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Abstract

Plant-based silver nanoparticles (AgNPs) are emerging as adjuncts to antibiotics
due to their antimicrobial and cytoprotective properties. This study evaluated
AgNPs synthesized from Purslane (Portulaca oleracea) extract for hepatic and
renal safety/benefit in an infection model, alone and combined with ceftriaxone
(CTX) or azithromycin (AZM). Mice were allocated to seven groups: negative
control (G1), bacteria only (G2), bacteria+CTX (G3), bacteria+tAZM (G4),
bacteriat AgNPs (G5), bacteria+tCTX+AgNPs (G6), and bacteria+tAZM+AgNPs
(G7). Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST),
creatinine, and urea were measured. Liver and kidney histopathology (H&E, x40)
was assessed. One-way ANOVA with post-hoc grouping was used. Infection
markedly elevated transaminases versus control (AST: 74.63 £ 6.22 vs 40.01 +
4.14 U/L; ALT: 112.07 = 13.65 vs 57.10 £ 4.52 U/L; both P<0.01). Antibiotics
reduced but did not normalize enzymes (G3 AST/ALT: 62.14 + 4.71/86.23 + 8.23
U/L; G4: 64.59 + 6.62/88.74 + 8.19 U/L). AgNPs alone further improved values
(G5: 57.47 £ 5.69/76.02 = 7.79 U/L). The combinations were most effective,
restoring levels near control (G6: 51.82 + 3.90/65.30 £ 5.23 U/L; G7: 51.53 +
4.57/55.73 £ 5.09 U/L). For renal indices, infection increased urea and creatinine
(58.42 + 3.24 mg/dL; 0.714 £ 0.055 mg/dL) versus control (40.00 = 4.19 mg/dL;
0.421 = 0.044 mg/dL). Urea differed significantly among groups (P = 0.0025),
while creatinine showed a nonsignificant improving trend (P = 0.074).
Combination therapy yielded the lowest post-infection values (urea: 44.69-45.08
mg/dL; creatinine: 0.434-0.435 mg/dL), approaching control. Histologically,
infection caused irregular Bowman’s capsules, glomerular atrophy, tubular
degeneration, inflammatory infiltration, sinusoidal dilatation, necrosis, and
congestion. Antibiotics or AgNPs each attenuated these lesions; the combinations
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produced kidney and liver architecture closest to normal, with only mild residual

changes. AgNPs extracted by purslane enhanced the hepatic and renal outcomes
of infected mice, and enhanced the action of CTX and AZM, restoring
transaminases, urea and significantly improving tissue damage. These results
indicate that AgNPs can be used as a bio-compatible adjuvant to antibiotics and
the best effects were seen when used in combination regimens.

Keywords: AgNPs, Purslane (Portulaca oleracea), Liver, Kidney, Mice
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1. Introduction

Plant-mediated (“green”) synthesis of silver nanoparticles (AgNPs) has gained
momentum as a sustainable alternative to conventional chemical routes,
leveraging phytochemicals (polyphenols, flavonoids, organic acids) as reducing
and capping agents that shape nanoparticle size, morphology, and stability[1].
These green AgNPs consistently demonstrate broad antimicrobial activity and
attractive biomedical potential while minimizing hazardous reagents and by-
products. [2]

The antioxidant (e.g., ascorbate, carotenoids, polyphenols), bioactive plant,
Portulaca oleracea (purslane) is a potent biogenic factory of AgNPs[3]. Recent
studies indicate that aqueous P. oleracea extract may produce spherical AgNPs
(420 nm) exhibiting a characteristic plasmon band of around 420 nm and
antimicrobial/antioxidant effects, which may be very useful in the fabrication of a
green nanoparticle. [4].

In addition to the intrinsic antibacterial effects, silver can be used to potentiate
traditional antibiotics. Basic mechanistic experiments showed silver (and AgNP-
derived Ag+) interferes with bacterial homeostasis and suppresses defenses,
thereby increasing the effects of antibiotics on Gram-negative pathogens[5].

