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Abstract
The study was designed to observe effects of nicotine on various hematological parameters, lipid and hepatic profile of adult male mice. Mice (n = 80) were divided into two groups; control and experimental. Subcutaneous injections of 1 mg/kg body weight of nicotine were given to the experimental (n= 40) and saline solution was given to the control (n= 40) group. Hematological parameters were assessed by using hematological analyzer and biochemical analyses were done by Chemistry analyzer. The WBCs, PLT, HCT, MCV, Cholesterol, triglycerides and LDL-C were found significantly higher (p<0.05) in an experimental group by comparing with control group while the significant decrease was observed in RBCs count, Hgb, MCH and MCHC, HDL-C and HDL-C/LDL-C raio in the experimental group. Significant increase in the liver enzymes ALT, AST and ALP were observed, where as total bilirubin (mg/dl), albumin and total protein showed significant decrease in the experimental group. It is concluded that nicotine administration in mice resulted in deleterious effects on various hematological and biochemical parameters.
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INTRODUCTION:
Nicotine is thought to be the main component present in the smoke of tobacco which works as a developmental neuro-toxicant and largely accounts for most of the deleterious effects (Slotkin, 2004). Various studies have been done on humans, animals and in a number of various types of cell systems to largely examine the actions of nicotine (Pausova et al., 2003; Cooke & Bitterman, 2004; Valenca et al., 2004). 
Changes in the hematological parameters due to the inhalation of nicotine may be an important reason for various vascular diseases. Inhalation of considerable concentration of nicotine cause alternations in various hematological parameters, including WBC, MCV, RBC, Hct, Hgb, monocyte, eosinophil, neutrophil and  lymphocyte counts (Bain et al., 1992).  Liver is the major site of nicotine metabolism and the metabolites of nicotine are immersed in the liver (Snyder et al., 1993; Neurath, 1994).
Elevations of ALP are the symptoms of diseases of the liver.  The relationship between smoking and serum lipids has been observed in various studies showing that plasma HDL level are lower in smokers as compared to non-smokers while the levels of triglyceride, cholesterol, LDL and VLDL levels were higher in smokers as compared to non -smokers (Mitchell et al., 1999). Smoking is strongly linked with the risk of atherosclerosis and coronary heart disease (CHD) (Thelle and Sharper, 1983).
As the genetic knowledge of mice grow rapidly far beyond than that of rats, mouse models are becoming more prevalent in the scientific literature and for this reason mice are chosen to conduct various experiments to study the pharmacological effects of nicotine (Benatar, 2007; Gawrylewski, 2007). Hence, the main aim of the present study was to study the influence of nicotine on various hematological parameters, lipid profile and liver enzymes in adult albino mice.
MATERIAL AND METHOD:
Animals:
A total of 65 adult male albino mice of age one month old were collected from Veterinary Research Institute (VRI) Lahore with the body weight range from 19-27(g). The Institution of Animals Ethical Committee of Lahore College for Women University approved the animal studies. The animals were kept at animal house of Lahore College for Women University, Lahore and fed on standard pelleted diet for mice and tap water. 
Experimental Design: 
The animals were acclimatized for a period of one month prior to experiment in animal house of Lahore College for Women University, Lahore. During acclimatizing period 5 mice died. All experiment was conducted on adult male albino mice when the weight reached to 30-39g (2 months old). To decrease the effects of circadian rhythm all treatments were done between 9 to 10 a.m. These animals were kept in wire cages in groups of 20 animals per cage. All the animals were kept under similar management and feeding conditions throughout the experiment and maintained on a 12-h light/12-h dark cycle with ambient temperature of 20-22ºC. The relative humidity given was 60%. During acclimatizing period of one month out of 65 animals 5 mice were died. After acclimatization period mice were indiscriminately distributed into two groups, Control group {(n=20) without nicotine treatment} and experimental group {(n=40) Nicotine treated (1 mg/ kg of body weight}. By giving nicotine injections subcutaneously mortality was not arisen within the 6 weeks of experimental period.
Mode of Treatment:
The body weight of each adult male mice was measured before giving them injections on the first day of experiment. An average weight of 33g was obtained. First group containing 20 mice was nominated as control in which equal volume of 0.1mL of normal saline was administered subcutaneously. Second group containing 40 mice was given effective dose of 1 mg/kg of body weight of nicotine hydrogen tartarate subcutaneously injected in the scruff of the neck daily for 6 weeks at 10 a.m. every day. Each adult male mouse of experimental group received 0.1mL subcutaneous dose of nicotine daily. 
Sample Collection:
For the assessment of various hematological parameters blood samples were collected in ETDA tubes by performing cardiac puncture directly from the ventricle of the heart after anesthetizing the animal. To avoid hemolysis, sampling is performed with moderate suction. For the assessment of lipid profile and liver enzymes blood is collected in heparinized tubes and centrifuged at 5000 rpm for 10 min for the serum separation and stored in eppendorfs at -20 ºC till the assessment. 
Assessment of Hematological Parameters:
For this purpose the blood was immediately collected in ETDA tubes and the samples were immediately run on hematological analyzer (Model “KX-21 Sysmex”, Germany) to assess various hematological parameters including WBC count, RBC count,  Hgb concentration, Hct, MCV, mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and platelet count (PLT). 
Assessment of Biochemical Parameters:
The lipid components such as total cholesterol, LDL-C, HDL-C and triglyceride in serum obtained from the blood of mice, determined by using chemistry analyzer. The liver enzymes AST, ALT and ALP and other biochemical parameters bilirubin, total proteins, and albumin in serum were also determined by using chemistry analyzer
Statistical Analysis:
Values of various hematological parameters and BW, TC, HDL, LDL, AST, ALT, ALP, triglycerides, bilirubin, albumin and total protein were given as mean ± Standard Error Mean (S.E.M).  The comparisons between the parameters of control group and experimental group were statistically analyzed by using Independent Sample Student “t” Test. All the statements of significance are based on the 0.05 level of probability at 95% confidence interval.  All graphs were obtained on Microsoft Excel Starter 2010 and statistical analysis was done on SPSS Version 13.0.
RESULTS
Physical Performance:
The body weights of all the adult male mice (n=65) were measured on the first day of the acclimatizing period (1 month).  The mean body weight was 19.95 ± 0.04 (g). The body weight of all adult male mice (n=60) was recorded again at the end (30th day) of the acclimatizing period. The mean value was 26.51 ± 0.06 (g). During the whole acclimatizing period the gain in body weight was approximately 6.56 (g) (Fig: 1). All the animals which were used in the experiment were very healthy and physically active. During the 6 weeks of experimental period it has been observed that the food intake as well as body weight of experimental mice was decreased as compared to the control group (Fig: 2 & Fig: 3)
Hematological parameters: 

