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Abstract

Diabetic nephropathy (DN) represents one of the common and serious complications of diabetes mellitus,
and it is a leading cause of renal failure. Liquiritin is one of the main flavonoids found in Glycyrrhiza glabra and
has been shown to have several pharmacological effects, such as antioxidant, anti-inflammatory, antitumor,
cardiovascular protection, hepatoprotection, and attenuation of rheumatoid arthritis in experimental animals. The
present study investigated the protective effect of liquiritin against diabetic nephropathy in male rats fed a high
fat diet and with streptozotocin (STZ) induced diabetes mellitus.
In the present study, type 2 diabetes was induced in the animals by feeding them a high-fat diet for four weeks.
Afterward, the animals were fasted overnight and injected with a single intraperitoneal dose of STZ (30 mg/kQg).
Liquiritin was administered daily at a dose of 40 mg/kg for 15 weeks. At the end of the experimental period, blood
glucose level, glycated hemoglobin A1 (HbA1c), lipid profile markers, serum renal function parameters, renal
index were assessed, levels of inflammatory and oxidative markers namely interleukin-1beta (IL-1p), interleukin
-6 (IL-6), tumor necrosis factor-alpha (TNF- o), and transforming growth factor-beta (TGF-B1), glutathione
(GSH), and malondialdenyde (MDA) were determined in the renal homogenate. The histopathological
examination was performed using hematoxylin and eosin staining, and the histopathological changes in kidney
tissues were semi-quantitatively calculated according to a renal pathology scoring system.
The diabetic control group showed a significant increase in glycemic control parameters and renal function
parameters, with significant histopathological changes compared to the normal control group. The results revealed
that liquiritin significantly improved histopathological changes but did not affect the glycemic control parameters,
with a reduction in the inflammatory markers and oxidative stress in the renal homogenate.
Liquiritin has an ameliorating effect against DN, and it can significantly decrease most of the histopathological
changes, as well as oxidative and inflammatory markers.
Keywords: Diabetes Mellitus, Diabetic Nephropathy, Flavonoids, Liquiritin, Oxidative Stress.

Introduction

Diabetic nephropathy (DN) is one of the The most important cytokines involved in DN are
serious and life-threatening  microvascular IL-1B, IL-6, TNF- , and TGF-1. They have been
complications of diabetes that is characterized by involved in increasing the intraglomerular pressure,
permanent albuminuria (>300 mg/d) and a gradual promoting the hypertrophy of the kidney, increasing
decline in the glomerular filtration rate (GFR) @. It the glomerular basement membrane thickening,
represents a leading cause of morbidity and increasing  the hypertrophy of the podocytes,
mortality in both Type 1 and Type 2 diabetes glomerular hemodynamic alterations, increasing
patients @9. The pathogenesis of DN is a oxidative stress, and increasing vascular endothelial
complicated and progressive process that involves permeability (19). Oxidative stress represents one of
multiple overlapping biological pathways that the essential mechanisms involved in the
initiate and maintain the pathogenesis of DN. These development of diabetes and its complications,
pathways include hemodynamic, metabolic, growth, mclud_mg DN (11). In Diabetes m_ellltus, oxidative
and proinflammatory or profibrotic pathways. These stress is developed by hemodynamic factors, and by
pathways act simultaneously and in an overlapping hyperglycemla-lr_lduced activation of aIterna’glve
manner to increase oxidative stress, inflammatory glucose metabolic pathways such as hexosamine,
factors, and fibrotic factors, which induce lesions in protein kinase C, and polyol pathways.

