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Portulaca oleracea L seed extracts counteract
diabetic nephropathy through SDF-1/IL10/
PPARy-mediated tuning of keap1/Nrf2

and NF-kB transcription in Sprague Dawley
rats
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Abstract

Background & objective :While oxidative stress is the key player driving diabetic nephropathy (DN), firm glycemic
control remains the pillar prophylactic measure. Purslane was extensively described as a potent hypoglycemic

and hypolipidemic agent owing to its rich content of antioxidants. Therefore, this report aimed to assess the
renoprotective potentials of methanol (MO) and methylene chloride (MC) fixed oil extracts of purslane seeds in a
diabetic nephropathy (DN) model.

Methods Purslane seeds were extracted using absolute methanol and methylene chloride, and type-1 diabetes was
induced with a single 55 mg/kg dose of Streptozotocin (STZ) dissolved in 100 mmol/L citrate buffer (pH 4.5), and then
diabetic animals were received MO, MC, for 42 consecutive days to compare their antidiabetic effect relative to the
reference drug “Losartan”. Renal functions and DN biomarkers were weekly assessed, and the relative expression of
different oxido-inflammatory mediators was quantified in diabetic kidneys by RT-PCR. Data were statistically analyzed
using GraphPad Prism 9.0.2.

Results The oral administration of MO and MC extracts (250 mg/kg/day) significantly ameliorated the body weight
loss (P<0.0001 / each), fasting blood glucose levels (FBG) (P<0.0001 / each), urine volume (P<0.0001 / each), as
well as serum creatinine (P <0.0001 / each), uric acid (P=0.0022, 0.0052), and blood urea nitrogen (BUN) (P=0.0265,
0.0338); respectively, compared with the untreated diabetic rats. In addition, both extracts restored the effectuality
of antioxidative machinery in diabetic kidneys as indicated by a significant reduction of ROS accumulation and

lipid peroxidation; higher GSH content, and promoted activity of glutathione reductase and superoxide dismutase
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(P<0.0001 / all).

Graphical Abstract

antioxidant enzymes (P<0.0001 / each). Histologically, both extracts alleviated the DN-structural alterations including
the glomerular congestion and tubular degeneration, with MC-treated kidneys showing near to normal architecture.
The transcription profiles of all treated kidneys revealed a significantly downregulated expression of TNF-q, IL-6, Keap1
and NF-kB genes, concomitant with a significant upregulation of SDF-1, IL-10, Nrf2, HO-1, and PPARy gene expression

Conclusion These findings highlight the remarkable DN-prophylactic potentials of purslane extracts mediated
by neutralizing the hyperglycemia-induced ROS accumulation, and circumventing the downstream inflammatory
cascades, surpassing the reference angiotensin receptor blocker; i.e. Losartan.

Keywords Purslane, Diabetic nephropathy, Nrf2/Keap1, PPARy, Oxidative stress, Inflammation

Introduction
While the living standards improve in many countries
worldwide, the number of people living with diabe-
tes mellitus (DM) continually increases. As per the last
WHO report, the global prevalence of DM is estimated
at 422 million incidences and 1.5 million diabetes-related
deaths per year [1]. The main pathological factor driving
the long-term complications of hyperglycemia lies in the
excessive accumulation of reactive oxygen radicals (ROS),
which results from the deactivation of the antioxidative
enzymes through glycation [2]. This typically triggers
uncontrolled inflammatory responses that further poten-
tiate ROS production, which eventually perpetuates the
pathological condition [3].

One of the imperative DM complications is diabetic
nephropathy (DKD) (aka. Diabetic nephropathy (DN)), in
which glomerular injury and hyperflitration are directly

induced by hyperglycemia [4]. As the exact mecha-
nism underlying the onset of DN is still dialectical, halt-
ing its progression into end-stage renal disease (ESRD)
remains challenging. However, protein kinase C (PKC)
is reportedly the main player orchestrating the glomeru-
lar injury when activated by high glucose concentration;
either through the transforming growth factor (TGF)-p-
mediated overproduction of extracellular matrix (ECM)
[5], or by stimulating the mitogen-activated protein
kinase (MAPK) signaling pathway that promotes exces-
sive ROS production expediting the glomerular apopto-
sis [6]. Recently, renal lipid deposition or lipotoxicity was
proposed as another key contributor in the progression
of DN, where dyslipidemia; i.e. dysregulated lipid homeo-
stasis, potentiates the renal uptake of free fatty acids
(FFA) that accumulate in plasma under diabetic condi-
tions. The renal w-oxidation of FFA then predominates
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the mitochondrial B-oxidation, which triggers renal lipo-
toxicity by the accumulated lipids and ROS [7]. Either
way, there is a consensus that oxidative stress is the key
player driving hyperglycemic nephropathy; therefore,
firm glycemic control remains the pillar prophylactic
measure.

Currently, two categories of kidney-protective drugs
are most commonly described for diabetic patients;
angiotensin-converting enzyme (ACE) inhibitors (e.g.
Lisinopril, Enalapril, Benazepril), and angiotensin recep-
tor blockers (ARBs) (e.g. Losartan, Olmesartan, Valsar-
tan) [8]. However, the long-term usage of these drugs is
associated with several side effects; some of which might
be serious, which prompts a relentless pursuit of effec-
tive alternatives from natural sources. In this domain, the
renoprotective role of various phytochemicals has been
highlighted in several studies approaching the compli-
cations of diabetes [9-11]. Most of these agents adopt
a common strategy of renoprotection; stimulating the
nuclear factor-erythroid-2-related factor 2 (Nrf2) which
is the key element of cellular antioxidant machinery
[9-12].

In detail, Nrf2 is the master transcription factor that
activates the expression of phase II detoxifying enzymes,
including heme oxygenase-1 (HO-1), superoxide dis-
mutase (SOD), glutamyl cysteine synthetase (GCLC),
and y-glutamylcysteine synthetase (y-GCS) [12]. In addi-
tion, Nrf2 restrains cellular inflammation and fibrosis by
suppressing the nuclear factor kappa (NF-«xB) and trans-
forming growth factor (TGF)-p; respectively [13]. Under
physiological conditions, the cytoplasmic Nrf2 is typi-
cally bound with the ROS-sensor Kelch-like ECH-asso-
ciated protein (Keap)-1, which maintains the cytoplasmic
Nrf2 levels by ubiquitinated proteasomal degradation.
Upon stimulation by ROS, the Nrf2 protein releases and
translocates into the nucleus to recruit the transcrip-
tion of different antioxidant enzymes that counteract
the cellular oxidative damage [14]. Notably, the Keapl
transcription is significantly upregulated in diabetic kid-
neys, while that of Nrf2 as well as the cytoplasmic levels
is typically downregulated [15]. On the other hand, some
phytochemicals assume renoprotection by activating the
peroxisome-proliferator activated receptor (PPAR)-y
[16]; the major nuclear receptor controlling the renal
lipid metabolism and energy homeostasis, and reportedly
implicated in several renal disorders [17].

