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Ameneh Khoshvaghti and Mojtaba Aghaz
Department of Clinical Sciences, Faculty of Veterinary Medicine,
Kazerun Branch, Islamic Azad University, Kazerun, Iran

Abstract: In the present study the effects of nutrition on serum acute phase reactants Haptoglobin (Hp), Serum
Amyloid A (SAA) and ¢l-Acid Glycoprotem (AGP), mflammatory mediators (Tumor Necrosis Factor-o
(TNF-u)), Interferon-y (IFN-y ) and gangliosides (Total Sialic Acid (TSA)), Lipid Bound Sialic Acid (LBSA) and
Protein Bound Sialic Acid (PBSA) were investigated. Blood samples were collected from the jugular vein of
ninety apparently healthy ostriches and the concentrations of serum acute phase reactants, inflammatory

mediators and gangliosides were measured.
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INTRODUCTION

The Acute-Phase Proteins (APPs) are a group of
blood proteins that change in
animals subjected to external or internal challenges such

concentration in

as mfection, mflammation, surgical trauma or stress
(Eckersall, 2004; Murata et al., 2004; Gruys et al., 2005).
APPs and their changes due to various inflammatory
and non-inflammatory conditions have been studied
mtensively in many anumal species (Kaneko, 1997,
Murata et al, 2004, Murata, 2007). Glycoproteins are
defined as proteins which contain glycan chains linked
glycosidically to selected amino acid residues. Sialic acids
as monosaccharides are linked to the terminal galactose,
N-acetylgalactosamine or to other sialic acids m
carbohydrate chains attached to glycoproteins and
glycolipids. Sialic acids are often ivolved in important
cell surface communications and infection processes and
are present in normal serum in humans and animals;
their content in serum changes in various diseases
(King and Cavanagh, 1991; Ekin et al., 2003; Citil et al,,
2004). Sialic acid concentration increases rapidly following
the inflammatory and injury process (Ekin et al., 2003).
The mechanism underlying the induction of sialic acid
increase 1s not clearly understood. However, mvestigators
have reported that sialic acid localized at the end chain of
many acute-phase proteins can be used as marker for the
determination of acute-phase protein concentrations
(Thougaard et al., 1998, Enjuanes ef al., 2000, Elan et al.,
2003) because serum acute-phase proteins, especially
¢1-acid glycoprotein are sialyted glycoproteins.

Tumor necrosis factor 1s a cytokine mvelved in
systemic inflammation and is a member of the group of
cytokines that stimulate the acute phase reaction. The
primary role of TNF-i¢ is in the regulation of immune cells.
TNF-¢ 1s able to mnduce apoptotic cell death, mduce
inflammation and to mlubit tumorigenesis and viral
replication (Walsh et al., 1991).

There is some evidence that shows immune response
can be influenced by nutrition for example, a previous
study indicates Conjugated Linoleic Acids (CLA) have a
favorable influence on immune competence in nursery
pigs (Bassaganya-Riera et al, 2001). Other favorable
effects include improved feed efficiency, change in body
composition and decreased incidence of conditions
assoclated with adverse effects of the immune response,
e.g., allergic reactions and autoimmune disorders
(Crook, 1993). The change in diet and environment
post-weaning can be an mmportant stressor for piglets
which can result in increased disease susceptibility
(Fraser et al., 1994). Any condition which impairs Acute
Phase Protein Response (APPR) and hence the ability to
restore homeostasis may limit survival from injury.
Malnutrition prior to surgery attenuates aspects of the
APPR (Jennings et al., 1992) and this may in part, explain
the associated increase in post-operative morbidity in
malnourished patients (Allison, 1992). The cause of the
attenuated APPR in malnutrition is unknown but may be
cytokine mediated.

There are no studies on the effects of nutrition on
serum acute phase reactants, inflammatory mediators and
gangliosides in healthy ostriches. The aim of the present
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study was to find and compare the concentrations of
serum acute phase proteins, inflammatory mediators and
gangliosides m healthy ostriches that are fed with
different diets.