the various compartments of the kidney ©.
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These activated pathways enhanced the
expression of inflammatory cytokines (IL-1, 6, 18)
that led to oxidative stress. Reactive oxygen species
(ROS), such as malondialdehyde (MDA), which are
increased by hyperglycemia, produce significant
functional and structural changes in glomerular and
renal tubular cells and can induce oxidative stress-
related renal damage. Various enzymatic
antioxidants, such as catalase (CAT), superoxide
dismutase (SOD), and glutathione peroxidase
(GPx); and nonenzymatic antioxidants, such as
glutathione (GSH), normally protect renal cells from
pathological damage caused by ROS, the activity of
these antioxidant enzymes is reduced by activation
of polyol pathway that decreases the concentration
of intracellular NADPH @2  The protective
approaches against DN involve the use of
antihyperglycemic, antihypertensive, and
renoprotective drugs, however, the control of
hyperglycemia results only in modest reduction of
the onset or progression of DN in the patients with
long-term diabetes, and although the regulation of
blood pressure, and the use of renin-angiotensin
system inhibitors alone or in combination with
sodium-glucose  transport inhibitors or a
mineralocorticoid receptor antagonist can decrease
the incidence and the progression of DN,
considerable residual risks of DN remain and
unfortunately, a large number of patients remain
uncontrolled and progress to end stage renal disease
(ESRD), in addition, these drugs have some
limitations due to their renal and heart side effects
(1315 Therefore, searching for more effective and
safe therapies to inhibit the occurrence or slow the
progression of DN is a vital mission to reduce the
morbidity and mortality associated with diabetes
mellitus.

Natural products constitute a major source in
the area of drug discovery that have shown primary
activity in animal studies against many diseases and
conditions, including diabetes and nephroprotection
against DN (618 Flavonoids have numerous
pharmacological effects, including treatment of
chronic kidney disease 9. Liquiritin is one of the
main flavonoids found in Glycyrrhiza glabra
(Licorice). Licorice has numerous pharmacological
properties against different disease conditions, as
provided by many clinical studies. Various studies
concluded that licorice treats patients with asthma,
gastric ulcers, and glucose intolerance and improves
insulin sensitivity @% 2%, Liquiritin exhibits several
useful pharmacological effects, such as antioxidant,
anti-inflammatory,  anti-tumor,  cardiovascular
protection, antitussive, hepatoprotection, and skin
protective effects, and attenuation of rheumatoid
arthritis in experimental animals via reduction of
inflammation and angiogenesis %223, To the best of
our knowledge, the protective effect of liquiritin
hasn’t been studied against diabetic nephropathy,
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and the present study aims to investigate the
protective effect of liquiritin against diabetic
nephropathy in high fat diet and streptozotocin
induced diabetes in rats.
Materials and Methods
Chemicals and reagents

Liquiritin  (>98%) was purchased from
(Hefei TNJ Chemical Industry Co., Ltd., Hefei,
China), STZ, metformin, and protease inhibitor were
purchased from (MedChemExpress, USA. The
enzyme-linked immunosorbent assay kit (ELISA)
for insulin, (IL-1B), (IL-6), (TNF-a), (TGF- B),
(GSH), and (MDA) were supplied from (elk

technology, China). All other reagents and
chemicals were of analytical grade.
Animals

The animals used in the present study were
procured from the College of Veterinary Medicine,
University of Basrah. Apparently, healthy adult
male Wistar rats weighing 150-220 gm were housed
in plastic cages at the animal house of the College of
Medicine-University of Basrah with the supply of
the diet and water ad libitum, a photoperiod of 12
h/12 h Light/dark cycle, and a temperature of 21 £ 4
oC. Rats were acclimatized for one week before the
commencing of the study. The best effort was made
to reduce the animals’ distress and pain throughout
all experimental procedures (No. of ethical approval
statement for using animals in the present study:
UNCOMIRB20240518).

Induction and assessment of diabetes

In the present study, the type 2 diabetes
model was induced by using the method described
by Liu et al with minor modifications: the method
included feeding the animals with the high fat diet
for four weeks, after which the animals were fasted
overnight and injected with a single intraperitoneal
dose of STZ 30 mg/kg that was dissolved in a freshly
prepared sodium citrate buffer (0.1M, pH 4.5) @4,
Because STZ is heat and light sensitive, and unstable
even in acidic solution, both STZ and citrate buffer
solutions were kept as cold as possible by the use of
ice bags containing heat insulated case, STZ was
covered with aluminum foil during the work to
protect it from the light induced degradation, and
dissolved in cold citrate buffer until immediately
before the injection. A 10% sucrose solution was
used to replace the drinking water after STZ
injection for 48 h. To avoid fatal hypoglycemia that
may occur as a result of massive 3-cell necrosis and
sudden release of an enormous quantity of insulin
@5, Random blood glucose level was measured in
blood samples taken through tail vein puncture by
the use of Accu-Check blood glucose meter (Roche
Diagnostics/Germany) after seven days of STZ
injection and the animals with glucose levels more
than 250 mg/dl were included in the study, while

those with less than 250 were reinjected with STZ
(25),
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Experimental design

