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ABSTRACT
Background: Type 2 Diabetes is the most common form of diabetes mellitus, accounting for 90%
of all types of diabetes. Diet is one of the important factors affecting the progression of the disease.
Methods: In this study, we used urinary protein profile to evaluate the progression of pre-diabetic
to diabetic state. Urinary protein profile of pre-diabetic rats with various diet conditions andwith or
without metformin treatment were compared to those of healthy rats and diabetic rats. Results:
It was shown that there were distinct bands that could differentiate the healthy rats from the dia-
betic ones, namely the protein bands at MW 350 kDa, 280 kDa and 85 kDa (for healthy rats), and
protein bands at MW 170 kDa, 51 kDa and 46 kDa (for diabetic rats). In addition, the differentially
excreted proteins at MW 62 kDa and 25 kDa (between healthy and diabetic rats) could also be used
as indicators. Using the unique band indicators, the pre-diabetic urinary profile was shown to be
similar to that of healthy rats. However, by using the differential protein indicators, the band inten-
sity of the 62 kDa, 25 kDa and 17 kDa bands of pre-diabetic rats, with normal diet and metformin
treatment, was more similar to that of the healthy rats with normal diet. However, the profile of
pre-diabetic rats with high fat diet (with or without metformin treatment) and of pre-diabetic rats
(with normal diet withoutmetformin treatment) weremore similar to that of diabetic rats. Conclu-
sion: Using this protein profiling comparison method, it was demonstrated that early metformin
treatment and controlled diet intake are important in delaying the progression of the pre-diabetic
to diabetic state.
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INTRODUCTION
Diabetes is one of the most common non-
communicable diseases globally. It affects 451
million people worldwide and is estimated to in-
crementally reach 693 million in the year 2045 1.
Type 2 Diabetes Mellitus (T2DM) is caused by
insulin resistance or insulin deficiency which leads
to accumulation of blood glucose (in the range
beyond 7.0 mmol/L). Meanwhile pre-diabetes has
elevated fasting blood glucose levels in the range
of 5.6 mmol/L to 7.0 mmol/L (diabetes threshold).
Pre-diabetic patients with elevated blood glucose
levels are at high risk to develop diabetes2.
Despite the fact that T2DM is due to aging or ge-
netic inheritance, other circumstances, like obesity,
smoking, alcohol, unhealthy lifestyle and diet, are the
root causes of T2DM3. Diet is one of the common
risk factors for T2DM. High-fat diet (HFD) could
contribute to insulin insensitivity towards blood glu-
cose and to impaired glucose tolerance. Moreover,
fat intake exceeding 40% of total energy can lead to

cell function abnormalities, such as reduction in in-
sulin receptors, glucose transport and metabolism; as
well, high-fat intake can reduce the function of en-
ergy storage in liver and muscle cells4. Besides, HFD
has been reported to cause lipotoxicity in several or-
gans, namely heart, skeletal muscle, liver, pancreas
and kidneys5. Excessive adipose tissue can lead to
endoplasmic reticulum stress and indirectly result in
decreased insulin secretions4. On the contrary, low-
carbohydrate diet and low-fat diet are effective to re-
duce glycosylated hemoglobin A1C (HbA1C), a form
of hemoglobin that binds to glucose 6.
Prolonged hyperglycemia in patient with diabetes and
pre-diabetes can increase the risk of macrovascular
complications (such as cardiovascular disease) and
microvascular complications (e.g. retinopathy, neu-
ropathy and nephropathy)3,7. In terms of diabetic
nephropathy (DN), which ismarked by excessive pro-
tein (>500 mg per 24 h) excreted from the body and
also decreased glomerular filtration rate (eGFR) of
<60 mL per 1.73 m2area8.
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It is caused by hyperglycemia that leads to abnormal-
ity of intracellularmetabolism, formation of advanced
glycation end-products (AGEs), and formation of re-
active oxygen species (ROS), as well as glomerular hy-
perfiltration and hypertension. These conditions will
result in macrophage infiltration into renal tissue that
will lead to development of DN and then progres-
sion to end-stage renal disease9. Furthermore, pa-
tients with nephropathy complications will excrete a
high quantity of albumin, termed macroalbuminuria
(>300mg per 24 h) in urine. However, this phase usu-
ally will occur after 10 to 15 years of diabetes. Indeed,
there have been studies that have suggested that albu-
minuria is not a suitable marker for the diagnosis of
DN risk as it lacks specificity and sensitivity 10.
Hence, other urinary protein markers for predicting
diabetes and pre-diabetes have been identified. For
example, elevated urinary monocyte chemoattractant
protein-1 (uMCP-1) and vitamin D-binding protein
were seen in DN patients (10). In addition, other
biomarkers like kidney injury molecule 1 (u-KIM-1),
which was found in urine, have been proposed to be
risk factors for decline of eGFR 11.
Nowadays, diabetes management for patients are
costly but well-established 1. Nevertheless, change of
lifestyle by diabetes patients should be emphasized in
order to have a better maintenance of blood glucose
levels3. In this study, we aimed to analyze the change
in urinary protein profile of diabetic rats by the effects
of a high fat diet (HFD). It is hoped that relevant pro-
teins can be identified as potential biomarkers to in-
dicate progression of the disease.

