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Introduction
One of the products of the oxidation of L-arginine

in many organisms is nitric oxide (NO) that performs
many diverse and significant biological functions
(Arthur et al., 1996; Bredt and Snyder, 1994; Hampl
et al., 2000; Kroncke et al., 2001). In the immune
system, NO is synthesized by activated macrophages
and acts as a cytotoxic, antiviral and tumoricidal
agent and has been proved to be involved in non-
specific defense mechanisms (Coleman, 2001;
Kroncke et al., 2001; Liew, 1995; Liew and Cox,
1991; Van, 2001). NO also mediates important
functions in other tissues and organs such as the lung,
gastrointestinal tract, liver, pancreas, kidney, and the
reproductive system (Arthur et al., 1996; Kobzik et
al., 1993). 

NO production involve the multi step reaction that
is catalyzed by a single heme-containing enzyme, NO

synthase (NOS), which exists in three isoforms:
nNOS (neuronal NOS), a constitutive form which
was initially identified in neurons; iNOS (inducible
NOS), an inducible form from macrophages; eNOS
(endothelial NOS), a constitutive form which was
initially identified in endothelium (Bredt and Snyder,
1994; Griffith and Stuehr, 1995; Lamas et al., 1992;
Nathan, 1992).

Among different NOS isoforms, iNOS is
inducible by a variety of factors related to
inflammation and therefore is often referred to as
inducible NOS(iNOS)(Arthur et al., 1996; Coleman,
2001; Djeraba et al., 2002; Kroncke et al., 2001). It is
regulated at the level of gene expression; once
expressed, it produces NO at a high rate (Hampl et al.,
2000). Due to the apparent correlation between iNOS
gene expression and protein production, detection of
mRNA (messenger ribonucleic acid) is an alternative
method of demonstrating iNOS induction. Several
techniques are currently available to measure
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changes in gene expression at the mRNA level. These
include the northern blot, the RNase protection assay,
insitu hybridization and the reverse transcription-
polymerase chain reaction (RT-PCR)(Aust, 2003;
Ausubel et al., 2000; DuBois et al., 1993; Gilliland et
al., 1990; Melton et al., 1984; Reiner et al., 1994).
RT-PCR is increasingly used to detect small changes
in gene expression that would otherwise be
undetectable (Freeman et al., 1999).

Although there has been considerable research on
the biological functions of NO and the regulation of
NOS in humans and rodents (Kobzik et al., 1993),
little is known of NOS in non mammalian system
such as chickens. The objectives of this study were to
develop and validate a practical and sensitive RT-
PCR system for quantitation of iNOS expression.
This could help for better understanding the
regulation of NOS at the molecular level in chickens.

Materials and Methods
Sample preparation and RNA Extraction from

tissue: Chicken spleen was used as a source of
macrophages. Spleen was removed aseptically.
Single cell suspensions were prepared by gently
teasing the organ on a steel sieve. Nucleated
erythrocytes were eliminated by centrifugation at
400g. Total RNA was extracted by single step method
of Ausubel et al., (Ausubel et al., 2000). Briefly,
100mg of homogenized cells was prepared in 1 ml
denaturing solution containing 4M guanidinium
isothiocyanate. The homogenate was mixed
sequentially with 0.1 ml of 2M sodium acetate pH 4,
1 ml water-saturated phenol, and 0.2 ml
chloroform/isoamylalcohol (49:1). The resulting
mixture was centrifuged, yielding an upper aqueous
phase containing total RNA. Followed by 100%
isopropanol precipitation, the RNA pellet was
dissolved in 0.3 ml denaturing solution,
reprecipitated with isopropanol, and washed with
75% ethanol. The RNA samples were resuspended in
DEPC (diethylpyrocarbonate)- treated water and
stored at -80ºC. The yield and the integrity of each
RNA sample were checked by spectrophotometrical
measurement of 260A and agarose gel
electrophoresis respectively.

Reverse Transcription: RNA was reverse
transcribed to CDNA (complementary
deoxyribonucleic acid) in a 20 μl final volume
containing 1 μg of extracted RNA, 200ng random
hexamer and 0.5 mM Deoxyribonucleotide
triphosphate (dNTP) Mix. The mixture was heated to
65ºC for 5 minutes, and added 4 U RNase inhibitor,
RT buffer (50mM Tris-Hcl,75mM KCL,3mM
MgCl2 ), 10mM DTT and 200 unit M-MLV Reverse
Transcriptase (Invitrogen, Karlsruhe, Germany).
This mixture was incubated for 10 minutes at 25ºC
followed by 50 minutes incubation at 37ºC. The
prepared cDNA were heated at 75ºC for 15 min to
denature the MMLV-RT and then stored at -20ºC.