48 male Wister rats were divided into four
groups with 12 animals for each group as follows:
1. Normal control group (Con): rats were fed with
normal control diet (The caloric density is 2.960
Kcal/g., carbohydrate 70%, 20% protein, 10% fat)
for the 19 weeks of study duration, and injected
intraperitoneally with citrate buffer at the end of the
fourth week, and then given 10 ml/kg normal saline
by oral administration daily for 15 weeks.
2. Diabetic control group (DM): diabetes was
induced by feeding the rats with high fat diet (4.000
kcal/g., carbohydrates 35 %, protein 20 %, fat 45%)
for four weeks and then injected intraperitoneally
with 30 mg/kg of STZ and continued on HFD for 15
weeks.
3. Diabetic-Metformin group (Met): diabetes was
induced by feeding the rats with high fat diet for four
weeks, injected intraperitoneally with 30 mg/kg of
STZ, and then treated orally with 100mg/kg of
metformin for 15 weeks, and continued on HFD for
15 weeks.
4. Diabetic + liquiritin (Liq): diabetes was induced
by feeding the rats with high fat diet for four weeks
and injected intraperitoneally with 30 mg/kg of STZ,
and then treated orally with 40 mg/kg of liquiritin
daily and continued on HFD for 15 weeks. Liquiritin
was administered daily by dissolving each 40 mg in
10 ml of normal saline and given orally at a dose of
10 ml/kg, the selection of liquiritin dose was based
on previous studies @®. The body weight of the
animals was measured at the beginning and the end
of the study on the day of sacrifice, while the kidney
index was calculated by using the following
formula:

Kidney weight (mg)
body weight (g)

Kidney index (mg/g) =

Measurement of Serum biochemical parameters
and blood HbA1c

At the end of the study period, the animals
were fasted overnight, sacrificed by using ketamine
and xylazine for anesthizination, dissected, and the
heart was punctured for blood sample collection by
using of 10 ml syringe, and 2 ml of the blood sample
was transferred into EDTA-containing tubes for the
measurement of HbAlc, by the use of ion exchange
HPLC D-100s HbAlc analyzer from Bio-Rad
Laboratories. the other part was transferred into gel
tube and allowed to stand for 30 min. at 37 <C to
coagulate and centrifuged at 4000 for 15 min. and
the serum was collected to measure serum glucose
concentration, serum lipid profile that includes
triglycerides (TG), total cholesterol (TC), high
density lipoprotein (HDL), low density lipoprotein
(LDL), serum albumin; renal function indicators
including serum creatinine, and urea.by the use of
automated  analyzer  (ARCHITECT  c4000
Chemistry Analyzer, Abbot Diagnostics, USA). The
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enzyme-linked immunosorbent assay (ELISA) kit
was used for the detection of serum insulin level.
ELISA assay of the renal inflammatory and
oxidative stress markers

