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ABSTRACT:

Background: Diabetic nephropathy is a severe consequence of
diabetes mellitus. Liquorice was fermented and deglycyrrhizinated to
remove glycyrrhizin; and given the name  “fermented
deglycyrrhizinated liquorice extract” (FDGL).

Aim of the Work: To study the potential ameliorating role of
FDGL on the structural changes in renal cortex of adult male albino
rats with experimentally induced diabetes mellitus.

Methods: Rats were randomly divided into three equal groups
(n=15 per group): Group | (control), group Il (diabetic): induction of
diabetes was done via streptozotocin injection, and group Il (FDGL-
treated): after confirmation of diabetes, rats were left untreated for two
weeks and then received oral FDGL (0.12 g/kg body weight/day) for
another two weeks before being sacrificed.

Results: The diabetic group showed some shrunken glomeruli
surrounded by wide Bowman'’s spaces. Other glomeruli were enlarged.
Proximal convoluted tubules (PCTs) appeared dilated with casts, their
lining cells showed focal areas of lost apical brush border, and
disruption of basement membrane. The interstitium showed
extravasated blood, mononuclear cellular infiltration, and increased
collagen fibers. Transmission Electron microscopy showed effacement
of the podocytes’ foot processes and thickening of the glomerular
basement membrane. PCTs showed cytoplasmic vacuoles and
disorganized mitochondria. Group 111 showed a histological structure
of glomeruli and renal tubules comparable to that of the control group.

Conclusion: FDGL extract substantially ameliorated the adverse
effects of diabetes on the structure of renal cortex in diabetic rats.

Keywords: Diabetes mellitus, Diabetic nephropathy, FDGL, Renal
cortex, Rats, TEM.

INTRODUCTION:

Diabetic nephropathy (DN) is one of the
most dangerous and severe effects of diabetes
mellitus (DM), which is linked to high rates
of morbidity and death in patients with
diabetes®  Diabetes is  becoming
increasingly common, particularly in

developing  nations @, Inflammatory
mediators, oxidative stress and angiotensin |1
are among the numerous mediators and
pathways involved in the development of
DN @& Oxidative stress is a condition in
which an imbalance between oxidants and
antioxidants results in oxidative damage to
tissues ©).  Oxidative  stress, including
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hyperglycemia itself, is a common byproduct
of numerous pathways implicated in DN
pathogenesis ©®. The levels of IL-6, IL-18,
TNF, TGF-f1 and other inflammatory
mediators are raised in blood and showed a
role in the development of DN ),

Glycyrrhiza, or liquorice, has been used
for more than 2,000 years and is considered
the most widely prescribed natural medicine
in China. Approximately thirty species make
up the genus Glycyrrhiza®. The People's
Republic of China Pharmacopeia lists G.
inflate, G. uralensis, and G. glabra as
liquorice's ancestors ©. Liquorice flavonoids
have notable antidiabetic potential. Ethanol
extract of G. glabra can reduce the symptoms
of diabetic nephropathy and chronic
hyperglycemia; additionally, in obese and
diabetic rats, the liver microsomal
diacylglycerol acyltransferase activity was
inhibited by the ethanol extract of G.
uralensis, while G. inflate effectively
prevented DN, vascular complications related
to diabetes, and endothelial dysfunction 9.
Liquorice ethanol extracts and flavonoid oil
showed hypoglycemic and abdominal lipid-
lowering effects in obese diabetic KK-Ay
mice Y. Moreover, liquorice flavonoid oil
has been demonstrated to have therapeutic
effects on DM and hyperglycemia in KK-Ay
mice by regulating glucose metabolism via
the AMPK pathway 2.

In the West, people have been using
liquorice since the times of the ancient
Egyptians, Greeks, and Romans ®2). Products
made from liquorice are most frequently used
as food additives®. One of the main
phenolic components of liquorice species,
licochalcone A, along with Glycyrrhizae
Radix, provides protection against protein
glycation reactions . Liquorice has been
shown in several studies to alleviate glucose
intolerance and enhance insulin
sensitivity 1®. According to Yang et al. @7,
liquorice inhibits free radical damage, insulin
resistance, and oxidative stress, all of which
significantly slow the progression of
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diabetes. However, consuming too much
liquorice can cause muscle weakness,
hypertension, and potassium loss. This is due
to glycyrrhizin that is present in liquorice.
Glycyrrhizin  causes water and sodium
retention and elevates blood pressure. Due to
the potential for hypertensive side effects
from glycyrrhetinic acid in liquorice,
deglycyrrhizinated liquorice extract (DGL) is
most often used 1®),

Alpha amylase, one of the enzymes
produced during the fermentation of
liquorice, is essential for reducing the
complications associated with diabetes. The
substance that gives liquorice its various
adverse effects, glycyrrhizin, was then
eliminated by deglycyrrhizinating the
liquorice. According to Massoud %, this
medication is therefore known as fermented
deglycyrrhizinated liquorice extract (FDGL).
According to several studies, liquorice may
have antidiabetic effects by promoting the
activation of “peroxisome proliferator
activated receptor gamma (PPARYy)”; this
process is involved in the metabolism of lipid
and carbohydrate as well as adipocyte
differentiation ®®.  Additionally, glabridin
increases the amount of glucose consumed
and prevents glucose intolerance by
enhancing the translocation of glucose
transporter type 4 through adenosine
monophosphate protein kinase Y.

AIM OF THE WORK:

The purpose of the current study was to
assess the possible ameliorating effect of
FDGL extract on the structural changes of the
renal cortex in a rat model of diabetes
mellitus.