The values of various hematological parameters including WBC count, RBC count,  Hgb concentration, Hct, MCV, mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and platelet count (PLT) assessed in the blood of control and experimental group are shown in Table 1. In nicotine treated adult albino mice, the t-test  showed significant increase in WBCs count, PLT count, HCT and MCV in experimental group as compared to  the control group after administration of nicotine (p<0.05) and the dose of nicotine 1mg/kg body weight was found to be very effective. However, the result of t- test statistics indicated significant decreases in RBCs count, Hgb concentration, MCH and MCHC after administration of nicotine in experimental group (p<0.05) as compared to control group.

Lipid Profile: 
The mean ± SEM value of cholesterol level(mg/dl), Triglycerides, HDL-C, LDL-C and HDL/LDL-C ratio is presented in Table 2.  The result of t- test statistic indicated the significant increase in cholesterol level, triglycerides level, LDL-C level after administration of nicotine in experimental group (p<0.05) as compared to control group and significant decrease in HDL-C and HDL-C/LDL-C ratio. 
Liver Enzymes: 
The mean values of liver enzymes (AST, ALT, ALP), total bilirubin, Albumin, and total protein is presented in table 3. The result of t- test statistic revealed that significant increase (p < 0.05) in ALT, AST, ALP after administration of nicotine in experimental group as compared to control group. The mean ± SEM value of total bilirubin (mg/dl), Albuminand total protein  in experimental group and control group was presented in table 2. The result of t- test statistic revealed the significant decreased in bilirubin concentration, albumin, total protein after administration of nicotine in experimental group as compare to control group
DISCUSSION

The present study was undertaken to study the effects of nicotine on various hematological parameters. Herxheimer et al. (1967) showed that nicotine produces the same hemodynamic changes as cigarette smoking. Rausch et al. (1989) and Schwartz et al. (2005) reported that nicotine causes many changes in blood cells as it simply diffuses into the cells.  This study confirmed that administration of nicotine to adult male mice significantly altered various hematological parameters including WBC, RBC, Hgb concentration, HCT, MCV, MCH, MCHC and PLT. 

