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Abstract

Selection for rapid growth in poultry can be linked to an exaggerated state of oxidative stress
(reactive oxidative species). Reactive oxidative species are kept in balance by endogenous and
exogenous antioxidants. Two compounds conjugated linoleic acid (CLA) and berberine a purified
compound from plant root extract have been suggested to ameliorate oxidative stress. A six-week
study examined the effect of CLA and berberine supplementation on markers of oxidative-stress
in poultry. Day old broiler chickens (n=60) were equally divided into six groups; a control, a CLA
group where half of the regular oil used in a standard was substituted for a CLA oil mixture, a
berberine group consisting of berberine supplementation, an allopurinol group, a CLA and
allopurinol with the same dose as the CLA and allopurinol groups and a berberine and allopurinol
group. The allopurinol was added to induce an oxidative stress state. Body weight, plasma uric
acid, plasma glucose, and relative gene expression of six endogenous liver antioxidants were
measured during the course of the study. The addition of allopurinol to the diet induced an oxidative
stress state as measured by a significant reduction in plasma uric acid. There were no significant
changes in BW and blood glucose concentrations. There was a 10-fold increase in the relative
MRNA expression of superoxide dismutase 2 and 3 as well as glutathione peroxidase 1 and 3 in
CLA+ALLO and BRB+ALLO treatment groups. Notably, CLA increased the expression of
uncoupling protein 19-fold compared to control, while the addition of allopurinol blocked these
changes. In contrast, there was a slight increase in the uncoupling protein in the BRB+ALLO
treatment. Despite the increase in mRNA expression of the antioxidants genes, these results suggest
that at the dosages administered, CLA and berberine were not effective in reversing the oxidative
stress induced by allopurinol.
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Introduction

Inflammation is of significant
concern in the poultry industry, it impacts
production worldwide and the overall health
of the chicken. Inflammation can arise from
both environmental and internal factors, the
former can be usually traced back to an
increase in ambient temperature whereas the
latter has a broader range of origin from
species to gender and metabolism. Both
environmental and internal factors are
characterized by an increase in oxidative
stress22, Oxidative stress results from an
imbalance between reactive oxidative species
(ROS), which are highly reactive oxygen
base molecules, and antioxidants (Aox). A
major source ROS is the electron transport
chain (ETC)*® and in an imbalanced
physiologic state they represent a danger to
aerobic organisms because of their high
reactivity and tendency to form covalent
bonds with lipids, proteins and DNA®"8, Any
structural alterations in molecules can lead to
a change in cell state, distancing itself from
cell ~ homoeostasis, which can be
characterized by  overexpression  of
oncogenes, formation of mutagens, and
overall inflammation®.

Birds in general have higher level of
plasma glucose; however, they do not exhibit
any noticeable side effects associated with
classic diabetic complication due to the
elevated levels of the endogenous antioxidant
plasma uric acid. Plasma uric acid is a potent
Aox for circulating ROS in species lacking
uricase and is associated with prolonged life
span®®. Previous studies in poultry have
demonstrated that allopurinol
supplementation reduces plasma uric acid
concentrations  thus  establishing a
controllable oxidative stress model'l. In a
normal state, ROS generation is balanced by
antioxidants and other molecules having
Aox-like properties, which target and
neutralize the oxidative species. Antioxidants
can be characterized as endogenous or
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exogenous. The main families of endogenous
Aox are the superoxide dismutase and the
glutathione family while the exogenous ones
are mostly characterized by the presence of a
phenol group®!+12,