MATERIALS AND METHODS:

The experimental procedures were
performed at the Medical Research Center, in
the Faculty of Medicine, A.S.U., Cairo,

Egypt.
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Animals:

In this study, 45 adult male albino rats in
good health; with ages ranging from two to
three months, and average weights between
180 and 250 g were utilized. The animals
were kept in healthy, well-ventilated rooms
with appropriate lighting, temperature, and
humidity. The rats, housed in stainless steel
cages with mesh wire covers, had unrestricted
access to food and water. Animal procedures
were performed in compliance with the
National Institute of Health guide for the use
and care of Laboratory animals (NIH
Publications No. 8023, revised 1978) and
according to the guidelines of Animal Care.

Drug preparation:

Based on the EUROPEAN PATENT
SPECIFICATION Ep 1 925 312 BI,
fermented  deglycyrrhizinated  liquorice
(FDGL) extract powder was made by three
sequential steps: lyophilization,
deglycyrrhizination, and fermentation of
liquorice roots 9. Both, the acute toxicity of
FDGL extract @, and the chronic toxicity ¢*
were assessed in adult rats in an earlier stage
of the study, performed in the Pharmacology
Research Unit, National Research Center,
Cairo, Egypt. It was found that it is safe to use
oral FDGL extract up to 0.12 g/ kg body
weight daily for two months.

Induction of DM by STZ

The rats were confirmed to be
normoglycemic at the start of the experiment
by measuring their blood glucose levels.
After a fasting period of 18-hour, the selected
rats received streptozotocin (STZ) injection
to induce diabetes mellitus. Freshly prepared
solution of STZ (Sigma, Aldrich, USA) was
injected once, intraperitoneally at a dose of 45
mg/kg body weight diluted in 0.5 mL of 0.1
M/L citrate buffer with pH 4.5. Three days
later, One Touch Ultra 2 glucose meter and
strips (LifeScan, Inc. USA) were used to
assess the fasting blood glucose (FBG) from
the tail vein ®*2) Rats were classified as
diabetics and selected for the study when

having a fasting blood glucose level (FBG) of
250 mg/dL or higher ),

Animal Grouping

Animals were allowed to acclimatize for
seven days, then they were randomly divided
into three equal groups, (n=15 per group).

Group I (Control):

Was further subdivided into three equal
subgroups (n=5).

= Subgroup la: No intervention. Rats were
sacrificed after four weeks.

= Subgroup Ib: Each rat received one
injection of 0.5 mL of 0.1 M/L citrate
buffer intraperitonially as a vehicle of
STZ. Rats were sacrificed after four
weeks.

= Subgroup Ic: As subgroup Ib. Rats were
left without treatment for two weeks, then
every rat was given freshly prepared
FDGL extract orally for an additional two
weeks at a dose of 0.12 g/kg body
weight/day, dissolved in 2 mL of distilled
water @7,

Group Il (Diabetic):

Induction of diabetes was done in rats of
this group. After being confirmed as
diabetics, rats were left without further
intervention for four weeks and then were
sacrificed.

Group Il (Diabetic treated with FDGL
extract):

Induction of diabetes was done in rats of
this group as in group Il. After being
confirmed as diabetics, rats were left without
treatment for two weeks. Then they received
oral FDGL extract daily for further two
weeks as in subgroup Ic and then were
sacrificed.

Measurement of Fasting Blood glucose
(FBG):

One Touch Ultra 2 glucose meter and
strips (LifeScan, Inc. USA), were used to
measure (FBG) levels twice weekly for each
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animal, during fasting, by taking a fresh drop
of blood from the tail vein. Data was
collected and subjected to statistical analysis.

Preparation of samples for Histological
study:

The animals were sacrificed by
decapitation under the effect of ether
inhalation anesthesia. For light microscopic
(LM) study, the right kidneys were extracted
and fixed in 10% formalin. Followed by
dehydration, clearing, then finally embedding
in paraffin. Serial sections of 5um thickness
were cut and stained with Hematoxylin and
Eosin (H&E) stain, Periodic acid Schiff
(PAS) and Mallory's trichrome stain ?®). For
transmission electron microscopic (TEM)
study, the left kidneys were extracted. Small
parts (1 mm?®) of the cortex were cut. The
tissues were immediately fixed in 2.5%
phosphate buffered glutaraldehyde followed
by 1% osmium tetroxide, dehydrated, and
embedded in epoxy resin. Semithin sections
(0.5-1 pm) were stained with 1% toluidine
blue and examined by LM for orientation 8.,
Ultrathin sections (80 nm) were examined
and photographed by TEM [JEOL- 1010
made in Japan] at the EM Unit, in the Faculty
of Science, A.S.U., Cairo, Egypt.

Histo-morphometric study and statistical
analysis

A morphometric study was conducted on
five animals per group. Five distinct slides
from each animal were used for
measurements. For every slide, five high-
power, non-overlapping fields at a
magnification of x400 were chosen at
random and examined. Each sample was
photographed five times, and the mean value
for each specimen was determined. An
impartial observer who was blinded to the
specifics of the  specimens  took
measurements to make an assessment.

Measurements were obtained using a
Leica DM2500 microscope (Wetzlar,
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Germany) connected to a computer running
the Leica Q-Win V.3 image analyzer
software, at the Histology Department,
Faculty of Medicine, A.S.U.

Data were analyzed, and then, subjected
to statistical study though post-Hoc test at
least significant difference (LSD) and one-
way analysis of variance (ANOVA) using the
SPSS.21 program (IBM Inc., Chicago,
Illinois, USA). P-values were determined as
significant if they were less than 0.05 and as
non-significant if they were greater than 0.05.
The data summary is presented as the mean
+SD (standard deviation).

