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Abstract 

 

Background and Aim: Cigarette smoking is one of the 10 greatest contributors to  

global  death  and  disease. Cigarette contains harmful chemicals such as carcinogenic, 

cytotoxic and free radicals, which are affect many organs.  The aim of this study was to 

evaluate the levels of serum total protein, albumin, C-reactive protein, magnesium, and 

aspartate aminotransferase, alanine aminotransferase activity among men smokers at 

Khartoum- state.  

Method: The study was analytical cross sectional case control,100 individuals were 

enrolled as study group (50 cigarette smokers and 50 nonsmoker). Blood samples were 

drown from both groups to measure serum total proteins, albumin, magnesium levels and 

aspartate aminotransferase(AST), alanine aminotransferase(ALT) activity by Mindary 

BS-200, C-reactive protein (CRP) by i-Chroma. Data were analyzed by statistical 

package for social science (SPSS-16).  

Result: Serum aspartate aminotransferase, alanine aminotransferase activity and C-

reactive protein levels were significantly higher in cigarette smokers group versus non 

smokers group with (mean ±SD) for AST( 25.4 ± 6.50 IU/L VS 16.9 ± 5.16 

IU/L,P.V=0.00),ALT was(24.1 ± 6.99 IU/L VS 14.2 ± 5.52 IU/L ,P.V=0.00) and CRP 

was (4.04  ± 1.65 mg/L VS 2.85  ± 1.06  mg/L, P.V=0.00). While Serum total protein, 

albumin and magnesium levels were significantly lower in cigarette smokers group 

versus non smokers with (mean ±SD) for T.P( 6.26 ± 0.45 g/dL VS 7.26 ± 

0.69g/dL,P.V=0.00), albumin was (3.86± 0.59 g/dL VS 4.96 ± 0.45 g/dL, P.V=0.00), 

magnesium was(1.76 ± 0.27mg/dL VS 2.39 ± 0.36 mg/dL, P.V=0.00). 

Conclusion: Smokers had significant increased in serum alanine aminotransferase, 

aspartate aminotransferase activity and C-reactive protein level ,and significant decreased 

in serum  total protein, albumin and magnesium levels. 
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Chapter One 

1. Introduction, Rationale and Objectives 

 

1.1 Introduction 

Cigarette smoking is a major cause of preventable morbidity and mortality.Worldwide 

more than3 million people currently die each year from cigarette smoking (Aurelio., 

2005), many major disorders are caused and enhanced by cigarette smoking and different  

kind of diseases that lead to death appear all over the world every year (Funck et al., 

2006). The risk of death in the smokers measured by the number of cigarettes smoked  

daily,  the duration of smoking, the degree of inhalation and the age of initiation(Janson 

et al., 2001, Lubin et al., 2007). Cigarette smoke contains large numbers of free radicals 

that are capable of initiating or promoting oxidative injury, cigarette smokers are at 

greater risk for cardiovascular diseases, respiratory disorders, cancers, peptic ulcers 

gastroesophageal reflux disease, blind-ness, bone matrix loss, and hepatotoxicity 

comparing with non-smokers( Spiro and  Silvestri.,  2005) . 

Smoking causes a variety of adverse effects on organs that have no direct contact with the 

smoke itself such as the liver (El-Zayad et al., 2002) cigarette smoking  yields  chemical  

substances with  high  cytotoxic  potentials(Benowitz et al., 2007).These chemicals cause  

oxidative stress on the liver, which leads to damage to the liver cells and fibrosis 

(Mcbride., 1992).The chemicals that are present in cigarette smoke prevent the liver from 

performing its main function (Wangly et al., 2003). Over time the liver becomes less 

efficient at removing the toxins from the body, toxins which induce necroinflammation 

and increase the severity of hepatic lesions(fibrosis) (ChenZm et al., 2003).  

 Previous studies found that smoking increase in serum ALT and AST activities and 

smoker also have significantly lower total protein and albumin levels (Alsalhen., 2014), 

other study found that the smoking increased serum CRP level and decrease magnesium 

level in smokers compared with nonsmokers (Fatehuddin  et al ., 2015). 



 

1.2 Rationale 

The number of smokers worldwide have increased every years hundreds of thousands of 

people around the world die from disease caused by cigarette smoking, cigarette contains 

over 4000 harmful compounds, 200 are toxicants and 80 are known carcinogens (CO,  

free  radicals,  nicotine, and  tar). Smoke produce CO which  binds  to hemoglobin  retard  

carrying  of  oxygen  and lead  to hypoxia,  lung  cancer,  kidney  cancer,  heart  disease  

and stroke, and these chemicals tend to accumulate in the liver progressively have 

deleterious effect  on  liver  tissues,  therefore altering  some  of  the  serum  biochemical 

parameters  related  to  liver  efficiency. 

However, according to our best knowledge there are no sufficient work at Sudan about 

the effect of cigarette smoking on serum total protein, albumin, CRP, magnesium Levels 

and AST, ALT activities, that why we attempt to do this study to assess serum total 

protein, albumin, CRP, magnesium levels and AST, ALT activities among Sudanese 

male cigarette  smokers.   

 

 

 

 

 

 

 

 

 



 

1.3 Objectives 

1.3.1 General  Objective 

 To assess the levels of serum total protein, albumin, magnesium, CRP levels, AST and 

ALT activities in Sudanese cigarette smokers in Khartoum state. 

1.3.2 Specific objectives 

1.  To measure serum total protein, albumin, magnesium, CRP levels, ALT and AST 

activities in study groups. 

2.  To correlate between serum total protein, albumin , magnesium, CRP levels, ALT and 

AST activities with  duration of smoking and number of  cigarettes  smoked  per day. 
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Literature Review 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter Two 

2. Literature Review 

 

2.1 Smoking 

Smoking is a practice in which a substance is burned and the resulting smoke breathed in 

to be tasted and absorbed into the bloodstream. Most commonly the substance is the dried 

leaves of the tobacco plant which have been rolled into a small square of rice paper to 

create a small round cylinder called a "cigarette”. Smoking is primarily practiced as a 

route of administration for recreational drug use because the combustion of the dried 

plant leaves vaporizes and delivers active substances into the lungs where they are 

rapidly absorbed into the bloodstream and reach bodily tissue. In the case of cigarette 

smoking these substances are contained in a mixture of aerosol particles and gasses and 

include the pharmacologically active alkaloid nicotine, the vaporization creates heated 

aerosol and gas to form that allows inhalation and deep penetration into the lungs where  

absorption into the blood stream of the active substances occurs (Emmanuela et al., 

2015). 

Smoking generally has negative health effects, because smoke inhalation inherently poses 

challenges to various physiologic processes such as respiration. Diseases related 

to tobacco smoking have been shown to kill approximately half of long-term smokers 

when compared to average mortality rates faced by non-smokers. According to a 2017 

report in The Lancet, smoking has caused over five million deaths every year from 1990 

to 2015(Reitsma et al., 2017). 

