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Abstract

Sepsis is an inevitable stage of bacterial invasion characterized by an uncontrolled inflammatory response resulting
in a syndrome of multiorgan dysfunction. Most conventional antibiotics used to treat sepsis are efficacious, but
they have undesirable side effects. The green synthesised Ag NPs were synthesized by 5 g of the earthworm
extract dissolved in a volume of 500mL of distilled water and then added to 2,500 mL aqueous solution of TmM
silver nitrate at 40 °C. After 4 h, the mixture was then allowed to dry overnight at 60 °C. Later, Ag NPs were washed
and collected. They were characterized by X-ray diffraction, ultraviolet-visible spectroscopy, and transmission
electron microscopy. Sepsis model as induced by feces-intraperitoneal injection method. Eighteen male mice were
assigned into three main groups: the control group, the sepsis-model group, and the Ag NPs-treated group. The
control group received a single oral dose of distilled water and, after two days, intraperitoneally injected with 30%
glycerol in phosphate buffer saline. The Sepsis-model group received a single oral dose of distilled water. Ag NPs -
The treated group received a single oral dose of 5.5 mg/kg of Ag NPs. After two days, the sepsis-model group and
Ag NPs-treated group were intraperitoneally injected with 200 pL of faecal slurry. Ag NPs treatment in septic mice
significantly decreased liver enzyme activities, total protein, and serum albumin. Moreover, Ag NPs significantly
enhanced kidney function, as indicated by a significant decrease in the levels of creatinine, urea, and uric acid.

In addition, Ag NPs showed a powerful antioxidant effect via the considerable reduction of malondialdehyde

and nitric oxide levels and the increase in antioxidant content. The histopathological investigation showed clear
improvement in hepatic and kidney architecture. Our findings demonstrate the protective efficacy of biogenic Ag
NPs against sepsis-induced liver and kidney damage.
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Introduction

Sepsis is unequivocally defined as a severe systemic dys-
function resulting from the body’s uncontrolled response
to infection [1]. According to the World Health Orga-
nization (WHO), 49 million cases and 11 million sep-
sis-related deaths were reported in 2017, making sepsis
responsible for almost 20% of global deaths annually [2].
Sepsis is firstly characterised by the presence of a micro-
bial infection that is accompanied by increased body
temperature and heart rate. If left untreated, sepsis can
progress to severe sepsis, where it is associated with sev-
eral organ dysfunction as well as sepsis-induced hypoten-
sion. The final and most alarming stage of sepsis is known
as “septic shock” In this stage, patients experience per-
sistent hypotension despite sufficient fluid resuscitation
because of major perfusion abnormalities in their blood
vessels [1] [3].

Current treatments for sepsis include antibiotics,
which are decided after appropriate cultures have been
obtained, vasopressors, and fluid therapy [4]. Given that
antibiotics are the primary and only medication provided
for patients with sepsis, this has majorly contributed to
the growing concern of antimicrobial resistance (AMR),
which is now regarded as an independent risk factor of
its own [5]. The pathophysiology and treatment of sep-
sis have been studied using a variety of animal models
with different induction techniques. The cecal ligation
and puncture (CLP) model is currently regarded as a gold
standard for sepsis studies. However, several limitations
arise when adopting this approach, such as the high level
of researcher variation and the challenge of comparing
animals with various cecum shapes and sizes [6]. A study
by Fang et al. in 2020 compared the CLP method against
a new approach called faeces-intraperitoneal injection
(FIP). This study concluded that the FIP model was way
easier to establish, overcomes the variability in the CLP
method, and offers a more standardised approach [7].
The increasing rate of bacterial resistance to antibiot-
ics has propelled the search for alternative antibacterial
agents. The recent advancements in nanotechnology
have revealed the antimicrobial properties of various
metal nanoparticles (NPs) [8]. Contrary to antibiotics,
NPs are less prone to bacterial resistance due to the array
of mechanisms by which they simultaneously exhibit
their antibacterial activity. Among those mechanisms is
the release of positive ions from NPs, targeting negatively
charged lipopolysaccharides in bacterial cell membranes.
This high-affinity interaction increases the rate of entry
of ions into the bacterial cell, interrupting its process
and internally damaging it. Ag+ions released from silver
nanoparticles (Ag NPs) are especially destructive to pro-
teins and enzymes rich in cysteine. Ag NPs bind to them
irreversibly, breaking disulfide bonds and thus disrupting
protein integrity and function [9]. Additionally, Ag NPs
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can accumulate on the bacterial cell surface and cross
through the cytoplasm, leading to the denaturation and
perforation of the cell membrane and damaging bacterial
organelles [10].