Subsequent reports—including antibiotic-loaded or co-administered AgNP
systems—have confirmed synergistic or additive effects across multiple drug
classes (B-lactams, macrolides, fluoroquinolones) and species, with implications
for overcoming resistance and reducing required antibiotic doses. [6]

At the same time, careful safety evaluation is essential. AgNP exposure can
produce dose-, size-, and coating-dependent hepato-renal effects in vivo,
mediated by oxidative stress, inflammation, and apoptosis; conversely,
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biogenic/green AgNPs may exhibit improved biocompatibility and, in some

models, hepato-renal protection when appropriately dosed. These dual
possibilities highlight the need for controlled dosing, rigorous biomarker
monitoring, and histopathology. [7,8]

In preclinical toxicology and infection models, ALT and AST remain core serum
biomarkers of hepatocellular injury, while urea (BUN) and creatinine track renal
function and filtration. Elevations in ALT/AST indicate hepatocyte
injury/necrosis, and changes in urea/creatinine reflect renal impairment; these
markers are standard endpoints in rodent studies alongside histopathological
confirmation. [9,10]

Rationale and gap. Although green-synthesized AgNPs from P. oleracea are
promising and AgNP-antibiotic combinations show synergy, there is limited
integrated evidence—within the same infection model—Ilinking (i) serum
liver/renal panels, (ii) histopathology of liver and kidney, and (iii) direct
comparisons among antibiotic monotherapy, AgNP monotherapy, and
combination therapy. Addressing this gap can clarify whether P. oleracea—
derived AgNPs are not only effective adjuncts but also biocompatible at
therapeutic doses.

Objective. This study investigates silver nanoparticles biosynthesized from P.
oleracea extract for their impact on liver and kidney function in infected mice,
alone and in combination with ceftriaxone or azithromycin. We quantify ALT,
AST, urea, and creatinine, and perform H&E histopathology of liver and
kidney to (1) determine therapeutic efficacy, (2) assess potential toxicity, and (3)
evaluate synergy of AgNP-antibiotic regimens relative to monotherapies and
controls.

2. Materials and methods
2.1 Key equipment

Shimadzu UV-1800 UV-Vis spectrophotometer, Olympus/Genex light
microscopes, Vitek-2, autoclave, homogenizer, microtome, centrifuges, hot plate
& magnetic stirrer, analytical balance, standard glassware/consumables.

2.2 Study design and animals
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An in vivo controlled study was conducted (Dec-2024 to May-2025) on 35 male

Swiss albino mice (130-147 g). Animals were acclimatized 7 days under
standard conditions (25 + 2 °C; 50 £ 10% RH; 12/12 h light/dark) with ad libitum
chow and sterilized water. Procedures were approved by the institutional animal
ethics committee.

2.3 Experimental groups

Mice were randomized (n = 5/group) into seven  groups:
G1 control (non-infected), G2 bacteria only, G3 bacteria + ceftriaxone, G4
bacteria + azithromycin, G5 bacteria + AgNPs, G6 bacteria + ceftriaxone +
AgNPs, G7 bacteria + azithromycin + AgNPs.

2.4 Plant extract and green AgNP synthesis

Fresh Portulaca oleracea was oven-dried, milled, and 50 g powder macerated in
450 mL absolute ethanol (homogenization 2 h; 40 °C/24 h). Filtrate was
evaporated at 45 °C; the dried extract stored at 4 °C[1l1].
AgNPs: 4 g AgNOs in 100 mL DI water (70 °C/30 min) — add 200 mL purslane
extract dropwise (stir 2 h) — hold 37 °C/48 h — add NaBH4 (2.5 mg/mL, 10
mL) gradually to form a dark precipitate — centrifuge, wash (water/ethanol), dry
37 °C/48 h[12].

2.5 Treatments and monitoring

Ceftriaxone, azithromycin and AgNPs were used according to group assignment
using ready preparations of 5, 10, 15 mg/L working concentrations through IP or
oral administration on fixed schedule. Clinical signs were monitored in animals
on a daily basis.

2.6 Blood and tissue collection

Twenty-four hours after the final dose, mice were anesthetized (chloroform,
inhalational) and blood was obtained by cardiac puncture. Serum was separated
(4,000 rpm, 10 min; —20 °C storage).

2.7 Biochemistry
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Serum ALT, AST (U/L) and urea, creatinine (mg/dL) were measured using

standard assays per manufacturer instructions with routine calibration and
controls.

