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Abstract

Original Article

IntroductIon

Diabetes mellitus (DM) is a chronic systemic disorder 
characterized by hyperglycemia.[1] Diabetes prevalence reached 
more than 350 million people worldwide.[2]

Diabetic nephropathy (DN) is one of the serious complications 
of DM. DN leads to chronic renal failure and end-stage renal 
impairment.[3]

Rodent models provide valuable insight into the mechanism 
of DN evolution. Moreover, they are helpful in studying how 
new treatments work.[2] The induction of diabetes model by 

streptozotocin (STZ) is a commonly used method. STZ is 
particularly toxic for the β-cells which are the insulin-secreting 
cells in the islets of Langerhans.[1]

Oxidative stress is the end result of many mechanisms in the 
evolution of DN including hyperglycemia and inflammation of 
the kidney oxidative stress has a key role in the development 
and progression of DN.[4]

Background: Diabetes represents a chronic disease characterized by hyperglycemia. Several changes in the renal functions had been detected 
in diabetic patients. Aim of the Work: This study was conducted to compare the possible ameliorative role of both ginger and Echinacea either 
alone or in combination upon experimentally induced diabetic nephropathy. Materials and Methods: Sixty adult male albino rats were used 
in this study. Rats were divided into three groups. Control (group I) included 20 rats. Diabetic group (group II) included 10 rats. Group III 
included 30 rats subdivided into three subgroups 10 animals each: Subgroup IIIa diabetic treated with 100 mg/kg Echinacea for 30 days. 
Subgroup IIIb diabetic treated with 400 mg/kg ginger for 30 days orally. Subgroup IIIc diabetic treated with both 100 mg/kg Echinacea and 
400 mg/kg ginger for 30 days orally. Hemotoxylin and eosin staining, Periodic acid Schiff and Masson trichrome were done. Ultrastructural 
examination was done. Immunohistochemical markers used were caspase-3 for apoptosis and CD68 for macrophages. Morphometric and 
statistical analyses were done. Results: Diabetes caused a significant increase in collagen fibers in the renal cortex, the caspase-3 expression 
as well as the number of macrophages. Ultrastructurally, there was an irregularly thickened glomerular basement membrane and effacement 
of podocytes. Ginger treatment alone or in combination with Echinacea exhibited more pronounced improvement of diabetes-induced 
degenerative changes and a significant decrease in collagen fibers, the caspase-3 expression as well as the number of macrophages compared 
to Echinacea alone. Conclusion: Ginger treatment alone or in combination with Echinacea exhibited more pronounced improvement in 
diabetes nephropathy.
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Echinacea purpurea (EP) which is also known as Asteraceae 
is a medical herb. The active components of EP are 
alkamides, phenols (including derivatives of chicoric 
acid), and polysaccharides. Polyphenols are considered the 
most active component of them. They represent secondary 
metabolites and act as free radical scavengers towards 
reactive oxygen species. Echinacea extracts exhibited 
anti-oxidative and anti-inflammatory effects. In addition, EP 
has antibacterial, antiviral, and anticancer properties.[5] The 
micro-nanoencapsulated EP ethanol extract had an ameliorative 
effect on the diabetic model.[6] Furthermore, EP ethanol 
extract alone ameliorated testicular toxicity and reproductive 
dysfunction in diabetic rat model.[7] Mohammedsaleh and 
Aljadani[8] reported that EP attenuated diabetic nephrotoxicity 
in rat model and explained that by hypoglycemic and 
anti-oxidative effects of the EP.

Ginger, also known as Zingiber officinale, belongs to the 
plant family Zingiberaceae. Its typical aroma and flavor 
make it a famous spice. Moreover, ginger is widely used as 
traditional Chinese Medical herbs.[9] It was used to treat diverse 
inflammatory disorders such as stomachache and arthritis.[10] 
Previous studies reported its role to treat nonalcoholic fatty 
liver disease.[11] In addition, it was proved to be used in the 
treatment of chemotherapy-induced dyspnea[12] and primary 
dysmenorrhea.[13] Ginger had hypoglycemic effect, antioxidant, 
and regenerative actions on different organs such as the liver 
and spleen. This role may be due to its primary bioactive 
components. These components include gingerols, zingerone, 
shogaols, and paradols.[14]

Al Hroob et al.[15] reported that ginger attenuated diabetic 
nephrotoxicity in rat model due to its hypoglycemic and 
anti-inflammatory effects. The present study compares the 
possible ameliorative effects of both EP and ginger alone and 
in combination on an experimental model of DN.

