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ABSTRACT

Background: Psiadia species is a medicinal plant found in Yemen and several African and Asian countries. It belongs to the

family Asteraceae, and Psiadia incana, Psiadia punctulata, and Psiadia schweinfurthii are among the most common species in
Yemen. Traditionally, P. punctulata has been used to treat fever, malaria, skin infections, pain, renal calculi, and bone injuries.
This study aimed to assess the nephroprotective effect of the ethanolic extract of P. punctulata leaf on iohexol-induced
nephropathy in a rat model.

Methods: Thirty-five adult male rats (180 + 20 g) were used in this study. After one-week acclimatization, the rats were
randomly divided into five groups (n = 7 per group). Group 1 received normal saline (1 mL/rat, per os [PO]) for 14 days as the
normal control. Group 2 received a single dose of iohexol (15 mg/kg, intraperitoneally [IP]) on day 17. Group 3 received N-
acetylcysteine (NAG; 150 mg/kg, IP) for 14 days as a reference drug. Groups 4 and 5 received P. punctulata leaf extract (200 and
400 mg/kg, PO, respectively) for 14 days. All groups were exposed to 72 h of dehydration, and all groups except the normal
control received furosemide before iohexol administration. Serum and urine samples were analyzed for renal function
biomarkers, including serum creatinine, blood urea nitrogen (BUN), potassium, serum total protein (TP), urine volume, urine
creatinine, inflammatory markers, including interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a), oxidative stress
biomarkers, including malondialdehyde (MDA), glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase (SOD),
and histopathological changes. Data were analyzed using analysis of variance followed by Tukey’s multiple-comparison test,
with P <0.05 considered statistically significant.

Results: Iohexol administration caused no significant differences in body weight or kidney weight index compared with the
other groups. The iohexol group showed significantly elevated renal biomarkers (serum creatinine, BUN, and serum urea),
together with significantly decreased urine creatinine and creatinine clearance, compared with the control group. lohexol also
significantly increased pro-inflammatory markers (IL-6 and TNF- a) and the oxidative stress marker MDA, whereas antioxidant
biomarkers (GPx, SOD, and CAT) significantly decreased. Treatment with NAC and both doses of P. punctulata extract signifi-
cantly decreased serum creatinine, BUN, and serum urea compared with the iohexol group and significantly increased urine
creatinine, creatinine clearance, and antioxidant biomarkers (GPx, SOD, and CAT). The high dose of P. punctulata (400 mg/kg)
showed the strongest protective effect and significantly increased serum TP levels compared with the iohexol group. This
dose also significantly increased serum potassium levels compared with NAC and the lower dose of P. punctulata (200 mg/kg).
Histopathological findings supported the biochemical results by showing reduced renal tissue damage in the treated groups.
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Conclusion: These findings indicate that P. punctulata extract may exert nephroprotective effects against contrast-induced

nephropathy (CIN), primarily through antioxidant and anti-inflammatory mechanisms. The rich phenolic and flavonoid content

of the extract warrants further preclinical investigation for preventing CIN.

Keywords: Psiadia punctulata * lohexol = Contrast-induced nephropathy * Nephroprotection * Rat model

1. Introduction

Contrast-induced acute kidney injury, or contrast-
induced nephropathy (CIN), is a serious complication
linked to iodinated contrast media such as iohexol,
which is commonly used in diagnostic imaging.? It is
characterized by acute deterioration in renal func-
tion, manifested by elevated serum creatinine and
blood urea nitrogen (BUN) levels within 48-72 h after
contrast exposure.? The incidence of CIN has in-
creased because of the widespread use of contrast
media in modern diagnostic and interventional pro-
cedures.®”” CIN is considered one of the leading
causes of hospital-acquired acute kidney injury. Major
risk factors for CIN include older age, pre-existing
kidney dysfunction, especially in diabetic patients,
high contrast doses, and the use of nephrotoxic
drugs. Current preventive strategies rely mainly on
hydration with isotonic saline or sodium bicarbonate;
however, these measures provide limited protection,
highlighting the need for safer and more effective al-
ternatives.®

Medicinal plants have long been used in tradi-
tional medicine, particularly in Yemen, whichis rich in
medicinal flora. P. punctulata, a member of the
Asteraceae family, is widely distributed in Yemen and
other African and Asian countries.® Traditionally, it
has been used to treat fever, malaria, pain, infec-
tions, and renal disorders.® Phytochemical studies
have identified flavonoids, diterpenes, and phe-
nylpropanoids with antioxidant and anti-inflamma-
tory properties.” Despite its traditional use, scientific
evidence supporting its nephroprotective effects
remains limited. Therefore, this study aimed to
evaluate the protective potential of P. punctulata
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ethanolic extract against iohexol-induced kidney
injury in a rat model and to explore its possible anti-
oxidant and anti-inflammatory mechanisms against
CIN.