MATERIALS AND METHODS

Animals: After climical examinations and laboratory tests,
90 clinically healthy ostriches were selected from three
ostrich farms located in the provinces around Shiraz.

Ostrich dietaries

Farm 1 (Group 1): Corn 21%, alfalfa 36%, soybean 20.5%,
barley 15%, CaCO, 4%, calcium phosphate 2.5%, mineral
complex 0.25%, vitamin complex 0.45%, lysine 0.1%,
methionin 0.1% and NaCl 0.3%.

Farm 2 (Group 2): Com 22%, alfalfa 38.2%, soybean
18.95%, wheat 11%, CaC0O, 4.7%, phosphate 2.7 %, mineral
complex 0.65%, vitamin complex 0.65%, Vitamin A 0.2%,
VitaminE 0.1 %, soybean cil 1.3%, lysine 0.15%, B complex
0.2% and NaCl 0.3%.

Farm 3 (Group 3): Corn 14.1%, alfalfa 41.5%, soybean
10.36%, barley 10%, bran 15%, CaCO, 4.56%,
phosphate 2-2.5%, mineral complex 0.5%, vitamin complex
0. 5%, lysme 0.3%, methionin 0.12%, alkantin 0.52% and
NaCl 0.54%.

Blood sampling and processing: Blood samples were
collected from the jugular vein of healthy ostriches into
tubes without anticoagulant. The sera were separated by
centrifugation at 750 g for 15 min and stored at -20°C until
used. In the serum of different groups of birds, acute
phase proteins and inflammatory mediators were
measured using validated standard procedures.

Acute phase reactants determination

Haptoglobin determination: Haptoglobin (Hp) was
measwred according to prevention of the peroxidase
activity of hemoglobin which is directly proportional to
the amount of Hp. The analytical sensitivity of this test
in serum has been determined as 0.0156 mg mL ™" for Hp
by the manufacturer (Tridelta Development Plc, Wicklow,
Treland).

Serum amyloid A determination: Serum Amyloid A
(SAA) was measured by a solid phase sandwich
ELISA. The analytical sensitivity of this test in serum has
been determined as 0.3 pg mL™" for SAA by the
manufacturer (Tridelta Development Ple, Wicklow,
Ireland).

Serum ol-acid glycoprotein determination: Serum
¢l-acid glycoprotein  was measured by Radial-
Immunodiffusion Method (Tridelta Development Ple,
Wicklow, Ireland).

Gangliosides determination

Total sialic acid determination: Serum total sialic acid
concentration was determined by the thiobarbituric acid
method previously described by Warren (1959). The
amount of total sialic acid was determined by use of a
standard curve developed from a standard sample of
N-acetyl neuraminic acid.

Lipid bound sialic acid determination: Lipid bound sialic
acid concentration was determined by the method
described by Katopodis et al. (1982). The amount of lipid
bound sialic acid was determined by use of a standard
curve developed from a standard sample of N-acetyl
neuraminic acid.

Protein bound sialic acid determination: Protein bound
sialic acid concentration was measured by subtracting
serum total sialic acid from lipid bound s1alic acid.

Inflammatory mediators determination

TFN-v and TNF-¢¢ determination: TFN-v and TNF-¢ were
measured by a solid phase sandwich ELISA (AbC 606 and
AbC 607, respectively, Votre fournisseur AbCys S.A.
Paris, France).

Statistical analysis: Data were analyzed by SPSS
Software, Version 11.5. Descriptive statistics mcluding
mean and standard error were calculated for all variables.
In the present study ANOVA, Duncan and t-test were
done. A p<0.05 was considered as statistically significant.

RESULTS AND DISCUSSION

The mean+SE of acute phase proteins, inflammatory
mediators and gangliosides m 90 clinically healthy
ostriches belonging to 3 groups was shown in Table 1.
The significant statistical differences between different
parameters in the 3 groups was shown in Table 2. The
statistical evaluations showed that there were no
significant differences between acute phase proteins,
LBSA, TNF-¢ and TFN-y in the different groups (p<0.05).
There was a statistical sigmificant difference between TSA
i Group 2 and 3 (p = 0.007) and there were statistical
significant differences between PBSA and in Group 3 with
Group 1 and 2 (p =0.024 and p = 0.013, respectively).