Hence, Ag NPs were chosen as the anti-bacterial agent
in this study, testing their efficacy against bacterial infec-
tions that induce sepsis. There are different physical and
chemical methods for Ag NPs synthesis [11]. However,
biogenically synthesized NPs are more easily prepared,
cost-effective, less environmentally toxic, and more
biocompatible and stable [12]. Earthworm extract has
bioactive compounds that act as antibacterial and anti-
coagulant agents, such as Lumbricin-1 and lumbroki-
nase enzyme, in addition to their anti-inflammatory and
antipyretic activities [13]’ [14]. The variety of functional
groups in the extract is attributed to its chemically reduc-
ing property, making it a biocompatible reducing agent
suitable for the biosynthesis of Ag NPs [15]. The Allolo-
bophora caliginosa earthworm species, belonging to phy-
lum Annelida, is the most abundant and commercially
available in Egypt; it was even used as an edible source
of protein in former times [16]. When applied in clinical
settings, the biosynthesised silver nanoparticles (Ag NPs)
have the potential to serve as a pretreatment for patients
who may develop sepsis in the future. Consequently,
the present study seeks to synthesize Ag NPs by using
A. caliginosa earthworm extract and administering it to
mice with sepsis induced by injection of faecal slurry.

Materials and methods

Collection and extraction of Allolobophora Caliginosa
Allolobophora caliginosa earthworms (1 kg) were pur-
chased from commercial vermiculture in Cairo gover-
norate and placed in paper bags with the sustenance of
waterlogged soil. Allolobophora caliginosa earthworms
were cleaned with tap water to remove debris and then
were soaked for six hr. in distilled water. Allolobophora
caliginosa were dissected into small particulates and
placed in a glass beaker to deposit in an (80%) ethanol
solution for two days in the refrigerator. This mixture was
filtered and centrifuged for 10 min at 3000 rpm till it was
clear. The supernatant was left to evaporate at (40°C) in a
water bath for five hr., then further dried in the oven [17].

Synthesis of biogenic silver nanoparticles

5 g of the Allolobophora caliginosa extract was dissolved
in a volume of 500 mL of distilled water. The mixture
was then added dropwise to 2,500 mL aqueous solution
of 1mM silver nitrate (AgNO,) on the magnetic stirrer at
40 °C. After 4 h, the silver nitrate solution turned from
transparent to brown, indicating the formation of Ag
NPs. The mixture was then allowed to dry overnight in
an oven at 60 °C. Later, Ag NPs were scratched, collected
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in falcon tubes, and washed with distilled water and
methanol [18].

Characterization of biogenic ag NPs

Ultraviolet-visible spectroscopy

The optical property of green synthesised Ag NPs was
observed from the absorption spectra of nanoparticles
synthesised at various temperatures and concentrations.
UV-Vis spectra were measured using Varian; Cary 5000
UV-visible spectrophotometer with a wavelength in the
range of 200—800 nm at room temperature [19].

X-ray diffraction analysis

Crystallographic properties of Ag NPs were explored
using a PANalyticalX'Pert X-ray diffractometer equipped
with a nickel filter using copper (Cu) Ka radiation as an
X-ray source. The size of the particles was calculated
using Scherrer’s formula as follows: d=K\/} cosB. Where
d is the crystalline size, K=0.89 is the shape factor, k is
the X-ray wavelength of Cu Ka radiation (0.154 nm), 6 is
the Bragg diffraction angle, and f is the full width at half
maximum of the respective diffraction peak [20].

Transmission electron microscopy (TEM)

The morphological study of the green synthesised Ag
NPs was performed by TEM, which was achieved at an
accelerated voltage of 120 kV (JEM- JEM 2100 F; JEOL
Ltd, Tokyo, Japan) (Electron Microscopy Unit, Faculty of
Agriculture, Cairo University) [21].

