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Abstract:  

Objective: The current study aimed to compare the levels of zinc, alkaline phosphatase, and 

random blood sugar in people with leprosy to those in healthy controls from the Bundelkhand 

area. The second objective was to compare the correlation between study parameters in the 

leprosy group and the healthy control group. Material & methods:  The research was carried 

out in the Department of Biochemistry at Maharani Laxmi Bai Medical College (MLBMC) in 

Jhansi. In the healthy control group, forty human beings with normal glycemic status were age 

and gender matched. The leprosy patient group contained forty leprosy patients who were 

receiving treatment. Leprosy disease was diagnosed in accordance with the world health 

organization guidelines. Results: Age difference between the two groups was not statistically 

significant in the present investigation. Whereas, we found a statistically significant contrast 

between the two sets of data we analyzed, including RBS, ALP, and serum zinc levels. Leprosy 

patients showed a positive link between ALP and zinc, and a negative correlation between age 

and RBS; RBS and serum zinc. A positive connection between ALP and zinc was seen in the 

control group. We conclude that periodic monitoring of zinc concentrations in leprosy people 

may be prudent since zinc deficiency worsens insulin resistance and may lead to greater loss 

through urine.  
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Introduction: 

There are numerous potential causes of hyperglycemia, including genetic abnormality [1], loss of 

insulin sensitivity [2], high density lipoprotein deficiency [3], oxidative stress [4], glucose 

toxicity [2,4,5], low levels of chromium [4], zinc [6], and melatonin [7], to name a few. Multiple 

hypotheses, such as trace element deficits [4,6], mitochondrial malfunction [8], and oxidative 

stress [9], may interact as pathogenetic pathways for insulin resistance. Mineral bioavailability is 

especially sensitive to free radical damage, which has been observed to be high during 

hyperglycemia [10,11]. Loss of minerals may result in a decrease in the body's mineral content, 

and this loss may impact the concentrations of minerals such as zinc [10-12]. 

Extensive studies of all metabolic abnormalities conducted thus far have failed to provide insight 

into all pathophysiologic modifications in leprosy. As a result of the complicated interactions 

among the many elements, new areas of concern continue to emerge. A few reports of in vitro 

and in vivo investigations on the interactions between Alkaline Phosphatase (ALP) enzyme 

activity and glucose brought attention to their changes in inflammatory situations [13-15]. In one 

investigation, ALP activity was found to be enhanced in inflammatory plasma [13]. In contrast, 

hunger is associated with a decrease in ALP activity that is reversed by refeeding [14]. However, 

the amount of ALP in leprosy patients in this location has not been assessed. 

Zinc is required as a cofactor for various enzymes involved in glucose metabolism [6]. Lower 

zinc levels have been found to be a common feature in patients with a variety of inflammatory 

disorders [16-21]. While inflammation can cause lower zinc levels, zinc insufficiency has also 

been identified as a risk factor for pathological alterations [16,17]. Model studies have shown 

that zinc has a detrimental influence on insulin signaling [18-20]. A study [21,22] discovered an 

inverse relationship between zinc consumption and infection risk. Furthermore, zinc deficiency 

impairs glucose homeostasis and insulin sensitivity in leprosy patients [23,24], as well as the 

progression of comorbidities such as retinopathy, thrombosis, and hypertension [1-3]. A study 

found that decreased serum zinc levels are a strong independent predictor of the development of 

immune-mediated illnesses [19]. Several investigations have found that leprosy patients had 

lower serum zinc concentrations than healthy controls [19,25]. However, there is no definite 

indicator or theory to determine whether zinc deficiency or leprosy development happens first. 

Although low serum zinc values in leprosy have been discovered in the research listed above, 

there is no data for leprosy patients living in this region. As a result, the goal of this study was to 

assess RBS, ALP, and zinc levels in leprosy patients and compare the results to healthy controls 

from the same region. Another goal was to examine the relationship between research parameters 

in healthy control volunteers and leprosy patients. 