In the same line, the wide-span bioactivities of the suc-
culent weed Portulaca oleracea L. (Purslane) have been
extensively described in the folk medicine domain, where
several reports highlighted its hypoglycemic, hypolipid-
emic, potent antioxidant and anti-inflammatory poten-
tials among others [18-20]. Besides the rich content of
w-3 fatty acids, purslane exhibits potent hypocholester-
olemic and hypolipidemic activities owing to their high
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content of betalain pigments [18, 21]. In our previous
study, methanol (MO) and methylene chloride (MC)
purslane seed extracts demonstrated remarkable anti-
oxidant/anti-inflammatory potentials in vitro [22]. The
chromatographic profiling revealed that protocatechuic
acid (57.1%) represents the prominent phytoconstituent
of MO extract, while w-polysaturated fatty acids consti-
tuted ~70% of the fixed oil (MC); prominently linoleic
acid (43.2%) and palmitic acid (24.49%), with marginal
fractions of phytosterols.

It was postulated that each extract undergoes a dif-
ferent anti-inflammatory mechanism that ultimately
correlates with interrupting NF-«xB transcription or
phosphorylation/translocation.  Specifically, the MO
treatment of LPS-sensitized RAW 264.7 cells produced
a significant inhibition of IL-13 and TNF-a production,
which inferred a potential interception of NF-«B acti-
vation and subsequent nuclear translocation through
neutralizing ROS trigger, whereas the fixed MC oil upreg-
ulated the levels of the anti-inflammatory cytokine IL-10,
which intercepted the inflammatory cascade as indi-
cated by the strong inverse correlation observed between
IL-10 levels and the relative expression of PGE2 gene
[22]. Herein, we aimed to assess these antioxidative/anti-
inflammatory potentials in vivo in the context of type-1
diabetic nephropathy model, and to further explore the
molecular mechanisms and signaling pathways underly-
ing their anticipated renoprotective potentials.

Materials & methods

Preparation of purslane seed extracts

Methanol (MO) extract and methylene chloride (MC)
fixed oil were prepared from purslane seeds according to
our previous report [22]. Purslane seeds were purchased
from the local markets in Cairo-Egypt and were then
authenticated by the senior botanist of El-Orman Garden
(Giza, Egypt). Seeds were thoroughly ground to obtain a
fine powder, and the extracts were prepared from 1 kg of
ground purslane seeds by Soxhlet apparatus using abso-
lute methanol (MO) or methylene chloride (MC) (Sigma
Aldrich, USA) at ambient temperature. The extracts were
then filtered and concentrated under vacuum conditions
on a rotary evaporator at 40 °C, and then stored at -20 °C
for further use.

Animals

Male Sprague Dawley rats (8—10 weeks old, 225-250 gm)
were obtained from the animal house at the National
Research Centre, Cairo-Egypt. Before experiments, ani-
mals were acclimated for one week at 25 °C with a 12 h
/12 h darkness photo-period, with free access to standard
chow and water ad libitum. The number of animals and
their mean body weights were determined according to
the targeted study. For the toxicology study, 72 rats with
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an average body weight of 140+2.0 gm were used; while
50 other rats with a body weight range of 225-250 gm
were used for DN model establishment and subsequent
antidiabetic/ renoprotective assessment of purslane
extracts.

Toxicology studies

For acute toxicity assessments, 42 rats were allocated into
seven weight-matched groups (n=6/group) designated as
sham (untreated control); high-, medium-, and low-dose
groups in which animals orally received a single 5, 2.5,
and 1 gm/kg doses of each extract in phosphate-buffered
saline (PBS); respectively, while sham rats received the
same dose volume of PBS. Animal mortality and signs of
toxicity including weight change, and behavioral changes
(excessive grooming, repetitive circling, somatomotor
activity, eyes, mucous membranes, presence /absence
of alopecia) were monitored twice daily for 14 days, and
the LDg, value was calculated using the regression equa-
tion according to Lorke [23]. According to the obtained
LDs, 1/20 of the LDy, was selected as the maximum con-
centration for repeated dosing of 20 rats (n=10/group),
considering the relatively long experimental period (42
consecutive days) in which animals were monitored com-
pared to the untreated (n=10) as aforementioned. The
changes in body weights in each group, as well as the rate
of food/water intake, were weekly recorded.

Induction of diabetes mellitus

Typel-diabetes mellitus (T1DM) was induced in
12 h-fasting rats with intraperitoneal (i.p) administration
of a single 55 mg/kg dose of Streptozotocin (STZ) dis-
solved in 100 mmol/L citrate buffer (pH 4.5) [24], while
sham group (n=10) received only the vehicle. To limit the
early animal mortality associated with the sudden insulin
release from the STZ-damaged [-islets; all animals were
immediately injected (i.p.) with 5 pg/kg glucagon accord-
ing to Dirnena-Fusini et al. [25]. Levels of fasting blood
glucose (FBG) were estimated 3 and 7 days post-STZ
treatment, and animals were considered diabetic when
their FBG level was >215.5 mmol/L. The diabetic animals
were allocated into four groups (n=10/group) designated
as:

+ DN group (untreated control): diabetic animals
treated with an equivalent oral dose of normal saline
for 42 consecutive days.

+ MO-treated group: diabetic animals daily treated
with methanol extract of purslane seeds for 42
consecutive days with a pre-determined dose
according to the toxicology studies.

+ MC-treated group: diabetic animals daily treated
with methylene chloride extract of purslane seeds
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for 42 consecutive days with a pre-determined dose
according to the toxicology studies.

+ Reference drug-treated group: diabetic animals
daily treated with 2 mg/kg of Losartan for 42
consecutive days [26].

During the experiment period of both studies, animal
groups were monitored twice/day by a blinded vet-
erinarian. Abnormal symptoms including discomfort,
fatigue, pain, skin/fur erythema, or unusual eye secre-
tions were observed, besides the animal mortality (if any)
was recorded. Behavioral abnormalities including ataxia,
depression or over-excitation, and altered locomotor
activity were also focused. Pre-treatment animal mortal-
ity was compensated with the same number of other rats
that passed the same T1DM induction protocol.

Sampling

For toxicological assessments, blood samples were col-
lected from the tail mid-vein and then the animals were
euthanized by intraperitoneal (i.p.) administration of
100 mg/kg pentobarbital. Organs including the brain,
lungs, heart, liver, kidneys, spleen, and testes were
weighed and visually examined for macroscopic altera-
tions. In the DN model, diabetic rats of each group were
individually housed in metabolic cages for 24 h-urine col-
lection. Blood samples were also weekly collected from
the tail mid-vein for monitoring biochemical and inflam-
matory markers. Urine/blood samples were centrifuged
for 10 min at 3000xg to obtain sera and clear urine sam-
ples for subsequent analyses. Animal euthanasia was car-
ried out as aforementioned, and kidneys were dissected
and rinsed with cold isotonic saline and then weighed
to determine kidney hypertrophy index (Ki) by dividing
the kidney wet weight by the body weight of each animal
[27]. Sections of the collected kidneys were homogenized
for the assessment of redox status.