Berberine, an exogenous Aox isolated
from plant root extract, has been used in
traditional Chinese herbal medicine. This
compound is a quaternary ammonium salt
that possesses several benzene rings and
methoxy functional groups, which allows the
electron to circulate within the conjugated
double bond system. In addition to increasing
the activity of endogenous antioxidants,
berberine is reputed to possess anti-diabetic,
anti-inflammatory and  anti-carcinogenic
properties!3141516  Neutralization of ROS
may also be achieved by activation of
uncoupling protein  (UCP). Uncoupling
protein is a member of the family of the
transmembrane proteins located in the inner
membrane of the mitochondria homologues
involved in thermogenesis and ROS balance.
Its main mode of action is to uncouple
respiration (ETC) from oxidative
phosphorylation and does so by moving
protons from the inner mitochondrial
membrane space into the matrix*"*. This
action increases the probability of any pair of
protons reacting with superoxide radicals,
thereby, creating metabolic water from
catalase or glutathione peroxidase. Berardi et
al.1® has suggested that UCP can be activated
by the binding of fatty acid (C14 to C18) to
the receptor whereas purine nucleotides act
as allosteric inhibitors. For example, trans-10
cis-12 conjugated linoleic acid (CLA) has
been shown to affect energy balance through
up-regulation of UCP activity!8202122 CLA
refers to a collective of fatty acids, each 18
carbons long. The primary source of CLA is
from dairy products by hydrogenation of
dietary linoleic acid and stearic acid. Of the
28 conjugated system, the cis-9 trans-11 and
trans-10 cis-12 have been shown to have the
most prominent metabolic effects.
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The purpose of this study was to
determine if the addition of berberine or CLA
to the diet of broiler chickens could reverse
the induction of an oxidative stress state
induced by allopurinol. We hypothesized that
the addition of the two compounds should
increase the endogenous antioxidants
possibly reverting the redox state induced by
the help of the allopurinol.

Material and Methods

All procedures and experiments were
approved by West Virginia University’s
Institution Animal Care and Use Committee
(ACUC #15-0301.1).

Experimental Design

Sixty mixed sex day old Cobb/Cobb
500 broiler chicks were obtained from
Pilgrim’s Pride, Moorefield, WV. Chicks
were housed within pens and maintained
under a twelve-hour light-dark cycle with
temperature set at 27°C. On the third day,
chicks were divided in two pens until they
reached one week of age, at which time they
were tagged with leg bands and divided into
six pens based on weight. The study lasted for
a total of six weeks. The chicks were
maintained on a starter diet for the first four
weeks. At week five of the study, the broiler
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chicks were started on different treatments.
The treatments were based on a standard diet
(see Table 1) with the supplementation of
either berberine or the partial of conjugated
linoleic acid oil. The six treatments were
composed of a control group, a conjugated
linoleic (CLA) diet in which half of the
regular oil used in the normal diet was
substituted for a mixture of 50/50 cis-9 trans-
11 and trans-10 cis-12 isomers CLA oil
(0.80% CLA oil diet)?. The berberine group
(BRB) was supplemented with berberine
(200mg/kg of feed)!, the ALLO group was
provided allopurinol (25mg/kg of body
weight) supplemented in the diet?*, in
addition to a CLA+ALLO and BRB+ALLO
group where ALLO was provided for the last
two weeks of the study. The ALLO,
CLA+ALLO and BRBA+ALLO were
treated with allopurinol to induce a redox
state?®?®, Weights were recorded weekly over
the six-week experimental period. Berberine
(chloride hydrate, purity >99%) and
Allopurinol were purchased from Sigma-
Aldrich (Saint Louis, MO, USA). The CLA
was purchased commercially (Vitamorph
Labs, Highland, IN, USA) as 1200 mg
capsules. Food and water were provided ad
libitum.

https://esmed.org/ MRA/mra/
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Table 1. Ingredient and percentage composition of diet fed to broilers

Item
Control  CLA il

Ingredient % Oil Diet Diet
Soybean meal 28.3 28.3
Corn 66.2 66.2
Regular oil 2.2 1.1
CLA N/A 1.1
Dicalcium phosphate 1.7 1.7
Calcium carbonate 0.8 0.8
Salt 0.25 0.25
Nutra blend mix? 0.25 0.25
Methionine 0.2 0.2
Monensin 0.1 0.1
Total %