2. Methods

2.1. Experimental animals

Thirty-five male albino rats, aged 10-12 weeks and
weighing 180 £ 20 g, were purchased from the Animal
House, Department of Biology, Faculty of Science,
Sana'a University. One week before treatment, the
rats were acclimatized to the laboratory environ-
ment. Seven rats were housed per cage under a 12-
hour light/dark cycle. The rats had free access to
water and a standard diet and were maintained at
20—25°C and 50-60% humidity.

2.2. Experimental design

The rats were randomly allocated to five groups, with
sevenratsin each group. Group 1 (normal control) re-
ceived normal saline (1 mL orally [PO]) for 14 days.
Group 2 (positive control) received iohexol (15 mg/kg,
intraperitoneally [IP]) as a single dose on day 17 after
72 h of dehydration and furosemide administration.®
Group 3 received N-acetylcysteine (NAC; 150 mg/kg,
IP) for 14 days,” whereas Groups 4 and 5 received P.
punctulata leaf extract at doses of 200 mg/kg and 400
mg/kg, respectively, PO for 14 days.' All groups
were subjected to 72 h of dehydration, and all groups
except the normal control received furosemide (10
mg/kg, IP) before iohexol administration.®

2.3. Preparation of P. punctulata leaf extract

Leaves of P. punctulata were collected from Mubeen
village, Hajjah Governorate, Yemen, in October 2024.
The plant was taxonomically identified at the Faculty
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of Science, Hajjah University, Hajjah, Yemen. A
voucher specimen was deposited in the Faculty of
Science, Hajjah University. The leaves were collected
using sterilized tools and transported to the labora-
tory in clean, dry containers. After washing with
distilled water, the leaves were air-dried, cut into
small pieces, and accurately weighed. The leaves
were then macerated in 96% ethanol for three days
and then filtered, and the ethanol was evaporated at
below 45°C using a rotary evaporator. The resulting
extract was freeze-dried and stored in airtight
containers at -4°C. A total of 850 g of leaves yielded a
20.6% extract, which was suitable for further
experiments.11-13)

2.4. Phytochemical screening of P. punctulata
ethanolic extract

The ethanolic extract of P. punctulata leaves was
subjected to qualitative phytochemical screening us-
ing Fourier Transform Infrared Spectroscopy (FTIR)
to detect alkaloids, glycosides, tannins, saponins,
flavonoids, proteins, phenols, and carbohydrates.#

2.5. Determination of body weight and relative
organ weight

Body weight was measured before, during, and after
the experimental period to assess changes associ-
ated with iohexol administration and treatment with
P. punctulata extract or NAC. At the end of the experi-
ment, all animals were weighed, and the kidneys
were excised and weighed. Relative kidney weight
was calculated as an index of renal toxicity using the
following formula:**)

Relative kidney weight (%) = kidney weight (g) / body
weight (g) x 100

2.6. Collection of blood and organ samples
At the end of the study period, the rats were anes-
thetized with diethyl ether and then euthanized.
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Blood samples were collected by cardiac puncture,
and serum was separated by centrifuging the sam-
ples at 3000 rpm for 20 min. Kidneys were collected,
washed with normal saline, and weighed to deter-
mine their relative weight. Each kidney was then
divided into two parts: one was fixed in 10% formal
saline for histopathological examination, while the
other was stored at -80°C for the assessment of oxi-
dative stress and antioxidant parameters.