2.8 Histopathology and IHC

Liver, kidneys, and spleen were fixed in 10% neutral-buffered formalin,
processed through graded ethanols, cleared in xylene, embedded in paraffin,
sectioned at 5 um, and stained H&E. IHC used an indirect HRP-DAB method
with heat-induced epitope retrieval (Tris-EDTA, pH 9.5).

2.9 Statistics

Data were analyzed by one-way ANOVA with appropriate post-hoc testing;
significance set at P < 0.05 (and P < 0.01 where indicated).

3. Results And Discussion
3.1 Biochemical Analysis

3.1.1 Effect of antibiotics and silver nanoparticles on liver function and
enzymes (ALT and AST) in mice

Table 1. Comparison of serum AST and ALT levels among the experimental

groups.
Mean +SD

Group AST (U/L) ALT (U/L)
: D D

G1: Negative control 4001 +4.14 57 10 +4.52
: A A

G2: Bacteria only 74,63 +6.29 112.07 +13.65

: B B

G3: Bact +Ceftria. 62.14+4.71 86.23 +8.23
G4: Bacteria+Azethro S ¥

' ' 64.59 +6.62 88.74 £8.19
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. BC BC
: +
G5: Bacteria+Nano 57.47 +5.69 76.02 +7.79
CD C
: + +
G6: Bact+Cetr+Nano | o 5 43,00 65.30 +5.23
D C
: St St
Gr:Bact+Aethr.+Nano | o) ooy 57 55.73 +5.00
L.S.D. 9.132%* 14.124 **
P-Value 0.0011 0.0019

Means having the different letters in the same column differed
significantly.  ** (P<0.01).

CE measurements including hepatic enzymes AST and ALT had distinct,
statistically differentiating results among the experimental groups (P < 0.01). The
lowest levels were in G1 negative control 40.01 U/L 4.14 and 57.10 U/L 4.52
AST and ALT respectively, indicating normal hepatocellular structure and the
lack of pathological damage. Conversely, the bacteria-only group (G2)
demonstrated significant increases in both AST and ALT-74.63 + 6.22 U/L and
112.07 + 13.65 UJ/L, respectively- indicative of liver injury caused by bacterial
infection and resulting inflammatory response, which facilitates hepatocyte lysis
and enzyme release into the bloodstream, respectively.

Groups treated with antibiotics indicated significant decreases compared to
bacteria-only group: G3 (ceftriaxone), 62.14 +/- 4.71 | 86.23 +/- 8.23 U/L
(AST/ALT), and G4 (azithromycin), 64.59 +/- 6.62 / 88.74 +/- 8.19 U/L. Even
with these reductions, values were still above the controls, which implies that, in
spite of antibiotics, hepatic injuredness was partially, but not completely, reduced
[14].

There was a more significant decrease in the AgNPs-only group (G5) -57.47 %
5.69 / 76.02 £ 7.79 U/L- which suggests the presence of antimicrobial and
antioxidant effects that conferred hepatoprotection, which is also consistent with
the work of Hassanen et al. [15] and Yang et al. [16] that reported plant-derived
silver nanoparticles enhances liver functions by minimizing inflammation,
oxidative stress.

1348



2025 Al (S 19 )

Agalal) g e Lata¥ ) s Aibay) sl el Alaal) ST

No.19 —Nov 2025  Iraqi Journal of Humanitarian, Social and Scientific Research
Print I1SSN 2710-0952 Electronic ISSN2790-1254 Nt

e |
Notably, combination therapy groups showed the best post-infection outcomes:

G6 (ceftriaxone + AgNPs), 51.82 + 390 / 65.30 + 5.23 U/L, and G7
(azithromycin + AgNPs), 51.53 + 4.57 / 55.73 + 5.09 U/L (AST/ALT), with G7
nearest to contain results. These results highlight the role of an interaction effect
involving AgNPs and antibiotics: an increase in bacterial clearance and a
decrease in liver toxicity; in line with Morones-Ramirez et al. [17], who
demonstrated that the combination of nanoparticles and antibiotics, especially
macrolides like azithromycin, enhances efficacy, decreases bacterial resistance,
and results in better tissue protection.