M. Energy® (kcal/kg) 31305 31305
Protein % 19.5 19.5
Fat % 4.9 4.9
Fiber % 2.67 2.67
Calcium % 0.78 0.78
Phosphorous % (total) 0.67 0.67
Phosphorous % (available) 0.44 0.44
Methionine % 0.48 0.48
Methionine + Cysteine % 0.82 0.82
Lysine % 1.04 1.04
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@ Nutrablend premix is from Premix NB 3000 used at a rate of five Ibs/ton Nutra Blend LLC (Neosho,MO)
consisted of manganese (4%); zinc (4%); iron (2%); copper, 4.500ppm; iodine, 600ppm; selenium, 60ppm;
vitamine A, 1.4E10e5 IU/Ib; vitamin D3, 5.E5 IU/lb; vitamin E 3.E3 1U/Ib; vitamin B12, 2mg/Ib;
menadione, 150mg/dl; riboflavin, 1200mg/dl; thiamine, 200mg/dl; D-pantothenic acid, 1200mg/dl; niacin;
5000mg/dl; vitamin B6 250mg/dl; folic acid 125mg/dl; choline, 700000mg/dl; Biotin 6mg/dI.

b Metabolizable energy

Sampling procedure

After two weeks on treatment, blood
samples (4ml) were obtained from six birds
per pen from the brachial (wing) vein. Each
sample was transferred to a heparinized tube
and immediately placed on ice. The same
birds were sampled for the next three
subsequent bleedings: for a total of four
bleedings. The samples were centrifuged at
2000 rpm for 20 minutes at 4°C to collect
plasma and stored at -20° C, pending
analysis. On the last day of the study, the
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birds were euthanized and a sample of liver
(~1g) was snap frozen in liquid nitrogen and
stored in a -80°C freezer for further analysis.

Sample analysis

Plasma samples were used for
measurement of plasma glucose and plasma
uric acid. Plasma glucose was measured
using amperometric  measurement  of
hydrogen peroxide (H202) on a platinum
electrode  (YSI 2700  Biochemistry
analyzer)?*?7, Plasma uric acid (PUA) was
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measured using Infinity™ Uric Acid Liquid
Stable Reagent assay from Thermo Scientific
(Waltham, MA, USA; Klandorf et al., 2001).

Liver samples (75-100 mg) were used to
study the relative mRNA expression of six
antioxidant related genes in the superoxide
dismutase (SOD) family, glutathione
peroxidase (GPX) family and uncoupling
protein (UCP) family. A Trizol-Reagent
(Invitrogen™, Carlsbad, CA) based method
was used to extract and isolate total RNA.
The isolated RNA was resuspended in
nuclease free water and treated with DNase
(Ambion®, Thermo Scientific Waltham, MA,
USA). Four microliters of DNase treated
RNA were reverse transcribed to cDNA
utilizing an iScript™ cDNA synthesis kit from
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Bio-Rad (Hercules, CA). A SYBR® Green
Master Mix kit (Bio-Rad, Hercules, CA)
method was used on a BIORAD CFX96 Real
Time System (C1000 Touch Thermal cycler)
to quantify the expression of SOD1, SOD2,
SOD3, GPX1, GPX3 and avUCP using
designed primers. The gene sequences were
obtained from the ncbhi data base
(https://www.ncbi.nlm.nih.gov) and
designed using the Primer3 Input (version 4.0
http://bioinfo.ut.ee/primer3-0.4.0/primer3/)

(see Table 2). Results of real time PCR were
normalized to the housekeeping gene
GAPDH. Calculation and analysis of mMRNA
expression was performed using the
efficiency corrected delta-delta Ct method?®.

Table 2. Oligonucleotide primers for real-time RT-PCR

Accession

Gene Forward (5'-3") Reverse (5'-3') Annealing (°C) Number
“GAPDH Gagggtagtgaaggctgctg cggatcaaaggtggaagaat 60 NM_204305.1
1GPX1 Ggaggctctgcagtaaagga cttcgaggctttggaagatg 60 NM_001277853.2
1GPX3 Gagatcctccctgcactgaa cacatcccctttctggaaga 60 NM_001163232.2
4(Cu-Zn)SOD1 Tgctggacctcgtttagctt ctcatttcccactgccatct 60 NM_205064.1
°(Mn)SOD2 Aatggtgggggtcatatcaa agtcacgtttgatggcttcc 60 NM_204211.1
4(Cu-Zn)SOD3 Tgtgatccatgagcaggaag gtttgccagcatttccattt 60 XM_015285700.1
avUCP Gagaaacagagcgggatttg ctcetggcetcacggatagag 60 NM_204107.1

