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ABSTRACT
Microalbuminuria, is commonly associated with the development of diabetic nephropathy  (DN) in type 1 diabetes. An increase in albumin excretion rate
leading to microalbuminuria is widely recognized as the earliest indicator of diabetic nephropathy and as a risk factor for the development of obvious renal
and macrovascular complications. The current study was aimed at the development of a sensitive and specific immunoassay for Rat Serum Albumin
(RSA) so that many nutraceutics can be screened and validated  in experimental rats for their potential use as anti-DN nutraceutics in humans.  PAb-RSA
was generated, developed radioimmunoassay and ELISA  that could detect as low as ~1 µg of RSA in the urine/serum and applicability was examined by
evaluating the efficacy of dietary components - Curcumin and Quercetin, in offering protection against diabetic nephropathy.  Curcumin and quercetin
were found to be effective in amelioration of fasting blood glucose, urinary volume, urinary sugar and glomerular filtration rate.  The results were compared
with urinary albumin levels as estimated by RIA.  A correlation coefficient (R2) ~ 0.95 - 0.97 was observed suggesting the possible use of these assays
in monitoring of DN state as well as anti-DN nutraceutic’s potency in experimental rat model.
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Diabetic nephropathy (DN) is one of the major complications of long term
diabetes characterized by progressive alterations in kidney structure and
function (1).   Approximately 25 to 40% of patients with Diabetes Mellitus
ultimately develop DN (2). During diabetes, metabolism of food carbohy-
drates results in excessive accumulation of glucose in the blood and urine
leading to hyperglycemia. Accumulated glucose enforces non-enzymatic
glycation of proteins including albumin, a long lived and abundant protein in
the blood leading to abnormal excretion through kidney; hence causing DN.
The excretion of greater than 30 – 300 mg/day of albumin is characterized as
microalbinuria and therefore is widely explored as a marker of DN (3).
Filtration of glycated proteins through kidney during DN comprises of
several manifestations, such as thickening of the glomerular basement mem-
brane, diffuse or nodular glomerulosclerosis, arteriolar hylinosis,
tubuointerstial fibrosis including increased excretion of albumin in the urine
(or albuminuria). Of these, albuminuria is the most enigmatic form from a
pathophysiologic standpoint (4).

Continuous excretion of increased albumin from kidney alters glomerular
filtration rate, intraglomerular pressure, glomerular size, which occur due to
cross – linking of glycated albumin and other affected membrane proteins
(5). Indexing of elevated urinary albumin hence has been recommended as a
routine and simple test to detect DN in diabetic subjects. Generally this can
be detected by sensitive immunoassay technique, and the early diagnosis
helps in controlling the progression to clinical nephropathy and end stage
renal disease. Microalbuminuria not only predicts incipient DN but also
reflects increased vascular permeability in hypertension and nondiabetic
conditions (6, 7, 8)

The concentration of albumin in urine is generally determined by immu-
noassays that are gaining importance due to their sensitivity and specific-
ity.  Since in our laboratory studies are directed towards the molecular
understanding of basement membrane thickening in kidney, attempt has
been made to raise polyclonal antibody to rat serum albumin (PAb-RSA)
and develop sensitive immune assays that can be employed to follow dia-
betic state of experimental rats in addition to understanding the role of
dietary modulation of DN.  Anti-RSA antibodies have been employed to
monitor the DN state and to understand the role of curcumin and quercetin
in combating the DN state (9, 10).

2. Materials:
Rat serum albumin (RSA), Human serum albumin(HSA), Bovine serum
albumin(BSA) and quercetin were obtained from M/s Sigma Pvt Ltd., USA,
Freund’s complete and incomplete adjuvants were obtained from M/s Genei
Pvt. Ltd., Banglore, India, GOD/POD kit was from Span Diagnostics Lim-
ited (Surat, India). Curcumin (95% pure) was procured from Flavours and
Essences, Mysore, India. Other chemicals were of analytical grade, ob-
tained from SRL Pvt. Ltd., India.