The measured parameters include:

1. Width (um) of Bowman’s spaces in the
glomeruli of the different groups.

2. Area percentage (%) of collagen fibers in
the renal cortex of the different groups.

Ethical Considerations:

Research Ethical Committee of Faculty
of Medicine, Ain Shams University (FMASU
REC) which is organized and operates
according to guidelines of the International
Council on Harmonization (ICH) and the
Islamic Organization for Medical Sciences
(IOMS), the United States Office of Human
Research Protections and the United States
Code of Federal Regulations, and operates
under the Federal Wide Assurance number
FWA 000017585, while the research
approval number is (FMASU R275/2023).

RESULTS:

The diabetic group (group II) recorded
the death of 3 rats.

Histological examination of the kidney
specimens:

All subgroups of group | (Control)
showed almost similar histological pictures in
LM and TEM, so they will all be described as
(control group).
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A. Light microscopic examination:

1. H&E:

Examination of control sections revealed
that the renal cortex was composed of renal
glomeruli, and proximal and distal
convoluted tubules. Each glomerulus
consisted of glomerular tuft of capillaries
surrounded by a narrow Bowman's space.

The proximal convoluted tubules (PCTs) had
narrow lumina and were lined by pyramidal
cells with indistinct boundaries. They had
deep acidophilic cytoplasm, and basal
rounded vesicular nuclei. The distal

convoluted tubules (DCTs) had wide lumina
and were lined by cubical cells containing
acidophilic cytoplasm and central rounded
nuclei (Figure 1 (A, B, C)).

Figure 1 (A, B, C): Showing the renal cortex of rats of group | (control) A renal glomeruli (G) are surrounded
by Bowman’s capsules, the PCTs (P), and the DCTs (D). B: showing a renal glomerulus (G) surrounded by narrow
capsular space (C). PCTs (P) are lined by pyramidal cells with indistinct boundaries, acidophilic cytoplasm, and
basal rounded vesicular nuclei. DCTs (D) appear lined by cubical cells with acidophilic cytoplasm and central
rounded nuclei. C: showing PCTs (P) lined by pyramidal cells with indistinct boundaries, acidophilic cytoplasm,
and basal rounded vesicular nuclei. DCTs (D) are lined by cubical cells with acidophilic cytoplasm and central

rounded nuclei.

Glomeruli in group Il (diabetic group)
were substantially shrunken, with an apparent
widening of the Bowman’s spaces
(Figure 2 (A&B)). Some glomeruli appeared
enlarged (glomerular hypertrophy) and their
mesangia showed apparently increased
number of cells (apparent mesangial
proliferation) Figure (2C). Some tubules
appeared dilated, and their cells had pyknotic
nuclei. Other cells had deep homogenous

[Group I, H&E: A x100, B x400, C x1000]

acidophilic cytoplasm. Some renal tubules
showed extruded cells within their lumina,
while other cells showed vacuolated
cytoplasm. Homogenous acidophilic material
was observed within the lumina of some
PCTs. The renal interstitium showed focal
extravasation of blood elements and
mononuclear cellular infiltration
(Figure 2(C,D,E,F)).
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Figure 2 (A - F): Showing the renal cortex of rats from diabetic group. A: showing many shrunken glomeruli
(G) with apparent widening of the capsular spaces. B: showing a shrunken glomerulus with apparent dilation of
Bowman’s space (C). Some tubules appear dilated (P) with extruded cells in their lumina (short arrow). Some
cells lining the tubules have pyknotic nuclei (1). C: showing an enlarged glomerulus (glomerular hypertrophy)
with apparently increased number of mesangial cells (Black rings). Some tubules appear dilated (P) with extruded
cells in their lumina (short arrow). Some cells lining the tubules have pyknotic nuclei (1). Notice the extravasated
blood elements (*) in the interstitium. D: showing apparent dilated tubules (P). Some cells lining the tubules
contain pyknotic nuclei (7). Some tubules show homogenous acidophilic material (curved arrow), and others show
extruded cells (short arrow) within their lumina. Notice the extravasated blood elements (*) in the interstitium. E:
showing an extruded cell within the lumen of a renal tubule (short arrow). F: showing mononuclear cellular
infiltration in the interstitium (star). Notice the vacuolated cytoplasm of the cells lining some tubules (arrowhead).

[Group II: H&E: A %100, B, C, D, F %400, E x1000]

Renal cortex of group Il (treated group)  tubules showed vacuolated cytoplasm of their
was comparable to the control group. Most of  lining cells Figure (3B). Neither extravasated
the renal glomeruli had relatively narrow  blood, nor mononuclear cellular infiltration
Bowman’s spaces. A few scattered tubules  were detected in the renal interstitium.
appeared dilatated Figure (3A), and a few
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Figure 3 (A, B): Showing the renal cortex of rats of group 111 (FDGL-treated group). A: showing renal
glomeruli (G) with narrow capsular spaces (C). Notice slight dilatation of some tubules. B: showing a renal

glomerulus (G) surrounded by a narrow capsular space (C). Few PCTs show vacuolations (arrowhead) in the
cytoplasm of their lining cells. Notice slight dilatation of some tubules (P).