2.7. Biochemical analysis

Serum samples were used to measure clinical bio-
chemical parameters, including serum creatinine
(mg/dL), BUN (mg/dL), potassium (mg/dL), and
serum total protein TP in g/dL. Urine samples were
collected for 24 h to assess urine volume (mL) and
urine creatinine (mg/dL). All biochemical analyses
were performed using a spectrophotometer (RYO-
TEC-9200, Germany). Creatinine clearance was deter-
mined using the following formula:“®

Creatinine clearance (mL/min) = [urine creatinine (mg/dL)
x urine volume(mL)] / plasma creatinine (mg/dL) x time
(min)

2.8. Measurement of pro-inflammatory markers
Kidney tissue homogenates were used to measure
TNF-a (ng/ml) and IL-6 (ng/ml). Measurements were
performed using enzyme-linked immunosorbent as-
say (ELISA) kits (Bioassay Technology Laboratory,
Shanghai Korain Biotech Co., Ltd., Shanghai, China),
inaccordance to the manufacturer’sinstructions and
read using a Readwell Touch ELISA plate analyzer
(RT-0250816RBK, Robonik, India).

2.9. Measurement of oxidative stress and

antioxidant parameters

Kidney tissue samples were homogenized in phos-

phate-buffered saline (PBS; pH 7) using a handheld

homogenizer (Omni International, Kennesaw, GA,

USA), with 0.1 g tissue added to 1 mL PBS. The
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homogenate was then centrifuged at 4000 g for 5 min
at 4°C. The supernatant was then used to measure
glutathione peroxidase (GPx), MDA, catalase (CAT),
and superoxide dismutase (SOD) levels in U/g using
commercial colorimetric assay kits (Bio-Diagnostics,
Giza, Egypt) with RYOTEC-9200 spectrophotometer
(RYOTEC, Germany).

2.10. Histopathological examination

Kidney tissues were fixed in 10% formalin, dehydrated
using graded ethanol concentrations, cleared with
xylene, embedded in paraffin, and cut into 4-pm-
thick sections. The tissue sections were then stained
with hematoxylin and eosin (H&E) and periodic acid-
Schiff (PAS) stains. The prepared slides were exam-
ined using an Olympus BX53 digital microscope
(Olympus Corporation, Tokyo, Japan).

2.11. Data analysis

Statistical analysis was conducted using GraphPad
Prism software, version 8.1.4 (GraphPad Software,
Boston, MA, USA). The results were presented as
mean + standard deviation (SD). Data were analyzed
using one-way analysis pf variance (ANOVA), fol-
lowed by Tukey’s multiple-comparison test. Body
weight changes over time were analyzed using two-
way repeated-measures ANOVA, if applicable. A P-
value <0.05 was considered statistically significant.

3. Results

3.1. Qualitative phytochemical constituents of P.
punctulata plant extract

Phytochemical screening of P. punctulata extract re-
vealed alkaloids, glycosides, tannins, saponins, flavo-
noids, phenols, proteins, and carbohydrates. FTIR
analysis showed characteristic absorption bands for
major functional groups. The broad band at 3398.92
cm™" indicated O-H/N-H stretching, while peaks at
2925.87 and 2852.59 cm™" corresponded to aliphatic
C-H stretching. The band at 1631.05 c¢cm™ was
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assigned to C=C/C=0 stretching, and peaks at 1440.04
and 1385.18 cm™" indicated C-H bending. Bands at
1253.30 and 1072.40 cm™ corresponded to (-O/C-N
stretching, suggesting the presence of phenolic
compounds, flavonoids, alkaloids, ethers, and carbo-
hydrate-related compounds.

Qualitative screening and FTIR confirmed these
constituents through characteristic reactions, includ-
ing precipitate formation for alkaloids, blue-black col-
oration for tannins, persistent foam for saponins, yel-
low coloration for flavonoids and proteins, reddish-
brown coloration for glycosides, red coloration for
phenols, and ring formation for carbohydrates.

3.2. Effect of iohexol, NAC and P. punctulata on
body weight and relative kidney index

The effects of iohexol, NAC, and P. punctulata extract
on body weight are shown in Figure 1A. The normal
control group showed a steady increase in body
weight throughout the study. In contrast, the
iohexol-treated group showed a reduction in body
weight, particularly during the third week; however,
this change was not statistically significant. The
iohexol plus NAC, iohexol plus P. punctulata 200
mg/kg, and iohexol plus P. punctulata 400 mg/kg
groups showed only minor, non-significant changes
in body weight. The relative kidney index is shown in
Figure 1B. lohexol administration did not result in a
significant change in kidney index compared with the
normal control group. Similarly, treatment with NAC
or P. punctulata extract at doses of 200 and 400 mg/kg
did not significantly alter the kidney index compared
with either the control or iohexol group. These find-
ings indicate that iohexol-induced nephropathy was
not associated with significant changes in gross kid-
ney weight relative to body weight.
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Figure 1: Effect of P. punctulata and NAC on body weight (A) and
relative kidney index (B) Data are presented as mean + SD, n = 7 rats/group. |OH,

iohexol; NAC, N-acetylcysteine; PP, P. punctulata.

