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Abstract
Diabetes mellitus is group of metabolic disorders characterized by an inability to produce sufficient insulin or to
responds insulin that results high blood glucose level. Type-1 diabetes mellitus considered as an autoimmune
disease and required life-long treatment with exogenous insulin. Blood glucose levels along with serum insulin
level required for diagnosis. In present study serum and salivary biochemical changes in type-1 diabetes mellitus
patients were analyzed to evaluate non-invasive diagnostic markers. For this purpose, serum calcium, phosphate,
total protein, alkaline phosphatase and salivary calcium, phosphate and alpha amylase were analyzed. Overall
high serum calcium levels were found in diabetic patients. Serum phosphate levels were found lower in diabetic
patients as compare to normal individuals. Serum alkaline phosphatase and total protein levels were also
significantly higher in diabetic patients. Salivary calcium levels increased significantly in diabetic patients as
compare to normal individuals. While the salivary phosphate and salivary alpha amylase levels significantly
decreased in type-1 diabetic patients. It is suggested that saliva is absolute surrogate of blood that can be used to
diagnose and evaluate the progression of type-1 diabetes mellitus and as non-invasive diagnostic body fluid.
Keywords: Diabetes Mellitus, Exogenous Insulin, Autoimmune, Non-Invasive Diagnostic Markers, Surrogate.
Introduction
Glucose is the body’s primary energy
source. After a meal, carbohydrates are broken down
into glucose and simple sugars. This causes blood
glucose levels to rise and stimulates the pancreas to
release insulin into blood stream. Insulin is a
hormone produced by beta cells in the pancreas. It
regulates the transport of glucose into the most of the
body’s cells. If someone is unable to produce enough
insulin, or if the body’s cells are resistant to its
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affects (insulin resistance), then less glucose is
transported from blood into cells (Alberti, 1998).
Diabetes mellitus includes two types, type-1 and
type-2 diabetes. Type-1 diabetes is caused by a
deficiency in insulin secretion due to the loss of
pancreatic β cells, and the disease requires life-long
treatment with exogenous insulin. Without the
body’s own insulin production, the body loses its
ability to utilize carbohydrates as an energy source.
Type-1 diabetes is considered as an autoimmune
disease, which is developed due to the T-cellPage | 72
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mediated destruction of β cells in the islets of
Langerhans of the pancreas. In children with an
active β-cell destruction process, auto antibodies
against β-cell structures appear in the circulation.
Type-1 diabetes is the most common form of
diabetes in children worldwide. Type-1 diabetes has
a strong heritable component, genetic risk explains
only a fraction of the overall risk, but environmental
factors contribute to the risk of developing type-1
diabetes mellitus (Gepts, 1965).
Protein is essential as it is a part of every
organ and tissue in the body. It is however,
continually broken down and therefore, we need to
ingest more to replace what is lost. Protein helps
maintain and repair muscle mass and normal body
functioning (Gannon, 2004). In uncontrolled
diabetes, muscle protein is broken down into amino
acids to be converted into glucose by the liver.
Proteins have to supply enough energy to substitute
for carbohydrates; proteins are broken down faster
than they are made. The body ends up with a protein
deficit, a situation with subtle, yet far-reaching
effects on normal body functions. Importantly, for
diabetics, a protein deficit has been shown to impair
resistance to infections (Gannon, 1986).
Alkaline Phosphatase is a membrane-bound
metalloenzyme comprising a group of isoenzymes
encoded by at least four different gene loci. They are
tissue specific, placental, intestinal and germ cell
alkaline Phosphatase. The two major and clinically
most relevant isoenzymes in human serum are bone
and liver alkaline Phosphatase. Significant amount of
alkaline phosphatase is found in the liver, placenta,
intestine, kidney, bone and platelets in decreasing
order. Increased serum levels are seen in liver disease
associated with metabolic disorders hepatic
obstruction, obstructive jaundice, diabetes mellitus,
infectious mononucleosis, biliary cirrhosis and
cholestasis (Afonja, 1974).
