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 Background: Tobacco cigarette  and water pipe smoking are one of the major leading 
causes of death and essential public health challenge in world over. Smoking has both 

acute and chronic effect on hematological parameters. There are more than 4000 

chemicals found in cigarette smoke, and a cigarette smokers is exposed to a number of 
harmful substances including nicotine, free radicals, carbon monoxide and other 

gaseous products. Objective: The aim of the current study is to determine the level of 

the hephaestin, ceruloplasmin, copper, and several biochemical, hematological  factors 
in smokers(tobacco cigarette and water pipe) Results: The present study was divided 

on three groups of 30 cigarette smokers, 30 water pipe smokers and 30 non-

smokers(control group) whose ages ranged between (18-35) years . The recent study 
showed that mean levels of sera hephaestin (3.39±1.01ng/ml) have a significantly 

increase (p<0.01) in water pipe smokers group compared  to non-smokers group 

(2.27±1.27ng/ml), while serum protein ,albumin globulin were shown a non-
significantly change compared with non-smokers  group . Serum ceruloplasmin , copper 

,showed a significant increase in water pipe and cigarette  smokers when compared to 
non-smokers group (p<0.01). Conclusion: the results study of measuring the 

hephaestin, ceruloplasmin , copper, in water pipe smokers group showed a significant 

elevation, compared cigarette smokers and non-smokers  group  . Increased hephaestin, 
ceruloplasmin , copper, total leucocyte count and lymphocyte counts found in present 

subjects may possibly be accountable for the chronic inflammatory state and high risk 

of Atherosclerosis or cardiovascular disease especially in water pipe smokers especially 
in water pipe smokers.  
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To Cite This Article: Atheer A. Mehde, Ahmed M. Salim, Determination Serum Hephaestin, Ceruloplasmin Activity and other 

Biochemical Parameters Iraqi smokers[Tobacco Cigarette and Water pipe], Adv. Environ. Biol., 8(17), 590-597, 2014 

 

INTRODUCTION 

 

Smoking is a practice in which substance like tobacco is burned and tasted or inhaled. Globally, smoking 

kills more than four million people every year and likely to cause more premature death by 2020. The most 

common method of smoking is industrially manufactured cigarettes but also hand rolled from loose tobacco and 

rolling paper. Other smoking implements include pipes, cigar, hookahs, vaporizers and bongs[1]. smoking is a 

recognized risk factor for several diseases, including emphysema, chronic bronchitis, cardiovascular diseases 

and cancer [2]. It is widely known that smokers have higher risk for cardiovascular diseases, hypertension, 

inflammation, stroke, clotting disorder, and respiratory disease. Moreover, cigarette smoking accelerates 

pathogenesis in different type of cancers such as lung, pancreas, breast, liver and kidney. Similarly, it also 

enhances pH in stomach that resulted in peptic  ulcers and gastric diseases[3]. A recent systematic review found 

that water pipe tobacco smoking was significantly associated with lung cancer, respiratory illness, low birth 

weight and periodontal disease[4]. 

Hephaestin  is a multi -copper ferroxidase involved in iron absorption in the small intestine. The ferroxidase 

activity of hephaestin is thought to play an important role during iron export from intestinal enterocytes and the 

subsequent iron loading of the blood protein transferrin, which delivers iron to the tissues. Structurally, the 

ectodomain of hephaestin is predicted to resemble ceruloplasmin, the soluble ferroxidase of blood [5].  

The predicted full-length hephaestin protein has significant sequence identity to ceruloplasmin. Modeling of 

hephaestin based on the backbone of ceruloplasmin showed a conserved structure with 6 distinct domains [6]. 

Hephaestin has a high specificity towards iron with the resulting ferroxidase activity being associated with 
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ferroportin, the only known iron exporter protein in humans. Ferroportin exports iron as Fe

2+
, but transferrin, the 

major iron transporter protein of blood, can bind only Fe
3+

 effectively. Iron oxidation in enterocytes is mediated 

mainly by hephaestin thus allowing dietary iron to enter the bloodstream [7]. 