3.3. Effect of iohexol, NAC and P. punctulata on
renal function and serum biochemistry

lohexol caused significant alterations in renal func-
tion biomarkers compared with the normal control
group. Serum creatinine was significantly higher in
the iohexol group compared with the control group
(1.6 £ 0.1 vs. 1.1 £ 0.01 mg/dL; P <0.001). Treatment
with NAC, P. punctulata (200 mg/kg), and P. punctu-
lata (400 mg/kg) significantly reduced serum
creatinine compared with the iohexol group, with
values of 1.3 +0.1 mg/dL (P =0.040), 1.3 + 0.2 mg/dL (P
=0.040), and 1.3 £ 0.2 mg/dL (P = 0.016), respectively.
However, no statistically significant differences were
detected between NACand either P. punctulata dose
(200 mg/kg) or between the two P. punctulata doses
(Figure 2A).

Urine creatinine significantly decreased in the
iohexol group compared with the control group (54.1
+3.3 vs. 72.1 £ 10.1 mg/dL; P <0.001). Treatment with
NAC, P. punctulata (200 mg/kg), and P. punctulata (400
mg/kg) significantly increased urine creatinine com-
pared with the iohexol group, with values of 67.8 +7.3
mg/dL (P =0.008), 65.3 + 5.5 mg/dL (P =0.039), and 82.8
+6.9 mg/dL (P <0.001), respectively. No significant dif-
ference was observed between NAC and P. punctu-
lata 200 mg/kg, whereas P. punctulata 400 mg/kg pro-
duced significantly higher urine creatinine than NAC
and P. punctulata 200 mg/kg, as shown in Figure 2B.
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Figure 2: Effect of P. punctulata and NAC on serum creatinine
(A) and urine creatinine (B) in rats with iohexol-induced
nephropathy. Data are presented as mean + SD, n = 7 rats/group. IOH,

iohexol; NAC, N-acetylcysteine; PP, P. punctulata.

Serum urea was significantly elevated in the
iohexol group compared with the control group (61.0
+15.8 vs. 40.6 + 3.6 mg/dL; P = 0.002). NAC, P. punctu-
lata (200 mg/kg), and P. punctulata (400 mg/kg) sig-
nificantly reduced serum urea compared with the
iohexol group, with values of 43.8 + 6.7 mg/dL (P =
0.012), 43.8+7.2mg/dL (P=0.012), and 42.0 + 8.1 mg/dL
(P=0.005) respectively. Conversely, no statistically sig-
nificant differences were detected among the treat-
ment groups (Figure 3).
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Figure 3: Effect of P. punctulata and NAC on serum urea level.
Data are presented as mean = SD, n = 7 rats/group. I0H, iohexol; NAC, N-ac-
etylcysteine; PP, P. punctulata.

Creatinine clearance significantly decreased in
the iohexol group compared with the control group
(0.3 £0.1 vs. 1.0 + 0.1 mL/min; P <0.001). Treatment
with NAC, P. punctulata (200 mg/kg), and P. punctu-
lata (400 mg/kg) significantly increased creatinine
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clearance compared with the iohexol group, with
values of 0.5 £ 0.1 mL/min (P = 0.004), 0.5 + 0.1 mL/min
(P =0.007), and 0.7 £ 0.1 mL/min (P <0.001), respec-
tively. The improvement observed with P. punctulata
(400 mg/kg) was significantly greater than that ob-
served with NAC (P = 0.007) and P. punctulata (200

mg/kg; P =0.004), as shown in Figure 4.
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Figure 4: Effect of P. punctulata and NAC on creatinine
clearance. Data are presented as mean + SD, n = 7 rats/group. IOH, iohexol;
NAC, N-acetylcysteine; PP, P. punctulata.