Assessment of biochemical and inflammatory markers

Biochemical assessments including Serum ALT, AST,
total cholesterol, and triglycerides besides the renal func-
tion markers listed below were estimated in control and
MO/MC-treated animals were carried out using Bio-
diagnostic (Cairo, Egypt) kits according to the user
manual. The progressive hyperglycemia was monitored
in diabetic rats on days 7, 14, 21, 28, 35, and 42th using
a glucose oxidase-based commercial glucometer (Accu-
Chek Active, Roche Diagnostic). Renal functions were
also monitored in terms of urine volume; blood urea
nitrogen; serum/urinary creatinine, albumin, uric acid,
and proteinuria at the same time points. The estimated
glomerular filtration rate (eGFR) was calculated accord-
ing to Besseling et al. [28] in individual animals using
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one of the following equations depending on serum cre-
atinine levels:

Serum creatinine<52 umol/L: eGFR (ul/min)=880
xweight %) x serum creatinine “%°” x blood urea
(-0391)

Serum  creatinine>52  umol/L:  eGFR  (ul/
min)=5862xweight 9 x serum creatinine 11> x
blood urea %3V,

The onset and progression of DKD were monitored in
diabetic rats using our previously proposed biomarkers
including serum and/or urinary transferrin, fibronectin,
IL-6, TNF-a, high sensitivity CRP (hs-CRP), and SDF-
1; each was estimated using Instant Rat ELISA kits of
SunLong Co., Ltd (China) following the user manual.
Urinary levels of SDF-1 were normalized to concurrent
urinary creatinine concentrations at each time point. The
absorbance was measured at 450 nm against 630 nm (ref-
erence wavelength), and the cut-off value was determined
according to the minimum detection limit of each kit.
The renal redox status was evaluated in terms of tissue
levels of reduced glutathione (GSH); lipid peroxidation
(MDA), and the activity of glutathione reductase (GR)
and superoxide dismutase (SOD) were biochemically
assessed using Biodiagnostic (Cairo, Egypt) kits, while
the of total reactive oxygen species (ROS) was estimated
using Rat reactive oxygen species (ROS) ELISA kit (Sun-
Long Co., Ltd- China) according to the user manual.

Quantitative PCR

The gene expression of NF-kB, IL-6, TNF-a, IL-10, Nrf2,
Keapl, HO-1, and PPARy was evaluated in diabetic kid-
neys using quantitative PCR (qPCR). Total RNA was
extracted from frozen renal sections preserved in RNAI-
ater (ThermoFisher Scientific, USA) using PureLink™
RNA Mini Kit (Invitrogen, USA) according to the user
manual. The complementary DNA (cDNA) was synthe-
sized from 1 pg of RNA template using iScript™ One-Step
RT-PCR Kit with SYBR°Green (Bio-Rad, USA) according
to the manufacturer’s protocol, and then used as a tem-
plate to amplify genes using the specific primer sets listed
in Supplementary Table (1) along with the B-actin house-
keeping gene. The cycling conditions included 95°C for
10 s; annealing at (55-60°C) for 30 s; extension at 72°C
for 1 min, and final extension at 72°C for 10 min; for 40
cycles. The melting curves were analyzed to confirm the
presence of specific amplification and the absence of
primer dimers. Data were analyzed by the comparative
threshold cycle (AACt) method, and normalization was
performed using the geometric mean of the B-actin gene.
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Histopathological assessments

Sections of the collected kidneys were fixed in 10% PBS-
formalin. After 24 h of formalin fixation, specimens were
washed and dehydrated in serial dilutions of ethanol,
cleared in xylene, and finally embedded in paraffin. Par-
affin blocks were sectioned at 4 pm, and the obtained
sections were stained with hematoxylin and eosin
(H&E) according to Suvarna and Layton [29]. A quan-
titative score was assigned for the severity of renal injury,
where 0=no histopathological change, 1=slight (mini-
mal, <25%), 2=mild (25-50%), 3=moderate (>50%), and
4=severe (>75%).

Statistical analysis

The sample size was calculated using G-Power software
version 3.1.9.7. The Priori test analysis of the five inde-
pendent groups included in the study revealed a~ 11-fold
difference of the FBG levels in the DN group relative to
sham (Fig. S1.A), while it showed ~12.902 and 6.408 fold
difference in treated groups relative to sham (B-D) and
DN (E-G) control groups; respectively, with mean dif-
ference of 9.655 and an average sample size required of
three rats per group. However, ten rats were allocated
to each group to achieve the effect size (f) of 9.655 and
a study power of 95% (1-p error probe). A continuity-
corrected squared Fishers’ exact test was used to evalu-
ate the null hypothesis with a probability of type I error
(a- error=0.05), power=95%. The statistical analysis of
numerical data was performed using GraphPad Prism
version 9.0.2 (GraphPad, San Diego, CA), including the
unpaired parametric t-test and/or one-way analysis of
variance (ANOVA) followed by Tukey’s multiple com-
parison test. The correlation matrix was analyzed using
Pearson correlation followed by linear regression tests.
Data were expressed as meantSD in each group, and
two-tailed P-values<0.05 were considered statistically
significant.

Results

Biosafety of purslane seed extracts

No animal mortality or acute signs of toxicity were
observed during the 14-day experimental period, and
both MO and MC extracts were safe up to 5 g/kg sin-
gle dose. Therefore, a dose of 250 mg/kg was selected
for repeated administration. No significant change in
the organosomatic indices, or food and water intake
(data not shown) was observed during or at the end of
the dosing period. However, the MC-treated animals
showed a moderate reduction of body weight relative
to the sham animals starting from the 21st day of treat-
ment (P=0.0068-0.022), unlike the MO-treated animals
that showed no significant difference along the experi-
mental period. The repeated MO dosing produced sig-
nificantly lower blood glucose levels (P=0.0162), while
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the MC dosing exhibited a slight elevation of serum
albumin (P=0.0044). Both treatments exhibited a sig-
nificant reduction of total cholesterol and triglycer-
ides (P<0.0001 / each), with a higher effect observed in
MO-treated animals in the former (P<0.0001), and a
higher effect observed in MC-treated animals in the lat-
ter (P=0.0003). The treated animals showed lower lev-
els of ALT (P=0.0001, 0.0033; respectively) and also
AST despite the absence of statistical difference. As
both extracts were investigated as renoprotective candi-
dates, different parameters of renal functions were also
assessed after repeated dosing. Results showed that both
MO- and MC-treated groups had significantly lower lev-
els of serum uric acid (P=0.0001, 0.0024; respectively),
and urinary creatinine (P<0.0001 / each), while no sig-
nificant difference was found in BUN, proteinuria, as well
as creatinine clearance and eGFR rates. Meanwhile, mild
elevation of serum creatinine (P=0.0001, 0.0069), and
urine volume (P=0.0092, 0.0232) were observed in both
MO- and MC-treated groups; respectively. Changes in
body weight during the dosing period and the terminal
values of organosomatic index and blood biochemistry
parameters are listed in Supplementary Tables 2, 3, and
4; respectively.