Other smoking implements  include  pipes, cigars, bidis,  hookahs ,vaporizers and bongs 

it has been suggested that smoking related diseases may also be contracted by non 

smokers .A 2007 report states that about 4.9million people worldwide each die as a result 

of smoking (West et al., 2007). 

https://en.wikipedia.org/wiki/Route_of_administration
https://en.wikipedia.org/wiki/Recreational_drug_use
https://en.wikipedia.org/wiki/Combustion
https://en.wikipedia.org/wiki/Active_substance
https://en.wikipedia.org/wiki/Nicotine
https://en.wikipedia.org/wiki/Physiology
https://en.wikipedia.org/wiki/Respiration_(physiology)
https://en.wikipedia.org/wiki/Tobacco_smoking


Cigars are tightly rolled of dried and fermented tobacco which are ignited so that smoke 

may be drawn into the smoker’s mouth. they are generally not inhaled  because the high 

alkalinity of the smoke, which can quickly become irritation to trachea and lung , the 

prevalence of cigar smoking varies depending on location, historical period and 

population surveyed. The united states is the top consuming country by far, followed by 

Germany and united kingdom, the US and Western Europe account for about 75% of 

cigar sales worldwide ( Rarick., 2008). 

2.1.1 Physiology of smoking  

The active substance in tobacco especially cigarettes is administered by burning the 

leaves and inhaling the vaporized gas, inhaling the vaporized gas form of substances into 

the lungs is a quick and very effective way of delivering drugs into the bloodstream (as 

the gas diffuses directly into the pulmonary vein, then into the heart and from there to the 

brain) and affects the user within less than a second of the first inhalation( Gilman et al., 

2004). 

The lungs consist of several million tiny bulbs called alveoli that altogether have an area 

of over 70 m² (about the area of a tennis court). This can be used to administer useful 

medical as well as recreational drugs such as aerosols, consisting of tiny droplets of a 

medication, or as gas produced by burning plant material with a psychoactive substance 

or pure forms of the substance itself. Not all drugs can be smoked, for example the 

sulphate derivative that is most commonly inhaled through the nose, though purer free 

base forms of substances can, but often requires considerable skill in administering the 

drug properly. The method is also somewhat inefficient since not all of the smoke will be 

inhaled, the inhaled substances trigger chemical reactions in nerve endings in the brain 

due to being similar to naturally occurring substances such as endorphins and dopamine 

which are associated with sensations of pleasure. The result is what is usually referred to 

as a "high" that ranges between the mild stimulus caused by nicotine to the intense 

euphoria caused by heroin, cocaine and methamphetamines (Leslie.,  2004). 

 

https://en.wikipedia.org/wiki/Alveoli
https://en.wikipedia.org/wiki/Endorphin
https://en.wikipedia.org/wiki/Dopamine
https://en.wikipedia.org/wiki/Nicotine
https://en.wikipedia.org/wiki/Cocaine
https://en.wikipedia.org/wiki/Methamphetamine


When tobacco is smoked, most of the nicotine is pyrolyzed. However, a dose sufficient  

to cause mild somatic dependency and mild to strong psychological dependency remains. 

There is also a formation of hormone from the acetaldehyde in tobacco smoke, this seem 

to play an important role in nicotine addiction probably by facilitating a dopamine  

release  in  the nucleus accumbens  as a receptor to nicotine stimuli .Using rate study with 

after repeated exposure to nicotine results in less  responsiveness  nucleus accumbens 

cells , which produce dopamiasne responsible for reinforcement (Shoaib  et al., 2004). 

2.1.1.1 Component of cigarette smoking 

Carcinogen Smoke or any partially burnt organic matter, contains carcinogens (cancer-

causing agents) There are over 19 known carcinogens in cigarette smoke (Jones etal., 

2000). 

The constituents of smoke are contained in either the particular phase or gas phase. 

Particulate phase component include: Tar is defined as the nicotine- free,dry particulate 

mass of tobacco smoke. The nature of the chemical components in tar and their toxicity 

vary widely across tobacco from various sources. Tar as cilia are blocked the tars in 

cigarette smoke are deposited and collected on the walls of the respiratory tract and the 

lung, and cause them to turn block ( Talhout et al., 2007), Polycyclic aromatic 

hydrocarbons(PAH's) are tar components produced by pyrolysis in  smoldering  organic  

matter  and  emitted  into  smoke.  Several of these PAH's are already toxic in their 

normal form, however many of them can become more toxic in the liver. Due to the 

hydrophobic nature of  PAH's  they  don’t  dissolve  in  water  and  are hard  to  expel  

from  the body. In order to make the PAH more soluble in water, the liver creates an 

enzyme called Cytochrome P450 which adds an additional oxygen to the PAH,  turning it 

into a mutagenic epoxides, which is more soluble, but also more reactive(Feng et al., 

2006). nicotine: which is contained  in  cigarettes  and  other  smoked  tobacco products,  

is  a stimulant and is one  of  the  main  factors  leading  to continued  tobacco  smoking. 

Nicotine is a highly addictive  psychoactive chemical. When tobacco is smoked most of 

the nicotine is pyrolyzed; a dose sufficient to cause mild somatic dependency and mild to  



strong  psychological dependency  remains.  The amount of nicotine  absorbed by the  

body  from  smoking  depends  on  many  factors, including the  type of tobacco, whether 

the smoke is inhaled  and  whether  a filter is used (Talhout et al., 2007). 

Gas phase contains carbon monoxide(CO) (impairs oxygen transport and utilization) 

carbon  monoxide  in smoke replace the oxygen in the hemoglobin (a component of 

blood) adversely affecting oxygen transport and energy supply, and requiring the heart to 

do more work to supply the same amount of oxygen to the body. A large number of 

smoke constitute and particularly components of the gaseous phase of tobacco smoke, 

cause immunologic responses and inflammation in the cells, this causes increased 

stickiness of the blood, which increase the risk of clots, these processes increase the 

likelihood of a heart attack ,stroke or other problems with the cardiovascular system. 

Irritants such as nitric oxide cause hyper-secretion of mucus and substance such as a 

crolein, acetone and acetaldehyde cause damage to the small hair–like strands that line 

the airways (cilia). This damage to the cilia impairs the ability of the cilia to clear mucus 

causing breathing difficulties, years of smoking and daily coating of the lungs and 

airways in tar leads to irreversible lung damage and ultimately death from Chronic 

Obstructive Pulmonary  Disease  (CPOD) (Jonathan., 2004). 

2.1.2 Health effects and regulation of smoking 

Smoking is one of the leading causes of preventable death  globally. In the United States 

about 500,000 deaths per year are attributed to smoking-related diseases and a recent 

study estimated that as much as 1/3 of China's male population will have significantly 

shortened life-spans due to smoking(Leslie., 2004).   