[Group |11, H&E: A x100, B x400]
2. Mallory’s trichrome stain:

Examination of control sections revealed  corpuscles, tubules, and in the interstitium
few thin collagen fibers around the renal  (Figure 4 (B &C)). Group Il (treated group)
corpuscles and tubules Figure (4A). The  showed thin collagen fibers comparable to
diabetic group showed apparently increased  those of the control group Figure (4D).
amount of collagen fibers around the renal

Figure 4 (A-D): Showing the renal cortex of rats. A: control group: few thin collagen fibers around the renal
corpuscles (arrow) and the renal tubules (arrowhead). B, C: diabetic group. B: an apparent increase in collagen
fibers around the renal corpuscle (arrow) and in the interstitium (*). C: apparent increase in collagen fibers around
the renal tubules (arrowhead). D: FDGL-treated group: thin collagen fibers around the renal corpuscle (arrow)
and the renal tubules (head arrow). [Mallory’s Trichrome stain: A-D x400]
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3.PAS-stained sections:

The control group showed apical PAS-
positive brush borders on the PCTs’ cells.
The surrounding basement membrane of the
renal corpuscle, the renal tubules, and the
glomerular blood capillaries showed a well-
defined PAS-positive reaction Figure (5A).
In the diabetic group, localized loss of the
apical brush border was noticed in some
PCTs cells. The basement membrane
surrounding the renal corpuscle, the
glomerular capillaries, and most of the renal
tubules showed a well-defined PAS-positive
reaction. The basement membrane of some
renal tubules appeared disrupted Figure (5B).
Several renal corpuscles showed glomerular
hypertrophy and an apparent increase in the
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number of mesangial cells Figure (5C). Other
renal corpuscles showed shrunken glomeruli
and thick BM in the parietal layer of
Bowman’s capsule Figure (5D). Some
tubules had a thick basement membrane, and
their lining cells were pale with ill-defined
boundaries (focal tubular atrophy). The
interstitium showed many inflammatory cells
(interstitial inflammation) Figure (5E). Group
Il (treated group) had PAS-positive apical
brush borders of most PCTs cells. The
basement membrane surrounding the renal
corpuscle, renal tubules and glomerular
capillaries showed a well-defined PAS-
positive reaction Figure (5F).




(1). The surrounding basement membrane of the renal corpuscle (A ), the renal tubules (thick arrow) and the glomerular blood
capillaries (G) shows a well-defined PAS positive reaction. B-E: diabetic group. B: focal loss of the apical brush border in
the cells of some PCTs (7). The basement membrane surrounding the renal corpuscle (A ), the glomerular capillaries (G) and
most of the renal tubules (thick arrow) shows a well-defined PAS positive reaction. The basement membrane of some renal
tubules appears disrupted (wavy arrow). C: Some renal corpuscles show glomerular hypertrophy (G) and apparently increased
number of mesangial cells (red rings). D: showing glomerular atrophy, thick BM of the parietal layer of Bowman’s capsule.
E: Notice several tubules (*) have thick basement membrane, and their lining cells are pale with ill-defined boundaries. The
interstitium show many inflammatory cells (interstitial inflammation). F: FDGL-treated group showing PAS positive apical
brush border of the most cells lining the PCTs (7). The basement membrane surrounding the renal corpuscle (A ), renal tubules
(thick arrow) as well as the glomerular capillaries (G) shows a well-defined PAS positive reaction.  [PAS-stain: A-E x400]

B. Transmission Electron Microscopic Examination:

Examination of ultrathin sections from
the control group, revealed podocytes with
primary processes arising from their cell
bodies. Secondary processes (foot processes)
appeared to project from the primary
processes, and rest on the glomerular
basement membrane. The glomerular
basement membrane was seen thin and
uniform in diameter. Filtration slits appeared
between the podocytes™ foot processes. The
endothelium of the glomerular blood
capillaries appeared fenestrated Figure (6).
The PCTs were surrounded by a thin regular
basement membrane. They were lined by
pyramidal cells with central rounded
euchromatic  nuclei, basal elongated
mitochondria, lysosomes, and long apical
microvilli. Figure (7). The DCTs were
surrounded by a thin regular basement
membrane. They were lined by cubical cells

HV=100,0kV

with euchromatic nuclei, basal infoldings, Direct Mgt 4000¢
elongated mitochondria and few short apical
microvilli. Figure (8).

Figure 6: TEM image of the renal cortex from group | (control group), showing a
podocyte with primary processes arising from its cell body. Foot processes (FP) appear
to project from the primary processes (PP) and rest on the glomerular basement
membrane. The glomerular basement membrane (arrowhead) is thin and regular in
diameter. Filtration slits (1) appear between the podocyte’s foot processes. The
endothelium of the glomerular blood capillaries appears fenestrated (wavy arrow).(Group
I. TEM. x 4000).
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Hv=100.0kV

Direct Mag: 1200x

Print Mag: 692x @ 0.7 in 2 pm

1:24:26 p 08/22/21 HV=100.0kv

Direct Mag: 1200x

Figure 7: TEM image of the renal cortex from
group I (control group) showing a portion of
the PCT; their lining cells show euchromatic
central rounded nuclei (N) and elongated basal
mitochondria (Mi). Luminal borders show
long microvilli (mv). Thin regular basement
membrane (short arrow) and lysosomes (Ly)
can be observed.

(Group I, TEM x 1200)

The glomerular basement membrane in
the diabetic group was relatively thickened
and irregular with effacement and
derangement of the podocyte’s foot processes
Figure (9). The PCTs were surrounded with
thick basement membrane. Their lining cells
showed loss of basal infoldings and an
irregular  distribution of  mitochondria
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Figure 8: TEM image of the renal cortex from
group I (control group) showing part of the
DCT; their lining cells show few short apical
microvilli (mv). Notice basal infoldings and
elongated mitochondria (Mi); thin basement
membrane (short arrow) and euchromatic
nuclei (N) are also observed.

(Group |, TEM x 1200).