Our results showed a significant (p<0.05) decrease in the body weight and food intake of nicotine-treated adult male mice as compared to control mice. The work of Audi et al. (2006) showed that administration of nicotine to rats caused a significant decrease in their body weight and food intake. The decrease in food intake and body weight caused by nicotine administration might be due to neuro-regulatory substances which effect food intake mechanism (Wack & Rodin 1982. A significant increase in WBCs count and decrease in RBCs count (p<0.05)   was observed. Present results are similar to the results of Corre et al. (1971). The elevated WBCs count in our study is in agreement with the findings of other investigators including (Burney & Bonus, 1972; Friedman et al., 1973; Okuno, 1973; Parulkar et al., 1973; Sutek & Jedrzejczak, 1973). Geng et al. (1996) demonstrated that one of the major effects of nicotine on the physiology of body is that it greatly suppresses the function of immune system and due to this reason the number of WBCs increased in the body to strengthen the immune system.
It is documented that nicotine inhibits the function of erythrocytes, fibroblasts and macrophages. The work of Sherwin & Gastwirth (1990) and Siana et al. (1992) clearly showed that the administration nicotine causes the diminished proliferation of red blood cells and as a result the RBCs count decreases. Low erythrocytes count may lead to a number of physiological disorders that may affect the efficiency of various enzymes.

In the present study it was observed that nicotine administration resulted in significantly (p<0.05) decreased hemoglobin level. Similar results to our study were found by the work of Zafar et al. (2003). In our study the HCT level was found to be significantly (p<0.05) higher in experimental animals as compared to control subjects. Ogston et al. (1970) showed that nicotine inhalation results in high level of HCT. One of the explanations for the apparent acute effect on the HCT level is that nicotine results in an increase in MCV. 
MCV values were found to be significantly (p<0.05) higher in our experimental group. Okuno (1973) demonstrated in his study that nicotine caused an increase in MCV. A significant (p<0.05) decrease in both MCH and MCHC was also found in our  study. 
The PLT count in our present study was found to be significantly (p<0.05) higher in experimental mice. Literature reports on the effects of nicotine on PLT count seem to be controversial. De-Gactano et al. (1990) showed that nicotine caused platelet and leukocyte activation, and this resulted in the stimulation of platelet function. The work of Nowak et al. (1987) demonstrated that increase in PLT in heavy smokers might be due to vascular damage caused by smoking. A study performed by Alster & Wennmalm (1981) suggested that nicotine has no effect on PLT.  Cahao et al. (1983) and Renaud et al. (1984) suggested that administration of nicotine increased PLT aggregation. Hoss et al. (1986) found that PLT and WBCs have high affinity non-cholinergic binding sites for nicotine. The study of Cyer et al. (1976) and Nicod et al. (1984) showed that elevations in blood nicotine level caused an activation of PLT via enhancing the levels of epinephrine. Wanzel et al. (1958) and Ponzer et al. (1970) in his study demonstrated that nicotine enhances the concentration of free fatty acids and this result an  increased aggregation and stickiness of PLT. Changes of hematological parameters, including increased PLT count and reactivity, increased fibrinogen concentration and blood viscosity due to inhalation of nicotine in smokers was found to be the major reason for various diseases of heart. 
A significant increase in cholesterol (mg/dl) level (mg/dl)  in experimental  group as compared to the control group (p< 0.05) was observed and our findings  were similar to the previous studies.  Annida and Venugopal, (2007) described in their study that the level of free fatty acids, cholesterol and triglycerides increased in plasma of male albino Wistar rats treated with nicotine subcutaneously. The presences of hypercholesterolemia and triglyceridemia in heavy smokers increased level of cholesterol and it is documented to the increased activity of 3-hydroxy-3-methyl-glutaryl CoA reductase and increased incorporation of labeled acetate into cholesterol. Chattopadhyay, (2008) also indicated that the administration of nicotine in adult albino rats caused a significant increase of total cholesterol, triglycerides.