MaterIals and Methods

Animals
Sixty adult male albino rats (200–250 g weight), purchased 
from animal house in Faculty of Science, Sohag University, 
were used. Animals were allowed for free access to chow and 
water. The approval of Sohag ethical committee was taken 
in accordance with the ethical guidelines for experimental 
animals, code: IRB00013006-10112022, Date 5 January 2021.

Chemicals
The chemicals are summarized in Table 1.[16]

Experimental design
Sixty rats were randomly divided into three experimental 
groups:
•	 Group I: Control (normoglycemia group) was subdivided 

into 4 subgroups 5 animals each as follows: Subgroup Ia: 
Animals were fed with a regular diet for 60 days. 
Subgroup Ib received EP daily 100 mg/kg for 30 days 
orally through gastric gavage. Subgroup Ic: Received 

ginger extract daily 400 mg/kg for 30 days orally through 
gastric gavage. Subgroup Id: Received ginger extract 
daily 400 mg/kg and EP daily 100 mg/kg for 30 days 
orally through gastric gavage

•	 Group II: Diabetic group included 10 animals. For induction 
of diabetes, animals received a single intraperitoneal 
injection of STZ (60 mg/kg). After 72 h, a tail blood sample 
from each rat was obtained, and blood glucose levels were 
determined spectrophotometrically using diagnostic kits, 
STZ-treated rats which had blood glucose below 300 mg/
dl were excluded.[1] After diabetes is well established in 
rats then they were fed with a regular diet for 30 days

•	 Group III: Subdivided into three subgroups 10 animals 
each as follow:
• Subgroup IIIa: Diabetic animals received EP daily 

100 mg/kg for 30 days orally through gastric 
gavage[17]

• Subgroup IIIb: Diabetic animals received ginger 
extract daily 400 mg/kg for 30 days orally through 
gastric gavage[18]

• Subgroup IIIc: Diabetic animals received ginger 
extract daily 400 mg/kg and EP daily 100 mg/kg for 
30 days orally through gastric gavage.

At the end of the experiment, the rats were anesthetized 
by inhalation of diethyl ether. The animals were sacrificed. 
After dissection of kidneys, specimens were processed for 
histological (light microscopy and electron microscopic) 
studies and immunohistochemical staining.

Light microscopy
Kidney specimens were fixed for 24 hours in 10% buffered 
formalin and processed till paraffin embedding. The blocks 
were sectioned using (Leica RM 2125) microtome. Sections 
(5 um thickness) were stained with:
1. Hematoxylin and eosin stain (H and E): General 

histological stain
2. Masson trichrome stain for collagen fibers
3. Periodic acid–Schiff (PAS) stain: For examination of 

brush borders and basement membranes.[19]

4. Immunohistochemical study:

For detection of macrophages using CD68 antibody[20] and 
apoptotic cells using caspase-3 antibody.[21] Deparaffinization, 
rehydration, and antigen retrieval were carried out then 
using the avidin-biotin-peroxidase technique. Sections were 
counterstained with Mayer’s hematoxylin, dehydrated, and 

Table 1: Chemicals

Chemicals Company
Streptozotocin 
Ginger powder 
Echinacea purpurea

Purchased from Sigma-Aldrich chemicals 
company

Rabbit polyclonal 
anti-CD68 antibody

E13920, Thermo scientific company, 
Neomarks, Fremont, USA. Dilution 1:100

Rabbit polyclonal cleaved 
caspase-3 antibody

RB-1197-P0(Ab4), Thermo scientific company, 
Neomarks, Fremont, USA. Dilution 1:100
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cleared.[22] Positive cells for CD68 show brown cytoplasmic 
staining. Positive cells for caspase-3 appear with brown 
cytoplasmic staining and may also show nuclear staining. 
Negative control was done by the omission of primary 
antibody.

Electron microscopy
Specimens were immediately fixed in 2.5% glutaraldehyde 
for 2 h at 4°C, postfixed in 1% osmium tetroxide for 1 h at 
4°C. The specimens were processed and embedded in resin. 
Semithin sections (1 μm) were stained by toluidine blue. 
Ultrathin sections (500–800 nm) counterstained with uranyl 
acetate and lead citrate were examined with a transmission 
electron microscope.[23] This technique was done in electron 
microscopy unit at Assuit University.