MO and MC treatments ameliorate hyperglycemia-
associated symptoms

All the classical signs of diabetes including elevated blood
glucose levels accompanied by weight loss, polyphagia,
polydipsia, and polyuria were significantly pronounced
in the untreated diabetic animals in the DN control
group. The sham animal group had steady FBG levels and
a normal weight gain pattern consistent with food con-
sumption rate along the study period, whereas untreated
diabetic animals in the DN group showed significantly
higher FBG levels and water intake/ food consumption
rates with lower mean body weight in all time points
compared with the sham animals (P<0.0001 / each). The
MO-treated diabetic rats demonstrated a rapid improve-
ment regarding FBG levels, body weight, as well as food/
water consumption after only 7 days of treatment, and
maintained a steady pattern. Meanwhile, the improve-
ment of DM-associated symptoms was observed in those
receiving the MC extract and Losartan after 14 days of
treatment. The untreated diabetic animals showed a
31.5% increment of terminal FBG levels, concomitant
with 27.26% weight loss compared with the initial val-
ues (P<0.0001 / each), while both MO and MC extracts
produced 67.35 and 63.1% lower FBG levels; respectively
compared with the untreated diabetic rats (P<0.0001 /
each) at the same time point. Compared with Losartan-
treated animals, the terminal FBG levels showed no
significant difference in MO-treated rats unlike those
treated with MC that showed significantly higher FBG
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levels compared with both Losartan- and MO-treated
animals (P<0.0001, 0.0038; respectively), while the lat-
ter showed a significantly higher terminal body weight
relative to both MC- and Losartan-treated animals
(P<0.0001 / each). Changes in body weight, blood glu-
cose, and food/water intake in different animal groups
are detailed in Table (1).

MO and MC treatments ameliorate the altered renal
functional and structural markers in diabetic animals

In line with progressive hyperglycemia, the early signs of
renal injury were observed in the untreated diabetic rats
between the 7th and 14th days after the STZ administra-
tion, in terms of higher serum creatinine (Fig. 1.A); uric
acid (1.B), and BUN levels (1.C), in addition to significant
polyuria (1.D), higher levels of albuminuria (1.E), pro-
teinuria (1.F), and urinary creatinine (1.G) concomitant
with lower creatinine clearance (1.H) and eGFR rates
(1.I) compared with the sham animals (P<0.0001/ each)
in all time points. All treatments significantly improved
the regression of renal functional and structural mark-
ers compared with the untreated animals. In detail, the
MO-, MC-, and Losartan-treated animals showed lower
levels of serum creatinine (P<0.0001 / each), uric acid
(P=0.0022, 0.0052, <0.0001; respectively), and BUN lev-
els (P=0.0265, 0.0338, 0.0187; respectively) compared
with the untreated after 7 days of treatment with no
significant difference observe between the three treated
groups. Similarly, a significant reduction of the polyuria
(P<0.0001, 0.0402, <0.0001; respectively), renal pro-
teome including levels of albuminuria (P<0.0001 / each)
and proteinuria (P=0.0054, 0.0003, 0.0193; respectively),
and urinary creatinine (P<0.0001 / each) was observed in
the three treated groups after 7 days of treatment, which
also extended to improved rates of creatinine clear-
ance (P<0.0001 / each) and eGFR (P=0.0123, <0.0001,
0.0385; respectively). As demonstrated in Fig. (1.D). The
MO treatment showed a persistently higher effect on the
polyuria in all time points recorded compared with MC
and Losartan, while the MC exhibited significantly higher
improvement of renal proteome and both creatinine
clearance and eGFR rates relative to MO and Losartan
(P<0.01 / each) (1.E-I).

MO and MC treatments halt the progression of diabetic
nephropathy

The early markers of diabetic nephropathy were detected
in the untreated diabetic animals (DN) after 14 days
of STZ dosing, where the urinary levels of transfer-
rin (Fig. 2.A); fibronectin (2.B); SDF-1 (2.D); IL-6 (2.F);
TNF-a (2.H), and IL-18 (2.]) were found to be signifi-
cantly higher than those in the sham and treated diabetic
animals, concomitant with significant reduction of serum
SDF-1 (2.C), and elevated IL-6 (2.E); TNF-a (2.G); IL-18
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Table 1 Changes in body weight, blood glucose, and food/water intake in untreated and treated diabetic rats in different groups

Parameter Group Days
7 14 21 28 35 42

FBG Change % (mmol/L) Sham 1.95+0.28* 1.94+0.25% 166+032%  1.07+026* 0.77+027* 0.916+0.24*
DN 6854038 10740482  1177+056* 1664+064*  2686+099*  315+0.76*
DN+MO -2559+631% -2884+303%° -3082+442%° -5847+393%® -6458+546 -6735+336™
DN+MC  -1033+255%¢ 4533+634°% -4206+591% -5625+359¢ -60.15+54%¢ 63142113
DN+Drug -1148+292°° 4827+766°% -3301+322%9 4313+373%¢ -6569+556¢ -67.07+4.31%

Body Weight Change% (gm) Sham 6.31+0.56* 1449+282%  20+3.77* 2507+3.87%  3485+479%  46.14+539%
DN 6.94+0.83%  -85+1.131% 11024227 -1665+3.14*° -2262+358% -27.26+3.74*
DN+MO 3947+107°  1454%235°  2202+225° 34774291%° 52434392  7228+416%
DN+MC 0526+0.15  7939+094% 2165+291°  3467+2.82%°  4863+277%° 6667 +3.43%F
DN+Drug 2719+069°  11.06+1.24%9 1752+19%9 324242572 519+35%¢ 697433

Food Consumption Change% (g/  Sham 249+0.77* 104+161* 20.57+242%  2622+2.15% 41.84+3.63% 53.72+4.19*

day) DN 981741.19%  1605+1.3%  284+218%  40.75+3.22*  5329+335%  72.89+3.25%
DN+MO -7513+1012° -5191+0887° -1122+1.13% -86+157° -1921+1.95%  -2639+1.14%
DN+MC -0474+014* -4814+0528° -1149+136% -1628+179%® -1406+165% -2391+191%
DN+Drug -0532+0.17% -7.232+161°9 -1371+£17% 1619420972 -1949+1.71% -2505+1.39%

Water Intake Change % (mL/day) ~ Sham 524+0.63* 2364+136*  296+2457%  3348+3214* 3508+3.17%  44.68+333*
DN 1056+1.18%  1888+1948% 2856+241% 356+443*  46+3.54% 52.96+3.45%
DN+MO -5664+1.19% -8398+164%° -8961+141% -1394+211°° -21.12+139% -2407+1.83%
DN+MC -2668+073* -8791+1.16%® -1088+138% -1075+1.25%° -151+132%¢  -1455+121%¢
DN+Drug -3309+125% -9505+124%9 _155+172°®  1703+1.75%¢ .1877+1.04%¢ 1971 +158%¢

*Change %relative to the initial value.