The measurement of IL-1B, IL-6, TNF-a,
TGF-B1, GSH, and MDA in the renal tissue was
performed by ELISA. After the blood collection
both kidneys were harvested and washed with cold
phosphate buffer saline and the right kidney was
placed in a plain tube containing cold phosphate
buffer saline and stored in deep freeze while the left
kidney was divided into two parts, one part was
placed in a plain tube containing cold phosphate
buffer saline and stored in deep freeze to be used
later for the preparation of tissue homogenates and
other part was used for histopathological
examination. For the preparation of tissue
homogenate, tissue samples were weighed and
homogenized in a PBS solution with a pH of 7.4
containing 1% protease inhibitor cocktail and 1%
triton X-100 (1:10 weight of tissues/ volume of lysis
buffer) using a high intensity liquid processor. Then
the homogenates were centrifuged at 4 C for 5
minutes at a speed of 10000 rpm. Subsequently, the
supernatants were collected and subdivided into
different aliquots to avoid repeated freeze-thaw
cycles. The aliquots were then kept at the deep
freeze and were used later for the ELISA assay @7,
The steps briefly include adding 50 pL of standard
(gradually diluted according to the instructions) or
50 uL of sample to each well, and after incubation
and washing, 100 pL of biotinylated antibody
solution was added to each well, and the plate was
incubated and washed. Then 50 pL of Streptavidin-
HRP (Horseradish peroxidase) was added to each
well, and the plate was incubated and washed.
Finally, 50 uL of stop solution was added and optic
density was recorded at 450 nm by the use of a
microplate reader (Thermoscientific/China).

Histopathological examination of the renal tissue

The parts of the left kidneys were fixed in
10% formaldehyde. The fixed tissues were
dehydrated by using a tissue processor in which the
tissue was passed into 70%, 80%, 95%, and finally
100% ethanol for 2 hours each. After that, the tissue
was cleared by immersing it in xylol for 2 hours.
Then the tissues were impregnated in melting
paraffin (55-60°C) for two hours in two steps to
saturate the tissue, replenish the cleaning agent, and
remove bubbles. Molten paraffin was then poured
into a metal template to allow the samples to take
place. Paraffin blocks were removed from the metal
once they solidified. Then, a rotary microtome was
used for sectioning, and sections were cut at a 5
micrometer thickness. Finally, the sections were
stained with Hematoxylin and Eosin. Examination
of the hematoxylin and eosins stained sections were
examined with the assistance of a histopathologist
utilizing a light microscope (Olympus/Japan) and
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digital camera (Canon/Japan), at a final
magnification of 100 and 400x. The
histopathological changes in kidney tissues were
semi-quantitatively calculated according to a renal
pathology scoring system as previously described
28, The pathological changes that were examined
include interstitial inflammation, glomerular
congestion, glomerular atrophy, interstitial vascular
congestion, hyaline cast formation, acute tubular
necrosis, epithelial vacuolar degeneration, and
epithelial fatty change. The scoring system was
performed by calculating the averages of 10 fields
per section for each animal in the group, and the
mean of the group was calculated to be compared
with the means of the other groups. The scoring
system consists of a total of five scores, which are
defined according to the severity of the pathological
damage of the renal tissues (score 0: no change, 1:
1-25%, 2: 26-50%, 3: 51-75%, 4: >75%).
Statistical analysis

Both SPSS (Statistical Package for Social
Sciences) version 23 and Microsoft Office Excel
2013 were used to summarize, analyze, and display
the information, the experimental data were
expressed as the mean * standard deviation (SD).
The one-way Analysis of Variance (ANOVA) was
used to examine the difference in the means of
numeric variables among more than two groups,
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followed by the Tukey post hoc test to compare the
means of any two groups and a P value less than 0.05
and 0.001 was considered statistically significant.
Results
Effect of liquiritin on glycemic control, lipid
profile, renal function parameters, and body
Weight

The DM group showed a significant increase
in blood glucose and HbA1c levels compared to the
Con group. The DM group showed significantly
lower body weight compared to the Con group.
There was no significant difference in the glycemic
parameters and body weight among DM, Met, and
Lig groups (P > 0.05) as shown in Table 1. DM
group showed a significant increase in the serum
level of TG, TC, HDL, and LDL compared with the
Con group. There was no significant difference in
the lipid parameters among DM, Met, and Liq
groups (P > 0.05) except for LDL of the Met group,
which was significantly higher than that of DM. The
DM groups showed a significant increase in serum
creatinine, urea, and renal index in comparison with
the Con group (P < 0.05). There was no significant
difference in the serum level of creatinine, aloumin,
and renal index among DM, Met, and Liq., while the
urea levels of Met and Liqg groups were significantly
lower compared with the DM group.

