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Abstract 

Diabetes mellitus is a global health problem, and it is a major cause of death and 

disablmy worlclwlde. Its global prevalence was about 8% in 2011 , predicted to be 

10% by 2030. Nearly 80% people living with diabetes in low-middle inceme 

ceuntries. In Bangladesh, diabetic prevalence was 9% in 2006-2010, which will 

be 13% by 2030. Currently, oral hypoglycemic and insulin are used for 

maintenance of this disorder. Diabetes is a stress.-induced chronic disease. 

Pancreatic beta-cells, which generate insulin, have low antioxidant capacity and 

are sensitive to oxidative stress. Oxidative stress insults the P~ceUs to produce 

insulin, increases insulin resistance and develops glucose intolerance. In type 2 

diabetes mellitus. physical activity- improves insulin sensrtivity, prevents 

impaired glucose tolerance, delays onset of diabetes complications, prevent 

diabetes at high risk group. In addition, diabetes could develop many morbidities 

and complications such as cardia-vascular diseases (CVD), kidney diseases, 

retinopathy, neuro-degeration etc. studies reported zinc is insulinomimetic, its 

supplementation reduces blood glucose level in type II Diabetic patients. 

This study is a randomized, double blind placebo-controlled dinical trial. and was 

conducted among type II diabetic patients aHending at Gazipur Diabetic Centre, 

Gazipur, during June 2015 to December 2018.The research question was- Zinc 

is insulinomimetic and its supplementation reduces blood glucose level in type II 

diabetic patients. Therapeutic dose (30 mg) of zinc tablet was supplemented to 

type II diabetic patients (zinc-group) daily for 3 months and anhydrous lactose 

tablet (replacement of zinc) was gi\l'en to the ptacebo control group (diabetic 

subjects without zinc) with the same schedule. During the 3 months follow up 

period, a large number of patients were dropped out and finally 60 and 30 

subjects remained in zinc and placebo group respectively. Physical activity with 

antioxidant rich (fruits and vegetable) and simple carbohydrate restricted diet 

were advised to the both groups of diabetic patients and had been mon~ored for 

3 months. Socioeconomic and patient's characteristics were recorded in a 

structured pretested questionnaire in baseline and nutritional status (both dietary 

and anthropometric) and physical activ~y level (PAL) for both zlnc-group and 

placebo were recorded in baseline and after 3 months follow up (end line). 

During the 3 months follow up period, 10 ml blood samples were collected in 

baseline and following every month to assess biochemical parameters e.g. 
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fasting plasma glucose (FOO). creatinine. micro albumin. Serum gluoose 

phosphatase transaminase (SGPT), Serum glucose oxalate transaminase 

(SGOT) and lipid profile (LOL. HOL, TG etc.). However. glycated hemoglobin 

(A1C), plasma zinc, mealondialdehyde (MDA) and insulin levels were measured 

in baseline and end line. Standard biochemical methods and statistical software 

package was employed to analyze the blood samples and data respectively. 

Oescripbve statistics. Repeated Measure ANOVA and Muniple logistic 

regression models were employed to assess the differences between zinc group 

and placebo group and to find out the association between different independent 

and outcome variables, especially, association of plasma zinc with MDA, Insulin 

AIC and FBG. Level of SignifICance was set at <0.05. 

The zinc and placebo subjects were charactertstically well matched (P>0.05) 

with mean age (48.73 vs. SO.27 years), monthly income (BOT 6220.85 vs. 

6099.6). and BMI (27.20 vs. 26.9) respectively. Zinc supplementation gradually 

reduced the fasting blood glucose level from 14.2 to 9.4 mmoliL (P<0.05). while, 

blood glucose in placebo group was also reduced from 16.0 to 13.3 mmoliL 

(P>0.05), Plasma AIC value also showed a significant (P<O OS) reduction of 

blood glucose level (13.4 to 10.9 mmoVL) in zinc group, but not in the placebo 

group (14.0 to 14.7 mmoVL).Diet restriction of zinc group reduced the calorie 

intake from 3124.7±453,043 to 2455.0 :145.36 calorie. Moreover, physical activity 

increased calorie expenditure from 2180.4±112.4 to 3107.6± 458.0 calorie in 

zinc group. Furthermore, biochemical and sociodemographlc profile of zinc 

group did not show any association with FBG or AIC level. 

The diabetic patients were zinc and insulin deficient and zinc supplementation 

slgnificanUy increased (P<O.OS) both the plasma zinc and insulin level from 

7.87±4.44 to 76.2S±49.34 ~mollL and from 12.03%2.S9 to 19.56±4.71 ~IU/ml 

respectively. However, plasma zinc value of placebo group also changed from 

7.93±5.21 to 9.83±6.04 ~mol/l (P>0.05), which might be due to the advice-only 

diet restriction and physical activity. This study assured that zinc 

supplementation increases plasma insulin level which indicates improvement of 

insulin synthesis and secretion that eventually reduced fasting plasma glucose 

and AIC level. Contrarily, the change of insulin level (12.06±1 .40 to 13.41±2.50 

J,JIUlml) in placebo group was inSignificant. In addition, zinc also significantly 
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reduced the plasma MDA level from 3.30i0.87 to 2.09±1 ,03 ~mollL (P<0,05), is 

also a remarkable indication of 'stress alleviation' capacity of zinc. Logistic 

regression analysis showed that having 18.4 and 17.5 times higher level of 

serum zinc (>17 J,JmoI/L) and Insulin (>17 ~IUlml) respectively in zinc intervention 

group than placebo at the end line (compared to baseline) could explain positive 

association of zinc intervention with higher odds of increasing Insulin level. 

Contrarily, zlnc group possessed 6,!Himes lower serum MDA (S3 mmol ImL) and 

32,S-times lower blood sugar (s10,5 mmol/L) respectively as compared to the 

placebo group which indicates lower stressors level In zinc group, associated 

with higher serum insulin and lower FBG. 

Zinc supplementation lowers the blood glucose level. Diet control and physical 

acliv~y also possibly contributed for the management of diabetes mellitus by 

controlling insulin secretion and sensitivity. Zinc supplementation improves 

insulin secretion, influences to reduce oxidative stress, thus, reducing plasma 

glucose level. It is, therefore, suggested to take therapeutic zInc with 

hypoglycemic agent for the maintenance of glucose homeostasis In type " 

diabetic patients. 
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1. Introduction 

1.1. Olabete. mellijus 

Diabetes mellitus is a metabolic disorder, where body cannot use glucose. Because 

of insulin deficiency, glucose cannot enter into the cell to be used for metabolism to 

produce ATP (adenosine triphosphate). The excess glucose in the btood stream is 

termed as hyperglycemia, it is diabetes. Diabetes mellitus describes a 

heterogeneous metabolic disorder of multiple etiology characterized by chronic 

hyperglycemia with distortions In carbohydrate. fat and protein metabolism. resulting 

from detects In insulin secretion, insulin action, or both. 

Diabetes is a chronic metabolic disease characterized by elevated levels of blood 

glucose (or blood sugar), which leads over time to serious damage to the heart, 

blood vessels, eyes, kidneys, and nerves. The most common is type 2 diabetes, 

usually in adults, which occurs when the body becomes resistant to insulin or doesn't 

make enough insulin. In the past three decades, the prevalence of type 2 diabetes 

has increas.edradicalty in low income countries of all income levels. For people living 

with diabetes, access to treatment including insulin, is critical to their survival. World 

Heatth Organization (WHO) aims to stop this Increase of type 2 diabetes by 

2025(WHO. 2016). 

Diabetes mellitus (OM) is a major public health problem wo~dwlde associated with 

great deal of morbid~y and economic cost. Itis a leading cause of death and 

disability worldwide (Lozano et al. 2012; Murray et al. 2012). The globel prevalence 

of diabetes was about 8% in 2011, predicted to be increased to 10% by 2030. It is 

expected that diabetic mell~us will affect 300 million wo~dwlde persons by the year 

2030 (Wahhabl et al. 2010). It was estimated that the number of adults with 

diabetes in the world had increased from 108 million in 1980 to 422 million in 2014 

(28 5% due to the rise in prevalence. 39.7% due to population growth and ageing, 

and 31 .8% due to Interaction of these two factors. IOF estimates another352.1 

million (95% CI 233.5 -5n.3 miltion) people wo~dwide have a pre·stage of 

diabetes. called Impaired Glucose Toterance (IGT). which is anticipated to rise to 

531 .6 million (95% CI 353.s.883.9 million) in 2045 (IOF. 2019).On global scale. 

diabetes h~s pa~icularty the "middle-aged" peopte of age between 40 to 59 years, 

which makes stern economic and social implications (IOF 2017; 2019). Nea~y 80% 

of people with diabetes live in low- and middle-income countries. In 2011, China 

was home to the largest number of aduns with diabetes (90.0 million. or 9% of the 

population). followed by India (61.3 million. or 8% of the population) and in 
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Bangladesh; it is 8.4 million, or 10% of the population (IDF, 2013), In Bangladesh, 

prevalence of diabetes among aduns increasing largely, from 5% in 2001 to 2005 

to 9% in 2006 to 2010, and it will be 13% by 2030(Saquib e1 ai , 2012) An estimated 

10 million people in Bangladesh have diabetes; one in ten adults. WHO slated 83 

% population of age group 25-65 never checks for? For an effective control and 

prevention of diabetes; 87% of Bangladeshis;s in status of compliance, but not 

improved in the last 14 years. Around 33% people age over 35 are diabetic or pre­

diabetic, only 12% of them are under control . Approximately 17% of men and 23% 

of women were identified to have impaired fasting glucose or impaired glucose 

tolerance. collectively in intermediate hyperglycemia .Only 25% of diabetics are 

aware of their status, women with diabetes were 37% less likely than men to know 

that they were diabetic and, even among known diabetics, 75% had suboptimal 

control of the condition According WHO (2017) data diabetes Mellitus Deaths in 

Bangladesh reached 40,142 or 5,09% of total deaths, 

Chronic hyperglycemia is believed to play a pivotal role in the development of 

diabetic complications. It was found that hyperglycemia incites a number of 

mechanisms that induce overproduction of reactive oxygen species (ROS). OM is 

associated with an increased level of free radicals, disturbances of the enzymatic 

antioxidant defense system. Consequently. these abnormalities lead to a redox 

imbalance called oxidative stress (Preedy et ai, 2011), 

1.2, Oxldallve stress and diabetes 

Diabetes is stress induced metabolic disease. Oxidative stress is now addressed as 

the key etiology of several chronic diseases including cardiovascular system (CVS), 

diabetes, neurogeneration, kidney complication, ophthalmic disorder, and even 

cancers (Thomas. Philipson. 20'5). 

• Oxidative stress is involved in type II diabetes & its complications (Thomas, 

Philipson, 2015), 

• The oxidative stress reduces insulin seaetlon, increases insulin resistance and 

deye/ops glucose intolerance. Oiabetes itself generales excess reactive oxygen 

species (Lloyd et ai, 2005; Midget et aI, 2010). 

• Pancreatic beta-cells have low antioxidant capacity and are sensitive to oxidative 

stress (Lloyd et ai, 2005), 

• Oxidative insult of pancreatic beta-<:ells has now focused as the key etiology of 

diabetes and Insulin resistance (Uoyd et ai, 2005). 
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• Obesity, unhealthy dietary habits, sedentary life style and genetic factors are 

considered as important risk factors in the development of T20M, 

- Zinc, as antio)(idant. fight against stress and thus reduces oxidative stress. 

1.3. Cla.sificatlonltype of diabetes 

There are mainly two types 01 diabetes mellitus (type 1 and type 2 diabetes 

mellitus), though there are other rare lonns 01 diabetes mellitus. Type 1 diabetes 

(insulin-dependent diabetes) is characterized by insulin deficiency resulting from 

pancreatic beta cell destruction, etiology of which is either immune mediated, 

related to e~her physical destruction of the diabetes is type 2 diabetes, which 

accounts for over 90% of all diabetes cases, presents a spectrum of metabolic 

abnonnalities with prominent insulin resistance and relative insulin deficiency. 

However, on the basis of insulin availability, diabetes are categOrized into 

I. Type 1 diabetes (T10)- beta..cell destruction, leading to absolute insulin deficiency 

il. Type 2 diabetes (T20) • insulin resistance with relative Insulin deficiency. 

predominantly insulin secretory defect in the beta cells of pancreas. 

iii. Gestational Diabetes mellitus (GOM) - glucose intolerance, first reoognized during 

pregnancy. 

fV. Other specIfic types- Genetic defects of beta -cell function , insulin action, Diseases 

of the e)(ocrine pancreas, Endocrine pathies, Dru9~ or chemieal-tnduced) 

Whatever is the case, the end result is diabetes (Thomas and Phloipson, 2015). 

Type 1 diabetes 

It isalso previously known as insulin-dependent. juvenile or childhood diabetes, and 

is characterized by deficient insulin production, so requires dally use of insulin. Its 

cause is not known and is not preventable with current knowledge. Its symptoms 

include excessive excretion of urine (polyuria), thirst (polydipsia), constant hunger, 

weight loss, vision changes. and fatigue, which may occur suddenly. 

Type 2 diabetes 

It isformerly called non-insulin..<Jependent, or adult·onset resulting from ineffective 

use of insulin. Itls prevalent in the majority of people around the world , and is 

largely because of obes~, overweight, and physical inactlv~y or sedentary lilestyle. 

Its symptoms may be similar to those 01 type 1 diabetes, but less mar1<ed. As a 
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result, this disease may be diagnosed after several years of onset, until 

complications developed. It is usually occur in adults, but currently also occurring 

increasingly and frequently in children. 

Gestational diabetes 

Gestational diabetes is hyperglycemia with high blood glucose value, but below 

those of diagnoslic diabetes. It occurs during pregnancy. Women with gestational 

diabetes afe at an increased risk of complications during pregnancy and at delivery. 

The mother and U1eir chHdren are at increased risk of type 2 diabetes in the future. 

Gestational diabetes is diagnosed through prenatal screening, father than through 

reported symptoms. 

Impaired glucose tolenlnco (IGT) and impaired fasting glycaemia (IFG). 

The (IGTI and (IFG) are intermediate conditions of diabetes. People with IGT or 

IFG are at high risk of progressing to type 2 diabetes, which isnot inevitable. 

Other types of Diabetes Mellltu. 

Tissue receptors tyrosine does not responding to insulin, even having insultn 

levelnormal. Genetic mutations autosomal or mitochondrial can lead to defects in ~­

cells function (Wellen et ai, 2003). Any disease that causes much damage to the 

pancreas may create diabetes in the person, for example- chronic pancreatitis and 

cystic fibrosiS. Diseases associated with excessrve secretion of insulin-antagonistic 

hormones can cause diabetes, which can be treated with reducing excess 

hormone. Many drugs impair insulin secretion and some toxins damage pancreatic 

jXell • . 

1.4. Pathogenesis of Dlabete. 

Multipleetiologles are involved in the pathogenesisof the development of diabetes, 

which include 

(i) Annihilationof pancreatic f3.- cells resulting in insulin deficiency, 

(ii) Developing resistance to insulin action, and 

(iii)Abnormalitiesin metabolism of carbohydrate, fat and protein owing to deficient 
aetton of insulin on target tissues resufting from insensitivity or tack of insulin 

These etiological defects, disorders or processes induce diabetes melhtus. 
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Geneticfactors contribute to the ebology of type 2 diabetes or diabetes mell~us 

Radha et ai, 2007). The concordanoe of type 2 diabetes in monozygotic twins is 

about 70% compared to 20-30% in dizygotic twins. The I~etlme risk of developing it 

is 40% in the offspring of one parent with the disease, but the risk approaelles 70% 

d both the parents are affected. Women WIth gestational dIabetes are at an 

increased risk of developingtype 2 diabetes mellrtus after pregnancy, while their 

offspring are prone to develop childhood ObeSIty, with type 2 diabetes later In Iffe. 

Fetal exposure to maternal diabetes Is assooated with a higher risk of abnormal 

glucose homeostasis in the offspring and among patients with gestationaldiabetes. 

a higher frequency of diabetes history has been reported in the mothe", than in the 

fathe", (Fetltaet ai , 2006). 

Diabetes can be treated and Its consequences can be aVOided or delayed with diet, 

phystcaJ activity. medication and regular screenmg and treatment for complications 

(WHO, 2018).Accordlng to the IDF stabsties, presenUy every seven seconds 

someone is estimated to die from diabetes or Its compJications. 

lifestyle changes due to urbanization including diet, physical inactivity, stress, 

smoking and alcohol consumption also stem type 2 diabetes. The transition to 

modem diet k!ad to increased Insuhn resistance alteringthe glucose levels in the 

body along with decreasedphyslcal activrty and sedentary Ide styles leading 

toincreased prevalence of the type 2 diabetes (Kowall et ai, 2010). Reduoed fiber 

intakeand Increased consumption of animal fats and processedcarbohydrates can 

augment type 2 diabetes, and traditional diet of cereal.-based, rich In fiber and low in 

saturated fat, cholesterol and meat can relief type 2 diabetes. 

1.5. Diagnosis of Diabetes mellitus 

The World Hea~h Organization () and the Expert Committees of the American 

Diabetes Association (ADA) ouUJned the criteria for the diagnosis of hyperglycemia 

for diabetes mellitus as 

P.rameter 2~our glucose F •• tJng gluc~. HbA1c 
Unit mmoII1(mgldl) mmoll1( mgldl) mmotlmol DCCT% 
Normal <78«140) <61«110) <42 <6.0 
Impaired fasting <78«140) >6 1(.110) 42-46 60-6.4 
glycaemia &<7.0«126) 
Impaired glucose .7.8 (.140) <7 0«126) 42-46 60-64 
tolerance 
Diabetes mellitus .11 1 (>200) .7.0 (.126) >4S >6.5 
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Whatever is the case, the end resutt is diabetes. 

1.6.Treatment and management of diabetes mellitus 

Diabetes mellitus isa chronic lifetime metabolic disorder. Aim of diabetes treatment 

is to maintain normal gtycaemia , also to reduce micro- and macro vascular 

complications, and monitoring complications. Therapeutic approach includes 000-

pharmacological strategy and pharmacological approach. The first one addresses 

to medical nutrition therapy, body weight maintenance. and balance diets 

containing low glycemic low carbohydrates and low saturated fats and calorie 

restriction form weight loss. The pharmacological therapy includes oral 

hypoglycemic agents and injeclable insulin. 

1.6.1. Oral hypoglycemic. 

The oral hypoglycemic agents currently using are 

• Sulfonylureas- Glibenclamide, GJipizide 

• Biguanldes- metfonnin 

• Meglitinlde analogs- RepagHnlde, Nateglinide 

• Thaizolidlned iones- Pioglitazone 

• Alphaglucosidase Inhibitors · Acarbose 

• Dlpeptldyl Peptidase-IV Inhibitors· Sitagliptin , Vildagl iptin. 