Standard reaction for iNOS PCR: The PCR was
performed in a total volume of 25μl. 2 μl of cDNA
products were amplified with 1 unit of Taq
polymerase (Promega, Germany) and 0.1mM of each
dNTP in the buffer provided by the manufacturer
which contains no MgCl2, and in the presence of the
specific primers for iNOS, together with the β-actin
primers, used as an internal control. Primers were
synthesized by Tib Molbiol (Germany). The
following primers were used: 
iNOS 5'- AGGCCAAACATCCTGGAGGTC -3'(Tm 61, 1ºC)

5'- TCATAGAGACGCTGCTGCCAG-3' (59,7ºC) 

β-actin 5'-ACTGGATTTCGAGCAGGAGAT -3' (51ºC)

5'- TTAGAAGCATTTGCGGTGGACAA -3' (53 ºC).

iNOS yielded an amplification product of 371 bp
and β-actin of 468 bp. The melting temperatures (Tms)
indicated in brackets were reported according to
primer data sheet provided by manufacturer (Tib
Molbiol. Germany). Moreover, the PCR primers
were selected in a way that the 5' and the 3' primers
span different exons, so that the amplification
product obtained from the cDNA were of different
length from that obtained from contaminant genomic
DNA comprising intronic sequences. 

Reactions were carried out in the Ependorf PCR
system 5331. PCR was performed with cycling
program as follows: 1 cycle of 10 minutes at 94ºC, 45
seconds at 65ºC and 1 minute at 72ºC; 27 cycles of 45
seconds at 94ºC, 45 seconds at 65ºC and 1 minute at
72ºC. PCR products were in the exponential phase of
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amplification. In this phase none of the RNAs
analyzed reached a plateau at the end of the
amplificated protocol. Moreover, in the selected
conditions, two sets of primers used in each reaction
did not compete with each other. 

Each primer was used in a concentration range of
0.05 to 0.4 μM. Determination of the optimal
concentration for each primer set was performed
using different MgCl2 concentrations in the standard
of  PCR reaction conditions and by adjusting the
water volume consequently. We normally tested the
following MgCl2 concentrations: 1, 1.5, 2, 3 and 5
mM. The products were run on an agarose gel to
choose the condition that gave the highest yield and
specificity.

Appropriate number of cycles was determined by
testing the different cycles of 15, 19, 23, 27, and 31 for
both iNOS and β-actin amplifications. 

Control reactions were performed to reveal whether
the selected conditions are suitable for dual RT-PCR
with both primers sets (iNOS and β-actin) at the same
time. The same sample was amplified at the same time
in the presence of the specific primers for iNOS, the
internal control β-actin, and both sets together.
Furthermore, different MgCl2 concentrations for each
reaction were tested. PCR products were then run on the
same agarose gel for comparison and quantitation. 

Certain condition, in that competition had not
been detected, was used for determination of
quantificated efficacy. Different concentrations of
iNOS template were co-amplified with the same
concentration of β-actin. 

Acquisition of gel images and quantitative
analysis: An aliquot of each PCR products were
subjected to electrophoresis in 2% agarose gel and
stained with 0.5 μg/ml ethidium bromide. Images of
the RT-PCR ethidium bromide-stained agarose gels
were acquired with a Sony XC-75 CE camera (Vilber
Lourmat Inc. Cedex, France) and quantification of
the bands was performed by Photo-Capt V.99 Image
software (Vilber Lourmat Inc. Cedex, France).
Relative densities were expressed as iNOS/β-Actin
density.

Results

Concentration of 0.05-0.2 μM for primers usually
is optimal. In this study iNOS with 0.1 μM of each of
the two iNOS-specific primers and 0.05 μM of each
β-actin-specific primers were optimized. Lower
concentrations may limit the amplification and
higher concentrations may cause non-specific
amplification products. 

The results of different cycling number have been
demonstrated in Fig. 1. According to these results 27
cycles was selected for dual PCR of iNOS and β-actin.

Different concentrations of MgCl2, in a range of 1-
5 mM, were tested. As shown in Fig.2, iNOS worked
best at 1, 1.5 and 2 mM MgCl2, whereas the yield of
β-actin did not change at the concentrations tested
(Fig. 2). Any primer set behaves differently, and a
narrower concentration range (for example 1, 1.5, 2,
2.5, 3 mM) was tested (data not shown). iNOS
specific primers for the target RNA competed with
the β-actin primers in 1 mM concentration of MgCl2
(Fig. 3 ).

