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Abstract
Background: The concurrence of diabetes and
nephritogenic infections may have a tremendous impact on
the kidney. The approach to the two concurrent diseases is
based on histological, immunofluorescence findings and
most importantly on ultrastructural features. In this
experiment our aim was to compare the pattern of injury
seen in the kidney in animals with induced post-infectious
glomerulonephritis with and without associated diabetes.

Methods: We divided 48 Wistar species rats into four
groups comprising twelve rats each. Group I is the normal
control, group II includes the rats with induced diabetes,
group III are the rats with acute post-infectious
glomerulonephritis (APIG), while group IV includes the rats
with induced diabetes and APIG. Streptozocin was used to
induce diabetes in groups II and IV while neutral
phosphatase toxin (NPTase) of Staphylococcus strain was
used in groups III and IV. Groups III and IV were sacrificed
three and ten days after infection. Routine,
immunofluorescence and ultrastructural stains and studies
were performed on the kidneys of all rats. Serum urea and
creatinine and urinary protein were estimated in all groups.

Results: Out of the forty-eight rats initially included in the
study, only twenty-four survived the experiment: three in
Group I, five in Group II, five in Group III and eleven in
Group IV. The most relevant and distinguishing findings in
cases of APIG with associated diabetes are the earlier and
more prominent infiltration by polymorphonuclear cells, the
stronger positivity for IgG and the earlier and more
extensive presence of dense deposits which were confirmed
by the electron microscopy study.

Conclusions: This experiment ascertains the adverse effects
of diabetes in cases of acute post-infectious
glomerulonephritis, in terms of onset and severity of the

disease. The necessity of a better control of the glucose
level may not only decrease the incidence of acute post-
infectious glomerulonephritis but may also contribute to
the development of a milder form of the disease.

Keywords: Diabetes; Rats; Acute post-infectious
glomerulonephritis (APIG)

Introduction
Diabetic nephropathy (DN) is a well-characterized

microvascular complication of diabetes (DM). Approximately
20%-40% of individuals with DM will eventually develop type 2
diabetic nephropathy (T2DN). However, individuals with DM may
also develop renal disease due to other causes.

An individual with DM may require renal biopsy to determine
the precise etiology of renal disease. Furthermore, renal biopsy
provides invaluable information about the severity of glomerular
and tubulointerstitial pathology in the kidney.

Acute post-infectious glomerulonephritis (APIGN) is an
immune-mediated form of glomerulonephritis that most
commonly affects children although it may occur in adults of all
age groups. Classically, APIGN develops following streptococcal
upper respiratory tract or skin infections [1,2]. More recently,
other organisms, particularly Staphylococcus and Gram-negative
bacteria, have been linked to APIGN in adults and elderly
patients [3-5]. In the developed countries, Staphylococcus has
become three times more common than Streptococcus as the
responsible infectious agent for APIGN in the elderly population
[3]. A less frequent pattern that resembles
membranoproliferative glomerulonephritis type 1 by LM with
glomerular deposits of IgM and C3 or IgG and C3 occurs in
patients with ventriculo-vascular shunt infection by
Staphylococcus epidermidis has also been described [1,2]. The
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classic glomerular pattern of injury associated with
staphylococcal infection, including diffuse endocapillary
proliferative and exudative glomerulonephritis on light
microscopy (LM), glomerular immune deposits that stain for
either IgG and C3 or C3 only on immunofluorescence (IF), and
‘humpshaped’ subepithelial deposits or at an early stage the
presence of subendothelial or mesangial dense deposits on
electron microscopy (EM) [1,2].

The aim of this study is to identify a category of clinical and
histological findings of high accuracy, sensitivity and specificity
which may help in understanding APIG in cases of diabetic
nephropathy and also to assess the findings in cases of APIG.
Furthermore, we tried to outline the pathogenetic mechanisms
in each category and to study the possibility of a different
pathological spectrum of APIG in rats with diabetes in
comparison to APIG in rats without diabetes.

