
ORIGINAL RESEARCH

Estimation of Serum Copper and Zinc in Patients of Oral 
Submucous Fibrosis in Rural Population
Alka Hande1, Anand V Bansod2, Akhilesh G Agrawal3, Amol Gadbail4, Amit M Reche5

Ab s t r Ac t 
Aim: To estimate the serum levels of copper (Cu) and zinc (Zn) in oral submucous fibrosis (OSMF) patients residing in the rural area.
Materials and methods: The current study included 100 participants after receiving their written consent. The participants were broadly divided 
into group I (OSMF patients) and group II (Control), comprised of 70 and 30 individuals, respectively. The participants in group I were further 
categorized into three groups based on their clinical severity into group IA, group IB, and group IC corresponding to clinical stage I, stage II, and 
stage III OSMF, respectively. Intravenous blood was collected under a sterile environment in the plane bulb. Serum was separated and samples 
were stored at −40°C until use. The samples were returned to room temperature and serum Cu and Zn levels were estimated by a calorimetric 
test using Dibromo-PAESA method described in the kit manufactured by Centronic GmbH.
Results: There were 30 participants in group IA, 25 participants in group IB, and 15 participants in group IC. Serum Cu level was significantly 
increased in all OSMF patients (mean = 195.305 μg/dL) in comparison with the control group and there was an increase in serum Cu level with 
an increase in the disease severity. Zinc level was decreased with a mean value of 80.12 μg/dL in comparison with the control group. Besides, 
the value decreased with an increased disease severity.
Conclusion: This study reveals that these trace elements are involved in the pathophysiology of OSMF. Serum Cu and Zn levels can be used as 
a diagnostic tool for the early diagnosis of OSMF.
Clinical significance: Serum Cu and Zn can be used as a marker to assess the OSMF disease severity. Being an important entity in the pathogenic 
mechanism of OSMF, their estimation may prove to be useful to dental surgeons in planning the treatment to the patients.
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In t r o d u c t I o n 
Oral submucous fibrosis (OSMF) is a chronic progressive oral 
potentially malignant disorder (OPMD), which originates from lining 
of the oral cavity, soft palate and extends further to involve upper 
part of aerodigestive tract.1 This disorder was first reported by 
Schwartz in the year 1952 labeled as, “atrophia idiopathica (tropica) 
mucosae oris”.2 According to the definition given by Pindborg, 
OSMF is, “an insidious, chronic disease affecting any part of the oral 
cavity and sometimes the pharynx. Although occasionally preceded 
by and/or associated with vesicle formation, it is always associated 
with juxta-epithelial inflammatory reaction followed by fibroelastic 
change of the lamina propria, with epithelial atrophy leading to 
stiffness of the oral mucosa and causing trismus and inability to 
eat”.3,4 Sushruta, an eminent Indian physician termed this condition 
as “Vidari”.5 This condition is widespread in the Indian subcontinent, 
Bangladesh, Sri Lanka, Taiwan, and Southeast Asia; however, few 
cases are also reported in Kenya, Europe UK, China, North America, 
Saudi Arabia.6,7 The clinical features include a progressive reduction 
in mouth opening, blanching of the oral mucosal lining that may 
be localized, diffused, or reticular giving a marble-line appearance, 
appearance of thick fibrous bands, ulcerations, burning sensation, 
loss of pigmentation of the oral mucosa, leathery texture, and 
depapillation of tongue.8,9 Other symptoms include dryness of 
mouth, blisters on mucosa especially in palate region, and altered 
gustatory sensations.10,11

Estimation of elements like copper (Cu), zinc (Zn), and iron (Fe) 
and their role in the pathogenesis of OSMF have been evaluated 
in various studies. These trace elements play an important role as 
biological and chemical markers in OSMF, in fact the Cu to Zn ratio is 

regarded as the most valid biomarker for OSMF.12 Several disorders 
like OSMF and other OPMDs have demonstrated alterations in 
the levels of these trace elements in either serum or plasma. The 
areca nut, one of the prime etiological factors for OSMF contains a 
high amount of Cu and it releases Cu in the oral cavity within 5–20 
minutes of chewing it. High Cu release upregulates the lysyl oxidase 
enzyme, which causes maturation of excess collagen fibers leading 
to the formation of collagen bundles.13 Zinc is pivotal for immune 
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cell functioning and it also plays an important role in wound 
healing, antioxidant defense, cell division, skin and muscle growth, 
etc.14 Estimation of Cu and Zn can be used as an adjuvant test 
either to clinical diagnosis or to other biochemical examinations, 
which are performed in patients with OSMF. Thus, variations in 
the concentrations of Cu and Zn in the serum of patients with 
premalignant disorders not only will help in arrival at diagnosis 
but also in treatment planning. It can also be used as a prognostic 
indicator. With this premise in mind, the present study was designed 
to estimate the level of Cu and Zn in the sera of OSMF patients.

