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Acute kidney injury (AKI) is a major problem in ICU patient,
majority of the cases even after functional recovery ended with
chronic kidney disease. In the present study, we investigated the
immunohistochemical change in progressive pathology of
ischaemia reperfusion induced acute kidney injury. Male Sprague
Dawley (SD) rats were subjected to 35 min of renal ischemia
followed by reperfusion periods of day 1, 4, 7, 14 and 28. Renal
injury was confirmed by the increase serum creatinine level. The
vascular and tubular changes in kidneys were studied by the CD31
and vimentin immunohistochemistry respectively. In this study,
no significant changes were observed in CD31 positive cells,
though lower densities of capillaries were noticed in the tubulo-
interstitial lesion on day 28 of reperfusion. Significant increase in
vimentin positive cells, which is a marker of undifferentiated
cells, was observed on day 4 and day 7 of reperfusion. The
immature cells were also present on day 28 of reperfusion
indicating that these cells may would have led further progressive
pathological changes in kidney even after the functional and
morphological normalization.
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Acute kidney injury (AKI) conventionally known as
acute renal failure (ARF), is a potentially catastrophic
complication in hospitalized patients and affects
millions of people worldwide. Despite advances in
preventative strategies, therapeutic option and support
measures, this disease continue to be associated with
significant high morbidity, mortality and cost**.
Clinically, AKI is a characterized by abrupt and
reversible kidney dysfunction. It associates with rapid
decline in glomerular filtration rate (GFR) and
retention of nitrogenous waste product such as creatinine
and blood urea nitrogen (BUN). Descriptions of AKI
had been found date back to the ancient Greek period,
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when the diagnosis was possible only by observing a
reduction in urine volume. It is usually an asymptomatic
disease and diagnosed only on routine biochemical
screening of hospitalized patients*®. Though AKI is a
worsening problem, but its true incidence is unknown
worldwide, majorly due to underreporting or different
criteria used for definition and diagnosis, especially in
developing countries. However, epidemiological data
from various recent multicentre observational or
administrative database and retrospective studies,
showed that AKI occurred in 5-7% of all patient
admitted to the hospital and up to 36-37% in critically
ill patient admitted to an intensive care unit . In India,
a yearly incidence of 6.4 per 1000 admission has been
reported for patients with most severe AKI and has an
independent effect on the risk of death”®. The
incidence of AKI is especially high in patients (5-30%)
undergoing cardiac surgery, with five fold higher
mortality rate and cost.

Etiologically AKI may be classified into pre renal
(55-60%) (functional response of structurally normal
kidneys to hypoperfusion), intrinsic renal (35-40%)
(involving structural damage to the renal parenchyma),
and postrenal (<5%) (urinary tract obstruction). In the
present study we have addressed the intrinsic AKI
which has emerged as the most common and serious
subtype in hospitalized patients and pathologically
associated with acute tubular necrosis (ATN) and
poor prognosis with a mortality rate of 40 to 80% in

the intensive care setting®.

It is calamitous problem in ICU patients world
wide. Patients survived from the acute kidney injury
consider being recovered completely but recently
experimental studies in laboratory and epidemiological
data from the field did point the fact that recovery
from AKI is often incomplete and may end up as
chronic kidney disease or end stage renal failure.
Ischemia reperfusion (I/R) AKI results from the
complex reaction between tubules, vessels and
interstitium which may further generate the after
events®'?. Scientific community is debating on the
culprit and eager to understand the progressive
pathological changes of AKI to identify the patient at
risk. A group of thought blame to the renal tubular
factors, in-contrary to the vascular factors by other
scientists. Considering this lacuna, the present study
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was designed to understand the changes in renal
tubules and peritubular  capillaries  immuno-
histochemicallly after I/R AKI.

Material and Methods

Male Sprague Dawley rats, weighing 250 to 350
gram after a brief acclimatization period, under went
35 minutes of bilateral renal ischemia reperfusion
surgery as described by Chattergee and Thiermann®
in  pentobarbitone anesthesia with all aseptic
precautions. Rats were maintained under standard
care and management practices of “Committee for the
purpose of control and supervision of experimental
animals (CPCSEA)”, provided with adlib feed and
water. Kidney injury was confirmed by analysing
serum creatinine level 24 hour after surgery and rats
showing serum creatinine level 3-4 mg/dL were
grouped (6 rats/group) according to their reperfusion
period i.e. day 1, 4, 7, 14 and 28", Experimental
procedures were reviewed and approved by the
institutional animal ethical committee (IAEC).

