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ABSTRACT 
 

The complement system is a biochemical cascade that plays a major role in defense and the inflammatory 
process. C - reactive protein is a major acute-phase protein and is a test which measures the concentration in 
blood serum of a special type of protein. The aim of this study was to determine the normal range of the serum 
concentration of complement (C3, C4) and C-reactive protein in healthy Saudi men in Jeddah city and compare 
the relationship between the concentration of C3, C4 and CRP with six factor (athletics, non athletics, smoking, 
non smoking, married and singles). In this study three hundred and sixty four blood samples were collected from 
Saudi males in Jeddah city there age ranges from18-52.The concentrations of the complement proteins C3, C4 
and CRP of all collected serum samples from variable ages were measured by using nephelometer protocol in 
this investigation. Results showed an increase in two out of the three pro-inflammatory (C4, CRP) acute phase 
proteins, indicative of an acute phase response, occurred in athletes. This finding is consistent with other studies 
of acute phase proteins. In contrast, a significant decrease in C3 was observed in athletes. Also the finding of a 
normal concentration of C3, C4 and CRP suggest that baseline values in married may be similar to those of 
singles. The concentrations of C3, C4 and CRP of smokers were higher than in non smokers. The overall mean 
concentration of C3 1.28 g/l, C4 0.47 g/l. and CRP 3.7 mg/l in serum were detected. In conclusion, there did not 
seem to be an obvious different between the international range of serum concentration of complement (C3, C4) 
and C-reactive protein (CRP) with the normal range for the Saudi normal men. 
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Introduction 
 

Complement is a central component of innate immunity, playing important roles in defense against 
pathogens. It also influences adaptive immunity. It constitutes 15% from the total serum proteins (Morgan, 
2000). C-reactive protein (CRP) has received increased attention as numerous studies have implicated it as a 
predictive biomarker for cardiovascular disease risk (Pepys and Hirschfield, 2003 and Black et al., 2004). 
However, because CRP is a non-specific indicator of inflammation, its levels can be significantly influenced by 
a number of disease conditions as well as other parameters (Black et al., 2004). In addition, the immunological 
as well as biochemical national and international standard values are very important for herd immunity and 
scientific research purposes (Redwan and El-Awady, 2002 & 2005; Redwan, 2002 and Redwan and El-Saway, 
2005). 

This study provides information about the complement and CRP as a protein and an acute-phase reactant, 
and a knowledge-based framework for interpretation and analysis of clinical observations of complements C3, 
C4 and CRP to determine the normal range of serum concentration of complements C3, C4 and CRP proteins in 
Jeddah City. In addition, the aim of this study is to detect the relationship between C3, C4 and CRP and athletes, 
non-athletes, smokers, non-smokers, married and singles healthy Saudi men.  
 
Materials and Methods 
 
Subject Screening: 

 
Subjects were screened at the King Fahd Hospital in Jeddah for six months (from November 2008 to April 

2009). Three hundred and sixty-four healthy men with no history of acute or chronic disease (blood donation), 
aged between 18 and 52 were included in the study. Subjects were classified into six groups: athletes, non-
athletes, smokers, non-smokers, married and singles. For those subjects a complete medical history was 
included information such as name, age, weight and medical history and underwent a physical examination 
(including blood pressure; an electrocardiograph, which measures the pulse, and blood group). All subjects 
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performed blood donation, and underwent testing for serological analysis, which included HIV, HbcAg, HCV, 
HTLV-1, and VDRL. In addition, laboratory investigation of haematological profile  was performed (WBC, 
RBC, Hb, HcT, MCV, MCH, MCHC, platelet and ESR). Furthermore, electrolyte analysis (liver function test: 
albumin, ALP, AST and ALT), and kidney function test (CREA and BUN). Finally, when received the serology 
report, the concentrations of the complement system (C3, C4) and C-reactive proteins (CRP) in the serum were 
determined. 
 