Serum TP showed a non-significant decrease in
the iohexol group compared with the control group
(44+0.7vs. 5.4+£0.5 g/dL; P=0.117). NACand P. punc-
tulata (200 mg/kg) did not significantly alter serum TP
levels compared with the iohexol group. However, P.
punctulata 400 mg/kg significantly increased serum
TP compared with the iohexol group (5.9 £0.7 g/dL; P
=0.009) and produced significantly higher levels than
P. punctulata 200 mg/kg (P = 0.014).
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Figure 5: Effect of P. punctulata and NAC on TP. Data are presented
as mean * SD, n = 7 rats/group. IOH, iohexol; NAC, N-acetylcysteine; PP, P.

punctulata.
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Potassium levels did not differ significantly be-
tween the iohexol and control groups (5.6 £ 0.9 vs. 5.1
+ 0.2 mg/dL; P = 0.662). Similarly, NAC, P. punctulata
(200 mg/kg), and P. punctulata (400 mg/kg) did not sig-
nificantly alter potassium levels compared with the
iohexol group. However, P. punctulata 400 mg/kg
produced significantly higher potassium levels than
NAC (P =0.003) and P. punctulata 200 mg/kg (P = 0.018),
as shown in Figure 6.
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Figure 6: Effect of P. punctulata and NAC on serum potassium
level. Data are presented as mean * SD, n =7 rats/group. IOH, iohexol; NAC, N-
acetylcysteine; PP, P. punctulata.

BUN was significantly increased in the iohexol
group compared with the control group (28.5+ 7.4 vs.
19.0 + 1.7 mg/dL; P = 0.002). Treatment with NAC, P.
punctulata (200 mg/kg), and P. punctulata (400 mg/kg)
significantly decreased BUN compared with the io-
hexol group, with values of 20.4 + 3.2 mg/dL (P =
0.012), 20.4 +3.3mg/dL (P=0.011), and 19.6 + 3.7 mg/dL
(P = 0.005), respectively. In contrast, no statistically
significant differences were detected among the
treatment groups (Figure 7).
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Figure 7: Effect of P. punctulata and NAC on BUN. Data are

presented as mean + SD, n = 7 rats/group. I0H, iohexol; NAC, N-acetylcysteine;
PP, P. punctulata.

3.4. Effects of P. punctulata and NAC on pro-
inflammatory cytokines

The effects of NAC and P. punctulata extract on TNF-
aand IL-6 are shownin Figure 8A and 8B. TNF-a signifi-
cantly increased in the iohexol group compared with
the control group (59.3 + 1.3 compared with 50.0 + 5.3
ng/ml; P = 0.047). NAC and P. punctulata (200 mg/kg)
reduced TNF-a levels compared with the iohexol
group, but these reductions were not statistically
significant. In contrast, P. punctulata (400 mg/kg) sig-
nificantly reduced TNF-a levels compared with the
iohexol group (48.7 £ 8.7 ng/ml; P = 0.018), as shownin
Figure 8A.

IL-6 also significantly increased in the iohexol
group compared with the control group (50.2 + 4.1
compared with 40.1 + 3.8 ng/ml; P = 0.006). Treatment
with NAC, P. punctulata (200 mg/kg), and P. punctu-
lata (400 mg/kg) resultedin non-significant reductions
in IL-6 compared with the iohexol group, with values
of 435 + 49 ng/ml, 46.7 + 6.8 ng/ml, and 454 + 5.1
ng/ml, respectively (Figure 8B).
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Figure 8: Effects of P. punctulata and NAC on TNF-a level (A)

and IL-6 level (B). Data are presented as mean + SD, n = 7 rats/group. IOH,
iohexol; NAC, N-acetylcysteine; PP, P. punctulata.