Materials & Methods: 

The research was carried out in the Department of Biochemistry at Maharani Laxmi Bai Medical 

College (MLBMC) in Jhansi. In the healthy control group, forty human beings with normal 
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glycemic status were age and gender matched. The leprosy patient group contained forty leprosy 

patients who were receiving treatment. Leprosy disease was diagnosed in accordance with the 

world health organization guidelines. Leprosy group individuals were diagnosed by consultants 

from MLBMC's General Medicine department. Individuals with type 1 diabetes and type 2 

diabetes and complications were excluded. Healthy controls had to be non-diabetic, not use 

supplements, and not have any other issues. 

Sampling procedure:  

After receiving informed written consent from all study group participants, 5ml of random 

venous blood was taken into gray and flat vials using a disposable syringe and needle under 

aseptic conditions. Blood was isolated from serum by centrifuging it at 3000 rpm for twenty 

minutes. Until analysis, samples were kept in aliquots at -20°C. Glucose levels in plasma were 

determined with the Glucose Oxidase and Peroxidase (DPEC – GOD/POD) kit acquired from 

Arkray Healthcare Pvt Ltd. The reagents were produced in accordance with the manual's 

instructions. Span Diagnostics' estimation of serum alkaline phosphatase using the King & King 

method. Serum Zinc measurement using the colometric technique of Coral Clinical Systems. 

Glassware was soaked in 1.6 mol/L nitric acid for 24 hours, then rinsed four times with water. 

Prior to use, micropipette tips were rinsed in 0.8 mol/L nitric acid, then rinsed three times with 

water, and allowed to dry on a non-contaminating absorbent paper. 

Statistical analysis: 

Excel was utilized to do statistical analysis. The unpaired t-test was used to compare the variable 

means of two groups. Pearson correlation was utilized to determine the relationship between two 

variables. P < 0.05 was judged statistically significant. 

Results: 

The average ages, RBS levels, ALP levels, and zinc concentrations of leprosy patients and 

healthy controls are shown in Figure 1. During our inquiry, we compared the ages of both groups 

and discovered that there was not a discernible gap between them. On the other hand, we 

discovered a statistically significant divide (P < 0.001) between the two groups we compared in 

terms of variables such as RBS, ALP, and serum zinc levels. 

Table 1 shows in the patient group that there was a link between ALP and zinc that was positive 

(R = 0.4572, P = 0.001), yet there was a correlation between age and RBS that was negative (R = 

-0.3452, P = 0.001), and there was a correlation between RBS and serum zinc that was negative 

(R = -0.0621, P = 0.034). In the control group, we found that there was a significant positive 

correlation between ALP and zinc (R = 0.4732, P = 0.01). 
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Discussion: 

The purpose of this study was to compare plasma RBS, serum ALP, and serum zinc levels 

between leprosy patients and healthy controls in the Bundelkhand region. In addition, the 

researchers desired to establish if there was a correlation between the study parameters in each 

group. 

Comparing the leprosy group to the healthy control group, RBS, ALP, and zinc levels were 

shown to be abnormal in the leprosy group. Comparing the ages of the individuals in the two 

groups revealed no statistically significant differences. 

In the present investigation involving persons with leprosy, an inverse association was found 

between age and RBS, but no such correlation was seen in the healthy control group. This 

finding suggests that an individual's advanced age may be the core cause of raised blood sugar 

levels [2,3] in the leprosy group. Leprosy is one of the bacterial diseases connected with 

immunity in the modern world, according to the research on the disease, and our study implies 

that there are age-related concerns among leprosy patients [26]. Several studies [26-28] indicate 

that persons with lower immunity level and genetic susceptibility have an increased chance of 

contracting leprosy. When we compared the ages of those with leprosy to those of the controls, 

we saw no significant difference. In contrast, there was no correlation between age and blood 

sugar levels in the control group. This discovery is intriguing. This research suggests that those 

with a high predisposition to leprosy are significantly more likely to develop the disease than 

those with a low inclination. This is in contrast to individuals with a reduced susceptibility to 

other ailments. In addition, older persons, who have the highest prevalence of leprosy, are often 

excluded from leprosy-related research studies [26-28]. This is because the danger of having 

leprosy is greater among the elderly and genetically susceptible individuals. 

