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Diabetic Nephropathy, is a condition that is characterized by loss of kidney function
and mostly occurs in individuals with Diabetes Mellitus. The development of Diabetic
Nephropathy is easier to treat if diagnosed in the early stage (appearance of an abnormal
amount of salivary biomarkers). The conventional methods are mostly invasive and have
many limitations like irregular monitoring of the glucose, creatinine, urea etc., Saliva is a
multi-constituent biological fluid. It is one of the most abundant secretions and its collection is
easy and non-invasive. With this novel idea, the present study aimed in estimating the salivary
parameters in the diagnosis of diabetic nephropathy. The objective of the project is to reduce the
dependence on hemodialysis and kidney transplantation of a person suffering from ESRD by
estimation of glucose by GOD-POD method, creatinine by Jaffe’s method and urea by Berthelot-

Urease method.
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Diabetic Mellitus (DM) usually shows
metabolic abnormalities in carbohydrate, protein
and lipid that can leads to various complications
namely retinopathy, neuropathy, nephropathy and
Cardiovascular system diseases?.

In the present scenario, diabetes mellitus
is diagnosed by estimating the serum parameters
which is invasive, and traumatic to the individual
both physically and psychologically. As a result,
people are reluctant in undergoing investigations
and there is a lack of prompt diagnosis and making
diabetes the cause of death worldwide. So, an
alternate biological sample that is easy to collect,
requires less technical knowledge, non-invasive,

low- cost and can be collected multiple times by
direct approach, this is where saliva comes in role
play which satisfies all the criteria that are needed'.

These salient features of saliva make it
as a most convenient biological sample which can
be employed in sample collection for pediatric and
older individuals whereas receiving blood samples
will be of great difficulty'.

The chronic renal disorder is one of the
diseases which can show alterations in salivary
composition. In subjects with chronic kidney
disease (CKD), salivary creatinine and urea
levels can be estimated instead of blood samples?.
Biochemical markers have a very important
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contribution in the early detection and control
of diabetes thereby reducing complications and
increasing the individual’s lifespan’.

With this note, the present study aimed
in estimating salivary biomarkers like glucose,
creatinine and urea in diabetic nephropathy (DN),
diabetes mellitus (DM) and normal subjects.

MATERIALS AND METHOD

In this study, a total of 30 subjects were
selected with a median age group of about 18-60
years. Out of 30 subjects, 10 subjects were normal
subjects, 10 subjects were diabetic, and 10 subjects
were Diabetic nephropathy subjects. All 30 subjects
were subjected to three tests namely — estimation
of glucose, creatinine and urea.
Collection of Samples

Serum and saliva were collected from
each subject after 1'% hours breakfast. About 2
mL of blood was collected by the veni-puncturing
method in an ethylenediamine tetra acetic acid
(EDTA) tube and it was centrifuged at 4000 rpm
for 5-10 minutes. The resultant serum is used for
the estimation. For saliva collection, the subjects
were informed to avoid food intake for 2hours
before collection. Saliva was collected by making
the subject rinse his/her mouth with water and
was insisted to open mouth for 5 minutes without
swallowing, and about 2 mL of saliva was collected
in a sterile container by the spitting method. The
whole saliva is centrifuged at 2000 rpm for 2-3
minutes. The resultant supernatant is used for the
estimation.
Estimation of Glucose

By using the Glucose Oxidase- Peroxidase
(GOD - POD) method, both serum and salivary
glucose levels were estimated. Four test tubes
were taken. The test tubes are labeled as ‘Blank’,
‘Standard’, ‘Test Serum’ and ‘Test Saliva’
respectively. About 1 mL of Glucose enzyme
reagent is added to each test tube. Then, 10 pL
of the standard was added to the tube marked as
‘Standard’, followed by 10 pL of the test serum
sample to the ‘Test Serum’ test tube and 10 puL
of the test saliva sample to the “Test Saliva’ test
tube. After mixing well, the test tubes were kept
incubated at 37°C for 15 minutes. The reagent
“Blank” was aspirated in a colorimeter first,
followed by a standard solution and therefore the

absorbance values were noted at 546nm (+20 nm).
Then, the test serum sample followed by the test
saliva sample was aspirated and the absorbance
values were noted at 546nm (£20 nm). Finally, the
glucose was estimated by using the formula.
Estimation of Creatinine

