led to significant increases
in serum aspartate aminotransferase (p < .05), alanine aminotransferase, and alkaline
phosphatase (p < .01) activities, egg yolk cholesterol concentration (p = .064), and he-
patic fat and malondialdehyde (MDA) contents (p < .05). It also caused the significant
declines in ileal dry matter (DM) digestibility (p < .05) and eggshell strength (p < .05),
and also tended to decrease CP digestibility (p = .071), Haugh unit (p = .057) and egg
production percentage (p = .062). The interaction effects of the experimental fac-
tors indicated that dietary supplementation of sanguinarine, especially at 7.50 mg/
kg, led to significant improvements in serum aspartate aminotransferase and alanine
aminotransferase activities (p < .01), egg yolk cholesterol (p < .001) and triglyceride
(b < .05) concentrations, eggshell strength (p < .001), Haugh unit (p < .05), hepatic
fat (p < .001) and MDA (p = .059) contents, ileal DM and CP digestibility (p < .01) as
well as egg production, egg mass and feed conversion ratio (FCR; p < .05) in birds

receiving decremental levels of CP. Taken together, the results indicate that dietary
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1 | INTRODUCTION

A direct relationship has been found between dietary crude protein
(CP) level and N excretion. Moreover there is a growing global con-
cern over environmental pollution due to the excessive urinary and
faecal excretion of protein and nitrogen (Praes et al., 2014). Hence,
it is essential to practice novel strategies to decrease nitrogen excre-
tion and dietary CP content; in turn, they minimize feeding costs on
poultry farms (Abbasi et al., 2014). A decrease in dietary CP content,
however, caused some disadvantages which are related to the re-
ductions in productive performance and also systemic health indices
(Malomo et al., 2013). A novel remedy to overcome this problem is
the use of herbal products that might reduce dietary CP requirement
via improving protein efficiency.

One such aromatic plant that has recently attracted a lot of at-
tention for its strong antioxidant activity is Macleaya cordata. The
most important substance in sangrovit® extracted from the rhi-
zome of this herb is a benxophenanthridine alkaloid compound
(Blank et al., 2010) called “sanguinarine” that possesses antibac-
terial (Bavarsadi et al., 2017), antifungal (Mellor, 2001), antioxi-
dant (Lee et al., 2015), anti-inflammatory (Tanaka et al., 2001) and
immunomodulatory (Mellor, 2001) properties. Furthermore, it is
known to inhibit the intestinal aromatic amino acid decarboxy-
lase (Drsata et al., 1996; Mellor, 2001; Vieira et al., 2008), and to
improve the synthesis of serotonin in the liver, intestine and brain
tissue (Mellor, 2001). This inhibitory action of sanguinarine is due to
the similarity of its molecular structure to those of aromatic amino
acids such as tryptophan, phenylalanine and tyrosine inducing san-
guinarine molecules to bind to the L-amino acid decarboxylase and,
thereby becoming irreversibly blocked (Drsata et al., 1996). In this
way, sanguinarine increases the availability of aromatic amino acids
(Vieira et al., 2008) leading to the reductions in toxic biogenic amines
concentrations (Drsata et al., 1996). Thus, the improvement in di-
etary protein efficiency as the consequence of dietary sanguinarine
supplement might be ascribed to the lower amounts of unabsorbed
peptides and amino acids passing into the lower gastrointestinal
tract (Juskiewicz et al., 2005).

Notably, the administration of sanguinarine in diet is far from
clear; because controversial results have been reported on the
effects of its dietary inclusion on animal performance. Vieira
et al. (2008) observed that administration of 37.5 mg/kg sangrovit
improved feed intake in broilers given the decremental CP percent-
ages. Similarly, Blank et al. (2010) noted that dietary supplementa-

tion of sangrovit at 50 mg/kg improved growth performance in pigs
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administration of sanguinarine could enhance productive performance via improving
nutrient digestibility, hepatic health indices and fortifying systemic antioxidant capac-
ity in laying hens fed low-CP diets.

crude protein, egg cholesterol, laying hens, liver health indices, performance, Sanguinarine

fed diets low in tryptophan. However, Matulka et al. (2014) reported
that dietary inclusion of Macleaya cordata extract had no significant
effects in terms of live weight, body weight gain and feed intake in
chicks. Additionally, dietary sangrovit supplementation at 30 mg/kg
was observed to have no impact on caecal ammonia concentration
in broiler chicks (Juskiewicz et al., 2013).

Given the scant information and contradictory results regarding
the effects of dietary inclusion of sanguinarine on egg productivity
and nutrient digestibility in laying hens, the present study was un-
dertaken to assess the effects of different levels of this bioactive
substance on the performance, egg quality, egg yolk biochemical pa-
rameters, serum enzyme activities, nutrient digestibility, differential
ovarian follicle counts and hepatic health indices in laying hens fed

the decremental levels of CP.