The concentrations of serum Hp m clinically healthy
ostriches 1n Farms 1-3 were 0.078+:0.0027, 0.07340.0017,
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Table 1: Meant8E of serum concentrations of acute phase proteins, inflammatory mediators and gangliosides in 90 clinically healthy ostriches in 3 groups

Group 1 Group 2 Group 3
Parameters Mean Standard error Mean Standard error Mean Standard emror
Hp(gL™ 0.078 0.0027 0.073 0.0017 0.077 0.0036
SAA (ugmL™Y) 1.7200 0.0390 1.73 0.026 1.77 0.044
TSA (mmol L™) 0.00044 0.0 0.00039 0.0 0.00047 0.0
LBSA (mmol L™Y) 0.000178 0.0 0.000175 0.0 0.00021 0.00001
PBSA (mmol L) 0.00026 0.00001 0.00028 0.00001 0.00026 0.00001
TNF- (pg dL. ™) 16.61 0.57 1648 0.434 15.996 0.870
IFN-y (pg dL™H 9.37 0.2415 9.5500 70.261 9.79 0.436

Table 2: Differention between serum concentrations of acute phase proteins,
inflarmmatory mediators and gangliosides in three groups of
clinically healthy ostriches

Parameters I groups J groups Sig.
Hp (gL™) 1 2 0.400
3 0.983
2 1 0.400
3 0.500
3 1 0.983
2 0.500
SAA (pgmL™h 1 2 0.984
3 0.571
2 1 0.984
3 0.676
3 1 0.571
2 0.676
TSA (mmol L) 1 2 0.210
3 0.259
2 1 0.210
3 0,007+
3 1 0.259
2 0.007
PBSA (mmol L) 1 2 0.967
3 0.024%
2 1 0.967
3 0.013
3 1 0.024%
2 0.013*
LBSA (mmel L™ 1 2 0.220
3 0.982
2 1 0.220
3 0.161
3 1 0.982
2 0.161
TNF-o (pg dL™) 1 2 0.989
3 0.786
2 1 0.989
3 0.860
3 1 0.786
2 0.860
IFN-y (pg dL™) 1 2 0.916
3 0.625
2 1 0.916
3 0.856
3 1 0.625
2 0.856

*#Rignificant in p<0.03; **Significant in p<0.01

0.077+0.0036 ug mL ", respectively which are in agreement
with the concentrations of serum Hp in clinically healthy
ostriches found in another study on healthy ostriches
and in climcally healthy avian reported by Nazifi er al.
(2010a, b).

The concentrations of serum amyloid A in Farms 1-3
were 1.7240.039 1.7240.026 andl.7740.044 mg mI. ™" and are
in agreement with the other research on ostriches and also
the normal value of avian that was observed by
Nazifi et al. (2011). Statistical evaluation showed that
there were no significant differences between Hp and
SAA so, the nutrition does not have any effect on acute
phase proteins in ostriches.

Addition of cholesterol to a high-fat diet increases
plasma SAA levels and atherosclerosis independent of an
adverse effect on plasma lipoprotems, consistent with the
hypothesis that SAA may promote atherosclerosis
directly by mediating retention of SAA-enriched HDL to
vascular proteoglycans (Lewis et al., 2004).

Diets high m saturated fat and cholesterol which are
associated with increased risk of cardiovascular disease
in humans increase SAA levels in mice (Grundy and
Denke, 1990; Liao et al., 1994). An atherogenic diet has
previously been shown to increase SAA levels in
C57BL/6 mice. The diet used m that study contained very
high levels of cholesterol and cholic acid (Liao et al.,
1994).