Male and female smokers lose an average of 13.2and14.5years of life, respectively  at 

least  half  of  all  lifelong  smokers  die  earlier  as a result of  smoking (Doll et al., 

2004). smoking  most  commonly  leads  to  diseases  causes  may  affect the  heart and  

lungs  and  will  most  commonly  affect  areas  such  as  hands  or  feet  with first  signs  

of  smoking  related  health  issues  showing  up  as  numbness, with smoking  being  a 

major  risk factor for heart attacks, Chronic Obstructive Pulmonary Disease(COPD), 

https://en.wikipedia.org/wiki/List_of_preventable_causes_of_death


emphysema and cancer, particularly lung cancer, cancers of the mouth and pancreatic 

cancers(Seksik., 2009). Smoking is a risk factor in Alzheimer's disease(Cataldo et al., 

2010), rheumatoid arthritis and systemic lupus(Majka DS., 2006)While smoking  more 

than 15 cigarettes per day has been shown to worsen the symptoms of Crohn's 

disease((Lakatos et al ., 2007).  

Cigarette  smoke  contains toxins  and  free  radicals  can interact with DNA and could 

cause genetic mutations and gene activation responsible for the  development of an 

autoimmune disease(Costenbader., 2006,  Padyukov., 2004). 

2.2 The liver 

The liver is the largest internal organ of the human body weighing approximately 1.2-1.5 

kg in healthy adult .It is a functionally complex organ that play a critical bio chemical 

role in the metabolism, digestion, detoxification and elimination of substances from the 

body. The liver is involved in a number of excretory synthetic, and metabolic functions, 

all of which are essential of life. The liver is unique in the sense that it is a relatively 

resilient organ that can regenerate cells that have been destroyed by some short-term 

injury or disease. However, if the liver is damaged repeatedly over a long period of time, 

it may undergo irreversible changes the permanently interfere with its essential functions. 

(Michael et al., 2010). 

The bile produced in the liver is collected in bile canaliculi, the bile canaliculi are small 

spaces between the hepatocytes that form intrahepatic duct, where excretory products of 

cell can drain ,the excretory system of the liver begins at the bile canaliculi. The intra-

hepatic ducts (within the liver) , which drain  into the right and left hepatic ducts, which 

merge to form the common hepatic duct. The cystic duct from the gallbladder  joins  with  

the  common  hepatic duct to form  the  common bile duct. Bile either drains directly into  

the duodenum via the  common  bile duct, or is temporarily stored in the gallbladder via 

the cystic duct(Michael et al., 2010).  

https://en.wikipedia.org/wiki/Crohn%27s_disease
https://en.wikipedia.org/wiki/Crohn%27s_disease


The liver is an important organ that has many tasks; such as responsibility for processing 

drugs, alcohol and other toxins to eliminate them from the body (Pessione., 2001). The  

liver  is  unique  in the  sense  that  it is  a  relatively  resilient  organ  that can regenerate  

cells  that  have  been  destroyed  by some  short  term  injury or disease. However if the 

liver is damaged repeatedly over a long period of time, it may undergo irreversible 

changes that permanently  interfere with it is essential function (Michael et al., 2010) .  

2.2.1  Liver  disorders 

There are more than a hundred kinds of  liver disease. Acute and chronic Hepatitis, 

inflammation of the liver is caused mainly by various viruses(viral  hepatitis)  but  also  

by  some liver  toxins (e.g. alcoholic  hepatitis), autoimmunity (autoimmune hepatitis) or 

hereditary conditions. Cirrhosis is the formation of fibrous tissue (fibrosis) in the place of 

liver cells  that have  died due  to  a  variety  of  causes, including  viral  hepatitis, alcohol  

overconsumption,  and other forms of liver toxicity, cirrhosis causes chronic liver failure. 

Hereditary diseases that cause damage to the liver include  hemochromatosis  Hepatic  

jaundice, Gilbert's  syndrome, a genetic  disorder  of  bilirubin metabolism  found  in  

about  5%  of  the  population,  can  cause  mild jaundice, Crigler-najjar disease :partial or 

complete deficiency of  UDP-glycuronyltransferase , Dubin – Johnson syndrome : 

defective liver cell excretion of bilirubin. Intrahepatic  cholestasis :  may  be  caused  by 

14  hepatocyte  injury  such  as  cirrhosis  ,  bile duct  injury  such  as rotor syndrome. 

There are also many  pediatric  liver  diseases  including: biliary atresia, and  progressive  

familial intrahepatic cholestasis (Anna et al., 2002). 

2.2.2  Effects of smoking on liver 

The liver is an important organ that has many tasks; such as responsibility for processing 

drugs, alcohol and other toxins to eliminate them from the body(Pessione et al., 

2001).Smoking yields chemical substances with cytotoxic potentials,these chemicals 

created by smoking induce oxidative stress associated with lipid peroxidation, which 

leads to activation of stellate cell and development of fibrosis(Husain et al., 2001) . 



Smoking increases the production of pro-inflammatory cytokines(IL-1,IL-6,TNF-a) 

involved in liver cell injury(Moszcynki., 2001). (El-zayadi et al., 2002) have reported an 

association between heavy smoking and liver cell injury in the form of 

necroinflammation, apoptosis and excess iron deposition in liver. These effects are 

attributed to iron overload with consequent iron deposition in hepatocyte(El-zayadi., 

2002).Execess hepatic iron induces oxidative stress and lipid peroxidation(Husain., 

2001). 

2.3 Total  protein 

Serum total protein is a biochemical test for measuring the total amount of protein in 

serum. They serve many different functions, including transport of  lipid  , hormones  and  

minerals  in  activity  and functioning of the immune system. Other blood proteins act as 

enzymes, complements and protease inhibitors. Serum total protein contains albumin  and  

globulin  (DeGowin  et al.,  2004). 

Serum  albumin  account  for 55%  of  blood  proteins and is a  major contributor  to  

maintaining  oncotic pressure,  and transport  insoluble  molecules, globulins make up 

38% of blood proteins  and  transport  ion, hormones, and lipid, assisting  in  immune  

function. Fibrinogen comprises 7% of blood proteins, conversion of fibrinogen to 

insoluble fibrin essential for blood clotting. The remainder of the plasma proteins(1%) 

are regulatory  proteins, such as  enzymes proenzymes and hormones.  All blood  proteins  

are  synthesized  in liver except  for  the  gamma  globulin. (wendy and Jean l., 2007).                       