2 | MATERIALS AND METHODS
2.1 | Experimental design and dietary treatments

For the purposes of this study, 180 white Leghorn laying hens,
40 weeks of age, were randomly assigned into nine experimental
diets with four replicates of five birds each. Prior to the start of the
experiment, a 30-day pretest recording period was performed and
finally laying hens were selected based on the same body weight
and egg production percentage, as the test unit. Dietary treatments
consisted of a 3 x 3 factorial arrangement of treatments with three
levels of CP (85.0%, 92.5% and 100% of Hy-Line W-36 manual
recommendation) and three levels of sanguinarine (0.00, 3.75 and
7.50 mg/kg, Sangrovit®, Phytobiotics, Futterzusatzstoffe GmbH)
administered during a 70-day feeding trial. The total experimental
period lasted 80 days, including 10 days of adaptation and 70 days
of main recording period. Water and experimental diets were sup-
plied ad libitum.

2.2 | Chemical analysis and measurements

Prior to the trial, the corn and soybean meal used in the experimen-
tal feeds were analysed for its dry matter (DM) (930.15), CP (984.13),
ether extract (954.02), calcium (927.02) and phosphorous (935.59)
contents according to AOAC (2006). The experimental treatments
were formulated using the obtained values to meet all the nutritional

requirements according to Hy-Line W-36 guidelines (Table 1).



BAVARSADI ET AL.

2 | wWiLEY

TABLE 1 Composition and nutrient content of basal diets
(43-52 weeks of age)

100% 92.5% 85%
Item Protein  Protein Protein
Ingredients (g/kg)
Corn 592 628 663
Soybean meal 244 212 181
Soybean oil 30.0 24.5 19.1
Monocalcium phosphate 15.8 16.2 16.3
Calcium carbonate 106 106 106
Common salt 2.40 2.40 2.30
Filler® 0.50 0.50 0.50
DL-Methionine 1.80 0.10 0.40
L-Lysine HCL 0.00 1.60 1.40
Na bicarbonate 2.50 3.70 5.00
Vitamin premix® 2.50 2.50 2.50
Mineral premix® 2.50 2.50 2.50
Calculated nutritional levels
Metabolizable Energy (kcal/kg) 2,800 2,800 2,800
Lysine (g/kg)d 7.90 7.25 6.68
Methionine (g/kg)* 4.21 3.96 3.67
Methionine + Cysteine (g/kg)d 6.70 6.27 5.78
Threonine (g/kg)® 5.91 5.58 5.09
Available phosphorous (g/kg) 4.61 4.61 4.61
Analysed nutritional levels
Crude protein (g/kg) 152 141 130
Crude fat (g/kg) 52.2 50.1 48.7
Crude fibre (g/kg) 29.1 28.7 28.5
Calcium (g/kg) 43.5 43.5 43.5
Moisture (g/kg) 101 105 104

2Filler represented inert space (sand) in the diet to which sanguinarine
was added at the expense of it.

BVitamin premix provided the following per kilogram of diet: vitamin A
(from vitamin A acetate), 9,800 IU; cholecalciferol, 2,100 |U; vitamin E
(from dl-a-tocopheryl acetate), 22 1U; riboflavin, 4.4 mg; nicotinamide,
40 mg; calcium pantothenate, 35 mg; menadione, 1.50 mg; folic acid,
0.80 mg; thiamine, 3 mg; pyridoxine, 10 mg; biotin, 1 mg; choline
chloride, 560 mg; and ethoxyquin, 125 mg.

“‘Mineral premix provided the following per kilogram of diet: Mn, 65 mg;
Zn, 55 mg; Fe, 50 mg; Cu, 8 mg; | [from Ca (103)2¢H20], 1.8 mg; and Se,
0.30 mg.

4All diets formulated on total amino acids.

2.3 | Serum enzyme activities

At the end of the experiment, two hens were randomly selected
from each replicate, bled via the wing vein, and the serum samples
were collected and stored at —20°C until analysis. Serum enzymatic
activities including aspartate aminotransferase (AST), alanine ami-
notransferase (ALT) and alkaline phosphatase (ALP) were measured

according to the turbidimetric method (Pars Azmoon, Tehran, Iran).

2.4 | Determination of egg yolk
biochemical parameters

Using the method described in Mousavi et al. (2017), the yolk lipid
was extracted from three eggs per replicate at the end of the trial to
determine their triglyceride and cholesterol concentrations using a
spectrophotometric quantitation kit at 520 nm and the colorimetric
Libermann-Burchard method at 560 nm, respectively.

2.5 | Measurements of hepatic biochemical and
histological changes

On day 70 of the trial, two hens were randomly selected from each
replicate and humanly sacrificed to investigate the effects of treat-
ments on their liver relative weights (expressed as percent of live body
weight) and the likely hepatic biochemical and histological changes.
For this purpose, tissue samples were collected and ground to deter-
mine their moisture, lipid, and protein contents (AOAC, 2006).