1.6.2. Insulin therapy 

Types of insulin used in the management of glycemic index are 

• Rapid acting (15-30 mln)- Aspart. li,pro 

• intermecllate actlng (2~ hrs)-lente 

• Long acting (4-10 hrs)-GJargfne 

• Short-actmg InSLJlins (30-60 mlnutes)-Humulin R (regular), Novolln R (regular). 

Type 2 diabetes is characterized by insufficient secretion of insulin from the j3-cells 

of the pancreatic Islets. Insulin resistance is increased during obesity. Treatment of 

type 2 diabetes starts inrtially of dietary control and lifestyle modifications, followed 

by oral hypoglycemic agents. Oral hypoglycemic agents are given to stimulate 

pancreatic ~lIs to synthesis and secrete insulin or to reduce need of insulin 

reducing glycemic load. When p,-celts are damaged or could not produce insulin, 

then insulin therapy is required. 
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1.7. OIet control and exercise 

The Diet control and exercise are essential for effectiveness of hypoglycemic 

agents. 

1.7.1. Diet control 

DIet conlrol is required for maintenance of glycemic Index In diabetes mell~us (OM) 

are 

(i) appropriate dally calorie intake, 

(ii) nutritional balance diet and 

(ill) Appropriately divided meals taken at designated time IntelVal (Hiroshi . 

2001). 

The dIabetic dIet should contain -

(i) carbohydrate restricted low GI. high fiber complex diet to reduce and slow 

insulin need and 

(ii) Antioxidant nch vegetables and fruits to proted against oxtdative stress. 

1.7.2. Exercise or Physical acllvlty 

Like diet control, physical actlVTty or exercise is another key component for control 

or maintenance of diabebc control (Hiroshi. 2001}.The physical actlvlly 

(i) makes movement of skeletal muscles resulting energy expenditure, 

(ii) ActlvateJtune human organs, 

(iii) help organs, musdes, bones, artenes more efficient, and thus, 

(Iv) Reduce chances of geWng illness or disease. 

In Iype 2 diabetes mellrtus. physical actIVity 

(i) improves Insulin sensllMIy (WHO/I OF. 2003) 

(il) prevents impaired glucose tolerance (Robertson et al. 2020). 

(iii) delays onset of diabetes complications, 

(iv) Prevent diabetes at high risk group (Zmman et al. 2003). 
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1.8.1nsulln synthesis and secreUon 

Insulin is made of 2 peptide chains - A chain and B chain. which links together by 

two disulfide bonds, and an additional disulfide is fonmed within the A chain. The 

A chain consists of 21 amino acids and the B chain of 30 amino acids. Insulin is 

synthesized in the Beta cells of the islets of langerhans. Insulin mRNA is translated 

into preproinsulin, which generates proinsu!in. End peptidases cut out a connecting 

peptide (c-peptide) between the A and B chains to make the mature form of insulin. 

which is secreted by exocytosis from the p-cells by diffusion. 

Insulin secretes in in two phases- pulsatile release (rapid onset) clearing absorbed 

nutrients from the blood following a meal, and protracted release (longer): Long 

term insulin release for glucose uptake such as for cell growth, cell division, 

stimulating protein synthesis and DNA replication. Insulin binds to a highty specific 

insulin receptor on cell surfaces. 

Insulin is synthesis in ~cells as preproinsulm to prolnsulin, which In tum is 

converted to insulin I and stored in secretary granules, where waiting to release on 

demand. Insulin synthesis is regulated at transcriptional and translational level. 

Insulm secretion takesptace is a chain of steps in ~cells that make to blend of 

secretory granules with the plasma membrane in response to glucose. Fatty acids 

and amino acids augment glucose.induced insulin secretion. In addnion. some 

hormones. such as melatonin, estrogen, leptin, growth hormone, and glucagon like 

peptide~1 also regulate insulin secretion. Thus. the f3.-ce1l is a metabolic center in 

the body, connecting nutrient metabolism and the endocrine system. CAMP gives 

signal to regulate the insulin secretion (Fu at ai, 2013). 

1.9.1mportance of zinc in type 2 diabetic patients 

Zinc is one of the essential trace elements that Is required to maintain the normal 

physiological function of all fonms of life (Saradesai et ai , t 998). Zinc occurs within a 

great variety of foods of both animal and plant origin. Zinc within animal products is 

more readily available than that within plant products (ZI1eng et ai, 1993). Zinc has 

close interrelationships with the endocrine system and jt is essential for normal 

growth, reproductive function, immune function , and glucose metabolism. Zinc 

deficiency has now been recognized to be associated with many chronic illnesses 

(Prasad et ai , 2003). Diabetes mell~us (OM) is one of the diseases. which affect 

zinc homeostasis in different ways. The relationship between diabetes, insulin. and 

zinc is complex with no clear cause and effect relationship. The predominant effect 
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of diabetes on zinc homeostasis is hypozincemia, which may be the result of 

hyperZincuria or decreased intestinal absorption of zinc or both (Chausmer et ai, 

1998). 

Zinc has an important role in the glucose utilization by muscle and fat cells (Song el 

al . 1998). It is required as a co-factor for the function of intracellular enzymes that 

may be involved in prolein, lipid and glucose melabolism (Saguaro el ai, 2001). 

Zinc may be involved in the regulation of Insulin reeeptor-initiated signal 

transudation mechanism and insulin receptor synthesIs (Tang et al. 2001). Zinc also 

plays a key role In the synthesis, storage, and secretions of insulin by pancreatic 

tissue, and it accounts for the confonnation integrity of insulin in its hexametric 

cryslalline form (Jindal el ai, 1992). Zinc may partlcipale as an inlegral component 

of several antioxidant enzymes. Many of the complications of diabetes may relate to 

an increase in Intracellular oxidant and free radicals associated with dea-ease in 

intracellular zinc and zinc dependenl anlioxidanl enzymes (Szaleczky el ai, 1997). 

1.10.Zinc, diabetes and antioxidant defense 

Zinc provides defense against diabetes. Zinc is insulinomimetic- acts like insulin, 

decreases blood glucose, HBAl and choleslerol levels (Khanam el ai, 2018), 

deficiency of zinc reduces insulin secretary reserve and makes glucose intolerance 

(Kim J Lee el ai, 2012), and sUmulales glucose oxidalion and glycemic conlrol by 

modulabng insulin signaling palhway (Norouzi el al ,2018). Zinc plays vital role in the 

synthesis, storage and secretion of insulin and its conformational Integrity. and its 

deliciency affeQs Ihe ability of islel ceil 10 produce and secrete insulin (Chausmer, 

1998). Zinc syntheses proinsulinin pancreatic ~-eell, whldl then makes a zinc 

containing insulin hexamer. Zinc ions also enhance proinsulin'ssolubility and render 

insulin insofuble-microaystalline character of the preCipitated insulin granule (Omar 

el ai, 2001). 

Zinc provides defense against oxidative stress. It is important for over 300 

enzymatic reactions and is a part of more than 2000 zinc-dependent transcription 

factors and zinc~metaloenzymes. Zinc-metaloenzymes such as superoxide 

dismutase, protect cells and tissues from tree radicals insults (Kaur et aI, 

2014).Oiabetes disrupts zinc-homeostasis. Zinc has strong antioxidant potential , it 

acts as a cofactor of the superoxide dismutase enzyme which regulates 

detoxification of reactive oxygen species. thus protecting against the oxidative 

slress induced by chronic hyperglycemia (Cruz el ai, 2015). Zinc also inhibils a­

ketoglutarate-dependent mitochondrial respiration that suggests Zn2
" can interfere 
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with mitochondrial antioxidant production and may also stimulate production of 

reactive oxygen (Gazaryan et al,2002).Zinc supplementation has been shown to 

improve type 2 diabetes symptoms (Begm-Heick et ai, 1985). Dietary 

zincsupplementation has been reported to attenuate hyperglycemia and hyper 

insulinemla In diabetic patients (Simon et ai, 2001).The effects on the diabetic 

phenotype vary but globally, scientists observed beneficial effects especially in 

decreasing HbA1c levels and cholesterol (EI Dib et ai , 2015). Zinc supplementation 

affects the insulin response differentially. depending on the patient genotype for the 

SLC30A8 gene encoding the zinc transporter ZnT8 (Maruthur et ai, 2015). 

1.1l.Zlnc In Insulin synthesis In II-cells 

Zinc is essential for the effective synthesis of insulin hormone, which is arranged in 

a regular crystalline structure comprising Zn ions in secretory vesicles. Each insulin 

molecule is linked with 2-4 Zn atoms. A zinc/insulin complex is formed for slow 

release of insulin into the bloodstream (Prasad et ai , 1998). 

The healthy pancreas has high zinc content, which is greatly decreased in diabetic 

patients. Zinc presents in pancreatiC ~-eells . and concentrates within the dense 

core insulin secreting granules (ISG) at around 10 to 20 uM (Hutton et ai, 1983). 

Zn2' ions are an essential for both insulin processing and storage. 

1.12. Diabetes, immunity and zinc 

Diabetls is a chronic lifetime diseases. Clinical use of zinc benefits health, induding 

may settle diabetes (McClung Cai et ai, 2014). It can repair the organs damage 

induced by oxidative stress. Diabetic is considered as immuns-- compromised 

metabolic complication. Zinc plays vital function in immune function. Zinc status is an 

important determinant of cell-mediated immunity. it may modulate immune system in 

diabetes (Mooradian ot ai , 1988; Eliashov et ai, 1978). Zinc therapy has been 

reported to make It normal, even zinc enhances immunity by increasing percentage 

of CD4 T ~lls, Zinc adds to insulin signaling, glucose use, maintain lipid metabolism 

and cell functions. Zinc deficiency induces chronic disease induding diabetes, which 

itself also leads zinc deficiency. Zinc therapy prevents start or development of 

diabetic cardiomyopathy, also averts development and or the progression of diabetic 

nephropathy. 

23 



1.13. Inflammation, zinc and diabetes 

Zinc acts as an anti-inflammatory agent (Mooradian et al . 1988: Khan et al . 2013). A 

large body of investigations has reported function of zinc in the regulation of 

metabolic syndrome. It controls cytokine expression, suppresses inflammation, also 

makes activation of antioxidant enzymes to scavenge reactive oxygen species 

reducing oxidative stress (Olechnowicz et al. 2018) In"ammation associated with 

insulin resistance and diabetes (Dandona et al. 2004; Grimble et ai, 2002). Zinc 

deficiency occurs in inflammation and type 2 diabetes (Lehmer et ai , 2005). Which is 

due to high IL-6 production that associates with insulin resistance, hyperglycaemia 

and dysllpidemia. The -209 AlG MT2A polymorphism is involved in chronic 

inflammation (high plasma IL-6), hyparglycaemia. enhanced HbA 1 c. which are 

manifested by marked zinc deficiency. Therefore, zinc therapy may overcome the 

diabetic inflammation. 

1.14.Zlnc supplementation to type2 diabetic patients 

Zinc concentration in the islet of ~lIs is related to synthesis, storage and secretion 

of insulin, deficiency of which affeds the ability of islet cell to produce and secrete 

insulin (Chausmer et ai, 1998). Zinc on cellular homeostasis. It stimulates glucose 

uptake, induces lipogenesis In adipocytes. makes tyrosine phosphorylation of insulin 

I IGF-1 receptor and Insulin receptor substrate-1, activates epidermal growth factor 

receptor, InhiMs PTP (protein tyrosine phosphatases). activate m~ogen activated 

kinases (MAPKs), C· nonterminal kinases, and increase in glycogen synthesis. 

Zinc supplementation has been found to reduce the progression and complications 

of diabetes by reducing oxidative stress and _poptosi. (Daga et ai, 2009; Ota et al. 

2004).ln the context of dietary zinc supplementation to ameliorate diabetes 

complications, there have been some contradictory results on zinc's efficacy In 

glucose hemostasis (Jansen et ai, 2009; Hwang et ai , 2011 ; Miao et ai, 2013; Zhao 

et ai, 2012). 
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1.15. Hypothells 

Zinc is insuhnomimetic, acts like Insulin. Zinc supplementation reduces blood 

glucose level india betiC mellitus. type 2 Diabetes 

1.16. Rltlonale of the atudy 

llnc provides defense against diabetes llnc Is insulinomimetic; acts like insulin. It 

decreases blood glucose.Zinc deficiency reduces insulin secretary reserve and 

makes glucose intolerance. Zinc stimulates glucose oxidation and glycemic control 

by modulating insulin signaling pathway. ZinC plays vital role in the synthesis, 

storage and secrehon of insulin and rts confonnational integrity. Zinc deficiency 

affects the ablhty of islet of ~II to produce and secrete insulin. The pan creative, 

~--ceilis htghly sensitive to oxidative stress Zinc is required for insulin synthesis in f3. 
cell Zinc Ions also enhance prolnsulin's solubility and render insulin insoluble­

microcrystalline character of the precipitated insuhn granule. In light of 

Insullnomlmeticand stress alleviating potential of therapeutic zinc, this study aimed 

therapeutiC supplementation of zinc In type 2 diabetes to reduce blood glucose with 

placebo supplementation. 

1.17. Objective of the study 

This study aimed to investigate the effect of therapeutic zinc on blood level in type 2 

diabetics. To thiS end, the specific objectives have designed to 

(i) assessment of the sociodemographic characteristics of the study population 

(il) assessment of nutritional status with anthropometries 

(Iii) supplement ation of zinc (therapeutic dose) to type 2 diabetes 

(iv) adVice, monrtor and controll the diabetes diet and physical actIVity 

(v) analyze btochemical profi~s-creatimne , micro albumin and SGPT, SOOT 

and lipid profile; and 

(vi) analyze plasma ZinC, insulin and stress bfomarkers at baseline and follow up 

times With standards methods and finally 

(vu) analyze the influence/effect/association of 

8) (i) ZinC on insulin level, (ii) insulin on plasma glucose level, and 

(iii) Zinc on malondiakSehyde 

b) diet controUrestriction on plasma glucose level, and 

cJ physical activity level on plasma glucose content 
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2. Materials and Methods 

2.1. Study design 

The study was designed as a placeb<Kontrolied clinical trial conducted on type 2 

diabetic patients. Zinc tabtet (30mg; Square ZinC®. Zinc Sulfate Monohydrate USP 

equivalent to 20 mg Zinc) was supplemented to the type 2 diabetics every day for 3 

months and placebo to the control group with follow up for one month, two month and 

three months (Hyun-Meet et al. 2009; Roussel et al. 2003; Morsi et al. 2012).The 

research work was categorized rnto 

Part I: Socia-demographic, anthropometric (8MI), dietary habit (24 hour recafl) and 

physical activity (24 hour physical activity) data were collected and recorded, 

Part II. Plasma FBS, HbA1c, creatinine. micro albumin, SGPT, SGOT. and zinc and 

insulin and MOA levels were analyzed at baseline, follow up times, and 

Part III influenceJeffectiassociation of 

a. (I) zinc on Insulin level, 

b. (ii) insulin on plasma glucose level, and 

(iii) Zinc on malandlaldehyde. 

b) diet control/restnctlon on plasma glucose revel. and 

c) Physical activity level on plasma glucose content. 

2.2. Study population 

This study was conducted among type 2 diabetic (T2D) patients attending Gazipur 

Diabetic Centre. Gazipur. during the period of June 2015 to December 2018. 

Informed consent was taken from each of the subjectsat the beginning of the study. 

Ethical approval was obtained from ethical committee of the Faculty of Biological 

Science, Universrty of Dhaka. 

2.3. Questionnaire development 

A questionnaire was designed, prepared and pretested to collect and record the 

socicrdemographic. anthropometric, dietary and physical activity data, and to record 

the biochemical analytical results (Appendix A) . 
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2.4. Sampl •• Iz •• sUmallon 

Sample size for ReT (comparing two means; Mors;.t ai, 2012) 

n= (z.". + 1.0)' x 2(6)', (~' . ~' )' 
n= (z.". + 1.0)' x 2(6)' , (~ ,. ~' )' 

= (1 .96+ 0.84)' x 2(0.99)" (0.61 - 0.10)' 
= (2.80)'. 2(0.99)" (0.51)' 
= 7.84x1 .96IO.26 
=59.10-59 

""',. 
n = sample size reQuired In each group. 
1.11 = mean Change in glycemic control In treatment group . 0,71 
(Morai e1812012) 
J.l2:: meln chanoe In glycemic control In placebo group = 0.1 
jJ 1.J.l2 '" ellnically signlf'lCBnt difference = a 81 
0"" standard deviation = 0.99 
z.., "'level Of significance, for 5% thIS I!I 1.95 
Z. -power for 80% tI1is isOM 

Based on this formula, the sample size required per group is 59. Hence total sample size 

required Is 118. Considering a dropout rate of 25%. total sample size required is elghtynine. 

A sample size of 89 subjects Is suffICient to detect a clinically important difference of 0.61 

between groups In improvement of glycemic control assuming a standard deviation of 0.99 

and using a two tailed Hest of difference between means with 60% power and at 5% le .... el of 

significance. 

2.5. Recruitment of study population 

Type 2 diabetic patients of aged 35 year to 2: 51 year were recruited under defined criteria. 

The patients and the guardians were briefed about the objectlves of the study and written 

consent was taken from each of the participants or the attendant (if required) 

Inclusion criteria: DJabetic patients, who were 

• in insulin treatment but did not need to change the treatment regimen, 

• voluntarity willing to participate in this clinical study, and 

• Agreed to comply the treatment given. 

exclusion principle: Diabetic patients, whO were 

• with some e<rmorbid l1lness, such as uncontrolled hypertension, heart 

disease and any other serious debilitating illness, and 

• Uncertain to continue the treatment adherence 
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2.6. Grouping of recruited type 2 diabetics 

The recruited diabetic patients were dNided into zinc: placebo nearly 2:1ratio. 

I. Zinc group, who received zinc Iablet (30mg) once every day for 3 months 
with constant follow up over phone and diabetic center visit, and 

II. Placebo group- diabetic patients, who received placebo with the same 
schedule of zinc group. 

The experiment was conducted as designed for follow up and investigation. 

2,7. End stand of zinc and placebo group 

During the study period, a large number of patienls was dropped out at every the 

follow up and finally at end line. In course of follow up time and invesltgation, a 

large number of patients were dropped oul. and uttimately. It stands as 

• Zinc group type 2 diabetics 60 (Sixty). and 

• PlacebO group type 2 diabetics 30 (tIlirty) 

In Random Clinical Trial (RCD and Clinical Trial (CT) studies, this type of dropping 

the experimental human subjects is very common and the number of study case 

and placebo groups are also prevalently frequent (Oh. Yoon etal. 2008. case: control· 

44:34: Roussel et ai, 2003. case: contml-27:29; Morsi et al. 2012. case: eonttoI30:30; Islam 

et al. 2004. 27-33, 253:100). 
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2.8. Investigation schedule 

An inveslJgation schedule was made to conduct Ihe research as designed. 