A significant increase in triglycerides (mg/dl) level in experimental group from the control group (p< 0.05). Our results were according to the previous studies.   Higher level of triglycerides is occurred due to the presence of nicotine that decrease the activity of lipoprotein lipases and these enzymes involved in the uptake of circulating triglycerides rich lipoprotein and VLDL by the extra hepatic tissue. (Cryer, 1981).
So it is concluded that intake of nicotine decreases the hematological parameters and also raised Lipid profile and liver enzymes but decreases HDL. 
References:
Alster  P and Wennmalm A. (1981). Human platelet thromboxane synthesis is unaffected by nicotine. Clinical Physiology, 1: 115. 
Annida B and Venugopal PM. (2007).Protective effect of hesperidin on nicotine induced toxicity in rats. Indian. J. Exp. Biol. 45: 194-202.
Audi SS, Abraham ME and Borker AS. (2006). Effect of cigarette smoke on body weight, food intake and reproductive organs in adult albino rats. Indian Journal of Experimental Biology, 44: 562-565. 
Bain BJ, Rothwell M, Fether R and Brown J. (1992). Acute changes in hematological parameters on cessation of smoking. Journal of the Royal Society of Medicine, 85: 80-81. 
Benatar M. (2007). Lost in translation: Treatment trials in the SOD1 mouse and in human ALS. Neurobiology of Disease, 26(1): 1-13. 
Benowitz NL, Hansson A and Jacob P. (2002).Cardiovascular effects of nasal and transdermal nicotine and cigarette smoking. Hypertension, 39: 1107-1112. 
Burney SW. and Bonus L. (1972).Cross-sectional assessment of laboratory variables in a healthy male population. II. Cigarette smoking and laboratory values. International Journal of Aging and Human Development, 3: 89-94. 
Cahao FC, Walsh CA, Hoss W and Liu G. (1983). Characterization of nicotine receptors on human platelets. Journal of Thrombosis and Hemostasis, 50: 252. 
Chattopadhyay K and Chattopadhyay BD. (2008). Effect of nicotine on lipid profile, peroxidation and antioxidants enzymes in females’ rats with restricted dietary proteins. Indian J. Med .Res. 127: 571-576. 
Cooke JP and Bitterman H. (2004).Nicotine and angiogenesis: a new paradigm for tobacco-related diseases. The Annual Review of Medicine, 36: 33-40. 
Corre F, Lellouch J and Schwartz D. (1971).  Smoking and leukocyte counts. Results of an epidemiologic study. Lancet, 2: 632-634.
Cryer PE. (1981). Diseases of the adrenal medulla and sympathetic nervous system. J. Endocrin. Meta. 25: 511-512. 
Cryer PE, Haymond MW, Santiago JV and Shah SD. (1976). Norepinephrine and epinephrine release and adrenergic mediation of smoking-associated hemodynamic and metabolic events. New England Journal of Medicine, 295: 573–577. 
De-Gaetano G, Evangelista V, Rajtar G, Del MA and Cerletti C. (1990).Activated polymorphonuclear leukocytes stimulate platelet function. Thrombosis Research Supplement, 11: 25-32.
Forte IE, Williams AJ, Potgieter L, Schmitthenner JE, Hafkenschiel JH and Riegel C. (1960). Coronary blood flow and cardiac oxygen metabolism during nicotine-induced increases in left ventricular work. Annals of the New York Academy of Sciences, 90: 17-185. 
Friedman GD, Siegelaub AB, Seltzer CC, Feldman R and Collen MF. (1973).Smoking habits and the leukocyte count. Archive of Environmental Health, 26: 137-143. 
Gawrylewski, A. (2007).The trouble with animal models. The Scientist, 21(7): 45-51. 
Geng Y, Savage SM, Razan-Boroujerdi S and Sopori ML. (1996).Effects of nicotine on the immune response. II Chronic nicotine treatment induces T cell energy.  Journal of Immunology, 156: 2384-2390. 
Herxheimer A, Griffiths RL, Hamilton B and Wakefield. (1967).Circulatory effects of nicotine aerosol inhalations and cigarette smoking in man. Lancet, 2: 754-755. 
Hoss W, Lin JP, Matchett S and Davies BD. (1986).Characterization of noncholinergic nicotine receptors on human granulocytes. Biochemistry and Pharmacology, 35: 2367-2372. 
Ilebekk A and Lekven J. (1974). Cardiac effects of nicotine in dogs. Scandrill Clinics of Laboratory Investment, 33: 153-159.
Neurath GB. (1994). Aspects of the oxidative metabolism of nicotine. Clin. Invest. 72:190-195. 
Nicod P, Rehr R, Winniford MD, Campbell WB, Firth BG. and Hillis LD. (1984).Acute systemic and coronary hemodynamic and serologic responses to cigarette smoking in long-term smokerswith atherosclerotic coronary artery disease. Journal of the American College of Cardiology, 4: 964–971.
Nowak J, Murray JJ and FitzGerald GA. (1987). Biochemical evidence of a chronic abnormality in platelet and vascular function in healthy individuals who smoke cigarettes. Circulation, 76: 6-14. 
 Ogston D, Bennett NB and Ogston CM. (1970). The influence of cigarette smoking on the plasma fibrinogen concentration. Atherosclerosis, 11: 349–352. 
Okuno T. (1973).Smoking and blood changes. Journal of Medicine Associate, 225: 1387-1388. 
Parulkar, V. G., Barua, M. J., and Bhatt, J. V.  (1973). Smoking and leukocyte counts. Journal of Postgraduate of Medicine, 19: 132-135.