MAt e r I A l s A n d Me t h o d s 
The present study pursued permission from the Institutional Ethics 
Committee (IEC/2018-19/7124). Seventy participants clinically 
diagnosed with OSMF were included in group I and 30 age and 
gender-matched healthy participants were included in group II 
of the present study. Informed consent was obtained from each 
patient before sample collection.

Inclusion Criteria for Group I
Clinically diagnosed patients with positive signs and symptoms of 
OSMF who gave a positive history of deleterious habit like areca 
nut chewing, tobacco chewing, etc., reduced mouth opening and 
burning sensations in oral mucosa were included in the study and 
no histopathological evaluation was performed of the clinically 
diagnosed confirmed cases.

Exclusion Criteria for Group I
Patients with any systemic diseases or undergoing treatment for 
OSMF, pregnant woman, history of drug intake were excluded 
from this study.

Criteria for the Control Group II
(1) The participants giving his/her written consent to participate 
in the study. (2) Systemically healthy individuals; the participants 
without habit history. (3) No previous history of OSMF or other 
oral potentially malignant lesions. (4) The age of the participants 
selected as controls in the present study ranged from 17 to 59 years 
corresponding to the age range of OSMF cases.

Complete clinical examination was recorded on the case–
history template. The categorization of OSMF patients was 
performed based on the clinical presentation. These include the 
inability to endure hot and spicy food beverages, blanching of the 
oral mucous membrane, palpable fibrotic bands, which leads to 
further inability in mouth opening.15 The amount of association of 
oral mucous membrane and maximum inter-incisor opening was 
recorded. In group I, the study participants were further separated 
into subgroup group IA, group IB, group IC, and group ID depending 
on their OSMF disease stage. The clinical staging of OSMF was 
executed as per criteria prescribed by Lai et al.,16 “stage I: when 
the opening of mouth more than 35 mm; stage II: in-between 30 
and 35 mm; stage III: if in-between 20 and 30 mm and stage IV: if 
it is less than 20 mm”.

Sample Collection
Under all aseptic condition and patient precaution, 3 mL of venous 
blood was drawn by venepuncture of median cubital vein and 
was collected in the plane bulb. It was kept for 40 minutes at room 
temperature and then the bulb was centrifuged at 3,000 rpm for 8 
minutes to separate the serum. Serum, which was superficial after 

centrifugation process, was collected in another plane bulb and 
the samples were preserved at −40°C in a frozen state until use.

Estimation of Cu and Zn
The stored serum samples were brought to room temperature and 
serum Cu and Zn level was estimated by a calorimetric test using 
Dibromo-PAESA method described in the kit manufactured by 
Centronic GmbH.

The results were analyzed using the Statistical Package of 
Social Science (SPSS, V 16.0 IBM Inc., USA). The statistical analysis 
was performed by applying the analysis of variance (ANOVA) test.

re s u lts 
In the present study, the patient’s ages were in the range of 17–59 
years with an average of 32.45 ± 9.16. There was male predisposition 
with a male:female ratio of 2.88 (Table 1 and Fig. 1). Most of the 
reported patients belonged to group IA (30; 42.85%) followed by 
group IB (25; 35.71%), and group IC (15; 21.42%) and no cases were 
in stage IV OSMF which was group ID. A significant increase in the 
serum Cu levels was observed in all the stages of OSMF with a mean 
of 195.305 μg/dL when compared with the control group (mean = 
139.79). Group II and group III participants showed higher levels of 
Cu than group I participants (Table 2). A significant decrease in the 
serum level of Zn with a mean of 80.12 μg/dL was noted than the 
control group (mean = 98.89) (Table 3).

dI s c u s s I o n 
Oral submucous fibrosis is a well-distinguished complex, irreversible 
highly potent OPMD. About 7–43% of cases of OSMF have reported 
with epithelial dysplasia in various studies. However, malignant 
potential has been observed in 7–12% of cases of OSMF.17 Early 
diagnosis of such OPMD can help the clinicians to prevent it from 
transforming into malignancy. Therefore, a comprehensive study 
was carried out to evaluate the level of Cu and Zn in the sera of OSMF 