Alteration  in  serum  total protein  concentration  is used  commonly in clinical practice  

as a non-specific indicator for underlining disease or monitor disease activity( Putignanop 

et al., 2000).Proteins  are  the  most  important compounds  that  are  present  in  human  

serum abundantly and  play a key role for the maintenance of suitable acid-alkaline 

balance of  the body. In addition,  proteins  are  source  of energy  for  the  tissues  and 

muscles when adequate amount of  carbohydrate is  not ingested. The human serum 

protein level shows a significant  decrease in  smokers (Alsalhen et al., 2014). 



2.4 Albumin 

The single most important  protein is Albumin and present in highest concentration in the 

plasma , albumin  is  synthesized  in  the liver  from 585 amino acids  at  the  rate  of  9-

12 grams  per day, with  no  reserve  or  storage (Michael et al., 2010) .  

Albumin  exists  in  the interstitial  space, Albumin  leaves  the circulation  at  rate 4%- 

5%  of  total  intravascular  albumin  per hour , this rate  movement  is known trans-

capillary  escape  rate( TER), which  measures  systemic  capillary  efflux of albumin . 

albumin  forms  a large  proportion  of  all  plasma  protein, It  normally constitutes  about  

50%  of  human  plasma  protein. Serum  albumins  are  important  in regulating  blood  

volume by maintaining of  the colloid  osmotic  pressure , albumin  buffers PH ,  negative 

acute-phase  reactant protein (Michael et al., 2010). 

Albumins  serve  as  carriers  for  molecules of  low  water  solubility  including   thyroid  

hormones , fat  soluble  hormones , ions  and  fatty acids, and  some  drugs  like warfarin 

phenobutazone and  phenytoin. For this reason  it  is sometimes  referred  as  a molecular 

“taxi”, Specific types include { human serum albumin – bovine  serum  albumin (BSA), 

often used  in  medical  and  molecular  biology  labs (Farrugia., 2010 ). 

Deceased  concentrations  of  serum  albumin  caused  by: An  inadequate  source  of 

amino acids occurs in malnutrition and malabsorption , Liver disease resulting  decreased 

synthesis by hepatocytes, protein losing  enteropathy and  disease  of  intestinal  tract as 

diarrhea, kidney  loss to urine  in  renal disease , skin  loss  such  as  burns,  and  acute 

disease, and high albumin levels caused by: dehydration  or  excessive  albumin  infusion 

(Michael et al., 2010). 

Albumin  is  protein made in liver in acute  inflammation the liver  switches from making 

albumin to making more urgent proteins ,lowe serum albumin is related to current  

smoking(J.clin., 2004  ), Chemicals  in  cigarette  directly alters the binding properties  of  

albumin  and  results  in  its degradation in the liver and loss of albumin by the  kidney  

(Ramamurthy et  al.,  2012) 



 Albumin one of the well-known  acute  phase  protein, has  antioxidant  properties and it 

can be considered as a marker of  inflammation (Pongpaew et al., 2001). 

Cigarette smoke increases  the  production  of  pro-inflammatory  cytokines (IL-1, IL-6 

and  IL-13 and TNF- alpha) (Yang et al ., 2006 ).Cigarette  smoke  induce  oxidative  

stress by stimulating Nicotinamide adenine dinucleotide phosphate(NADPH) oxidase and  

decreasing  antioxidant defenses (Agarwal ., 2005) . 

2.4.1 Relationship between Albumin and cigarette smoking 

Albumin as one of the extracellular antioxidants, which acts as sacrificial antioxidant by 

inhibiting the generation of free radicals through an immediate attacks of albumin 

molecule itself so the radical reaction ontinues on albumin surface and causes damage to 

albumin molecule(Jwan and Saad., 2014). 

2.5   Liver enzymes 

2.5.1 Aspartate Aminotransferase( AST) 

AST is an enzyme belonging toclass of transferase. commonly referred to as a 

transaminase(AST catalyzes the reversible  transfer of  an amino group between aspartate 

and a-keto acid with formation of  glutamate and  oxaloacetate), the older terminology 

Serum glutamic-oxaloacetic transaminase (SGOT-GOT), AST widely distributed in 

human tissue, the highest concentration are found in cardiac tissue, liver and skeletal 

muscle, smaller amount found in the kidney , pancreas  and  erythrocyte (Michael.et al., 

2010). 

2.5.1.1 Diagnostic Significant of AST 

The clinical  use of AST is limited  mainly  to  the  evaluation  of hepatocellular  disorder  

and  skeletal  muscle involvement. In myocardial infarction AST level begin to rise  

within 6 to 8 hours, peak at 24 hours, and return to normal within 5days. AST may be 

elevated also in diseases affecting other organs, such as pulmonary  embolism. AST  

level  are  highest  in  acute  hepatocellular  disorders. AST exists as two isoenzyme 

fraction located in the cell cytoplasm and mitochondria , the intracelllular concentration 



of AST may be 7000 times higher than the extracellular concentration, hemolysis should 

be avoided because it can increase  serum  AST concentration (Michael et al., 2010). 

2.5.2 Alanine Aminotransferase(ALT) 

ALT is a transferase with enzymatic activity similar to AST. ALT  catalyzes  the  transfer  

of  an amino group  from L-alanine to α-ketoglutarate,  the  products  of  this reversible 

transamination  reaction being pyruvate and L-glutamate.  pyridoxal phosphate (PLP) 

function as coenzyme. The older terminology was Serum glutamic-pyruvic transaminase( 

SGPT-GPT).ALT is high concentration in liver, it is considered the more  liver  specific  

enzyme  of  transferase(Michael et al., 2010). 

2.5.2.1 Diagnostic significance of ALT 

Clinical applications of ALT is commonly measured clinically as a part of a diagnostic 

evaluation  of  hepatocellular  injury,  to determine  liver  health. Higher  elevations are 

found in hepatocellular disorder than in extra-hepaticor intra-hepatic obstructive disorder. 

In acute inflammatory conditions of liver ALT elevations  are frequently  higher  than 

AST and  tend to remain elevated longer ( half  life  of  ALT  16-24 hours) (Michael et 

al., 2010). 

ALT in conjunction with an elevated  AST,  is  used  to  assess  liver involvement  with  

diagnosis  of Acute myocardial infarction(AMI). ALT dose not exhibit a significant 

increase in muscular dystrophy, and it is not affected in case of pulmonary emboli or 

acute pancreatitis (Anna et al., 2002).    

2.5.2.2 Relationship between AST- ALT and cigarette smoking 

Cigarette smoke propagates the lipid  peroxidation, which  damage  the  biological  cell  

membrane  of  the  liver and  serum  aminotransferases  are  enzymes that act as sensitive  

 

 



indicators of hepatocellular  damage ,The  enzymes  are  leaked  out  into  blood  and  

increased the level of AST and ALT in smokers  (Rochling., 2001). 

2.6  C-reactive protein (CRP) 

2.6.1 Definition 

C-reactive protein is synthesized in the liver and in one of the first acute-phase proteins to 

rise in response to inflammatory disease. CRP  received  its  name  because  it  precipitate  

with  somatic  C  carbohydrate antigen of capsule of pneumococci (Michael et al., 2010).  