Calcium is a mineral that is vital for a
number of body functions, such as muscle
contraction, hormone secretion and second
messenger. Most of the body's calcium present in
bones, but a small amount circulates in the blood for
these important functions (Vestergaard, 2007). The
calcium ion is an almost ubiquitous intracellular
second messenger and direct correlation has been
found between the blood sugar levels and the
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excretion of calcium in the urine and the loss of
calcium from the forearm may account to as much as
10% within the first 5-years after the diagnosis of
diabetes. The effects of high blood glucose on
calcium excretion in the urine increased as the blood
pressure also affected (Shi, 2001).
Diabetic ketoacidosis is associated with
intracellular phosphate depletion, because of a shift
of phosphorus from the intracellular to the
extracellular compartments and prolonged and
excessive hyper phosphaturia. The plasma inorganic
phosphate (Pi) may be normal or even elevated
despite intracellular phosphate depletion. Initial
treatment with intravenous fluid and insulin allows
entry of plasma glucose and phosphate into the
insulin sensitive tissues for cellular phosphorylation.
When insufficient phosphate and oxygen are
available for adenosine triphosphate (ATP)
synthesis, cell homeostasis cannot be maintained and
may result in cell lyses (Yadav, 2000).
Saliva is complex and dynamic biological
fluid used for detection of physiological and
chemical changes in human body. The biochemical
and physical properties of these salivary components
also affects the oral health. Saliva can use for the
various compounds like drugs, pollutants and
hormones but also with microbial and systemic
diseases. Exogenous insulin is able to stimulate
salivation in diabetes mellitus patients. Medications
used in these patients can also be responsible for the
decreased salivary flow rate. Patients with diabetes
mellitus express higher levels of alpha amylase and
secretary IgA in whole saliva constituents. It can be
speculated that variations in salivary amylase levels
will simultaneously affect salivary total protein
levels (Dawes, 1987).
Materials and Methods
Total 35 patients of diabetes mellitus were included
in group A that were under treatment in “Jinnah
Hospital Lahore”. 35 normal healthy individuals
were selected as control in group B. In group A only
diabetic patients were included. Blood and saliva
samples were collected from the diabetic patients and
normal individuals. All the biochemical analysis was
done at “Institute of Molecular Biology and
Biotechnology” The University of Lahore.
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Total protein, calcium, phosphate and
alkaline phosphatase were estimated in blood of
diabetic patients and normal individuals by
enzymatic kit method.
In alkaline medium the copper reacts with
the peptide bonds of proteins to form the
characteristic pink to purple biuret complex. Sodium
potassium tartrate prevents copper hydroxide
precipitation, and potassium iodide prevents the auto
reduction of copper. The absorbance of standard and
sample was taken at 546nm (Spectrum, Germany) as
described by Gornall AG.
Calcium ions form a violet complex with
ortho-cresolphthalein complex in alkaline medium.
The intensity of the color complex is directly
proportional to the concentration of calcium in the
sample. The absorbance was measured at 578nm
spectrophotometrically.
Phosphorus in serum reacts with ammonium
molybdate to form phosphorus molybdate, which is
then reduced by stannous chloride and hydrazine
sulphate to molybdenum blue. The intensity of the
color complex is directly proportional to the
concentration of phosphate in the sample. Measure
the absorbance at 640nm spectrophotometrically.
In the presence of alkaline phosphatase, pnitro phenol and phosphate was formed by the
reaction of p-nitro phenyl phosphate and water. The
absorbance of sample (As) and standard (Astd) was
taken at 405 nm spectrophotometrically.
Salivary alpha amylase catalyzes the
hydrolysis of 2-chloro-4-nitrophenyl-1-galactopyranosyl-maltoside (GALG2-CNP) to glucose polymers and p-nitro phenyl oligosaccharide at short
chain producing 2-chloro-4-nitrophenol. The
increased destruction of glucose can be measured by
spectrophotometrically at 405nm.