2Significant compared with the sham group at the same time point
bSignificant compared with DN control in the same time point
Significant compared with MO-treated animals in the same time point

dSignificant compared with MC-treated animals at the same time point

(2.I), and hs-CRP levels (2.K) at all time points (P<0.0001
/ each). The three treatments; particularly the MC extract,
halted the progression of the DN as demonstrated by sig-
nificant improvement of the dysregulated markers’ lev-
els until they became near the baseline or undetectable
levels by the end of the study. The onset of each treat-
ment’s modulatory effect was observed at different time
points, where the MO extract exhibited higher activ-
ity in reducing the elevated levels of urinary transfer-
rin, urinary IL-18, and serum TNF-a by 3.31, 9.24, and
4.31% (P=0.0036, 0.0003, 0.0454); respectively, while it
upregulated serum SDF-1 levels by 5.27% (P=0.0046)
relative to MC extract after 7 days of treatment. Mean-
while, the latter exhibited superior regulatory effects on
urinary SDF-1, serum/urinary IL-6, urinary TNF-a, and
serum IL-18 at the same time point compared with MO
extract, where treated animals had 4.3, 12.35, 45.63, 5.98,
and 29.64% lower levels (P=0.0091, <0.0001, <0.0001,
0.0109, 0.0001); respectively, while they had 9.7, 10.26,
42.16, and 43.91% lower levels of transferrin, serum TNEF-
a, urinary SDF-1, and hs-CRP levels (P<0.0001, <0.0001,
0.0008, <0.0001, and 0.0001); respectively at the 14th day.
Regarding fibronectin levels, no significant difference was
observed in MC-treated animals relative to those treated
with the MO extract before the 42th day, where the ani-
mals showed 84.83% (P<0.0001) lower levels, while the

MC treatment exhibited a higher inhibitory effect on
urinary IL-18 levels at the 21st day of treatment, and the
treated animals ended up with undetectable levels. Com-
pared with Losartan, the MO-treated animals showed
2.29, 3.84, 19.9, and 17.75% (P=0.0305, 0.0106, <0.0001/
each; respectively) lower transferrin, serum/urinary
IL-6, urinary TNF-a; respectively at the 7th day of treat-
ment, while the MC-treated animals showed 13.77, 18.47,
120.49, 25.24, and 24.04% (P=0.0007, <0.0001 / each;
respectively) lower fibronectin, serum/urinary IL-6, uri-
nary TNF-a, and serum IL-18; respectively at the same
time point.

MO and MC treatments maintain the structural integrity of
diabetic kidneys

The absolute weights and hypertrophy index (Ki) of the
untreated kidneys were significantly higher than those
observed in the control (P<0.0001 / each), while the
MC extract normalized both the weight and Ki value in
treated kidneys with no statistical difference observed
relative to the control. Meanwhile, both MO and Losar-
tan-treated groups showed moderately higher kidney
weights (17.2, 22.44%; P=0.0279, 0.0016; respectively)
and Ki values (19.92, 23.62%; P=0.0497, 0.0105; respec-
tively) compared with the MC-treated despite the lower
values relative to the untreated control (P<0.0001 /
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Fig. 1 Effect of MO and MC treatments on renal injury markers. Compared with the untreated control, all treatments significantly reduced the elevated
levels of serum creatinine (P<0.0001 / each) (A), uric acid (P=0.0022 - <0.0001) (B), and BUN (P=0.0187-0.0338) (C). The MO-, MC-, and Losartan-treated
animals also showed improved urine parameters compared with the untreated animals, including a significant reduction of polyuria (P=0.0402 - <0.0001)
(D), renal proteome (P=0.0193 - <0.0001) (E, F), urinary creatinine (P<0.0001 / each) (G), and the rates of both creatinine clearance (P<0.0001 / each) (H)

and eGFR (P=0.0385 - <0.0001) (1) within 7 days of treatment

each). The microscopic assessment of the renal sections
obtained from the sham group (Fig. 3.A) revealed nor-
mal kidney architecture. Glomeruli (G) were intact with
normal-sized basement membrane and Bowman’s (uri-
nary) space, and both proximal (PCT) and distal con-
voluted tubules (DCT) were normal-appearing, with
obvious vesicular round nuclei and granular cytoplasm.
Similar findings were observed in sections obtained
from control animals receiving only the MO (3.B) and
MC extracts (3.C). In diabetic renal Sect. (3.D), severe
glomerular congestion associated with massive periglo-
merular cellular infiltrations was observed. The untreated
glomeruli showed marked hypercellularity, with mark-
edly collapsed tufts that resulted in urinary space widen-
ing. Both proximal and distal convoluted tubules showed
marked degenerative changes including epithelial des-
quamation, necrosis, cellular swelling, intra-cytoplasmic

vacuolization, and darkly stained pyknotic nuclei, with
moderate hemorrhage observed in interstitial tissue. The
MO treatment (3.E) alleviated the glomerular congestion
and reduced the tubular degeneration compared with the
untreated kidneys; however, moderate glomerular hyper-
cellularity associated with widened urinary space (US)
and mild periglomerular cellular infiltration were still
detectable. Meanwhile, the MC-treated kidneys showed
near to normal architecture with minute cellular infiltra-
tion, intact glomeruli with well-defined Bowman’s space,
and intact convoluted tubules with mild degeneration
and pyknotic nuclei (3.F). Notably, reformation of renal
tubular epithelium was also observed. Similarly, the
Losartan-treated kidneys showed normal architecture
with few cellular infiltrations around glomeruli and mild
degeneration of proximal (PCT) and distal (DCT) con-
voluted tubules and pyknotic nuclei (3.G). Renal injury



Aziz et al. Diabetology & Metabolic Syndrome

[CY} Urinary Transferrin

-
]
N7

Urinary Transferrin (ng/mL)
Urinary Fibronectin (ng/mL)

(E)
Urinary SDF-1

Urinary SDF-1 (pg/mg Cr)
Serum IL-6 (ng/L)

© @
Serum TNF-o
30 100
7 e
= S
3 2
2, 3
z g
= i
H §
g £
& 5
Urinary IL-18
7 ek 1200
1000
3
3 s
2 z
= )
3 py 600
£ g
2 2 400
£
S
200

2

3

s

2

(2024) 16:119

Urinary Fibronectin

Serum IL-6

Urinary TNF-o

hs-CRP

O Sham
DN

B DN:MO
DNAMC
O DN+Drug

©

250

Serum SDF-1 (pg/mL)

()

15

» 5

Urinary IL-6 (ng/L)
o

®

0

Serum IL-18 (pg/mL)