Binding to the phosphocholine expressed on the surface of dead or dying cells and some 

bacteria. This activates the complement system promoting phagocytosis by macrophages, 

which clears necrotic, and apoptotic cells and bacteria. This acute  phase response  occurs 

as a result of a rise in theconcentration of IL-6, which is produced by macrophages(Pepys 

and Hirschfield., 2003) as well as adipocytes(Lau et al., 2005), in response to a wide 

range of acute and chronic inflammatory conditions such as bacterial, viral, or fungal 

infections; rheumatic and other inflammatory diseases; malignancy; and tissue injury and 

necrosis. These conditions cause release of interleukin-6 and other cytokines that trigger 

the synthesis of  CRP and fibrinogen by the liver.(Lau et al., 2005). 

It rises within two hours of the onset of inflammation, up to a 50,000-fold, and peaks at 

48 hours. Its half-life of 18 hours is constant, and therefore its level is determined by the 

rate of production and hence the severity of the precipitating cause. CRP is thus a marker 

for inflammation that can be used to screen for inflammation(Enocsson et al., 2009). 

2.6 .2 Clinical significance of CRP 

CRP is used mainly as a marker of inflammation, apart from liver failure, there are few 

known factors that interfere with CRP production (Pepys and Hirschfield; 

2003). Interferon alpha inhibits CRP production from liver cells which may explain the 

relatively low levels of CRP found during viral infections compared to bacterial 

infections (Enocsson et al., 2009).It is more sensitive and accurate reflection of the acute 

phase response, the utility of CRP in differentiating inflammatory diseases (including 

https://en.wikipedia.org/wiki/Liver_failure


inflammatory bowel disease, intestinal lymphoma and intestinal tuberculosis(Liu et al., 

2013). 

2.6.2.1 Cardiovascular Disease 

Recent  research  suggests  that  patients  with  elevated  basal  levels  of  CRP are at an 

increased risk of diabetes , hypertension  and  cardiovascular disease(Dehghan etal ., 

2007). 

2.6.2.2 Fibrosis  and  inflammation 

Scleroderma, polymyositis, and dermatomyositis elicit little no CRP response. CRP 

levels also tend not to be elevated in SLE unless serositis or synovitis is present. 

Elevations of CRP in the absence of clinically significant inflammation can occur in  

renal failure. Patients with high CRP concentrations  are  more likely to develop stroke, 

myocardial infarction and severe peripheral vascular disease(Clearfield., 2005).  Elevated 

level of CRP can also be observed in inflammatory bowel disease (IBD), including 

Crohn's disease and ulcerative colitis(Liu et al., 2013), CRP is a marker of systemic 

inflammation is also increase in obstructive sleep  apnea (OSA) (Latina et al., 2013). 

2.6.2.3 Relationship between CRP and cigarette smoking  

Cigarette smoking is an important, independent and modifiable cardiovascular risk factor. 

CRP is elevated in smokers compared with nonsmokers, elevated CRP concentrations in 

smokers could at least partially explain the effect of smoking on cardiovascular  

risk(Bermudez et al., 2002). 

2.7 Magnesium (Mg+2) 

Magnesium is a mineral found in the earth , sea , plants, animal  and  humans. 

About 60% of the magnesium in your body is found in bone. While the rest is in muscles, 

soft tissues  and fluids, including blood (Schmidt and kisters ., 2015).  

Magnesium is an essential element in biological system ,occur typically  as the Mg2+  it is 

an essential mineral nutrient for life (Johan and sons., 2006), magnesium main roles is 

acting as a cofactor  in the biochemical reactions continuously performed by enzymes 

https://en.wikipedia.org/wiki/Diabetes
https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Cardiovascular_disease
https://en.wikipedia.org/wiki/Obstructive_sleep_apnea


.involved more than 600 reactions in your body including: Energy creation: helps convert  

food  into energy, Protein formation: helps create new protein from amino acids, Gene 

maintenance: helps create and repair DNA and RNA, Nervous system regulation: helps 

regulate neurotransmitters, which send messages throughout your brain and nervous 

system(Baajj et al., 2015). 

Magnesium dependent enzymes appear in virtually every metabolic pathway: specific 

binding of Mg+2 to biological membrane, used  as signaling molecule and including all 

reactions that require release of energy from ATP(Romani., 2002).  

Inadequate magnesium intake causes muscle spasms and has been associated with 

cardiovascular disease, anxiety disorders, osteoporosis and cerebral infarction (Romani., 

2013) .The incidence of major depression the neuroses and the neuroiritability are higher 

in adult smokers than in non-smokers (Parrott., 2012). In patients  with  major  depression  

the plasma level of magnesium is decreased compared to normal  adults(Eby., 2010, 

Nechifor., 2009) .The anxiety major depression and panic disorders  are  associated  with 

tobacco  use.  The vulnerability to addiction is increased by stress, the tobacco smoking is 

higher in stressed adults, the stress favors the loss of magnesium and a low magnesium 

concentration, a magnesium deficit is involved in some clinical symptoms of drug 

dependencies, this fact could be involved in the development of tobacco addiction 

(Nechifor .,  2012). 

The  key  point  for  addiction  is  the  increase  of  dopaminergic  and glutamatergic  

activity in the reward system, drug self-administration is regulated by nucleus accumbens 

dopamine levels (Veeneman., 2012), the N-Methyl-D-Aspartate(NMDA) receptors and 

nicotinic  cholinergic  receptors  have  a  cooperative  of  contribution in  the  control  of  

pre synaptic  dopamine  release, the presynaptic nicotinic receptors stimulation  increases 

the release of dopamine and norepinephrine. An increasing magnesium concentration  

reduces  the  nicotine  stimulated norepinephrine release. the  stimulation  of  pre-synaptic  

nicotine  receptors  into  the  brain induces an increase in the calcium entry into neurons  

 



And also increases glutamate release ,the glutamate one of the most important  

neurotransmitters involved in all  dependences including  nicotine  dependence  stimulate 

different  receptors in the  brain (Nechifor .,  2012). 

The NMDA receptors stimulation increases the dopamine release .all addictive drugs 

increase the dopamine level in nucleus accumbens.  this  is  an  essential  step  in  

development  of  addiction(Di Chiara  and Bassareo., 2007) . 

Another way by which magnesium can impair the nicotine addiction is the inhibition of 

nitric oxide(NO) synthesis. NO is involved in the mechanism of nicotine addiction. The 

mechanism of reinforcing properties of addictive substances(including nicotine)involves 

brain nitric oxide (Di Matteo., 2010). The experimental pretreatment with inhibitors of  

NO synthase blocked the nicotine  induced increase of dopamine synthesis and dopamine  

neurons activity by this way can reduce the nicotine dependence and the tobacco 

use(DiMatteo., 2010). Magnesium association could by a good way for increasing the 

eicacy of this treatment, by increasing the magnesium concentration we can moderately 

improve the stimulation of the reward system and can reduce the needs of stimulation by 

nicotine(Nechifor ., 2012). 