Measurement of Complement System (C3 and C4): 

 
The concentration of complement proteins C3 and C4 in the serum were determined using specific antisera 

to C3c and C4 (Dade Behring Diagnostics). The immune complexes formed were measured in a BN Prospec 
protein analyzer and the amount of C3 and C4 was calculated by comparison with standards of known 
concentration (Stove et al., 1995). 
 
Measurement of C - reactive protein (CRP): 

 
Concentrations of CRP in the serum were determined using the N Latex CRP kit (Behring Diagnostic). 

Specimens were mixed with Reagent, which consists of monoclonal antibodies to CRP. Scatter was measured in 
a BN Prospec protein analyzer against standards of known concentration (Stove et al., 1995). 
 
Statistical Analysis: 

 
Continuous variables were expressed as means ± SD unless stated otherwise. All data were compared by 

using SPSS for windows (PASW 17.0) statistical software by ONE WAY ANOVA test and (p<0.05) was 
regarded as significant (Steel and Torrie, 1980). 
 
Results  

 
Three hundred and sixty-four healthy men with no history of acute or chronic disease (blood donation), 

aged between 18 and 52 were included in the study. Subjects were classified into six groups: athletes (59%), 
non-athletes (41%), smokers (45%), non-smokers (55%), married (66%) and singles (33%) (Table 1). 
Descriptive characteristics 0f healthy Saudi men were (mean (SD): age 18-52 years, height 1.7-1.8 m, weight 
85-100 kg.  

Subject characteristics are shown in Table (2). With the significant deviation for C3, C4 and CRP (p<0.05) 
and on the basis of the mean ± standard deviations (mean ±SD), The results revealed the normal range for C3 in 
smokers to be 1.4 g/l to 1.5 g/l (mean, 1.48±0.42 g/L), and in non-smokers to be 1.1 g/L to 1.2 g/L (mean, 
1.17±0.44 g/L) (Fig. 1). The normal range for C4 in smokers was between 0.54 g/l and 0.6 g/L (mean 0.57±0.24 
g/l), and in non-smokers between 0.43 g/L and 0.49 g/L (mean 0.46±0.18 g/L) (Fig.  2). The CRP in smokers 
was between 4.2 mg/L to 4.72 mg/L (mean 4.48±1.55 mg/L), while in non-smokers it was between 3.1 mg/L 
and 3.46 mg/L (mean 3.3±0.99) (Fig. 3). There was a significant main effect for a reduction in serum C3 
(p<0.05), the value was significantly lower for athletes rather than non-athletes (1.19±0.4 g/L, 1.32±0.46 g/L, 
respectively), and the C3 level in athletes was between 1.12 g/L and 1.26 g/L and in non-athletes was between 
1.26 g/L and 1.38 g/L (Fig.  1). In contrast, there was a significant main effect for an increase in serum CRP for 
athletes (p<0.05), the value being significantly higher than for non-athletes (3.98±1.2 mg/L, 3.22±0.9 mg/L, 
respectively). The normal range for CRP in athletes is 3.8 mg/l to 4.1 mg/l, and in non-athletes, 3.1 mg/L to 3.36 
mg/L (Fig.  3). There was a slight increase in C4 from athletes to non-athletes of (p<0.05) (Fig.  2). The mean of 
C4 level in athletes was 0.48±0.18 g/L, which is between 0.45 g/L and 0.5 g/L, while in non-athletes it was 
0.47±0.18 g/L, which is between 0.44 g/L and 0.5 g/L) (Table 2).                                                   

The mean value of the concentration of C3 in married was 1.28±0.49 g/L (range: 1.2-1.34 g/L). While in 
singles was 1.21±0.46 g/L, between 1.12 g/L and 1.29g/L (Fig.  1). In C4 there was no difference between the 
normal range in married and singles. The mean value for C4 in married was 0.465±0.178 g/L (range: 0.43-0.49 
g/L) and in single, the mean value was 0.464±0.185 g/L (range: 0.43-0.49 g/L) (Fig. 2). Similarly, the 
concentration of CRP was slightly different between married and single (Fig.  3). The CRP level in married was 
3.767±1.2 mg/L and in single was 3.77±1.2 mg/L (range: 3.6-3.9 mg/L and 3.56-3.99 mg/L, respectively) 
(Table 2).                                          