Morphometric Studies
Using light microscopy Leica ICC50 Wetzlar (Germany), ten 
nonoverlapped high power fields (×400) were taken for each 
section at the Histology Department, Faculty of Medicine, 
Sohag University. Each field was analyzed using Image J1.51n 
software (National institutes of health USA Java 1.8.0_66 (32-bit):
1. Collagen area percentage with Masson’s trichrome was 

measured[24]

2. PAS-positive area delineating basement membranes 
percentage was measured[25]

3. The number of CD68-positive cells was counted[26]

4. The area percentage of caspase-3 expression was measured.[27]

The cleaved caspase-3 positive cells; labeling index (LI) was 
calculated as: (the number of positive cells/number of total 
cells counted in the field) × 100.[28]

Statistical analysis
The statistical package SPSS, version 16.0 was used. Data were 
presented as mean ± standard deviation and the values were 
considered statistically significant as P ≤ 0.05. One way ANOVA 
test was used followed by post hoc test to compare the results 
between groups of the recordings reported by two observers.[29]

results

Hematoxylin and eosin stain
Examination of kidney sections of all subgroups in group I 
revealed the same histological findings so all were considered 

a control group. H and E stained sections of the control group 
revealed that the renal cortex contains the renal corpuscle 
and the renal tubules. The renal corpuscle is formed of 
renal glomeruli which are formed of a tuft of capillaries and 
surrounded by Bowman’s capsule. The latter is formed of 
parietal and visceral layers. The parietal layer is lined with 
simple squamous epithelium. The proximal tubules (PT) are 
lined with cuboidal cells with highly acidophilic cytoplasm. 
Their nuclei are central rounded and vesicular. The cells 
have ill-defined boundaries and apical brush borders. The 
distal tubules (DT) exhibit a wide lumen. They are lined 
with low cuboidal cells having rounded vesicular nuclei with 
no apical brush borders [Figure 1a-d]. On the other hand, 
group II showed a widening of urinary space with congestion 
of the glomerular capillaries which appeared widely spaced. 
Most of the PT showed dilated lumen and lost brush 
borders. Proximal and distal tubular cells had vacuolated 
cytoplasm and deeply stained pyknotic nuclei as well as 
intraluminal acidophilic debris representing desquamated 
cells [Figure 1e]. All group III subgroups [Figure 1f-h] 
showed improvement in the diabetic histological changes; 
Subgroups IIIa, IIIb revealed an apparent narrower urinary 
space with less congested and near to each other glomerular 
capillaries compared to group II. PT showed partially 
regular brush borders. Cells of proximal and DTs were less 
vacuolated compared to diabetic rats. Subgroup IIIc appeared 
more or less similar to control.

Periodic acid–Schiff technique
Positive PAS reaction was observed in basement membranes 
of renal corpuscles, glomerular capillaries, and renal tubules 
of the Control kidney. It also showed a regular brush border 
of PT. However, the diabetic group II showed an increase in 
the intensity of PAS reaction with a significant increase in 
area percentage at the site of basement membranes of renal 
corpuscle, renal glomeruli, and renal tubules compared to 
control. The brush borders of the PT appeared irregular 
and interrupted. All group III subgroups showed decreased 
intensity of PAS reaction with a significant decrease in area 
percentage at the site of basement membranes compared 
to group II with IIIa still significantly higher than control. 
Subgroups IIIb and IIIc showed a significant decrease 
versus IIIa and insignificant difference compared to 
control [Figure 2 and Table 2].

Table 2: Statistical results for means of collagen %, periodic acid‑Schiff %, caspase 3%, caspase 3 labeling index, and 
number of macrophages

Mean collagen 
% (±SD)

Mean PAS 
% (±SD)

Mean caspase 3 
percentage % (±SD)

Mean caspase 3 
labelling index (±SD)

Mean CD68 positive 
(cells) (±SD)

Control 11.1128±1.7 3.56±0.4 2.30±0.7 1.60±0.5 2.06±0.8
Group II 31.87±2.04a 10.38±1.1a 27.45±1.1a 27.21±5.1a 45.41±4.9a

Group IIIa 16.47±1.41a,# 6.5479±0.6a,# 15.40±1.9a,# 17.52±1.1a,# 23.70±4.5a,#

Group IIIb 14.73±2.10a,#,* 3.7139±0.7#,* 11.86±2.4a,#,* 14.83±0.7a,#,* 20.82±2.03a,#,*
Group IIIc 14.17±1.92a,#,* 3.5045±0.4#,* 8.22±1.1a,#,*,b 11.17±1.1a,#,*,b 17.64±1.45a,#,*,b

aSignificant compared to control, #Significant compared to Group II, *Significant compared to Group IIIa, bSignificant compared to Group IIIb. 
PAS: Periodic acid Schiff, SD: Standard deviation
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Masson trichrome stain
There were few collagen fibers around the glomeruli and 
tubule in the control. In the diabetic group, collagen fibers were 
present in the renal interstitium and were markedly deposited 
around the glomeruli and tubules. In all group III subgroups, 
the area percentage of collagen significantly reduced compared 
to group II, collagen fibers were seen in the renal interstitium, 
around the glomeruli and tubules. Group III subgroups were still 
significantly higher than control with Subgroups IIIb and IIIc 
showed a significant decrease versus IIIa [Figure 3 and Table 2].