Serum SDF-1

Urinary IL-6

Serum IL-18

Page 9 of 16

O Sham
m DN

B DN+MO
DN+MC
O DN+Drug

O Sham
DN

& DN+MO
DN+MC
O DN+Ding

O Sham

m DN

B DN+MO
DN+MC
O DN+Drug

Fig. 2 Effect of MO and MC treatments on early markers of diabetic nephropathy. All treatments halted the progression of the DN reflected by the sig-
nificant reduction of urinary transferrin (A), fibronectin (B), urinary SDF-1 (D), serum/urinary IL-6 (E, F), TNF-a (G, H), and IL-18 (I, J), in addition to serum
hs-CRP (K), and the significant upregulation of serum SDF-1 levels (C) comparing with the untreated control (P<0.0001 / each). The regulatory onset of
each treatment was observed at different time points, where the MO extract showed the modulatory effect on urinary transferrin and IL-18 besides serum
TNF-arand SDF-1 during the first week of treatment, while the MC extract showed higher activity on urinary SDF-1, serum/urinary IL-6, urinary TNF-a and
serum IL-18 at the same time point. The ultimate values of investigated markers were almost normalized in MC-treated animals
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Fig. 3 Effect of MO and MC treatments on histopathological alterations in diabetic kidneys. Sections of normal kidneys (A) and control groups receiving
only MO (B) and MC (C) extracts showed the normal-appearing architecture of the glomeruli (G); urinary space (US), Proximal (PCT), and distal (DCT)
convoluted tubules. The untreated diabetic kidneys (D) showed severe glomerular and tubular alterations, including collapsed glomerular tuft (G) associ-
ated with wide urinary space (US), epithelial desquamation of proximal (PCT) and distal (DCT) convoluted tubules, cellular swelling, intra-cytoplasmic
vacuolization (thin arrow), and pyknotic nuclei (arrowhead). MO treatment has markedly alleviated the periglomerular cellular infiltration in diabetic
kidneys (E), therefore, the glomeruli were less congested and/or hypercellular, and merely mild degeneration was observed in proximal (PCT) and dis-
tal (DCT) convoluted tubules. The widened urinary space (US) (thin green arrows) was not normalized. Both MC- and Losartan-treated kidneys (F, G)
showed normal structure of the glomerulus (G), and urinary space. (US) Proximal (PCT) and distal (DCT) convoluted tubules with few cellular infiltrations

around glomeruli (thin arrow)

scores based on microscopic assessments are listed in
Table (2).

MO and MC treatments restore the effectuality of the
antioxidant system in diabetic kidneys

The accumulation of reactive oxygen associated with
excessive lipid peroxidation was more pronounced in the
untreated diabetic kidneys. Compared with sham ani-
mals, kidneys of untreated diabetic animals had 4.23 and
3.45 fold higher levels of total ROS and MDA; respec-
tively (Fig. 4.A, B), concomitant with 51.7% reduction
of GSH levels (4.C) and 50.6 and 51.57% lower activity
of glutathione reductase (GR) and superoxide dismutase
(SOD) (4.D, E) (P<0.0001 / each). The three treatments
exerted significant improvement of the dysregulated anti-
oxidant markers with the MO treatment showing the
highest ameliorative effect. The MO, MC, and Losartan-
treated kidneys showed 48.41, 39.33, and 47.76% reduc-
tion of total ROS, and 56.62, 48.9, and 38.65% reduction
of MDA levels; respectively relative to the untreated kid-
neys (P<0.0001 / each). Also, the three treatments upreg-
ulated the tissue levels of GSH by 71.74, 59.05, and 65.4%;

respectively, and promoted the activities of both GR and
SOD by 79.25, 66.42%; 75.1, 54.22%, and 73.88, 45.24%;
respectively, relative to the untreated diabetic kidneys
(P<0.0001 / each). Compared to Losartan-treated kid-
neys, no statistical difference was observed in MO-
treated kidneys regarding the ROS, GSH levels, or GR
activity, while showing 29.29% lower MDA (P<0.0001)
and 12.73% higher SOD activity (P=0.0008). Mean-
while, the MC-treated kidneys showed 13.9% higher ROS
(P=0.006) and 16.71% lower MDA levels (P=0.0004), but
no statistical difference was observed regarding GSH lev-
els, GR and SOD activities.

MO and MC treatments modulate the transcription of the
oxido-inflammatory mediators in diabetic kidneys

Relative gene expression of different mediators of the
oxido-inflammatory axis including NF-kB, IL-6, TNE-
a, IL-10, Nrf2, Keapl, HO-1, and PPARy was evalu-
ated in diabetic kidneys using quantitative PCR (qPCR).
Results revealed a significant upregulation of TNF-a and
IL-6 expression by 3.25, 2.87 fold in the diabetic kid-
neys (P<0.0001 / each), while the expression of IL-10
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Table 2 Scoring of macro-/microscopic alterations in untreated and treated diabetic kidneys in different groups

*Renal Injury Scores Sham MO MC DN DN+MO DN+MC DN +Drug
Kidney Weight (gm) 0.69+0.03 067+0.05 0.69+0.04 12140047 0.86+0.05%° 0.71+0.03% 0.92 +0.06%
Ki (%) 0.21+0.019 0.22+0.01 0.20+0.02 0.68+0.024° 0.29+0.015% 0.23+0.022% 0.3+0.018%¢
Glomerular Hypertrophy 0/4 0/4 0/4 4/4 2/4 0/4 0/4
Glomerular Congestion 0/4 0/4 0/4 4/4 2/4 0/4 1/4
Thickened base membrane  0/4 0/4 0/4 3/4 1/4 0/4 0/4

Tubular Degeneration 0/4 0/4 0/4 4/4 2/4 1/4 1/4

Tubular Vacuolation 0/4 0/4 0/4 3/4 2/4 1/4 1/4

Cellular Infiltration 0/4 0/4 0/4 4/4 1/4 1/4 2/4

Widened Urinary Space 0/4 1/4 0/4 4/4 1/4 0/4 0/4

2Significant compared with the sham group

bSignificant compared with DN control

Significant compared with MO+ DN animals

dSignificant compared with MC+DN animals

*Renal Injury Score: 1=Slight/minimal (>25%); 2=Mild (25-50%); 3=Moderate (50-75%), 4=Severe (>75%)
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Fig. 4 Effect of MO and MC treatments on redox status in diabetic kidneys. Significant elevation of total ROS (A) and MDA production (B) was observed
in the diabetic kidneys, concomitant with significant reduction of reduced GSH (C), and lower activity of the antioxidant enzymes showed glutathione
reductase (GR) and superoxide dismutase (SOD) (D, E) when compared with normal kidneys (P<0.0001 / each). The three treatments significantly sup-
pressed the ROS accumulation and lipid peroxidation, while they significantly elevated the tissue levels of GSH, and promoted the activity of glutathione
reductase (GR) and superoxide dismutase (SOD) in diabetic kidneys (P<0.0001 / each). Notably, the highest improvement of distorted renal redox was
observed in MO-treated kidneys
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was significantly inhibited by 51.5% (P=0.0034) com-
pared with normal kidneys (Fig. 5.A). Associated with
these events, the untreated kidneys showed 58.5, 60 and
66.7% reduction of Nrf2, HO-1, and PPARy mRNA folds
(P<0.0001, <0.0001, 0.0003); respectively, while the rela-
tive expression of Keapl and NF-kB was upregulated
by 1.625 and 7.738 fold (P<0.0001 / each); respectively
(5.B). The relative expression of TNF-a and IL-6 genes
were significantly downregulated in MO-; MC-, and
Losartan-treated kidneys by 76.92, 67.2%; 74.46, 58.18%,
and 75.38, 51.22%; respectively (P<0.0001 / each) com-
pared with the untreated control. Meanwhile, all treated
kidneys showed significant upregulation of IL-10 expres-
sion by 53.6, 80.2, and 52.34% (P=0.0002, <0.0001,
0.0004); respectively. Concomitantly, the expression of
Nrf2, HO-1, and PPARy were significantly upregulated
by 79.37, 65.32, 65.8%; 71.46, 50.82, 80.2%, and 71.35,
41.18, 67.14%in MO-, MC-, and Losartan- treated kid-
neys (P<0.0001 / each); respectively, whereas the expres-
sion of Keapl and NF-kB was significantly inhibited by
60, 68.44% (P<0.0001 / each); 44.61, 78.91% (P<0.0001
/ each), and 20, 67.7% (P=0.0004, <0.0001); respectively.
No significant difference in TNF-a expression level in
Losartan-treated kidneys compared with both MO- and
MC-treated kidneys while showing 21.2, 63.87%; 38.32,
61.31%, and 50, 30.77% higher COX2, PGE2, and Keapl
expression levels (P<0.0001 / all), and 35.5, 10.78%;
41.04, 16.39% lower Nrf2 (P<0.0001, 0.0189) and HO-1
(P<0.0001, 0.0357); respectively. Unlike the MC-treated
kidneys, the MO-treated showed 32.85% lower IL-6
expression (P=0.0037) compared with those treated with
Losartan, while no significant difference was detected
regarding the relative expression of IL-10, NF-kB, and
PPAR-y. The MC-treated kidneys; however, showed 58.42
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and 39.76% higher IL-10 and PPAR-y expression levels,
33.17% lower NF-xB (P<0.0001 / all) compared with
the Losartan-treated, with no difference observed in the
MO-treated.