In brief, bacterial infection resulted in overt hepatocellular damage expressed by
high levels of AST and ALT, and antibiotics or AgNPs partial alleviated the
damages to different extents. Combinations of these regimens were the strongest
in restoring liver function indices to normal, and the two regimens in
combination, azithromycin + AgNPs, should be considered synergistic, protective
and curative.

Figure 1 demonstrate the (ALT) levels in study groups
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Figure 1: Effect of AgNps and antibiotics on ALT levels

Figure 2 demonstrate the (AST) levels in study groups
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Figure 2: Effect of AgNps and antibiotics on AST levels

The two figures display the same pattern: transaminases rise with infection and
improve with treatment. The bacteria-only group (G2) showed the highest values
(AST = 74.63 = 6.22 U/L; ALT = 112.07 + 13.65 U/L) and was labeled A,
whereas the negative control (G1) recorded the lowest levels (AST = 40.01 £ 4.14
U/L; ALT =57.10 £ 4.52 U/L) and was labeled D. Monotherapy with antibiotics
reduced the enzymes into the B range in G3 (ceftriaxone) and G4 (azithromycin),
though still above control. Silver nanoparticles alone (G5) produced a further
decrease to BC (AST=57.5+£5.7 U/L; ALT = 76.0 £ 7.8 U/L). The combination
regimens performed best after the control: G6 (ceftriaxone + nano) reached CD
for AST and C for ALT (AST = 51.82 + 3.90 U/L; ALT = 65.30 £ 5.23 U/L),
while G7 (azithromycin + nano) was D for AST—i.e., not significantly different
from control—and C for ALT (AST = 51.53 + 4,57 U/L; ALT = 55.73 £ 5.09
U/L). Letters above the bars indicate groups that are not significantly different
when they share the same letter and are significantly different when letters differ
(ANOVA; AST: P = 0.0011, ALT: P = 0.0019). In general, the results indicate
that the synergistic effect between silver nanoparticles and antibiotics
(particularly, azithromycin) yields a more significant effect on reducing
AST/ALT to physiological levels, thereby preventing infection-related hepatic
damage.

Bars represent mean + SD.
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3.1.2 Effect of antibiotics and silver nanoparticles on renal function
(creatinine and urea) in mice

Table 2. Comparison of serum creatinine and urea concentrations among the
experimental groups.

Mean £SD
Group Creatinine mg/dL Urea mg/dL
. 1 C D
G1: Negative control 0.421 +0.044 40.00 +4.190
. 1 A A
G2: Bacteria only 0.714 +0.055 58.42 +3.237
- B B
G3: Bact.+Ceftria 0.505 0,029 50.86 +2.377
_ B BC
- +
G4: Bacteria+Azethro. 0.488 +0.025 49.70 +4.864
_ B BCD
: +
G5: Bacteria+Nano 0.482+0.042 4984 +4.145
BC CD
- Bact.+ +N
G6: Bact.+Cetr.+Nano 0.435 +0.018 44.69+5.006
BC CD
: + +
G7:Bact.+Aethr.+Nano 0.434+0.030 45.08+0.865
L.S.D. 6.630 * 0.064 **
P-Value 0.074 0.0025
Means having the different letters in the same column differed
significantly.
** (P<0.01).

The serum creatinine and urea measurements showed some differences among the
experimental groups. G1 was the lowest (creatinine: 0.421 + 0.044 mg/dL,; urea:
40.00 + 4.19 mg/dL), which is typical of normal renal physiology. Conversely,
the bacteria-only G2 group indicated significant increases (creatinine: 0.714 +
0.055 mg/dL; urea: 58.42 + 3.24 mg/dL) compared to control suggesting that
infection causes renal dysfunction due to inflammation and oxidative stress,
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which have been discussed in recent studies relating systemic infections to
increased kidney damage markers.[18,19].

In the antibiotic-treated groups (G3: ceftriaxone; G4: azithromycin), values
declined relative to G2—-creatinine ~0.505-0.488 mg/dL and urea ~50.86—
49.70 mg/dL—indicating partial improvement due to bacterial inhibition;
however, levels remained above control, which may be related to antibiotic-
associated renal effects with continued use [20].