“GAPDH is glyceraldehyde 3- phosphate dehydrogenase

1GPX is Glutathione Peroxidase

8S0D1 and 3 are soluble and extracellular respectively, using Copper-Zinc (Cu-Zn) as electron acceptor
bSOD2 is mitochondrial superoxide dismutase using manganese (Mn) as an electron acceptor

Statistical analysis

The effects of  experimental
treatments on bodyweight, plasma uric acid,
and plasma glucose and gene expression
were analyzed using ANOVA with treatment
as main effect. Tukey’s multiple comparison
test was used for specific pair wise
comparison. Statistical analysis for gene
expression was done on ACt, however, the
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AACT measurement were used in the figures.
The values presented are the LSM+SE.
Statistical analysis was done using JMP
program (SAS Institute Inc., Cary NC).
Statistical significance was set at P < 0.05.

Results

There were no significant differences
in body weight (BW) gain between the
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treatments (data shown in Dartigue et al
(unpublished)). There was a significant (P <
0.05) decrease in plasma uric acid
concentrations at weeks 5 and 6 of the study
in groups administered allopurinol compared
to controls (Fig 1). The decrease was more
pronounced (P < 0.05) in the CLA+ALLO
and BRB+ALLO groups, 0.17£0.04mM and
0.16+0.04mM respectively, compared to
both ALLO (0.27 + 0.04mM) and controls
(0.43 £ 0.04mM). Neither BRB nor CLA had
a measurable effect on plasma glucose
concentrations compared to controls (Figure
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2). However, the combination of
CLA+ALLO significantly decreased plasma
glucose concentrations compared to the
ALLO group. Liver to bodyweight ratio in
the BRB group was significantly decreased
compared to controls (Fig 3). Allopurinol
administration in ALLO, CLA+ALLO and
BRB+ALLO groups increased (P < 0.05) the
liver/BW ratio as compared to the controls,
Fig 3. However, there was a numerical
decrease in the liver/bw ratio in the
CLA+ALLO and BRB+ALLO groups
compared to the ALLO group.

BRB+ALLO

w
H

Weeks

Fig 1. Change in plasma uric acid (mM) over the last four weeks of treatments. The vertical dashed
line represents the time at which allopurinol was added to the respective diets. Controls, conjugated linoleic
acid (CLA) and berberine (BRB) groups are shown as solid lines as compared to the Allopurinol (ALLO),
conjugated linoleic acid+allopurinol (CLA+ALLO) and berberine+allopurinol (BRB+ALLO), which are
represented by dotted lines. The notation a represents significant differences compared to controls whereas
b represents significant differences compared to the ALLO group. P < 0.05
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Fig 2. Effect of treatment on plasma glucose concentrations. The control, conjugated linoleic acid (CLA)
and berberine (BRB) represent the non-redox state. Allopurinol (ALLO), conjugated linoleic
acid+allopurinol (CLA+ALLO) and berberine+allopurinol (BRB+ALLO) are the redox state groups. The
data represents least square mean * standard error. The notation a represents significant differences
compared to controls whereas b represents significant differences compared to the ALLO group. P < 0.05
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Fig 3. Effect of treatment on liver to body weight ratio. The control, conjugated linoleic acid (CLA) and
berberine (BRB), represent the non-redox state. Allopurinol (ALLO), conjugated linoleic acid+allopurinol
(CLA+ALLO) and berberine+allopurinol (BRB+ALLO) are the redox state groups. The data represents
least square mean + standard error. The notation a represents significant differences compared to controls
whereas b represents significant differences compared to the ALLO group. P < 0.05
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The relative expression of superoxide
dismutase (SOD) 1 through 3, uncoupling
protein (UCP) and glutathione (GPX) 1 and 3
are shown in Fig 4. The genes were chosen
based on their location and their targets.
SOD 1 and 3 uses Cu/Zn as electron
acceptors and were expressed in the outer
mitochondrial membrane and in the
cytoplasm,  respectively. SOD2  has
manganese as an electron acceptor, which is
located in the mitochondrial matrix. GPX 1
and 3 differed on their physical location,
intracellular and plasma soluble respectively.