2.7.1 Relationship between  magnesium and cigarette smoking 

The cigarette smoking causes decreased supply of magnesium caused due to lesser 

appetite and reduced absorption due to digestive system disturbances (Winiarczyk., 

2008).  
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Chapter Three 

3.Materials and Methods 

 

3.1 Study design  

This was cross sectional case control study . 

3.2 Study area and period 

 The study was conducted in Khartoum  state from Jun to August  2018. 

3.3 Study population  

There were Fifty cigarette smokers enrolled as test group and 50 normal healthy non-

smokers(age matched with test group) were enrolled  in this  study as a control group. 

3.3.1 Inclusion criteria 

Cigarettes male smokers in Khartoum state and non cigarettes smokers as a control 

group. 

3. 3.2 Exclusion criteria 

Cigarettes male smokers who have alcoholic abuse, inflammation, chronic diseases   

Liver drug users, burn and any recent injury and  liver disease  were excluded. 

3. 4 Ethical  consideration 

The study was approved by scientific committee of Sudan clinical chemistry, and the  

aim of this study were explained to participants and an informed consent was obtained  

from  each  participants. 

 



3.5 Data collection  

A questionnaire was used to obtain the clinical data for each participants in this study  

( appendix I) from each participant.  

3.6 Blood samples collection 

five ml of venous blood was collected from each subject. The  blood  was collected under  

aseptic conditions allowed to clot  in a  plain  tube  for  20  minute  at  room  temperature. 

The  serum was  separated  by  centrifugation  at  3000  rpm  for  5  minutes, then  each 

subject  serum  was  stored  in  plain  tubes frozen  at -20 C  until used.  

3.7 Estimation of serum total Protein (appendix II ) 

3.7.1 Principle of method: 

Protein + Cu++    -------Alkali-------- Colored Complex  

In the assay reactions , protein in serum  form  a violet  complex  when  reacted  with  

cupric  ions  in  an  alkaline  solution. The  intensity  of  the violet  color  is  proportional  

to  the  amount  of  protein  present  when  compared  to  a solution  with  known  protein  

concentration . (Henry etal., 1974) 

3.7.2 Procedure: (appendix II). 

3.7.3 Calculation:  The Mindary BS-200 analyzer calculates the concentration of each  

sample  automatically  ( appendix II). 

3.8  Estimation of serum albumin (appendix III ) 

3.8.1 Principle of method: 

Albumin is  bound  by  the BCG  dye  to  procedure  an  increase  in  the blue-green  

color  measured  at 630 nm.  The color increase is proportional to the concentration of  

albumin  in sample (Tietz, N., 1976). 



3.8.2 Procedure: ( appendix III) 

3.8.3 Calculation: The Mindary BS-200 analyzer calculates the concentration  of  each  

sample  automatically  ( appendix III). 

3.9 Estimation of serum magnesium (appendix IV) 

3.9.1 Principle of method: 

Serum magnesium ions react with Xylidyl  Blue in alkaline medium to produce a red 

complex that is measured spectrophotometrically. The intensity of color produced is 

directly proportional to magnesium concentration.Calcium interference is virtually 

eliminated by use of EGTA and a surfactant system is included to remove protein 

interference. (Basinski., 1965) . 

3.9.2 Procedure: ( appendix IV). 

3.9.3 Calculation:  the Mindary BS-200 analyzer calculates the concentration  of  each  

sample  automatically ( appendix IV). 

3.10  Estimation of serum aspartate  aminotransferase(AST) :(appendix V)   

3.10.1 Principle of method:  

L-Aspartate + α-Ketoglutarate -----AST------  Oxalacetate + L-Glutamate     

 Oxalacetate + NADH + H+ ---------- MDH --------- L-Malate + NAD+ +H 2 O 

Aspartate aminotransferase (AST) catalyzes the transfer of the amino group from L-

aspartate to α-Ketoglutarate to yield oxalacetate and L-glutamate.The oxalacetate 

undergoes reduction with simultaneous oxidation of NADH to NAD in the malate 

dehydrogenase (MDH) catalyzed indicator reaction. The resulting rate of decrease in 

absorbance at 340nm is directly proportional to the AST activity.  Lactate dehydrogenase 

(LDH) is added to prevent interference from endogenous pyruvate which is normally 

present in serum (Kaplan., 1989).   



3.10.2 Procedure: ( appendix V). 

3.10.3 Calculation:  The Mindary BS-200 analyzer  calculates  the  activity  of  each 

sample automatically  with  a specified valid  calibration  factor  from  calibration process 

Conversion factor of traditional unit (IU/L) into SI- units (n Kat/L).( appendix V) 

3.11  Estimation of serum alanin aminotransferase : (appendix VI)  

3.11.1 Principle of method: 

 L-Alanine + α -Ketoglutarate ----ALT-------- Pyruvate + L-Glutamate  

   Pyruvate + NADH + H+ ----- LDH ----- L-Lactate + NAD+ +H 2 O  

ALT catalyzes the transfer of the amino group from L-alanine to  α -ketoglutarate 

resulting in the formation of pyruvate and L-glutamate. Lactate dehydrogenase catalyzes 

the reduction of pyruvate and the simultaneous oxidation of NADH to NAD. This change 

in absorbance is directly propotional to the activity of ALT in the sample . (Scand., 1974) 

3.11.2 Procedure: ( appendix VI). 

3.11.3 Calculation:  The  Mindary BS-200 analyzer  calculates  the  activity  of  each 

sample automatically  with  a specified valid  calibration  factor  from  calibration process 

Conversion factor of traditional unit (IU/L) into SI- units (n Kat/L).( appendix VI) 

3.12 Estimation of  serum CRP(appendix VII) 

3.12.1 Principle of the method 

The test uses a sandwish  immunodetection  method , the detector  antibody in buffer  

binds to antigen in sample, forming antigen-antibody complexes, and  migrates onto 

nitrocellulose matrix to be captured by the other immobilized-antibody on  test strip.  The  

more  antigen  in  sample forms  the more  antigen-antibody complex  and leads to 

sronger  intensity  of  fluorescence  signal  on  detector  antibody , which is  processed  by  



instrument  for  ichroma  tests to  show  RF igM  conentration  in sample.( Pepys and 

Hirschfield., 2003) 

 3.12.2 Procedure( appendix VII). 

3.12.3 Calculation:  The instrument ichroma tests calculates the tests result automatically 

and display CRP concentration  of the test sample in term mg/l. 