Figures (10&11).  Other cells of PCTs
showed cytoplasmic vacuoles, and rarified
cytoplasm (Figure 11). The DCTs showed
some degenerated cells. The degenerated
cells had small heterochromatic nuclei,
rarified cytoplasm Figure (12) and disrupted
basal infoldings with irregular distribution of
mitochondria Figures (13&14).
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Print Mag: 2300x @ 0.7 in 500 nm
10:55:34 a 08/22/21 HV=100. 0kV

Direct Mag: 4000x

Figure 10:

TEM image of the renal cortex from
group Il (diabetic group), showing
part of a PCT with a thick basement
membrane (short arrow), loss of basal
infoldings and irregular distribution of
mitochondria (Mi).

(Group Il, TEM, x 1200).

Figure 9:

TEM image of the renal cortex from
group Il (diabetic group), showing
thick and irregular glomerular basement
membrane (arrowhead). The foot
processes (FP) are disarranged and show
effacement. PP: 1ry processes of
podocytes.

(Group 11, TEM, x 4000).

Print Mag: 692x @ 0.7 in 2 pn
11:21:29 a 08/22/21 HV=100.0kV
Direct Mag: 1200x
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Figure 11:

TEM image of the renal cortex from
group Il (diabetic group), showing part
of a PCT with a degenerated cell (*). The
degenerated cell shows loss of basal
infoldings and irregular distribution of
their related mitochondria (Mi). Notice,
cytoplasmic vacuoles (V), and rarified
cytoplasm (R).

(Group I, TEM x1200 & x 3000).

92x € 0.7 in 2m
11:25:36 a 08/22/21 HV=100.0kV
Direct Mag: 1200x

fag: 692x

Figure 12:

TEM image of the renal cortex from group
Il (diabetic group), showing part of a
DCT with some degenerated cells. The
degenerated cells showing small irregular
heterochromatic nucleus (N), rarified
cytoplasm (R) and basal infoldings with
elongated mitochondria (Mi).

(Group Il, TEM x 1200).
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Figure 13:

TEM image of the renal cortex from
group Il (diabetic group), showing
part of a DCT showing disruption of
basal infoldings with abnormal
distribution of mitochondria (Mi).

(Group 11, TEM x 2000).

Figure 14:

TEM image of the renal cortex from group
Il (diabetic group), showing a portion of
the DCT showing a small heterochromatic
nucleus (N), disruption of basal infoldings
with abnormal distribution of
mitochondria (Mi). Notice the presence of
cytoplasmic vacuoles (V).

(Group I, TEM x 3000).

19.7p9
Print Mag:
11:37:29 a 08/22/21

1730x @ 0.7 in 2 pm
HV=100.0kV
Direct Mag: 3000x
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Group Il (treated group) exhibited a
uniform thickness of the glomerular
basement membrane. The foot processes of
podocytes rested on the glomerular basement
membrane. Filtration slits appeared between
the podocyte’s foot processes Figure (15).
The PCTs were surrounded by a relatively
thin basement membrane. They were lined by
pyramidal cells with rounded euchromatic
nuclei, basal elongated mitochondria and

6.3p9 -
Print Mag: 2300x @ 0.7 in 500 nm

12:05:21 p 08/22/21 HV=100.0kV

Direct Mag: 4000x

basal infoldings. They also contained
lysosomes, endocytotic vesicles in their
apical cytoplasm and long apical microvilli
Figure (16). The DCTs were surrounded by a
relatively thin basement membrane. They
were lined by cubical cells with oval
euchromatic  nuclei, basal infoldings,
elongated basal mitochondria and few short
apical microvilli Figure (17).

Print Mag: 692x € 0.7 in 2m

EV=100.0kV
Direct Mag: 1200x

12:22:48 p 08/22/21

Figure 15:

TEM image of the renal cortex from group 111
(treated group), showing a glomerular
basement membrane (arrowhead) with uniform
thickness. The primary processes (PP) of
podocytes arise from their cell body and the
foot processes (FP) rest on the glomerular
basement membrane. Notice, filtration slits (1)
appear between the foot processes of the
podocyte. The endothelium of the glomerular
blood capillaries appears fenestrated (wavy
arrow).

(Group I11, TEM x 4000).
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Figure 16:

TEM image of the renal cortex from group 111
(treated group), showing part of a PCT with
an euchromatic rounded nucleus (N),
elongated basal mitochondria (Mi) and basal
infoldings. Notice: lysosomes (Ly) and
endocytotic vesicles (V) in the apical
cytoplasm are evident, and luminal border
microvilli (mv) and thin basement membrane
(short arrow) are seen.

(Group I, TEM x 1200)




Figure 17:

TEM image of the renal cortex from group
111 (treated group), showing part of a DCT
with oval euchromatic nuclei (N) and
nearly normal basal infoldings with
elongated basal mitochondria (Mi). Notice,
few short microvilli (mv) and thin
basement membrane (short arrow) are seen.

(Group 111, TEM x 1200).