Histotechnique

At the end of reperfusion period rats were
humanely euthanized and subjected to detailed
necropsy examination. Kidneys from all the rats were
collected in 10% neutral buffered formalin, middle
portion approximately 2 mm thickness was processed
for paraffin embedding and sectioning™. Four micron
thin serial sections were taken for CD31 and vimentin
immunohistochemistry.

Immunohistochemistry

Paraffin sections of rat kidney were deparaffinized in
xylene and hydrated serially in graded alcohol to water
for immunohistochemical staining of endothelial marker
(CD31) and immature tubular marker (vimentin). In
brief, endogenous peroxidase activity was blocked by
immersing the slides in 3.5% H,0, in methanol for
30 min. Antigen retrieval was performed in 1X EDTA-
Tris buffer under pressure. Non specific antigens were
blocked by the incubation of section with 1 X Rodent
block R (Biocare, RBR962) for 60 min at room
temperature of 25°C. Then after wiping excess rodent
block R, section was incubated with 1: 6000 dilution of
primary polyclonal antibody -PECAM-1(CD-31), Clone
M-20 (Santa Cruz Biotechnology, Inc, sc-1506-R ) or
1:200 dilution of primary antibody — Anti-vimentin
monoclonal antibody, clone V9. (Biogenex, MUQ74-
UC) for over night at 2-8°C. Next day after thorough
washing with tris buffer saline (TBS) rabbit on rodent
HRP- polymer (Biocare, RMR 622) or mouse on rat

HRP-polymer (Biocare, MRT621) with XR factor
(Biocare, XRF964) was applied for 30 min. Then TBS
washed sections were incubated with peroxidase
substrate diaminobenzidine (DAB) (Biocare, BDB2004)
for 5 min in dark chamber. Lastly, slides were rinsed in
deionized water and counterstained with hematoxylin.
Negative control was run by omitting the primary
antibody to check the specificity and sensititivey of the
antibody™**.

These immunhistochemically stained sections were
subjected for microscopic evaluation using Leica
DM2500 microscope DFC295 camera and further
subjected to image analysis by Image proplus software
version 6.0, to calculate the cappilary density and area of
immature cells.

Measurement of capillary density

Inner medulla of CD31 immunostained kidney
sections were photographed under high power field
(HPF) i.e. 40X. With the help of image analysis
software, manual tagging method, number of
peritubular capillaries per HPF were counted™™.
Entire renal section was evaluated qualitatively under
light microscope for capillary distribution.

Measurement of vimentin positive area

The outer stripe of renal medulla in vimentin
immunostained kidney section was evaluated for this
parameter. Three random fields from each renal
section were photographed under LPF i.e. 10X. By
colour segmentation technique of calibrated image
analysis software vimentin positive brown color %
area per LPF were measured"™.

Statistical analysis

Data was subjected to statistical analysis by “One
way ANOVA?” followed by Dunnett test to study the
between and within the group changes.

Results

Microscopical Examination

Severe acute tubular necrosis was evident in kidney
of day 1 reperfusion. By day 4 of reperfusion, hyperplasia
of basophilic tubules as solid masses were clearly
evident and by day 7 of reperfusion, reorganization of
the tubular structure with mineralization of necrosed
materials were observed. Whereas, by day 14 of I/R,
these tubules regenerated near to normal structure. At
the end of 28 days of reperfusion period, majority of
renal tubules became functionally normal but foci of
tubulointerstitial lesion with increased interstitial space,
dilated tubules were still clearly evident. (Table 1)
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Table 1 — Image analysis data of CD 31 and Vimentin IHC

Reperfusion ~ No of capillaries/ % Area of vimentin
Groups

period HPF of medulla  positive cells/LPF
| DAY 1 39.33+4.25** 3.01+ 0.56
1l DAY 4 54.50 £3.21 85.95+1.68**
Il DAY 7 62.00+3.25 52.09+1.96**
v DAY 14 64.00+5.21 43.55 +3.36**
\Y% DAY 28 50.42+3.48 36.18+4.033**
VI  SHAM control 62.75+4.18 4.29+0.67

