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 Abstract

In this study, it was investigated that the levels of acute phase proteins in rats with experimentally induced different inflammation models. 
In first groups rats were treated with 0.5mg/kg turbentin oil (single dose, ip) for noninfectious inflammation. For infectious inflammation model, 21 rats that 
were in second group were treated by 106 Colony forming units (CFU) Staphylococcus aureus (ip). 21 rats in control group were given physiological saline in same 
way. Additionally, blood samples were collected to 7 healthy animals for 0 days. Days of 1, 4 ve 7, blood samples were collected intracardiac way in randomly 
selected 7 rats under ether anesthesia and applied euthanasia by cervical dislocation. Whole blood samples were used for fibrinogen analyses and blood counting;
 serum samples were analyzed C-reactive protein (CRP), Serum Amiloid A (SAA), haptoglobin in ELISA reader, ceruloplasmin, total protein and albumin analyses were
 measuring by spectrophotometric methods. As a result of this study, haptoglobin, fibrinogen and ceruloplasmin levels were significantly increased in rats with 
acute infectious and noninfectious inflammation group when compare between blood sampling days and in day 0. CRP and SAA levels were increased but were not 
determined any statistically significance. There were also observed that haptoglobin and fibrinogen concentrations were higher in infectious inflammation than 
noninfectious inflammation.

Keywords: Inflammation; Infectious; Noninfectious; Acute phase proteins; Rat; Acute phase protein levels in
 rats with experimentally induced infectious and noninfectious inflammation




Introduction

Acute phase response (APR) is an initial and immediate reactions against tissue damage, infection or physical trauma. During the APR, 
there is an increased synthesis of Acute Phase Proteins (APPs) which can be produced by hepatocytes and peripheral tissues [1]. At least 40 different 
plasma proteins have been identified as APPs. APPs are classified with respect to the direction of changes in the blood, that is, up regulated (positive)
 APPs and down regulated (negative) APPs and to the subset of primarily stimulating mediators [2]. The appearance of positive APPs is mainly caused by 
acting cytokines such as IL6 (Interleukin-6), IL1 (Interleukin-1), TNF (Tumor necrosis factor), TGF (Growth factor), IL8 (Interleukin-8) and IL-22 
(Interleukin-22) [3-5].

CRP and SAA are widely used diagnostic and prognostic markers for different diseases, including cardiovascular risk [6], inflammatory bowel 
diseases [7] impaired lung function
[8], acute kidney injury as well as infectious diseases, severe inflammation, and sepsis [9]. CRP is one of the most frequently used markers of inflammation in
 humans and various animals, with the exception of ruminants [2]. In the rat CRP has been studied as a marker of inflammation using experimental
 models [10]. Haptoglobin is an important APP that increasing up to ten fold in the response of stimuli in humans and it has been also investigated as an 
indicator of inflammation in the rat [10]. Haptoglobin acts as a scavenger protein functioning to conserve hemoglobin iron released [11]. Fibrinogen is an 
important haemostatic factor and a major coagulation protein during the acute phase response occurring in traumas, inflammations or infections, fibrinogen 
concentrations in plasma rise rapidly [12].

Because of the APPS have showed differences in serum concentration during different phsiologic states, APPs attracted 
attention as potential biomarkers for use as diagnosis the diseases, monitoring the health condition and therapy [13]. Using of APPs
as a marker of inflammation was depend on important factors
such as magnitude of change in the circulation and reproducibility
of the response inflammatory stimuli. Different inflammatory
stimuli also affect the APR [10]. Making a distinction over the
inflammation is important in terms of establishing the diagnosis
of the disease, selecting and performing the effective treatment
and preventing the complications to emerge in the long run. For
this reason, in this study; in the infectious and non-infectious
inflammation model experimentally induced in rats, the levels of
CRP, SAA, haptoglobin, ceruloplasmin and fibrinogen, which are
among acute phase proteins, were examined, and it was aimed
that the applicability of these parameters in the distinction of
inflammation be investigated.


Material and Method

Animals


A total of 70 female Wistar albino rats 3 month-old were
used in this study. The mean weight of rats was 250-300g.
This study was approved by the Institutional Animal Care and
The Institutional Animal Ethics Committee of Adnan Menderes
University, Turkey (Date: 01/03/2011, Number: 2011/18).
Experiments were carried out in a semi-acclimatized room at
22°C, with 50-70% humidity and 12/12-hour light/dark cycle.
Rat was fed by standard rat feed and was allowed free access to
water. Animals were acclimatized for at least 3 weeks before the
experiment and were controlled for health status. Body weight
was determined before the applications and at the end of the
study. All experiments conformed of regulations with regard to
animal care and use.