Zinc is an essential component for the ALP enzyme to complete its regular activity. It is 

noteworthy to note that a positive correlation was discovered between age and ALP and zinc 

levels in both the leprosy and control groups. Additionally, we observed an inverse association 

between the ages of leprosy patients and their RBS levels. This appears odd at first view; 

however, one potential explanation is that oxidative stress increases with growing glucose 

content and that the decrease in zinc is a compensatory response to aging and the increase in free 

radical generation. Numerous studies [216-18,29-31] have shown that leprosy patients tend to 

experience higher levels of oxidative stress than healthy controls and individuals of the same 

age. In spite of the fact that no attempt was made to assess the amounts of free radicals in this 

investigation, it is well-established that oxidative stress is higher in both leprosy patients and 

elderly controls [30-31]. As a result, we discovered that the levels of ALP in leprosy patients 

were lower than those in healthy controls. 

Zinc is necessary in the body as a co-factor for a variety of glucose-metabolizing enzymes [14]. 

Despite the fact that immune-related diseases can reduce zinc levels, zinc deficiency has also 
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been identified as a risk factor for leprosy [16]. According to studies, a low zinc level is a 

prevalent characteristic of leprosy [15]. [19-24] Numerous investigations on animal models have 

demonstrated that zinc negatively affects the insulin signaling pathway. Similarly, a number of 

studies [17,18] have demonstrated that zinc ingestion positively affects both the action of insulin 

and the glucose metabolism. According to two distinct investigations [24,25], zinc consumption 

has a negative association with the incidence of leprosy. In addition, zinc deficiency has a 

negative impact on the glucose homeostasis and insulin sensitivity of leprosy patients [23,24]. It 

also hinders the growth of comorbidities such as retinopathy, thrombosis, and hypertension [28-

31]. In a study published in [19,21], it was discovered that a low serum zinc level is a strong 

independent predictor of leprosy development. Multiple investigations comparing individuals 

with leprosy to healthy controls have revealed that patients with leprosy had lower serum zinc 

levels [19,20]. On the other hand, neither a conclusive signal nor a theory can determine which 

happens first: zinc deficiency or leprosy development. We discovered a significant inverse 

relationship between serum RBS and serum zinc in the leprosy group, as well as considerably 

lower zinc levels in leprosy participants compared to control people. The lower level was 

brought about by the hyperglycemia observed in leprosy patients. Leprosy patients have osmotic 

diuresis, resulting in an increase in the frequency with which they urinate. Zinc may be lost 

during this process, according to research [4]. 

Conclusion: 

Finally, our findings indicate that patients with leprosy in the Bundelkhand region have 

decreased zinc levels. Testing zinc levels in persons with leprosy may be useful, as low zinc 

levels worsen insulin resistance and lead to increased zinc loss via urine. Zinc and ALP may 

have an effect on leprosy either before or after it develops, but further study is needed to 

determine this. 

Conflict of interest: 

None declared 

References: 

1) Selvakumar G, Shathirapathiy G, Jainraj R, Paul PY. Immediate effect of bitter gourd, 

ash gourd, knol-khol juices on blood sugar levels of patients with Type 2 diabetes 

mellitus: A pilot study. Journal of traditional and complementary medicine. 2017 Oct 

1;7(4):526-31. 

2) Lakshmi LJ, Dash A, Muhamed F, Choudhary A, Madhura Q, Rathore S, Khan FN. To 

Determine the Relationship Between Chemerin And Melatonin Levels In Type 2 

Diabetes Mellitus Obese Subjects. Journal of Cardiovascular Disorders. 2022 Aug 20; 

13(5):2470-79 

3) Kontush A, Chapman MJ. Why is HDL functionally deficient in type 2 diabetes?. Current 

diabetes reports. 2008 Feb 1;8(1):51-9. 



European Journal of Molecular & Clinical Medicine 

 

ISSN 2515-8260      Volume 9, Issue 7, 2022 

 

2053 
 

4) Doddigarla Z, Parwez I, Ahmad J. Correlation of serum chromium, zinc, magnesium and 

SOD levels with HbA1c in type 2 diabetes: a cross sectional analysis. Diabetes & 

Metabolic Syndrome: Clinical Research & Reviews. 2016 Jan 1;10(1):S126-9. 