Medical Research Archives vol 9 issue 10. October 2021
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Only one homologue of UCP was studied.
Control units were expresses as arbitrary
units and set as 1. In the baseline groups
composed of the CLA group and BBR group,
CLA led to a 4-fold increase in SOD1,
whereas BRB slightly decreased SOD1
expression below that of controls (Fig 4, A).
ALLO numerically increased SOD1
expression by 3-fold, which was not
significant. The redox state however, caused
by allopurinol led to a 6- and 12-fold increase
in expression (P < 0.05) in both the
CLA+ALLO and BRB+ALLO groups.
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Fig 4. Relative mMRNA expression of hepatic endogenous antioxidant enzymes in broiler chickens.
Control, conjugated linoleic acid (CLA) and berberine (BRB) represent the non-redox groups. Allopurinol
(ALLO), conjugated linoleic acid+allopurinol (CLA+ALLO) and berberine+allopurinol (BRB+ALLO) are
in the redox state. Panel A, B and C represent the expression of superoxide dismutase (SOD) 1 through 3.
(D) The effect of treatments on uncoupling protein (UCP3) expression. Panels E and F represent
Glutathione peroxidase 1(GPX1) and GPX3 expression across treatments. The data was calculated using
the 6-6 Ct method. GAPDH was used as the housekeeping gene to normalize expression. The data represents
the mean + standard error. The notation a represents significant differences compared to controls whereas
b represents significant differences compared to the ALLO group. (P < 0.05).

SOD2 expression across treatments
was comparable to the changes observed in
SOD1 (Fig 4, B). In the non-redox state, CLA
increased SOD2 six-fold, whereas BRB
increased the expression two-fold. However,
SOD2 expression decreased in the ALLO
group in contrast to the increase observed in
SOD1. CLA and BRB, when exposed to

Copyright 2021 KEI Journals. All Rights Reserved

allopurinol, increased the expression of
SOD2. CLA+ALLO also significantly
increased SOD2 relative expression 7-fold
and BRB+ALLO 16-fold (P < 0.05). In
contrast to SOD1 and SOD2, SOD3
expression in CLA, BRB and ALLO groups
were not significantly different compared to
the controls (Fig 4, C). In the redox state,
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however, there was an increased expression
of SOD3 in CLA+ALLO and BRB+ALLO
groups, at 10 and 9-fold, respectively.

A marked increase in uncoupling
protein (avUCP) expression occurred in
response to the CLA treatment (20-fold
increase) whereas BRB marginally affected
avUCP expression (3-fold increase) as
compared to controls (Fig 4, D). avUCP
expression decreased in the ALLO group as
compared to controls. In contrast to CLA,
CLA+ALLO increased UCP expression 4-
fold whereas there was a 10-fold increase in
UCP3 expression in the BRB+ALLO group.

Glutathione peroxidase 1 (GPX1)
expression was similar to that observed in the
SOD3 group (Fig 4, E). In the non-redox
state, CLA and BRB did not undergo
significant changes in gene expression. In the
redox state, ALLO did not change the
expression of GPX1, whereas CLA+ALLO
and BRB+ALLO treatments led to 9- and 10-
fold increases (P < 0.05) in expression,
respectively. Glutathione peroxidase 3
(GPX3) expression closely resembled that of
SOD 2 in both the non-redox and redox state
(Fig 4, F). There was a small increase in
GPX3 expression in the CLA and BRB
groups, as well as in the allopurinol treated
birds. CLA+ALLO and BRB+ALLO
modulation were pronounced with increases
in expression 5 and 11-fold, respectively (P <
0.05).

Discussion and Conclusions

Plasma wuric acid is a potent
antioxidant in birds and its inhibition has
been linked to an increase in ROS production
in  birds**%,  Previous studies have
established that allopurinol is a potent
inhibitor of plasma uric acid in birds, which
leads to the establishment of a redox state in
treated chickens'?*. The degree or severity
of the redox state can be varied depending on
the dosage of allopurinol administered,
resulting in a somewhat controllable model
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of oxidative stress for redox study. Making
use of this model, we set out to determine if
berberine and/or CLA could restore the bird
to its pre-redox state caused by the
administration of allopurinol.