Table 1: Gender distribution

Sex Control Cases
Male 20 52
Female 10 18

Fig. 1: Gender distribution in control and oral submucous fibrosis cases
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patients in rural population. During the pathogenesis of OSMF, there 
are alterations in the level of such trace elements. The normal serum 
Cu level is, “20–70 g/dL in infants, 80–190 g/dL children, 04 ± 21 μg/
dL in female and 103 ± 23 μg/dL in male”.18,19 The normal range for Zn 
is, “71–105 μg/dL in female and 72–106 μg/dL in male”.18 Copper is an 
essential trace element engaged in activities of several mammalian 
enzymes.20 It plays an important role in erythropoiesis, collagen 
synthesis, and assists in iron absorption. In addition, it is part of 
many enzymes, such as, ceruloplasmin, cytochrome c oxidase, 
and lysyl oxidase.21,22 Zinc, another important trace element, is 
mandatory for the enzymes required in DNA and protein synthesis 
and also proteins, lipids, carbohydrates, and lipid metabolism.23 
Along with Cu, Zn causes upregulation of superoxide dismutase 
(SOD) enzyme that leads to suppression of oxygen radicals.14 It is 
observed that levels of Cu and Zn in the sera of patients with OPMD 
(e.g., OSMF) and malignant (oral cancer) conditions are increased 
and decreased, respectively.24–26 In the present study, the mean age 
of the patients was 32.45 years (age range = 17–59 years) which was 
in aligned with the study by Latoo and Nazir (age range = 17–60 
years)27 and Kumar et al. (age range = 24–58 years).6 In contrast to 
this, Khan28 observed patients of age ranged from 14 to 44 years. 
We observed a male predilection for OSMF in the study, which is 

74.2%. A similar trend was observed by Yadav et al.26 (73%), Nayak 
et al.29 (95%), etc.30,31 This study observed a significant increase in 
the serum Cu levels in all the three stages of OSMF with an upper 
limit of 446.09 μg/dL. Similarly, Kode and Karjodkar,32 Shetty et al.,25 
and Yadav et al.26 observed increased serum Cu levels in OSMF 
patients. This significant increase in the Cu levels of OSMF patients 
could be attributed to the areca nut chewing habit that contains 
a large amount of Cu.13 In OSMF patients, Trivedy et al. identified 
mutation of the p53 gene, which was induced by Cu.33 Serum Cu 
levels were higher in stage II and stage III OSMF patients (i.e., group 
II and group III) when compared with stage I. This shows that as the 
severity of disease increases there is a corresponding increase in the 
Cu levels (Fig. 2). Our findings are in accordance with Tadakamadla 
and Kumar,34 and Khan.28

Zinc possesses anticancer property as it involved in various 
vital processes like DNA repair mechanism, transcription factor 
function, apoptosis inhibition, etc.7,35 Downregulation of Zn in the 
body has been strongly associated with cancers of breast, prostate, 
ovarian, oro-esophageal, and lung.36–40 The present study observed 
a significant decrease in serum Zn level when compared with the 
control groups. The severity of this condition correlates with the Zn 
concentration as we found that grade I OSMF patient had higher 
serum Zn value than grade II and grade III patients (Fig. 2). These 
results were in consonance with the results of the studies performed 
by Yadav et al.,26 Paul et al.,41 and Nayak et al.29 However, some 
studies have reported higher concentration of Zn32,42 in the patients, 
which may be attributed to the high content of Zn in “gutkha” which 
is a mixture of tobacco, lime, and areca nut. The limitation of the 
study was that we did not assess any correlation of history of areca 
nut and tobacco chewing habit with the serum levels of Cu and Zn.

co n c lu s I o n 
There is an increased prevalence of OSMF in the rural population. 
Therefore, it is a prime requisite to diagnose the condition as early 
as possible to improve the health of the patients and prevent its 
malignant transformation. This study concludes that OSMF patients 
have notably increased levels of serum Cu and a definite reduction 
in serum Zn concentration. There is a direct proportionality of Cu 
levels and inverse proportionality with the severity of this condition. 
In lowsocioeconomic status population, supplements of Zn may 
improve the nutritional deficiency and prevent the patients from 
deleterious effects of Cu. The study also concludes that serum Cu 

Table 2: Comparison of mean serum level of Cu in controls and oral submucous fibrosis patients

Variable N Minimum Maximum Mean Std. deviation F p value
Group IA 25 129.89 205.89 167.9172 22.83614 45.643 <0.001
Group IB 25 136.55 236.45 198.7692 20.70612
Group IC 25 163.23 289.01 222.9352 39.25566
Group II (con-
trols)

25 125.45 150.36 139.7856 5.21686

Table 3: Comparison of mean serum level of Zn in controls and oral submucous fibrosis patients

Variable N Minimum Maximum Mean Std. deviation F p value
Group IA 25 70.55 95.14 81.8552 5.77553 52.106 <0.001
Group IB 25 58.78 82.65 75.3552 6.05806
Group IC 25 39.78 90.25 68.0572 12.37438
Group II (con-
trols)

25 85.69 135.77 101.1613 13.65036

Fig. 2: Comparisons of trace elements in controls and grades of oral 
submucous fibrosis
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and Zn levels can be used as a valid biomarker for early diagnosis of 
OSMF. Furthermore, the level of Cu and Zn may assist in evaluating 
the severity of condition and guide in deciding the treatment 
strategy for a particle patient.
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