Study Design

Rats were randomized into three groups (n=21) for
applications and seven rats were divided for before application
group (Day 0; n=7).

a. Group 1: Infectious inflammation group (n=21) Staph.
aureus was given by subcutaneous injection at 106 CFU/mL.

b. Group 2: Non-infectious inflammation group (n=21)
0.5mg/kg turpentine oil (Riedel-de Haën, Germany) were
administered by subcutaneous injection.

c. Group3: The control group (n=21) received an equal
volume of physiological saline (0.7% NaCl) by subcutan way.

Day 0 (n=7): Before the applications, blood samples were
collected in rats.

Blood samples were collected via hearth of randomly
selected 7 rats from each application groups at 1, 4 and 7 days
after Staphylococcus aureus, turpentine oil and physiologic saline
injections. Blood samples were taken under the anaesthesia
Serum was separated by centrifugation at 1700g for 10min and
they were kept frozen-20°C until analysis.


Biochemical analyses

CRP levels were measured using competitive enzyme
immunoassay (AssayPro, Assay Max Rat CRP, USA). This assay
employs a quantitative sandwich enzyme immunoassay
technique that measures rat CRP. The final absorbance of the
samples in a microplate reader at 450nm (Optic Ivyman System
2100C, Spain). The sample concentrations of CRP are determined
by using the standard curve and multiply the value by the
dilution factor. Haptoglobin and SAA levels were measured using
a commercial test kits (Tridelta Development LTD, Ireland). The
assays were performed by the manufacturer instructions using
the microplate reader. Fibrinogen was measured the Millar
Method [14]. Ceruloplasmin concentrations were measured
spectrophotometrically as described by Sunderman & Numato
[15]. Total protein and albumin levels were measured using a
automated clinical chemistry analyzer (Sinnowa D280, China).
WBC levels were determined by using automatic blood counter
(Abacus, Junior Vet, Diatron MI LTD, Hungary).


Statistically analyses

SPSS 11.5 package was used for all computations. All data
were checked for normal distribution with Shapiro-Wilk and
homogeneity of variance with Levene′s test. If the data were not
normally distributed, logarithmic or square root transformation
was performed in order to normalize the distribution. Oneway
analysis of variance (ANOVA) was conducted to assess
the difference of groups. P values <0.05 were considered to be
significant. The results were presented as the means ±SE.


Results


Table 1:Mean serum CRP. SAA. Haptoglobin. ceruloplazmin. fibrinogen and
 WBC levels concentrations in rats.
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abc: Statistical difference between groups with different letters in the same line (day 0, 1, 4, 7) is significant. 
(***p<0.001; **p<0. 01; *p<0. 05; NS:Not Significant)

ABC: Statistical difference between groups with different letters in the same column (Physiological saline solution. Turpentine. Staph. aureus
Group) is significant. (***p<0.001;**p<0.01; *p<0.05; NS: Not Significant)

The results of the mean serum AFP (CRP, SAA, haptoglobin,
ceruloplasmin and fibrinogen) concentrations are shown in
Table 1. Following the application, the AFP concentrations in
turpentine and S. aureus groups showed a statistically significant
increase on 1st, 4th, and 7th days when compared with 0th day.
Although the CRP and SAA levels showed an increase along with
the application, no statistical difference could be determined.

The mean haptoglobin levels in Turpentine and S. aureus
groups showed an increase in the wake of the application, and
1st day and 7th day-levels were found to be significantly high
when compared with 0th day. When intergroup comparisons
were made, 7th day value in the Turpentine group (p<0.001) and
1st day value in S. aureus group (p<0.01) were determined to be
higher than the other groups.

The mean serum ceruloplasmin results, after the applications,
escalated in each of the three groups, and the rate of increase was
found to be statistically significant (p<0,001). While the serum
ceruloplasmin concentration dropped down to the normal level
on 7th day in the physiological saline solution group, it coursed
at a higher rate in the turpentine and S. aureus groups on 7th
day, as well. When intergroup comparisons were made, each of
the three groups was observed to have given similar responses
to the applications.

While, the blood fibrinogen levels in the turpentine and S.
aureus groups showed statistically significant increases, no
difference could be ascertained in the physiological saline
solution group between 0th, 1st, 4th and 7th days. The tendency
of the sharpest increase in this parameter was observed on 1st
day in S. aureus group and on 4th day in the turpentine group.
It was observed that 7th day-fibrinogen values in both of the
groups had tended to decrease.