3.13  Quality control 

The Mindary BS-200 analyzer was calibrated at first step, before running of sample, 

control sera used to be sure that results obtained were accurate and precise. 

3.14 Statistical analysis 

Data was analyzed to obtain means and standard deviation and correlation of the 

sampling using Statistical package for social science (SPSS, version 16),  t-test was used 

for comparison and correlation. 
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Chapter Four 

4.Results 

 

4.1 Results  

 Hundred Sudanese males (50 smokers and 50 non smokers) were enrolled in this study 

to study the effect of smoking on The levels of biochemical parameter of Serum AST and 

ALT activities, total protein (TP), albumin, CRP and magnesium levels. 

Table(4.1):Shows a comparison between means of serum total protein ,albumin 

magnesium  and CRP levels, AST and ALT activities in Sudanese males  smokers and  

control group. There were significantly decrease in Serum total  protein , albumin and 

magnesium levels of smokers compared to non- smokers TP (mean ±SD: 6.26 ± 0.45  

g/dL vs 7.26  ± 0.69 g/dL p.value=0.00) , albumin (mean ±SD:  3.86 ± 0.59 g/dL vs 4.96 

± 0.45 g/dL p.value=0.00) , Mg+2 (mean ±SD: 1.76 ± 0.27 mg/dL vs 2.39 ± 0.36 mg/dL 

p.value=0.00), and significantly increase in AST, ALT activities and CRP level of 

cigarette smokers compared to the non-smokers AST (mean ±SD: 25.4 ± 6.50  IU/L vs 

16.9 ±5.16 IU/L p.value=0.00), ALT (mean ±SD: 24.1 ± 6.99 IU/L vs 14.2  ±  5.52  IU/L 

p.value=0.00), CRP (mean ±SD: 4.04 ± 1.65  mg/L vs 2.85 ± 1.06  mg/L p.value=0.00) 

all  of  these  differences  were  statistically  significant (P< 0.05). 

Figure (4.1a):  a scatter  plot shows  a significant  negative correlation (P=0.01, 

 r = -0.34) between  total  protein  level and duration of smoking. 

Figure (4.1b) :a  scatter  plot  shows  a significant  negative  correlation (P=0.00.,  

r = -0.43) between total  protein  level and  number of cigarette. 

Figure (4.2a):  a scatter  plot  shows  a significant  negative  correlation (P=0.01, 

 r=-0.35) between albumin level and number of cigarette per day among Sudanese 

smokers. 

Figure (4.2b):  a scatter  plot  shows  a significant  negative  correlation  (P=0.00,  

r = -0.42) between albumin level   and duration of smoking among Sudanese  

 smokers. 



 

 

Figure (4.3a): a scatter  plot  shows  a significant  positive  correlation (P=0.00,  

r=0.64) between AST activity and number of cigarette among Sudanese  smokers. 

Figure (4.3b): a scatter plot  shows  a significant  positive  correlation  (P=0.00,  

r =0.58) between AST activity and duration of smoking among Sudanese  smokers. 

Figure (4.4a): a scatter  plot  shows a significant  positive  correlation (P=0.00,  

r= 0.66) between ALT activity and number of cigarette among Sudanese  smokers. 

Figure (4.4b): a scatter plot  shows  a significant  positive  correlation  (P=0.00,  

r=0.58) between ALT activity and duration of smoking  among Sudanese  smokers. 

Figure (4.5a): a scatter  plot  shows  a significant  positive  correlation (P=0.00,  

r =0.72) between  CRP level  and  number  of cigarette among Sudanese smokers. 

Figure (4.5b): a scatter plot  shows  a significant  positive  correlation  (P=0.00,  

r=0.59) between CRP level  and  duration  of  smoking  among Sudanese  smokers. 

Figure (4.6a):  a scatter  plot  shows  a significant  negative correlation  (P=0.00, 

 r =-0.54) between  Mg+2  level and number of cigarette among  Sudanese smokers. 

Figure (4.6b): a scatter  plot  shows a significant  negative correlation ( P =0.00, r =-

0.49) between Mg+2 level  and  duration  of  smoking  among Sudanese  smokers. 

 

 

 

 

 

 

 

 



 

Table (4.1) Comparison between means of serum total protein, albumin, AST, ALT 

activities, CRP and magnesium  levels in Sudanese smokers  and non-smokers 

 

variable Smokers  

N=(50) 

Mean ±SD 

Non-smokers 

N=(50) 

mean±SD  

 

P.value  

Total Protein  

(g/dL) 

6.26  ±  0.45  7.26  ± 0.69 0.00* 

Albumin (g/dL) 3.86  ±  0.59 4.96  ± 0.45 0.00* 

AST (IU/L)  25.4  ±  6.50 16.9  ± 5.16 0.00* 

ALT(IU/L)  24.1  ±  6.99 14.2  ±  5.52 0.00* 

CRP (mg/L)  4.04  ± 1.65 2.85  ± 1.06 0.00* 

Magnesium(mg/dL)   1.76  ±  0.27 2.39  ±  0.36 0.00* 

 

Independent T test was used to compare  between  two means   

Results  given  mean ± SD,  

P.value ≤ 0.05, was considered  significant. 

 

 

 



  

 

 

Figure (4.1a): a scatter plot shows a significant negative correlation between Total 

protein  level  and  duration of smoking among  Sudanese smokers. 

(P=0.01, r = -0. 34) 

 

 

 

 

 



 

 
 

Figure (4.1b): a scatter plot shows a significant negative  correlation between  Total 

protein level and number of cigarette per day among Sudanese smokers (P=0.00, r = 

-0.43). 

  

 

 

 

 



 
 

Figure (4.2a): a scatter plot shows a significant negative correlation between  

Albumin level and number of cigarette per day among  Sudanese  smokers.(P=0.01,  

r  = -0.35) 

 

 

 

 

 

 

 



 
 

Figure( 4.2b):  a scatter plot shows a significant negative  correlation between  

Albumin level  and duration of smoking among  Sudanese  smokers. 

(P=0.00, r = -0. 42)   

   
 

 
 

 

 



 
 

Figure (4.3a):   a scatter plot shows a significant positive correlation between AST 

activity and number of cigarette per day among  Sudanese  smokers.  

(P=0.00,  r =0.64) 

   
 

 

 

 

 

 



 
 

Figure (4.3b):  a scatter plot shows a significant positive correlation between  AST 

activity and duration of smoking among Sudanese  smokers. 

(P=0.00,  r =0.58) 

 

 

 

 

 



 
 

Figure (4.4a): a scatter plot shows a significant positive correlation between ALT 

activity and number of cigarette per day among Sudanese smokers. 

( P=0.00, r = 0.66) 

 

 

 

 

 

 



 
 

Figure (4.4b):  a scatter plot shows a significant positive correlation between ALT 

activity and duration of smoking among  Sudanese  smokers.  