One week after administration
allopurinol, PUA declined in all treated
groups. By week 10, the ALLO group had a
level of plasma uric acid of 0.27 £ 0.04mM
compared to the controls at 0.40 £ 0.037 mM.
However, this decline was unexpectedly
more pronounced in both the CLA+ALLO
and BRB+ ALLO groups as they reached
levels of 0.17£0.04 and 0.16£0.04mM
respectively (P < 0.05). Kong et al*! suggest
that berberine may have an inhibitory effect
on xanthine oxidase; if so, this would explain
the negative synergistic effect on plasma uric
acid concentrations.

CLA is known to increase the activity
and expression of avUCP*? whereas
berberine is suggested to reduce blood
glucose concentrations in Type 2 diabetes by
increasing insulin sensitivity>> as well as
enhance the expression of endogenous
antioxidants such as SOD!. UCP is a
transmembrane protein with its active site
exhibiting flippase activity to move protons
between mitochondrial inner membrane
space and the matrix. The accumulation of
protons in the matrix increases the
probability that a proton interacts with an
electron as they cycle through complex Ili
and IV. As the animal transitions from a
normal to a redox state, there should be an
increase in antioxidants to neutralize the ROS
and potentially dampen the effect of the shift.
With this basic premise, the addition of CLA
and berberine was expected to increase the
expression of antioxidant genes. To test this
hypothesis, we measured the mMRNA
expression of six endogenous antioxidants
genes. Berberine administration led to an
increase in the relative expression of SOD 1,
2 and 3 by 13, 16 and 8-fold respectively.
These compounds also increased mMRNA

https://esmed.org/ MRA/mra/
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expression of UCP, glutathione 1 and 3, by a
10-fold change in both avUCP and GPX1 and
an 11-fold change in GPX3. Although, CLA
was hypothesized to affect avUCP, it also
increased the relative expression of other
endogenous  antioxidants, albeit less
pronouncedly. Comparable results were
reported by Cantwell et al.®* in human cell
line exposed to cow milk containing CLA.
Reactive oxygen species are kept in
balance by antioxidants. The superoxide
dismutase (SOD) family and glutathione are
among the principal endogenous
antioxidants. SOD catalyzes superoxide to
hydrogen peroxide, which is then degraded to
in water and oxygen by glutathione3* In this
study, CLA led to a 7, 6- and 8-fold increase
in SOD 1, 2 and 3, respectively. Cellular
glutathione’s expression increased 9-fold
whereas the increase in extracellular
glutathione was 5-fold. However, the
addition of CLA to allopurinol did not result
in a further increase in UPC expression.
Allopurinol is a purine analogue which may
have inactivated UCP, which is down-
regulated by purines. It is possible that
allopurinol also masked the effect of CLA on
avUCP. This would explain the 3-fold
increase in the redox state in contrast to the
19-fold increase in avUCP expression
without allopurinol. Furthermore, CLA
modulation of avUCP expression could be an
additional means to maintain ROS balance
An increase in ROS has been linked
to liver inflammation due to leukocyte
infiltration which, in turn, leads to additional
ROS production®. In the current study, we
measured an increase in liver size in the
ALLO group as well as an increase in the
liver to BW ratio compared to controls. The
addition of the BRB and CLA to the
allopurinol treated birds was able to
numerically decrease liver weight but not
back to control levels. These results are in
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agreement with Hwang et al*® who observed
in rats that berberine decreased ROS
production and the incidence of liver lesions
by an increase glutathione production. The
results suggest that at the dosages used in this
study CLA and berberine were not able to
completely restore to a non-redox state in
birds administered allopurinol.

The use of the allopurinol redox
model in birds to study the effect of CLA and
berberine on markers of oxidative stress was
not conclusive. The liver to BW ratio
suggested that the addition of CLA and
berberine were able to reduce inflammation
of the liver but not to that measured in control
levels. The further reduction in plasma uric
acid by these two compounds in allopurinol
fed birds was not anticipated, which suggests
that additional ROS may have been
produced. CLA and berberine were able to
increase the relative mRNA expression of the
selected endogenous antioxidant genes but
without measurement of the gene products,
we cannot establish whether these changes
have been translated/expressed. Additional
studies are required to establish this
relationship.  Finally, at the dosage of
allopurinol used we were not able to
completely restore the redox state. We
conclude that the allopurinol model can be
used to measure the ability of alternative
compounds to ameliorate the induced
oxidative stress.
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