10.3pg —
Erint Mag: 652% & 0.7 in Zpm
12:18:05 p 08/22/21 HV=100.0%V

Direct Mag: 1200x%

Statistical results:

Statistical comparison between control to the other two groups (p < 0.05). Group
subgroups (la, Ib, and Ic) revealed Il (treated) showed a significant decrease
nonsignificant changes (p>0.05). in FBG as compared to diabetic group, and

a significant increase compared to group |

1. The mean FBG levels were significantly (p<0.05) Table (1) & Histogram (1)

greater in group Il (diabetic) as compared

Table 1: The mean FBG levels in the different groups. The mean FBG
Groups Fasting Blood glucose (FBG) 500
(mg/dl) 400
Group | 102.8 + 3.7 200
Group Il 4404+ 74 A
200
Group Il 157 £ 5.560m
100
A Significant increase compared to all other groups
oSignificant decrease compared to group I1. 0
mSignificant increase compared to group I. Group | Group Il Group 11
p-values were calculated using analysis of
variance (ANOVA,). Histogram 1: The mean FBG levels in the different
groups.
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2. The mean area percentage (%) of collagen compared to diabetic group and a
fibers was significantly greater in group Il nonsignificant increase compared to
as compared to other groups. Moreover, group | Table (2) & Histogram (2).

treated group showed a significant decrease

5
Table 2: The mean area percentage (%) of collagen |45 The mean area % of collagen fibers
fibers in the different groups. 5 g
Groups Area percentage (%) of 3
collagen fibers 25
Group | 0.72+0.79 12
Group i 4.30:1.03 A >
Group I11 1.13+£0.330m 05 .
-l
A Significant increase compared to all other groups Group | Group 11 Group 111
oSignificant decrease compared to group II.
m Nonsignificant increase compared to control group |.

p-values were calculated using analysis of variance (ANOVA).
Histogram 2: The mean area percentage (%) of

collagen fibers in the different group

3. The width (um) of Bowman’s space was as compared to the diabetic group and a
significantly greater in diabetic group Il as nonsignificant increase as compared to
compared to other groups. Moreover, group | Table (3) & Histogram (3).
treated group showed a significant decrease

Tabl_e 3: The width (um) of Bowman’s space in The width (um) of Bowman's space

the different groups. "
Groups The Width’ (um) of 16

Bowman’s space 14

Group | 7.24+0.46 12

Group Il 16.69+2.85 A 10

Group 11 8.31+1.55 om g

4
A Significant increase compared to all other groups 2
oSignificant decrease compared to group II. 0
m Nonsignificant increase compared to control group . Group | Group Il Group Il

p-values were calculated using analysis of variance (ANOVA). Histogram 3: The width (um) of Bowman’s space in

the different

some renal corpuscles. This agreed with the
findings of Ebrahim et al. ® in albino rats
DISCUSSION: . L o
with streptozotocin-induced diabetic
In the current work, streptozotocin was  nephropathy, which showed shrunken
used to induce DN in rats. LM examination  glomeruli and widened Bowman's spaces.
of the kidney sections of group Il (diabetic)  There were two reasons for this shrinkage
animals revealed shrunken glomeruli with  suggested by Léwen et al. @9, the first reason
apparent dilatation of the capsular spaces of  was the presence of glomerular vascular
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defect characterized by increased leakiness,
the second reason was increased production
of glomerular basement membrane (GBM)
components by podocytes and endothelial
cells, resulting in the accumulation of GBM
material in the mesangium. Glomerular
degeneration could be induced by either
defect. A shrunken tuft that fuses with
Bowman's capsule to cause glomerular
sclerosis would be the consequence of the
progressive compaction of accumulated
worn-out GBM material, as well as the
retraction of podocytes out of the tuft and the
collapse of capillaries ©9.

The current study reported renal tubule
dilatations, primarily in PCTs. Accordingto a
previous study, diabetes, which specifically
causes proliferation in the proximal tubules of
the kidney, is the cause of this tubular
dilatation. Early proliferation of proximal
tubules in diabetes patients is facilitated by a
variety of growth factors, as platelet-derived
growth factor, insulin-like growth factor 1,
epidermal growth factor, and vascular
endothelial growth factor @Y.,  Tubular
dilatation, with or without protein casts, is a
characteristic  of  tubular  atrophy ©2.
Additionally, tubular epithelial cells are less
likely to receive oxygen and nutrients as a
result of the intrarenal vasoconstriction
linked to acute kidney injury, which causes
the cells to flatten and atrophy %),

Furthermore, the present investigation
demonstrated  that  diabetes  induces
degenerative alterations in tubular cells,
manifesting as deep acidophilic cytoplasm in
certain cells and cytoplasmic vacuolization in
others. Pyknotic nuclei were also present in
conjunction with this. These findings were
consistent with the findings of Kengkoom et
al.®  regarding  streptozotocin-induced
alpha-2u globulin  nephropathy in rats.
According to Lau et al. ®, cell adaptation to
stressful conditions (hyperglycemia) and
subsequent cell damage are the causes of
tubule cell vacuolization. It is connected to
subnuclear lipid vacuolization or glycogen

deposition. They added that severe
hyperglycemia can result in the formation of
Armanni-Ebstein cells, which are tubule cells
characterized by glycogen deposition. A
previous study attributed this degeneration to
oxidative stress (OS) which is accelerated by
advanced glycation end products in DN. OS
promotes the oxidative conversion of low-
density lipoprotein (LDL) in the artery wall
to oxidized LDL (ox-LDL), which is the
initiating step in atherosclerosis
development @2, Even so, there is consistent
evidence that the progression of chronic
kidney disease (CKD) is progressively
accelerated by ox-LDL, (a marker of
oxidative stress), endothelial dysfunction
(ED), and atherosclerosis ®®. To reduce nitric
oxide (NO) bioavailability, which is required
for vascular relaxation, OS promotes buildup
of free radicals as DN worsens. Thus, LDL
particles in the arterial wall are subjected to
oxidative modification to produce ox-LDL,
that in turn produces malondialdehyde
(MDA), a lipid peroxide that is extremely
reactive ®®,  Then, MDA  causes
inflammatory cytokines and macrophages to
adhere to ox-LDL particles, resulting in the
formation of foam cells. By activating ox-
LDL, OS causes ED, which is a defining
feature of atherosclerosis in patients with
CKD, moreover, hyperglycemic environment
combined with ox-LDL leads to an excess of
asymmetric dimethylarginine that encourages
endothelial nitric oxide synthase uncoupling
to form ROS®". Different research has
demonstrated that ox-LDL determine ED in
CKD patients ®. According to earlier
study ®9, ox-LDL is a major factor in the
development of glomerulosclerosis in
diabetic kidney disease. Excessive ox-LDL
uptake in renal tubular, renal epithelial, and
mesangial cells has been noticed in
experimental uremia and hyperglycemia; this
results in intrarenal accumulation of lipid
peroxides and loss of nephron . According
to Gutwein et al. “, diabetic glomerulopathy
is the result of oxidative modifications of
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renal cells, which cause changes in their
structure and function.