Ceruloplasmin is the major copper-carrying protein in the blood and in addition plays a role in iron 

metabolism. It was first described in 1948. It is an enzyme synthesized in the liver containing 6 atoms of copper 

in its structure. Ceruloplasmin carries about 70% of the total copper in human plasma while albumin carries 

about 15%[14] .The serum ceruloplasmin test is not a routine test and is not performed unless the patient is 

exhibiting signs and symptoms of Wilson’s disease like nausea, jaundice, abdominal pain, dystonia, anemia, 

fatigue. Difficulty in walking, behavioral changes, mood swings, difficulty in swallowing and tremors are some 

of these symptoms. The test is also recommended if patient is suspected to have some visible problems of 

metabolizing copper[8]. 

Copper is an essential cofactor for many enzymes like antioxidant enzyme, including cytochromes, copper 

which is  trace elements in sera, is cofactors of the, superoxide dismutase [SOD].The vast majority of serum 

copper is transported bound to ceruloplasmin ; the rest is bound to albumin, transcuprein, and copper–amino 

acid complexes[9].  

The aim of the current study was to determine the effect of tobacco cigarette and water pipe on the level of 

serum hephaestin, ceruloplasmin activity, copper and other biochemical , hematological  parameters particularly 

after the growing phenomenon of water pipe smoking at the present time. 

 

MATERIALS AND METHODS 

 

Subjects in the present study were selected from three groups of 30 cigarette smokers , 30 water pipe 

smokers and 30 non-smokers( control group ) whose ages ranged between (18-35) years at Anbar city. The study 

was performed at College Health and Medical Technical, Department of Medical analysis. The study was 

performed from October 2013 to January 2014. None of the participants had any chronic diseases. The difference 

in mean age between groups was not significantly different . Venous blood samples were drawn about 10 ml of 

venous blood was aspirated by disposable syringe, two ml of this blood was transferred to EDTA container tube, 

then mixed gently using blood shaker to prevent clotting of the blood. This blood was used for estimation of 

complete blood count (CBC), the rest of the blood transferred to polyethylene plain tube. Blood samples were 

allowed to clot then centrifuged at 3000 rpm, for 10 minutes to isolate serum which was transferred into another 

tube and frozen at(-20c˚).  

The Hb and other hematological parameters are measured by Hematocrit . Serum copper, protein,  and 

albumin levels were measured by spectrophotometric methods supplied by Human Diagnostic. The enzymatic 

assay of ceruloplasmin oxidase activity was accomplished using the modified Rice method and p-phenylene 

diamine-2HCL as a substrate [10].The serum hephaestin  was measured by Enzyme Linked Immunosorbent 

Assay(CUSABIO BIOTECH COM.) 

Protein electrophoresis was done by using  polyacrylamide gel 7.5% .Pre electrophoresis was carried out at 

50 mA and 15 v/cm for 30 min, then of 10 μl of the samples were applied into the wells in the gel. Electrophorese 

is was continued at 40 mA and 15 v/cm for 3 hours or until the bromophenol Blue dye reached the gel margin. 

 

Statistical Analysis: 

The results are expressed as arithmetic mean ± standard deviation (mean ± SD) by using SPSS version 19.0 

for Windows [Statistical Package for Social Science, Inc., Chicago, IL, USA]. For statistical evaluation Student’s 

t-test was used and p values < 0.05 were accepted as significant. 

 

RESULT AND DISCUSSION 

 

The present study investigated the values of some hematological parameters, as leucocytes (WBC, LYM, 

MID, GRA) , erythrocytes (RBC, HGB, HCT, MCV, MCH, MCHC, RDWs,), and platelets (PLT, MPV) of 30 

cigarette smokers ,30 water pipe smokers and 30 non-smokers( control group ) are shown in Table 1     and 2. 