Infonnation Baseline v~lt 1lt FollowUp 2nd Follow'Up ~' \> Follow 

Up 

Informed consent form ./ 

Collection of ./ 
demographics 

Medical history taking ./ 

Physical examination ./ ./ 

FBS ./ ./ ./ ./ 

ABS ./ ./ ./ ./ 

HbA1c ./ ./ 

Lipid profile ./ ./ 

SGPTISGOT ./ ./ 

plasma creatinine ./ ./ 

Urinary micro albumin ./ ./ 

plasma insulin ./ ./ 

plasma zinc ./ ./ 

MDA test ./ ./ 

Dietary habit ./ ./ 

Physical activ ity ./ ./ 
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2.9. Life style of diabetic patients 

In order to assess the life style of the diabetic patients, detailed information on 

sociodemography. anthropometry, diabetic history, treatment taking, dietary habit, 

and physical activity were collected with an interviewer administered questionnaire, 

The information thus collected were compiled and analyzed statistically using SPSS 

Software program (Version·21 ). 

2.10. Collec1lon of reaearch data and blood specimen 

The required information and blood specimen were collected from every type 2 

diabetic participant by the researcher and enumerators and recorded in the 

questionnaire, which were then made analysis. 

2.10.1. InfonnatJon collectton and data processing 

Sociodemographic, anthropometric, dietary and physical activity data were 

collected and recorded in the pretested questionnaire. Researcher and 

twoenumerators collected the data by direct interviewing the subjects, and the 

attendant (when required). 

2.10.2. Collection of blood specimen 

A 10 ml venous blood sample was collected aseptically from the antecubita1 vein of 

each of the participating diabetes in a heparin tube by a paramedic of the diabetic 

centre, and it was put in cool box. Immediately, blood sample was processed to 

separate plasma, which was then aliquoted into eppendorfs and stored at -4(f'C for 

analysis of biochemicals~ FBS. HbA1c, plasma creatinine, micro albumin, SGPT, 

SGOT, cholesterol. triglyceride. HOL, LDL, VLDL, MOA. Insulin, and zinc. 

Insulin analysis was carried out within 7 days of blood collection. 
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Picture 2: RG'SOareher working In the analytical lab. INFS 
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2.11. Oata analysis 

Soclo-demographic. anlhropomelric (BMI). dietary habit (24 hour recall melhod) 

and physical activ~y (24 hour activily). and Iheir effect on blood glucose level and 

HbA1c were analyzed and inlerpreled wilh Ihe use of slalistics. The data colk>cted 

were processed by removing iIlegrtimate codes, reducing logical inconsistencies. 

dropping improbabilities and by solving ambiguities. The processed data were 

tabulated on the basis of similarities and intervals by using IBM SPSS Statistics 21 

software packages and Microsoft excel were used for data entry. Descriptive 

statistics (frequencies, cross tables, desaiptive) and compare means (t~test) were 

used to calculate all variables. Values were expressed as frequency. percentage. 

mean and standard deviation. Chi·square and fisher's exact test were used to 

assess association or influence. The signrflCance of difference was tested using 

one sample t-test with the 5% level of confident interval, test statistic and its 

variance for categorical variables. Mauchly's test was applk3d to estimate the level 

of significance W'hen a cell value of any category was less than five 

Nutritional status was assessed using Body Mass Index (BMI: weight in 

kilogram/height in meter) in accordance wrth reference of (Keizer et ai, 2011). 

2.12. Collection 01 anthropometric, dietary and PAL data 

The researcher and enumerators collected the Socio-demographic, anthropometric, 

dietary hab~ and physical aC1ivily data by direct interview of !he participants and 

attendant (if required). 

2.12.1 . Mea.urement 01 anthropometric Indices 

Body weight and height of the zinc and placebo group diabetic patients were 

measured wtlile the subjects were not wearing shoes. A researcher adult metric 

scale (DeteC1or Scale Inc. Brooklyn New Yorl< USA) was used to measure the height 

and weight of each study subjects. Body mass index (BMI) and chronic energy 

deficiency (CEO) were categorized using standard method (Golden et al. 2000; 

WHO. 2020). 

BMI (kg/m') = Weight in kg/Height in (meter)' 

ClasSIfication of chroniC energy defICiency (CEO) (WHO 2020) 

8MI ' 16.0 160-16.9 17.G-164 18.4-25.0 

CEO III II I Normal 

>25.0 

Obese 
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2.12.2. Diotary habit and physical activity 

Dietary habit by taking 24 food intake was collected. Food class. food source and 

nutrient content were coltecte in the questionnaire (Keyzer el ai , 2011). Physical 

activity was obtainedl by recording 24 hour activitylevel morning to moming (Welk 

et ai, 2014). 

2.12.2.1. Dietary habit 

Dietary intake data were collected by recording the food intake during the 24 hour 

(Keyzer et ai, 2011). Repeated 24-hour recalls versus dietary records for estimating 

nutrient intakes in a national food consumption survey. 

2.12.2.2.Physlcalactlvlty level 

It was obtained by monitoring the drtferenl activities done during the last 24 hours, 

morning to morning (Gregory et ai , 2015). 

2.13. Biochemical analysis at baseline, follow ups 

The plasma fating glucose, HbA1C, lipid profiles, liver function and kidney function 

and plasma zinc, insulin and malondlaldehyde were analyzed by standard methods 

using kits and reagents, which are outline as follow. 
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Analytlcal method employed 

810 Method chemical. R •• gent (kit) Procedure Referenc. 

BlOod Glucose oxidase ~I plasm •• 2~ reagent. lomin at Barham, 

glucose (GOo·pAP) Human, Gennany 37"C. teid ab.orblnce a' 5000m &Cal Trinder, 
concentration 1972 

HbA1c 
Nyco Card Rando. 5~ VofIoIe blood ... Reagent Rl ... 3mJn at Lenzi at al, 
Test method biochemical , UK 25 ... 25 ~L. R2 Inc.u'*- at 1Osee. 

read in Nyoc:O C8td Relldef 1987 

Creabf'\lne CoIorimetnc Human,Garmany 
,~ pIa$ITI .... ,OOI) .... ~n1 ~e Bane. et 

method for 3Osec, read abeorbance a' S10nm ai, 1971 

Micro- Colorimetric 100,1"'000 ~I A!lagent 5 mIn 1125"C read Rod keyel 
albumin BeG-method Human,G8fTnsny absorl>ance at $46nm & Cal albunun 

concentration 
81.1964 

SGPT Uquiu\I method Human,Germany 2001011 plasma+l~1 reagent .lncubated ChnChim 
.. 37"C. read abSof1)anoe. 340 nm at ai, 1980 

SGOT llquluv methOd Humliln,Germany 200~.1I plasma.,0001ol1 rNgent .lncubated lin.chim .• 
1137"C. read absorbence at 340 nm tal. 1976 

Enzymatic Rondo>< 
~I plasma.odHp.ltllndllrd ~1+5OO\.I1 

Cho'esterol method CHOO- rupent Rt . incubMe .1 3ft tor eo min, TIetZ: et ai , 

PAP 
btochernc:::eI, UK .... ......."'" " 500nm 1990 ."'-EnzymatIC Randol( 

5tJ1 plasmltdd~sand.rd 5tJ"5OOI,tl 

T rigly<:ende coIor1melric: reagent Rt incubate at lroc for 50 min, Tietz et ai, 

GPO-PAP 
biochemm, UK .... abtol'oanOll .. 500nm &col 1990 

concentratIOn 

HOL, 
Enzymatic RandOl( 

51J1 p"sme'"'CklHrO+ata~rd 5l.I1+5Ot\I1 

LDl,VlDl cok>rimetrlc biochemical, UK 
rugent RI , incubate*, 3T'C lor 60 min, TI8tZ ec al. 

GPO-PAP 
.... abtolbano. .. 500nm ."" 1990 
concentratiOn 
1l'1'li pilSINI + uliMO 15m1+2m1 reagent+ 

SpedrophOiomet 
MoA Reagen .. boiling for15mln .t100'c, eenttlf\lge at Buege, 

ric 3000tpm fof 1Orrnn, rNd ~ at Aua.! 1978 
550 nm &cal concentratIOn 
,.." std+~1 eozymo COI'IIugale 

Enzy_ linked ""' .... 30m" ."",1 ..""". Flieret ai, 
Insulin 

S8~method 
DRG, Germany c::omplBJi:+5CIIJ1 enzyme a.l.Jt.lr.", IUd 

absofbanee 450%10 nm plate reader • 
1979 ....... 

Atomic plasma diluted x10 , elltlnguitt'led ;n 
zinc absorpllOll Shtmmadzu ..... MS . .... -"'" .. HOS$8ln at 

• trle 213 inm. caloonc 
al, 2007 
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2.13.1. Estimation offasting blood glucose level 

The Glucose oxidase GO()'PAP method (Barham. Trinder. 1972) was used to 

estimate blood glucose level using a kit (Human. Germany). 

Glucose oxidase (GOD) enzyme reacts with glucose and produces gluconic acid and 

hydrogen peroxide (H2~)t which In presence of 4-amino anti purine and phenol 

produces a colored sodium azide.Color intensity is proportional to the concentration 

of glucose content. ThIs reaction is catalyzed by peroxidase (POD). 

The kit contained 

Phosphate burter, pH7.S 
4-Amino anti pyrine 
Phenol 
Peroxidase 
Glucose oxidase 
Mutarotase 
SOdium azide 

100 mmol/l 
0.25 mmol/l 
0.75 mmoln 

~1 . 5KU/r 

2:1 5KU/l 

" .5KU/I 
0.095 

A standard curve was prepared using absorbance or 00 versus different known 

concentrations (2. 4 , 6, 8. 12. 16. 20) of glucose 

Five IJI plasma was taken in the mia-o well of microtitre plate and 250 ",I of working 

reagent was added and incubated for 10 minutes at 37°C, absorbance was read at 

500nm. 

Calculation (As~ fA 1tIndW\:I) Ie Concentration of the standard (S.SmmoVI) 
=Glucose Conc@ntration of the sample 
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Picture 3: Estimating plasma glucose 

• 

Picture 4: Analysl, 0' ptasma glucose 
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2.13.2. Glycated Hemoglobin HbAlc 

Plasma HbAlc was eslimaled by Nyco Card Tesl melhod (Lenzi el ai , 1987). II is 

aboronate affinity assay. The kit reagent makes lysis of erythrocytes to precipitate 

hemoglobin, which conjugates with blue boranic acid, which then binds cis-diols of 

glycated hemoglobin. The excess colour was washed out. The precipitated is 

evaluated by measuring Ihe blue (glycaled hemoglobin) and Ihe red (total 

hemoglobin) colour inlensity with the Nyco Card Reader III, the ratio between them 

being proportional to the percentage of HbA1c in the sample. 

The kit contained 

24 test kit TDlTest Device 

Plastic device containing a membrane filter 

R11 Reagent 

Gtydnamide buffer containing dye-bound boronrc acid and detergents 

R21washing solution 

MorpholinebufferdNaCI solution and detergents 

Capillary tube or pipette (5IJL) for sample collection 

Capillary tube holder 

Pipen. (25~L) and Pipene tips 

Blood samples with anticoagulant (EDTA, heparin and NaF) can be stored up to 10 

days at 2-S°C before analysis-

Nyco Card READERII 

Five ~L whole blood was added to R1IReagent in a test tube, mixed well, left for 2-3 

minutes. Read the test result within 5 minutes using the Nyco Card Reader. 

2.13.3. Creatinine level 

Creatinine level was estimated by colorimetric method with deproteinlzation (Bartels 

et ai, 1971) using a kit (Human. Germany). Plasma creatinine In alkaline solution 

reacts with pirate to (orm a colored complex, when mixed with kit reagent, left for 20 

minutes. It was read at 520 nm against blank. 

Reagents 

Initial Concentration of solution 

1 Standard 

2. Picric acid 

3. Sodium hydroxide 

4 , TAB51 tnhloroacetic acid (TeA) 

2mg Idll77~moVI 

35mmolll 

1.6molll 

1.2molll 
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Preparation of reagent mixture 

The solutions 2 and 3 were mixed In 1: 1 ratio which was stable for few hours at 15 to 

25° C when slored In a da!'i( bottle,Deproteinization. plasma sample was pipette into 

the centrifuged tubes with TCA Using a 9las-rod to evenly mix, precip~ates 

werewdlspersed. this was then centrifuged at 2500 rpm for 10 minutes. Supematant 

was poured off, and plasma sample and TCAwere mixed in a 1:1ratio, 

Asuy procedure 

Wave length 
Spectrophotometer 
Cuvette 
Temperature 
Measurement 

Pipette Into t .. t tube. 

Distilled water 
Solution 1 
TCA 
Supematant 

_Reagent MIxture 

Bionk 
0.5 ml 

OSml 

1ml 

SQO.S50(Hg546nm) 
520nm 

1 em light path 
2S'C 

agaInst blank 

Stlmdard Pla.ma.amp" 

OSml 
05ml 

lml 
lml 
lml 

MIX. let Standard for was mixed for 20minutes at 2S"C. absorbance of sample (A 
...... ) and standard (A _) was read against blank 

Calculation: Concentration of creatinine in serum= (A ..,..,./A _) x2 mgldl 
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2.13.4. Micro albumin Colorimetric test BCG-method 

Micoalbuminwas measured by colorimetric BCG-method (Rod key et ai, 1964) using 

a kit (Human, Gennany). 

The kit contained 

color reagenl 
Citrate buffer (PI14.2) 
Bromoctesol green 
standard 
Albumin 
Sodium azide 

1 x1000ml 
30mmolll 
260~molll 

1x3ml 
40gl1 
0.095% 

10~1 plasma was mixed with 1000 J.l1 reagent for 5 min at 2SoC and absorbance was 

read at 546 nm. 

Calculation 
Plasma C :4 x aA. ymD\t [g/dlj 

~ 

C:40- AA sample (gldl) 
AAsro 

2.13.5. Analysis of plasma glutamic pyruvic transaminase or SGPT 

Plasma SGPT level was estimated by Liquiuv method, (Clln.Chlm.et ai, 1980) uSing 

an Alamne Aminotransferase (EC2. 6.1 .2) of Human. Germany. 

The kit contained 

TRIS buffer (P"7.4) 
L-afanine 
LDH 
SubstrateZ-Oxoglutarate 
NADH 
Sodium azide 

Procedure for analysis 

125mmoVI 
625mmoVI 

>1 .Skun 
75mmoVl 
O.9mmoll 

0.095% 

Conlent of one bottle substrate was mixed with one bottle buffer. One ml of substrate 

was mixed to onB bottle of buffer, which was stable for 4 weeks at 2- eO C and 5 days 

at 1S-2S'C. 

200~1 plasma+1000~1 reagent was Incubated at 37"C, absorbance was read at 340 

om, read absorbance after 1 minute. and again exactly after 1,2 and 3 minutes. 
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Calculation 

For l!.A Imin within O.06-Q.08 (Hg 36S) or O.12'().16 (Hg 334nm, 340nm) use only 

measurements from the first 2 minutes for calculation. 

Conversion factor from traditional unit (UlI) in SL -untts (Kalil) 

2.13.6. Analysis of plasma glutamic~xaloacetic transaminase (SGOT or AST) 

Plasma SGPT level was estimated by Liquiuv method, (Clin.Chim .et ai , 1980) using 

an Alanine Aminotransferase (EC2. 6.1.2) of Human, Germany. 

The kit contained 

TRIS buffer (P"7.4) 
l~alanine 

LDH 
MDH 
SubstrateZ-Oxoglutarate 
NADH 
Sodium azide 

Procedure for analysis 

100 mmolll 
300mmoVl 

'1 .5kUn 
'0.7SkUn 
60mmoVI 
09mmOll 

0,095% 

One bottle content of substrata was mixed with one bottle buffer. One ml of substrate 

was mixed to one bottle of buffer. which were is stable for 4 weeks at 2- Sa C and 5 

days at 1S-2S· C. 

200~1 plasma+1000~1 reagent was incubated at 37°C, absorbance was read at 340 

nm, read absorbance after 1 minute, and again exactly after 1,2 and 3 minutes. 

Catculatlon 

For l!.A Imin within 0,1)6.0,08 (Hg 36S) or 0,12,(),16 (Hg 334nm, 340nm) use only 

measurements from the first 2 minutes for calculation. 

Conversion factor from traditional un~ (Un) in SL -un~s (KaVI) 

2.13.7. Estimation of plasma triglyceride 

Plasma triglyceride was estimated by enzymatic colorimetric (GPO-PAD) method 

(Tietz et ai, 1990) using kit (Human, Germany.Randox biochemical, UK. 

Sample triglyceride incubated wtth a lipoprotein lipase liberates glycerol and fatty 

acids. Glycerol is converted to glycerol -3-phosphate by glycerol kinase and ATP. 

Glycerol phosphate oxidized to dihydroxy acetone phosphate by glycerol phosphate 

oxidase in the presence of peroxidase. hydrogen peroxidase oxidizes the chromogen 
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4-aminophenazoneiN-ethyl·N·(3·sulphopropyl)·m·anisidine to a violet oolored 

compound. The fanner hydrogen peroxide is detected by a chromogenic oxygen 

acceptor, phenolampyrone, in the presenoe of peroxidase (POO).The red quinone 

formed is proportional to the amount of triglyceride present in the sample. 

Reagents 

N-elhyl -N (l-sulphopropylranS8(jine ISurfactanllBuffer 

1A Enzymes IATP/4-Aminophenazone I potassium 

F8fro cyanide 

Preparation of working reagents 

Thirty ml reagent 1 was added to one vial lA and mixed gently to dissolve oontents. 

Component and concentration of working solutIons: 

Buffer 

lipoprotein lipase 

Glycerol k.inase 

Glycerol phosphate oxida&8 

PeroXlCfase 

Adenosine 5-triphosphale 

4-aminophenazone 

Potassium ferrocyanide 

Magnesium salts 

N-ethyl-N-(3-sulphopropyl)-m-anlsidine 

Surfectant stabilizers 

Procedure 

SOmmoV1pi17,O 

>50 Ulml 

>0.05 Ulml 

>2.0 Ufml 

>0.3 Ulml 

O.7mrnoVt 

1.0mmoVl 

7 .0~molll 

0.6molll 

1.2mmoVI 

2.0911 

Series of standard triglyceride solution (0, 25, SO,100 and 150mgldl) were prepared 

by diluting a stock standard solution of triglyoeride (200-mgldl). Standard triglycerides 

solutions (50~1) of each concentration were taken in the inrtial 6 microcells of the 

plate. Then 5).11 plasma was taken in the remaining microceUs of the plate and in all 

wells the wor1<ing reagent (200~1) was added. 