Thickened basement membrane was
observed in some renal tubules in the present
study in group Il (diabetic). Some authors
reported that the accumulation of
glycoproteins resulting from renal damage
and the upregulation of integrin, laminin and
fibronectin causes thickening of basement
membrane “1),

In group Il (diabetic), the renal
interstitium revealed infiltration of mono-
nuclear inflammatory cells. This agreed with
the findings of Wellen & Hotamisligil “?,
who reported that oxidative stress induced by
hyperglycemia increases proinflammatory
protein levels by invading macrophages,
which release inflammatory cytokines
leading to tissue inflammation. According to
a previous study, necrosis-induced tubular
cell death can involve leukocytes and
macrophages, among other inflammatory
cells ®. Furthermore, Schelling®? linked
blood infiltration and extravasation to
atrophic tubules, which release pro-fibrotic
and inflammatory cytokines.

Moreover, the accumulation of hyaline
casts, an acidophilic substance, was
commonly observed inside the tubule lumina
of those that were impacted. A group of urine
particles, as cells, fat, or microorganisms,
attached to each other by a protein matrix, is
known as a hyaline cast. The precipitation of
the Tamm-Horsfall protein, which is secreted
by epithelial tubule cells, is the cause.
Hyaline casts are a sign of reduced urine
flow, and a high concentration of these casts
could reflect kidney damage as a result of
reduced kidney blood flow ©4).

In the present study, the sections of
diabetic animals revealed increased collagen
fibers in the kidney interstitium. This finding
was in agreement with that of Liu and Gaston
pravia >, who reported that an increase in
TGF-p due to increased oxidative stress
promoted fibrosis in the interstitium.
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Previously, Ziyadeh et al.®® reported that
TGF-B expression increased in tubular
epithelial cells, glomerular mesangial cells,
and interstitial fibroblasts in hyperglycemic
culture.

The present investigation revealed focal
areas of lost brush border in cells lining some
PCTs and disruption of the tubular basement
membrane in PAS-stained kidney sections
from group 1l (diabetic animals). This was in
line with Elsaed and Mohamed's “” theory
which linked the loss to elevated free radical
generation and decreased antioxidant
synthesis, leading to an increase in tissue
oxidative damage. Additionally, high glucose
is linked to mesangial proliferation in
diabetes by inducing hypertrophy and
proliferation of mesangial cells
simultaneously with TGF- production. The
hypertrophic effect of high glucose is
inhibited in mesangial cells by neutralizing
TGF-B antibody. In diabetic nephropathy,
mesangial cell hypertrophy is largely caused
by TGF-B signaling “®. The subclassification
of mesangial hypercellularity in each
glomerulus is as follows: in terms of
mesangial cells/mesangial area, fewer than
four cells indicate normal cellularity, four to
five cells indicate mild mesangial
hypercellularity, six to seven cells indicate
moderate mesangial hypercellularity, and
eight or more cells/mesangial area indicate
severe mesangial hypercellularity 9.

Transmission  electron  microscopy
revealed that there was fusion of the podocyte
foot processes as well as relative thickening
of the glomerular basement membrane in
diabetic rats. Duni et al. ® linked podocyte
injury to oxidative stress, which directly
harms mesangial, endothelial, and podocytes.
Reactive oxygen species (ROS) are produced
by hyperglycemia via the NADPH oxidase
enzyme and cause podocytes to separate from
the GBM. Podocytes undergo apoptosis when
ROS are produced ©¢1&52),

Transmission  electron
revealed disorganized

microscopy
mitochondria,
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disrupted basal cell membrane infoldings,
and thicker tubular basement membranes in
group Il (diabetic animals). This was ascribed
to ROS that might cause irreversible harm to
proteins, lipids, and mitochondrial DNA,
leading to dysfunctional mitochondria with
cellular death. A previous study linked the
rise in gene expression and protein synthesis,
including that of collagen IV, laminin, and
fibronectin, to the thickening of the

glomerular  and tubular basement
membranes “9),
On the other hand, concomitant

administration of FDGL extract with diabetes
in group Il animals was found to exert a
protective effect. Most of the renal glomeruli
appeared normal. Scattered tubules appeared
dilatated. Few tubules showed vacuolations
in the cytoplasm of their lining cells. Neither
extravasated blood nor mononuclear cellular
infiltration was noticed in the renal
interstitium.  Additionally, thin collagen
fibers were observed around the tubules. By
EM, GBM and podocytes were found to have
a normal appearance. The PCTs and DCTs
were surrounded by a relatively thin
basement membrane with basal infoldings
and elongated basal  mitochondria.
Lysosomes were also seen in the of the
tubular cells. This finding agrees with
Schrier's®® who reported the presence of
electron-dense bodies that were most likely
secondary lysosomes. Early in DN, PCT
lipofuscin pigments greatly increase; a high
tubular lysosomal load may cause lipofuscin
storage in DN®2, Additionally, apical
vacuoles in PCT-lining cells may be
endocytotic vesicles of reabsorbed materials.
The primary location of sugar reabsorption is
the PCT; as sugar levels rise, so do these
vesicles 3,

Yokozawa et al.®¥ reported that
liquorice extract reduced kidney damage by
decreasing oxidative stress. Liquorice extract
markedly attenuated kidney injury in diabetic
rats due to its antioxidant effect ©%).