The thiobarbituric acid reactive substances (TBARS) method
as explained by Mousavi et al. (2017) was used to assess hepatic
malondialdehyde (MDA) levels. Briefly, liver samples were weighed
(2 g), added to 50-ml test tubes containing 18 ml of 3.86% perchlo-
ric acid and homogenized. The resultant homogenate was filtered
through Whatman No. 1 filter paper, before the filtrate (2 ml) was
blended with 2 ml of 20 mM TBA in distilled water and incubated in
a boiling water bath for 30 min. The obtained mixture was reacted
with MDA and MDA-like substances to produce a pink pigment with
an absorption maximum at 532 nm.

A segment, approximately 1 x 1 x 0.5 cm thick, was obtained
from the right liver lobe of each bird to be used for light microscopic
observations. The histological samples were fixed in 10% form-
aldehyde solution. Transverse sections, 5 um in thickness, were
then prepared using a microtome, to be subsequently stained with
haematoxylin-eosin for examination under a light microscope, as de-
scribed in Mousavi et al. (2017).

2.6 | Differential counts of ovarian follicles

At the end of the experimental period, two birds were randomly se-
lected and humanly sacrificed to remove their ovarian follicles evalu-
ated by measuring their diameters, which classified them into large
white follicles (LWF, 2-5 mm), small yellow follicles (SYF, 5-10 mm)
and large yellow follicles (LYF, >10 mm) according to the classifica-
tion, as described in Rahman Alizadeh et al. (2016).

2.7 | lleal nutrient digestibility

lleal nutrient digestibility was determined according to the acid in-
soluble ash (AIA) marker method of McCarthy et al. (1974). Briefly,

diets containing 5 g/kg of Celite were given as a source of AlA for 4
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TABLE 3 Effect of different levels of sanguinarine on serum enzymes activities in laying hens fed different levels of crude protein (CP)

Probability

CP (%)

BAVARSADI ET AL.

cpP*

SEM?

85 CcP Sanguinarine Sanguinarine

92.5

100

7.50
1637

3.75 7.50 0.00 3.75 7.50 0.00 3.75
178° 170°

0.00
152°

Sanguinarine (mg/kg)

AST® (U/L)

6.075

0.005

0.151

0.048

1522

168° 1592
29.2°

14774

1502

1.566
21.07

0.001

23.1%¢ 37.0° 34.3? 28.5° 0.005 0.002

25,52

19.3%
897

25.4%4

989

30.2°

ALT® (U/L)

0.051

1,280 1,147 0.001 0.001

1,383

1,378 1,250 1,049

1,195

ALP® (U/L)

2SEM: standard error of the mean (n = 8 birds).

bAST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase.

2dMeans with no common superscript within each row are significantly (p < .05) different.

consecutive days from day 67 to day 70 of the trial. Then, two birds
per replicate were humanly sacrificed at the end of the study period.
Their ileal contents were directly collected into 80 ml sampling cups,
frozen at -20°C, and subsequently analysed for their AIA content,
according to the method described in McCarthy et al. (1974), while
their DM and CP levels were determined according to the standard
procedures of Association of Official Analytical Chemists (2006).

2.8 | Performance and egg quality

Eggs were collected daily at 9:00 a.m., counted and weighed to
determine egg mass throughout the trial period. Performance pa-
rameters such as egg weight, egg production percentage, egg mass,
feed intake and feed conversion ratio (FCR) were determined at
35 days intervals on days 35 and 70 of the experiment. Additionally,
three eggs per replicate were collected to determine the egg qual-
ity parameters including eggshell weight, eggshell strength, eggshell
thickness, Haugh unit, yolk index and yolk colour.

2.9 | Statistical analysis

All the data were analysed using ANOVA by the GLM procedures of
SAS software (SAS Institute, 2001). The following model was postu-
lated in the analysis of all the traits: Y,.jk =pu+A+ Bi + ABU +ej where
Y,.jk = observed value for a particular trait, 4 = overall mean, A, = ef-
fect of the i*" level of sanguinarine, Bj = effect of the j level of CP
percentage, ABU. = the respective interaction of the it" and j™" levels
of dietary sanguinarine and CP percentage, and e = random error
associated with the ijkth recording. A probability value of p < .05 was
described to be statistically significant. Additionally, p-values be-
tween 0.05 and 0.10 was shown and described as a trend. In cases
where the differences were significant, the means were compared
using the Tukey test. In addition, after normality had been examined
with the Shapiro-Wilk test, hepatic histological changes were ana-
lysed according to the GLM procedure of SAS software.