Immunohistochemical results
Caspase‑3 antibody
Both cytoplasmic and sometimes nuclear immunoexpression 

of active caspase 3 were detected in positive cells. The control 
group showed few caspase-3 positive cells in renal corpuscles 
and renal tubules. Group II showed an apparent increase in 
caspase-3 expression compared to control, being demonstrated 
in renal corpuscles and renal tubules. A significant increase in 
caspase-3 expression area percentage and LI in group II was 
detected compared to control. All group III subgroups showed 
less expression of caspase-3 in renal corpuscles and renal 
tubules with a significant decrease in caspase-3 expression area 
percentage and LI versus group II but still significantly higher 
than control. Subgroups IIIb and IIIc showed a significant 
decrease versus IIIa. Subgroup IIIc showed a significant 
decrease compared to IIIb [Figure 4 and Table 2].

Figure 1: Photomicrographs of kidney sections (a‑d) The control 
subgroups Ia, Ib, Ic, and Id respectively showing the RC glomerular 
capillaries (G), urinary space (U), PT with narrow lumen and lined with 
cuboidal cells having apical brush border with vesicular nuclei and 
acidophilic cytoplasm. DT with a wide lumen and lined with cuboidal cells 
with vesicular nuclei and acidophilic cytoplasm (e) (group II) showing, the 
RC glomerular capillaries (G) with mesangial expansion and widening of 
urinary space (U), vacuoles (V), loss of brush border of PT and pyknotic 
nuclei (N), DT. Luminal acidophilic debris (arrow). (f) Subgroup IIIa and 
(g) Subgroup IIIb: Showing decreased degenerative changes (h) Subgroup 
IIIc is more or less similar to the control; the RC glomerular capillaries 
(G), urinary space (U), PT DT scale bar = 50 μm (H and E, ×400). RC: 
Renal corpuscle, PT: Proximal tubule, DT: Distal tubule, U: Urinary space, 
V: Vacuoles, G: Glomerular capillaries
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Figure 2: Photomicrographs of kidney sections. (a) Control showing 
a positive reaction in basement membranes of renal corpuscles, 
glomerular capillaries (G), renal tubules (PT, DT) and the brush 
border of PT (arrow). (b) Diabetic rats showing increased intensity 
of PAS reaction with interrupted brush border (arrow) and thickened 
Basement membranes of the renal corpuscles, glomerular capillaries 
(G), renal tubules (PT, DT). (c) Subgroup IIIa and d: Subgroup IIIb: 
Showing decreased intensity of PAS with par tially destructed brush 
border e: Subgroup IIIc is more or less similar to the control. Renal 
corpuscles (G), PT, DT, brush border (arrow). Scale bar = 50 μm 
(PAS, ×400) (f) Histogram showing the mean of PAS basement 
membranes positive area percentage in all groups. aSignificant 
compared to control, #Significant compared to group II, *Significant 
compared to group IIIa. PT: Proximal tubule, DT: Distal tubule, G: 
Glomerular capillaries, PAS: Periodic acid–Schiff, G: Glomerular 
capillaries
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CD68 antibody
Cytoplasmic immunoexpression of CD68 was detected in 
positive cells. The control group showed a few number of 
CD68-positive cells in between renal tubules. Group II showed 
numerous CD68 positive cells being demonstrated in renal 
corpuscles and renal tubules with a significant increase in the 
number of CD68 positive cells versus control. In all group III 
subgroups, showed less CD68 positive cells in renal corpuscles 
and renal tubules which were significantly decreased versus 
group II. Subgroups IIIb and IIIc showed a significant decrease 
than IIIa. Furthermore, subgroup IIIc significantly decreased 
than Subgroup IIIb [Figure 5 and Table 2].