While the WBC values did not show any change in the
physiological saline group, the post-application changes in the
groups to which turpentine and S. aureus were applied were
found to be statistically significant (p<0,001). The WBC level
in the turpentine group was seen to have decreased on 1st day
after the application; yet, an insignificant amount of escalation
was determined on 4th and 7th days. In S. aureus group, on the
other hand, the increase started on 1st day and then continued
more and more later on, as well. While the WBC level made
a peak on 7th day, a statistically significant difference was
determined when physiological saline solution, turpentine and
S. aureus groups were compared among themselves on all the
days in question (p<0,001). The highest WBC level was seen in
the infectious inflammation group, S. aureus.

The results of the mean serum Total protein and albumin
concentrations are shown in Table 2. While no difference could be
determined in the total protein levels of the physiological saline
solution group on 1st and 4th days when compared with the preapplication
period, they were determined to have significantly
decreased on 7th day. A significant level of decrease was seen
in the turpentine and S. aureus groups on 4th and 7th days. The
albumin level in the physiological saline solution group showed a
decrease on 7th day, whereas it was determined to have dropped
down in the turpentine group on 4th and 7th days.



Table 2: Mean serum total protein and albumin concentrations in rats.
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abc: Statistical difference between groups with different letters in the same line (day 0, 1, 4, 7) is significant.
 (***p<0.001;**p<0. 01; *p<0. 05;NS: Not Significant)

ABC: Statistical difference between groups with different letters in the same column (Physiological saline solution. Turpentine. Staph. aureus
Group) is significant.

(***p<0.001;**p<0.01; *p<0.05; NS: Not Significant)


Discussion

Haptoglobin level showed statistically significant increases
after the application in all the groups, and the high level was
observed on all the sampling days. In particular, it was seen that
1st day-level of the infectious group had proved to be higher than
1st day-level of the non-infectious group, and almost 3 times as
much increase was seen to have taken shape, as well. Similarly, in
a study conducted by Gilbertsen et al. [16] In which they created
arthritis in rats, 5 times as much increase was determined on
14th day, whereas Giffen et al. [10] stated that there was an
increase at peak level at 24th-36th hours (approximately 10
times as much) and that the high levels had continued throughout
21 days. Although no similar increase to that in other studies was
seen, in our study, haptoglobin was determined to have shown
a statistically significant increase, and it was concluded that
the haptoglobin level had been affected more in the infectious
inflammation model. The reason why there was less severe
response was thought to be due to the severity of inflammation;
the application way of inflammation-causing agents and the fact
that haptoglobin in rats was an acute phase protein showing an
increase on a moderate level.

In this study, even though the fibrinogen level in the
physiological saline solution group did not change on any day
when blood was taken, a significant level of increase was observed
in the turpentine (non-infectious) and S. aureus (infectious)
inflammation groups. 1st day level pertaining to the infectious
inflammation group in particular showed almost 3 times as much
increase when compared with the pre-application period, and
the high level continued on all the days when blood was taken.
These results show parallelism with those of Giffen et al. [10]
and indeed, they reported in their study that the peak increase in
the fibrinogen level had showed up at 24th hour. Similarly, Myers
& Fleck [17] in a model in which they created inflammation by
applying subcutaneous turpentine, reported that the fibrinogen
concentrations had increased twice as much at 18-20 hours
after application. While Gardner et al. [18] reported that the
fibrinogen levels in the rats on which acute lung damage was
created increased twice as much 24 hours after the occurrence
of inflammation, Larson et al. [19] stated that there was almost 4
times as much change after the application in the model in which
experimental arthritis. Starting from all of these, it can be said
that the differences in the increases seen in the fibrinogen levels
are associated with the type and the severity of inflammation.

Ceruloplasmin is a copper-binding protein in the plasma.
It functions as an antioxidant within the organism and inhibits
the free oxygen radicals and lipid peroxidation [20,21]. In two
experimental studies in which experimental liver damage and
lung fibrosis [22,23] were created in rats, it was reported that the
ceruloplasmin levels had significantly increased when compared
with those of the control group. Also in this study, the levels were
26.51±1.78mg/dl prior to the application, whereas these levels
were determined to have increased in all the groups after the
application, and these values, except for the physiological saline
solution group, were determined to have coursed at higher
levels on all the days when blood was taken. It was ascertained
in the physiological saline solution group that the ceruloplasmin
level had dropped down to the initial level on 7th day. In terms
of this parameter, no significant difference was found between
the infectious and non-infectious groups. The severity and
the duration of the increase in the ceruloplasmin levels are
accordant with those in the other experimental models, which is
also thought to be associated with the antioxidant characteristic
of ceruloplasmin.