Fig. 4 shows an example of RT-PCR analysis
performed in different concentration of iNOS
template. According to the above results obtained
from different conditions, 27 cycles and 2 mM MgCl2
were selected for dual quantitative PCR. In this
example co-amplification of 2.5 ng of β-actin with
0.125, 0.25, 0.5, 1 and 2ng of iNOS templates were
illustrated. Quantification of the bands intensity
expressed as iNOS/ β-Actin relative densities (Fig. 4).
β-actin did not change significantly and iNOS
decreased under the serial dilution. 

Discussion
Comparative gene-expression profiling is an

important tool in understanding molecular markers
of the responses of cells and tissues to external factors
(Carding et al., 1992; Crawford et al., 2002; Djeraba
et al., 2002; Gilliland et al., 1990; Han et al., 1999;
Svetic et al., 1991). With increasing microarray data,
molecular patterns are emerging but the acquisition
of these data is expensive, difficult to customize and
not well standardized. Once genome-wide scans
identify differentially expressed genes in a given
condition, cheaper, more easily customized methods
will be needed for evaluating the expression of these
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genes in large population samples. 
Reverse transcription-polymerase chain reaction

assays that attempt to quantify gene expression
require internal controls (Ali et al., 1997, Carding et
al., 1992; Freeman et al., 1999). Because of the
independent nature of amplifying two different
sequences, each with its own respective primer pair,
housekeeping gene internal controls downgrade RT-
PCR assays to a semi-quantitative level of accuracy.
However, the simplistic approach of using such
endogenous internal controls does offer some
practical advantages to RT-PCR, when precise

quantification is not required. Firstly, the ratio of
target to control transcripts in a single RNA sample
should always be consistent, thus the quantity of
RNA added to reactions is not critical. Also, there is
no need to spike samples with an equivalent amount
of the control substance. Furthermore, housekeeping
genes are versatile and may be used as controls for any
number of different target genes. Lastly, to utilize
housekeeping gene internal control all that is required
is the primer set. 

Commonly used to quantitate mouse and human

Fig. 1- Determination of the exponential range of amplification for

iNOS and β-actin. The analysis was performed in 1 mM MgCl2 at

65°C. The intensity of the iNOS amplification product increased up

to 31 cycles, whereas β-actin reached a plateau at 27 cycles.

Fig. 2- Effect of different MgCl2 concentrations in the PCR reaction.

Analysis was performed on the spleen tissue. iNOS amplification was

optimal at 1, 1.5 and 2  mM MgCl2 and decreased gradually at higher

concentrations. The intensity of the β-actin amplification product

did not change significantly.

Fig. 3- Control for competition between different primer sets.

Reactions were performed in the same conditions for lanes 1, 2 and

3. Lane 1 contained the β-actin primer set only, lane 3 the Specific

iNOS primers for the target RNA, and lane 2 both primer sets. In the

selected conditions 2 and 3 mM MgCl2, iNOS and β-actin did not

compete. Specific primers for iNOS competed with the β-actin

primers in 1 mM MgCl2 concentration.

Fig. 4- Example of analyses performed on different concentration of

target iNOS in the same concentration  of β-actin . Lane 1-5 co

amplification of 2.5 ng of β-actin with respectively 0.125, 0.25, 0.5, 1

and 2ng  of iNOS  templates. N/A indicates the relative level of the

iNOS amplification product (N) over the β-actin  internal control (A).

In all panels, the upper band is β-actin and the lower band is the

amplification product of iNOS. 
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gene mRNA expression (Crawford et al., 2002;
Reiner et al., 1994; Svetic et al., 1991), quantitative
RT-PCR assays have not yet been widely used in
domestic animal species. To expand the scope and
flexibility of the measurement of iNOS mediated
responses in chicken, we undertook the development
of a rapid, quantitative RT-PCR assay for measuring
iNOS gene expression in chicken. Here we described
the standard procedure, optimized in our laboratory,
to assess chicken iNOS levels with β-actin as an
internal control. As for all quantitative techniques,
great care must be taken in all optimization steps: the
necessary controls to ensure a rough quantitative
(semi-quantitative) analysis are described and
examples of the analyses of multiple markers and of
the data obtained are shown. 

It is important to select the appropriate number of
cycles so that the amplification product is clearly
visible on an agarose gel and can be quantified, but
also so that amplification is in the exponential range
and has not reached a plateau yet. The optimal
number of cycles has to be in the same range for the
specific RNA of interest (i.e. iNOS) and the control,
in this case β-actin, so that both can be measured on
the same gel. According to the results that were
obtained in this study (Figure 1), 27 cycles was
selected for dual PCR of iNOS and β-actin.