The mixture was then incubated for 5 minutes at 37°C and then absorbance of the 

solution was measured at 490 nm with micro plate reader. Two parallel experiments 

were carried out for each sample. Thus a calibration curve was obtained for the 

absorbance vs. concentrations of the standard solutions. On the basis of the 

calibration curve, the unknown concentrations of triglyceride in serum were 
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measured maintain the same mixing and incubation conditions as for the standard 

solutions. The standard curve was drawn on every experimental day. 

Calculation of results 

Concentration was calculated by using kinetic·calcuiation program for micro well 

plate Reader. 

Picture 5: RelUtarc.hers working in lab 

2.13.8. EsUmatlon of plasma total cholesterol 

Estimation of serum total cholesterol was done by enzymatic endpoint (CHOD-PAP) 

method (RandoxLab.UK), using auto analyzer (Tietz et ai, 1990) 

Free cholesterol and cholesterol released from rts esters on enzymatic hydrotysis are 

oxidized enzymatically.The indicator qUlnoneimine is formed from hydrogen peroxide 

and 4-amlnoantlpyrine in the presence of phenol and peroxidase. 

2.13.9. Estimation of HDl, lDl, VlDl 

Serum High Density Lipoprotein (HDL) was done by enzymatic colorimetric GPO­

PAP method (RandoxLab.UK) using Auto analyzer (Tietz et ai , 1990). 

High Density Lipoproteins are separated from chylomicrons, VLDL and LDL by U1e 

addition of precipitating reagent (phosphotungstic - magnesium chloride) to plasma. 

After centrifugation, the cholesterol contents of HOL fraction which remains in the 

supernatant are determined by the enzymatic colorimetric method using total 

cholesterol, CHOD-PAP reagent. 
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Precipitation reaction 

200 ml plasma was added to 500~1 precipitating reagent , mixed well by gentle 

shaking of tubes. The reaction tubes were left room temperature for 10min and then 

centrifuged at 4000rpm for 10 minutes. The supernatant separated was taken in 

fresh tube. Samples were ready for estimation of HDL 

Laboratory technique 

The Auto lab Unit was calibrated for the specific test before starting of assay using 

standard. Serum samples were taken into sample cups and placed in the cup holder. 

Reagents were taken into reagent containers and placed into specific reagent slot. 

The Auto lab was programmed for the estimation of glucose, triglyceride, total 

cholesterol and HDL-dlolesterol.lD was entered and the unit was set run. We 

obtained results and checked the value of the controls to ensure quaJity controls of 

tests. 

Serum LDL cholesterol level was calculated by Fried Wald formula 

Formula: LDL-Cho 1= T Chol-(1/5TG+HDL-Cholj. 

2.13.10. Estimation of plasma Insulin 

Plasma Insulin was estimated by Enzyme- hnked sandwich method (Flier kahn ot ai , 

1979) was used to estimate plasma Insulin level of DRG, Germany. 

The insulin kit is a solid phase enzyme --lInked Immunosorbent assay (ELIZA) based 

on sandwich principle. The micro titer wells are coated with a monoclonal antibody 

directed towards a unique antigenic site on the inSUlin molecule. 

An aliquot of plasma sample containing endogenous insulin is incubated in the 
coated well with enzyme conjugate, which is an anti-insulin antibody conjugated with 

Biotin. After incubation the unbound conjugate is washed off. During the second 

incubation step streptavidin peroxidase enzyme complex binds to the biotin~anti~ 

insulin antibody. The amount of bound HRP complex is proportional to the 

concentration of insulin in the sample. 

HaVing added the substrate solution, the Intensity of colour developed is proportional 

to the concentration of insulin in the patient sample. 
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Materia's 
A micro liter plate calibrated reader (450 ±10nm) 
Calibrated variable precision miClopipettes 
Absorbent paper. 
Distilled or deionized water. 
Tmer 
Graph paper or software for dats reduction. 

Reagents provided 

1. Micro tiler wells, 12)(8(break apart) strips, 96 wells coated with anti-Insultn antibody 
(monoclonal) 

2. Zero standard, 1vial, 3mL, ready to use O~IU/ml , conlainlng non-mercury preservative 
3. Standard (Standard 1-5), Svials, 1mL, ready to use, Cone: 6.25-12.5-25-50 100 ~IU 

ImLConversion: ~I U Iml )I 0.0433= ng Iml. ng ImL )(23 09 = 1-11 U ImL. The standards 
are calibrated against intemational WHO approved Reference material NIBSC66I304; 
coootaining non-mercury preservative 

4, Enzyme Conjugate, 1 vial, 5mL, ready to use, Mouse monoclonal anti-insulin 
conjugated to biotin. Contains non-mercury preservative. 

5. Enz.yme complex, 1 vial. 7 ml. ready to use, streptavidin-HRP complexContains non-
mercury preservative. 

6. Substrate solution, 1 vial, 14 ml, ready to U$9, Tetraethylbenzidine (TMB) 
7. Stop solution, 1 vial, 14 mL, ready to use, containing O.SMH:SO •. 

8. Wash solution, 1 vial, 30 ml (40xconcentrated). 

Test Procedure 

Each run neluded a standard curve 

1. the desired number of Micro titter wells in the frame holder was secured, 

2. 25~l of each standard, control and plasma with new disposable tips in to appropriate 

welts was dispensed, 

3. 25J.1l enzyme conjugate in to each well was added, 

4. mixed thoroughly mix for 10seconds, 

5. incubated for 30 minutes at room temperature, 

6. Briskly shake out the contents of the wells was made, 

7. rinsed the wells 3 times with diluted wash solution (40OJ,JL per well) . striked the wells 

sharply on absorbent paper to remove residual droplets, 

The sensitivity and precision of this assay was found to be mar1c;edly influenced by the 

correct performance of the washIng procedure. 

8. added 50 ~L of Enzyme complex to each well. 

g inCllbated for 30monutes at room temperature, 

10 bnskly shaked out the contents of the wells, 

11 . rinsed the wells 3 times with diluted wash solution (400~L per well). strikd the wells 

sharply on absorbent paper to remove residual droplets, 

12, added 50 loll of Substrate solution to each well, 

13. incubated for 3Omonutes at room temperature, 
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14 stopped the enzymatic reaction by adding 50 ~L of SlOP solution to each well, and 

15 the absorbance (00) of each well read at 450t 10 om with a micro bter plate 

reader Ewelts were read within 10minutes after adding the stop solubon 

Calcul. tion of reautts 

1 Calculated the average absorbance values for each set of standards, controls and 

patient samples, 

2 USing linear graph paper, constructed a standard curve by plottmg the mean a 

absorbance obtained from each standard against Its concentration with absorbance 

value on the vertical (Y) axiS and concentration on the horizontal (X) axis 

3 USlOg the mean absoroance value for each sample determined the corresponding 

concentration from the standard curve, 

4 The results in the instructions for use have been calculated automatICally using a 4-

parameter curve fil Other data reduction functions may give slightly different results. 

5 The concentration of the samples could be read directly from ttns standard curve 

Samples With concentrations higher than that of the highest standard have to be 

further diluted or reported as 2::100 ,",LUI mL For the calculation of the concentrations 

this ddutlon factor has to be taken In to account 

Expected Normal values 

ELISA the folloWlng values are observed: 2 ~II\J mL to 25 ~UU mL 
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Picture 6: AnalY111 of plasma Insulin 

2.13.11. Estimation of plasma Zinc 

Flame Atomic Absorption Spectroscopy (FAAS) was used in determination of plasma 

zinc concentration. It is an easy and fast method with high sensitivity mainly for 

elements like Cu and Cr, but dffflCutties may arise as a result of chemical and 

spectral interventions. Radiation of a specific wavelength is ctlosen by using hollow 

cathode lamp through the sample is atomized. Conoentratlon of the analyzed 

element is measured by the amount of absorbed radiation. The most courant gas 

mixtures used are air/acetylene and nitrous-oxide/aoetylene. Background correction 

can be achieved with a deuterium lamp though several drawbacks subsequently 

occur. When absorbance becomes higher than 0.5 to 1 then the non-linearity of the 

standard curve is a major disadvantage of the AAS technique. llle relative standard 

deviations are between 0.3 and 1% for absorbance of 0.1 to 0.2. Detection limits for 

flame MS vary Immensely from 1·5 ppb (e.g. Ca. Cd. and Cu) to more than 1000 

ppb. Some elements like B. C, and Br cannot be measured at all by MS. 

Serum zinc levels of human were estimated by atomic absorption spectrophotometric 

method (I>Pel1<in Elmer, Atomic Absorption Spectrometer Mnalyst, 200, version-8.0. 

copy right ·2013) as described by (Hossain et ai, 2007). 
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Calibration of standard curve 

Calibration curve was obtained using standard samples (containing 0.2, 0.4. O.S. 

l and 1.6 mg/L for copper. 0.1, 0.2, 0.5, 1, 2 and 3 mgll for iron: and 0.1, 0.2, 0.4 

andO.S mglL for zinc). All standard solutions were dissolved in nano pure 

water.Standards were aspirated through nebulizer and the absorbance was 

measured witha blank as reference, read in the atomic absorption spectrophotometer 

at 213.9 nm wavelengths for the zinc. Blanksampl. was Ntlric acid (HN03) wtlhout 

any mineral. A software package for thespectrophotometer constructed calibration 

curves tor zinc by plotting absorbance against the concentrations. It gave straight 

lines. The correlation coefficient was found for zinc 0,996. 

Preparation of standard solutions 

Standard solutions containing 10, 20, 40. 50, 80, 100, 160, 200 and 300 ~I for zinc 

were prepared in 100 ml nano pure water in a volumetric flux for each dilution. 

Procedure for plasma analysis 

Plasma was centrifuged at 3000rpm for 10 minutes to make a clear supernatant. A 

volume of 150 ",I plasmawas collected in eppendrof tube for the analysis of zinc 

which was diluted 10X with nano pure waterand vortexes tor half minutes. Within two 

hour of mixing, absorbances were read at 213.9 nm wavelengths for the zinc in the 

atomic absorption spectrophotometer. Machine software calibrated standard curve 

with standard preparation at every 10 sample interval. Specific hollow cathode 

lampwere used to analyze the sample for zinc. The instrument minimum detected 

limit of 0.01 mg/L for zinc. 

Calculation 

Concentration of zinc was calculated as follows 

Concentration, C • Absorbance of sampl. x dilution factor (10 fold) x F ~moieiL 

F= 0.1530 was factor for zinc. 
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Picture 1: Atomic energy spectrometer-AA2-40 for zinc anat)'llla 
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2.13.12. Detennlnation of plasma MDA level 

Plasma level of MOA usualty measured as thiobarbituric acid reactive substances 

(TSARS) or lipid peroxides (Buge. Auot et al. 1972). which Is the most widely 

produced biologically relevant free radical reaction (Samir. EI·kholy et al. 1999). After 

mixing of 100 ~L serum with 900 ~L of 0.9% sahne solution; 2 mL of freshly prepared 

thiobarbijuric acid (TBA) reagent and 30 ~L of 50 mMbutylatedhydroxytolune (BHT) 

were added. The mixture was then Incubated at 6ifC for 15 min. For cooling the 

sample it was kept In ice for another 5 minutes. The sample was then centrifuged at 

5000 rpm for 10 minutes. The absorbance of the supernatant was measured 

spectrophotometrically at 535 nm uSing 1.1.3.3 tetraethoxypropane as standard. 

Pietu,.. 8: Anillytte.1 r.port obaerving 
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Ch.ptlr three 

Results 
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3. Results 

This study investigated effect of therapeutic zinc supplementation to type 2 diabetics 

to lower the blood glucose. In doing thiS, sociodemography, nutritional status, effect 

of zinc on insulin, fasting glucose. HbA1c, stress biomarker. effect of diet restriction 

and physical activity on blood glucose were addressed. 

3,1. Sociodemognpby 

Majority of the respondents zmc group (65%) was female and placebo group (53.3%) 

was male. while the mean age range of zinc group 48.73%7.4 years and placebo 

group 50.27±7.97 years. It was matched, did not have significant change (I>" 0.05). 

Differences between groups means was determined by independent sample I-test. 

Majority (100%) were married zmc group and placebo group were (96.7%) married. 

IIIrterate and (33.3%) of zmc group were unemployed (63.3%). IIInerate and (36.7%) 

of placebo group were employed (36.7%) The resuns were expressed as mean iSO. 

TobIO-4: SocI04emographlc profilesol ty~·2 Dlobetlc Potlonla 

Zineoroup Placebo group SlgnlftQnc;e 
Vart.bln 

" 1%) MMntSD n 1%) .... n15O 

Ai" in years t2 (2(l) 1(33) I- ..0 ve1, 35-40 ~_73t74 50.27i797 
4' ·50 281<61) 

~75 
18 (80) - ..... 

>5t 20 (33 3) 11 (381) ..,,329 
Matftli .btu. 60 (100) 29 (96.1) 

Mamed 
Unmarried 00 (0) 01 (3.3) 

Education 
CIIn slgnIReed & 19 (311) 1 (33) 
wril. 11 (1 8.3) 11 (381) 
sse 20 (33.3) 11 (38.1) 
HSC 10 (181) 07 (233) 
Graduate & above 

Occupation 38 (633) 10 (33 3) Household works 13 (21.1) 11 (381) 
50'-
01he,,' 09 (15 0) 09 (300) 

Monthly Income BOT 
~500 15 (25 0) 822085 4 (13.3) 60996i1634 3 ra-2.3,dfw.88 
<4501-7000 22 (38.1) >2<66 3 18 (53 3) 3333 33-11 ,2SO po ... 
:t7001 23 (38 3) 2142.9-15,000 10 (33 3) 

Gende, 
Male 21 (350) 18 (53.3) 
Female 39 (85.0) ,. (<6.1) 

S;gnroc.n<:e p<O .0' 

Otl'lcrt-Aglcullun::. NGO ",ut.er. MOCOt diner and busll1C$5 
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3.2. Nutritional s!atus 

Most of the diabetic subjects were found to be obese In both of the zinc and 

placebo groups (table 5). Pea~on's correlation analysis was performed to find out 

the correlation of BMI and socioeconomic factor of type 2 diabetic patients. A 

multiple regression analysis and one-way analysis of variance (ANOVA) were also 

performed to determine the extent of involvement of socioeconomiC factors that no 

effects of type 2 diabetiC patients. 

Table-5: Nutritlon_l.tatus 

BMI(Kglm') 
Zinc group Placebo group Significance 

n (%) Meant SO n (%) Mean :tSD P<0.05 

18.5-249 (normal) 19(31 .7) 07 (23 3) 

25-29.9 (0\/erweoghl) 28 (46 7) 2720.33 21 (700) 26 9t2 2 1=0507. d_ 
Obese-I (30-34 9) 12 (20.0) 02 (6 7) p= 0.614 

Obese-II (35-39 9) 01 (1 .7) 00 (0 0) 

3.3. Changes In fasting plasma g)ucoso lovol 

llnc and placebo supplementation was given to the zinc and placebo groups of 

diabetic patients. In zinc group, fasting blood glucose level in baseline, 1" foliowUp, 

2'" folloWlJp and 3" followup and 3'" follow up or endline were 14.2.3.9, 13.2.3.2, 

12.1>2.9 and 9.4'1 .7 mmoVl respectively, while in the placebo diabetes, ij were 

16.0.3.4,14.3'2.8.15.0.3.2 and 3.3>2.1 mmoVl respectively (table 6). 

The fasting bk>od glucose were found to be reduced signifteantly in zinc group In 

endlone (p< 0 001). It was remaon una~ered in the placebo group. 
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T.ble 6: Ch.ngH In 'HUng plnrml glucose leveta In type 2 diabetes undergoing zinc 
Supplementatk)n 

Fa.tlng glucose In Zinc group Placebo group Stgnmc.nce 
mmoUL n (%) Meant- SO n(%) Mean ±SD 
Baseline (na183)" n (42 1) 

n ... 

6.9-13.0 17 (26 6) t= -171, 
13.0-19.0 

84 (45 9) 142.3.9 30 (46 9) 146.34 
p=0443 

.19.1 
22 (12 0) 17 (26.6) 

1· follow up (""157)· 
83 (52 9) .-'" 

69-130 18 (31 .0) t= -2.06, 
130-190 

66 (42 0) 13.2.3.2 39 (67.3) 14.3>2.6 
p=0.03 

;Z: 19.1 06 (5.1) 01 (1 .7) 

2l1li follow up (n.l01)e 
.... , 

68 (67.3) 16 (39 0) 
69-130 

31 (30.7) 12.1±2.9 17 (41 5) 15.0.32 
t= -3 96. 

130-190 
02 (2.0) 06 p=O 000 

;z:191 
(195) 

3"" fcMlow up (n-EO,. 
58 (96 7) 

.-,. 
69-13.0 11 (36 7) t= -9.986, 
13.0-19.0 

02 (3 3) 9.4.1 7 18 (60 0) 13.3'21 p=O.OOO 
.191 

00 (00) 01 (33) 

Slgnlftclir'IU pocO.OS 

I."" 
16 00 

,,,. 
1400 13.;lg ).J-" 

1200 

1000 HUt 
9_ ~ ·' -+-ca.. .w (n- WI 

om 

400 
C«uoi 
(n;")) 

2 00 

000 
uSlina ~\oocI tf"Hl"lnr --dlowu:) 1 ~OIIcw JP I ~1tl~1 

:;' ,1gar (IIIn 0I/-i 

Figure 1. F •• Ung PII'.ma glucoe. ito,,1f (mmoUL) In zinc and placebo groups during intervention 

55 



3.4. Multiple comparison tests 

Multiple companson tests showed that changes in fasting glucose in ZinC group at 

baseline.l" follow up.2'" follow up and 3~ follow up or enellne was significant 

(p<O.OOO). Crosstab resu~ was significant in zinc group. but there had no 

significant (p<O 011) on the placebo group (table 7). 