Table  1 showed a statistically increase in the WBC from a mean value of [4.91* 10
3
 cell/ml] in nonsmokers 

group to about [5.99* 10
3
 cell/ml], [5.93* 10

3
 cell/ml],  for water pipe  smokers , cigarette smokers groups 

respectively . Table   2 also showed a statistically increase in the LYM [%]a mean value of [29.61±6.22%] in 

nonsmokers group to about [33.94±7.88%], [29.98±7.52% ] for water pipe  smokers , cigarette smokers groups 

respectively . The MID [%] from a mean value of [9.31±1.91%] in nonsmokers group to about [12.36±4.69 %], 

[9.88±1.54 %],  for water pipe  smokers , cigarette smokers groups respectively 
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Table 1: The mean and standard deviation of WBC ,LYM ,MID and GRA in group A[waterpipe smokers],group B [cigarette smokers], and 

group C[nonsmokers]. 

Characteristic Smokers groups Control group  

Group A [n=30]   
Water pipe smokers    

Group B[n=30] 
Cigarette smokers    

Group C[n=30] 
Non smokers 

 

WBC* 103  cell/ml  

Mean ± SD 

 

5.99±1.13a,b 

 

5.93±1.40 a 
 

 

4.91 ±1.00 

LYM [%] 

Mean ± SD 

 

 

33.94±7.88a,b 

 

29.98±7.52 

 

 

29.61±6.22 

 

MID [%] 
Mean ± SD 

 

 
12.36±4.69a,b 

 
9.88±1.54 

 
9.31±1.91 

 

GRA [%] 

Mean ± SD 
 

 

63.14±7.78 

 

62.54±8.09 

 

60.78±7.02 
 

Results were expressed as the mean±SD. 

a   p <0.01   compared with control group. 

b   p <0.01 compared with group B 
    

The present results are disagreeing to those of Baronchelli [11] and Minuth [12], who reported eosinopenia 

following cigarette smoking, on the other hand our result  are similar to  the findings of Shenwai M , Aundhakar 

M[13],  and   Tell G.S. & Grimm RH et al[14] who designated increased total leucocyte count  in smokers who 

have started smoking in recent times[14].  Marked leucocytosis has been reported by several other researchers 

even in subjects smoking less than 10 cigarettes per day[15]. 

The present  study demonstrates that there  is a incessant   effect of  smoking  on  total leucocyte count 

especially water pipe smokers .The lymphocytosis may possibly be due to  chronic tissue damage  and  

inflammation produced by toxic smoke Products . This agrees with the findings of Silvermann NA et a.l  that 

leucocytosis in smokers is fundamentally attributable to an increased lymphocyte count and as well of the ‘T’ 

lymphocytes[16]. Chronic  tissue  damage  may  be  a probable  mechanism  for  the  increased  leucocyte count 

in water pipe smokers . Smoking(Tobacco cigarette and water pipe)  have an irritation effect on the respiratory 

with resultant chronic inflammation. This probably explains the leukocytosis in smokers.  

Table 2  exhibits a significant  increase in RBC, HGB and HCT[%] in  water pipe smokers group  (p<0.01) 

when compared to non-smokers group. Mean of platelets for smokers group was significantly low [p<0.05] in 

smokers groups when compared with that found in control group. The current result agreement with  Whithead 

TD et al, hemoglobin levels and PCV increase significantly in smokers group more than 10 cigarettes per 

day[15], while other study though the mean values for all these parameters in smokers was  found to be greater 

than nonsmokers, but the difference is not statistically significant[13].  Smoking is also considered as a major 

cause of polycythemia [17].  