 (P=0.00, r =0.58) 

 

 

 

 

 

 



 
 

Figure (4.5a): a scatter plot shows a significant positive correlation between CRP  

level  and number of  cigarette per day among  Sudanese  smokers.   

(P=0.00, r = 0.72) 

 

 

 

 

 

 



 
 

Figure (4.5b):  a scatter plot shows a significant positive correlation between CRP 

level  and duration of smoking among Sudanese smokers.   

( P=0.00,  r =0. 59) 

 

 

 

 

 



 
 

Figure (4.6a): a scatter plot shows a significant negative correlation between Mg 

level and number of cigarette per day among Sudanese smokers.   

(P=0.00, r = -0. 54) 

 

 

 

 

 



 

 
 

Figure (4.6b):  a scatter plot shows a significant negative correlation between Mg 

level  and duration of smoking among Sudanese  smokers.   

(P =0.00, r = -0.49) 
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Chapter Five 

5. Discussion, Conclusion and Recommendations 

 

5.1 Discussion 

Smoking has been considered as one of the 10 greatest  contributors to global  health 

problems and it is considered as harmful agent causing disease with multiple organ 

dysfunction and  deaths (Leone.,  2005(, nicotine is  the  major  component  of  cigarette 

smoke plays an important role in the development of many diseases (Czernin and 

waldherr., 2003). Cigarette smoke contains over 4000 different chemicals, 400 of  which  

are proven to  be carcinogenic;  it  also  contains various  oxidants  such  as  oxygen  free   

radicals  which  are probably  the major  causes  of  damage  to biomolecules (Yeh  et al., 

2008). 

The current study showed a significant decrease levels of total protein and albumin  in  

smoker than non smoker (P.value =0.000 ) this result agree with another result carried by 

(Jang et al., 2012) whom found lowered serum total protein and albumin levels in  

smoker  than non  smoker, this result can be explained due to dietary effect on albumin 

synthesis since smoker may have consumed low protein(lesser appetite)in diet than non 

smoker (Nathwani etal., 2005). 

The study show a significant increase in  activity of AST and ALT in  smoker than non 

smoker(P.value =0.00) this result agree with another result carried by( Alsalhen., 2014 ) 

which showed  that the smoker had  significantly higher than  non smokers  in AST and 

ALT activities .This difference may be due to cigarette  smoke  propagates  the  lipid  per 

oxidation, which damage the cell membrane of the liver and serum AST,ALT are 

enzymes  that  act  as sensitive  indicators  of  hepatocellular  damage  (Rochling.,  2001)  



The result obtained from this study indicated that there was significantly lower of the  

mean serum magnesium level in smokers compared to non –smokers(P.value =0.000) this  

could be due to smokers may get less magnesium because they tend to eat less and 

reduced absorption due to digestive system  disturbances (Winiarczyk., 2008), also 

showed CRP level was significantly higher in smokers compared to non –smokers 

(P.value =0.000), the cause can be smoking triggers inflammation and CRP synthesis  

increases dramatically in the liver in  response to cytokines  released  by  adipocytes  and 

macrophages(Lau D.C et al., 2005),which agree with another  result done by (Fatehuddin 

and Shumaila., 2015) (p<0.001).  

The study showed there were a significant negative correlation between serum total 

protein, albumin with duration of smoking per years and number of cigarettes per day, 

result was in agreement with result carried by(Jang et al) they found there was significant 

negative correlation between serum total protein ,albumin with duration of  smoking per 

years and number of cigarettes per day (Jang et al., 2012).The result due to dietary effect 

since smoker may have consumed low protein(lesser appetite)in diet. 

The study revealed that significant positive correlation between AST,ALT activities with 

the number of cigarettes per day and duration of smoking per years, result was in 

agreement with result carried by(Jang et al), who found there was significant positive 

correlation between AST,ALT activities with the number of cigarette smoked per day and  

duration of  smoking  per years(Jang et al., 2012). Cigarette  smoke  propagates  the  lipid  

peroxidation which  damage  hepatocytes and serum  aminotransferases are enzymes  that  

act  as sensitive  indicators  of  hepatocellular , the  enzymes  are  leaked  out  into  blood. 

This study showed that, there was a significant positive correlation between CRP level 

and number of cigarette smoked per day, the result was agree with result carried by 

(Lowe et al), who found there was significant positive correlation between CRP level and 

the number of cigarette smoked per day(Lowe et al., 2001). The cause smoking triggers 

inflammation and CRP synthesis  increases dramatically in the liver. 



The study showed that there was a significant positive correlation between CRP level and 

duration of smoking per years, which agree with result carried by(Shamima) the study 

showed that there was significant positive correlation between CRP level and number of 

cigarette smoked per day(Shamima et al., 2015) . 

The study showed that there was a significant negative correlation between serum 

magnesium with the number of cigarette smoked per day and duration of smoking per 

years, which agree with result carried by (Sulafa et al) which found that significant 

negative correlation between serum magnesium and the number of cigarette smoked per 

day and duration of  smoking  per years(Sulafa et  al., 2013). 

5.2. Conclusion  

The study concludes that Smokers had significant increased in serum ALT, AST activites 

and CRP level, and significant decreased in serum total protein, albumin and magnesium 

levels, Smoker also had Serum total proteins, albumin and magnesium were significantly 

negative correlation with duration of smoking and number of cigarettes smoked per day, 

where there were a significant positive correlation between serum AST,ALT and CRP 

with duration of smoking and number of cigarettes smoked per day. 

5.3 Recommendations 

1. Educational programs is necessary  to  increase  people  awareness  about  serious  

health effects of smoking and the importance of proteins to the body.  

2. Evaluation of liver function test profile helpful in early diagnosis of liver disease 

among smokers, especially liver  enzymes activity  to  have  an early  alarm about 

the oxidative damage to liver . 

3. Serum magnesium should be monitored in smokers in addition magnesium  

supplementation  should  be given  when  necessary.  
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Appendix I    

 

Sudan University of Science and Technology 

College of Graduate Studies 

 

Serum Total  Protein, Albumin, C-reactive  Protein, Magnesium Levels and 

Aspartate  Aminotransferase and Alanine Aminotransferase  Activity among 

Sudanese Male cigarette Smokers in Khartoum  State 

 

Questionnaire 

Name: ..............................................   No of sample (       ).     

Age: ....................................... Tel.........................................  

Duration of smoking/ years: ...........................................  

Number of cigarettes / day: ..............................................  

History of other diseases: ................................................  

Results:   

Total  protein: ………………………………………..g /dL 

Albumin: …………………………………………… g /dL 

CRP: ………………………………………………… mg/L 

Magnesium: …………………………………………… mg/dL 

AST Activity : ……………………………………….. IU/L  

ALT Activity : ……………………………………….. IU/L 
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