The AgNPs group (G5) showed a similar improvement (creatinine: 0.482 +
0.042 mg/dL; urea: 49.84 £ 4.14 mg/dL), supporting the notion that AgNPs
mitigated renal damage via antimicrobial and antioxidant actions, as reported by
Fan et al..[21] Notably, the combination therapies (G6: CTX+Nano; G7:
AZM+Nano) were the most effective, with values approaching control
(creatinine ~0.43-0.44 mg/dL; urea ~44.69-45.08 mg/dL). This indicates a
synergistic effect between AgNPs and antibiotics, enhancing therapeutic efficacy
and reducing infection-related renal injury; recent findings likewise show that
nanoparticle—antibiotic combinations improve treatment performance and protect
vital organs, including the kidney [22].

Taken together, bacterial infection caused a clear disturbance in renal function
indices, whereas the combined antibiotic—-AgNP regimens were the most efficient
in restoring values toward normal, underscoring the importance of a synergistic
approach to renal protection during infection.

Figure 3 demonstrate the (Urea) levels in study groups
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Figure 3: Effect of AgNps and antibiotics on Urea levels

Figure 4 demonstrate the (Creatinine) levels in study groups
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Figure 4: Effect of AgNps and antibiotics on creatinine levels

The two graphs depict a steady rise in renal failure due to infection and a
progressive improvement on therapy. In the case of urea, the groups distinguished
themselves (ANOVA, P = 0.0025): the G2 group, which consisted of bacteria
alone, registered the highest (58.42 + 3.24mg/dL, letter A), whereas no other
group had the lowest (40.00 = 4.19mg/dL, D) value.

Monotherapy with antibiotics reduced urea to B in G3 (50.86 £ 2.38) and to BC
in G4 (49.70 = 4.86), while silver nanoparticles alone G5 (49.84 + 4.15) yielded
BCD. The combination regimens showed the best improvement after the
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control, with G6 (CTX + Nano) and G7 (AZM + Nano) approaching normal
values (44.69 = 5.01 and 45.08 + 0.87 mg/dL, letter CD).

For creatinine, infection produced a clear rise (G2: 0.714 £ 0.055 mg/dL, A)
compared with control (G1: 0.421 + 0.044 mg/dL, C). Values decreased with
antibiotic monotherapy (G3: 0.505 + 0.029; G4: 0.488 + 0.025 mg/dL, both B)
and with AgNPs alone (G5: 0.482 + 0.042, B). The lowest values occurred with
the combined treatments (G6: 0.435 + 0.018; G7: 0.434 + 0.030 mg/dL, BC).
Despite this favorable trend, the overall comparison was not statistically
significant (ANOVA, P = 0.074), so letter-based differences should be interpreted
cautiously.

Letters above the bars indicate groups that are not significantly different when
they share the same letter and significantly different when the letters differ. In
general, the infection increased both urea and creatinine, and the entire treatments
reduced these increases, with the combination treatments (CTX/AZM + AgNPs)
(particularly AZM + AgNPs) returning values to control, indicating a synergistic
nephroprotective effect. (Bars represent mean + SD.)

3.2 Histopathology Study
3.2.1 Mice Kidney Histology

The kidney fragments showed an evident gradient of lesion severity in
accordance with the treatment received:

Negative control (G1; Figure 5): Bowman normal appearance; normal glomeruli
(GL) without inflammatory renal infiltration/fibrosis/congestion; normal cortical
tubules (CT) in order with patent lumina and intact epithelial lining- normal
histological control.

* Bacteria alone (G2; Figure 6): Abnormal Bowman capsule (IBC) and
glomerular tuft atrophy (AGL), with intense mononuclear cell infiltration (IM),
vascular congestion (CO) and severe degenerative alterations in cortical tubules
(DCT)- are consistent with vigorous inflammatory and oxidative stress responses
and impaired glomerular filtration efficiency.
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. Ceftriaxone alone (G3; Figure 7 ) and azithromycin alone (G4; Figure 8):
Some improvement compared to G2; no severe shrinkage of glomerular tufts with
no severe infiltration and no severe tubular degeneration, suggesting infection
control without full restoration of the normal architecture.