Toluidine blue stain
The control group [Figure 6a] showed renal corpuscle 
containing renal glomeruli and surrounded by Bowman’s 
capsule. Bowman’s capsule had a parietal layer formed of 
simple squamous epithelium and a visceral layer containing 
podocytes. The PT had narrow lumen lined with cuboidal 
cells having rounded vesicular nuclei and apical brush 

borders. The DT had a wide lumen lined with cuboidal 
cells having rounded vesicular nuclei and no brush borders. 
Group II [Figure 6b and c] showed dilatation of urinary 
space and thickened basement membrane of renal corpuscle 
compared to the control rats. The nuclei of podocytes 
appeared irregular and deeply stained. Congested glomerular 
capillaries were observed. The cells lining renal tubules 
showed dense pyknotic nuclei, vacuolated cytoplasm. PT 
lost brush borders.

All group III subgroups [Figure 6d-f] revealed a narrower 
urinary space and decrease in the congestion of glomerular 
capillaries compared to diabetic rats. PT showed partially regular 
brush borders. Cells of proximal and DTs were less vacuolated 
compared to diabetic rats with subgroup IIIc [Figure 6f] 
sections were more or less similar to the control apart from 
few vacuoles in DTs.

Figure 3: Photomicrographs of kidney sections. (a) Control showing 
few collagen fibers around the glomeruli and renal tubule (b) Group II 
showing increased collagen fibers around the glomeruli and tubules and 
in renal interstitium. (c) Subgroup IIIa, (d) Subgroup IIIb) and (e) Subgroup 
IIIc: Showing decreased collagen fibers. Scale bar = 50 μm (Masson 
trichrome, ×400) (f) Histogram showing the mean of collagen area 
percentage in all groups. aSignificant compared to control, #Significant 
compared to group II, *Significant compared to group IIIa
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Figure 4: Photomicrographs of kidney sections. (a) The control 
showing few positive cells in renal tubules and renal corpuscles 
(b) Group II showing increased positive cells in renal tubules and 
corpuscles compared to control. (c) Subgroup IIIa, (d) Subgroup IIIb 
and (e) Subgroup IIIc showing decreased positive cells compared to 
diabetic rats. Positive cells in renal tubules (arrow) and renal corpuscles 
(stepwise arrow) (Caspase‑3 immunostain, ×400, Scale bar = 50 
μm) (f) Histogram showing the mean of caspase‑3 positive percentage 
area and labeling index in all groups. aSignificant compared to control, 
#Significant compared to group II, *Significant compared to group IIIa, 
b: Significant compared to group IIIb
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Ultrastructural findings
In ultrathin sections of control rats, fenestrated endothelial 
cells with basal lamina were lining the glomerular capillaries. 
Podocytes were present surrounding the glomerular 
capillaries and exhibited long processes and small secondary 
foot processes. The secondary processes were closely 
related to endothelial cells of the glomerular capillaries 
forming the filtration barrier. GBM appeared with regular 
thickness [Figure 7].

The cells of PT were cuboidal in shape with euchromatic 
nucleus and numerous microvilli (MV). The basal parts showed 
longitudinally arranged mitochondria with basal infoldings 
[Figure 8a].

The cells of DT were cuboidal in shape with a euchromatic 
nucleus with few short apical MV. Mitochondria were 
longitudinally arranged with basal infoldings [Figure 8b].

Group II showed irregularly thickened GBM. The podocyte 
effacement appeared as retracted, widened, and shortened foot 
processes [Figure 9].

The cells lining PT showed absent MV with ill-defined basal 
infoldings. Mitochondria were swollen with homogeneous 
matrix and destructed cristae. The cytoplasm also contained 
numerous vacuoles and large lysosomes. The nucleus appeared 
heterochromatic with indentation [Figure 10a]. The cells of DT 
showed cytoplasmic vacuoles [Figure 10b].

All group III subgroups revealed less thickened GBM and 
effacement of foot processes of podocyte was reduced 
compared to diabetic group, as in [Figure 11] which 
demonstrating subgroup IIIa. 

In subgroups IIIa, Cells of proximal tubule had regular 
euchromatic nuclei with less vacuoles and partially regular 
microvilli and mitochondria of different sizes and shapes 
in between irregular basal infolding [Figure 12a]. The cells 
lining distal tubule in subgroup IIIa appeared less vacuolated 
compared to those of diabetic group [Figure 12b]. In subgroup 
IIIb, less thickened GBM was observed and effacement of foot 
processes of podocyte was reduced compared to diabetic group 
[Figure 13]. Cells of proximal tubule had regular euchromatic 
nuclei with less vacuoles and partially regular microvilli 
and mitochondria of different sizes and shapes in between 
irregular basal infolding [Figure 14a].Cells of distal tubule 
had euchromatic nuclei, elongated basal mitochondria and 
few vacuoles compared to that in diabetic rats [Figure 14b]. 
Subgroup IIIc revealed less thickened GBM and effacement 
of foot processes of podocyte was reduced compared to 
diabetic group [Figure 15]. Subgroup IIIc showed that the 
cells of proximal tubules were more or less similar to control. 
Regular microvilli with longitudinally arranged mitochondria 
in between well defined basal infolding [Figure 16a and b]. 
Subgroup IIIc showed that the cells of distal tubule were more 
or less similar to control [Figure 16c].