Ponzer H and Billimoria JD. (1970).Effect of smoking on blood clotting and lipid level. Lancet, 1: 1318-1321. 
Rausch JL, Fefferman M, Ladisich-Rogers DG and Menard M. (1989). Effect of nicotine on human blood platelet serotonin uptake and efflux. Progress in Neuro-psychopharmacology and Biological Psychiatry, 13: 907-916.
Renaud S, Blache D, Dumont E, Thevenan T and Wissendager T. (1984).Platelet functions after cigarette smoking in relation to nicotine and carbon monoxide. Clinical Pharmacology and Therapeutics, 36: 389-395.
Schwartz K, Weizman A and Rehavi M. (2005). Decreased platelet vesicular monoamine transporter density in habitual smokers. European Neuro-psychopharmacology, 15: 235–238. 
Sherwin MA and Gastwirth CM. (1990).Detrimental effects of cigarette smoking on lower extremity wound healing. Journal of Foot Surgery, 29: 84-87. 
Siana JE, Frankild S and Gottrup F. (1992).The effect of smoking on tissue function. Journal of Wound Care, 1 (2): 37-41. 
Snyder MJ, Hsu E and Feyereisen R. (1993).Induction of cytochrome P- 450 activities by nicotine in the tobacco horn worm, manduca sexta. J. Chem. 
 Ecol. 19: 2903-2910. 
Sutek K and Jedrzejczak W. (1973). The effect of cigarette smoking on the count and pattern of white blood cells. Wiad Lek Journal, 26: 725-728. 
Thelle DS and Sharper AG. (1983). Blood lipids in middle-aged Britishmen. Br. Heart. J. 49: 205-213.
Wack JT and Rodin J. (1982).Smoking and its effects on body weight and system of caloric regulation. American Journal of  Clinical Nutrition, 35: 36. 
Wanzel DG, Turner JA and Kissil D. (1958).Effect of nicotine on cholesterol induced atherosclerosis in the rabbits. Circulatory Research, 6: 389-395. 
Zafar I, Khan NM, Nisar M, Rashida M, Shumaila B and Syed AM. (2003). Effect of cigarette smoking on Erythrocytes, Leukocytes and Hemoglobin. Journal of Medical sciences, 3(3): 245-250.

[image: image1.emf]0

5

10

15

20

25

30

Body weight gain (g)

Acclimatizing period


Figure 01:
Body weight gain (g) mean ± S.E.M in adult male mice (n=65) during acclimatizing period of one month.
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Figure 02:
Graph showing decreasing trend of food intake (g/cage/day) in experimental group as compared to control group during 6 weeks of nicotine administration.
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Figure 03:
Graph showing decreasing trend of Body weight (g) in experimental group as compared to control group during 6 weeks of nicotine administration.
	HEMATOLOGICAL PARAMETERS
	CONTROL GROUP


	EXPERIMENTAL  GROUP

	WBC count (103/µL)
	6.54 ± 0.26
	12.50* ± 0.26

	RBC count (106/mm3)
	8.19 ± 0.15
	5.85* ± 0.13

	HGB (g/dL)
	15.55 ± 0.15
	11.21* ± 0.11

	HCT (%)
	55.69 ± 0.79
	66.75* ± 0.55

	MCV (fL)
	49.90 ± 0.27
	54.06* ± 0.22

	MCH (pg)
	17.17 ± 0.17
	12.60* ± 0.14

	MCHC g/dL
	32.75 ± 0.36
	28.28* ± 0.29

	PLT count (103platelets/µL)
	1208.25 ± 18.47
	1596.45* ± 9.55


TABLE No.  01: Hematological parameters in adult male mice with and without administration of nicotine dose. The values are expressed as mean ± S.E.M.