3.5. Effects of P. punctulata and NAC on oxidative
stress and antioxidant parameters

lohexol significantly altered oxidative stress and anti-
oxidant parameters in kidney tissue. GPx activity
significantly decreased in the iohexol group
compared with the control group (44.4 + 4.9 vs. 50.6 +
1.3 U/g; P=0.003). Treatment with NAC, P. punctulata
(200 mg/kg), and P. punctulata (400 mg/kg) signifi-
cantly increased GPx activity compared with the
iohexol group, with values of 50.7 + 1.1 U/g (P = 0.002),
48.9 3.5 U/g (P=0.048), and 52.4 + 1.1 U/g (P = 0.001),
respectively, as shown in Figure 9A. SOD activity sig-
nificantly decreased in the iohexol group compared
with the control group (263.8 + 26.4 compared with
3243 £ 13.4 U/g; P <0.001). NAC, P. punctulata (200
mg/kg), and P. punctulata (400 mg/kg) significantly in-
creased SOD activity compared with the iohexol
group, with values of 307.1 + 24.7 U/g (P = 0.002), 293.2
+ 4.4 U/g (P =0.049), and 304.5 + 16.5 U/g (P = 0.003),
respectively, as shownin Figure 9B. MDA significantly
increased in the iohexol group compared with the
control group (13.4 + 3.4 compared with 9.4 + 0.9
nmol/g; P =0.014). Treatment with NAC, P. punctulata
(200 mg/kg), and P. punctulata (400 mg/kg) reduced
MDA levels compared with the iohexol group,
although these reductions were not statistically sig-
nificant, as shown in Figure 9C. CAT activity
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significantly decreased in the iohexol group com-
pared with the control group (3.6 £ 0.3 compared with
5.1+0.4 U/g; P <0.001). Treatment with NAC, P. punc-
tulata (200 mg/kg), and P. punctulata (400 mg/kg)
significantly increased CAT activity compared with
the iohexol group, with values of 5.1 + 0.3 U/g (P
<0.001), 4.5 + 0.6 U/g (P = 0.008), and 5.1 + 0.5 U/g (P
<0.001), respectively, as shown in Figure 9D.
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Figure 9: Effects of NAC and P. punctulata leaf extract on the
levels of GPx (A), SOD (B), MDA (C), and CAT (D) in kidney
tissue.

3.6. Histopathological findings in kidney tissue
sections stained with H&E

Histopathological examination of kidney tissue using
H&E from the normal control group showed normal
medullary tubules (T). The renal corpuscles exhibited
normal morphology, with an intact Bowman’s cap-
sule (black arrow), and Bowman’s space (*) was of
normal width with no cellular infiltration (Figure 10A
and 10B; 200x and 400x, respectively).

Kidney sections from the iohexol-treated group
showed marked histopathological alterations, includ-
ing cytoplasmic vacuolization of proximal tubular
cells (black arrows), tubular necrosis (TN), intratubu-
lar red casts (#), cellular infiltration (yellow arrows),

_ﬁﬁ © 2026 University of Science and Technology, Sana'a, Yemen.

tubular dilatation (TD), and widening of Bowman'’s
space (*) due to damage to the glomerular filtration
barrier (Figure 10C and 10D; 200x and 400x, respec-
tively).

The group treated with iohexol plus NAC showed
mild tubular dilatation (TD), mild cytoplasmic vacuola-
tion (blue arrows), mild tubular degeneration (black
arrows), and a notable reduction in Bowman’s space
(*) compared with the iohexol group (Figure 10E and
10F; 200x and 400x, respectively).

The group treated with iohexol plus P. punctulata
extract (200 mg/kg) showed mild inflammatory cell
infiltration (yellow arrows). The glomeruli exhibited a
moderately widened Bowman’s space (BS), with lim-
ited epithelial cell lysis (Figure 10G and 10H; 200x and
400x, respectively).

The group treated with iohexol plus P. punctulata
extract (400 mg/kg) showed notable histological
amelioration. Most renal tubules retained a near-nor-
mal structure, with minimal degenerative changes
(D). The glomeruli appeared nearly normal (C), and in-
flammatory cell infiltration was reduced compared
with the iohexol and low-dose extract groups (Figure
101 and 10J; 200x and 400x, respectively).

3.7. Histopathological findings in kidney tissue
sections stained with PAS

Histopathological examination of kidney tissue
stained with PAS from the normal control group
showed normal proximal tubules with abundant
cytoplasmand a clearly identifiable brush border. The
glomeruli and basement membrane also appeared
normal (Figure 11A and 11B). The group treated with
iohexol showed marked renal injury, including loss of
the brush border, acute tubular necrosis, tubular
dilatation, hyaline casts, vacuolated tubular cells,
increased Bowman’s  space, and glomerular
shrinkage (Figure 11C and 11D).