3 | RESULTS
3.1 | Eggquality

The decrease in dietary CP levels resulted in the decreased (p < .05)
eggshell strength on days 35 and 70 of the trial. It tended to decrease
eggshell thickness on day 70 (p = .068), and Haugh unit (p = .086;
p = .057), as well as yolk colour (p = .071; p < .05) on days 35 and 70
of the experiment (Table S1). However, shell weight, shape index, and
yolk index remained unaffected by the decremental levels of dietary CP.
Dietary supplemental sanguinarine only tended to increase eggshell
strength on day 35 (p =.096) and 70 (p = .053) of the trial (Table S1).
Dietary CP and sanguinarine interactions revealed that using

the highest sanguinarine level raised eggshell thickness (p = .051;
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TABLE 4 Effect of different levels of sanguinarine on liver relative weight (g/kg live body weight), and hepatic histological and
biochemical changes in laying hens fed different level of crude protein (CP)

CP (%) Probability
cp*

100 92.5 85 CP Sanguinarine Sanguinarine SEM®
Sanguinarine 0.00 3.75 7.50 0.00 3.75 7.50 0.00 375 750
(mg/kg)
Liver relative 2.38° 2.34° 226° 256° 241° 233° 273* 259° 245" 0048 0.089 0.011 0.061
weight
Kupffer cell 3* 5* 5* 4* 4* 5* 5* 5* 0.725 0.004 0.133 0.288
numbers
(Score)?
Colour density 4* 5* 5* 4* 5* 4* 4* 4* 0.086 0.228 0.222 0.331
(Score)
Tissue integrity 3° 5° 52 5° 42 42 42 42 0.057 0.405 0.004 0.288
(Score)
Hepatic fat 225  208°¢ 1854 252% 240 222° 262° 250 235° 0.041 0.199 0.001 1.055
(mg/g)
MDA® (mmol/L) 0.32  0.29 0.22 0.36 0.31 0.26 0.43 0.36 0.32 0.033 0.048 0.059 0.042

#Number of +'s indicates severity of the histological changes.
PSEM: standard error of the mean (n = 8 birds).
‘MDA: malondialdehyde.

adMeans with no common superscript within each row are significantly (p < .05) different.

p < .05), eggshell strength (p < .001; p < .001), and Haugh unit
(p <.05; p <.05) on days 35 and 70 of the trial in the laying hens fed a
low-CP diet. In this group, supplementing 7.5 mg/kg of sanguinarine
not only tended to enhance yolk colour on days 35 (p = .053) and 70
(p = .061) of the experiment but also it tended to increase eggshell

weight on day 70 (p = .061) of the trial (CP x sanguinarine; Table 2).

3.2 | Egg yolk biochemical parameters

The decremental levels of CP tended to increase (p = .061) egg yolk
cholesterol concentration. However, dietary sanguinarine supple-
mentation, especially at the high dosage of 7.5 mg/kg, led to a signifi-
cant (p <.05) decrease in egg yolk cholesterol content in hens (Table
S1). Indeed, the supplementation of high sanguinarine level (7.5 mg/
kg) significantly decreased not only egg yolk cholesterol (p < .001)
but also triglyceride (p < .05) concentrations in the laying hens fed
the low-CP diet (Table 2).

3.3 | Serum enzyme activities

The decline in dietary CP levels led to significant enhancements in
serum AST (p < .05), ALT (p <.01) and ALP (p < .001) activities in the
hens. In contrast, dietary supplementation of sanguinarine resulted
in the marked reductions in serum ALT (p < .01) and ALP (p < .001)
activities (Table S2). Similarly, dietary administration of sanguinarine,
especially at its highest level (7.5 mg/kg), caused the improvements
in serum AST (p < .01), ALT (p < .001) and ALP (p = .051) activities

in birds supplied with the decremental CP levels (Table 3). However,
dietary inclusion of sanguinarine at least 3.75 mg/kg level improved
their serum AST, ALT and ALP activities in hens receiving the recom-
mended CP level of Hy Line W36.

3.4 | Hepatic histological and biochemical
alterations

The decreases in CP levels tended to decrease both hepatic colour
density (p = .087) and tissue integrity (p = .057) but it resulted in sig-
nificant enhancements in hepatic relative weight, fat percentage and
MDA concentration (p < .05; Table S3). Dietary inclusion of the highest
sanguinarine level (7.5 mg/kg) led to not only a marked increase in he-
patic Kupffer cells numbers (p < .001) but also a considerable decrease
in MDA concentration (p < .05), (Table S3). sangiuinarine supplemen-
tation especially at 7.5 mg/kg in laying hens supplied with decreasing
dietary CP levels (CP x sanguinarine; Table 4), led to noticeable declines
in hepatic relative weight (p < .05), tissue integrity (p < .01), fat percent-
age (p < .001) and also tended to reduce MDA content (p = .059).