To elucidate the signaling cascades potentially impli-
cated in the renoprotective effect of the two purslane
extracts, the correlation pattern between hyperglycemia
and associated oxidative stress with the expression lev-
els of different oxido-inflammatory mediators in diabetic
kidneys was analyzed. Results revealed strong positive
correlations between both FBG and ROS levels with the
mRNA folds of TNF-a, IL-6, Keapl, and NF-«B, while
they were negatively correlated with those of Nrf2, HO-1,
PPARYy, and IL-10 (Supplementary Table 5). In contrast,
the serum level of SDF-1 showed an inverted correlation
pattern with the same parameters; i.e. positively corre-
lated with Nrf2, HO-1, PPARy, and IL-10, while nega-
tively correlated with TNF-a, IL-6, Keapl, and NF-«xB
mRNA folds. On the other hand, the expression level of
Nrf2 was found to be positively correlated with that of
HO-1, PPARYy, and to a lower extent with IL-10, while
negatively correlated with TNF-q, IL-6, and Keap 1. Also,
the expression profile of PPARy showed a strong posi-
tive correlation with that of IL-10 while being negatively
correlated with both TNF-a and IL-6, unlike the NF-xB
which displayed an inverted correlation pattern with the
same parameters.

Discussion

In this report, we aimed to assess the renoprotective
capacity of MO and MC extracts in the type-1 DN model
after a six-week treatment protocol. Assuming that they
are “natural and safe”; most studies approaching natu-
ral products or plant extracts focus on their different
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Fig. 5 Effect of MO and MC treatments on the gene expression of oxido-inflammatory mediators in diabetic kidneys. Compared with normal kidneys,
the diabetic kidneys showed 3.25, 2.87, 1.625, and 7.738 fold higher expression of TNF-q, IL-6, Keap1, and NF-kB genes, while they had 51.5, 58.5, 60 and
66.7% lower IL-10, Nrf2, HO-1, and PPARy expression (P=0.0034 - <0.0001). Both MO and MC extracts as well as Losartan treatments significantly down-
regulated the expression of TNF-q, IL-6, Keap1, and NF-kB genes, while upregulating the transcription of IL-10, Nrf2, HO-1, and PPARy (P=0.0004 - <0.0001).
The highest expression levels of the Nrf2/HO-1 axis were observed in MO-treated kidneys, while the highest expression of PPARy was observed in those

treated with the MC extract
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biological activities rather than their prospected toxi-
cology. Therefore, both extracts were first profiled for
potential adverse reactions or side effects upon the rela-
tively long administration. The toxicological assessments
revealed the overall biosafety of both extracts up to 5gm/
kg dose, where no signs of acute toxicity or animal mor-
tality/morbidity were observed during the 14-day-assess-
ment period. In addition, the repeated dosing of both
extracts showed no adverse effect on the organosomatic
indices or food/water consumption. Unlike the MO-
treated animals, a minimal percentage of weight reduc-
tion (1.38%) was observed in the MC-treated animals
relative to the untreated control, which can be attributed
to the anti-obesity activity of purslane seeds fixed oils
associated with their potent hypolipidemic activity; par-
ticularly observed in diabetic animals [19, 20].

Treated animals also showed a general improvement in
blood biochemistry, including lower values of total cho-
lesterol, triglycerides, liver transaminases, blood urea
nitrogen, and uric acid, besides the blood glucose despite
the absence of statistical difference in the MC-treated
animals. A moderate elevation of urine volume was also
observed in all treated animals; particularly the MO-
treated, which might be attributable to the reported anti-
diabetic activity of purslane seeds [19, 30]. Meanwhile,
the altered levels of serum albumin and serum/urinary
creatinine lay within the normal range reported for SD
rats [31], where the latter neither affected the creatinine
clearance or eGFR rates, nor the proteinuria levels. Based
on these findings, a dose of 250 mg/kg (1/20 of the LD,
calculated) of each extract was selected for renoprotec-
tive assessments in diabetic rats.

In contrast to our previous report [32], a single STZ
dose was sufficient to establish a persistent hyperglyce-
mia in Sprague Dawley (SD) rats, which was manifested
by the excessive polyuria, accelerated rate of weight loss,
and higher consumption of food and water among other
classical signs of diabetes mellitus observed one week
after the STZ induction. Worthy mentioning, the assess-
ment of renal injury/nephropathy markers was initiated
two weeks after the induction of DM, to bypass the tran-
sient nephrotoxic effect of STZ and guarantee that the
induced renal injury is hyperglycemia-associated [33].
The early signs of renal nephropathy were pronounced
in the untreated diabetic animals after two weeks of DM
induction and maintained an escalating pattern in line
with progressive hyperglycemia. Of note, the dynamics
of renal injury observed herein were completely differ-
ent from that previously reported by Ahmed et al. [32],
which can be expected given the higher susceptibility of
SD rats to the STZ diabetogenic effect attributed to their
inherent hypertensive nature [34].