In this study, it was observed that & l-acid
glycoprotein was not detectable in serum of any of the
farm’s ostriches which is in agreement with the previous
study. This is in agreement to Curtis et al. (1995) finding
about malnutrition effect on al-acid glycoprotemn. These
researchers did a study on the effect of nutritional status
on the magnitude of the acute phase protein response and
determined whether this is associated with changes in the
magnitude of the related cytokine responses. They
reported a significant reduction 1n the plasma C-reactive
protein response in the malnourished group but no
difference between the groups in the responses of
al-antitrypsin, al-acid glycoprotem or in the trace
elements iron or zinc which reflect mduction of ferritin and
metallothionein. Dietary CLA had no statistical effects
on serum levels of «l-acid glycoprotein. «l-acid
glycoprotemn 1s an acute inflammatory phase reactant
mediated by interleukin-1, mterleukin-6 and tumor
necrosis factor o (Eckersall e al., 1996).

The concentration of acute phase proteins is
generally low to non detectable in healthy ammals and
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elevations are used to diagnose and monitor inflammatory
diseases (Feldman et al., 2000). Albumin concentration is
assoclated with levels of several acute phase proteins,
C-reactive protein, ¢l-acid glycoprotein or ceruloplasmin
and with nutritional markers such as normalized protein
catabolic rate. Albumin concentration in dialysis patients
changes with inflammation and nutritional status through
their effects on albumm catabolism and synthesis,
respectively. Within the range of albumin levels in these
patients, nutritional variables primarily affected albumin
synthesis while inflammation caused hypoalbumimermia by
mcreasing the albumin Fractional Catabolic Rate (FCR).
Albumin synthesis also increased in proportion to Plasma
Volume (PV) as % body weight. The PV expansion does
not contribute to hypoalbuminemia (Kaysen ef af., 2002).

Dietary CLA supplementation increases IgG levels
compared to controls (p<0.05) and a significant linear
effect of the dietary treatment is also found (p = 0.03)
(Corino et al., 2002). Sugano et al (1997) observed
mcreased serum [gG in rats fed diets supplemented with
0.5 and 1% CLA. According to these researchers, CLA
regulate the production of immunoglobulins, increasing
the concentrations of IgA, IgG and IgM and decreasing
IgE concentration (Pescovitz, 1998).

The serum APPs have been used as nonspecific
clinical markers of health problems in humans and other
mammalian species (Gabay and Kushner, 1999). APPs can
be used for prognosis and diagnosis of disease and may
provide a similar use in identifying poultry health
problems.

The acute phase response 13 mediated by the pro-
mflammatory cytokines which mduce the synthesis of
acute phase proteins by the liver, particularly Interleulin-1
(IL-1), Tumor Necrosis Factor-¢ (TNF-t) and Interleukin-6
(IL-6) (Zetterstrom et al., 1998). The pro-inflammatory
cytokines mduce the synthesis of acute phase protems
by the liver. There are major differences between various
animal species in the APP response in disease (Eckersall,
2006). Several acute phase proteins have been analyzed in
chicken mn association with common poultry diseases.
Most of these APPs do not change to the same level as
mammalian APPs and could not be analyzed in natural
mnfections. In mammals, the increased synthesis of acute
phase proteins in response to an inmune challenge varies
in magnitude from a 50% increase in ceruloplasmin to a
several hundred-fold increase in C-reactive protein
(Barnes et al., 2001). In chickens, only a few APPs have
been described so far. Of these, the plasma «l-acid
glycoprotein, SAA, transferrin, TSA, LBSA, PBSA and
ovotransferrin (Tnoue et al., 1997, Chamanza et al., 1999,
Helt and Gast, 2002; Xie et al., 2002; Nazifi ef ai., 201 0a-c,
2011) can be mentioned.