MATERIALS ANDMETHODS
Materials
Metformin tablets used in this study were purchased
from Dynapharm (Malaysia). Ketamine was pur-
chased from Troy Laboratories (Australia) and xy-
lazine was obtained from Indian Immunological Lim-
ited (India). The rest of the chemicals were purchased
from Sigma Aldrich (USA) and Bio-Rad (USA).

Animal studies
A total of 60 male adult rats (Sprague-Dawley) were
obtained from the Animal Research Center and Ser-
vice, Universiti Sains Malaysia (Penang, Malaysia).
The rats were housed individually in cages under
controlled environment at 22-24◦C with 12 hours of
light/dark cycle. All the rats were given a week for
adaptation to the environment. The experimental
procedureswere approved by theAnimal Ethics Com-
mittee of Universiti Sains Malaysia (USM/Animal
Ethics Approval /2016/(717)). Table 1 shows the diets
and treatments of each group of rats.

Induction of Diabetes
Forty-eight of the 60male rats were assigned to the ex-
perimental groups. Diabetes was induced in these rats
by intraperitoneal injection (i.p.) of streptozotocin
(STZ).The rats were put on fasting for 12 hours before
the induction. After the fasting period, nicotinamide
(NA) dissolved in normal saline was injected into the
peritoneal cavity of rats at a dose of 110 mg/kg. After
15 minutes, STZ (dissolved in 0.1 M of sodium citrate
dihydrate, pH 4.5) was administered by i.p. injection
to the animals at a dose of 65mg/kg. At the same time,
the other 12 rats were assigned to the control (non-
diabetic) group, and were injected with vehicle (saline
and citric buffer). Animals from both control and ex-
perimental groups were monitored for 4 consecutive
weeks.

Experimental Design
After 4 weeks of the monitoring period, the rats were
sorted into 10 groups and were fed according to their
diet plan for 6 weeks. Each group consisted of 6 rats
(n=6). Non-induced rats from the control groups
were divided into Group 1 (G1), which was fed with
normal diet (ND), prepared by mixing the feed pow-
der (Altromin, Germany) with water at ratio of 1:1,
and into Group 4 (G4), which was fed with high fat
diet (HFD), prepared by mixing 1:1 food powder to
water ratio and 22.4% (v/w) of cooking oil. Mean-
while, the induced-rats from the experimental groups
were divided into two groups based on their fast-
ing blood glucose (FBG) level: diabetic group (FBG
>7.0 mmol/L) and pre-diabetic group (FBG 5.6-6.9
mmol/L)10.
Diabetic rats were further assigned intoGroup 2 (G2),
Group 3 (G3), Group 5 (G5) and Group 6 (G6), while
pre-diabetic rats were subdivided into Group 7 (G7),
Group 8 (G8), Group 9 (G9), and Group 10 (G10).
Rats from G2 and G7 were fed with ND while rats
from G3 and G8 were fed with ND and treated with
metformin. Moreover, rats from G5 and G9 were fed
with HFD, while rats from G6 and G10 were fed with
HFD and received metformin treatment. Metformin
drug was prepared by suspending metformin tablets
in 1% carboxymethylcellulose and was fed orally to
the rats twice a day- at a dosage of 250 mg/kg. Rats
were given free access to food pellets (approximately
26 g per day) and water throughout the experiment.

Collection of Urine Samples
The rats were kept in metabolic cages overnight for
urine collection. Five hundred µL of 10% (w/v)
sodium azide was transferred into the urine collec-
tor prior to the collection for antifungal purpose. The
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Table 1: Diet plan of each Rat Group

Rat Groups Condition Diets and Treatments Group Number

Control Groups Non diabetic ND G1

HFD G4

Experimental Groups Diabetic ND G2

ND +Metformin G3

HFD G5

HFD +Metformin G6

Pre-diabetic ND G7

ND +Metformin G8

HFD G9

HFD +Metformin G10

ND: Normal Diet;HFD: High Fat Diet

urine of the rats was collected the next morning. The
collected urine was aliquoted into 1.5 mL eppendorf
tubes.