Online ISSN: 2959-4146

This article may be used, disseminated, or reproduced as long as the journal and authors are credited.

Print ISSN:  2959-4138


https://doi.org/10.59222/ustjms.4.10

Al-Awar et al., UST J Med Sci 2026;4:10.
https://doi.org/10.59222/ustjms.4.10

The group treated with iohexol plus NAC showed
partial improvement, with mostly preserved tubules
and no evident tubular necrosis or dilatation. How-
ever, mild glomerular shrinkage/degeneration and
proximal tubular enlargement were observed (Figure
11E and 11F). The group treated with iohexol plus P.
punctulata extract (200 mg/kg) showed mild tubular
injury, includ
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necrotic tubules, vacuolated cytoplasm, and a few
casts, with nearly normal glomeruli (Figure 11G and

11H). The group treated with iohexol plus P. punctu-
lata extract (400 mg/kg) showed similar but milder
changes, including slight loss of the brush borderand
no casts, with nearly normal glomeruli (Figure 111 and
11)).

Figure 10: Representative H&E-stained photomicrographs of kidney Figure 11: Representative PAS-stained photomicrographs of kidney
tissue sections of normal control, NAC-treated and P. punctulata- tissue sections of normal control, NAC-treated and P. punctulata-

treated groups.
4. Discussion

In the present study, iohexol administration resulted
ina progressive reductionin body weight, particularly
by the third week, although this change was not sta-
tistically significant. This reduction was accompanied
by clear evidence of renal injury, including tubular
necrosis, cytoplasmic vacuolization, tubular dilata-
tion, and inflammatory cell infiltration. Treatment
with P. punctulata extract at both 200 and 400 mg/kg,
as well NAC, attenuated these changes and helped
maintain relatively stable body weight. Histo-
pathological findings showed reduced tubular
damage and vacuolizationin the treated groups. The
kidney index showed a non-significant increase in the
iohexol group and remained statistically unchanged
after treatment with NAC or P. punctulata. This find-
ing indicates the absence of marked nephromegaly

treated groups.

or severe tissue edema during the experimental
period, consistent with prior studies on CIN.®718

lohexol markedly increased serum creatinine and
decreased urine creatinine, indicating renal func-
tional impairment. These biochemical changes were
consistent with the histopathological evidence of
pronounced tubular necrosis, cytoplasmic vacuoliza-
tion, and tubular structural damage, confirming the
successfulinduction of contrast-induced renal injury.
Treatment with both doses of P. punctulata extract
and NAC significantly lowered serum creatinine and
improved urine creatinine, with P. punctulata (400
mg/kg) showing the strongest improvement, sug-
gesting a possible dose-dependent effect. These
findings are consistent with previous studies show-
ing that plant extracts rich in antioxidant and anti-in-
flammatory compounds can help restore creatinine

© 2026 University of Science and Technology, Sana'a, Yemen.
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balance following nephrotoxic injury.1% NAC effi-
cacy is also well documented,?-24 and the compara-
ble effect of P. punctulata suggests strong nephro-
protective phytochemicals.

The nephroprotective effect of P. punctulata may
be attributed to its phenolic and flavonoid constitu-
ents, which reduce oxidative stress, suppressinflam-
mation, and preserve glomerular filtration. NAC
protects mainly through glutathione replenishment
and reactive oxygen species scavenging. Both NAC
and P. punctulata, particularly the 400 mg/kg dose,
significantly mitigated iohexol-induced nephrotoxi-
city by improving nitrogenous waste homeostasis,
creatinine clearance, renal antioxidant defense, and
kidney structure. lohexol markedly reduced creati-
nine clearance and caused tubular necrosis, tubular
dilatation, and impairment of the glomerular filtra-
tion barrier, whereas NAC and P. punctulata im-
proved renal clearance and histological architecture.
The 400 mg/kg P. punctulata group showed near-nor-
mal recovery with minimal degenerative changes,
suggesting a dose-dependent nephroprotective ef-
fect consistent with previous reports on NAC in
CIN®27) and plant-derived flavonoids in nephrotoxic
models.2829)

lohexol caused a non-significant decrease in
serum TP, whereas P. punctulata 400 mg/kg signifi-
cantly increased TP compared with the iohexol
group, possibly reflecting improved protein metabo-
lism and reduced renal protein loss, consistent with
previous findings on bioactive plant extracts.® Se-
rum potassium did not significantly change after io-
hexol, in agreement with a previous reports that
potassium disturbances in CIN may remain minimal
unless tubular dysfunction is severe.% However, po-
tassium was significantly higher in the P. punctulata
400 mg/kg group than in the NAC and P. punctulata
200 mg/kg groups, suggesting a mild dose-related ef-
fect on electrolyte homeostasis.