Inflammation or tissue injury causes the release of
pro-inflammatory cytokines such as IL.-1, 11.-6 and tumour
necrosis factor which alter the blood concentration of a
variety of protems that are produced primarily in liver.
Tracheitis, bronchitis, tracheal edema, bronchial caseous
plugs and air sacculitis indicate widespread inflammatory
reaction m IBV and this causes release and elevation of
SAA and Hp concentrations. Kovacs et al. (2007) showed
a mild increase in SAA in the goose by administration of
a fowl] cholera vaccine containing inactivated Pasteurella
multocida. Vaccination was an inflammatory factor and
produced increased SAA levels.

Nazifi ef al. (2010a-¢) showed a significant increase
in SAA levels of infectious bursal disease virus-infected
chicks. Chameanza et al. (1999) reported that administration
of terpentin to pullet and Staphylococcus aureus
infection in chicks cause an elevation in SAA and
transferrin concentration. The concentrations of serum
LBSA m ostriches of Farms 1-3 were 0.0002640.00001,
0.00028+0.00001 and 0.00026+0.0001 mmol L7,
respectively. The concentrations of serum PBSA  in
ostriches of Farms 1-3 were 0.000178+£0.0000,
0.000017520.0000 and 0.00021£0.00001 mmol L7,
respectively and the concentrations of serum TSA in
ostriches of Farms 1-3 were 0.0004440.0000,
0.00039+0.0000 and  0.00047£0.0000 mmol L7,
respectively.

The concentrations of serum TNF-g in ostriches
of Farms 1-3 were 16.612£0.57, 16.48+0.434 and
15.99620.870 pg d. ™, respectively and the concentrations
of serum INF-y i ostriches of Farms 1-3 were 9.37+0.2415,
9.55+0.2617 and 9.79+0.436 pg dL~, respectively. The
comparison of concentrations of serum TLBSA, PBSA,
TSA, TNF-¢ and IFN-y mn this study are in agreement with
the other research also, these parameter levels in ostriches
are in agreement with the normal value of avian and are
lower than the normal value of cattle serum LBSA, PBSA,
TSA, TNF-¢¢ and TFN-vy that have been reported before
(Nazifi et al., 2011).

The cytokine respomses in the three groups were
similar and hence, the different nutrition in different
groups was not sufficient to influence the cytokine
response. There 1s an early increase m 1L-6, soluble
receptors of TNF and in IL-1 receptor antagonist in the
malnourished and well nourished groups but no
detectable increase in plasma IT1.-1 or TNF. There is no
difference between either group for any of these markers
of activation of the cytokine network. Weight loss 1s
therefore associated with a reduction in aspects of the
acute phase response but this is due to impaired
effectiveness rather than reduced magnitude of the
cytokine response (Curtis et al., 1995).
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They are capable of stimulating mononuclear
phagocytes and endothelial cells to release immune
medulators such as TNF-¢, members of the interleukin
family (IL-1, TL-6, TL-8 and TL-12) and interferon-ce
(Hamann et al., 1998). There were statistical significant
differences between TSA in Groups 2 and 3 (p = 0.007)
also, between PBSA m Group 3 with Groups 1 and 2
(p = 0.024 and 0.013, respectively), on the other hand,
TSA and PBSA have been affected by nutrition.

The concentrations of TSA, LBSA and PBSA are
significantly higher in diseased birds than healthy avian
(Farsang et al., 2002; Nazifi et al., 2011). Malnutrition 1s
well-known to cause a reduction i the plasma
concentration of many proteins, especially those with a
short half life such as prealbumin and transferrng
(Fleck et al., 1985). This reflects the diversion of amino
acids from the synthesis of these proteins into other
proteins which are more essential for immediate survival.
It may also partially explain the fall in the concentrations
of these proteins when an acute phase response is
induced and when there is synthesis of a large number of
proteins necessary for contamment of inflammation and
repair of diseased tissue (Whicher and Westacott, 1992).
At the same time, however, mcreased transcapillary
escape of proteins occurs as a result of local inflammatory
mediators acting on the capillary wall. Tt seems that in
the study, all of the groups received enough of the
necessary materials and the different diets had no effect
on Hp, SAA, gl-acid glycoprotem, TNF-g, IFN-y
and LBSA .