Urinary Protein Extraction
Urinary proteins were precipitated by ammonium
sulfate salt precipitation, based on the procedure de-
scribed by Wai Hoe, L. et al.12, with slight modifi-
cations. The protein precipitation was done at 45%
of salt saturation by mixing ammonium sulphate salt
with urine thoroughly for 1 minute and centrifuged
(at 13000 rpm, 20 minutes, 4◦C).The collected pellets
were further reconstituted in TSE buffer (10 mMTris,
1 mM EDTA and 1% (w/v) SDS).

Sodium Dodecyl Sulphate Polyacrylamide
Gel (SDS-PAGE)
Protein concentration of each sample was determined
by RC/DC protein assay (Bio-Rad), following the pro-
tocol provided by the manufacturer. Protein standard
used was Bio-rad protein assay standard I, Bovine
Gamma Globulin (BGG), at these concentrations: 1,
0.5, 0.25, 0.125, and 0.0625 mg/mL, and blank. The
samples were then mixed with sample buffer [0.5 M
Tris-HCL at pH 6.8, 10% (v/v) glycerol, 2% (w/v)
SDS, and 0.025% (w/v) bromophenol blue] at a ra-
tio of 4:1 before loading the samples onto the gel.
SDS-PAGE was performed in a vertical mini-slab gel
(Mini-PROTEAN® III system, Bio-Rad). The gel was
composed of 12.5% resolving gel [1.5 M Tris-HCL,
pH 8.8] and 4% stacking gel [0.5 M Tris-HCl, pH
6.8]. Thirty µg of each sample was loaded onto the
gel and SDS-PAGE was conducted at a constant volt-
age of 120 V. After the separation process, the gel

was stained with Coomassie blue solution [0.1% (w/v)
Coomassie brilliant blue R250, 40% (v/v) methanol,
and 10% (v/v) glacial acetic acid] for 30 minutes,
then de-stained with de-staining solution [40% (v/v)
methanol and 2% (v/v) glacial acetic acid]. The gel
imagewas captured usingChemiDocT M Imaging Sys-
tem (Bio-Rad) and was analyzed using Quantity One
1-D software (Bio-Rad). The sensitivity for band de-
tection was 20.00 and the bands were matched with
5.0% tolerance.

RESULTS
Urinary protein was concentrated and purified us-
ing salting out technique, without concentrating the
urine, since it was too dilute to visualize the protein
on SDS-PAGE. Different quantities of salt were used
in this study to achieve different ammonium sulphate
salt saturations (Table 2).
Figure 1 shows the gel image of the urinary protein
profile after ammonium sulphate precipitation. In
terms of the number of protein bands detected, the
best salt saturation percentagewas 45%, where 16 pro-
tein bands were detected, as compared to 12 bands
for 70% saturation and 10 bands for 90% saturation.
Therefore, 45% saturation was used for the subse-
quent experiments.
Each rat’s urinary protein (n=6 rats) from the same
group was subjected to SDS-PAGE separation. An
example of healthy rats with ND (G1) is shown in
Figure 2; the common protein bands were identified
and then used for the basis of comparison with other
groups of rats. Figures 3 and 4 show the comparison
of urinary protein profiles from diabetic rats and pre-
diabetic rats, respectively.
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Table 2: Amount of ammonium sulphate used to precipitate
urinary proteins for different percentage of salt saturation

Percentage (%) Amount of Urine (µL) Amount of Salt (g)

45 200 0.06

70 200 0.10

90 200 0.13

Figure 1: Salt precipitation by using ammonium sulphate with different percentages of saturation. Lane 1
and 2: 45% saturation; lane 3 and 4: 70% saturation; lane 5 and 6: 90% saturation.