Table 1. Effect of liquiritin on serum glycemic control, lipid profile, and renal function parameters

Parameter Con DM Met Lig
Body weight 329.23 + 20.30 232.40+60.21 2 288.76 +31.54 | 264.00 + 55.31
FBS (mg/dL) 130.54 + 24.90 593.60 +39.562 | 661.34+62.50 | 563.83 +89.46
HbA1c % 6.80 + 0.61 10.26 + 0.8? 9.9+1.20 8.82 +0.91
Insulin (mU/L) 2.27 +0.63 4.00 +0.90 6.0 +1.08 6.68 + 1.49
TG (mg/dL) 39.43 + 8.87 181.76 + 20.76 2 161.6 24,5 138.00 + 31.81
TC (mg/dL) 40.54 + 1.86 63.76 +16.32 2 60.30 + 9.90 58.50 + 10.97
HDL (mg/dL) 10.54 + 0.89 21.60 +2.702 18 +2.48 24.33+4.27
LDL (mg/dI) 5.40 + 0.55 9.40 +4.72 2 17.67 £ 4.67° 9.00 +2.18
creatinine (mg/dL) | 0.27 +0.04 0.45+ 0.092 0.47 +0.02 0.41 +0.03
Urea (mg/dL) 21.90 + 3.29 81.60 +12.48 2 47.05+ 359" 43.00 +14.32 "
Albumin (g/L) 19.40 + 1.34 25.60 + 2.23 2 24.36 + 1.46 24.67 + 94
Renal index 2.61+0.35 465 +0.31% 458 +0.47 4.32+0.72

Con: normal control group, DM: diabetic control group, Met: diabetic + metformin group, Liq: diabetic
+ liquiritin group, FBS: fasting blood sugar; HbAlc: glycated hemoglobin A1, TC: Total cholesterol, TG:
triglyceride, HDL: High density lipoprotein LDL: Low density lipoprotein.Values are mean + SD., n=12,
(a): Significantly different (P < 0.05) compared with the Con group, (b): Significantly different (P<0.05)

compared with the DM group.

16



Iraqi J Pharm Sci, Vol.34(4) 2025 The nephroprotective activity of liquiritin

Histopathological Findings (average 67+3.2, score 3) as shown in Figure 1 (E-

The kidney sections in all animals of the Con H) and Table 2. In the metformin-treated group,
group show normal glomerular architecture, normal there is marked glomerular congestion (average
interstitial vascular thickening and normal renal 56+0.18, score 3), proximal tubules showed hyaline
tubules in the cortex. In the medulla, renal collecting cast (average 36+1.6, score 2), and some sites appear
tubules appear within normal limits, where the with marked sloughing of the tubular epithelium
tubular epithelium was simple cuboidal, with a well- (score 3). Interstitium showed severe vascular
defined lumen, and a normal thickness of the tubular congestion (average 594, score 3) and mild
basement membrane. All changes that were inflammation (average 19+3, scorel). No features of
recorded in DM and other treatment groups were glomerular atrophy, vacuolar and fatty degeneration
scored 0O in this group, as shown in Figure 1(A-D) of the renal tubular epithelial cells, as shown in
and Table 2. The kidney sections in the DM group Figure 1 (I-L), and Table 2. as shown in Figure 1
showed marked glomerular congestion, with an (M-P), and Table 2, Liqg did not affect glomerular
average change of 81+2 (score 4), as well as atrophy and hyaline cast formation, while showing
glomerular atrophy, with an average of 13+2.16 significantly lower histopathological changes
(score 1). Renal tubules showed fatty degeneration compared with DM, and Met groups. Statistical
of renal tubular epithelium of the distal renal tubules analysis showed that the scored changes of the Met
(average 28+0.14, score 2), while proximal renal and Liqg groups were significantly lower than those
tubular epithelium showed focal areas of acute of DM at (p< 0.05); however, the Liq group showed
tubular necrosis (average 40+1.3, score 2). Renal superior improvement in comparison with the Met
interstitium showed vascular congestion; (average group in most of the scored changes.