5) Yusufi FN, Doddigarla Z, Ahmed A, Ahmad J. VALIDATION OF SWEDISH AND 

CHINESE 5-YEAR HEART DISEASE PREDICTION MODELS ON INDIAN TYPE 2 

DIABETES MELLITUS PATIENTS. Int. J. Agricult. Stat. Sci. Vol. 2021;17(2):461-70. 

6) Kinlaw WB, Levine AS, Morley JE, Silvis SE, McClain CJ. Abnormal zinc metabolism 

in type II diabetes mellitus. The American journal of medicine. 1983 Aug 1;75(2):273-7. 

7) Lakshmi LJ, Rathore S, Faizal M, Yusufi FN, Zephy D. Serum melatonin levels alter in 

type 2 diabetes mellitus individuals along with IL-2, IL-15 and TNF-[alpha]. European 

Journal of Molecular and Clinical Medicine. 2021 Jun 22;8(4):2452-63. 

8) Rains, J. L., & Jain, S. K. (2011). Oxidative stress, insulin signaling, and diabetes. Free 

Radical Biology and Medicine, 50(5), 567-575 

9) Zephy D, Lakshmi LJ, Muhamad F, Kasmi N, Bais PS. Effect of melatonin in high sugar 

diet fed male wistar rats on the levels of plasma glucose, magnesium, and interleukin-6. 

JMSCR. 2018;6:412-19. 

10) M Alvarez-Suarez J, Giampieri F, Battino M. Honey as a source of dietary antioxidants: 

structures, bioavailability and evidence of protective effects against human chronic 

diseases. Current medicinal chemistry. 2013 Feb 1;20(5):621-38. 

11) Silva CS, Moutinho C, Ferreira da Vinha A, Matos C. Trace minerals in human health: 

Iron, zinc, copper, manganese and fluorine. International Journal of Science and Research 

Methodology. 2019;13(3):57-80. 

12) Nsonwu AC, Usoro CA, Etukudo MH, Usoro IN. Serum and urine levels of chromium 

and magnesium in type 2 diabetics in Calabar, Nigeria. Malaysian Journal of Nutrition. 

2005;11(2):133-42.  

13) Nyemb JN, Djankou MT, Talla E, Tchinda AT, Ngoudjou DT. Antimicrobial, α-

Glucosidase and Alkaline Phosphatase Inhibitory Activities of Bergenin, The Major 

Constituent ofCissus populneaRoots. Med Chem (Los Angeles). 2018;8:426-30. 

14) Chen SC, Tsai SP, Jhao JY, Jiang WK, Tsao CK, Chang LY. Liver fat, hepatic enzymes, 

alkaline phosphatase and the risk of incident type 2 diabetes: a prospective study of 

132,377 adults. Scientific reports. 2017 Jul 5;7(1):1-9. 

15) De A, Puttannavar R, Rahman F, Adak A, Sahoo R, Prakash BR. Estimation of salivary 

and serum alkaline phosphatase level as a diagnostic marker in type-2 diabetes mellitus 

with periodontal health and disease: a clinico-biochemical study. Journal of Oral and 

Maxillofacial Pathology: JOMFP. 2018 Sep;22(3):445. 

16) Kodama H, Tanaka M, Naito Y, Katayama K, Moriyama M. Japan’s practical guidelines 

for zinc deficiency with a particular focus on taste disorders, inflammatory bowel disease, 

and liver cirrhosis. International Journal of Molecular Sciences. 2020 Apr 22;21(8):2941.  



European Journal of Molecular & Clinical Medicine 

 

ISSN 2515-8260      Volume 9, Issue 7, 2022 

 

2054 
 

17) Choi S, Liu X, Pan Z. Zinc deficiency and cellular oxidative stress: prognostic 

implications in cardiovascular diseases. Acta Pharmacologica Sinica. 2018 

Jul;39(7):1120-32.  

18) Glutsch V, Hamm H, Goebeler M. Zinc and skin: an update. JDDG: Journal der 

Deutschen Dermatologischen Gesellschaft. 2019 Jun;17(6):589-96.  