Acute toxicity test LD 50

The Median lethal dose (LDj;) of Ag NPs was determined
in accordance with the method described by (Chinedu et
al.,2013) [22]. Eight Swiss albino mice were divided into
four different groups (n=2). Each group was gavaged with
a different dose of Ag NPs. The doses were 10, 100, 300,
and 600 mg/kg. After the administration, animals were
observed for 1 h and again for 10 min every 2 h interval
for 24 h. Signs of systemic toxicity were observed, includ-
ing changes in (skin, ears, fur, eyes), piloerection, weak-
ness, weight loss, food and water consumption, breathing
difficulties, and death. From the following formula, LD,
was calculated: LDg, = (MO+M1)/2. MO is the highest
dose of Ag NPs, which did not cause mortality, and M1
is the lowest dose of Ag NPs, which resulted in mortality
[22].

Determination of antibacterial minimal inhibitory
concentration (MIC) of ag NPs

The inhibitory effect of Ag NPs on the growth of the test
organisms was studied using MIC assay. The MIC of Ag
NPs was identified to determine the lowest concentra-
tion that inhibits the visible growth of the test organ-
isms [23]. Staphylococcus aureus, Listeria monocytogenes,
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Pseudomonas aeruginosa, and Salmonella typhimurium
were used to test antibacterial activity. Briefly, bacterial
suspensions were prepared as previously described under
disc diffusion test, then diluted 1:1000 to give (1-2x105
CFU ml-1). Tested bacteria were grown on nutrient
broth in a shaking incubator (150 rpm). MIC values of
tested nanoparticles were determined using the twofold
serial dilution technique at concentrations ranging from
0.00267 to 0.428 mg ml—1 for Ag NPs. The cultures were
incubated at 37 °C for 18-20 h. Results were estimated by
measuring optical density (OD) at 600 nm.

Experimental animals

Eighteen CD1 (Mus musculus) adult male mice were
obtained from the National Research Center (NRC,
Dokki, Giza). Their weights ranged from 25 to 30 g. Prior
to the experiment, mice were allowed to acclimate for
seven days. Mice general conditions were observed once
daily throughout the acclimatization period. Food and
water were available ad libitum.

Animal housing

Mice were grouped and housed in conventional polypro-
pylene cages (6 per cage) and placed in the well-venti-
lated animal house of the Zoology Department, Faculty
of Science, Cairo University, with a proper temperature
of 23-26 °C, humidity of 50-60% and a 12 h/12 h light-
dark cycle.

Determining the sepsis induction dose by faeces-
intraperitoneal injection (FIP)

Sepsis induction was done by faeces intraperitoneal
injection. Faecal slurry stock preparation was performed
as described by [24]. Ten grams of faeces were collected
and sequentially added to 50 ml distilled water. The slurry
was filtered and then soaked in an equal volume of 30%
glycerol dissolved in phosphate buffer solution (PBS). For
the purpose of determining the sepsis induction dose,
eight male mice were divided into four groups (2 mice/
group). Group 1, which was the control, was injected
with a PBS-glycerol solution. A series of different faecal
slurry doses of 100, 200, and 300 uL was prepared and
administered intraperitoneally to three distinct groups of
mice. The last dose of 100 uL resulted in only 50% mor-
tality after six days from the injection day. By increasing
the dose to 200 uL, the mortality increased to 100% after
seven days. A dose of 300 uL resulted in 100% mortality;
however, the death was after two days only. In accordance
with the experiment duration, the dose of 200 puL was
determined to induce sepsis in mice and can be used in
the experimental design.
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Experimental design

Eighteen male mice were divided into three groups (6
mice in each group), and the treatment started two days
before faecal intraperitoneal injection as follows: Group
1 (control group): mice received a single oral dose of dis-
tilled water, and after two days, they were intraperitone-
ally injected with 30% glycerol in PBS. Group 2 (sepsis
model group): mice received a single oral dose of distilled
water, and after two days, they were intraperitoneally
injected with a 200 uL faecal slurry mixture. Group 3: (Ag
NPs - treated group): mice received a single oral dose of

TIMELINE

DAY 1

« Control and sepsis groups received a single oral dose of
distilled water

« Ag NPs treated group received a single oral dose 5.5 mg/kg
of Ag NPs

DAY 2

DAY 3

DAY 4

« Sepsis and Ag NPs treated groups were intraperitoneally
injected with 200 pL faecal slurry mixture

« Control group were intraperitoneally injected with 30%
glycerol in PBS

DAY 5

DAY 6

« Mice were euthanized with Isoflurane

« Blood was collected in eppendorfs

« Two kidneys and liver were collected for oxidative stress
assesment and histology analysis

Fig. 1 Timeline of the experimental period
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5.5 mg/kg of Ag NPs, and after two days, they were intra-
peritoneally injected with a 200 pL faecal slurry mixture
(Fig. 1).