93+1, score 4), and spots of intensive inflammation;

R
MR

D

A

" A
N Pt
Wi\ Y

Figure 1. Histopathological findings in the study groups. Kidney of Con group shows A and B: normal glomerular
tuft (black arrow), normal renal tubular epithelium (blue arrow) in the renal cortex, C: normal renal tubular
epithelium (black arrow) in the renal medulla. Kidney of DM group shows E: necrotic renal tubular epithelium
(black arrow), hyaline cast in the tubular lumen (blue arrow) and glomerular congestion (green arrow) in the
renal cortex, F: glomerular congestion (black arrow) and fatty degeneration of renal tubular epithelium (green
arrow) in the renal cortex, G and H: intensive interstitial inflammation (black arrow) in the renal cortex. The
kidney of the Met group shows I: glomerular congestion in the cortex, J: accumulation of hyaline cast in the
tubular lumen, K: marked sloughing of the renal tubular epithelium, L: mild interstitial inflammation in the
renal medulla. The Kidney of the Liq group shows M: marked glomerular congestion (blue arrow), destruction
of renal tubular epithelium (black arrow), N: glomerular atrophy (black arrow), O: mild peri-glomerular
inflammation (black arrow), P: tubular hyaline cast (black arrow), destruction of renal tubular epithelium (blue
arrow). H&E, A, D, E 40X, all others 40X.
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Table 2. Effect of ligquiritin on histopathological changes compared with DM and Met groups

pathological changes DM % (Score) Met % (Score) Liq % (Score)
Inflammation 67+3 (3) 19+3P 1) 47+3° 2
Glomerular congestion 81+2 (4) 56+1 P (3) 41+2° (2)
Glomerular atrophy 13+2 (1) 0 0) 11+0.12 (1)
Interstitial vascular congestion 93+1 (4) 5944 P (3) 0 (0)
Hyaline cast formation 0 0) 36+1P° 2 23344 (1)
Tubular necrosis 40+1 (2) 52410 (3) 22+153° (2)
Epithelial vacuolar degeneration 0 0) 0 (0)] 0 0)
Epithelial fatty change 280 (2) 0 (0) 0 0)

DM: diabetic control group, Met: diabetic + metformin group, Liq: diabetic + liquiritin group. Values are
mean + SD., n=12, (b): Significantly different (P<0.05) compared with the DM group.

Effect of liquiritin on renal level of IL-1p, IL-6,
TNF-a, TGF-I1

As shown in Figure 2, the DM group showed
a significant increase in the renal level of IL-1p, IL-
6, TNF-a, and TGF-B1 in comparison with the Con

A a
CII)ﬂ oM Met Liq

1.000 C a
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group, after 15 weeks of treatment and except for
TGF-B1, liquiritin significantly lowered these
inflammatory factors, which is in contrast to the
effect of metformin that did not affect their renal
level.
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£ .
b4
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Figure 2. The effect of liquiritin on renal IL-1p, 1L-6, TNF- a, TGF-B1., (a): Significantly different (P < 0.05) compared
with the Con group, (b): Significantly different (P<0.05) compared with the DM group.
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Effect of liquiritin on renal oxidative stress

In comparison with the Con group, the DM
group showed significantly higher renal level of
MDA, and lower level of GSH, and treatment with
liquiritin for 15 weeks significantly improved these
oxidative markers. Metformin did not affect these
oxidative markers, as shown in Figure 3.
Discussion

Diabetes mellitus is a common metabolic
disorder that is associated with numerous serious
and life-threatening complications. DN is one of the
major diabetes microvascular complications and a
leading cause of ESRD. The pathogenesis of DN is
a complicated and progressive process that involves
multiple overlapping biological pathways, and there

are continuously newly discovered
pathophysiological contributors and molecular
mechanisms  involved. ~ The  control  of