TABLE NO 02: The mean ± SEM values of liver enzymes lipid profile and other biochemical parameters in adult albino mice with and without administration of nicotine.

	Parameters
	Control Group
	Experimental Group (After 42 Days)

	ALT (IU/l)
	92.00 ± 1.21
	104.37 ** ± 1.45

	AST(IU/l)
	148.45 ± 1.13
	166.50 ** ±  1.08

	ALP(IU/l)
	72.70 ± 1.41
	79.80 ** ± 1.54

	Total Bilirubin (mg/dl)
	0.62 ± 0.02
	0.43 * ± 0.02

	Albumin (g/l)
	38.87 ± 0.41
	30.15* ± 0.93

	Total protein (g/l)
	53.15 ± 1.61
	45.45 * ± 1.15

	Cholesterol (mg/dl)
	67.10 ± 4.97
	138.60** ± 2.95

	Triglycerides (mg/dl)
	136.05 ± 1.48
	149.32** ± 1.61

	HDL-C (mg/dl)
	54.30 ± 4.79
	39.35 * ± 2.32

	LDL-C (mg/dl)
	58.15 ± 4.64
	124.77** ± 2.64

	HDL-C/ LDL-C ratio
	0.91 ± 0.013
	0.32 ** ± 0.022


Independent sample t- test indicates significant increase in values in experimental group from control group (**p < 0.05) and significant decrease in value in experimental group from control group (*p < 0.05)
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		1st week		2nd week		3rd week		4th week		5th week		6th week

		28.9		29.4		32.9		34.6		35.8		36.9

		28.9		30.4		32.7		34.1		34.9		35.8

		29.3		30.9		34.5		35.2		36.9		38.1

		28.6		29.9		31.2		35.6		36.7		37.5

		28.3		30.4		32.5		34.6		36.8		37.4

		29.5		31.5		34.5		35.2		36.2		37.5

		29.9		31.6		33.4		35.9		38.1		39.1

		27.9		29.5		32.8		34.6		36.1		37.2

		29.1		30.5		32.8		34.8		35.2		36.8

		29.8		31.5		33.6		34.6		35.9		36.9

		29.3		30.3		33.9		35.2		37.9		38.9

		29.4		31.5		34.1		35.6		36.7		37.2

		28.3		30.3		34.2		35.2		36.9		37.1

		29.9		33.4		34.8		36.8		37.4		37.8

		29.1		33.6		35.2		36.1		36.4		37.4

		30.1		32.3		34.9		35.9		36.9		37.2

		28.4		31.7		33.9		35.8		36.2		37.1

		29.6		32.9		34.5		35.9		36.9		37.4

		29.9		32.9		34.9		36.2		37.9		38

		30.5		33.8		35.2		36.4		37.2		38.1

		28.5		33.1		35.9		36.3		37.4		37.9

		27.5		30.1		33.9		35.1		36.9		37.5

		28.1		30.5		33.5		35.7		37.1		38.9

		29.4		30.8		34.2		36.8		37.2		37.9

		29.6		32.5		34.1		36.2		38.9		39.2

		29.9		32.3		34.2		36.7		38.5		38.9

		29.2		32.1		34.5		35.2		37.9		38.2

		28.6		31.8		33.5		35.1		36.9		37.1

		29.8		31.4		32.5		33.5		35.2		35.9

		29.5		31.2		33.1		34.9		35.2		36.1

		30.1		32.9		34.2		36.2		37.4		37.9

		29.5		31.6		33.7		36.2		37.8		38.1

		29.4		32.4		34.2		35.2		37.8		38.2

		29.6		31.9		32.7		34.8		35.9		37.6

		30.1		31.8		33.8		35.9		37.5		37.9

		30.2		31.9		34.2		35.1		37.1		37.9

		30.1		31.8		33.6		34.9		36.7		36.9

		30.3		32.6		33.9		34.2		37.5		37.9

		32.6		34.3		35.8		36.9		37.6		37.9

		30.2		32.6		33.9		35.2		36.9		38.9

		29.4225		31.6975		33.8975		35.46		36.91		37.655
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														1st week		2nd week		3rd week		4th week		5th week		6th week

												control		30.2		32.65		35.205		37.06		38.745		39.865

												experimental		29.42		31.69		33.89		35.46		36.91		37.65
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