[** P <0.01 level; HPF, High power field; LPF, Low power field]

Fig. .1 — Section of rat kidney showing brown colored CD31
positive capillaries, a) normal density, b) decrease density in the
area of tubulointerstital lesion on day 28 of reperfusion.CD31
IHCXA400.
Capillary density by CD31 immunohistostaining

CD31 is a marker of endothelial cells, gives the
brown coloration to the endothelial lining of the blood
vessels. On day 1 after I/R AKI, number of peritubular
capillaries per high power field (HPF) of medulla and
area covered by them was found to be decreased (P
<0.05) as compared to the sham control group. However,
at further points of reperfusion period in our experiment,
no significant decrease in capillary density of I/R AKI
rats was noticed. . Though on day 28, in area of
tubulointerstitial lesion in cortex, reduced number of
peritubular capillaries were evident (Fig. 1).

Percentage area of immature tubules by vimentin staining
Vimentin is a marker of undifferentiated cells,
gives the brown coloration to the undifferentiated
mesenchymal tubular cells, which is usually not
expressed by the mature renal cells. In renal section of
sham control rats and day 1 of reperfusion, few cells
showed the vimentin positive staining (<10%).
Statistical significant (P <0.01) percentage of vimentin
positive area was recorded in day 4 and day 7 of
reperfusion period. Hyperplastic cells foci and
organizing cells on day 4 showed strong vimentin
positivity. Dilated tubules were also lined with the
vimentin stained cells. Significantly increased
(P <0.01) vimentin positive area had been noticed even
after the complete recovery of functional parameters
and as well as microscopically normalization of the
most of the renal tubules i.e. on day 14. On day 28 of
reperfusion, significantly high (P <0.01) vimentin

6 P

Fig. 2:— Section of rat kidney showing brown coloured vimentin
positive renal tubules. (A) Occasional positive cells on day 1 of
I/IR AKI; (B) Hyperplastic and % increase in area of vimentin
positivity on day 4 of I/R AKI; and (C) Vimentin positive tubules
in the area of tubulointerstital lesion of day 28 of I/R AKI.
Vimentin IHCX100.

positive cells were still evident, mainly confined to
the area of tubulointerstitial lesion (Fig. 2).

Discussion

In this experiment, special immunohistochemical
markers were used to study the vascular and tubular
changes involved in I/R acute kidney injury. Tubular
marker of undifferentiated cells, vimentin were more
pronounced in day 4 of reperfusion as the consequence
of regeneration. By the end of experiment, when
creatinine value was normal as sham control,
vimentin positive undifferentiated tubules were still
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evident up to 28 days of reperfusion period. In
experiments by the earlier workers®>* demonstrated
that these cells release the autocrine and paracrine or
other signaling factor responsible for progressive
chronic change. This is further confirmed, as we
noticed in our experiment, increased interstitial index,
atrophic tubules, infiltration of mononuclear cells and
fibroblasts on day 28 of reperfusion period. These
pathological findings are mediated by the nexus of
events like ATP depletion, increased intracellular
calcium, production of ROS, activation of proteases,
phospholipase, cytokines and disruption of apical
actin cytoskeleton, mislocalization of Na K ATPase
etc causing desquamation of brush border, formation
of extracellular vesicles (blebs), intraluminal cast,
necrosis/apoptosis ~ of  tubular  epithelium  and
tubulointerstial inflammation, infiltrate of MNCs,
fibroblast etc®?. Where as in contrary to our
findings, other workers®®, pointed towards the role
of vascular changes like decrease capillary density
and hemodynamic derangement for the long term
consequences of AKI. However, in the present study
with use of CD31 marker we could not confirm this
theory. This could be due to lack of sensitivity of
applied method in our experiment.

Conclusion

Results of the present study reveals that even after
the complete functional recovery and microscopically
normal renal tubules as evident on day 28 of
reperfusion period, presence of vimentin positive cells
signifying towards the factors which may further
cause the progressive pathology leading to chronic
kidney disease. However, we cannot completely deny
the role of peritubular capillaries as well.
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