dIscussIon

DN is a chronic kidney damage resulting from DM. EP and 
ginger are common medical herbs. EP attenuated diabetic 
nephrotoxicity in rat model due to its antioxidative effect.[8] The 
ameliorative effect of ginger was also previously reported on 
hyperglycemia-induced oxidative stress and inflammation.[15]

In the present study, we compared the possible effect of both EP 
and ginger, either alone or in combination on experimentally 
induced DN.

We observed that the kidney of diabetic rats showed widening 
of the urinary space, congestion of glomerular capillaries, and 
mesangial expansion. Renal tubules showed degenerative 
changes and dilatation. Similar changes associated with 
diabetes were previously reported.[30] These changes could 
be explained by oxidative damage induced by hyperglycemia 
with decreased glutathione antioxidant levels and increased 
lipid peroxidation products.[31]

Figure 5: Photomicrographs of kidney sections. (a) Control showing few 
positive cells in between renal tubules and renal corpuscles (b) Group 
II showing increased positive cells in between renal tubules and renal 
corpuscles compared to control. (c) Subgroup IIIa, (d) Subgroup IIIb 
and (e) Subgroup IIIc: Showing decreased positive cells compared to 
diabetic rats. RC, positive cells in (arrow) (CD68 immunostain, ×400, 
Scale bar = 50 μm). (f) Histogram showing the mean number of CD68 
positive cells in all groups. aSignificant compared to control, #Significant 
compared to group II, *Significant compared to group IIIa, b: Significant 
compared to group IIIb. RC: Renal corpuscle
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In the current work, renal tubular cells of diabetic rats showed 
ultrastructural apoptotic features as pyknotic nuclei, numerous 
lysosomes, and vacuoles with loss of MV of PT. These results 
are in agreement with Matboli et al.[32] Cytoplasmic vacuoles 
may be lipid vacuoles, degenerated organelles, or autophagic 
vacuoles.[33]

Oxidative stress triggers the apoptotic cascade through 
mitochondrial release of cytochrome c, then cleavage and 

activation of cytoplasmic enzymes; caspases.[34] That was 
confirmed in our study by immunohistochemistry. A significant 
increase in active caspase 3 expression was observed in the 
diabetic group which was seen in tubular and glomerular 
cells. In line with our results, a previous study reported that 
endothelial cells, tubulointerstitial cells, podocytes, and 
mesangial cells can undergo apoptosis in DN.[35]

Podocytes effacement was an important ultrastructure feature 
observed in our study. Previous studies are in agreement with 
our results.[33,36] Mundel and Shankland[36] explained that this 
could be due to changes in slit diaphragm proteins, podocyte 
and GBM interactions, cytoskeleton, or negative apical 
membrane of podocytes.

In the current study, an increase in thickness of GBM with PAS 
stain and ultrastructurally was detected in diabetic rats. These 
findings are in agreement with previous studies.[33,37-40] That 
could be due to that hyperglycemia induces hyperfiltration and 
hyperperfusion, which cause mechanical stretching with excess 
production of extracellular matrix.[41] Increased extracellular 
matrix production and decreased proteoglycans charge density 
lead to proteinuria and glomerular sclerosis.

In our study, the diabetic group exhibited a significant 
increase in collagen fibers with interstitial fibrosis as another 
consequence of extracellular matrix accumulation. This might 
be due to inflammatory response and cellular degeneration 
associated with persistent hyperglycemia.[42] Similar findings 
were reported by previous studies[24,39]

Figure 7: Electronmicrograph of ultrathin section in control group 
showing: GC with regular GBM (arrow curved) and podocyte (P) with 
Fp (arrow) surrounding GBM. Nucleus (N) of podocyte (TEM, ×5800, 
Scale bar = 2 µm). GC: Glomerular capillary, GBM: Glomerular basement 
membrane, Fp: Foot processes, N: Nucleus, P: Podocyte