. Silver nanoparticles only (G5; Figure 9): Improvement is more significant;
slight glomerular atrophy, slight infiltrate, slight tubular changes, come closer to
the physiological image compared to antibiotic monotherapy.

. Combination therapy- G6 ( ceftriaxone + AgNPs; Figure 10) and G7
(azithromycin + AgNPs; Figure 11): Approach normal morphology; normal BC,
GL with slight shrinkage, limited IM, and slight DCT changes. These results
suggest that AgNPs synergize with antibiotics (reduced inflammatory infiltration
and congestion and maintained renal architecture).

Overall severity ranking:
G2 (worseest) > G3 = G4 > G5 > G6 = G7 = G1 (nearest to normal).

This concordant finding of these histological observations is consistent with renal
function biomarkers (urea/creatinine) with the combination regimens (CTX/AZM
+ AgNPs) approximating control values, and the combined solution (CTX/AZM
+ AgNPs) was likely to play a protective-therapeutic role in limiting the renal
injury caused by infection.
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Figure (5):- Histopathological section of Kidney control group show:
Normal Bowman capsule (BC), Normal glomeruli (GL), Normal cortical tubules
(CT), (H and E stain) ,(40X).

Figure (6):- Histopathological section of Kidney positive control group
show: Irregular Bowman capsule (IBC), Atrophy in glomeruli tuft (AGL),
heavy infiltration of mononuclear cells (IM) severe degenerative changes
in the cortical tubules (DCT), congestion (CO), (H and E stain) ,(40X).
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Figure (7):- Histopathological section of Kidney (G3) group show:
Normal Bowman capsule (BC), moderate shrinkage in glomeruli tuft (GL),
moderate infiltration of mononuclear cells (IM) moderate degenerative
changes in the cortical tubules (DCT), (H and E stain) ,(40X).

v

Figure (8):- Histopathological section of Kidney (G4) group show:
Normal Bowman capsule (BC), moderate shrinkage in glomeruli tuft (GL),
moderate infiltration of mononuclear cells (IM) moderate degenerative
changes in the cortical tubules (DCT), (H and E stain) ,(40X).
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Figure (9):- Histopathological section of Kidney (G5) group show:
Normal Bowman capsule (BC), mild shrinkage in glomeruli tuft (GL),
mild infiltration of mononuclear cells (IM) mild degenerative changes in

the ! cortical
tubules

(DCT), (H

and E stain) ,(40X).
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Figure (10):- Histopathological section of Kidney (G6) group show:
Normal Bowman capsule (BC), mild shrinkage in glomeruli tuft (GL),
mild infiltration of mononuclear cells (IM) mild degenerative changes in
the cortical tubules (DCT) (H and E staln) (40X)

Figure (29-4):Histopathological section of Kidney (G7) group
shows: Normal Bowman capsule (BC), mild shrinkage in glomerular tuft
(GL), mild infiltration of mononuclear cells (IM), mild degenerative
changes in the cortical tubules (DCT), (H and E stain),(40X).

3.2.2. Liver histology

The liver sections exhibited a clear gradient of lesion severity that paralleled the
treatment modality:

« Negative control (G1; Figure 12): Normal hepatic architecture; hepatocytes
(HC) radiating around the central vein (CV), sinusoidal spaces (SS)
regular, and a normal portal triad without inflammatory infiltration or
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necrosis. This micrograph serves as the normal histological reference for
comparison.

. Bacteria only (G2; Figure 13): Overt injury characterized by parenchymal
hypertrophy (PH), sinusoidal dilatation (dSS), and moderate mononuclear
inflammatory infiltration (IC), with necrotic foci (NC) and vascular
congestion (CO)—indicating an inflammation- and oxidative stress—driven
architectural disturbance.

« Ceftriaxone alone (G3; Figure 14):. Partial improvement; a quasi-normal
architecture with mild hepatocellular hypertrophy, reduced SS caliber,
limited infiltration, and small scattered necrotic foci.

« Azithromycin alone (G4; Figure 15): A quasi-normal picture similar to G3,
with mild hypertrophy, limited infiltration, and a slight reduction in SS;
necrosis and congestion were less prominent than in G3.