Materials and Methods
We divided 48 Wistar rats into four groups of twelve rats

each. Goup I is the normal control, group II includes the rats
with induced diabetes, group III are the rats with APIG, while the
group IV are the rats with induced in a two-step measure of
diabetes than acute infection by NPTase toxin of Staphylococcus
aureus. Streptozotocin or Streptozocin or Izostazin or Zanosar
(STZ) is an antineoplastic agent related to the nitrosureas which
is used as a chemotherapy agent in many types of cancers.
Streptozotocin sterile powders are provided and prepared as a
chemotherapy agent. Each vial of sterilized Streptozotocin
powder contains 1 gram of Streptozotocin active ingredient with
the chemical name, 2-Deoxy-2-[[(methylnitrosoamino)-
carbonyl] amino]-D-glucopyranose and 200 mg of citric acid.
Streptozotocin is available for intravenous use as a dry-frozen,
pale yellow, sterilized product. The dissolution of the
Streptozotocin is performed according to the vials guidelines.
This material is prepared in 1-gr vials and kept in cold store at
4°C and kept in the dark. Group II and IV Wistar rats weighting
250-300 g (75-90 days old) are used for inducing diabetes. The
animals are injected by streptozotocin at the dose of 60 mg/kg
of the body weight intravenously. Streptozotocin induces
diabetes within 3 days through the destruction of the beta cells
of the pancreas. All groups are kept in four cages under feeding
and metabolism control. The food and water consumption is
similar in all four groups.

Group III and IV are injected with Recombinant 30KDa neutral
phosphatase (NPTase) of Staphylococcus strain to induce acute
post-infectious glomerulonephritis after dilution with the buffer
which includes 0.2 µm sterile filtered 20 mM Tris-HCl, 0.5M
NaCl, Ph 8.0, 20% glycerol using a concentration of 0.1-5 mg/ml.

Groups III and IV are sacrificed three and ten days after
infection while the other groups are sacrificed at ten days post-
induction of the infection. Routine, immunofluorescence and
ultrastructural stains and studies are performed on the kidneys
of all rats. Serum urea and creatinine and urinary protein are
estimated in all groups.

The experiment was conducted over a period of 12 weeks.
Following initiation of induction of the above mentioned disease

conditions, blood and urine samples are obtained from each rat
every week and submitted for clinical laboratory tests. The blood
samples are tested for serum creatinine and blood urea
nitrogen. The urine samples are tested for proteinuria. After 12
weeks the animals are sacrificed and the organs (kidneys)
harvested. The organs will be submitted to the histopathology
section. From every kidney 5 stained slides are obtained
(Hematoxylin and eosin stain, Periodic acid-Schiff stain, Jones
silver stain and Masson trichrome stain).The tissues and slides
are prepared following optimized and standardized protocols.
The tissues are also submitted for immunofluorescence and
electron microscopy evaluation.

All the light and immunofluorescence, and
immunofluorescence microscopy slides and electron microscopy
photomicrographs thus obtained are assessed by two trained
nephropathologists. Each group is assessed separately including
the dual pathology cases. The histological findings are
correlated, validated and subjected to various statistical
evaluations.

Results
Out of the forty-eight rats initially included in the study, only

twenty-four survived the twelve weeks experiment: three in
Group I, five in Group II, and five in Group III and eleven in
Group IV. The most relevant and distinguishing findings in cases
of APIG with associated diabetes are the earlier and more
prominent infiltration by polymorphonuclear cells as well as the
mesangial matrix expansion and the thickening of the
glomerular basement membranes(GBM) in both groups
sacrificed at three and ten days (Table 1), as well as the stronger
positivity for mesangial and focal capillary IgG positivity the
earlier and more extensive presence of dense deposits which
were confirmed by the electron microscopy study.