Figure 6: Photomicrographs of kidney semithin sections. (a) Control. showing glomeruli (G) lined with endothelial cells and podocyte (P) in renal 
corpuscle. PT lining cells are cuboidal with vesicular nuclei and apical brush border. DT lining cells are cuboidal with vesicular nuclei and wide lumen. 
(b) Diabetic rats showing; thickened (BM) widely spaced glomeruli (red arrow), congested glomerular capillaries (G) irregular and deeply stained nuclei 
(black arrow) of podocyte (P), widening of urinary space (U), PT loss of brush border. DTs vacuoles (V). (c) Diabetic rats showing; PT and DTs cells 
with irregular and deeply stained nuclei (black arrow) and numerous vacuoles (V). (d) Subgroup IIIa, (e) Subgroup IIIb and (f) Subgroup IIIc: Showing 
decreased degenerative changes; decreased congestion in glomerular capillaries (G) and narrower urinary space (U) with more regular nucleus of 
podocyte (P) compared to diabetic rats. PT appear with regular lumen and partially regular brush border and in f more or less similar to control. DT 
appear more or less similar to the control apart from few vacuoles (V) (Toluidine blue, ×1000, scale bar = 20 µm). PT: Proximal tubules, DT: Distal 
tubules, P: Podocyte, V: Vacuoles, G: Glomerular capillaries, U: Urinary space, RC: Renal corpuscle
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Our immunohistochemical results revealed a significant 
increase in CD68-positive cell number. Previous studies 
are in accordance with our results.[43,44] It was proved that 
macrophages accumulation in the interstitium was associated 
with albuminuria and renal function loss while macrophage 
accumulation in glomeruli was associated with the degree of 
glomerular sclerosis.[44]

This might be due to the inflammatory response associated 
with persistent hyperglycemia. Endoplasmic reticulum 
stress and intracellular signal transduction pathways activate 
inflammatory factors.[42]

In addition, macrophages produce proinflammatory cytokines 
that induce inflammatory response and apoptosis in target 

cells,[45] and promote insulin resistance. They activate the 
N-terminal kinase and the nuclear factor-kappa B pathways 
which interfere with insulin signaling in peripheral tissues.[46] 
Likewise, macrophage infiltration was observed in liver, muscles, 
adipose tissue, and pancreas of diabetic models.[47]

In the present study, subgroup IIIa showed partial improvement 
in renal changes such as decreased degenerative changes. 
A significant decrease in caspase 3 expression area percentage 
and LI, PAS reaction, and collagen area percentage were 
observed with comparison to group II. Ultrastructurally, a 
regular thickness of GBM and attenuation of effacement with 
decreased apoptotic features were seen.

Figure 11: Electron micrograph of ultrathin section of subgroup IIIa 
showing: GC with less thickened glomerular basement membrane 
(GBM curved arrow) and less effacement of Fp (arrow) of podocytes 
(P) compared to diabetic rats (TEM, ×5800, Scale bar = 2 
µm). GC: Glomerular capillary, Fp: Foot processes, P: Podocytes, 
GBM: Glomerular basement membrane

Figure 9: Electronmicrograph of ultrathin section of diabetic rats showing 
GC with irregular thickening of GBM (arrow curved) and effacement 
of Fp (arrow) of podocytes (P) (TEM, ×5800, Scale bar = 2 µm). 
GC: Glomerular capillaries, GBM: Glomerular basement membrane, Fp: 
foot processes, P: Podocytes

Figure 8: Electronmicrographs of ultrathin sections in the control group 
showing: (a) Proximal tubular cells with numerous apical MV, basal 
infoldings (arrow) in which the elongated mitochondria (M) arranged 
with large rounded and euchromatic nucleus (N). (b) Distal tubular cells 
with a euchromatic nucleus (N), basal infoldings (arrow) and elongated 
mitochondria (M) (TEM, ×5800, Scale bar = 2 μm). MV: Microvilli, 
M: Mitochondria, N: Nucleus

ba

Figure 10: Electronmicrographs of ultrathin sections of diabetic rats 
showing: (a) Proximal tubular cells with heterochromatic nucleus and 
nuclear indentation (N) and ill‑defined basal infoldings (arrow) with 
mitochondria of different sizes and shapes (M). Destructed MV. The 
cytoplasm shows LY and numerous vacuoles (V). (b) Distal tubular cell 
with vacuoles (V), Mitochondria with mitochondria of different sizes and 
shapes (M), nucleus (N) (TEM, ×5800, Scale bar = 2 µm). MV: Microvilli, 
LY: Lysosomes, M: Mitochondria, N: Nucleus, V: Vacuoles
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In accordance with our findings, Mao et al.[6] reported that 
EP provided a protective effect on testis of diabetic rats. They 
reported that Echinacea prevents lipid peroxidation, oxidative 
stress, and insulin resistance. It inhibits nitric oxide production.[48]

Similarly, Shi et al.[49] found that EP caused a significant 
decrease in PAS intensity in kidneys of mice treated with 
lipopolysaccharide. In addition, it was reported that EP reduced 
collagen fibers accumulation in magnetic nanoparticles-induced 
testicular toxicity[50] and decreased apoptosis in the spleen of 
diabetic rats.[28] Moreover, Bayramoğlu et al.[17] reported 
that Echinacea improved tubular degeneration in ischemia/
reperfusion injury in rats.