Sample collection

After six days, mice were euthanized with Isoflurane.
Afterward, blood was collected in Eppendorf and cen-
trifuged for 10 min at 3000 rpm for the separation of
sera, which was then stored at -80 °C for the biochemi-
cal parameters assessment. The two kidneys and liver
were dissected from each mouse and immediately placed
in saline, then on filter papers so as to remove any blood
traces. For each mouse, a kidney and half a liver were
stored at -80 °C for the determination of oxidation stress
markers. The remaining parts of the liver and kidney
were fixed in 10% formal saline to examine histopathol-
ogy in both organs.

Biochemical parameters assessment

Levels of alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), alkaline phosphatase (ALP), albu-
min, creatinine, urea, and uric acid in the serum were
measured according to the instructions of the manu-
facturer, using Bio-Diagnostic kits (Giza Governorate,

Egypt).

Oxidative stress markers

The kidney and liver homogenate were centrifuged, and
the supernatant was used for the biochemical analysis
and determination of reduced glutathione (GSH), glu-
tathione-s-transferase (GST), malondialdehyde (MDA),
catalase (CAT), nitric oxide (NO), and superoxide dis-
mutase (SOD) according to the instructions of the manu-
facturer, using Bio-Diagnostic kits (Giza Governorate,

Egypt).

Histopathological examination

After the liver and kidney tissue specimens were col-
lected, they were promptly fixed in 10% neutral buffered
formalin, and then they were processed using the conven-
tional histological procedures. Through the utilization
of a microtome, tissue blocks that were fixed in paraffin
were sectioned in order to acquire sections that varied
in thickness from 5 ym to 10 pm to 15 pum. It was made
sure that the techniques used to section all the specimens
were consistent with one another in order to reduce the
amount of variation.

The H&E staining was carried out using previously
established techniques, with some minor adjustments.

In a nutshell, the sections that had been embedded in
paraffin were deparaffinized in xylene and then rehy-
drated by means of a successively increasing series of
alcohol solutions. After that, the slices were submerged
in Harris Hematoxylin solution to stain the nuclei. This
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Fig. 2 TEM micrographs showing the structure and size of biosynthesized
Ag NPs using earthworm extract
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Fig. 3 The size distribution histogram generated by TEM of biosynthe-
sised Ag NPs using earthworm extract

was then followed by differentiation in acid alcohol and
bluing in Scott’s tap water. Following the rinsing process,
the sections were counterstained with eosin solution in
order to visualize the components of the cytoplasm. In
order to conduct a microscopic examination, stained
sections were first dehydrated, then cleaned, and then
mounted with a [25].

Statistical analysis

All data were expressed as meanzstandard deviation
(SD). The comparisons within groups were tested using
a one-way analysis of variance (ANOVA) with the Dun-
can post hoc test, and P<0.05 was considered statistically
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Fig. 4 XRD pattern of biosynthesized Ag NPs using earthworm extract

significant. SPSS for Windows (version 15.0) was used for
the statistical analysis.

Results

Characterization of biogenic ag NPs

Transmission electron microscope

The TEM micrographs visualize the characteristic spher-
ical shape of Ag NPs as well as their size, ranging from
5 to 12 nm. The size range is consistent with the XRD
result as well as the size reference in the literature (Figs. 2
and 3).

X-Ray diffraction

The diffraction peaks obtained at 20 were 27.54° ,32.04°,
34.0°,37.67° and 46.08°and indexed as (002), (111), (200),
(220) and (311) respectively. These characteristic peaks
indicate the presence of silver nanoparticles and confirm
the face-centered cubic shape of Ag NPs (Fig. 4).

UV-visible spectrometry

UV-Vis spectroscopy is a sensitive technique that can
detect the formation of metallic nanomaterials. The
ultraviolet spectra of Ag NPs indicated that Ag NPs have
characteristic peaks between 400 and 430 (Fig. 5). The
sample’s distinctive peak can be seen at 427 nm, support-
ing the presence of silver nanoparticles [26].