The data are summarized in Table (3) and show the mean value of the concentration of C3, C4 and CRP for 
364 healthy Saudi men with significant level (p<0.05). The mean value for C3 was 1.28±0.48 g/L (range: 1.23-
1.33 g/L), (p<0.05). The C4 level was 0.479±0.18 g/L between 0.46 g/L and 0.499 g/L. The concentration of 
CRP was 3.7±1.2 mg/L (range: 3.59-3.86 mg/L) (Fig. 4). 
 



694 
J. Appl. Sci. Res., 9(1): 692-698, 2013 
 

Discussion 
 

The purpose of this study is to determine the concentration of the complement C3, C4 and C-reactive 
protein (CRP) in Saudi men, classified into six groups according to many factors. This was then compared with 
the international range. The measurement of complement components C3 and C4 as indicators of total 
complement concentrations. Previous studies have determined the normal rate of complement C3, C4 and CRP. 
Depending on this normal rate, samples of blood were measured and tested.  Concentrations of complement 
components C3 and C4 in serum are used as indicators of complement consumption in immune complex 
diseases, and they have been of particular value as an aid in the diagnosis and management of systemic lupus 
erythematosis (Apple et al., 1978; Garin et al., 1979 and Koelle and Bartholomew, 1980). Since the 
development of high-sensitivity CRP assays, this acute phase protein has been examined in a large number of 
studies, and increased CRP has been found to be associated with increasing age, body mass index, weight and 
reduced fitness levels. Significant differences in CRP levels relative to socioeconomic position, ethnicity and 
gender have also been reported (Pepys and Hirschfield, 2003 and Ridker, 2004). In addition, as CRP is a 
nonspecific indicator for a wide range of disease processes, and as the reference intervals are affected by many 
factors that may differ for each population studied; each laboratory should determine its own reference intervals 
since values may vary depending on the individual population studied (Spickett, 2006).                                                                                                                                 

Most studies investigating the acute phase/inflammatory response (C3, C4 and CRP) to physical activity 
have used running to elicit this response. Running is associated with greater mechanical stress than cycling, a 
key factor that results in greater muscle damage with this type of activity (Semple et al., 2005). Therefore, it 
would not be surprising if the acute phase response in cyclists is less pronounced than in runners. Overall, there 
were only minor changes in the concentrations of the acute phase proteins, despite the fact that events of this 
nature are associated with pronounced hormonal disturbance (Nieman et al., 1989; Smith et al., 1990 and 
Fernandez-Garcia et al., 2002), both found with resting after cycling, the concentrations of (C3, C4 and CRP) 
was seemingly suppressed in athletes. In previous study of Peterson and Peterson (2005) who found that C3, C4 
and CRP concentrations were consistently within the normal range before and during a three-week cycle tour. 
While, in response to running 25 km/day for 4 days (Kushner and Rzewincki, 1994 and Fallon, 2001) found an 
increase in CRP on days 3 and 4 and thy reported increases in both C3 and C4 following four days of running 25 
km/day, but these changes were related to changes in total serum protein and do not appear to have been 
significant when absolute values were compared.                                                                                        

In this study it was obvious that the C3 protein is the most abundant complement protein and serves to 
promote activation of all three pathways of complement (Sahu and Lambris, 2001). In contrast to C4, a CRP C3 
had significantly declined in athletes than in non-athletes. The concentration of C4 and CRP had increased in 
athletes within the normal range. The mean values of C4 and CRP in athletes were 0.485 g/Land 3.9 mg/L, 
respectively. In non-athletes the concentration of C4 was in the normal range (mean 0.47 g/L) and the 
concentration of CRP was 3.22 mg/L.  