3.5 | Ovarian follicle enumerations

The low-CP diet showed no significant effects on the relative ovary
weight or ovarian follicle (LWF, SYF and LYF) numbers in the experi-
mental laying hens. Although dietary inclusion of the highest sangui-
narine level led to a significant decrease (p < .05) only in ovarian LWF

(2-5 mm) numbers (Table S4), these traits were remained unaffected
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TABLE 5 Effect of different levels of sanguinarine on the relative weight of ovary (g/kg live body weight) and ovarian differential follicle

numbers in laying hens fed different levels of crude protein (CP)

CP (%) Probability
CP*

100 92.5 85 CP Sanguinarine Sanguinarine SEMP
Sanguinarine 0.00 3.75 7.50 0.00 3.75 7.50 0.00 3.75 7.50
(mg/kg)
Ovary 0.49 0.56 0.61 0.49 0.50 0.56 0.48 0.49 0.58 0.707 0.381 0.686 0.063
relative
weight
LWF? 40.0 35.7 31.0 35.2 33.7 29.5 33.7 31.7 28.2 0.211  0.049 0.379 2.090
(2-5 mm)
SYF? 20.2 187 16.6 18.2 16.5 15.2 17.7 15.2 14.7 0.474 0.398 0.115 2.281
(5-10 mm)
LYF? 6.25 5.75 5.25 6.00 5.25 5.25 5.50 5.25 5.00 0.531 0.309 0.303 0.520
(>10 mm)

ALYF: large yellow follicles; SYF: small yellow follicles; LWF: large white follicles.

PSEM: standard error of the mean (n = 8 birds).

by dietary sanguinarine supplementation in the laying hens receiving
decreasing levels of CP (Table 5).

3.6 | lleal nutrient digestibility

The reductions in ileal DM (p < .05) and CP (p = .071) digestibility meas-
urements were obtained in the hens fed the low-CP diet (Table S5).
Furthermore, ileal DM and CP digestibility were enhanced (p < .05)
as a result of dietary inclusion of sanguinarine, especially at 7.5 mg/kg
(Table S5). The interaction effects of the experimental factors indicated
that additional dietary sanguinarine, particularly its highest level, led to
remarkable improvements in ileal DM (p < .001) and protein (p <.01) di-
gestibility in those hens receiving decreasing dietary CP levels (Table 6).
Similarly, dietary supplementation of at least 3.75 mg/kg of sanguinar-
ine significantly increased ileal DM and protein digestibility in hens

receiving the recommended Hy-Line W-36 CP level (p < .01; Table 6).

3.7 | Performance

Declining CP levels led to significant decreases not only in egg pro-
duction percentages both on day 35 (p < .05) and throughout the
whole trial period (p = .062), but also in egg mass on day 35 (p =.059)
and 70 (p = .092) of the experiment (Table S6). However, egg weight,
feed intake and FCR remained unaffected in hens on the low-CP diet.
Dietary administration of the highest sanguinarine level resulted
in the elevated egg production percentage on day 35 (p < .05) and
tended to increase egg production percentage (p = .097) on day 70.
This is, while, sanguinarine exhibited no effects on egg weight, egg
mass, feed intake and FCR throughout the trial (Table Sé). Dietary
supplementation of the highest level of sanguinarine (7.5 mg/kg) led
to significant rises in egg production percentages on days 35 (p <.01),
70 (p = .054), and throughout the whole trial period (p < .05), egg

weight (p = .05) on day 35 of the trial, egg mass on day 35 (p <.001),
70 (p < .05), and the whole trial period (p < .05), feed intake (p < .05)
on day 35, and the improvement in FCR on day 35 (p < .05) and the
whole trial period (p < .05) in those laying hens receiving the decre-
mental CP levels (Table 7). Interestingly, dietary inclusion of at least
3.75 mg/kg was associated with the positive effects on performance
in those hens receiving the recommended CP levels of Hy-Line W-36.

4 | DISCUSSION
4.1 | Egg quality

The low-CP diet in this experiment decreased not only eggshell thick-
ness and strength but also Haugh unit and yolk color index. It, however,
had no effects on eggshell weight, egg shape, and yolk indices (Table 2).
Consistent with our findings, Novak et al. (2008) reported the depres-
sion in albumen percentage and the enhancement in yolk colour in their
laying hens supplemented with the low-CP diet. Similarly, Adeyemo
et al. (2012) showed that decreasing CP content (to 140 g/kg) led to re-
markable decreases in albumin index, yolk index, eggshell thickness and
Haugh unit. Nevertheless, some reports found no effects of decreasing
dietary CP content on these traits (Praes et al., 2014). These findings
indicate that a minimum CP content is necessary to prepare essential
amino acids not only for optimum eggshell mineralization but also for
matrix biosynthesis (Adeyemo et al., 2012).