Table 7: CrO$stab analysis for comparison of fasting blood glucose 

Zinc group "Baseline DFOIiOwup-1(n:'57) 'FoIIowupo2 ~Follow up-J 

\n-'83>n{%} n 1%) (n-IOI) n (%) (n=60) (%-) 

69-130 77 (42 1) 63 (52.9) 66 (67 3) 58 (96.7) 

13.0-190 64 (45.9) 66 (42.0) 31 (30 7) 02 (3.3) 

>191 22 (12.0) 08 (51) 02 (2 0) 00 (00) 

Meant SO 143'3.9 13.2<32 12 1<29 9.8<22 

Placebo group "SIselrne "FofIowup..1(n-58) (Follow up-2 "'Fonowup-3 
(,"')n(%) " 1%) (~11 n {%} 1,:30)" 1%) 

6.9-13.0 17 (26.6) 18 (310) 16 (39.0) 11(36.7) 

130-190 30 (46 9) 39 (67 3) 17(41 .5) 18 (60.0) 

>191 17 (26 6) 01 (1 .7) 08 (195) 01 (3 3) 

Mea .. SO 14.9<2.7 14 ill 7 153.3.2 13.3<21 

llnc gtOYp ~CYVA F-P .• 97)a29 448 P-OOO ~(2.315>-29139 p.,OOO ~0047, p-.oooo. P"'-o 000, 
TUKEY P"'wOOI8, pN-o 000, ~,ooo 

pk:o 003, p""-o 000, poI-o 000 

Placebo gl'04Jp ANCNA r:-(3.,$g)a-3 n3 po. 012 ~(2.315~ e34 P.,Ol1 
~o "21 , ~ 900, po-.O 047 TUKEY pt<.o 178, P"'-o $37, P"-o 017 

~=O 109, ~,3n, P""-o 010 
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Ftgure2: F •• tJng JW_m. glucou ~lln zinc and pla~ group' during Intervention 

3.5. Change. In glYC<ltod h.emoglobulln 

Table 8 showed thai glycalated Hb in the zinc group at baseline was 

13.4.39mmollL and at endline or aner 3 monlhs. ~ was 10~9<1 . 9 mmollL. and ,n 

the placebo group. ,t wore 134'3.9 and 10.9<1 .9 mmollL. HbA1c ,n the zinc 

supplemented group had reduced sigmflcanUy (p< 0 04); but the HbA1c change ,n 

placebo group was pos~ively increase. and lhe Increase was Significantly (poO.OOO) 

high 

Tobie 8: Ching" I. gtyellad Hb (HbA1e) 

HbAle Zinc lilrou~ Placebo lilrou~ Signtfieance 
BasellOe n-183 • (%) Meant SO • (%) n=64 Meant SO 
7 SO-I30 90 (53 3) 14 (22.2) 1<-209. 
131-1S.0 64 (37 9) 13.4.3.9 49 (77.S) 14 Otl 7 

P'OO4 
~18 , 1 151S.9 ) 00 100) 
Endline noo6O .·30 
780-130 53(841) 06 (20.0) 

~09. 13 I-IS 0 10 (159) 10 !Itt 9 23 (76 7) 147<23 p.OOOO 
.IS.1 00 100) 01 13 ~ 3 ) 

Sic..itial« pc;tA5 

57 



Changes In Ale level In Zinc and placebo group 
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Figure 3: Chllnge HbA1c during intervention 
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3.6. Analysis of biochemical profile 

Plasma aeaumne. micro albumin and SGPT, SGOT and hpld profilesof the study 

zinc group were analysed USing standard reference analytical methods An attempt to 

find out the association or in fluence of the biochemical parameters with 

soclodemography and nutritional status was also taken. ZinC supplementation made 

a Significant (p<O 05) reduction of most of the biochemical., except plasma SGPT 

cretonne, HDL (p>O 05). Table 9 presents the biochemical profilesof the type 2 

diabetes, most of which were found to be near to normal values, except the fasting 

blood glucose (15.5mmoIlL). 

Chi-square analysis indicated that SOCIO demography and nutritional status 

did not have any effect or aSSOCIation on or with the biochemical indices (table 10, 

11). However, rt was seen that HDL and LDL had apparently Influence by the 

education level. and urine micro-albumm was also Influenced by gender The 

sOClOdemogrnphy or nu1ntional status did not show any influence on the fasting blood 

glucose level In either baseline or end hne value (table 12). 

Tlb .. 9: BlochemcaJ profilesot type-2 Diabetes undergoing zinc supplementation 

Bfcx:h.miell parameters e. •• lln. Endlln. p-Yllu.· 
(n=60) 

SGOT(UIlI 46 1<113 46 7±11 4 p=0.447 

SGPT (UIl) 41 5>107 392>93 p=OOO5' 

Serum creatinine (mgldl) 1.22>0 47 1.19>046 p=0.174 

Urme microalbumln (~mg) 3S 4>8 7 313>77 p=O 000' 

LDL(mgldl) 183 4>351 1519>319 p=O.OOO· 

HDL(mgfdl) 371056 377>52 p=0 178 

Choleslerol( mgfdl) 206 7:t31 2 1928%264 · p=OOOO 

Tnglycende(mgfdl) '1279>54 6 '1204.494 · p=0.OO3 
· Fasting blood glucose(mmoVL} 155>' 7 94>17 p=O.OOO 

P.INd umpte t-tM1 P<O,05 
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3.7. Analysis of of plasma zinc, Insulin and malondialdehyde 

Plasma zinc, insulin and biomai1<er malondialdehyde were analysed to assess the 

level of these components in the zinc supplemented and placebo groups, Flame 

Atomic Absorption Spectroscopy (FAAS) method was employed In estimation of 

plasma zinc value, enzyme~ linked sandwich method was used to estimate plasma 

Insulin level, and thiobarbituric acid reactive substances or lipid peroxides was 

employed to measure the plasma malondialdehyde content. 

3,7.1. Plasma zinc level 

Compared to normal plasma zinc value (11 .5 to 18.5 ~moI/L), the diabetes subjects 

were found to have zinc deficiency (7.87 IJmoIlL). Zinc supplementation made a 
significant (p"0.0001 ) sharp increase, which stand to 76.25 ~mollL (table 10). In 

placebo group, this change was Significant (p-o.OO2), but it was very little, only 

7 .93~moVL to 9. 83~mollL (figure 3). 

3.7.2. Plasma insulin content 

Zinc therapy also made a significant (p=O.OOI) in both ANOVA and t·test. Plasma 

insulin was gradually increased from 12.03 to 16.26 to '9. 56~IU/mL In case of 

placebo group. insulin level was also increased from 12.06 to 13.411J1Ulml (table 11 , 

figure 4), and it was also Significant (p=O.OOl). 

3.7.3. Plasma malondialdahyda 

Zinc supplementation had shown too significantly (p=O.OOl , 0.047) reduce plasma 

malondialdehyde level (table. Zinc reduced the malondialdehyde from baseline 

3.3O±0.87 to 2 . 09±1 .03~moV, while in the placebo group, zinc therapy had increased 

the plasma malondlaldehyde from 3.22±0.99 to 4. 19~moV (table 12, figure 5). The 

increase by zinc and decrease in placebo were found significant (p=O.OO), 
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Table10: Plasma zinc level In zlnc ... upplemented and placebo groups of type II dl.betH 

Zinc supplementation group (zn) Placebo group (ptb) 
Plasma zinc level 

Baseline' End lin.' Baseline' End line' 
~mollL 

N (%) Mean 1 SO N (%) MeaMSO N (%) Meant SO N (%) Meant SO 

<9.90 Cllnlcal Deficiency 3'(62) 4.96>2.85 5('0) 385>2 44 22(759) 5620363 25(5'7%) 502039' 

S 10.5 DefIciency 

10.5-18.5 No""a'rlnge '9(38) '2.6,.'3' 2(4) '4550029 7(24. ') '5.170047 '3(44.%) '4580234 

18.6-22.9, Above nonnll 2(4) 20 'SiO 89 '(34%) 20.07 

~ 23.00 ElItc,,, 4'(82) 9082<4' 96 

To",1 50('00) 7 8714 44 50('00) 762504934 29('00) 793052' 29('00) 98306 04 

Statt.tics (""'1 ZnBE t..g i7. p . 0 0001 Pb8E t -3 .S. ps 0 CI02 (BE baseline endlll'le) 

Mauchl'y'* teat ~~ed that the auumpbon of aphencity I\ad been vWted The aphendty ... omed teat indICated SIgnIfICant interaction .-nong group (F 1. m ~ 120. P<O 0001 
p,* hOc ~r.ons ~ ZI~ gf1)l tt baselll'l8 Pz 0.964. and at endhne ZJnC group hMl slgniflc8nt high Inauhn P .0000 

Pt.,.,. zlnc value: 11.5 to 11.1 lJITIoI/L rei Young IrnplremerUtiOn of SI UI'IItt for dlf'lblltbofwtofY data Annals of Internal mediCIne 1987, 106 11 .... ,2g 

Optmal pl8lm11 Zlnc"nge 138 to 22 ~'"'' ~ Qnal del\dtl~, < 107 ~ Oeftoency, :tl' S Of 23exoesa values, 

ZInc oef\ency. oorrmon among type 2 dlilbetic ~nts (~et al 2014) 

Physal exen»e h.v. been reported to lncn ... Mrvm U'IC concenttallon (C"u and Samrnan, Vbm Mln6f 2014 3 3, CIIu .. at 2017) 

Phytlcal eqrcIM QJn dISrupt ~lIul8r atruduret ..nidi telenea PfI)tetnt and zinc from rnyocyt.- TW'O genea ZnT protetn and ZIP 'amlty ,.gu'-t. the zmc: Influx and efl'\ux in cells thai 
m;,lnIarns ZInc~. lnT up r.gulalM and inctNM zinc level by I9dUCIng Intraoellu,*, lJtI(: (0ntkeII , 20(8) 

Ol8behC dlfll oon1a.nl pro~I", and vegetabln. wtllcn are luggested to increa" zlne eonttnt In bOdy (Saunder et al. 2012, Sioup at .1, 2017) 
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Table 12: Pla.ma malondlJlldehyde level In zlnc"upplemented and placebo groupa In type II diabetes 

Platma MDA 
Zlnc supplementation group (zn) Ilcebo DrO<IP (plb) 

8 ... lIne 1 Fup Fup 3rdFup/EL Buellne 1 Fup 2 Fup 3rdFup/EL' 

< 3.0 20(304.5) 33(73,3) 34(75.6) 27(81 .8) 13(43.3%) 9(38) 

Meant:SD 2."'00.86 2.15.0.43 1.75'0.63 1.8900.54 2.3100.58 2.86.0.23 

- 3.0-3.9 27(46.8) 6(13.3) 7(15.6) Sj15.2) 10(33.3%) 11(44%) 1(4) 8(32) 

Me.ntSD 3.46.0.30 3.3200.17 3.4700.22 3.4900.25 3.4900.29 3.37.0.28 3.54 3.3100.23 

>4.0 11(19) 6(13.3) 4(8.9) 1(3) 7(23.3%) 14(58%) 24(96) 8(32) 

M .. ntSD 4.55.0.43 4.94.0.58 5.6500.048 5.62 4.5OtO.36 4.46.0.53 4.224tO.00 4.17.0.72 

58(100) 4Sj100) 4Sj100) 33(100) 30(100) 25(100) 25(100) 2Sj100) 
Total 

3.3000.87 2.6a1 .06 2.38'1 .32 2.0901 .03 13.2200.99 3.98.0.70 4.1900.13 3.3500.66 

Z« suppiemented group (zn) ANOVAaom F",3 15M. paOOO, bc:da 3 m , p" 0047 
l-test ab p. 0 032. rnean diff (95% CI) 057S'(040.1310). bC.:p a o.n, 

StebltlCS 

Mean di1'f(i5%Cf) 0 52"(-0 2as, 1 331) cd ~ 1 00. mun diff(95% CI) 091(.0 347, 0 529) 
PLec:etIo (plb) ANOI/A F·'2 &42, p-() 00. bcd-'. 785, P ..000 
totett ab p"o 023. /MIn diff(95% CI) -0860' (·, 631 ,-(089); be: p" 0 813, mean diff (95% Cf) ..() 210(.0 599. 0 1&0) 

cd p= 00001, mean diff(9S% CI) 0839'(0 . 75,1203) 

In MaUChly's test, the ass~pllon or sphericity had been violated The Huynn.feldt tftts inchQ I«' a slgnlfiC:ant inlaractlDn between gfOYPI between tme interval a~ group (F 2153, ,.7 7) -18087. 
(P<O 0001). In POll tloc. comparilons between the twO groupe It base line (p.. 0.310, a' endlllMl, Zinc groop, there had a slgnlftc8nt dffterenoe bet'Neen the two groupe at ead'I foftowup ZII'IC group 
have high zinc levels P (0 000). 

MDA pluma conc;.enttW!don: 3,3oU O.7'~lIltef ~h" HS et al. Inl J RM Mad Sci 2016 Nov;. (11 ) . 730-4734 
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3.B. Diet restrlctJon and physical activity of diabetic subjects 

Inaddition to zinc supplementation, diet restnction and physical activity or exercise 

were adviced and monitor to diabetic patient for maintenance of blood glucose leve; 

In order to reduce and slow insulin need, the diabetic subjects included in this study 

was adviced and monitored. The diet intake of the subjects and zinc yield from the 

diet are present in the table 13,14. To Improve the insulin synthesisand secretion. 

diabetic subjects were also suggested to perform physical aC\ivtly. which is described 

in the tabe 15. 

67 



^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^

^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  
^  ^  ^ ^  ^  ^  ^  ^  ^  ^  ^  ^  ^

^  ^  ^  
^  ^  ^  ^  ^  ^  ^

^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^



Tab" 14: Zinc consumption (lJ9) from the food Intake (g) expressed In Meant SO by the 

diabetes subjects 

Nutrient 
Food Food name BueUne Endlin. 
source Food Zinc Food Zinc 
Plant Rice 2770.1 12 45>15 100.0.0.8 16>31 

C.rbohydr1lte Red Wheat 90."5.0 127>89 80.0.06 92>63 
Potato 54 1>5.0 22142 65.0.1 .8 26>0 
Total CHO 421 .2>212 9O±00 245 0.3.2 113 >94 

Beef 072>01 7>2 05.0.02 05>01 
Prot,ln (.Iso Animal ChlCkenlOuck 15.2>0.7 12>57 10.0.07 8>26 
vitamins .nd and Eggs 10.,.08 10±68 10.0.0.8 10tS1 
minerals plant Fish 65.2>0.5 47.sa 60.0.0.5 30±94 

Milk & milk 102>0.8 0.02 15.0.0.8 
oroduc1s 0.39 
Len~ 194.>0 4 41.s3 100.04 2,.89 

Vegetable 
GLV 25.2>0.2 12>94 50.0.0.2 32>42 

Pt.nt NLV '10."'.1 26>05 150 0.1 .1 35> 52 and fruit 
Fruits 250.0.9 9136 25.0.0.4 ~5 
T oml protein 3679>2.5 167>95 3330.1 .5 294 ... 9 

PI.nt Plant Oil 15.3>15 10.0.39 
Fat and Ammal fat 10.2>7.3 50.50 

anima Total Fat 25.5>8.8 15.0.8.9 

I.'am at aI, 2012; Shllheen et aI, 2014 
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Table 15: Energy used by Different Physical Activities of Daily Lif. (1440 mlnulesl24 hours) by type-2 diabetic patients 

PAR or ea •• lln. I End lin. 
Phyal~1 activities' (n) Energy Time .llocation Time x Energy Time .llocation Time x Energ 

coot' Imlnutnl coetb iKeal u.ed! mlnutH coet'IKcal uledl 
P#H'soMI let/vhf" leare 
Steeping (n=aO) 1 600 600xl .0=SOC 0 515 515xl 0=5150 
Lying, IlttIng quietly (n=45) 12 58 58xI2=696 60 9Oxl.2=1080 
eating, drinking (n-SO) 16 80 6OxI6=96.0 120 120xl 6=192.0 

O .... ol"g (n=60) 13 35 35x 1 3=45.5 30 35x 1.3=45 5 
Shower, WHhing (n=60) 1.5 62 62xl 5=930 60 6Oxl.5=90.0 
Recr .. UOn (0-.0) 172 130 130xl 72=2239 60 6Ox172- 1032 
Walking, .porta (n-60) 3.0 60 60x3 0=180 0 120 120x3.0=360 0 

Prayer, moving, .lrol (0 =38) 25 30 30x2 5075 0 90 9Ox2 5=2250 
Total time used 1035m -17.25 h 1382.7 10350>-17.25 h 1638.7 

Household chores 
Washing dish" (0=35) 1 7 30 30x17=782 30 30x1 _7-782 
House clNning (0=40) 30 55 55x3 0=160 0 55 55x30=160.0 
Cooking (n=35) 20 120 120x20-240 0 120 120x2 0=240 0 
Wuhlng cloth .. (0=45) 30 20 20xl 0=60 0 20 20x3 0=60 0 
Total times 225m -3.75 h 538.2 225 m - .75 h 538.2 

Oally t~po (n=22) 1 2 60 6Ox1 .2-72_0 60 60xl 2-72 0 
Oc:cupatlonalactJvltl .. 0-22) 1 5 125 125xl 5=1874 123 123xl 50184.5 
Total times 180 m - 3 h 259.5 160 -3 h 256.5 
Grand total 1440 m-24 h 2180.4>112.4 1440 m - 24 h 2433.41125.4 

'PAL = physical activity level, or energy requilement expreued as a multiple of 24·hot.Ir BMR 
~nergy COlli (or PARlphysical activity ratio) of activities, eJCpfetsed'l multiples of BMR (baSElI melabolic rate) 

FAOMlHOIUNU, 2001 Human energy requirements, Report of a joint FAOMlHOIUNU expert consultation, Rome 11·24,Odober 2001 
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3.9. Analysis the association biochemicals and fasting glucose with 
sociodemography and nutritional status 

In analysis of the association, the influence of sociodemography, nutritional status. 

and biochemical profileswith or on the plasma glucose level of the zinc supplemented 

and placebo groups of the studied diabetes subjects was addressed. Assessment 

was made on the association of the plasma zinc with insulin level, insulin with plasma 

glucose level. and zinc with stress biomarker malondialdehyde, diet control and 

physical activity level on the plasma glucose content. 

Chi-square analysis indicated that the sociodemography and nutritional status of the 

studied population did not show any association at the baseline or endline 

biochemical parameters (table 16,17). except education with HDL (p~O. 008). Gender 

and education showed little had influence (p~0. 088 . 0.083) on the baseline value. 

The endline value of biochemical did not indicate any effect on thesociodemography 

and nutritional status. 

Sociodemography and nutritional status indicated had no effect on the plasma fasting 

glucose level at baseline or endline (table 18). 
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Table 16: Effect of sociodemography and nutntional status on baseline biochemicals of type 2 diabetes undergoing zinc supplementation 

Sociodemography and SGPT SOOT S creatinine Unn. micro LDL HDL CholHterol Triglyceride 

nutritional status (_&046) (<<11 & .. ,) «1.0 & :t1.0) albumin «1SI & l!:161) (<37 & ~37) (<200 & .ZOO) «200 &<200) 
«30 & .301 

Age in years 
H'l =1 .182 H

2 =1.234 ,i=O.543 H2 =0.745 H21:.0.387 ~i =0.534 IC ~ =0,987 1C'l=1.182 35-40 
41-50 P-0.124 P-0.897 P-0.765 P-0.507 P-0.179 P-0.187 P-0.510 P-0.80t 
.51 

Gender ,i~O.484 ,,2~ 1 .301 . '-0.629 H'l =1 .987 1C'l =1 .562 ,,2 =1 .892 H2 ~0 . 879 1(2 ~2.012 
Male P-0.664 P=0.807 P-O 233 P-0.664 P=0.088 P=0.515 P=0.807 P=0.876 
Female 

Education 
Can sign, read. write . 'l =2 .341 ,l=2.452 H2~0.899 ,,2=0505 1(2=2503 11.