Liquorice extract had significant
antinyperglycemic  activity. Liquorice
provides protection by reducing oxidative
stress caused by the production of free
radicals induced by hyperglycemia®®.
Baltina ®® reported that after administering
liquorice extract to diabetic rats for 60 days,
the damage to the tubules and glomerulus was
significantly  reduced. The  observed
antihyperglycemic effect aligns with findings
of Mae et al.®® who stated that feeding
genetically diabetic mice liquorice extract via
a diet of 0.1-0.3/100 g (approximately 100—
300 mg/kg body/day) for four weeks reduced
blood glucose levels. Moreover, liquorice
extract prevents and treats DN by blocking
the activation of TGFf signaling and Akt,
also referred to as Protein Kinase B ®7, In
another study, it was discovered that by
inhibiting the notch2 signaling pathway,
liquorice extract and deglycyrrhizinated
liquorice extract reduce renal tubular
epithelial-mesenchymal  transition  and
fibrosis ©9),

Liquorice extracts exhibit strong in vitro
and in vivo antidiabetic properties. This can
be explained by several mechanisms,
including improving the body's
microcirculation, removing free radicals and
preventing peroxidation, boosting the
sensitivity of the insulin receptor site to
insulin, and improving the body's utilization
of glucose in various tissues and organs ©9.

According to Yang et al. ®®, the primary
active flavonoids of licorice that have anti-
inflammatory properties are chalcones, which
include licochalcone A  and B,
isoliquiritigenin, isoflavones, which include
isoangustones A, and isoflavans, which
include glabridin and licoricidin.
Licochalcones A and B may downregulate
prostaglandin E2, IL-6, and NO levels in
lipopolysaccharides (LPS)-stimulated
macrophages and suppress the production of
ROS induced by LPS in macrophages in a
dose-dependent manner 2. Furthermore, by
considerably decreasing the infiltration of the
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white adipose tissue of the epididymis by
inflammatory cells, isoliquiritigenin
significantly reduced the inflammation
caused by a high-fat diet in a mouse
model ®2. In addition, by suppressing NO
production induced by LPS and the
expression of the inducible nitric oxide
synthase (INOS) gene in high-glucose
environments, glabridin showed an anti-
inflammatory effect on diabetes-related
vascular dysfunction 3,

Furthermore, the anti-inflammatory
characters of isoliquiritigenin are achieved by
suppression of NF-«kB activity, which causes
a reduction in proinflammatory factors like
TNF-a, IL-6, IL-1pB, and IL-8 ®¥. According
to a different study, isoliquiritigenin may
inhibit nuclear factor kappa B kinase, p38
phosphorylation, and extracellular signal-
regulated kinase 1/2 (ERK1/2) in RAW 264.7
cells, which in turn may inhibit NF-xB and
downstream iINOS, TNF-a, COX-2, and IL-
6. According to Li et al. B.®®
isoliquiritigenin inhibited the downstream
SMAD signaling pathway and inactivated the
TGF-B RI and RII, thereby blocking
mesangial proliferation and matrix deposition
during DN. Isolequiritigenin also reduces the
effects of STZ-induced diabetes by reducing
inflammation, oxidative stress, and ED; it
also downregulates miR-195, restoring
retinal SIRT-1 levels, and tissue structure ©7.
According to Hasani-Ranjbar et al.®®
polyphenols removed from Glycyrrhiza also
decrease the serum levels of very-LDL-C,
triglycerides, total cholesterol, and LDL
cholesterol (LDL-C) by indirectly lowering
LDL oxidation and eliminating free radicals
as well as directly suppressing cholesterol
biosynthesis. Additionally, Fu et al.®
reported that licochalcone B and licochalcone
A significantly reduced lipid peroxidation in
rat liver microsomes and inhibited the
production of ROS in RAW 264.7 cells
caused by LPS.

It was previously proved that serum
amylase and lipase were insufficient in
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patients with diabetic ®®. Fermentation of
liquorice leads to the production of many
essential enzymes such as amylase and
lipase 9. Hence the ameliorating effects of
FDGL extract on the renal cortex of diabetic
rats could be enhanced via the upsurge of the
glycolytic  enzymes’ stores (due to
fermentation), leading to improved diabetic
management.

Conclusion and Recommendations:

FDGL extract substantially ameliorated
the adverse effects of DM on the histological
structure of renal cortex in diabetic rats.
However, a variety of questions remain open.
So further investigations are recommended to
evaluate the therapeutic as well as the
protective potential of FDGL extract against
the deleterious effects of DM on different
tissues and organs.

List of abbreviations.
m . micrometer

CKD : chronic kidney disease

DCTs : distal convoluted tubules

DM : Diabetes Mellitus

DN : Diabetic nephropathy

ED : endothelial dysfunction

EM : electron microscopy

FDGL :fermented deglycyrrhizinated liquorice extract.
GBM : glomerular basement membrane

H&E :hematoxylin and eosin

LDL  :low-density lipoprotein

LM : light microscopy

NO > nitric oxide

ox-LDL : oxidized LDL

PAS : periodic acid Schiff

PCTs :proximal convoluted tubules
STZ : streptozotocin.

TEM :transmission electron microscopy
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