Table 1: Glomerular findings in rats with and without diabetes at
three and ten days post induction of acute infection.

P-value Mesangi
al Matrix

Membrane Leukocyte
s
infiltration

Glomeruli
Thickening

 + + ++
Diabetes + Post
infection (10 days)
(n=5 rats)

0.018
- - +

Post infection

 (10 days) (n=3 rats)

 + + +
Diabetes + Post
infection (3 days)
(n=6 rats)

0.036
- - + / -

Post infection

 (3 days) (n=2 rats)

By routine microscopy, there was no significant endocapillary
proliferation, fibrinoid necrosis, crescents formation,
thrombosis, double contour formation or wire loop noted in any
of the glomeruli of the four groups. The leukocytes infiltration,
the thickening of the membranes and the mesangial matrix
expansion showed statistical difference in the group of diabetes
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and concurrent post-infectious glomerulonephritis in
comparison to the group with post-infectious
glomerulonephritis, mainly when the rats were sacrificed ten

days post induction of the infection. In addition, none of the
groups showed any acute tubular necrosis or interstitial
hemorrhage nor tubular atrophy or interstitial fibrosis.

Table 2: Tubulo-interstitial findings in rats with and without diabetes at three and ten days post induction of acute infection.

Tubulo – interstitium
Interstitial
Inflammation Tubulitis

Tubular
Atrophy Fibrosis

Peritubular
Capillarities P-value

Diabetes + Post infection
(10 days) (n=5 rats)  - - -  

0.018
Post infection
(10 days) (n=3 rats)  + - -  

Diabetes + Post infection
(3 days) (n=6 rats) =+ LYM PMN     

0.036
Post infection
(3 days) (n=2 rats)

The interstitial inflammation and the peritubular capillaritis
were more prominent in group IV especially in the rats sacrificed
at ten days post induction of the infection, (Tables 1 and 2;
Figures 1 and 2). The arteries and arterioles did not show
significant pathology in any of the groups.

Figure 1: Glomerular changes in post-infectious cases with
and without diabetes.

Figure 2: Tubulo-interstitial changes in post-infectious cases
with and without diabetes.

The results of the immunofluorescence study were in
concordance with the routine microscopy results and showed
IgG and C3 positivity in Group IV at three and more extensively
at ten days post induction of the infection (Table 3 and Figure 3).
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Figure 3: Immunofluorescence changes in post-infectious
cases with and without diabetes.

The ultrastructural study showed immune dense deposition in
the mesangial, paramesangial and subendothelial areas in group
IV at ten days while at three days in the same group similar
deposits were noted but without subendothelial dense deposits.

Table 3: Immunofluorescence findings in rats with and without
diabetes at three and ten days post induction of acute infection.

Immunofluorescence IgG C3

 Mesangial
Mesang
ial

 P-
value

Diabetes+ Post infection (10 days)
(n=5 rats) 2+ diffuse

2+
diffuse

 

0.018

Post infection (10 days)(n=3 rats) 2+ focal -  

Diabetes+Post infection (3 days) (n=6
rats) 1+ focal, IgG  

0.036

 Post infection (3 days)(n=2 rats)

In group III mesangial and paramesangial dense deposits were
noted at ten days and the amount of deposits was much less
than in group IV at ten days while no dense deposits were noted
at three days in group III.

Figure 4: Electron microscopy changes in post-infectious
cases with and without diabetes.

The thickness of the GBM was increased in groups II and IV
and no statistical difference in the thickness was noted between
the two groups. The effacement of the podocytes of the visceral
epithelial cells was approximately 20% in groups II and IV and
around 10% in the other groups (Table 4 and Figure 4).

Table 4: Ultrastructural findings in rats with and without diabetes at three and ten days post induction of acute infection.