Although dietary sanguinarine supplement was found to increase
eggshell strength, it showed no effects on other egg quality traits. The
improved eggshell strength was observed as a consequence of sangui-
narine supplementation might be ascribed to its inhibitory effect on
the oxidative burst enzyme (i.e., NADPH oxidase) in the uterus lead-
ing to the reduction in free radicals levels (Slaninova et al., 2014; Vrba
et al., 2004). It is considered that herbal bioactive components stimu-

late the enzymatic pathways of protein synthesis in the uterine eggshell
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TABLE 6 Effect of different levels of sanguinarine on illeal nutrient digestibility in laying hens fed different levels of crude protein (CP)

CP (%) Probability
CP*

100 92.5 CP Sanguinarine Sanguinarine SEM?
Sanguinarine 0.00 3.75 7.50 0.00 375 7.50 0.00 3.75 7.50
(mg/kg)
DM® digestibility 64.1°  66.57 66.8% 63.0° 64.6° 651° 61.22°¢ 629*° 631*° 0011 0.031 0.001 0.724
(%)
CP digestibility ~ 65.7° 68.7% 69.3° 645" 66.4° 679> 63.4°° 64.8°° 66.1° 0071 0.047 0.003 0.971

(%)

2SEM: standard error of the mean (n = 8 birds).
5DM: dry matter.

#“Means with no common superscript within each row are significantly (p < .05) different.

glands, thus improving eggshell strength by concentrating collagen in
the shell matrix (Mirbod et al., 2017). In addition, sanguinarine report-
edly released calcium ions from the sarcoplasmic reticulum, resulting in

the improved eggshell mineralization (Hu et al., 2001).

4.2 | Egg yolk biochemical parameters

Declining CP levels tended to increase egg yolk cholesterol concen-
tration in the experimental laying hens. This is possibly related to
the undesirable effects of reducing dietary CP content on hepatic
health indices and fatty liver syndrome induction that give rise to
cholesterol synthesis in the liver (Table 4). In this regard, Swennen
et al. (2007) noticed that low-CP diets stimulated hepatic lipogen-
esis, leading to the enhancement in triglycerides and lipoproteins
excretion into the blood stream (Hada et al., 2013).

Additional dietary sanguinarine levels were found to de-
crease egg yolk cholesterol concentration. The inhibitory effects
of the bioactive compounds exited in herbal medicines on hepatic
3-hydroxy-3-methyl-glutaryl-CoA reductase (i.e., the rate-limiting
enzyme of cholesterol biosynthesis) might be responsible for the
observed lower egg yolk cholesterol content (Srinivasan, 2005). Our
findings are consistent with those of previously reports that indicated
dietary inclusion of medicinal plants or their extracts decreased egg
yolk cholesterol content (Mirbod et al., 2017; Mousavi et al., 2017).
The interaction effects of the experimental factors indicated that
both yolk cholesterol and triglyceride concentrations were decreased
as a consequence of supplementing low-CP diets with sanguinarine.
The inhibition of Acetyl-CoA synthesizing enzyme and, thereby, the
fatty acid synthesis complex by botanic bioactive substances might be
accountable for the observed reduction in egg yolk triglyceride con-
tent (Qureshi et al., 1983).

4.3 | Serum enzyme activities

A decrease in dietary CP levels led to increases in serum AST, ALT and

ALP activities in laying hens. This might be associated with an increase in

hepatic fat percentage (Table 4). Because these enzymes, known as he-
patic health indices (Akbarian et al., 2012), have been shown to increase
as the consequence of liver injuries or high fat accumulation in the liver.
Consistent with our results, Dairo et al. (2010) observed that serum AST
and ALT activities increased in broilers fed low energy and CP diets.
Supplemental sanguinarine was observed to reduce serum ALT
and ALP activities in laying hens. Sanguinarine reportedly inhibits a
broad range of enzymes, especially those possessing active sulfhy-
dryl groups including Na-K ATPase, ALT and AST (Drsata et al., 1996).
Sanguinarine in its imine form plays an important role in either ox-
idant scavenging or enzyme inhibition (Dostal & Slavik, 2002). Our
findings are also in line with those of Jankowski et al. (2009), who
showed that dietary supplementation of the Macleaya cordata alka-
loid extract resulted in the decreased serum AST activity and thiobar-
bituric acid reactive substances in broiler chicks. Similarly, Matulka
et al. (2014) showed that the feeding 500 mg/kg of Macleaya cordata
extract led to a significant decrease in serum alkaline phosphatase
activity, but it did not affect serum AST and ALT activities in chicks.
Dietary inclusion of the highest sanguinarine level was found to
be capable of improving serum AST, ALT and ALP activities in hens
receiving decremental CP levels, whereas administration of at least
3.75 mg/kg sanguinarine was observed to decrease the activities of
these serum enzymes in hens receiving the recommended CP level.
Hepatoprotective effect of sanguinarine seems to be triggered into
action not only with a normal CP diet supplemented with the mini-
mum sanguinarine level but also with the decremental CP diet sup-

plemented with its maximum level.