2.1 Methods:

Animals and diet
Male Wistar rats (OUTB-Wistar IND CFTRI) weighing between 100 - 110
g were employed for the studies and was approved by Institutional Animal
Ethical Committee. Animals were fed with AIN-76 diet (11) and six rats in
control groups and 12 rats in diabetic groups.  They were divided into a).
starch fed control (SFC); b). starch fed diabetic (SFD) c). curcumin fed
control (CFC); d).   curcumin fed diabetic (CFD);  e). quercetin fed control
(QFC) and f).  quercetin fed diabetic (QFD) groups. SFC and SFD groups
received starch-based diet and CFC and CFD groups received diet supple-
mented with 0.5% curcumin and QFC and QFD groups received diet supple-
mented with 0.1% quercetin. The animals were fed with respective diet for
a month after induction of diabetes.
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Fig.1. Detection of antibody titer of PAb-RSA

2.2 Induction and assessment of diabetic nephropathy
Diabetes was induced by streptozotocin (STZ), prepared in 0.1 mol/ L
citrate buffer, pH 4.5; injected intraperitonially in a single dose of 55 mg/ kg
b.w. (10).  Control rats received citrate buffer. Animals were kept in cages
with free access to 5% glucose solution for 24 h subsequent to the injection
and thereafter were replaced by tap water.  Three days after STZ injection,
blood glucose level was monitored using glucose oxidase/peroxidase (GOD/
POD) diagnostic kit method to assess the diabetic status and kidney func-
tion.  Urine sugar (12), urine volume and glomerular filtration rates (GFR)
(13) were measured.

2.3 Production of Polyclonal Antibody to RSA
Prior to immunization, sufficient preimmune blood was collected through
the marginal ear vein of the rabbit. Serum was separated and stored at –
200C. Briefly, 100 µg of RSA, dissolved in 1 mL of 0.01 M phosphate-
buffered saline (PBS), pH 7.4, was mixed with an equal volume of Freund’s
complete adjuvant and injected subcutaneously at three sites. Two boost-
ers at an interval of 15 days were given using Freund’s incomplete adjuvant
and postimmune serum was collected 6 days after the last booster dose,
aliquoted, and  stored at –20oC. The post immune serum containing the
antibody to RSA, designated as PAb-RSA (Polyclonal antibody to RSA)
was used for subsequent experiments. The PAb-RSA was tested for its
reactivity with HSA and BSA using Enzyme Linked Immunosorbent Assay
- ELISA  and Radio Immuno Assay (RIA).  The amount of antibody present
in the serum (antibody titre) was determined. PAb-RSA was examined for
sensitivity, reliability and validation to detect micro / macro albuminuria
condition in experimentally induced diabetic rats.  Modulatory effect of
curcumin and quercetin was also examined.

2.4 Enzyme-linked Immunosorbent Assay (ELISA)
The protocol was carried out as described by Dharmesh (14). Briefly, 96-
well microtiter plates (Nunc; Roskilde, Denmark) were coated with HSA,
RSA, and BSA using carbonate-bicarbonate coating  buffer, pH 9.6, fol-
lowed by incubation at 40C overnight. Next day wells were washed with
PBS containing 0.05% Tween-20 (ELISA Wash buffer) and nonspecific
binding sites were blocked with 5% of non-fat dry milk powder (Nakoda;
Mumbai, India) in PBS (Blocking buffer) for 1 h at room temperature.
Then, 100 µL of the postimmune serum and PAb-RSA at 1:100 to 1:50,000(v/
v) was added; unbound antibodies were removed  by washing wells four
times with ELISA wash buffer. Preimmune serum was tested at 1:1000 (v/
v).  100 µL of 1:5000 (v/v) alkaline phoshpatase-labeled goat anti-rabbit
antibody  (Genei, Banglore, India) was added and incubated at 370C for 1 h.
Wells were then washed and immunoreactivity was measured by adding
100 µL of 1 mg/mL paranitrophenylphosphate as substrate in
diaminoethyelene (DAE) buffer, pH 9.0 followed by incubation at 370C for
1 h. Reaction was stopped by 3N NaOH and color developed was mea-
sured at A405 nm in ELISA plate reader (Molecular devices,Spectra MAX
340). A concentration range of 1 to 100 µg/mL of native (RSA) and cross
(HSA and BSA) antigens were examined.