The statistical analysis was done by T-Test
using SPSS (version 16) software. The difference in
values was indicated in the form of probability (P ≤
0.05) values.
Results
Following tables shows different values
calculated for all the parameters.
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Table 1: Serum Calcium Levels
Group-1 (Control), Group-2 (Diabetic)
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Table 2: Salivary Calcium Levels
Group-1 (Control), Group-2 (Diabetic)
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Table 3: Serum Phosphate Levels.
Group-1 (Control), Group-2 (Diabetic)
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Table 4: Salivary Phosphate Levels
Group-1 (Control), Group-2 (Diabetic)
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Table 7: Salivary Alpha Amylase Levels
Group-1 (Control), Group-2 (Diabetic)
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Table 5: Serum Total Protein Levels.
Group-1 (Control), Group-2 (Diabetic)
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Table 6: Serum Alkaline Phosphatase Levels.
Group-1 (Control), Group-2 (Diabetic)
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The present study was designed to
investigate the biochemical changes in saliva and
blood serum of diabetic patients. Overall calcium
levels in saliva and serum of both groups were
studied and significantly (p<0.05) high serum
calcium levels were observed in diabetic patients.
Outcomes were in line with the work of Jawed et al,
(2010). Where they observed increased serum
calcium levels in diabetic patients. Salivary calcium
levels were increased in the present study but there
was insignificant (p > 0.05) increase in salivary
calcium levels in diabetic patients as compare to
normal individuals. The outcomes were correlated
with the study of Belazi et al, (1998).
Phosphate levels in serum and saliva of
diabetic patients were measured. Insignificantly
(p<0.05) decreased serum phosphate levels were
observed in diabetic patients. The outcomes were
correlated with the work of Gayoum et al, (2008)
where they studied the decreased levels of serum
phosphate in diabetic patients. Significantly (p<0.05)
decreased levels of salivary phosphate were
observed in diabetic patients and the results were in
line with the study of Jawed et al. Where they
observed low phosphate levels in saliva of diabetic
patients during the study of oral health in diabetic
patients.
Significantly (p >0.05) increased levels of
serum total protein were observed in diabetic patients
as compare to normal individuals. The outcomes
were in line with the findings of Francisco et al,
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(2009) where they studied the hyper-proteinemia in
diabetic patients. Peritoneal protein loss was seen in
diabetic patients and it was related to high membrane
transport in these patients. The condition of high
transport in diabetic patients could be a result of
diabetic micro vascular lesions that cause
permeability in the peritoneal and glomerular
membrane. Increasing the protein content of the diet
with a corresponding decrease in the carbohydrate
content potentially was a patient empowering way of
reducing the hyperglycemia present with type-2
diabetes mellitus Gannon et al, (1986).
Alkaline phosphatase levels were measured
in diabetic patients. Significantly (p>0.05) increased
levels of serum alkaline phosphatase were observed
in diabetic patients as compare to normal individuals.
The outcomes were in line with the findings of Jehle
et al, (1998). Alkaline phosphatase levels were
deceased after treatment with rosiglitazone in
diabetic patients Zehra et al, (2007). They
investigated that an alteration in alkaline
phosphatase activity in patients suffering from
diabetes and liver cirrhosis.
Overall decreased levels of alpha amylase
were observed in diabetic patients significantly
(p<0.05). The outcomes were correlated with the
work of Arati et al, (2010). Where they observed low
salivary alpha amylase levels in diabetic patients.
Conclusion
It was concluded from the outcomes of the
present study that significant biochemical changes
observed in saliva as well as in serum of diabetic
patients. It was suggested that salivary biochemical
changes can be used to observe progression of
diabetes mellitus and used as non- invasive
diagnostic markers.
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