« Silver nanoparticles alone (G5; Figure 16): More pronounced
Improvement; near-normal architecture with orderly hepatic plates around
the CV, moderate and uniform SS, moderate hypertrophy in some cells,
and limited infiltration, without extensive necrosis.

« Combination therapy (G6: ceftriaxone + AgNPs; Figure 17) and (G7:
azithromycin + AgNPs; Figure 18 ): A clearly near-normal architecture;
orderly radial plates around the CV, clear and regular SS, only mild
hypertrophy, and minimal infiltration, with no notable necrosis. These
findings reflect a synergistic effect between AgNPs and antibiotics,
reducing inflammation and congestion and preserving hepatic architecture.

Overall severity ranking:G2 (most severe) > G3 = G4 > G5 > G6 = G7 = Gl
(closest to normal).These observations are consistent with ALT/AST profiles:
infection was associated with marked elevations, whereas all treatments produced
a stepwise decline. The combined regimens (CTX/AZM + AgNPs) most
effectively restored both architecture and enzyme values toward physiological
limits, supporting synergistically enhanced hepatoprotection.
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Figure (12):- Histopathology of rat liver control rats group: show normal
architecture of the liver with hepatocytes (HC) radiating from the central vein
(CV), sinusoidal space (SS) and portal triad, Optic microscopy: H&E (x40).
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Figure (13):- Histopathology of rat liver Bacteria treated rats group: show
moderate parenchymal cells hypertrophy (PH), dilatation of sinusoidal space
(dSS) with mild inflammatory cell infiltration (IC), Necrosis (NC), congestion
(CO), Optic microscopy: H&E (x40).

Figure (14):- Histopathology of rat liver (G3) rats group: show normal
architecture of the liver with hepatocytes (HC) radiating from the central vein
(CV), mild parenchymal cells hypertrophy, reduction in sinusoidal space (SS) and
inflammatory cell infiltration, Optic microscopy: H&E (x40).
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Figure (15):- Histopathology of rat liver (G4) rats group: show normal
architecture of the liver with hepatocytes (HC) radiating from the central vein
(CV), mild parenchymal cells hypertrophy, reduction in sinusoidal space (SS) and
inflammatory cell infiltration, Optic microscopy: H&E (x40).

Figure (16):- Histopathology of rat liver (G5) rats group: show normal
architecture of the liver with hepatocytes (HC) radiating from the central vein

(CV), Moderate parenchymal cells hypertrophy, reduction in sinusoidal space
(SS) and inflammatory cell infiltration, Optic microscopy: H&E (x40).
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Figure (17):- Histopathology of rat liver (G6) rats group: show normal
architecture of the liver with hepatocytes (HC) radiating from the central vein
(CV), Moderate parenchymal cells hypertrophy, reduction in sinusoidal space
(SS) and inflammatory cell infiltration, Optic microscopy: H&E (x40).

Figure (18):- Histopathology of rat liver (G7) rats group: show normal
architecture of the liver with hepatocytes (HC) radiating from the central vein
(CV), Moderate parenchymal cells hypertrophy, reduction in sinusoidal space
(SS) and inflammatory cell infiltration, Optic microscopy: H&E (x40).

4. Conclusion
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In summary, bacterial infection elicited pronounced hepatic and renal injury,

reflected by elevated serum AST/ALT and urea/creatinine and corroborated by
severe histopathological changes. Antibiotic monotherapies (ceftriaxone or
azithromycin) attenuated but did not normalize these abnormalities, whereas
silver nanoparticles (AgNPs) alone produced greater biochemical and
architectural recovery. The greatest improvement occurred with the combination
regimens (ceftriaxone+AgNPs or azithromycin+AgNPs), which returned indices
closest to control values (AST and ALT: P = 0.0011 and 0.0019; urea: P =
0.0025), with creatinine showing a concordant, though nonsignificant, trend (P =
0.074); notably, azithromycin+AgNPs rendered AST values indistinguishable
from controls. The histology of the liver and kidneys reflected these patterns,
showing a progression from significant injury in infected animals to nearly
normal architecture with the use of combination therapy. The data collectively
suggest a synergistic interaction between AgNPs and antibiotics that enhances
antibacterial efficacy and reduces inflammation and oxidative stress-related organ
damage, highlighting AgNPs as a promising adjuvant to conventional treatment.
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