The protein bands with MW of 350 kDa (protein
band 1) and 280 kDa (protein band 2) were found
in control healthy rats- either fed with ND or HFD
(Figures 3 and 4: G1 and G4, respectively), as well
as pre-diabetic groups with metformin treatment, re-
gardless of the diet (Figure 4: G8 and G10). The
protein band at molecular weight of 170 kDa (pro-
tein band 3) was only found in the diabetic group
(Figure 3: G2, G3, G5 and G6) when compared to all
healthy rats and pre-diabetic rats. Moreover, the pro-

tein band at MW of 85 kDa (protein band 4) was seen
only in healthy rats (Figures 3 and 4: G1 and G4) and
pre-diabetic rats (Figure 4: G7 to G10). However, the
band was faint in pre-diabetic rats with ND that were
treated with metformin (G8). The protein band at
MW of 72 kDa (protein band 5) was found in healthy
rats and diabetic rats fed with ND, with or without
metformin (Figure 3: G1 to G3). Furthermore, the
protein band at 257 kDa (protein band 6) was seen
in diabetic rats treated with metformin (Figure 3: G3
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Figure 2: SDS-PAGE of rat urinary proteins from non-diabetic group G1. Lane 1: Rat 1; Lane 2: Rat 2; Lane 3:
Rat 3; Lane 4: Rat 4; Lane 5: Rat 5; Lane 6: Rat 6.

andG6) and pre-diabetic rats receivingHFDandmet-
formin treatment (Figure 4: G10). Lastly, the protein
bands with MW at 51 kDa (protein band 7) and 46
kDa (protein band 8) were only found in diabetic rats
fed with ND (Figure 3: G3).
There were four intense bands found at molecular
weight of 62 kDa, 25 kDa, 17 kDa, and 15 kDa that
were differentially excreted. The intensity of protein
bands are shown in Figure 5. In general, the protein
bands of 62 kDa, 25 kDa and 17 kDa showed varia-
tion between animal groups while there were no sig-
nificant changes seen in intensity of protein bands at
molecular weight of 15 kDa across all groups.

DISCUSSION
Sample preparation was done by salt precipitation us-
ing ammonium sulphate. Ammonium sulphate salt

was used because it is relatively inexpensive, easily ac-
cessible, and can prevent denaturation of proteins13.
Increasing salt saturation leads to increase of water
surface tension as well as hydrophobic interactions
between protein and water, thus causing a decrease
of protein solubility, which then promotes protein
aggregation14. However, the solubility of proteins
varies as a function of ammonium sulphate satura-
tion13. In this study, 45% salt saturation was found
to give the best yield.
During overnight collection of urine, animals were
given free access to water. The volume of urine col-
lected from diabetic rats was higher compared to
that of control rats and pre-diabetic rats. This re-
sulted in a low amount of protein per volume of urine
(data not shown). Therefore, in this study, we used
protein quantity as the basis of comparison. Pre-
vious studies have demonstrated that STZ-induced
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Figure 3: SDS-PAGEof rat urinaryproteins fromdiabetic groups and control groups. Lane 1: Non-diabetic rat
fedwith ND (G1); Lane 2: Diabetic rat fed with ND (G2); Lane 3: Diabetic rat fed with NDwithmetformin treatment
(G3); Lane 4: Non-diabetic rat fed with HFD (G4); Lane 5: Diabetic rat fed with HFD (G5); Lane 6: Diabetic rat fed
with HFD with metformin treatment (G6); Lane 7: Protein Ladder

Figure 4: SDS-PAGE of rat urinary proteins from pre-diabetic groups and control groups. Lane 1: Non-
diabetic rat fed with ND (G1); Lane 2: Pre-diabetic rat fed with ND (G7); Lane 3: Pre-diabetic rat fed with ND with
metformin treatment (G8); Lane 4: Non-diabetic rat fed with HFD (G4); Lane 5: Pre-diabetic rat fed with HFD (G9);
Lane 6: Pre-diabetic rat fed with HFD with metformin treatment (G10); Lane 7: Protein Ladder
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Figure 5: Bar chart of the intensity of protein bands. (a)Protein bands with MW at 62 kDa; (b) Protein bands
with MW at 25 kDa; (c) Protein bands with MW at 17 kDa; (d) Protein bands with MW at 15 kDa.

diabetic rats produce more urine compared to nor-
mal rats. STZ initiates destruction of Langerhans
islets cells irreversibly and induces diabetes in rats15.
This phenomenon may cause diabetes insipidus, or
polyuria, which leads to large amounts of diluted
urine produced that contributes to frequent urination
and thirst of diabetic rats. In this study, we treated
a group of animals (diabetic and pre-diabetic) with
metformin, a commonly used drug to treat diabetic
patients. This drug lowers blood glucose levels with-
out causing overt hyperglycemia 16.
SDS-PAGE is a simple and reliable method to resolve
proteins by molecular weight. From the analysis, pro-
teins in the urine of control rats (G1 and G4) and
pre-diabetic rats (G7 to G10) have a molecular weight
ranging from 350 kDa to 15 kDa, while urinary pro-
teins of diabetic rats (G2, G3, G5 and G6) range from
434 kDa to 15 kDa. Nevertheless, the detection of
band 434 kDa was inconsistent among the groups of
diabetic rats.
Four intense bands with molecular weight at 62 kDa,
25 kDa, 17 kDa, and 15 kDawere found in the urinary
profile of all the rats. A faint and broad protein band