2.5 Radioimmunoassay for RSA
Radioiodination of RSA (antigen) with 125I was done at the Radiation Medi-
cine Center, BARC, Mumbai, India, according to Chloromine T method
(15). The iodinated antigen was separated from free 125I using Sephadex G-
50 column chromatography (column size 50 cm X 1 cm).  Fractions were
collected and emergence of iodinated RSA and free 125I was monitored by
counting the fractions in scintillation counter.  High molecular weight frac-
tion representing 125I – RSA was isolated in first peak followed by peak
containing free 125I peak.  Labeling efficiency was calculated using the
formula

Sensitivity of PAb-RSA by RIA was done by adding 200 µL of 125I labelled
RSA to tubes containing 5 – 100 µg of unlabelled RSA as standards. To this
200 µL of PAb-RSA was added at 1:480 (v/v) and incubated for 2 h at 37ºC.
The antigen-antibody complex was co-precipitated with 1 mL of 15% PEG
containing 0.5% Bovine IgG (BoIg) and was centrifuged at 2000g, 10-15ºC
for 30 min. The supernatant was removed and a count in the precipitate
was measured in γ-counter.

2.6 Applicability:
Once PAb-RSA been generated and developed an assay system,  applica-
bility was examined by evaluating the efficacy of dietary components -
Curcumin and Quercetin, in offering protection against DN.  Various bio-
chemical parameters such as fasting blood glucose, urinary volume, urinary
sugar and glomerular filtration rate were determined between control, un-
treated diabetic and curcumin/quercetin treated animals.  Results were com-
pared with urinary albumin levels as estimated by RIA.  Correlation coef-
ficient (R2) was determined in order to understand the validity of the assay
method developed in order to employ the same for routine monitoring of
DN state in experimental animals.

3. RESULTS:

3.1 Polyclonal antibody against Rat Serum Albumin (PAb-RSA)
PAb-RSA was tested against the antigen RSA both by ELISA and RIA.
ELISA showed that PAb-RSA has good antibody titer of 1:50,000 (v/v) and
was sensitive to detect >5 µg/mL (Fig. 1).  RIA was found to be effective at
antibody dilutions < 1:1000 (v/v) (Fig. 2A) and sensitive, since it showed
linearity with significant binding at concentration range ~ 5-20 µg/mL (Fig.
2B) at 1:480 (v/v) of PAb-RSA.  Since detection of antigen by RIA is
competitive unlike in direct ELISA, higher dilutions of the antibody did not
show good binding particularly at lower concentration of antigen.  How-
ever, data suggested that both ELISA and RIA can be operated at indicated
concentration range of antigen with the antibody titre of 1:50,000 (v/v) and
1:480 (v/v) respectively.
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                        Fig  2A. Standard graph for albumin by RIA

                            Fig   2B. RSA antibody titre by RIA

Fig  3A. Cross reactive potential of PAb-RSA

Fig  3B. Cross reactive potential of PAb-RSA

Table-1. Effect of curcumin and quercetin on diabetic status

Groups Fasting blood Urine sugar Urine volume GFR Albumin

All data were expressed as mean ± SD of control, diabetic and curcumin and quercetin treated
rats. Statistical analysis of data was performed using one-way analysis of variance (ANOVA)
with a Tukey’s multiple comparison post-test and significance at
a P<0.05 indicates significant values when SFD was compared with SFC
b P<0.05 indicates significant values when SFD was compared with CFD and QFD groups
 A correlation coefficient of R2
 Albumin vs. Fasting blood glucose       R=0.95
 Albumin vs. Urine volume                        R=0.97
 Albumin vs. Urine sugar                            R=0.97
 Albumin vs. Glomerular filtration rate   R=0.96