By using Jaffe’s method (Alkaline Picrate
Method), both serum and salivary creatinine levels
were estimated. Four test tubes were taken. The
test tubes are labeled as ‘Blank’, ‘Standard’, ‘Test
Serum’ and ‘Test Saliva’ respectively. About 1
mL of working reagent is added to each test tube.
Then, 50 pL of the standard was added to the tube
marked as ‘Standard’, followed by 50 uL of the test
serum sample to the “Test Serum’ test tube and 50
uL of the test saliva sample to the ‘Test Saliva’ test
tube. Mix the content well. The reagent “Blank”
was aspirated in a colorimeter first, followed
by standard solution and therefore the initial
absorbance values (A1) were noted exactly after
30 seconds at 490-520 nm. Then, the test serum
sample followed by the test saliva sample was
aspirated and the initial absorbance values (A1)
were noted exactly after 30 seconds.

The other absorbance values (A2) for
the standard, test serum and test saliva were noted
exactly after 120 seconds. Then, the change in
absorbance (AA) for the standard, test serum and
test saliva were calculated. Finally, the creatinine
was estimated by using the formula.

Estimation of Urea

By using the Berthelot-Urease method,
both serum and salivary urea levels were estimated.
Four test tubes were taken. The test tubes are
labeled as ‘Blank’, ‘Standard’, ‘Test Serum’ and
‘Test Saliva’respectively. About 1 mL of working
reagent is added to each test tube. Then, 10 puL
of the standard was added to the tube marked as
‘Standard’, followed by 10 pL of the test serum
sample to the ‘Test Serum’ test tube and 10 pL
of the test saliva sample to the “Test Saliva’ test
tube. After mixing well, the test tubes were kept
incubated at 37°C for 5 minutes. Then about 1 mL
of chromogen reagent is added in all the test tubes
and after mixing well, it is incubated at 37° C for
5 minutes. The reagent “Blank” was aspirated in
a colorimeter first, followed by standard solution
and therefore the absorbance values (Abs.S) were
noted at 600nm. Then, the test serum sample
followed by the test saliva sample was aspirated
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and the absorbance values (Abs.T) were noted at
600nm. Finally, the urea was estimated by using
the formula.

RESULTS

In this study, total of 30 subjects were
selected. Out of 30 subjects, 10 subjects were
normal subjects, 10 subjects were diabetic, and
10 subjects were Diabetic nephropathy subjects.
Out of 10 subjects in the control group, 6 subjects
had serum glucose level below 100 mg/dL and 4
subjects had serum glucose level ranges between
100-140 mg/dL (Table No. 1). In diabetic subject,
out of 10 subjects, 4 subjects had serum glucose
level ranges between 130-200 mg/dL and 6
subjects had serum glucose level ranges between
200-250 mg/dL (Table No. 2). In the control group,

the salivary glucose level ranges between 0.1-0.9
mg/dL (Table No. 1). In the diabetic subjects, the
salivary glucose level ranges between 1.0-9.0 mg/
dL (Table No. 2). However, the salivary glucose
levels were highly inconsistent with respect to the
serum glucose levels, i.e., the salivary glucose
levels were not consistent with the severity of
diabetes in serum in all groups (Figure No. 1, Figure
No. 4, Figure No. 7). The serum creatinine and
salivary creatinine levels for control group ranges
between 0.5-0.9 mg/dL and between 0.07-0.28
mg/dL respectively (Table No. 1). The serum urea
and salivary urea levels for control group ranges
between 5-14 mg/dL and between 12-26 mg/dL
respectively (Table No. 1).