 
Table 2: The mean and standard deviation of RBC ,HGB ,HCT,MCV,MCH,MCHC,RDW , platelets and MPV  in group A[water pipe 

smokers],group B [cigarette smokers],  and group C[nonsmokers] 

 

Characteristic 

Smokers groups Control group  

Group A [n=30]   

Water pipe smokers    

Group B[n=30] 

Cigarette smokers    

Group C[n=30] 

Non smokers 

RBC* 106  cell/ml  

Mean ± SD 

 

5.59 ±0.29a 

 

5.34 ±0.36 

 

5.14 ±0.59 

HGB [g/dl] 
Mean ± SD 

 
17.39±1.25 a 

 
16.42±0.98 

 
14.47±1.18 

HCT[%] 

Mean ± SD 

 

49.64±2.59 a 

 

46.50±2.62 

 

41.11±3.30 

MCV [fL] 

Mean ± SD 

 

88.09±3.00 

 

90.39±5.29 a 

 

87.33±6.82 

MCH [pg/cell] 

Mean ± SD 

 

32.13±1.45 

 

31.80±1.84 

 

30.31±2.66 

MCHC [g/dl] 

Mean ± SD 

 

36.46±1.09 

 

35.26±0.64 

 

35.08±0.71 

RDW [%] 
Mean ± SD 

 
13.35±0.78 

 
13.01±0.71 

 
13.07±0.82 

Platelets  103 cell/ml Mean ± 

SD 

 

264.00±48.35 a 

 

270.37±60.74 a 

 

291.53±57.80 

MPV[fL] 

Mean ± SD 

 

8.23±0.58 

 

8.32±0.67 

 

7.97±0.94 

Results were expressed as the mean±SD. 
a   p <0.01   compared with control group. 
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The current study showed that there were no significant different in serum protein, albumin, globulin and 

Alb/Glb between groups as shown in Table 3  
 
Table 3: The mean and standard deviation of serum protein , albumin, globulin, Alb/Glb in group A[water pipe  smokers],group B [cigarette 

smokers],  and group C[nonsmokers] 

Characteristic Smokers groups Control group 

Group A [n=30] 

Water pipe smokers 

Group B[n=30] 

Cigarette smokers 

Group C[n=30] 

Non smokers 

T.S. Protein[g/dl] 
Mean ± SD 

 
7.72±0.70  

 
7.97±0.69   

 

 
7.54 ±0.59 

 

S. Albumin  [g/dl] 

Mean ± SD 
 

 

4.17±0.53,  

 

4.40±0.63 
 

 

4.18±0.31 
 

S. Globulin  [g/dl] 

Mean ± SD 

 

 

3.55±0.66 

 

3.56±0.73 

 

3.36±0.66 

 

Alb./Glb. ratio   
Mean ± SD 

 
1.31±0.36 

 
1.31±0.44 

 
1.31±0.36 

Results were expressed as the mean±SD. 

 p >0.05 between all groups 
 

Polyacrylamide gel electrophoresis was carried out on sera samples of group A[water pipe  smokers] , 

group B [cigarette smokers],  and group C[nonsmokers] to detect the differences in total proteins present in the 

studied samples (to differentiate between protein patterns). After electrophoresis, the separated serum protein 

bands were detected. The Figures 1 shows the results of electrophoretic profile of proteins present in crude sera 

of all studied groups. Serum protein electrophoresis is a laboratory examination that commonly is used to 

identify patients with multiple myeloma and other disorders of serum protein. Many subspecialists include 

serum protein electrophoresis screening in the initial evaluation for numerous clinical conditions. Sometimes, 

however, the results of this examination can be confusing or difficult to interpret. The pattern of serum protein 

electrophoresis results depends on the fractions of two major types of protein: albumin and globulins. Albumin, 

the major protein component of serum, is produced by the liver under normal physiologic conditions. Globulins 

comprise a much smaller fraction of the total serum protein content. The subsets of these proteins and their 

relative quantity are the primary focus of the interpretation of serum protein electrophoresis[18,19]. 