The other data provide evidence that tobacco smoke extract additionally enhances vascular endothelial cell 
surface C3, C4 deposition. Thus, complement activation may be involved in vascular responses to cigarette 
smoking (Gasque, 2004 and Kohl, 2006). Interestingly, combined exposure of EC to tobacco smoke extract and 
elevated shear stress resulted in a markedly increased C4 deposition, suggesting that the combination of shear 
stress and tobacco smoke may magnify complement activation in the vasculature (Yin et al., 2008).  

This study shows a wide range of difference between smokers and non-smokers for C3, C4 and CRP. The 
mean of the concentration of C3 for smokers is more than for non-smokers, which is about 1.48 g/L and 1.17 
g/L respectively. C4 levels were increased from 0.4646 g/L in never-smokers to 0.579 g/L in those who smoked 
regularly. The increase in C3 and C4 supports the notion that the classic pathway of complement was activated 
in smokers. 

In recent years, there has been a huge number of studies has been done, some of which are conflicting, in 
which CRP concentrations in serum have been measured in parallel to smoking status because of the possible 
link between smoking and the induction of inflammatory pathways. The focus of most of the research 
attempting to link CRP expression and incidence of chronic diseases that are confounded by smoking status has 
been in the area of coronary heart disease (CHD), and a recent review provides a comprehensive analysis of this 
field. Furthermore, there is a formation of atherosclerotic plaques in response to elevated CRP levels and hence 
the increased risk of atherothrombosis (Tonstand and Cowan, 2009).  Another larger study found that mean CRP 
levels were significantly lower in never-smokers (p<0.0001) than in current smokers (Wannamethee et al., 
2005). In one of the earlier studies of CRP levels in smokers, and before the advent of assays with higher 
sensitivities, CRP was found to be significantly higher in male and female smokers compared with non-smokers 
(median values of 1.0 mg⁄ L and 11.2 mg⁄ L for male non-smokers and smokers, respectively, and for females 
2.0 mg⁄ L and 11.6 mg⁄ L, respectively) (Das, 1985). A dose-dependent correlation between CRP and smoking 
habits was demonstrated in the ‘Speedwell’ survey of British men. CRP levels were increased from 1.13 mg⁄ L 
in never-smokers to 1.87, 2.32 and 2.05 mg⁄ L in those who smoked 1–14, 15–24 and > 25 cigarettes, 
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respectively per day (Lowe et al., 2001, Lowe and Pepys, 2006). In this study, the increase in CRP is not 
surprising given the fact that C3 and C4 were shown to have increased in smokers. This study shows that in 
adults without CHD, CRP levels were significantly higher for current smokers compared with non-smokers 
(mean 4.48 mg/L vs. 3.3 mg/L, p˂ 0.005). However, another study conducted in Japan (the Iwate-Kenpoku 
Cohort study) failed to identify any significant relationship between CRP concentration in serum and the 
number of cigarettes smoked per day (Ohsawa et al., 2005). 

Although there are no studies on the relationship between the concentration of C3, C4 and CRP and people 
who are married or single, this study interestingly shows the significant, though within the normal, range of C3, 
C4 and CRP concentrations. Overall, the concentrations of C3, C4 and CRP were similar in married individuals 
and singles. It is clear that no change in C3, C4 and CRP was found in married individuals and singles. The C3 
level had slightly increased from 1.2 g/L in singles to 1.28 g/L in married individuals. C4 concentration is about 
0.47 g/L in married individuals and 0.464 g/L in singles. Similarly, CRP was found to be within the normal 
range in married individuals and singles. The mean value for CRP in married individuals was (3.76 mg/L) and 
in singles was (3.78 mg/L).  