To summarize, these finding suggest that TSA and
PBSA are affected by nutrition but Hp, SAA, «l-acid
glycoprotem, TNF-g and IFN-y are not affected by
nutrition.

CONCLUSION

The results of the study showed that nutrition has no
effect on the serum concentration of Hp, SAA, LBSA,
TNF-¢¢ and TFN-y but diet does have an effect on TSA
and PBSA.

REFERENCES
Allison, S.P., 1992, The uses and limitations of nutritional

support. Clin. Nutr., 11: 319-330.
Barmes, D.M., Z. Song, K.C. Klasing and W. Bottje,

2001. Protein metabolism during an acute
phase response in chickens. Amino  Acid,
22: 15-26.

Bassaganya-Riera, T, R. Hontecillas-Magarzo,
K. Bregendahl, M.J. Wamemuehler and D.R.
Zimmerman, 2001. Effects of dietary conjugated
linoleic acid m nursery pigs of duty and clean
environments on growth, empty body composition
and immune competence. J. Anim. Sci., 79: 714-721.

Chamanza, R., MJ. Toussant, AM. Van Ederen,
L. Van Veen, C. Hulskamp Koch end T.H. Fabri, 1999.
Serum amyloid a and transferrin in chicken. A
preliminary investigation of using acute-phase
variables to assess diseases in chickens. Vet. Q.
21: 158-162.

Citil, M., V. Gunes, M. Karapehlivan, G. Atalan and
S. Marash, 2004, Evaluatin of serum sialic acid as an
mflammation marker in cattle with traumatic reticulo
peritonitis. Rev. Med. Vet,, 155; 389-302.

Corino, C., V. Bontempo and D. Sciannimanico, 2002.
Effects of dietary conjugated linoleic acid on some
aspecific immune parameters and acute phase protein
i weaned piglets. Can. J. Anim. Sci., 82: 115-117.

Crook, M., 1993, The determination of plasma or serum
sialic acid. Clin. Biochem., 26: 31-38.

Curtis, G.E., C.A. Mc Atear, L. Formela, A. Walsh and
A. Shenkimn, 1995. The effect of nutritional status on
the cytokine and acute phase protein responses to
elective surgery. Cytokine, 7. 380-388.

Eckersall, P.D., 2004. The time is right for acute phase
protein assays. Vet. J., 168: 3-5.

Eckersall, P.D., 2006. Acute phase proteins as biomarkers
of disease mn compamon and laboratory ammals.
Proceedings of the 57th Annual Meeting of the
American College of Vetermmary Pathologists,
December 2-6, 2006, Tucson, Arizona, pp: 47-52.

Eckersall, P.D., PX. Saini and C. McComb, 1996. The
acute phase response of acid soluble glycoprotein,
¢(1)-acid glycoprotein, ceruloplasmin, haptoglobin
and C-reactive protein, in the pig. Vet. Immunol.
Immunopathol., 51: 377-385.

Ekin, 5., N. Mert, H. Gunduz and I. Meral, 2003. Serum
sialic acid levels and selected mineral status in
patients with type 2 diabetes mellitus. Biot. Trace.
Elem. Res., 94: 193-201.

Enjuanes, I.., W.J. Spaan, E.J. Snijder and D. Cavanagh,
2000. Nidovirales. Tn: Virus Taxonomy: Classification
and Nomenclature of Viruses, Regenmortel, M.H. V.,
C.M. Fauquet, D.H.L. Bishop, E.B. Carsten and M.K.
Estes etal (Eds.). Academic Press, New York, USA |
pp: 827-834.

Farsang, A., C. Ros, LH.M. Renstrom, C. Baule, T. Soos
and 3. Belak, 2002. Molecular epizootiology of
infectious bronchitis virus in Sweden indicating the
involvement of a vaccine strain. Avian Pathol,
31: 229-236.

2156



J. Anim. Vet. Adv., 11 (12):2152-2158, 2012

Feldman, B.V., J.G. Zinkl and N.C. Jain, 2000. Schalm's
Veterinary Hematology. 5th Edn., Williams and
Wilkins, Philadelphia, USA.