© 2026 University of Science and Technology, Sana'a, Yemen.

lohexol significantly increased IL-6 and TNF-a
levels, indicating renal inflammation, consistent with
histopathological findings of tubular necrosis,
cytoplasmic vacuolization, inflammatory cell infiltra-
tion, and disrupted renal architecture. NAC and both
doses of P. punctulata reduced 1L-6 and TNF-a, but
only P. punctulata 400 mg/kg significantly reduced
TNF-a. This improvement was supported by reduced
inflammatory infiltration, preserved tubular struc-
ture, and near-normal glomerular morphology, espe-
cially in the P. punctulata 400 mg/kg group. These
findings agree with reports that natural products and
antioxidants can suppress pro-inflammatory cyto-
kines in contrast- or drug-induced nephrotoxicity,®%
while the anti-inflammatory effect of P. punctulata
may relate to its flavonoid and alkaloid content.®

lohexol markedly reduced renal GPx, SOD, and
CAT activities and increased MDA levels, confirming
oxidative stress, antioxidant depletion, and lipid pe-
roxidation. These changes were consistent with
severe histopathological damage, including tubular
degeneration, necrosis, cytoplasmic vacuolization,
andloss of normal renal architecture. Treatment with
NAC or P. punctulata improved antioxidant status
and renal histology, with P. punctulata 400 mg/kg
showing the strongest dose-dependent protection.
GPx was markedly restored, SOD recovered to near-
normal levels, CAT returned to control values, and
MDA decreased, although not significantly. These im-
provements were accompanied by reduced tubular
injury, less vacuolization, and preserved renal archi-
tecture. These findings support previous reports that
NAC restores glutathione and antioxidant enzymes,
including GPx,?? and that medicinal plant extracts
enhance antioxidant defenses and reduce oxida-
tive/inflammatory renal injury.®?

The SOD findings are consistent with plant-
derived antioxidant protection in nephrotoxicity
models.?* The MDA trend also agrees with studies
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showing reduced lipid peroxidation by plant antioxi-
dants® and the antioxidant potential of P. punctu-
lata.® Similarly, CAT recovery supports reports link-
ing phenolic- and flavonoid-rich extracts to CAT up-
regulation, partly through nuclear factor erythroid 2-
related factor2 (NRF2)-related mechanisms, in kidney
injury.36-38

Overall, P. punctulata showed strong nephropro-
tective effects against iohexol-induced renal injury,
comparable to or greater than NAC in several pa-
rameters. These effects appear to involve improved
renal function, reduced inflammation and oxidative
stress, enhanced antioxidant defenses, and preser-
vation of renal tissue integrity, consistent with ev-
idence on plant-based nephroprotection.(®'®

This study has several limitations, including the
relatively small sample size, the short duration of
experiment, lack of molecular analyses to confirm
the signaling pathways involved, and absence of iso-
lation or quantification of the specific bioactive bio-
active constituents underlying the protective effects.
Nevertheless, the study has important strengths. It
used an established iohexol-induced nephropathy
model to assess renal protection using complemen-
tary outcomes, including renal function biomarkers,
inflammatory cytokines, oxidative stress markers, an-
tioxidant enzymes, and histopathology. The inclusion
of NAC as a reference drug also enabled comparison
with a commonly used nephroprotective agent.

5. Conclusion

These findings suggest that P. punctulata extract may
have nephroprotective effects against CIN, primarily
through antioxidant and anti-inflammatory mecha-
nisms. The extractimproves renal function, enhances
antioxidant defenses, reduces inflammatory re-
sponses, and preserves renal tissue architecture.
Therefore, P. punctulata may represent a promising
natural candidate for the prevention of CIN. How-
ever, further studies are required to confirm its ef-

@L © 2026 University of Science and Technology, Sana'a, Yemen.

ficacy, safety, active constituents, and underlying
molecular mechanisms.
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