2 =5.734 ,.?=1 709 H2=1.386 sse P=0.894 P=0.275 P=0357 P=0.932 P=0.083 P=0.008 P=0.664 P=0.762 HSe 
Graduate and above 

Occupation 
H2 =0.182 ,i=0.654 1C2 =0.456 1C2 =0.345 1(2 =0591 11.

2 =0.649 1(2 =0.654 1(2 =0498 Household works 
Service P=0702 P=0.318 P=0.131 P=0.273 P=0.314 P=0.930 P=O 442 P=0.830 
Others 

Monthly income 
,l=0101 1(.2=0_754 1(2=0.562 ,orc2=1.782 1(2 =0.745 11.

1 =1.345 1(.2 =1 .432 1(2 =1.982 2000-4500 BOT 
4501-7000 P=0.987 P=0.756 P=0751 P=0.756 P=0.978 P=0.585 P=O 279 P=O 485 
.7001 

BMI(Kg/m') 
18.5-24.9 Normal 1(2~0.901 1(2 :1 .956 J(2 =0.512 1(2 =0.845 ,l =0.387 H2=0.546 1(2=1 .765 1(2=1.932 
25·29.9 overweight P=0.388 P=0.497 P=0.732 P=0.097 P=O.698 P=0.582 P=0.659 P=0.861 
30-39.9 Obese Grad I, III 

Chi.squlUC test. signlricWlce p<.O.OS 
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Tlbl.17: Influence of soclodemography and nutntional status on endllne btochemlc8ls 0' type 2 diabetes undergOing Zinc supplementation 

Soclo-demography Ind SGPT SOOT P crull"lne Uru-a'bumln LOL HDL C_roI Triglyc._ 
Nutritional.tatus (-&-1 (<41 & ;tot11 1<1.0 & ~1.01 «30 & ~301 1<111 & ~H~ «37 & ~371 «200&>2001 1<200 & <2001 
Age In years 

",'=0,900 Xl =2 221 ",2=1 762 ",2 -0364 K21:298 "'=0712 ,,2=1629 "2=2854 3~0 
41·50 P=0962 P=0654 P=O 229 P=O 406 p-o 243 P.::O 156 P=O 935 P=O 579 
.51 

Gender ",2=2,404 ",2 =1 901 ",2=0398 ",1 =1 ,659 x2=1862 ",2 =0.768 x2=0938 te2 =1876 
Male P=0.329 P=0.743 P=O.664 P=0.058 P=O 133 P=0.891 P=O 533 P=O 859 
Female 

Education 
Can sign, read and wnte ",2=2.341 x2=1654 ",2 =0.739 " 2'11"0541 Xl =0982 ",2=0451 x1 =1 .481 " 2=1,341 sse P=O 725 P=O 122 P=0.193 Pa:0885 P=O 224 P=0208 P=O 681 P=O 939 HSe 

Graduate and above 
Occupation 

x2=1 .382 x2=0.876 ",z =0.321 1(2 -=0,876 1(2 -=0453 x2 =0367 III' =1934 Household wol1<s 
111

2=0214 
Servk:.e P=O 560 P=O 407 P=O 151 P=O 631 P=O 433 P=0694 P=O 610 P=0857 
Others 

Monthly income 
x2 =1 187 1(2=1568 . '=0987 x2 =0 726 "'=0408 te2 =0719 ",2=0376 H?=1,835 2000-4500 BOT 

4501·7000 P=O 290 P=O 383 P=O.864 p=o 383 P=0877 P=0.339 P=0147 P=0254 
.7001 

BMI(Kglm') 
III' =0679 x2!:1882 x2=0 346 x2 =0 198 " '=1456 ",2 =1419 ,,2=2110 x2=1 129 18.5-24 9 Normal 

25-29.9 overweight P=O 280 P=0698 P=O 558 P=0.347 P=O 634 P=0464 P=O 902 P=O 743 
30-39.9 Obese grd I, II 

Chi-square leat. '~nmcance p<O OS 
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Table 18: Inftuence of soaodemography and nutntlOOal status on fasbng bkx>d glucose of 
Type 2 daabetes undergoing ZinC supplementation 

Sockxlemography and 
nutridonal . tatu. 

Age in years 
35-40 
41-SO 
>51 

Gender 
Male 
Fema}e 

Education 
can sign name read , WrIte 
sse 
HSC 
Graduate & above 

Occupation 
Household work.s 
ServiCe 
QtheN; 

Monthly income 
2000-4500 BOT 
4501-7000 
.7001 

BMI{Kglm') 
185-249( 

ormal) 
25-29.9 (overweight) 
3G-399 Obese Grade I, II) 

Type 2 dllbetn 
n (%) 

12 (20 0) 
28 (46 7) 
20 (33.3) 

21 (35 0) 
39 (650) 

19 (31 7) 
11(183) 
20 (33 3) 
10 (167) 

38 (63 3) 
13(21 .7) 
09 (15 0) 

15(250) 
22 (367) 
23 (36.3) 

19(317) 
28 (46 7) 
13 (216) 

Fa.tlng btood glucose IJmollL 
B ... llne End line 

:511.5 and >11 .51 <10.0 & 2:10.0 

,/ -1.259 
1'=0636 

"'" 484 1'=0 223 

'/ .. 2201 
P--O.579 

'/-1782 
M415 

• 
2-2.070 
P-0376 

""0.136 
P·10 

"':0.000 
P'10 

""'.588 
P-o 692 

"'00659 
P=O.853 

,/., 142 
p:o 572 

tt 2() 296 
1'=0880 
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3.10. Cor~latioD ohlDc, iosulin, millondiaidebyde~ fasting glucose. HbAle:: 

In the zinc supplementation, correlation analysis showed that only plasma zinc and 

FBG of zinc group had significant (p=O.016) correlation at endline. No significant 

(P>O.05) difference was observed between plasma zinc and malondialdehyde (MOA) 

at both baseline and end line. A slightly weak (r=.315) and positive (~zinc increase, 

MOA will be increased) insignificant relationship observed betweenplasma zinc and 

MDA at baseline (table 19).However, at the end line this insignificant relation was 

very weak (-119) andfound to be negative (if zinc increase MOA will be decreased). 

However, there had a significant (p=O.OOO) between the baseline and endline value 

of zinc, insulin, MOA and glucose. 

Placebo group did not give any correlation, difference in baseline and endline values 

was not significant (p>O.()5) (table 19). 

In logistic analysis (table 21), insulin, fasting glucoe, zinc and MDA were independent 

variables (regressors) and zinc group and placebo group both are dependent 

Variables (OVs or regressand) . In logistic regression, these 2 dependable variable 

denoted by binary form, that is, placeboicontrol=OI not intervened) and (zinc 

grouplcase;;;1/intervened by Zn). As the baseline resuhs were not signrficant, it was 

explained only end line. 

There was a18.4 times higher likelihood of having the >17 ~mollL serum zinc in zinc 

group compared to the placebo at end line, Compared to placebo, zinc group was 6,5 

times more likely to have S3 mmol/mL serum MOA at end line which indicated lower 

stressors, might be associated with lower FBS, Higher serum and insulin (whereas 

they were less likely to have :S3 mmol /mL MDA at baseline). Having 17.5 times 

higher level of insulin (>17 IJIU/ml compared to S17 IJIU/ml) in zinc intervention group 

than placebo at the end line (compared to baseline) eould explain positive 

association of zinc intervention with higher odds of increasing insulin level. 

Zinc group was 32.5 times more likely to have less blood sugar (SI0.5 mmol/L) than 

placebo at end line than baseline, 
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Table 20: Association of pluma zinc. 1",ulln and MOA level with FBS and HbA1e In zinc group 

saHline End line 
Zn~roup Zn1lroup 
Cia •• FBs-ba .. llne HbA 1 e.ndllne CI ... FBS-endllne HbA1c ... ndline 
interval no ( 512 and >12) no (511% and 11%) Interval no (sa and >8) no (59% and >9%) 

UOR UOR UOR UOR 
95% CI (L-U) 95% CI(L-IJ) 95% CI (L-IJ) 95% CI(L-U) 

lnoulln (~IU/ml) Inlulln (~IU/ml) 
512 35 1.12 (0.354-3.57) 35 1.67 (.563-4.93) 519 28 5.0(1 .23-4.17) 26 1 •. 1. (1 .68-11U) 
>12 (r) 25 Ref category 25 Ref category >19 (r) 32 Ref c.etegory 32 Ref category 

P-.844 P-.356 P- O.024 "'0.015 

-21~-a9.53 -21~5.53 
-21;:p:9.40 -2,., .. 9.81 

NoR -0.001; X .... 039 NoR .020; X .... 852 NoR .1~; N-R 0.2A8; 
X'-6.072 X'-10.237 

Zinc (~mol/L) llnc (~mol/L) 
53 ~ 0.381 (0.076-1 .93) ~ 2.538 (.7~-8.67) sao 20 10.23 (1.23.a..7) 12 1.&45 (.392-8.90) 
>3 (r) 1. Ref category 1. Ref c.tegory >60 (r) 40 Ref category .a Ref category 

P·.244 "'.137 
P·0.031 P=.4H 

-2,=..u.02 -2,,-,7 •. 19 -2~'59.73 -21;:t"59.56 

N- .038; X'=1 .572 N-R .050; X'-Z, 197 
N~ :0;.179; NoR .013 
X~7.77" X'-A87 

MDA (mmol/mL) MDA (mmol/mL) 
52 (r) 21 Ref category 21 Ref category 52 (r) M Ref category ~ Ref CltegOry 
>2 39 1.16 (0.35-3.61) 39 1.91 (0.62..5.79) >2 28 17.5 (2.12-1".7) 26 11 .1 (1 .~-loo.0) 

"'.607 P-.254 p-o.ooa P-O.OU 
-2~69.53 
N· .001 

-2~75.1 
NoR .030 

-2~M.M 
N -.267 

-2~051 .28 
N~ -.215 

X'-.06O X2a1 .299 X"'12.93 X2_a.785 

p ... retel'\Ct c:eWg0f)'. UOR-Unadju.1IId odcb rMlo. 85" CI {l-U)· 05" confidenct InttN.I (\Owef-uPJ)er). x'· c;tH.qUM 
i. c:tI~u.re,Neg.Ik'fke R..-qu.re-H-R' • -2 tog likelihood RatiO- 21og 
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Tab" 21: LogitUc Regresalon of pl.ama Insulin, zinc, MOA and FBS on zinc and placebo group 

e .... ine -placebO group va Zn-group End line - PlacebO group va Zn.group 

nsutln f~IU/mlJ 

~12.5 I') 
>12.5 

In) 

!~! 

Odd. RillO 
95% CI (Lower-UDDer 

Ref.rence category 
1.0451·355-3.092) 
P- 937 
-?..1og' 83.75, N-R" 'ooo 
X =.006 

naulln 

~171') 
>17 

FBS (mmol/l) FaS (mmol/l) 

~12.5 I') 
>12.5 !;~! 

R.ference category 
1 ~5 1.355-3.092) 
P-.931 '-
X7,~3 75, N-R - 000 

S171') 
>17 

In) 

(35) 
(35) 

(35) 
135) 

serum Zinc (~mol/l) serum Zinc (~moUL) 

~Ir) 
>7 I!;! 

Ref.rence category 
0.6031.229-1.590) 
P= 3Cl1 
-~Iog=I00 773. N-R' = 019 
X =Ul68 

S17 I') 
>17 

MOAlmmollmL) MOA (mmollmL) 

S3 
>3 I') 

1340 
149) 

Reference category 
0.858 1.346-2.128) 
P=.741 
-~Iog=I08 496, -R'= 002 
Xd09 

s3 
>3 I') 

(34) 
(44) 

!~! 

Oddi Ritlo 
95% CI (Low.r..uDDer' 

R.f .... nc. category 
17_471 13.621~.29) 
P=O.OOO , 
-~log=63.824, N-R =.355 
X · 19.934 

Ref.renc. category 
17 ,,471 13.621~_29) 
P=O 000 
-?..1og=63.824. N-R' . 355 
X -19.934 

Referenc. category 
18.429 15.717-59.40) 
P=OOOO 
-?..1og=71 .987, N-R' = 436 
X -29.854 

Referenc. category 
6.500 11.967-21.475) 
P=0.C02 
-~ 1og=67 68, N-R'. 225 
X =10.489 

78 



3.11. Effect of dietary re5triction and physical activity. 

Along wilh zinc supplementation and hypoglycemic therapy. the diabetic patients in 

the study groups were adviced and attempted to closely monitored to do physical 

activity or exerclse. Both of these activities were observed to assist to some extent 

lowering the plasma glucose level. Diet restriction reduces and slow the insulin need 

so that pancreatic ~cells slowly release Insulin. And the physical activity increases 

the muscle oxygen demand, which reduces the oxidative stress of ~-cells , and thus 

stimulates its insulin secretion. Table 23 and 24 show that the diet restriction 

significantly (p<O.05) reduces the calorie intake and physical activity increase the 

calorie consumption. and makes a signmcant changes in fasting plasma glucose 

content 
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Tab" 22. Influence of OIetilry C.lorie Inblke and PhYl1el;1 Activity Level on F .. ting Blood Glucoee of type.2 dl.betic p.tlents 

Parameter t .. led 

Energy (Kcal) ylekled from d.lty (24-houre) food Intake 

FntJng pl .. m. glucoee (mmoUl) 

Energy (Kcal) used by olffe,..nt PhyeJc.1 Activttl .. of Daily Life 

Falting plum. glucose/FBS (mmollL) 

a..e line end line 
(lIIoan< SQL (Moon> SO) 
3120.70453.43 2455.00 145.36 

16.5Z4.7 

2180.4t112 .• 

15.5Z4.7 

9.4±1 .7 

2433.40125.4 

9.4t1.7 

Energy (Kc.l) used for 2 different physical actlvrty levels (PALs) by type 2 diabetic patlente; 

PAL Baseline va. End 11M '" n) 

Sedentlry activity 

Mode,..te activity 

68.3 (41) 

31 .7 (19) 

Me.n energy uaed for 2 typ .. of PAL 

Corresponding mean F8S (mmol/L) 

Slgntfleance p<O.06 

33.3 (20) 

66.7 (40) 

)(=4.05 

1'-0.04 

2439.20131.5 3060.80390.1 

2062.50196.6 3164.4<626.9 

2460.85<164.0 3107.60468.0 

15.514.7 9.U1 .7 

.. 

Statft;tlce 

1'-.000' 

1'-.000' 

1'-.000' 

1'-.000' 

P·.OOO· 

P •. OOO· 

"".000' 



^  ^  ^
^  ^  ^

^ ^ ^
^  ^  ^

^  ^  ^
^  ^  ^^  ^  ^

^  ^  ^  
^  ^  ^
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4. Discussion 

Globally diabeles mell~us Is a leading cause of dealh and disabilily. In Bangladesh. 

the prevalence of diabetes among adults is increasing substantially; it increased 

from 5% in 2001 109% in 2006 to 2010, and will be 13% by 2030 (Lozano et ai , 

2012). This pandemic is associated with rapid cultural transfOfTlls, growing 

urbanization, dietary changes, decreased physical activity and other unhealthy 

lifestyles (Murray et al. 2012). People wilh diabetes require I~e-Iong personal care 

to decrease the chance of developing long-tenn complications. Diabetic 

complications affect the liver, kidney, heart etc vital organs of the body. 

The present study was designed to supplement therapeutic zinc to type 2 diabetic 

patients aiming to reduce plasma glucose level. Zinc tablet (30mg Square ZinC®) 

was given to the patient daily for three months wilh monthly follow up and analysis 

of plasma glucose and insul1n. Their sociodemograpic and anthropmetric data and 

blood specimen were collected. Analysis of plasma HBA1C, zinc, biochemicals, and 

malonjdialdehyde was made at the baseline fjust on reccruttmentof subject) and at 

the end of 3 month of zinc therapy (endline). Along with zinc intervention, placebo 

was given to a group of diabetic sut)iects, which was used as placebo control. 

Placebo is made of lactose, which Is widely used in placebo-controllad Clinical study 

(Atarod et ai, 2014) instead of active phanmaceutical ingredient- zinc. The placebo 

intervention, collection of sociodemographic and anthropometric data and blood 

specimen, and laboratory analysis of plasma parameters were carried out at same 

schedule as of the zinc supp~mented subjects.ln addition, food restriction and 

phYSIcal activtty were adviced and controlled. Assessment was made on the 

sociodemography and nutritional status; biochemicals, zinc, insulin and stress 

marker malodialdehyde and attempted to evaluate association of these parameters 

to plasma glucose and glycated hemoglobin (HbA1c). Patient infonnation and 

analytical data were assessed using SPSS software to interpret and find out resu1'ts 

and to make conclusion of the study. 

4.1. Study design and population 

It was a placebo controlled ctlnical trial. Clinical trial study IS difficult, because ~ is 

time consuming and become taxing to the participants. This started recruiting a 

large number of consentees, but a huge number of them were dropped out during 

three and hatf years course of study. Retaining the partiCipants in clinical trial , 
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particularty with nOOo-hospitalised or out· door patients is troublesome (Fogel et ai, 

2018; Zweben et ai , 2009). 

4.2. Socldemography and nutritlonalstatus profiles of Iype·2 diabetic patients 

Sododemographlc standing plays a vital role to manage diabetes in the countries 

whereas. in Bangladesh, an opposite relation was observed between education 

levels and having diabetes (Lozano et al. 2010). The present study showed that 

age, education, residential area, nutritional status, and other co-morbid diseases 

significantly correlated with FBS levels of type 2 diabeles mell~us (T20M). (There Is 

a Significant effect of family history of T20M on individuals wilh metabolic syndrome 

as compared to their oounterparts in Asian population. The family history of specific 

diseases reflects the consequences of genetic susceptibility, shared environment 

and common behaviors (Murray et ai, 2012). The area of residence has an effect on 

the level of metabolic control , the occurrence of diabetic complications, and quality 

of life. The countryside people are considered as a low income and education as 

well as a high number of persons with Ihe disability. In USA. moderately elevated 

8MI increases the risk of developing T20M complications. Obesity is a major 

contributing factor to T20M and ~s complications for both men and women (IOF 

2012). But the present study results didn't find the association of FBS with sex, 

BMI. economic cond~ion, and family history of patients with T20M. 