Fleck, A., CM. Colley and M.A. Myers, 1985. Liver export
proteins and trauma. Br. Med. Bull., 41: 265-273.

Fraser, D.J., EA. Pajor and I.TR. Feddes, 1994. The
relationship between creep feeding behavior of
piglets and adaptation to weaming: Effect of diet
quality. Can. J. Anim. Sci., 74: 1-6.

Gabay, C. and T. Kushner, 1999. Acute-phase proteins and
other systemic responses to mflammation. N. Engl. J.
Med., 340: 448-454.

Grundy, S.M. and M.A. Denke, 1990. Review-Dietary
influences on serum lipids and lipoproteins. J. Lipid
Res., 31: 1145-1172.

Gruys, E., MJM. Toussaint, T.A. Niewold and
S.J. Koopmans, 2005. Acute phase reaction and acute
phase proteins. I. Zhejiang Univ. Sci. B, 6: 1045-1056.

Hamann L., V. EL-Samalouti, A.J. Ulmer, H.D. Flad and
E.T. Rietschel, 1998. Components of gut bacteria
as immunomodulators. Int. J. Food Microbiol.,
41: 141-154.

Holt, P.5. and RK. Gast, 2002. Comparison of the
effects of mfection with salmonella enteritidis, in
combination with an induced molt, on serum levels of
the acute phase protein «l-acid grycoprotein, in
hens. Poult. Sci., 81: 1295-1300.

Inoue, M., W. Satch and H. Murakami, 1997. Plasma «1-
acid glycoprotein in chickens infected with infectious
bursal disease virus. Avian Dis., 41: 164-170.

Jenmngs, G., A M. Cruickshank, A. Shenkin, D.G. Wight
and M. Elia, 1992. Effect of aseptic abscesses in
protein deficient rats on the relationship between
interleukin-6 and the acute phase protemn, a2-
macroglobulin. Clin. Sei., 83: 731-735.

Kaneko, I.1., 1997, Serum Proteins and Dysproteinemias.
In: Clinical Biochemistry of Domestic Animals,
Kaneko, I.T, I.W. Harvey and M.I.. Bruss (Eds.).
Academic Press, San Diego, CA USA., pp: 117-138.

Katopodis, N., Y. Hirshaut, N.L. Geller and C.C. Stock,
1982. Lipid-associated sialic acid test for the
detection of human Res.,
42: 5270-5275.

Kaysen, G.A., A, Doubin, HG. Muller, W.E. Mitch,
L.M. Rosales and N.W. Levin, 2002. Relationships
among inflammation nutrition and physiologic
mechamsms  establishuing  albumm  levels 1
hemodialysis patients. Kidner Int., 61: 2240-2249.

King, D.J. and D. Cavanagh, 1991. Infectious bronchitis.
In: Diseases of Poultry, Calnek, B'W., H.J. Barnes,
W.M. Reid and HW. Yoder (Eds.)., Iowa State
University Press, Ames, pp: 471-484.

cancer. Cancer

Kovacs, BM., M.J. Toussaint, E. Gruys, IL.B. Fabian,
1.1, Szilagyil and P. Rudas, 2007. Evaluation of goose
serum amyloid a acute phase response by enzyme-
lnked immunosorbent assay. Acta. Vet. Hung,
55: 349-357.

Lewis, KE., EA. Kirtk, T.O.T. Mc Donald, 3. Wang,
TN. Wight, KD.O. Brienand A. Chait, 2004. Increase
mn serum amyloid a evoked by dietary cholesterol 1s
associated with increased atherosclerosis in mice.
Circulation, 110: 540-545.

Liao, F., AJ Lusis, JA Berliner AM. Fogelman,
M. Kindy, M.C. de Beer and F.C. de Beer, 1994. Serum
amyloid a protein family: Differential induction by
oxidized lipids in mouse strains. Arterioscler Thromb.,
14: 1475-1479.