CRP is reported to be the major acute phase protein in humans
and dogs [11,13,20,24]. The serum levels in those with normal
liver functions are a good parameter indicating an inflammatory
activity [24]. CRP synthesis and release are triggered by IL-1, IL-6
and TNF-α [11,25]. It was reported that CRP in rats was not the
primary major acute phase protein and that its level under basal
conditions proved to be higher when compared with human CRP
[26,27]. However, in many experimental studies conducted, the
rat CRP was stated to be used as the inflammation indicator,
indicating to an inflammation [28-30]. In this study, following
the impulses/signals, it was determined to have showed an
increase after the application in all of the three test groups;
yet, it was ascertained that there was no statistical significance
in the inter-day-comparisons of CRP levels. Nonetheless, the
level was 2,.9±}0.6µg/ml in the control group of rats prior to
the application, whereas 1st day level in S. aures (infectious
inflammation) group was observed to have escalated up to mean
5.94±}2.45µg/ml and dropped down once again later on. In the
turpentine group, however, a CRP level that increased day by
day was determined. In a study conducted by Connolly et al. [31]
in which arthritis was created by administering an adjuvant, it
was reported that the CRP level had increased by 138% on 17th
day, whereas Bürger et al. [32] stated that the increases in CRP
levels had been observed on 4th and 15th days. In this study, the
CRP level showed twice as much increase on 1st day in only S.
aureus (infectious inflammation) group, while no increase could
be determined on other days and in other groups.

It is reported that the SAA concentration in the cases of
inflammation in dogs, humans, rats, cats, cattle and rabbits had
increased prominently and that this increase could be used in
determining inflammatory conditions in the early stage [33].
In this study, even though an increase in the levels was seen on
1st days following the application in all the groups, this change
was found to be statistically insignificant. It can be said that
the reason for this could be associated with the severity and
the location of inflammation, as in CRP. In a study conducted by
Sultan et al. [34], in which sterile abscess was created through
turbentine, it was reported that the liver expressions of SAA
had increased twice as much. Yet, it was also stated that more
dramatic increases in rats had been seen in different acute phase
proteins [34].

In the cases of acute inflammatory conditions, the synthesis
of acute phases proteins from the liver increases, whereas the
albumin synthesis decreases [35]. In this study, it was observed
that there was a decrease in the albumin concentration after the
application in the turpentine group on 4th day and in S. aureus
group on 7th day. Similarly, it was ascertained that there was
also a decrease in the total protein levels on 4th and 7th days in
the turpentine and S. aureus groups. The decrease determined
in albumin concentrations indicate to a negative acute phase
response [24] 30-60% decrease is determined in the course
of the acute phase reaction in humans, whereas Connolly et
al. [31] determined 47% decrease in the rats in their arthritis
model, and Lioa et al. [36] determined 45% decrease in an
experiment in which inflammation was created through -the
administration of subcutaneous turpentine. In a research carried
out by Giffen et al. [24], in which acute inflammation was created
by administering IP adjuvant, a 57%-decrease was determined
on 3rd and 7th days after the application. The results of this
study are also accordant with those of similar studies, and these
results suggest that a decrease occurs in the hepatic synthesis
of albumin along with the occurrence of inflammation and that
it acts as a negative acute phase protein, as well. It was though
that the reason for the decline that was seen in the total protein
levels had occurred in parallel to the decrease in albumin, and
it was also considered that the increase in the globulin fraction
had occurred as the result of not having much effect on the total
protein levels.

Leukocytosis is one of the typical findings of inflammatory
changes, and it is the primary one of the most sensitive responses
to IL-1 [37]. Following the acute inflammation, the increase in
the number of leucocytes in the short term mainly results from
delivering cells from the neutrophile pool into the circulation and
also due to the increase in the number of the band neutrophiles
within the circulation as the result of granulopoiesis that is
stimulated later on . In this study, it was determined that the
number of WBC had decreased on 1st day in the turpentine group
and increased afterwards. It was thought that the reason for this
was associated with the migration of the neutrophiles within
the circulation from the periphery towards the inflammation
focus as well as the decrease of their levels within the circulatory
blood. It was concluded that the clinical picture of leukocytosis
on 4th and 7th days in the turpentine group and on 1st, 4th and
7th days in S. aureus group consisted of a specific inflammatory
response that showed up in the wake of acute inflammation.
It was also concluded that the most prominent increase in the
number of leucocytes had occurred on 7th day in S. aureus group,
which resulted from the fact that the infectious inflammatory
model had posed a more prominent and systemic response.

As a result of this study, APP analyses can be used for diagnose
and monitor to infectious and noninfectious inflammation.
In addition, results of this study can be used as reference in
future studies. We have shown that haptoglobin, fibrinogen
and ceruloplasmin higher in infectious and noninfectious
inflammation in rat than CRP and SAA. In addition, we conclude
that haptoglobin and fibrinogen proved to be a sensitive indicator
of acute infectious and non-infectious inflammation. However,
there is a need to be future study that determine to severity of
inflammation as histopathologically.
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