SFC 106.40 ± 02.23 0.06 ± 0.001 09.50 ± 1.09 0.41 ± 0.07 0.31
SFD 438.50 ± 19.59a 8.30 ± 0.530 a 90.33 ± 7.26 a 02.1 ± 0.16 a 3.60
CFC 108.80 ± 02.60 0.04 ± 0.005 08.16 ± 1.05 0.48 ± 0.15 0.34
CFD 332.71 ± 26.33b 5.75 ± 0.500 b 64.33 ± 6.33 b 01.2 ± 0.20 b 1.85
QFC 115.16 ± 04.71 0.04 ± 0.001 07.96 ± 1.08 0.44 ± 0.11 0.32
QFD 325.25 ± 26.20 b 5.17 ± 0.480 b 59.01 ± 5.09 b 01.7 ± 0.05 b 1.80

glucose(mL/dL) (g/24 hr) (mL/24hr) mL/min mg/day

3.2 Cross reactivity of polyclonal RSA (PAb-RSA) with HSA and BSA
Cross reactivity of PAb-RSA to HSA and BSA was carried out by ELISA.
Results in  Fig. 3A clearly showed that PAb-RSA reacts best with the
respective antigen RSA. At 1:50,000 (v/v), RSA showed better reactivity
with increase in ~ 9-10 folds than HSA and BSA suggesting that PAb-RSA
is specific to RSA.  However at 1:10,000 (v/v) with 10 µg/mL of antigen
concentration, ~ 40% of reactivity was observed with HSA and BSA (Fig.
3A) indicating that atleast at lower dilutions, this antibody can be also used
for the analysis of human samples.

3.3 Comparison between ELISA and RIA
Fold increase in signal to noise ratio was calculated at different concentra-
tion of antigen by both ELISA and RIA at optimized PAb-RSA dilution. As
indicated in Figs. 1 & 2, both ELISA and RIA are sensitive since similar
range of albumin (1-100 µg) could be detected.  It should be noted however
that ~ > 20 fold differences in signal to noise ratio was obtained for RIA,
when compared to ~ 10 folds in ELISA (Fig. 1 & 3).  This clearly suggests
that, for determining precise differences between the control and DN group
of animals RIA can be preferred. Similarly for routine monitoring of DN
state in diabetic animals, ELISA can be adopted, since it is easy-to-use and
works out economically as it works at antibody dilution of 1:50,000 (v/v)
as opposed to that of RIA, which requires 1:480 (v/v).

3.4 Effect of curcumin and quercetin on DN
RIA was employed to evaluate the effect of curcumin and quercetin on
diabetic status in streptozotocin-induced diabetic rats.  Validity of the
results were established by comparing RIA data (Fig. 4) with conventional
tests for diabetes such as measurement of  fasting blood glucose level, urine
sugar, urine volume and glomerular filtration rate (GFR) (Table 1). Results
were compared between normal, diabetic and treated animal groups.

The albumin excretion in urine in control, diabetic and curcumin and querce-
tin fed diabetic rats was measured by radioimmunoassay using the polyclonal
antibody raised to rat serum albumin in rabbit. The results in Fig. 4 showed
that in untreated or starch fed diabetic rats, the albumin excretion increased
gradually from the 2nd week and at the 4th week it reached to a maximum of
3.5 mg/day compared to those of control rats (0.3 mg/day). It also showed
~ 4-10 folds higher glomerular filtration rate and urinary albumin excretion
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Fig   4. Effect of curcumin and quercetin on albumin excretion in
control and diabetic rats by radioimmunoassay

when compared to control rats. Curcumin and quercetin fed control group
showed values similar to that of starch fed control group.  Curcumin and
quercetin fed diabetic rats reduced the excretion of urinary albumin excre-
tion by 40% at the 4th week, suggesting the efficacy of curcumin and quer-
cetin in the control of DN.   The developed assay being very sensitive and
specific helps in monitoring the degree of kidney complications in DN
state.

Correlation coefficient R2 was determined between urine albumin levels
Vs. other characteristic diabetic parameters such as fasting blood glucose
levels, urinary volume, urinary glucose and glomerular filtration rate.  A
correlation coefficient of R2 0.95 to 0.97 (Table – 1) was observed.  Data
thus suggest the validation of the developed assay method for the measure-
ment of albumin levels with diabetic complication parameters.