19) Khalid HN, Mostafa MI, Attia NS, Bazid HA. Serum level of Selenium, Zinc, and 

Vitamin C and their relation to the clinical spectrum of leprosy. The Journal of Infection 

in Developing Countries. 2022 Mar 31;16(03):491-9.  

20) Widasmara D, Wilanti NW, Tantari SH. Correlation of bacterial index to zinc serum level 

in multibacillary type leprosy patient. Indonesia Journal of Biomedical Science. 2021 Feb 

10;15(1):33-8.  

21) Kurnianto J, Sulchan M, WS H, HS S. The Role of Zinc Sulfate in Reducing Levels of 

TNF-α, IL-1β and IL-6 in Multi Basiler Leprosy Patients. Indian Journal of Public Health 

Research & Development. 2019 Sep 1;10(9).  

22) Singh M, Pawar M. Efficacy of topical insulin therapy for chronic trophic ulcers in 

patients with leprosy: a randomized interventional pilot study. Advances in Skin & 

Wound Care. 2020 Feb 1;33(2):1-6. 

23) Eshak ES, Iso H, Maruyama K, Muraki I, Tamakoshi A. Associations between dietary 

intakes of iron, copper and zinc with risk of type 2 diabetes mellitus: A large population-

based prospective cohort study. Clinical nutrition. 2018 Apr 1;37(2):667-74. 

24) da Silva Bandeira V, Pires LV, Hashimoto LL, de Alencar LL, Almondes KG, 

Lottenberg SA, Cozzolino SM. Association of reduced zinc status with poor glycemic 

control in individuals with type 2 diabetes mellitus. Journal of Trace Elements in 

Medicine and Biology. 2017 Dec 1;44:132-6. 

25) Dwivedi VP, Banerjee A, Das I, Saha A, Dutta M, Bhardwaj B, Biswas S, Chattopadhyay 

D. Diet and nutrition: An important risk factor in leprosy. Microbial pathogenesis. 2019 

Dec 1;137:103714. 

26) Mi Z, Liu H, Zhang F. Advances in the immunology and genetics of leprosy. Frontiers in 

Immunology. 2020 Apr 16;11:567. 

27) Pinheiro RO, Schmitz V, Silva BJ, Dias AA, De Souza BJ, de Mattos Barbosa MG, de 

Almeida Esquenazi D, Pessolani MC, Sarno EN. Innate immune responses in leprosy. 

Frontiers in immunology. 2018 Mar 28;9:518. 

28) Cambri G, Mira MT. Genetic susceptibility to leprosy—from classic immune-related 

candidate genes to hypothesis-free, whole genome approaches. Frontiers in immunology. 

2018 Jul 20;9:1674. 

29) Chauhan M, Sharma PK, Sharma LK. Oxidative Stress in Borderline and Lepromatous 

Leprosy. Indian J Lepr. 2021;93:231-9. 

30) Ferrari CK. Oxidative Stress and Antioxidant Supplementation on Immunity in Hansen’s 

Disease (Leprosy). InOxidative Stress in Microbial Diseases 2019 (pp. 329-343). 

Springer, Singapore. 



European Journal of Molecular & Clinical Medicine 

 

ISSN 2515-8260      Volume 9, Issue 7, 2022 

 

2055 
 

31) Raka I, Rastogi MK. Enzymatic oxidative stress indicators and oxidative stress índex in 

patients of leprosy. Nepal Journal of Dermatology, Venereology & Leprology. 2018 Mar 

29;16(1):35-40. 

 

Figure 1: Findings of age, RBS, ALP, and Zinc in LEPROSY and control groups 

 

 

 

 

 

 

               

Table 1: Pearson correlation in healthy control group and LEPROSY group 
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Random Blood Sugar (RBS); Alkaline Phosphatase (ALP); Control group (CG); Leprosy 
patients (LP)  

Variables Control subjects LEPROSY patients 

RBS versus Age R=-0.0324 R= -0.3452 

ALP versus Age R=0.0165           R=-0.0921 

Zinc versus Age R=-0.2431 R=-0.0621 
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ALP versus RBS R=0.3785 R=0.0567 

Zinc versus RBS R=0.4679 R=-0.7893 

Zinc versus ALP R=0.4732 R=0.4572 