Murata, H., 2007. Stress and acute phase protein
response: An inconspicuous but essential linkage.
Vet. T, 173: 473-474.

Murata, H., N. Shimada and M. Yoshioka, 2004. Current
research on acute phase proteins in veterinary
diagnosis: An overview. Vet. J., 168: 28-40.

Nazifi, S., H. Dadras, S.A. Hoseinian, M. Ansari-Lari and
M. Masoudian, 2010c. Measuring acute phase
proteins (haptoglobin, ceruloplasmin, Serum amyloid,
A. and fibrinogen) in healthy and infectious bursal
disease virus-infected chicks. Com. Clin. Pathol.,
19: 283-286.

Nazifi, S., M. Ansari-Lan, N. Ghafan, S. Mohtarami,
A. Ghezelbash and M. Tabandeh, 2010b. Evaluation
of sialic acids, TNF-¢, INF-y and acute-phase
proteins 1n cattle infected with foot-and-mouth
disease. Comparative Clin. Pathol., 10.1007/s00580-
010-1059-5.

Nazifi, 3., M. Haghkhah, Z. Asadi, M. Ansari-Lari,
MR. Tabandeh, 7. Esmailnezhad and M. Aghamiri,
2010a. Bvaluation of sialic acid and acute phase
proteins (haptoglobin and serum amyloid a) in clinical
and subclinical bovine mastitis. Pak. Vet. J., 31: 55-39.

Nazifi, S., ML.R. Tabande, S.A. Hosseiman, M. Ansari-Larn
and H. Safari, 2011. Evaluation of sialic acid and
acute-phase proteins (haptoglobin  and serum
amyloids A) in healthy and avian infection bronchitis
virus-infected chicks. Comparative Clin.  Pathol,,
20: 69-73.

Pescovitz, M.D., 1998. ITmmunology of the Pig. In:
Handbook of Vertebrate Tmmunology, Pastoret, P.P.,
P. Griebel, H. Bazin and A. Govaerts (Eds.). Academic
Press Inc., London, UK, pp: 373-419.

Sugano, M., A. Tsujita, M. Yamasalki, K. Yamada, T. Tkeda
and D. Kritchevsky, 1997. Lymphatic recovery, tissue
distribution and metabolic effects of conjugated
linoleic acid in rats. J. Nutr. Biochem., 8: 38-43.

2157



J. Anim. Vet. Adv., 11 (12):2152-2158, 2012

Thougaard, A. V., E. Hellmen and A.T.. Jensen, 1998. Total
serum sialic acid is a general disease marker rather
than a specific tumour marker in dogs. J. Vet. Med.
Ser. A, 45: 471-479.

Walsh, L.J., G. Trinchieri, H.A. Waldorf, D. Whitaker and
G.F. Murphy, 1991. Human dermal mast cells contain
and release tumor necrosis factor alpha, which
induces endothelial leukocyte adhesion molecule 1.
Proc. Natl. Acad. Sci., 88: 4220-4224.

Warren, L., 1959. The thiobarbituric acid assay of sialic
acid. J. Biol. Chem., 234: 1971-1975.

2158

Whicher, J.T. and CI. Westacott, 1992. The Acute
Phase Response. In: Biochemistry of Inflammation,
Whicher, I T. and SW. Evans (Eds.). Kluwer
Pubshing, Dordrecht, pp: 243-269.

Xie, H., G.R. Huff, W.E. Huft, TM. Balog, P. Holtand
N.C. Rath, 2002. Identification of ovotransferrin as
an acute phase protein in chickens. Poult. Sci.,
81:112-120.

Zetterstrom, M, AK. Sundgren-Andersson,
P. Ostlund and T. Bartfai, 1998. Delineation of the
proinflammatory cytokine cascade in fever induction.
Amn. N Y Acad. Sci., 856 48-52.



	2152-2158_Page_1
	2152-2158_Page_2
	2152-2158_Page_3
	2152-2158_Page_4
	2152-2158_Page_5
	2152-2158_Page_6
	2152-2158_Page_7