In this study, the socio-demographic and biographic profiles of the patients have 

been presented in sixty zinc and thirty placebo groups were interviewed and 

categorized in tenns of socioeconomic condrtion. Assessment of sociodemograpy 

and nutritional status showed that both of these factors were shown somewhat 

matched in zinc and placebo group subjects. Diabetic (type 2) was found prevalent 

among the older aged, married. household working, mid-high income group, and 

female subjects. ThiS finding was somewhat consistent with report cited (IOF, 2012: 

Saqulb el al, 2010). In the study. sociCHlemographic and biographic profiles of the 

patlents have been presented in approximately 46% of patients were found within 

an age range of 35 - S50 years. Among the respondent, (41 .1%) male and 

(58.89%) female. Total (98.9%) were married. Most of the patients (34.4%) were 

educated. Around (42.2%) respondents were from middle-class family. Body Mass 

Index (BMI) was categorized as normal BMI (28.9%) was less than 25 kglm2 

overweight BMI was (54.4%) between 25 and 29 kg/m2 and as Obese (15.6%) and 
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morbid obese (1.1%). Patients age in years, zinc group (48.73t7.4) and placebo 

group (50.27±7.97) respectively. Monthly income zinc group (6220.85.2486.3) and 

placebo group (6099.6%1634.3). BMI mean zinc group (27.20±3.3) and placebo 

group (26.9±2.2). Associations between socia demographic factors and FBS levels 

baseline (14.2.3.9) and end line (9.4tl .7) zinc group was not significant. Placebo 

group baseline (16.0±3.4) and end line (13.302.1) placebo group was not 

signfficant. 

Aging process develop Insulin resistance (AI-Goblan et ai , 2014). Diabetic mellitus 

(T2DM) with obes"y and overweight has been predominantly reported elsewhere. 

Obesity significantly increases the risk of diabetes and high blood pressure, which 

accounts for 80-85% of the risk of developing type 2 diabetes; recently it is 

suggested that obese persons are up to 80 times more likely to develop type 

2 diabetes (www.diaoetes.co.uk > diabetes-and-obesity). In obese Individual, cells in 

fat tissues process more nutrients, which induces inflammation and release 

cytokines to block the Signals of insulin receptors, thus gradually make the cells 

resistant to insulin. 

A very few reports discuss the influence of socia demography or nutritional status 

on biochemical indices, and some reports regarding biochemical indices of type 2 

diabetes undergoing zinc supplementation indicated influence (McClungCai at aJ, 

2014) and others did not find any effect (Oh et ai, 2008; Afkhami-Ardekani et ai , 

2008; Tsutsumi et ai , 2003; Farvid et al,2005; Jayawardena et ai , 2012; Suliga et ai, 

2016; Omar A et ai , 2018).The present study showed that type diabetic patients 

were mostly elderty, female, less educated and lower-middle income group of 

people, which is, to some extent, consistent with findings reported elsewhere (Reza 

et ai, 2018; Islam,2017). Zinc supplementation significantly reduced most of t/1e 

biochemical indices including the fasting blood glucose. Similar results were also 

reported elsewhere (Afkhami-Ardekani et a1,2008; Partida-Hernandez et ai , 2006; 

Parham et al,2008). 

The nutritional status of the zinc supplemented and placebo groups were found to 

be in good matching. It is required for an experiment case<ontroi trial study 

(Cologne, Shibata, 1995; Roselaan et ai , 2009; Pearce et ai , 2016). It is usually 

used in cas&-(;ontrol study. Matching eliminates confounding factors, most 

commonly age and sex. It improves the efficiency of the study. In this study, the 

profiles of sociodemography and nutntional status of the participating diabetics 
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were well matched, no statistical signfficance were exist between the zinc 

supplemenled group and the placebo group. 

4.3. Change In faating plaama gluco.e and glycated haemoglobulin 

Zinc supplementation on type 2 diabetic patients to reduce blood glucose level is 

well documented in previous studies (Saquib et ai, 2012). Some investigators have 

speculated that zinc supplementation could improve glucose tolerance as well as 

insulin sensijivity in type 2 DM through its zinc effects (Roussel et al. 2003). The 

potential effects of zinc in diabetes could be related to several mechanisms. Zinc 

plays a structural role in the maintenance of CuZnSOD structural integrity. Zinc 

metallothionein complexes In the islet cells provide protection against immune· 

mediated free-radical attack, and zinc could act also in protecting sulfhydryl groups 

against oxidation and participate in the inhibition of the free radical production, 

Hence, zinc could reduce glucose toxicity and contributed in part to the prevention 

of a decrease of p cell mass and insulin content (Ohtyet et al. 2000). In case of 

gtycated Hb. Zinc therapy also strongly and significantly made a reduction of 

gtycated Hb. but in plaoebo given grouP. the glycated Hb was found to increase 

highly and Significantly. It might be because of insulinomimetic potential of zinc 

(Khanam et al. 2018). 

Zinc deficiency reduces insulin secretary reserve and makes glucose intolerance 

(Kim JLeeet ai, 2012), and stimulates glucose oxidation and glycemic control by 

modulating insulin signaling pathway (Norouzi e tal, 2018). Zinc contribute a vital 

role in the synthesis, storage and secretion of insulin and its conformational 

integrily. Zinc deficiency affects the abilily of islet cell to produce and secrete 

insulin (Chausmer et ai, 1998). Zinc syntheses proinsulinin pancreatic 13-0011. 

which then makes zinc containing insulin hexamer. Zinc ions also enhance 

proinsulin'ssolubllity and render insulin insoluble-microcryslalline character of the 

preCipitated insulin granule (Omar et at. 2001). 

Zinc reduced oxidative stress. Zinc-metaloenzymes such as superoxide 

dismutase, protect cells and tissues from free radicals insults (Kaur et ai, 2014). It 

acts as a cofactor of the superoxide dismutase enzyme. which regulates 

detoxification of reactive oxygen species, thus protecting against the oxidative 

stress induced by chronic hyperglycemia (Cruz et ai, 2015}.Zinc supplementation 
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has shown to improve type 2 diabetes symptoms (Begin.Heick at ai, 1985). 

Dietary zincsupplementation has been reported to attenuate hyperglycemia and 

hyper insulinemia in diabetic patients (Simon et ai , 2001). The decreaSing HbAlc 

levels and cholesterol effect by zinc has been reported (EI Dib et ai, 2015). Zinc 

supplementation also reported to affect the insulin response differentially, 

depending on the patient genotype for the SLC30A8 gene encoding the ZinC 

transporter ZnTS (Maruthur et ai , 2015). 

Zinc is required for synthesis of insulin hormone, which is arranged in a regular 

crystalline structure comprising Zn ions In secretory vesicles. Each insulin 

molecule is linked with 2-4 Zn atoms. A zinclinsulin complex is formed for slow 

release of insulin into the bloodstream (Prasad et al. 1998). Zinc presents in 

pancreatic l3-cells, and concentrates withIn the dense core insulin secreting 

granules (ISG) at around 10 to 20 uM (Hutton et ai, 1983). Zn" ions are an 

essential for both insultn processing and storage. 

Sociodemography and nutritional status did not affect plasma fasting glucose 

level, but there had a correlation between plasma glucose and zinc 

supplementation. However, it can be suggested that the lowering of plasma 

glucose and glycated hemoglobin in the typr 2 diabetes is contributed by 

insulinomimetic antioxidant zinc therapy. 

4,4. Plasma biochemical proflt •• and association with ooclodemography and 
Nutritional status 

Diabetes mellitus is a group of metabolic disorders, in which the most common 

comorbities involved are impairment of kidney function, ophthalmics, neural 

function, lipid profiles. It elevates lipids profile (TC, LDL, HDL, TAG). liver function 

(ALT, AST. ALP, TP, Bilirubin) (Belay et ai, 2014), and the kidney function 

profiles(Adiga, Malawadi, 2016). Fatty liver, osteoporosis and diabetic 

complications induding neuropathy, nephropathy. retinopathy, cardiomyopathy, 

hypoglycemic coma leadin to death may occur in uncontrolled diabetes (Belay et ai, 

2014). Further. the diabetes mellitus. insulin and zinc share complex relationship 

with type 2 OM patients often exhibiting lowered zinc status. Zinc is suspected as 

having a significant role in normal insulin metabolism. This includes the ability to 

regulate insulin receptor intracellular events and the ability to support normal 

pancreatic reaction to a glucose load (Andrews et ai , 2005). The type 2 OM patients 
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are zinc deficient (Farooq et ai, 2019; Nadia .t ai, 2020), which insu~s the 

pancreatic ~ceUs to produce insulin, due to oxidative stress. Zinc supplementation 

reduoes the oxidative stress of ~-cells , and thus, actives insulin synthesis, storage, 

crystallization, and secretion in the pancreatic ~~cell , as well as acts on 

translocation of insulin into the cells (Femandez-Cao et ai , 2020). 

The main purpose of this study was to evaluate the effect of zinc supplementation 

on glycemic control in type 2 OM patients. In addition, plasma biochemical profiles 

of the type 2 OM subjects were analysed and evaluated. In the present study, the 

biochemicals of lipid profiles, kidney and liver functions were found high, which after 

zinc therapy, diet restriction and physical activity were significantly reduced. This 

might be mostly because of antioxidant potential of zinc, which reduces the 

oxidative stress (Kaur, 201 ; Cruz et ai, 2015), and thus, help nannal functioning to 

lower the liver and kidney function , and the lipid profiles. Similar has also been 

reported by (McClung,Cai,2014). Attempt had also taken to find out influence of 

sociodemography and nutritional status on baseline and endllne biochemicals of 

type 2 diabetes. Chi-square test was perfanned to find the influence or association. 

However. it did not give any association at the baseline or endline biochemical 

parameters, except education with HOL. Gender and education showed little had 

influence on the baseline value. The endline value of biochemicals also did not 

indicate any effect on the sociodemography and nutritional status. 

The socia demography or nutritional status did not find any influence on the 

biochemical profile, except education on HDL and LOL and gender on urine micro­

albumin as well as on the fasting blood glucose value. Some reports also noted the 

similar resu~s , no beneficial effect (Niewoehner et ai, 1986; Seet et ai, 2011). This 

study did find some significant djfference in the socio-demographic and biochemical 

data of type 2 diabetics. It was found that different socio-demographic profiles are 

significantly correlated with the blood' sugar levels of some parameters, which were 

association with SGPT. SGOT, and Plasma creatinine of T2DM patient. Social 

demographic factors were associated with several aspects which are patient's age 

and the male gender can be underlined and family history was not influenced. In 

biological factors, some association was recorded in soclo demography and 

biochemical profile of have been evidenced in our observation for type 2 diabetes 

mellitus. 
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4.5. Plasma zinc, insulin and malondialdehyde and their association 

Diabetes mellitus, Zinc, insulin, blood glucose as well as stress markers and 

diabetic mellitus are interrelated and share complex relation. Zinc is suspected to 

have significant role in normal insulin metabolism. Zinc regulates insulin receptor 

and supports normal pancreatic reaction to a glucose load (Andrews et al. 2005). 

Zinc deficiency (Farooq et ai , 2019; Nadia at ai , 2020) undermines these functions 

in type 2 OM patients. Supplementation of zinc makes the pancreatic i3-cells 

function. 

Zinc supplementation on type 2 diabetic patients to reduce blood glucose level has 

been well documented in previous studies (Saquib et ai , 2012). Some investigators 

have speculated that zinc supplementatIon could improve glucose tolerance as well 

as insulin sensitivity in type 2 OM through its zinc effects (Roussel et ai, 2003). The 

potential effects of zinc in diabetes could be related to several mechanisms. ZinC 

plays a structural role in the maintenance of CuZnsoo structural integrity. Zinc 

metallothionein complexes in the islet ceUs provide protection against immune· 

mediated free-radical attack, and zinc could act also in protecting sulfhydryl groups 

against oxidation and participate in the inhibition of the free radical production. 

Hence, ZinC could reduce glucose toxicity and contributed in part to the prevention 

of a decrease of ~ cell mass and insulin content (Ohly et al. 2000). Zinc 

supplementation has been suggested to ameliorate the metabolic disturbance of 

diabetics (Seet et ai , 2011). 

The present study showed that zinc supplementation had made a significant rise of 

plasma zinc (from around 9.0 to 77 ~moVL). insulin level (from 12.0 to 19.5 ~IU/ml). 

that is, from lower to highest level, and had Significant reduction in plasma oxidative 

mari<er malondialdehyde (from 3.3 to 2.0 1 ~molll). This indicated that the type 2 

OM subjects were in severe zinc deficiency, have had lower insulin value and 

oxidative stress. Zinc supplementation alleviated this disorder. Ahhough, the 

baseline levels of insulin were within normal range. but at near the tower level. This 

study showed that plasma insulin and MDA were significantly increased after zinc 

supplementation in patients with more than 8 years history of diabetics. Previous 

investigators have hypothesized that zinc enhances tyrosine kinase 

phosphorylation in the insulin signal transduction from in vitro studies (Simon. 

Taylor et al . 2000). This study resulted in that the changes of insulin level following 
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3 months of supplementation reflect an improvement in insulin resistance. 

Signrficant changes in fasting blood glucose, insulin and MDA were observed for 

zinc supplemented diabetics with lower zinc status (p<0.05) in this study. A recent 

randomized, clinical trial reported that 3 months of zinc supplementation 

(30mg/day) for type 2 diabetics may have beneficial effects in elevating serum zinc 

level, and improving their glycemic control as shown by decreasing their MDA level 

(AI-Maroof, AI-Shabatti , 2006). 

Few studies on the relationship between oxidative stress and type 2 diabetes have 

shown that oxidative stress is associated with the development of diabetes 

complications. Chronic systemic oxidative stress has been shown to cause insulin 

reslstance in rodents (Houstis et al. 2006). The baseline mean serum value of zinc 

in their study was 68.9±11 .9 ~g/dL (Kanchana et ai, 2005). As compared to the 

present study, the mean zinc level was higher and mean FBS level was lower. The 

zinc deficiency in T2D patients may be due to impaired absorption, increased 

urinary excretion due to altered renal function , or genetiC factors or during infections 

in which zinc has a role. Zinc plays an important role in glycemic control. In 

physiologic conditions. zinc is abundant in pancreatic islets (Scott et ai, 

1938; Sond_rgaard et ai, 2006), where rt plays a role in the crystallization and 

secretion of insulin (U et ai , 2014). In addition, evidence suggests that zinc 

regulates the glucose transporter GlUT4 translocation and the glucose utilization 

(Tang et ai, 2001), Importantly, zinc deficiency is associated with increased chronic 

Inflammation (Wong et ai, 2013). 

Several mechanisms have been suggested to explain the association between zinc 

and insulin resistance. Zinc is known to playa major role in the stabilization of 

insulin hexamers and in the pancreatic storage of insulin because it can enhance 

insulin binding to hepatocyte membranes (Wijesekara et ai, 2009). In fact, reduced 

hepatiC insulin binding to hepatocyte membranes during zinc deficiency may be 

associated with the contribution of zinc during insulin receptor synthesis (Faure et 

al, 1992). Furthermore, zinc 15 an efficient antioxidant, and oxidative stress is 

considered to be a primary contributor to the initiation and progression of insulin 

resistance and diabetes (Wiemsperger et al, 2003). In addition, zinc is a component 

of SOD and is required for optimum SOD activity (Faure et ai , 1992). Zinc 

supplementation at 30 mg daily for 3month improved serum zinc level. In diabetes 
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plasma zinc concentration should be kept within the normal range, otherwise 

insulin~resistance as well as diabetes complications will be worsening. In case of 

hypozincemia zinc supplementation improves glycemic control. Collectively. if 

diabetic patient had low zinc concentration, permanent zinc supplementation is 

needed and should be administered in supra physiological doses. Contemporary 

fannulations, especially nano-fonnulations are effective in normalization of zinc 

homeostasis and deregulations of diabetes originate in hypozincemia can be 

corrected by zinc supplementation. 

Zinc supplementation for lype .. 2 diabetics has beneficial effects In elevating their 

serum zinc Javel. and in improving their glycemic conlrol that Is shown by 

decreasing their HbA1c% concentration. These data demonstrated potential 

beneficial antioxidant effects of zinc supplementation in persons with type 2 OM. 

The mechanism of this action could be due to the antioxidant effects of zinc, 

especially in protecting SH groups. but also the modulating effect of zjnc on insulin 

sensitivity cannot be ruled out lOese resuHs are particularty important in light of the 

deleterious consequences of oxidative stress in persons with diabetes. Increased 

intake of zinc, in addition to other nutritional and pharmacologlcal treatments may 

be important in the delay and/or prevention of the complications of diabetes. 

It has also been reported that zinc has immune enhancing (McClung, Cal , 2014). 

line contributes vital function in immunity. particularly, important In cell~mediated 

immunity (Mooradian et ai, 1988; Eliashiv et ai , 1978). Zinc therapy enhances 

immunity through increasing of CD4 T -cells. Zinc controls insulin signaling, glucose 

use, maintain lipid metabolism and cell functions. Zinc deficiency induces chronic 

disease including diabetes, Which itself also makes zinc deficiency. Zinc therapy 

can prevents development and or the progression of diabetic nephropathy. 

Further, Zinc has anti-inflammatory property (Mooradian et ai , 1988: Khan et ai, 

2013). Many investigations reported function of zinc in the regulation of metabolic 

syndrome. It controls cytokine expression, and inflammation suppresses 

suppresses (Olechnowicz et ai, 2018). Inflammation associated with insulin 

resistance and diabetes (Dandona .t ai, 2004; Grimble et ai, 2002). Zinc deficiency 

occurs in inflammation and type 2 diabetes (Giacconi et ai, 2005), which is due to 

high IL-6 production that associates with insulin resistance, hyperglycaemia and 

dyslipidemia. The -209 NG MT2A polymorphism is involved In chronic 
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inflammation (high plasma IL-6), hyperglycaemia. enhanced HbA lc. which are 

manifested by marked zinc deficiency. Therefore, zinc therapy may overcome the 

diabetic inflammation. 

Supplementation of zinc to type II OM patients demonstrated better glycemic control 

and desirable changes in lipid profile, MDA level, Insulin level, liver function, as well 

as improvement in kidney functions, therefore. zinc may have supplementary 

benefits in the routine management of adult OM and could be a possible strategy 

favoring the life quality of those who have risk factors for other diseases in addition 

to diabetes. Zinc supplementation at 30 mg daily for 12 weeks beneficially 

increased serum zinc by 70%, insulin level increased and decreased stress marker 

level. 

The results of the current study showed that zinc supplementation in a dose of 30 

mg/day orally for 3 months significantly decreases fasting blood glucose (FBG) and 

glycated haemoglobin (HbA 1c) in Iype 2 OM patients. These results are in 

agreement with previously published data that showed improvement in glycemic 

control with zinc supplementation (Hussainet ai , 2006; Gunasekara etal, 2011). 

Meanwhile, Oh and Yoon, 2008 analyzed the effect of zinc supplementation on 

glycemic control by the baseline HbA1c level of diabetes subjects (Baseline 

13.4.3.9 and end line 10.9.1 .9), In comparison this study found significant 

decrease in HbA1c after 3 months of supplementation. In case of glycated Hb. 

However, zinc therapy also signrticantty made a reduction of glycated Hb, which 

might be because of insulinomimetic potential of zinc (Khanam et ai , 2018). 