 

 
Fig. 1: Electrogram of proteins profile samples. The crude samples that applied were: group A[water pipe  

smokers], group B [cigarette smokers],  and group C[non-smokers] 
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Table 4 showed a significant increase in serum copper[µg/dl]  between groups[group A[water pipe 

smokers],group B [cigarette smokers], and group C [nonsmokers]] 

 
Table 4: The mean and standard deviation of serum copper[µg/dl] in group A[water pipe smokers],group B [cigarette smokers], and group 

C [nonsmokers]. 

 

Characteristic 

Smokers groups Control group 

group A [n=30] 

Water pipe smokers 

group B[n=30] 

Cigarette smokers 

Group C[n=30] 

Non smokers 

S. Copper[µg/dl] 
Mean ± SD 

 
186.97±79.24a,b 

 
174.17±64.43 a 

 
134.70±22.05 

 

Results were expressed as the mean±SD. 

a   p <0.01   compared with control group. 
b   p <0.01   compared with group B 

 

The present result agreement with some researchers have indicated that smokers have significantly higher 

serum copper concentrations, as compared to non-smokers [20,21]; however, Faruque et al. reported lower 

serum copper  and higher serum Zn levels in smokers than in non-smokers [22], Ergüder, İ  et al result  referred 

anon  significant  different in serum copper  level in smokers compared  to non-smokers[23]. 

Copper is involved in several metabolic pathways, related to inflammation, such as prostaglandin synthesis 

and bio synthesis of collagen and elastin. Copper complexes exert an efficient action in the scavenging of 

noxious oxygen radicals[21]. 

In our study, a significant increase in  serum concentration of ceruloplasmin was observed in smokers 

groups compared to no smokers group ,also the present study showed significant increase in  water pipe  

smokers compared to cigarette smokers group as shown in table 5.  

 
Table 5: The mean and standard deviation of serum ceruloplasmin activity and ceruloplasmin specific activity in group A[water pipe  

smokers],group B [cigarette smokers],  and group C[nonsmokers] 

 
Characteristic 

Smokers groups Control group  

Group A [n=30] 
Water pipe smokers 

Group B[n=30] 
Cigarette smokers 

Group C[n=30] 
Non smokers 

Ceruloplasmin activity[U/L] 

Mean ± SD 

 

92.81±25.70 a,b 

 

79.29±13.36 a  

 

 

56.80 ±12.53 

ceruloplasmin specific activity[U/g] 
Mean ± SD 

 

 
1.41±0.40 a,b 

 
0.99±0.17a 

 

 
0.76±0.09 

Results were expressed as the mean±SD. 

a   p <0.01   compared with control group. 
b   p <0.01   compared with group B 

 

Ceruloplasmin is a potent free radical inhibitor both in tissue homogenates and blood  as an antioxidant. 

The protein is one of the acute phase reactants whose concentration in plasma rises after tissue injury. Prolonged 

smoking leads to oxidative challenge and consequences in improvement of oxidative stress leading to formation 

of many damaging substances in addition to free radicals. It is very perfect that free radicals play an important 

part in carcinogenesis by destructive the cellular material and in converting the normal cells to malignant cells. 

To extinguish these free radicals and to decrease the reactive oxygen intermediates, the body produces 

antioxidants in the form of ceruloplasmin, glutathione and other antioxidants[24]. Our result disagreement with 

another study who  conclude that free radical and superoxide production increases in case of oxidative 

challenge, there is excessive sequestration of ceruloplasmin as the body tries to ward off any potential damage 

being caused due to excessive smoking. As a result of this serum ceruloplasmin level decreases in chronic 

smoking[25]. The antioxidant activity has been reported by many laboratories and  has been suggested as a 

critical function of ceruloplasmin during inflammatory and acute phase responses. Ceruloplasmin may influence 

the course of cardiovascular disease via lipid and lipoprotein oxidation[26,27].  The first report of a positive 

correlation between ceruloplasmin and cardiovascular disease was shown in 1956[28]. Elevated serum 

ceruloplasmin levels were found m patients with multiple cardiovascular disorders [25]. A study designed to 

understand how ceruloplasmin, an indicator of copper status, reflects changes of copper status among healthy 

individuals observed that ceruloplasmin values in serum represent a reliable indicator of copper status among 

the normal population [24,29]. 