In the diabetic subjects, the serum urea
and salivary urea levels ranges between 21-41
mg/dL and between 29-45 mg/dL respectively

Table 1. Results for control group (Normal Subjects)

Subject Age Sex Serum Saliva Serum Saliva Serum Saliva
glucose glucose creatinine  creatinine urea urea
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
1 21 Female 83 0.35 0.89 0.27 13.61 25.71
2 25 Female 107 0.5 0.83 0.20 12.59 18.15
3 27 Male 89 0.4 0.55 0.11 7.93 13.67
4 30 Male 102 0.47 0.75 0.18 12.36 18.11
5 33 Female 97 0.2 0.63 0.08 5.29 12.53
6 35 Female 104 0.75 0.81 0.20 12.55 18.15
7 45 Female 92 0.87 0.72 0.24 8.01 13.79
8 46 Male 96 0.23 0.61 0.08 5.27 12.51
9 50 Male 110 0.3 0.87 0.23 12.87 18.56
10 55 Female 99 0.61 0.70 0.12 8.20 15.67
Table 2. Results for Diabetic Subjects
Subject Age Sex Serum Saliva Serum Saliva Serum Saliva
glucose glucose  creatinine  creatinine urea urea
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
1 44 Female 135 1.12 1.7 0.3 28 30
2 55 Male 198 29 1.9 0.6 30 35
3 45 Female 168 4.5 1.8 0.2 29 38
4 46 Male 175 1.7 1.9 0.4 34 32
5 49 Female 247 8.7 24 0.3 29 44
6 50 Female 243 43 2.3 0.9 22 43
7 53 Male 242 2.6 22 0.9 24 42
8 60 Female 230 1.5 2.1 0.8 40 41
9 62 Male 245 7.9 2.3 0.9 24 42
10 65 Male 220 3.6 2.0 0.7 39 40
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(Table No. 2). In the diabetic subjects, the serum
creatinine and salivary creatinine levels ranges
between 1.6-2.5 mg/dL and between 0.1-1.0 mg/
dL respectively (Table No. 2). When salivary urea
values were compared to serum urea values, we
observed that serum urea values were substantially
lower than salivary urea values in all groups (Figure
No.3, Figure No. 6, Figure No. 9). Similarly,
when salivary creatinine values were compared to
serum creatinine values, we observed that serum
creatinine values were substantially similar to
salivary creatinine values in all groups (Figure
No.2, Figure No. 5, Figure No. 8).

As expected, the serum creatinine and
urea were significantly higher in subjects with
CKD. Among all group’s serum and salivary
urea, glucose and creatinine levels were higher in
CKD subjects followed by diabetic subjects and
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least in control group subjects. The increase in
the serum urea, glucose, and creatinine level may
be an implication of general diseases like renal
insufficiency which can cause increased creatinine
and uric acid level as a result of a reduction of
blood flow to the kidneys. It was also observed
that the increase of glucose, creatinine and urea
levels in the diabetic subject might lead to a chronic
kidney disease called diabetic nephropathy. At this
stage, the subject will completely fail the kidney
function. So, these subjects need frequent dialysis.
In diabetic nephropathy subjects, it was noted that
the value of serum glucose ranges between 270-
415 mg/dL, the value of serum creatinine ranges
between 2-6 mg/dL and the values of serum urea
ranges between 100-126 mg/dL (Table No. 3). In
diabetic nephropathy subjects, it was noted that
the value of salivary glucose ranges between 14-

Table 3. Results for Diabetic Nephropathy Subjects

Subject  Age Sex Serum Saliva Serum Saliva Serum Saliva
glucose glucose  creatinine  creatinine urea urea
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
1 55 Female 280 14.1 2.2 1.15 110 45.11
2 55 Male 310 18.5 3.1 1.40 121 50.33
3 59 Female 278 14.7 2.1 1.35 102 49.01
4 60 Female 410 19.6 5.1 1.65 121 64.32
5 63 Male 325 18.7 33 1.49 124 54.21
6 65 Female 290 15.2 2.5 1.21 117 51.89
7 69 Female 320 16.8 33 1.45 125 51.01
8 70 Male 350 17.1 3.8 1.52 125 59.33
9 73 Female 300 15.6 3.1 1.56 120 53.98
10 75 Female 299 149 2.7 1.32 111 49.53
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Fig. 1. Comparison between Serum and Salivary Glucose for Normal Subjects
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20 mg/dL, the value of salivary creatinine ranges
between 1.0-1.7 mg/dL and the value of salivary
urea ranges between 45-65 mg/dL (Table No. 3).