When competition showed as a decrease in
intensity of the target RNA in the presence of β-actin
(Fig. 3, 1mM MgCl2), different reaction conditions
have to be used in terms either of MgCl2
concentration or annealing temperature, or both. At
first, quantitation was performed with single primer
sets, and only if the amplification products obtained
with each iNOS or β-actin primer set had the same
intensity as that obtained with both primer sets
together, the conditions were considered as optimal
(2 and 3 mM MgCl2) (Fig.3). In Fig. 3 it have been
illustrated that how iNOS and ?-actin did not compete
when combined at 27 cycles in 2 and 3 mM MgCl2.
On the other hand, it could be shown as an example
that in 1 mM MgCl2, iNOS primers compete with β-
actin. The amplification product for iNOS was
considerably reduced when co-amplification with
both primer sets was performed in 1 mM MgCl2

concentration, and that the competition was
completely eliminated when MgCl2 concentration
was increased to 2 and 3 mM (Fig. 3).

Co-amplification of the iNOS gene with
housekeeping gene provides a quantitative result
(Fig. 4). Changes in gene expression level may be
monitored, while avoiding sample-to-sample
loading variation. This dual quantitative PCR
amplification provides a complete solution for RT-
PCR iNOS gene expression and identification needs.
The RT-PCR described here could readily be
modified to quantitate reliably iNOS mRNA
expression in any other domestic animal species.
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ìXéú| Gýò|Aèíééþ OdÛýÛBR kAìLryßþ,7831, kôoû 2, yíBoû1,401-99|

@ðBèýr ðýíú Þíþ WùQ AoqüBGþ GýBó  só SONi|ko ìBÞpôÖBsøBÿ Æýõo

|ÒçìpÂB ðýßHhQ GpôWñþ
1*

ìvÏõk Oz×Bï
2

cvýò cvò|Kõo
3

1)âpôû  ìýßpôGýõèõsÿ |kAðzßlû kAìLryßþ kAðzãBû OùpAó,  OùpAó – AüpAó.

2)âpôû  Öýrüõèõsÿ kAðzßlû kAìLryßþ kAðzãBû OùpAó,  OùpAó – AüpAó.

3)âpôû  Öýrüõèõsÿ kAðzßlû kAìLryßþ kAðzãBû yùpÞpk,  yùpÞpk – AüpAó.

|(|||koüBÖQ ìÛBèú: 42  |||ìùp  ìBû 6831,  Knüp} ðùBüþ: 3 ||Gùíò ìBû 6831)

|̂ßýlû 
SONi||GpASp ÎõAìê ìhPéØ AèPùBGþ  GýBó ìþ|âpkk ô Gú øíýò kèýê ðõÑ AèÛBüþ  SONðBìýlû ìþ yõk. OñËýî GýBó @ó ko uÇe só ¾õoR âpÖPú ô ìýrAó

GýBó @ó AoOHBÉ ìvPýÛýíþ GB Oõèýl GBæÿ ONkAok. Gpouþ GýBó  SONi||AGrAo ÚloOíñlÿ GpAÿ koá yBgÀ|øBÿ ìéßõèþ ìõSp ko KBui|øBüHBÖPþ ô uéõèþ

Gú ÎõAìê gBoWþ AuQ. koAüò OdÛýÜ oô} ðýíú Þíþ ôAÞñ{  RCP-TR GpAÿ AuPhpAZ  ANR ÆdBë Æýõo ô AðlAqû|âýpÿ GýBóANRmSONi||

ko øp ðíõðú ÆpAcþ yl. WrDýBR oô} GpAÿ @ðBèýr ìýrAó GýBó só ypf kAkû ylû AuQ.nitca-bbGú ÎñõAó ÞñPpë kAgéþ GpAÿ ÎBkÿ uBqÿ OÓýýpAR

ìýrAó ANROBï ko Gýò ðíõðú|øB ô ÞBo@üþ ôAÞñ{ AuP×Bkû yl. AÖrôkû|uBqÿ øírìBó só|øBÿ  SONi||  ôsó|øBÿ ÞñPpë kAgéþ (nitca-bb) ðPBüY Þíþ oA

Gú kuQ ìþ|køl Þú AìßBó AðlAqû âýpÿ OÓýýpAR ko ìýrAó GýBó só oA ÖpAøî ìþ |uBqk, Gþ @ó Þú AgPçÖBR ìÛlAo üà ðíõðú GB ðíõðú küãp Gp@ó OBSýp GãnAok.

|

ôAsû|øBÿ Þéýlÿ:ANRmSONi|, RCP-TR, GýBó só,nitca-b.|

∗) ðõüvñlû ìvõöôë: Oé×ò: 75071116-120ðíBGp: 71572466-120   ri.ca.tu@thkabkin||:liamE
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