In summary. this study indicated that significant improvement offasting insulin level 

as well as decreased MDA level were observed in zinc supplemented diabetic 

patients with shorter diabetic duration, poorer glycemic control , and marginal zinc 

status. However, further investigation Is needed before a firm conclusion could be 

drawn for the relationship between zinc suppjementation and glycemic control. 

4.6. Diet restriction and blood glucose of type 2 diabetes 

Zmc is one of the most important essential trace elements in human nutrition and 

lifestyle. Its deficiency may severely affect the homeostasis of a biological system. 

This experimentally-controlled nutritional study provides clear evidence of beneficial 

impacts of zinc supplementation on glycemic control and pancreatiC islets 
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regeneration in diabetic patients, wIlicl1 could be attributed to its ant diabetic and 

antioxidant properties. Therefore, consumption of zinc-rich diets or otherwise, linc 

supplements. should be encouraged with moderation in diabetics for optimal 

glycemic control. 

The magnitude of Diabetes mellitus (OM) has increased dramaticalty in many parts 

of the world and this chronic metabolic disorder is ona of the norw:ommunicable 

disease and the biggest global public health problems in the past 20 years (Gelaw 

et ai, 2018).) Just under half a billion people were lived with diabetes worldwide in 

2019 (9.3% prevalence) and the number is projected to increase by 25% (578 

million) in 2030 and 51% (700 million) by 2045 with linked health, social, and 

economic costs. Diabetes is associated with rapid cultural transforms. growing 

urbanization, dietary changes, decreased physical activity and stress induced digital 

unhea~hy I~estyle and are responsible for the large volume of T2DM patients 

worldwide (Fareed et ai, 2017; AsWet ai , 2014; Danaei et ai , 20(1). As OM is 

characterized by chronic increase in the blood-glucose level resulting from a 

relative insulin deficiency or insulin resistance or both includes chronic 

hyperglycemia with disturbances of carbohydrates, proteins and fat metabolism that 

affect the vital organs liver, kidney and heart of the body. The etiology of T2DM is 

complex and is associated with irreversible risk factors such as age, genetic, race, 

and ethnicity and reversible factors such as diet, physical activity and smoking 

(Gelaw et ai, 2018; Sami et ai, 2017). 

Dietary factors are important in the management and prevention of type 2 diabetes 

(Faroucl1e et ai , 20(0).Anlioxidant ricl1 (green-yellow fruits and vegetables), 

carbohydrate restricted low GI (glycemic index), and hlgh fiber containing complex 

carbohydrate (whole grains) diets have been suggested to reduce or slow insulin 

need, protect against oxidative stress. thus. maintaining glucose homeostasis 

(Russell et ai, 2017). Diet modification (Forouhi et ai, 2018; Meng et ai , 2017; 

AggafWala et al. 2016) and physical activity transforming from sedentary lifestyle to 

moderatety active life are essential for efficacy of hypoglycemic agents (AsH et ai , 

2014; Russell et ai, 2017). Balanced diet given in divided time interval can work in 

prevention and reverse of diabetes (As~ ot ai , 2014). 

In this study diet counseling showed a significant reduction of glycosylated 

hemoglobin (HbAlc) and fasting blood glucose (FBS) level aFi""" lied 
f~ .. ,,· '~fr"p;r 

~I ~nrt~ 
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type 2 diabetic patients (T20M). In this study, rice intake was reduced to 100 g from 

baseline intake of 277 g after 3 months of dietary intervention. A study (Rezs et ai , 

2018) mentioned 92% carbohydrate intake (mainly rice) by diabetic patients and 

showed significant association between rice intake and an increased risk of type 2 

diabetes in women (Nanria el ai , 2010). This study showed a contribution of total 

carbohydrates to the total dietary intake of T20M patients was almost 50% in 

baseline reduced to 40.6% in end line. It was found that 10% reduction of dietary 

carbohydrate from baseline contributed to the subsequent reduction of calories 

(from 3124.7 to 2455 kcal), which had greater influence on reducing fasting blood 

glucose (baseline: 15.5 to end line: 9.4 ~molfL) . A recent study (Shehab et a12011 ; 

Nghia et ai, 2019) showed more carbohydrate oontribution (~60. 0%) to diet and its 

association with fasting blood sugar like this study. Moreover, lower proportion of 

carbohydrate intake at the end 0 3 months zinc therapy was found tobe assooated 

wrth lower HbAlc% among T20M patients. Recent analysis (Meng, Bai, 2017) also 

found that low carbohydrate diet (LCD) had significant effect on HbAlc level. 

A high fat content in the diet may result in deterioration of glucose tolerance. It is by 

many mechanisms including decreased binding of insulin to its receptors. impaired 

glucose transport, and reduced proportion of glycogBn synthase and accumulation 

of stored triglycerides in skeletal muscle (Pan et ai , 1997; Grundleger et ai , 1982). 

The fatty acid composftion of the diet, in tum, affects tissue phospholipid 

composition, which may relate to insulin action by altering membrane fluidity and 

insulin signaling (Storlien et ai, 1996). High fat intake has also been associated with 

higher fasting insulin concentrations (Marshall et ai, 1997). and a lower insulin 

sensitivity index(Lovejoy et al. 1992). Some studies did not give any association 

between diabetes risk and total fat intake (Salmeron et ai, 1997; Meyer et ai , 2001) 

Few human intelVention studies have examined the effects of high fat, low 

carbohydrate diets on diabetes risk, and the results reported inconsistent 

(Kolterman et ai , 1979; Lovejoy et ai , 1998; Bisschop et ai , 2001). Higher 

proportions of saturated fatty acids in serum lipids/muscle phospholipids have been 

associated with higher fasting insulin levels (Folsom AR et ai , 1996). lower insulin 

sensrtivrty (Vessby B et ai, 1994) and higher risk of developing type 2 diabetes. 

Higher vegetable fat (unsaturated fat) and intake of PUFA have, in tum, been 

associated with a lower risk of type 2 diabetes as weH as lower fasting and 2-hr 
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glucose concentrations. In two short-term studies with single saturated fatty acids­

lauric, palmitic and stearic acids reported no effect on glucose and insulin 

metabolism (Schwab et ai , 1995). 

In the light of present knowledge regarding the relationships between type 2 

diabetes and dietary fat was scared. Most intervention studies aimed at 

investigating the effect of fish oil on insulin sensitivity have been done in patients 

with type 2 diabetes and was negative (Borkman M et al . 1989; Al1nuzzi G et at, 

1991), There have marked differences in various countries of the world with respect 

to the faHo-<:art>ohydrate ratios consumed by different populations. A significant 

positive association has been shown between dietary fat consumption and the 

proportion of the population who are overweight (Richards et at, 2001).High 

carbohydrate intake decreases the prevalence of diabetes(MarshaU et ai, 1991; 

Tsunehara et ai , 1990). However. many studies have reported that an increased 

intake of carbohydrates can reduce HDl levels and raise fasting plasma 

triacylglyoerot oncentration (Parks et ai, 2000). It is known that a high carbohydrate 

intake increases the requirement for insulin secretion in order to maintain glucose 

homeostasis, Insulin secretion by beta-cells is glucose sensitive and a high intake 

of carbohydrate in relation to energy intake produces higher post-prandial insulin 

levels, It is possible that repeated stimulation of high insulin output by a high 

carbohydrate diet could speed up an age-related decline in insulin secretion leadjng 

to an earlier onset of type 2 diabetes (Rasmussen et aI. , 1993). The qualijy and 

quantity of carbohydrate may speed up this response. The FAOfWHO 

recommended55 % carbohydrate in totat energy intake. 

This study showed that the innuenoe of restricted dietary intake on both the blood 

glucose and glycated hemoglobin level (HbA 1 c %) of type 2 diabeijc patients. 

Dietary counseling given to them focused mainly on simple carbohydrate restriction 

in diet (more complex carbohydrate e,g. vegetables, frurts and whole grains 

enhancement), At the end of counseling, HbA1C, FBS, 24-hour dietary intake were 

followed up, collected and recorded in the same structured questionnaire after 3 

months, It was indicated that carbohydrate restricted diet apparently reduced the 

blood glucose level and HbA1C of the type 2 diabetic patients. 
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4.7. The essential role of Physical activities management of type 2 diabetics 

In this study. counseling on doing physical activity. especially walking. showed 

significant reduction of glycosylaled hemoglobin (HbA1c) and fasling blood glucose 

(FBS) level among the Iype 2 diabetic palienls. A single short lime physical 

exercise (brisk walking) has significant insulin like effect on fasting and random 

blood sugarand HbA 1 c. 

Studies have shown that physical activity plays an important role on glycemic 

control (Balaji el 01. 2017; AggalWala et al . 2016; Shehab el al.. 2011). Even brisk 

walking lowers blood glucose and combined resistance had greater impact on 

glycemic control than both alone. Study reported small meals with more meal 

frequency are helpful in lowering blood sugar (Asff et al . 2014). In this study 

replacing some sedentary activities with physical activities like walking and sporting 

reported significant increase of energy expenditure, which subsequently decreased 

fasting blood glucose. 

Immobility or Inactivity is one of the causes of insulin resistance which can direct to 

T2D.Exercise can be used as a treatment, which can affect glucose transpoter-4 

(GLUT 4) translocation, and can improve insulin signaling (Kraniou et ai, 

2006).Regular physical activity can alsollkely efled hypoglycemic agents. In 

addrtion, exercise canstep up glucose tolerance. Exercise has also been reported to 

improve pancreatic i3 cell function in obese diabetics(Pedersen et ai, 2009). 

This study recruited 90 participants who were randomly assigned to either a 

diabelic group. The diabetic group Inilially took physical activilies daily. The lifestyle 

intervention group was told to lose approximately 7% of their body mass through a 

heaHhy low fat . low calorie, and to engage in physical activity for at leasl 150 

minutes per week. Both HbA 1 c as well as diagnosis of T20 were tracked over four 

years at 3months intervals. Using exercise as a treatment can be an effective way 

to improve clinical markers of diabetes such as HbA1c and fasting glucose levels, 

and more importantly exercise can help control post~prandial glycemic excursions 

(Barr et al . 2002; Larsen ot al . 1997). These Ihree paramelers are used to diagnose 

and monitor T20. These parameters can be affected by exercise by reducing the 

amplitude of a post~prandial glycemic excursion. Studies have shown that exercise 

or lifestyle modrfication can be as effective if not more so than pharmacological 

interventions at preventing and treating T20 . 
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The resu~s of the study showed, as expected, that the placebo group had the 

highest incidence of diagnosis with T20. By 3 months into the study, there was 

statistically significantly higher incidence of T20 in the placebo group compared 

with zinc group, and this significance would persist until the end of the study. Thus, 

Lifestyle was the most effective at preventing T20 in a at risk population. There were 

also differences seen in HbAlc and fasting plasma glucose levels between the 

groups. As expected, the placebo group had not statistically significantly higher 

fasting plasma glucose levels as well as HbAlc throughout the study. The zinc 

group and lifestyle group both had similar fasting plasma glucose levels throughout 

the study. their HbA1c differed. The zinc group had statistically significantly lower 

HbA 1 c compared with the placebo group between 3 months of the study. 
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Appendix 

Dietary habit and oItt1ng time of NAFLD patients In Bangladesh 
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08 , - ~ dlliI ..... ""'"" (>=t. ~= "'. 0= """"" Iii'!~, 8= - "" ...... ~. D 
• = 'I1t'I"Oro~, .... _ ~ ~ C'IR) 
~~!f'fltJJ~~~~~-.wJ? (~=1'IJ'I'!5~. ~=~~. 0= eo , 

fji$. ;::;;".,~= .,;;;_) D 
Ob I fAr ~ ~ 'f1I'J ~ 1i'ItfW u '6 ..-1ft ttc. 1fmf, ll:T ~ ~ W'f ~ 1JCRf 

(>=~.~='lI) D 
.. , , fll.liI~ ""'" _ 'OTfI iw. _ ""l;M ""..,... "" '"""" m 

... ) ~ "" '" tnf.itv .ful""~' (>=~. ~ = 'lI) 
It) "'1~t"Ii .. ~ 1tlf"" 1RTr ()= -to 't =-on) 
'1) '01fI'I __ m", '" ""l ' (>=~. ~ = OIl) D 
'I) ~ ~ !101'1 'IItf ' (>= t. ~ = OIl) 
0) ~_"""''''''''l,"_''''''' (>=~. ~ = OIl) 

.otr I ~CfRT~1I1(1J~~,"",6~f*, ()=~. 't =~ 
'C~ I ~~~"""'~~~~, ()='t.=t=ifT) D 

'J:Ihi,,,,,, "'l"Ii'F< 
'Ol'1fll_ """"" """ "'l"'" 'I" .i't,,~ 10<, (>=~ • • = OIl. 0= """,,,'1'1) 
_ """"" """ .... f'OoIfiio! "'l"'" 'I" WI .... _ ..... _ ~ 10<, 
(>=~ •• = 'II, .... 'I1t'I"Oro. 8 = """" ... . = """'" ............... ) 

8., ..,...'l'N-... ~, (>=~,. = OIl, ¢= """''''') 

~ ....... rnI'lI 'IIioI'! '" ..... 1AJ ~ f.mlt<s ..,... ~ ~ """" ... , (> = ~ ..t 
.= -.>Afir. """', __ . m. m. '1'" 8=-~ <i't'II, <=_"ll, <>= '10010I'1'1) 

88 I ~~, ~" .,f4JtCIfi1 ~l ~t'nI 1ft'Ij ~ ~ ~ ~ ~ ~ 
"""""""'" (>= ..,.", .=....,.,.,., _, .=-....!io, .= .".,.. .. ) 

8~ I ~ ~ ~ ~ ~ r. ~ ~ ~ '11" 1 "1~ ~ ~ ,",",,".~. lPf.1J.'f 
~ /C'liCUfWI041 (}= -(1, ",;;n; 'O=~;roo'~; 8~ ifJ) 

~ .. ~ • .,IiIO;lW' ~ '"1'11"", 
8~ ' _...,. ~VO' 'iIi'OI>''IItf'''''~' (>='(T, .= "', ........... """., 8=.".,..'1'1) 
8<\ , 'aFSWIHT1J 'f'Q~ 1ft'i (1RI'I ('pi f.'"1 ()= -tt; .\=~: o:a 'IItt1J llOO m'f o;'t; 8= ~~ 
8bo- I Jti!B ~"II.>AfW~lATI' "" 'lfRC1R'f liFf~' ()=t; 't~; 0= ~~) 
8,. , 'iijj'RI' "I"'ni fiJ ffiI!i' -rA 1I'Pf'(II ~, ()~"'t1rsl'bf:s: lWoI': 't= CIO'n wrF(; ¢:: ~ 

'!II) 
(to , ~ Clft'IToJAt ~'If11'R 'fA'" ():(t; 't=on: 0= ~ ~I 8= tmmI(f~ 

'i1f'\t' "'" .. '1IfiI fO.... _ 
It) I \liII1+jOliC.,t ~e'IRI 'Il'fiIi" nA ~ ,., ()= ~/GJM; =t= ~; ¢:: W~: 8=~"""": 
<=..mr '!If.!, .... """"" '!If.!, ,=~ '!If.! ~, ",. """'11'1'1) 
•• ' .,.,.. """. ""'"'" <_. "'"". ~. ~) ~ m ~, (>=~, '='flIT' 

='I¥'/",,", .= -..11,..,.., a=""'" '!II) 
.. , '!If.! 'TT'I fl1lf ~ '1!f.I m". t;..,.. ""'" (>= ......... ~ ............. ~, .= '!If.! ""'" ..... 
~ 1imr; '0= ~ fimi: 8= ~; r-~ 'lilt U iI't; 'F ~'''tkOi(WI. 'flfii ~ 

~ ""l ~ 'ITt, ,= """" '!II) 
a8 I ~'8'tWR ~ ~ 1Rt't '" ~ '4ltAi1. ~ r., (}= t. ~ = "11; 0= Ji~ f.r(yrr 

""l ~ f.\, 8= """" '!II) 
"Ifl4Ilft'11611tR+i 

aft I .1r1P'IT ~ c-mai ~r ()= RfifI ~/WIJ"f1I'1 ~ = .. 'CII1C'"I"1It'1 ~ ~; 
-o=~~;8.~~ 
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"" , 
"" f.;Iift .. , 

.,Ii .. lttl ~ ~ """" -.uorr ()= "'; ~=~; C; VIPt'ICRt/ 
~; 8= ~; f'= «'f11IJ;Q) D 
.,fiifTClt ~ ~ ~ ~ ~ ~, ()= ~~: ~:= c-I1I'ITll'N "1fV"I(l1I"[: '0= 

""'ft'I~; .= '"'1l '!'OS ("'~II\/:R) """""'; • = """" '1lI) D 
~ oo:.~~"fW~ li.tlil.qm", ~~q~1 
(-.") ~ ~ "IIIR 1IfCOIf 'f1IT ~ ~ ~ ft-Ir ()=~, <l= fit_lfiol". '0= 
_~ __ """"'1lI) D 
( .. ) ~ ~ ~ 1IftiR 'PiI ~ ~~, (1= U(jVfIIIl 'I'PI"Jtft~. 2= 

~ Wi'm. 3= ~/C'1II'ii~ •• 4= ~ amI"Ifft. S= ...,..., <'AT ~. 6= 
-. 7= """ """If. 8= ~. 9=~. 10= -to 11 = """" '1lI) D 
(~) ~ ~ ~ 1I'PI' tFlfiImt (n" 1l'PI' '1.Ii1~'1G "\1' 1ft ~ ........ 1lt'I = ); .:t= 

"""" "" (0) '""" 'IOlf ~ """ _ ftoI, (> """ ••• .,., (1 = .................. $I, 2= "'" 

~, 3= """ """ m; = """" '1lI) D (-) _,;iI. "'" """"'.,..., - ""'" ~,., (1= '0),2= "') U 
(J) '""'" m..-" """' """'~, ................. .. .. , ~~._~~~fmoI 

f<IWi!'IOlf .... -.It ..... -.It <"1m 1-"" 
".. 'IOlf om ~ 

....m -~ .... 

'{'f ""'" «iT 
........ 

~ ""'""'" "IOI1r ••••.••. 

- -"lIlT ....... 

""'""'" "fInr .•...... 

-- ~ "'PIT .•.... 

'{'I1t'I1lf "'" ......... 
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"" I 

~) , ~ .. I>illf.!. ~ (Biochemicallnvesligalion) 

N ) • • 8 • • 
I "'" - ."...,"""'" 'It' 

2 "'" - ."..,."""'" ..... .,. 
3 
4 HBA c 
5 Blood Insulin level 
6 -"",,",,,,, 

.~fW "'" 

7 ,.,.,. <ft 

ALT 
SGPT 

8 1-"""" 
9 1 f'r.l;>; ""'" 

>i~~fI ~ .... ~ t """"': ............................. . 
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