at 62 kDa is an indication of healthy rats with healthy
diet (G1). In this study, we found that band 62 kDa
was excreted in high quantities in diabetic and pre-
diabetic rats and healthy rats fed with HFD. However,
the 62 kDa proteinwas detected as a faint band in con-
trol rats with ND (G1) and pre-diabetic rats receiving
ND and metformin treatment (G8).
Although protein band 25 kDa is also an intense band
in the urinary protein profile, it can be used as an in-
dicator for diabetic rats with or without metformin
treatment. The protein band at 25 kDa was found to
be relatively faint in control rats (G1 and G4) and pre-
diabetic rats with ND (G7 and G8), when compared
with diabetic rats.
In contrary to the above-mentioned bands, an intense
protein band at 17 kDa was detected in the control
rats (G1 and G4) and pre-diabetic rats, regardless of
the diet intake (G7 to G10). Nevertheless, this band
appeared to be faint in diabetic rats with or without
metformin treatment (G2, G3, G5 andG6). Addition-
ally, protein band 15 kDa was intensely excreted in
all groups of rats although no significant differences
between the animals were detected in all the groups
studied.
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Many of the protein bands detected in this study were
found to be unique in certain groups of animals; nev-
ertheless, these protein bands were detected as com-
mon among the animals in the same group. Pro-
tein bands 350 kDa and 280 kDa were found solely
in healthy rats (G1 and G4) and pre-diabetic rats with
metformin treatment (G8 and G10), which may in-
dicate that usefulness of metformin as an interven-
tion strategy to prevent the progression of diabetes.
The protein band at 170 kDa was solely seen in dia-
betic rats regardless of diet groups (G2, G3, G5 and
G6). Moreover, the protein band at 85 kDa was de-
tected in healthy (G1 and G4) and pre-diabetic rats,
regardless of diet or treatment (G7 to G10), but not
detected in any of the diabetic rats. The protein band
at 72 kDa was detected in control and diabetic rats
with ND (G1, G2 and G3); therefore, it may be a pro-
tein that was related to the diet intake. The protein
band at 257 kDa was detected in diabetic rats with
metformin treatment, regardless of diet (G3 and G6),
and in pre-diabetic rats with HFD that were treated
with metformin (G10). Lastly, the proteins bands at
51 kDa and 46 kDa were detected in diabetic rats with
ND (G2).

CONCLUSION
Analysis of the protein profiles has indicated that
there are noticeable changes in the protein excretion
of the different groups of rats. The excretion and non-
excretion of marker proteins, namely protein bands at
MW 350 kDa, 280 kDa, 170 kDa, 85 kDa, 51 kDa and
46 kDa, can be used to indicate the state of disease
as diabetic or non-diabetic, while the differential ex-
cretion of protein bands at MW 62 kDa, 25 kDa and
17 kDa can be used to indicate the progression of the
pre-diabetic state of disease. In comparing the uri-
nary protein profiles, it was demonstrated that early
treatment of metformin and controlled diet intake by
pre-diabetic (G8) rats seem to be benefiting them by
delaying the onset of diabetes in these rats. This ob-
servation is in agreementwith their blood glucose lev-
els where G8 animals showed a drop in blood glucose
levels to 4.8 mmol/L, which is considered a healthy
level (FBG <5.60 mmol/L), while pre-diabetic rats in
other groups remained as pre-diabetic, according to
their blood glucose levels after 6 weeks of study.

ABBREVIATIONS
DN: Diabetic nephropathy
DTT: Dithiothreitol
EDTA: Ethylenediaminetetra-acetic acid
FBG: Fasting blood glucose
HCL: Hydrochloric acid

HFD: High fat diet
IP: intraperitoneal injection
kDa: kilo Dalton
MW: Molecular weight
NA: nicotinamide
ND: Normal diet
PAGE: Polyacrylamide gel electrophoresis
RC/DC: Reducing agent and detergent compatible
SDS: Sodium dodecyl sulfate
STZ: Streptozotocin
T2DM: Type 2 Diabetes Mellitus
TEMED: N,N,N’,N’-tetramethyethylenediamine
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