4. DISCUSSION:
Screening of kidney function in individuals with type 2 diabetes not only
provides a tool in identifying the progression or healing of disease process
but enables the identification of patients who are at the risk of adverse renal
complications due to diabetic nephropathy.  Further, it also provides a
scope for preventive interventions that can minimize the high risk of devel-
oping diabetic nephropathy in long term diabetic patients (16). In the
present study attempt has been made to develop immunoassays for detec-
tion of DN and monitoring of the role of dietary components as modulators
of DN, in experimental animal models, that are crucial for testing and vali-
dation of many potential antidiabetic and anti DN agents prior to employ in
human use.

It is important to emphasize here that traditional method of detection of
albumin involving microprecipitin method could detect the traces only in
the advanced DN state in humans, where 30 – 300 mg of albumin per day is
excreted.  In case of rats as we have shown that DN state is achieved with
the excretion of 3.5 mg/day which is difficult to detect by either colorimetic
or dye binding or microprecipitin methods.  Various investigators have
developed analytical techniques such as HPLC and mass spectrophotom-
etry (17, 18, 19). In these assays also the sensitivity ranges to > 5 µg/mL.
However, such analyses pose problems in quantitating and comparing be-
tween the groups of animals.  Currently developed PAb-RSA based immu-
noassay methods – both ELISA and RIA, however found to be useful as
they were sensitive in detecting much lower levels of albumn that is ~1 µg/
mL with a upper range of 100 µg/mL . Studies also substantiated the poten-
tial use of these assays in determining the modulation of DN state by
dietary components such as curcumin and quercetin.

Curcumin, a major phenolic curcuminoid and quercetin, a bioflavonoid which
is abundantly consumed, have been reported to have wide range of biologi-
cal activities including hypoglycemic effect (20).  In the current study we
evaluate the effect of Curcumin/Quercetin upon feeding to diabetic rats as a
validity testing for applicability.  Results indicated significant lowering (2
mg/day) of urinary albumin concentration as measured by the developed
RIA with the generated PAb-RSA.  Data thus suggest the reliability of the
assay to monitor the disease state during potential follow-up therapy and
the ability of curcumin and quercetin in regulating the diabetic status in
streptozotocin – induced diabetic rats. Similar efficacy of curcumin and
quercetin at selected concentrations of  0.5% and 0.1% respectively as per
previous standardizations (10) reveal that quercetin is a better modulator of
DN than curcumin.  Differences in the efficacy may be attributed to differ-
ences in the structure and increased bioavailability of quercetin (21).

Developed assays-RIA and ELISA helps also in monitoring of rate of accu-
mulation of glycated albumin and its clearance from the serum in addition to
the validation of nurtraceuticals against DN.  Although ELISA assay kit is
available, the limitations that it works at narrow range of signal to noise
ratio poses difficulty in the precise indexing of anti DN potentials of vari-
ous nurtraceuticals.  Results of the current study validated the use of RIAs
in distinguishing the degree of modulation of DN by nutraceutics.

It is to be noted that urinary albumin is very complex in nature and is
biochemically modified by lysosomal enzymes into immunoreactive and
immune - unreactive fragments due to extensive glycation (22, 23) before it
is filtered by the kidney.  The immunoreactive fragments therefore are the
ones that are detected by antibodies.  Immunoassays thus essentially mea-
sures albumin levels by virtue of immunoreactive domains and the reactiv-
ity being higher with increased immunoreactive albumin domains during
advanced DN, correlation between the complexities of disease with RIA/
ELISA reactivity may enable us also to make use of this RIA to determine
the severity of the DN state and the extent of protection by varieties of
antidabetic nutraceutics.

Early detection of DN has greater implications in terms of DN management
(24, 25).  It must be noted that the excretion of albumin into the urine is due
to glycated albumin which mediates structural alterations in the kidney
(26).  Such serious changes encountered in the kidney enforced by glycated
proteins are of complex type hence difficult to recover back by any kind of
treatment. Early detection may put a break to constant alterations and
hence prolong the life of the organ as well as the individual.  In the light of
the above, current investigation is significant, particularly in the early diag-
nosis and management of DN.
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