Table 6 shows a significant  increase (p<0.01  ) in serum hephaestin [ng/dl] in  water pipe smokers and 

cigarette smokers groups  when compared to non-smokers group. As our knowledge no previous  study referred 

to these results. 
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Table 6: The mean and standard deviation of serum hephaestin [ng/dl] in group A[water pipe smokers],group B [cigarette smokers], and 

group C [nonsmokers]. 

 
Characteristic 

Smokers groups Control group  

Group A [n=30] 
Water pipe smokers 

Group B[n=30] 
Cigarette smokers 

Group C[n=30] 
Non smokers 

S. hephaestin [ng/dl] 

Mean ± SD 

 

3.29±1.01a 

 

2.83±1.02 a 

 

2.27±1.27 

 

Results were expressed as the mean±SD. 
a   p <0.01   compared with control group. 

 

The results in  table 7 indicated high correlation between hephaestin with WBC* 10
3
  cell/ml  , S. 

copper[µg/dl] ,ceruloplasmin activity[U/L] and  specific activity [U/g] in  water pipe smokers and cigarette 

smokers groups while no significant correlation were found in non-smokers group.  

 
Table 7: Correlation  between hephaestin [ng/dl]  with serum protein and several antioxidants in  patients  with ALL. 

Characteristic Hephaestin [ng/dl]  

Water pipe smokers Group 

Hephaestin [ng/dl] 

Cigarette smokers Group   

 Pearson correlation Sig. (2-tailed) Pearson 
correlation 

Sig. (2-tailed) 

WBC* 103  cell/ml  0.89 0.01 0.81 0.01 

S. Copper[µg/dl] 

 

0.82 0.01 0.77 0.01 

Ceruloplasmin activity[U/L] 

 

0.81 0.01 0.74 0.01 

ceruloplasmin specific activity [U/g] 
 

0.80 0.01 0.71 0.01 

  

Hephaestin, a circulating peptide hormone is essential in systemic iron regulation. It is produced by the liver 

is secreted into plasma, and cleared by the kidneys. Hephaestin controls iron levels by interacting directly with 

FPN1 in duodenal enterocytes, hepatocytes, and  macrophages resulting in internalization and degradation of 

FPN1 [30]. This blocks cellular iron export. When iron stores are high, Hephaestin is formed in the liver and 

transported to intestine which effects in the blockage of iron delivery from the plasma via FPN1 degradation. 

Therefore, shedding of enterocytes results in iron loss. While iron stores are low, Hephaestin production is 

inhibited, enabling FPN1 to transmission iron from enterocytes to the plasma and therefore dietary iron 

distribution in the body [30].  In view of the similarity between ceruloplasmin and hephaestin, hephaestin was 

expected to have ferroxidase activity. This ferroxidase activity of murine and human hephaestin has been 

confirmed by both in vivo and in vitro experiments [31,32]. In conjunction with iron transporter ferroprotein, 

hephaestin mediates iron efflux from enterocytes into the blood. By oxidizing ferrous ions, hephaestin promotes 

iron binding by transferrin and ensures efficient delivery of this metal to the tissues. 

 

Conclusions: 

In summary, it can be concluded that water pipe smoking is associated with increased WBC counts and 

increased total white blood cells and  lymphocyte count contributes to the increased risk of infection in smokers. 

Therefore water pipe smoking is considered as one of the major avoidable risk factors for cardiovascular 

diseases and death. Also, the risk of infection had increased in water pipe smoking more than cigarette smokers 

smoking. A significant elevated in  serum hephaestin, copper and  ceruloplasmin may play a strong role as one 

of the risk factors for Atherosclerosis or cardiovascular disease especially in water pipe smokers. This fact is of 

immense importance for the young smokers who are else free from other predisposing factors like obesity, 

hypertension, diabetes etc.  
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