DISCUSSION

Diabetes mellitus is a globally widespread
disease that various diagnostic devices are now
available. In the past three decades, there is
significant increase in cases of End Stage Renal
Disease (ESRD). The most attributed cause behind
this progressive increase is incidence of diabetes
and hypertension globally.

Saliva may be a useful biomarker of early
disease detection that results in more practical
diagnosis and treatment or monitor systemic
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illness, like diabetes, diabetic nephropathy etc.,
and this study suggests that saliva contributes a
straightforward, quick, and affordable method for
screening of diabetic autonomic nephropathy and
diabetes mellitus. Unstimulated whole saliva has
been employed in the bulk of diagnostic studies
because generally there’s a dilution of saliva, and
modulation in pH in stimulated saliva.

In this study, glucose concentration in
unstimulated whole saliva was analyzed. There
was arise in salivary glucose level when there was
an increase in serum glucose level. Hence, saliva
may be used as a screening method in diagnosing
DM and diabetic nephropathy.

Creatinine is unable to diffuse easily
across the cells and the tight intercellular junctions
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Fig. 4. Comparison between Serum and Salivary Glucose for Diabetic Subjects
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SERUM AND SALIVARY GLUCOSE FOR
DIABETIC NEPHROPATHY SUBJECTS
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Fig. 7. Comparison between Serum and Salivary Glucose for Diabetic Nephropathy Subjects
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of the exocrine gland due to its physical properties
in an extremely healthy state under normal
conditions. In the diseased state, the salivary level
of creatinine increases because of altered membrane
permeability of acinar cells and increased serum
levels which facilitate easy diffusion from serum to
saliva and there by resulting in increased salivary
creatinine levels in CKD patients. Thus, serum
creatinine is used to monitor disease progression,
and salivary creatinine can be used to monitor and
diagnose the disease. As a result, saliva is used
as a screening method for diabetes and diabetic
nephropathy diagnosis.

Similarly, as the serum urea levels
increase there is a significant elevation of salivary
urea levels as a result of impaired renal urea
excretion mechanism. As a result of this, there is
elevation of serum urea with simultaneous increase
in salivary urea due to increased urea concentration
gradient. The increased serum urea creates a higher
concentration gradient, which increases urea
diffusion from serum to saliva. Serum urea levels
were substantially lower than salivary urea levels.
Serum creatinine values were substantially same
as salivary creatinine values. As a result, salivary
creatinine and urea levels correlate well with serum
creatinine and urea levels respectively. Hence, we
are suggesting that saliva could be used as a non-
invasive diagnostic tool for diabetic nephropathy.

CONCLUSION

To reduce complications, glucose levels
must be monitored on a regular basis. More
research with a larger sample size is required to
determine the diagnostic evaluability of salivary
glucose levels in the primary diagnosis of diabetic
nephropathy. Our research indicates that salivary
glucose, creatinine, and urea levels were elevated
in late-stage CKD subjects, with statistical
correlations to blood levels. According to the
findings of this study, serum and salivary glucose,
urea, and creatinine levels were substantially higher
in CKD and diabetic nephropathy subjects than in
diabetic or normal subjects. Only CKD, diabetic,
and diabetic nephropathy subjects had higher levels
of salivary glucose, urea, and creatinine, while
controls had no difference. Thus, it is frequently
recommended that salivary glucose, urea, and
creatinine levels can be used for screening of renal

status in CKD, diabetic, diabetic nephropathy and
normal subjects. As a result, saliva could even be
used as a steppingstone, potentially revolutionizing
the diagnostic protocol for subjects with renal
diseases.
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