hyperglycemia results only in a modest reduction of
the onset or progression of DN in patients with long-
term diabetes @9, In the present study, we use a low
dose of STZ and a high-fat diet to induce type 2
diabetes in rats, which is a stable and efficient model
that is commonly used in the published literature.
Compared to the normal rats, the diabetic rats
develop significantly higher blood glucose levels
and typical signs of diabetes, i.e., polyuria,
polydipsia, and polyphagia. 15 weeks post diabetes
induction, the diabetic control rats develop obvious
functional and  histopathological ~ changes
represented by a significant increase in the serum
creatinine, urea level, glomerular hypertrophy, and
vacuolar degeneration, which indicate the success of
the DN model. Except for glomerular atrophy and
hyaline cast formation, liquiritin significantly
decreased all other histopathological changes.
Interestingly, liquiritin did not lower the blood
glucose level; nevertheless, it improved the
pathological changes in diabetic rats, suggesting that
the renoprotective effect of liquiritin is independent
of blood glucose control, and this comes in
agreement with several studies that have found that
the natural polyphenols could have a renoprotective
action against experimental DN irrespective of
antihyperglycemic effect (30). In diabetes, the long-
term hyperglycemia is the principal trigger of DN,
where the inflammation and oxidative stress are the
major mechanisms that play an important role in the
occurrence and development of DN ©Y, Oxidative
stress can stimulate the production of inflammatory
cytokines, which in turn lead to the production of
more free radicals to exacerbate oxidative stress and
eventually form a vicious cycle @233, Many studies
illustrated that diabetic nephropathy is related to the
excessive production of reactive oxygen species,
epithelial cell interstitial transformation, and is
closely associated with renal oxygen species under
hyperglycemia G4,
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MDA is an important marker of lipid peroxidation

that results from the attack of accumulated ROS of
the unsaturated fatty acids, so it is an important
index that reflects the degree of lipid peroxidation
and oxidative stress. GSH and SOD act as important
antioxidants that could counteract the harmful
effects of oxidative damage from free radicals in the
body. A considerable number of studies have
reported that a decrease in GSH and SOD and an
increase in MDA were observed in rats with DN
induced by STZ @53 The present results were in
agreement with these findings, and administration of
liquiritin significantly improves the levels of GSH
and MDA. The proinflammatory cytokines have an
important role in the DN pathogenesis ). The most
important cytokines in DN are IL-1p, IL-6, TNF-a,
and TGF-B1. These cytokines have been involved in
increasing the intraglomerular pressure by
increasing the prostaglandins, inducing neutrophil
infiltration, promoting the hypertrophy of the
kidney, increasing the glomerular basement
membrane thickening, increasing the induction and
differentiation of the inflammotory cells, increased
toxicity to various kidney cells through apoptosis
activation, glomerular hemodynamics alteration,
increased oxidative stress, and increased vascular
endothelial permeability ®. The TGF-B1 has been
recognized to play an important role in the
pathogenesis of DN as it is reported to be included
in podocyte injury, basement membrane thickening,
mesangial cell proliferation, renal cell fibrosis, and
glomerulosclerosis © 19, In the present study,
although liquiritin resulted in significant reduction
of these inflammatory cytokines but they still higher
than that of normal control group which may explain
its modest protective activity against pathological
alterations and taking into consideration that it did
not affect TGF-B1 level, a finding that come in
agreement with other studies which had been
demonstrated that these inflammatory cytokines had
been significantly increased in the experimental DN
and the improvement in the function and structure of
the kidneys was associated with reduced cytokines
expression G738 Another issue that cannot be
explained in the present study, and it may be the
cause behind this modest nephroprotective activity,
is the pharmacokinetic characteristic of liquiritin, as
it is a glycoside flavonoid a class of flavonoids that
has uncertainty about their enteric absorption and
bioavailability, however they are used orally in
many experimental studies with significant activity
against induced disease models, while used in others
via parenteral route @223, It is concluded from the
present study that liquiritin can ameliorate DN.
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Figure 3. The effect of liquiritin on renal GSH, and MDA (a): Significantly different (P < 0.05) compared
with Con group, (b): Significantly different (P<0.05) compared with DM group.

Conclusion

It is concluded from the present study that
15 weeks is a reasonable duration to develop an
experiment.
DN with significant functional and histopathological
findings. Liquiritin has an ameliorating effect
against DN, and it can significantly decrease most of
the histopathological changes, oxidative, and
inflammatory markers.
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