Linjawi et al. (2010) reported that the overall mean of C3 g/L and C4 g/L serum levels from 3 up 60 years 
of Saudi individuals in Jeddah, Mecca and Taief compared with the low normal standard level and high normal 
standard level. The range of the C3 g/L in Saudi individual ranged from 1.16 ± 0.04 g/L to 1.49 ± 0.05 g/L in 
males while in females was ranged from 1.28 ± 0.04 g/L to 1.59 ± 0.02 g/L, where the normal slandered level of 
C3 levels in males was 0.88 to 2.52 g/L and in females was ranged from 0.88 to 2.06 g/L. In addition the range 
of the C4 g/L in Saudi individual ranged from 0.22 ± 0.01 g/L to 0.46 ± 0.30 g/L in males while in females was 
ranged from 0.26 ± 0.01 to 0.41 ± 0.02 where the normal standard level of C4 levels in males was 0.12 to 0.72 
g/L and females was ranged from 0.13 to 0.75 g/L. In this study, it was obvious that the mean of the 
concentration of C3 in Saudi individual men was 1.28 g/L, while the mean concentration of C4 was 0.47 g/L 
and CRP was 3.7 mg/L.  

It could be concluded that the present study provides evidence for the normal range of C3, C4 and CRP. 
The data suggest that all the concentrations of the complement C3, C4 and C-reactive protein (CRP) for the 364 
healthy Saudi men are similar to the international normal range, which is used in laboratories in Jeddah. Overall, 
this study interestingly shows a wide range of individual protein values but remarkable stability within the 
subject. Further studies are needed to determine the normal range of CRP for Saudi women, compared to 
healthy Saudi men. 

 
Table 1: The samples classified to six groups according to many factors. 

Population studied Number of subjects for each group Percentage % 
Athletes 213 59  
Non-athletes 151 41  
Smokers 164 45  
Non-smokers 200 55  
Married 242 66  
Singles  122 43  

 
Table 2: The normal range of the concentration of C3, C4 and CRP according to many factors. 

95% Confidence Interval for Mean  
Mean ± SD 

 
Number 

Concentrations of acute phase 
response Upper Bound Lower Bound 

Concentrations of C3 (g/L)  
1.2647 1.1253 1.1950 ± 0.433  213 Athletes 
1.3875 1.2628 1.3252 ± 0.461  151 Non-athletes 
1.5500 1.4180 1.4840 ± 0.427  164 Smokers 
1.2422 1.11480 1.1797 ± 0.447  200 Non-smokers 
1.3476 1.2221 1.2849 ± 0.495  242 Married 
1.2963 1.1292 1.2127 ± 0.466  122 Singles 
Concentrations of C4 (g/L) for 
.5138 .4578 .4858 ± 0.1810 213 Athletes 
.5010 .4429 .4719 ± 0.1800 151 Non-athletes 
.6174 .5413 .5793 ± 0.246  164 Smokers 
.4931 .4361 .4646 ± 0.184  200 Non-smokes 
.4933 .4382 .4657 ± 0.178  242 Married 
.4979 .4316 .4648 ± 0.185  122 Singles 
Concentrations of CRP (mg/L) for  
4.1477 3.8227 3.9852 ± 1.202  213 Athletes 
3.3678 3.0735 3.2207 ± .915  151 Non-athletes 
4.7223 4.2433 4.4828 ± 1.553  164 Smokers 
3.4661 3.1893 3.3277 ± 0.992  200 Non-smokers 
3.9235 3.6111 3.7673 ± 1.233  242 Married 
3.9946 3.5634 3.7790 ± 1.202  122 Singles 
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Table 3: The normal range of the concentration of C3, C4 and CRP in healthy Saudi men. 

95% Confidence Interval for Mean  
Mean ± SD 

 
Number 

Concentrations of acute phase 
response Upper Bound Lower Bound 

1.3314 1.2321 1.2818 ± 0.481 364 C3 (g/l) 
0.4990 0.4604 0.4797 ± 0.187 364 C4 (g/l) 
3.8619 3.5988 3.7304 ± 1.276  364 CRP (mg/l) 

 

 
 

Fig. 1: Mean values of C3 for six different features. 
 

 
 

Fig. 2: Mean values of C4 for six different features. 
 

 
 
Fig. 3: Mean values of CRP for six different features. 
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Fig. 4: Mean values for C3, C4 and CRP. 
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