Regarding the anti-inflammatory role of EP, a significant 
decrease in the number of macrophages was detected in 
subgroup IIIa versus group II. Similarly, EP induced a 

significantly decreased inflammatory cytokines produced by 
macrophages; TNF-α and IL-1β, in the testis of diabetic rats.[6]

In the current study, subgroup IIIb exhibited a more prominent 
improvement of diabetic-induced degenerative changes than 
EP. We found a significantly reduced PAS reaction, percentage 
of collagen area, and caspase-3 expression versus both group II 
and subgroup IIIa.

Similar results were reported in previous studies.[51,52] This could 
be attributed to the hypoglycemic effect of ginger.[53] In addition, 
flavonoids (one of the ginger constituents) can improve the 
oxidative stress that causes impairment of pancreatic beta cell 
function.[54] Shirpoor et al.[55] also found that ginger decreased 
collagen accumulation in rats treated with ethanol. An antiapoptotic 
role of ginger was also reported in previous studies.[56-58]

Figure 13: electron micrograph of ultrathin section in subgroup IIIb 
showing: glomerular capillaries (GC) with less thickened glomerular 
basement membrane (GBM curved arrow) compared to group IIIa 
with footprocesses (Fp arrow) of podocytes (P). (TEM x5800, Scale 
bar=2µm)

Figure 15: Electron micrograph of ultrathin section in subgroup IIIc 
showing regular glomerular basement membrane (GBM curved arrow) 
and foot processes (Fp arrow) of podocytes (P) that are more or less 
similar to control group, glomerular capillaries (GC). (TEM x5800. Scale 
bar=2µm)

Figure 14: Electron micrographs of ultrathin sections of subgroup IIIb 
(a) proximal tubular cell with partially regular apical microvilli (mv), 
euchromatic nucleus (N) with basal mitochondria (M) of different shapes 
in between well defined basal infoldings. The cytoplasm shows less 
vacuoles compared to diabetic rats. (b) distal tubular cell with euchromatic 
nucleus (N), basal mitochondria (M) and few vacuoles (V). (TEM x5800, 
Scale bar=2µm)
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Figure 12: Electron micrographs of ultrathin sections of subgroup IIIa 
showing: (a) proximal tubular cell with partially regular apical microvilli 
(MV) and basal mitochondria of different sizes and shapes(M) in between 
irregular infoldings. The nucleus (N) appears more regular and the 
cytoplasm shows less vacuoles (V) and lysosomes (Ly) compared to 
diabetic rats. (b) distal tubular cells with less vacuoles (V) compared to 
diabetic rats. Note regular nucleus (N), basal mitochondria (M). (TEM 
x5800, Scale bar=2μm)
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In the current study, ginger significantly decreased the 
number of macrophages versus that in the diabetic animals. 
Similar results were reported in kidney,[59] spleen,[60] and in an 
experimental model colitis.[61] Arablou et al.[60] reported that 
ginger decreased inflammatory markers in diabetic patients.

We observed that the number of macrophages significantly 
decreased with ginger versus EP and that could be attributed to 
the hypoglycemic effect,[52] in addition to the antioxidant effect 
exhibited by ginger.[62] Sultana et al.[53] explained that ginger 
can antagonize suppression of insulin release induced through 
serotonin receptors. Previous studies reported that ginger has 
an inhibitory effect on the glycolytic activity of brush border 
enzymes in enterocytes.[54]

In our study, subgroup IIIc revealed more prominent 
improvement in renal degenerative and fibrotic changes 
induced by diabetes with significantly decreased caspase 
expression and number of macrophages compared to 
subgroups IIIa, IIIb.

conclusIon

Finally, it is concluded that ginger either single or combined 
with EP could have a more significant protective role than EP 
alone in DN model. They can be used as an adjuvant treatment 
to minimize renal complications associated with diabetes.

Abbreviations
DN; Diabetic nephropathy, STZ; streptozotocin (STZ), 
DM; diabetes mellitus, EP; Echinacea purpurea, DKD; diabetic 
kidney disease.
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