Determination of MIC values of Ag NPs against tested
pathogens

With a MIC value of 650 pg mL-1, Pseudomonas aeru-
ginosa showed the lowest toxicity towards Ag NPs. Sal-
monella typhimurium is another Gram-negative bacteria
having a MIC value of 1250 pg mL-1 that shows sensitiv-
ity to silver nanoparticles. A similar concentration of Ag
Nps as calculated by the MIC (1250 pg mL-1) was given
to gram-positive Staphylococcus aureus bacteria. On
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Fig. 5 UV-Vis spectrometry of biosynthesised Ag NPs using earthworm
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Table 1 Antiseptic effect of Ag NPs on biochemical parameters

of septic mice

Parameters Groups
Sepsis

Control Vehicle Ag NPs
AST (U/mL) 821+351%  1358+303¢ 12211+19°
ALT (U/mL) 362841012 7041+120¢  4593+084°
ALP (U/L) 19940+ 6.74° 52012+ 2533 30526+ 1592°
Urea (mg/dL) 2969+150° 4757+158°  3260+167°
Creatinine (mg/dL) 0.75+002°  144+004°¢ 1.10+005°
Uric Acid (mg/dL) 1860072  385+020° 19540142
Total Protein (g/dL) 746 +0.12° 592 +0042 754+0.18°
Albumin (g/dL) 497+003¢  403+009° 465 +0.04°

Values are Mean+SEM and values with different superscript letters are
significantly different (p<0.05)

Gram-positive bacterium Listeria monocytogenes, Ag
NPs showed no antibacterial action instead.

Acute toxicity investigation of Ag nanoparticles in mice

The following formula was used to calculate LD50: LD50
= (M0+M1)/2=(10+100)/2=55 mg/kg. MO was the
highest dose of Ag NPs that did not cause mortality, and
M1 was the lowest dose of Ag NPs that resulted in mor-
tality. The Ag NPs dose is 1/10 of LD, which is 5.5 mg/

kg.

Serum biochemical parameters

As shown in Table 1, a significant (p<0.05) increase in
AST, ALT, and ALP is observed in septic mice compared
to the control group. However, their levels significantly
(p<0.05) decreased in Ag NPs treated mice relevant to
the septic group. While serum total protein and albumin
in septic mice showed a significant (p<0.05) decline com-
pared to the control group. Ag NPs (5.5 mg/kg) treatment
caused a significant (p<0.05) increase in the content of
total protein and albumin compared to the septic group.
FIP injection showed a significant elevation (P<0.05) in
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Table 2 Antiseptic effect of Ag NPs on liver oxidative stress
biomarkers of septic mice

Parameters Groups
Sepsis

Control Vehicle Ag NPs
GSH (mM/g.tissue) 1.02+0.03 € 0.50+0.02° 069+0.03°
SOD (U/g tissue) 9291+370% 5338+274° 7065+193°
GST (UM/gtissue/min)  923+034°  680+032° 851+023°
MDA (nM/g.tissue) 1.35+£003%  3.18+031° 2.056+0.13°
NO (uM/g.tissue) 298.68+1092 801.37+13.84 Z12.80i20.39

a C

CAT (U/min/g.tissue) 246.95+11.57 377.81+20.80

44894+ 14.28
C a b

Values are Mean+SEM and values with different superscript letters are
significantly different (p<0.05)

Table 3 Antiseptic effect of Ag NPs on kidney oxidative stress
biomarkers of septic mice

Parameters Groups
Sepsis

Control Vehicle Ag NPs
GSH 1.76+0.08° 0.72+0.05° 1.23+0.07 €
(mM/g.tissue)
SOD 19581 +5.17 ¢ 101.74+5.17° 164.60+6.48
(U/gitissue) b
GST (UM/g. 508+0.10°¢ 3.114002° 3.96+0.08°
tissue/min)
MDA 1124004° 3244007 ¢ 1.53+0.09°
(NM/g.tissue)
NO 267.20+8.08° 418+7.87 ¢ 33640+12.78
(UM/g tissue) b
Catalase (U/ 506.81+215°¢ 226.88+12.82° 369.33+6.69

min/q tissue) b

Values are Mean+SEM and values with different superscript letters are
significantly different (p<0.05)

creatinine, urea, and uric acid levels of the septic group
compared to control animals. Oral treatment of Ag NPs
(5.5 mg/kg) caused a significant decrease in the levels
of creatinine, urea, and uric acid to nearly normal levels
compared to the septic group (Table 1).