As might be expected, the dysregulated redox was
more pronounced in diabetic kidneys as indicated by
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ROS accumulation, lipid hyper-peroxidation, concomi-
tant with lower GSH content, and suppression of the
antioxidant enzymes’ activity. These events were further
reflected in the renal pathophysiology in terms of marked
hypertrophy, glomerulosclerosis, interstitial bleeding,
and tubular atrophy. On the molecular level, the FBS/
ROS axis was strongly implicated in the NF-kB-mediated
overexpression of proinflammatory cytokines (TNF-a,
IL-6); suppression of the antioxidant Nrf2/HO-1 axis
through the upregulated expression of the Nrf2-repressor
Keapl [13, 35], in addition to the downregulated expres-
sion of IL-10 and the nuclear receptor PPARY responsible
for the homeostasis of inflammatory responses [17, 36].
Both purslane seed extracts as well as Losartan (ref-
erence drug), significantly ameliorated the hypergly-
cemic-associated symptoms, where all treated animals
showed>60% lower FBG levels and 40% higher body
weight compared with the untreated animals, and despite
the significant difference observed relative to the non-
diabetic animals. Still, the MO extract showed a rapid
onset and longer duration of the antidiabetic effect,
where it significantly alleviated the hyperglycemia, weight
loss, and the rate of food/water intake within one week
of treatment, unlike the MC fixed oil and the Losartan
that exhibited their activity after 14 days. The superior
antidiabetic activity of MO extract is probably related to
a higher antioxidant capacity attributed to its protocat-
echuic acid-rich content [22]; a potent radical scavenger
that was recently highlighted as Nrf2-inducer [37]. In a
similar context, both extracts significantly improved the
deregulated renal functions and restored the unbalanced
redox system in diabetic kidneys. Such improvement was
extended to the structural integrity of treated kidneys
that was almost normalized; particularly those treated
with the MC fixed oil. However, each extract demon-
strated a different pattern of renoprotection, where the
MO extract— consistent with its anti-diabetic effect—
showed a rapid onset of effect improving the early mark-
ers of renal nephropathy; however, for a short duration
of action relative to the MC fixed oil that showed a better
activity with a longer duration of action. These findings
were not surprising given the potent anti-inflammatory
activity of the w-fatty acids-rich MC fixed oil that exhib-
ited potent IL-10-mediated inhibition of PGE2 and
COX2 transcription in RAW 264.7 macrophage cells [22].
It was crucial; though, to explore the molecular mecha-
nism underlying the prophylactic activity demonstrated
by both extracts, by assessing the effect of the diabetic
milieu on the renal expression of different oxido-inflam-
matory mediators. Results of quantitative PCR showed
a relevant pattern with the previous results, where all
treatments differentially inhibited the transcription of
IL-6, TNF-a, and NF-kB proinflammatory mediators,
upregulated the anti-inflammatory mediators IL-10
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and the nuclear receptor PPARY, as well as the Nrf2/
HO-1 detoxification axis while reducing the expression
of Keapl. Noteworthy, the MO-treated diabetic kidneys
showed 27.7 and 29.48% higher expression levels of Nrf2
and HO-1 genes; respectively, and 28% lower expression
levels of Keapl relative to those treated with the MC oil.
Meanwhile, the latter showed 57.3% higher expression
levels of PPARY, which might be attributed to the high
content of conjugated linoleic acid (CLA); one of the
natural ligands that induce the key lipid sensor PPARy
transcription [38]. The implication of such differential
expression in the signaling pathways underlying the pro-
phylactic effect of each extract was further elucidated by
the correlation pattern revealing the crosstalk between
the FBG/ROS axis and the expression profile of those
genes in diabetic kidneys.

The implication of such differential expression in the
signaling pathways underlying the prophylactic effect
of each extract was further elucidated by the correla-
tion analysis. Results suggested that the renoprotective
effect of MO extract is primarily mediated by modulat-
ing the Nrf2/HO-1/Keapl transcription/pathway. This
assumption was supported by the lower expression levels
of Keapl observed in MO-treated kidneys, which might
have activated the nuclear translocation of stabilized
NREF2 as indicated by the upregulated nuclear expres-
sion of both Nrf2 and its downstream HO-1 gene encod-
ing the phase II detoxifying enzyme heme-oxygenase-1
[13, 35]. Furthermore, the overexpression of Nrf2 was
strongly associated with the suppression of the NF-kB
gene, which further extended to the IL-6 and TNF-a
-encoding genes induced by phosphorylated NF-«xB as
indicated by the strong inverse correlation between their
expression and that of Nrf2.

Altogether, these findings suggested an Nrf2-mediated
inhibition of NF-kB [39, 40], which ultimately prevents
the renal oxido-inflammatory injury triggered by hyper-
glycemia. On the other side, the correlation analysis
implied that the MC fixed oil might display renoprotec-
tion through IL-10/PPARy-mediated inhibition of the
NF-kB signaling pathway. This conclusion was based on
the higher expression of IL-10 observed in MC-treated
kidneys, the strong positive correlation found between its
transcription levels with that of PPARy on one hand, and
the strong negative correlation between their transcrip-
tion levels and that of NF-kB/TNF-a/ IL-6 genes in the
other. These results comply with the findings of Scirpo
et al. [36] who reported that overexpressed PPARYy pre-
cludes the NF-kB-mediated inflammatory responses.

While the SDF-1 pleiotropic chemokine can perpetu-
ate renal inflammation by activating the infiltration of
CXCR4*' immune cells into the renal tissues [41], the
levels of circulating SDF-1 herein were positively cor-
related with the expression of the renoprotective Nrf2,

Page 14 of 16

HO-1, and IL-10 genes, while inversely correlated with
that of the proinflammatory TNF-a, IL-6, Keapl and
NF-«B genes expression, which agrees with other studies
reporting the immunoregulatory and antioxidative abili-
ties of SDF-1 [42]. Such contradiction was partly resolved
by assuming that the role of SDF-1 in the course of DN;
whether renoprotective or detrimental, is largely dic-
tated by the levels of blood glucose [43], which was con-
solidated by the pattern of SDF-1 correlations observed
under FBG-controlled conditions. Additionally, the
nuclear receptor PPARY; particularly the CLA-activated,
is reported to interrupt the SDF-1/CXCR inflammatory
signaling by abrogating the CXCR4 gene expression [35,
44], which interprets the higher improvement observed
in MC-treated kidneys on the functional and structural
levels. What’s more, SDF-1 reportedly co-stimulates the
transcription of IL-10 crucial for the anti-inflammatory
action of PPARy [45-47], which further interprets the
positive correlation found between serum SDF-1 and the
renal PPARY/IL-10 transcription.

Taken together, our data suggest that both extracts
produced an antidiabetic/renoprotective effect that was
overall comparable with the reference angiotensin recep-
tor blocker; i.e. Losartan; however, with better control of
the DN progression owing to their potent modulatory
effect on the renal transcriptome of oxido-inflammatory
mediators associated with rich content of anti-inflam-
matory phytoconstituents. Moreover, the biosafety of the
proposed extracts enables prolonged use with no adverse
reactions unlike the commonly used renoprotective
xenobiotics [8].

Conclusion

Collectively, this report presented novel information on
the prophylactic capacity of two purslane seed extracts
against diabetic nephropathy. Both extracts exhibited
a hypoglycemic and hypolipidemic-based mechanism
of renoprotection; however, through different signaling
pathways that comply with the phytochemical profile of
each. The phenol-rich methanol extract modulates the
Keap1/Nrf2/OH-1 antioxidative signaling pathway, while
the fixed oil upregulated a direct SDF-1/IL-10/PPARy-
mediated anti-inflammatory signaling pathway; both
ended up suppressing the NF-kB downstream inflamma-
tory cascade. Our findings might represent a significant
pillar in the pharmaceutical industry, particularly regard-
ing the prophylaxis and/or management of diabetes-
related kidney disorders. As functional food ingredients,
both purslane seed extracts showed overall biosafety
besides their remarkable modulatory effect on the oxido-
inflammatory axis which could be useful for various pro-
phylactic/therapeutic purposes.
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