4.4 | Hepatic biochemical and histological
alterations

Feeding the low-CP diet tended to decrease hepatic colour density
and tissue integrity, but it elevated the hepatic relative weight, fat
percentage and MDA concentration. The higher hepatic relative
weight and fat percentage might have been due to the higher serum
triglyceride content (Bavarsadi et al., 2017) leading to the higher fat

accumulation in the liver. These findings are confirmed by Bunchasak
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TABLE 7 Effect of different levels of sanguinarine on performance in laying hens fed different levels of crude protein (CP)

CP (%) Probability
cp*

100 92.5 85 CP Sanguinarine  Sanguinarine SEM?
Sanguinarine 0.00 3.75 7.50 0.00 3.75 7.50 0.00 3.75 7.50
(mg/kg)
Egg production (%)
1-35days 83.6° 859" 86.87 824° 83.1° 84.7° 79.8°° 80.3°° 82.0"° 0.039 0.046 0.009 1.132
36-70days 817 839 841 793 809 8.7 790 799 805 0.104 0482 0.054 1.775
1-70days  82.7° 84.9° 855" 80.9° 82.0° 83.2° 794°° 80.1°° 812° 0.062 0.097 0.036 1.313
Egg weight (g)
1-35days 629  62.8 643 61.0 627 631 602 621 628  0.392 0.321 0.050 1.315
36-70days 642 652 655 63.8 633 646 625 633 639 0613 0.864 0.302 1.903
1-70days  63.5 640 649 624 630 639 614 627 634 0572 0.651 0.142 1.758
Egg mass (g/day per bird)
1-35days  52.6° 54.0° 558 50.3° 521° 535" 48.0%° 499*°¢ 515" 0059 0.103 0.001 1.531
36-70days 52.5° 547% 5512 50.6° 51.2° 52.8° 494°° 506° 51.4° 0.092 0425 0.013 1.551
1-70days  52.5 54.4° 555 505° 51.7° 531° 487°° 50.2%° 51.5° 0109 0.394 0.015 1.835
Feed intake (g/day per bird)
1-35days  95.5° 96.9° 9770 94.0° 956 950° 9347 944> 952° 0169 0471 0.012 1.153
36-70days 957 934 941 919 919 938 903 910 916  0.691 0.625 0.201 1.910
1-70days  95.6 951 959 929 938 944 919 927 934 0375 0.599 0.118 1.625
FCR® (g of feed: g of egg)
1-35days  1.82° 179" 175" 187° 1.83° 178° 194 1.89 1.85" 0.194 0.218 0.040 0.062
36-70days 1.82 171 171 182 179 178 183 180 178  0.406 0.728 0.270 0.081
1-70days  1.82° 175" 173® 185" 1.81*° 178" 1.89° 185 1.82° 0.325 0.409 0.048 0.050

3SEM: standard error of the mean (n = 20 birds).
PFCR: feed conversion ratio.

“Means with no common superscript within each row are significantly (p < .05) different.

et al. (2005), who observed an increase in hepatic triglyceride con-
centration in hens on diet with 18% CP level. It has been demon-
strated that nutrition participates in the development of several
hepatic syndromes, since the liver plays a key role in lipid metabolism
owing to its involvement in lipid degradation, storage or lipogenesis
(Hada et al., 2013; Swennen et al., 2007). The observed enhance-
ment in hepatic MDA content relative to the control group might be
associated with the higher lipid accumulation in the hepatocytes of
hens fed low-CP diets, suggesting that overproduction of free radi-
cals in low-CP diets plays a role in tissue integrity repression.
Dietary administration of sanguinarine at least 3.75 mg/kg level
caused the more hepatic Kupffer cells in the hens. Niu et al. (2012)
showed that sanguinarine not only inhibited the expression of in-
flammatory mediators but also decreased expressions of intracellular
adhesion molecule-1 and vascular cell adhesion molecule-1. It may,
thus, be claimed that sanguinarine was able to induce peripheral im-
munological reactions (Tanaka et al., 2001). Similarly, the results of
our previous study showed that the percentage of monocytes in the
blood exhibited a numerical increase in laying hens receiving dietary

sanguinarine supplement (Bavarsadi et al., 2017).

The interaction effects of the trial factors showed that the di-
etary sanguinarine supplement, especially at 7.5 mg/kg level, led to
considerable decreases in hepatic relative weight, tissue integrity, fat
percentage and MDA content in laying hens fed on the decreasing di-
etary CP content. Jankowski et al. (2009) reported that the presence
of dietary supplementation of the Macleaya cordata alkaloid extract
caused a reduction in the relative liver weight in chicks. In agreement
with our observations, Lee et al. (2015) reported that dietary sup-
plementation of 50 mg/kg sangrovit resulted in the reduced MDA
concentration in thigh meat of broilers. This might be attributed to
the antioxidant activity of sanguinarine, as also previously noted by
Vrba et al. (2004), Slaninova et al. (2014), and Bavarsadi et al. (2017).