Electron microscopy
Mesangial dense
deposits

Paramesangial dense
deposits

Subendothelial dense
deposits P-value

Diabetes + Post infection (10 days)(n=5 rats) ++ ++ + 0.018

Post infection (10 days)(n=3 rats) +(few) +(few) - 0.018

The serum creatinine was highest in group III while urinary
protein was increased in group II.
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Figure 5: Electron photomicrograph of a kidney biopsy from a diabetic rat with APIGN showing the mesangial, paramesangial and
subendothelial dense deposits. (Uranyl acetate, lead citrate X10000).

Discussion
The last few years unfolded many mysteries in renal pathology

with better understanding of the pathogenetic mechanisms in a
large number of non-neoplastic kidney diseases. One of the
most important glomerular diseases in which our understanding
of pathogenesis shed a new light on the pathological findings in
kidney biopsy is diabetic nephropathy. The concurrence of
diabetes and a nephritogenic infectious disease may have a
tremendous impact on the kidney. The approach to the two
concurrent diseases is based on the histological, the
immunofluorescence findings and on the electron microscopy
features. The advent of the molecular pathology and the
different molecular events present in different diseases helped
us to understand the outlines for the pattern of injury which
affect the kidney. In this study, we tried to understand the
pathogenesis and the pattern of injury that occur with infection
in diabetic rats and compare it to rats with infection but without
diabetes. Upon completion of the experiment, we noted that
histopathological as well as the immunofluorescence and
ultrastructural studies showed more prominent pathological
changes with earlier onset of the features. Experimental models
of infections in rabbits, rats, and mice with chemically induced
diabetes have shown increased susceptibility to various bacterial
and fungal infections [3,5-7]. Some studies to the contrary have
shown no increased susceptibility to infection [8]. The present
investigation was undertaken to determine the course of

experimental APIGN in diabetic rats and to study the effects of
diabetes on the course and severity of APIGN and the findings
were in concordance with the literature in terms of the
deleterious impact of diabetes on APIGN. The early stage of
APIGN is known to show subendothelial, mesangial and
paramesangial dense deposits (Figure 5), rather than
subepithelial humps as it is shown in our experiment. The rats
had to be sacrificed early (three and ten days post induction of
the infection), as the diabetic status and the APIGN contributed
in a drastic way to the loss of the animals, hence this measure
was taken to avoid the death of the rats out of the working
hours with all the side effects of autolysis.

Microbial populations of Candida albicans and Staphylococcus
aureus were found to be higher and more persistent in diabetic
rats [9,10]; in contrast, renal enterococcal populations were
similarly sustained in both diabetic and control rats. Neither the
duration of the diabetic state nor weight loss was found to be a
contributing factor. Mechanisms responsible for the greater
severity of renal infection in diabetes include defects in
polymorphonuclear leukocyte function or cellular immunity.
However, the earlier, more intense and sustained inflammatory
response in the renal lesions in diabetic rats suggests that cell
reactivity was not suppressed, but may have been relatively
defective in clearing microorganisms from the kidney in this
model, because of conditions in diabetes which favored urinary
proliferation of microbes.
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The outcome of the study was very useful as it opened a new
horizon in understanding the disease process and proved the
theory that diabetic nephropathy induced a different
pathological pattern in patients with concurrent APIG. The
experiment gave the nephropathologist a further understanding
of the two disease processes (diabetic nephropathy and APIG)
and opened new horizon to a different therapeutic arsenal for
patients with diabetic nephropathy and APIG, to treat them
accordingly. It is well documented that diabetes may have a
deleterious effect on patients when an infection occurs [11],
however, in this study we stressed upon the aspect of APIGN in
the setting of diabetes.

Although the sample size is limited due to expiry of the rat,
however, the results appeared to be representative. Of note, the
incidence of both diseases is prominent in our region, and the
study outlined the adverse effects of diabetes on APIGN, in
terms of onset and severity of the disease. The necessity of a
better control of the glucose level may not only decrease the
incidence of acute post-infectious glomerulonephritis but may
also contribute to the development of a milder form of the
disease.
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