4.5 | Ovarian follicle enumerations

The decremental levels of dietary CP affected neither the rela-
tive ovary weight nor the ovarian follicle counts in the experimen-
tal hens. This is while dietary inclusion of the highest sanguinarine

level led to a decline in the ovarian LWF numbers. Angiogenesis is a
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vital event in the growth of ovarian follicles (Fraser & Wulff, 2001).
Administration of high levels of sanguinarine is reported to suppress
not only the production of vascular endothelial growth factor but
also the vascular endothelial growth factor-induced Akt activation
in granulose cells, thereby probably leading to the decrease in ves-
sel growth in the ovarian follicle (De Stefano et al., 2009). However,
this bioactive substance has remarkable modulatory effects on both
local and systemic inflammatory reactions. Sanguinarine plays its
anti-inflammatory role not only through inhibiting lipoxygenase and
cyclooxygenase-1 activities but also via mobilizing arachidonic acid-
induced Ca?* (Jeng et al., 2007).

4.6 | lleal nutrient digestibility

Decreasing dietary CP levels were found to lower the ileal DM and
CP digestibility in the experimental birds (Table S5). More specifi-
cally, dietary CP content was observed to affect nitrogen intake and
excretion, which are related to dietary nutrient availability (Praes
et al., 2014). The ileal DM digestibility was highly reliant on dietary
protein levels; so that the lower dietary CP level resulted in the lower
ileal DM digestibility (Dahlman et al., 2002). In agreement with our
results, Novak et al. (2008) showed that decreasing dietary CP con-
tent reduced protein digestibility in their laying hens.

Dietary sanguinarine supplementation was found to improve
the ileal digestibility of both DM and CP in the experimental hens
(Table 6). A number of explanations might be claimed for the ob-
served increase in nutrient digestibility upon sanguinarine intake.
For instance, the rise in the amounts of nutrients was made available
due to the reduction in ileal microbial counts (Bavarsadi et al., 2017).
Another mechanism to explain the enhancement in nutrient digest-
ibility is an increase in the secretion of digestive enzymes of the gas-
trointestinal tracts as a result of dietary inclusion of sangrovit (Franz
et al., 2005). Finally, sanguinarine was shown to improve intestinal
function in absorbing water and nutrients including ingested protein
and amino acids (Liu et al., 2013).

4.7 | Performance

Dietary inclusion of the decremental CP levels declined egg pro-
duction percentage and egg mass, whereas it had no effects on egg
weight, feed intake or FCR in the birds. Our findings are in agreement
with previous reports (Bunchasak et al., 2005; Novak et al., 2008;
Praes et al., 2014) suggesting the detrimental effects of feeding low-
CP diets on egg production might be ascribed to the induced lower
values of ileal DM and CP digestibility (Table 6) as well as lower intes-
tinal villi height to crypt depth ratio (Bavarsadi et al., 2017). Similar
to our observations, Rashid et al. (2004) observed that diets with the
decremental CP levels up to 150 g/kg led to the decreases in egg
production, egg weight, egg mass and feed efficiency in crossbred
hens as compared with those fed on high-protein diets. Adeyemo
et al. (2012) reported that although a reduction in CP content
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(140 g/kg) resulted in the decreases in egg yield percentage and egg
weight and an elevation in FCR, it had no influence on feed intake
in their hen layers. Unlike ours, some studies have shown that feed
intake and egg weight were decreased after feeding low-CP diets
(Bunchasak & Silpasorn, 2005).

The interaction effects of the experimental factors indicated that
dietary inclusion of sanguinarine improved feed intake, egg mass and
FCR in those laying hens receiving the decremental dietary CP lev-
els (Table 7). In agreement with our findings, Yakhkeshi et al. (2011)
reported that dietary inclusion of sangrovit improved FCR in broiler
chicks in both the finisher and total experimental periods. Teillet
et al. (2012) indicated that although dietary inclusion of 80 mg/kg
sangrovit lowered FCR in rabbits, it had no effects on their growth
rate. Pickler et al. (2013) noted that dietary inclusion of sanguinarine
at 50 mg/kg level led to the improvement in FCR in chicks. Our find-
ings arein line with those reported by Lee et al. (2015), who observed
that administration of 50 mg/kg sangrovit improved feed intake
during the grower phase in broilers. The observed improvements in
the productive performance of hens fed on the low-CP diets (85.0%,
92.5% of Hy-Line recommended CP levels) supplemented with the
highest level of sanguinarine might be explained by recourse to the
following two factors: (1) the improvement in dietary protein effi-
ciency achieved through reducing the intestinal decarboxylation of
aromatic amino acids induced by the inhibition of L-aminoacid de-
carboxylase (Drsata et al., 1996), and (2) the enhancement in feed
consumption as a result of stimulating the tryptophan-serotonin
pathway (Mellor, 2001). Furthermore, these responses might have
been promoted by the suppression of gut harmful microflora and, si-
multaneously, by the improvements achieved in the intestinal health
indices (Bavarsadi et al., 2017; Juskiewicz et al., 2013). These might
have collectively increased nutrient utilization and absorption in the
laying hens on diets supplemented with sanguinarine.

5 | CONCLUSION

The present study concluded that dietary administration of san-
guinarine is capable of enhancing productive performance via im-
proving nutrient digestibility, hepatic health indices and fortifying

systemic antioxidant capacity in laying hens fed low-CP diets.
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