Oxidative stress markers in liver and kidney

As shown in Tables 2 and 3, the sepsis group generated a
significant (p <0.05) rise in the liver and kidney MDA and
NO compared with the control group. The case was again
reversed in the Ag NPs-treated mice as their hepatic and
renal levels of MDA and NO declined as compared to the
septic group. Relative to the control group, a significant
(p<0.05) decline was recorded in the hepatic and renal
GSH, SOD, GST, and CAT of the septic group. Mean-
while, the Ag NPs-treated mice showed a significant
(p<0.05) increase in all four parameters.
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Fig. 6 Photomicrographs of kidneys of the control (a, d), septic (b, e), and Ag NPs (c, f) groups stained by hematoxylin and eosin(H&E). Kidney sections
of septic mice showing focal leukocytic cell infiltrations (arrow) and necrosed renal tubules (arrows)

Fig. 7 Photomicrographs of liver sections of the control (a, d), septic (b, e), and the Ag NPs (c, f) groups stained by hematoxylin and eosin (H&E). Liver
sections of the septic group showed portal infiltration with mononuclear inflammatory cells (arrows). Liver sections of the Ag NPs group showed im-

provement in the central vein structure (arrow)

Histopathological examination

Kidney histopathology

Figure 6 illustrates a histopathological examination
of kidney tissue from the control group (6a) and (6d)
revealed the absence of any histopathological alterations
in both the renal cortex and medulla. Glomerulus with
abundant capsular space and tubules were histologically
normal. On the contrary, the kidneys of septic mice (6b)
and (6e) showed interstitial mononuclear inflammatory
cell infiltrations and necrosed renal tubules. Interestingly,
the kidney sections of the Ag NPs treated group (6¢) and
(6f) showed apparently normal renal cortex.

Liver histopathology
Figure 7 illustrates a histopathological examination
of liver tissue from the control group (7a) and (7d),

revealing the normal histological structure of hepatic
parenchyma; both portal and centrilobular hepatocytes
were normal that have rounded vesicular nuclei and
appeared polygonal in shape. Sinusoids and Kupffer’s
cells appear to be normal as well. On the contrary, the
liver of septic mice (7b) and (7e) showed portal infiltra-
tion with mononuclear inflammatory cells. Interestingly,
liver sections of the Ag NPs treated group (7c) and (7f)
showed apparently normal central vein structure and
normal hepatocyte, sinusoid, and Kupffer’s cell structure,
with fewer necrotic cells being present.

Discussion

Sepsis is an epidemic that impacts numerous paren-
chymatous organs and progresses gradually [27]. It is
brought on by a serious bacterial infection, in particular
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one that arises in the abdominal cavity [28]. During
sepsis, the liver is in charge of controlling the intense
systemic inflammation that occurs by eliminating patho-
genic mediators from the bloodstream [29]. The ongoing
study hypothesised that hepatic damage could be caused
by an increase in proinflammatory cytokines in response
to polymicrobial infection [30]. Furthermore, the cur-
rent study found that the septic induction caused signifi-
cant hepatocellular damage in untreated septic mice, as
evidenced by a substantial increase in activities of their
liver enzymes (ALT, AST, and ALP) and a reduction in
total protein, serum albumin as well. Serum albumin is a
simple indicator of nutritional status and plays an impor-
tant role in physiological homeostasis [31]. Our results
showed hypoalbuminemia in septic mice compared to
the control one. Sepsis patients frequently experience
capillary leakage, reperfusion injury, tissue ischemia, and
inflammatory responses, all of which can lead to hypoal-
buminemia, which is a distinct indicator of prognosis in
patients with sepsis and septic shock [28]. Notably, the
administration of Ag NPs retained albumin, total protein,
and activity of liver enzymes to the normal level. The
aforementioned results were corroborated by histopath-
ologic analysis, which revealed that Ag NPs treatment
maintained the septic mice liver. The hepatoprotective
effect of Ag NPs may be attributed to their antioxidant
properties [32].

The kidney is a frequently impaired organ across sep-
sis, which increases the risk of death [33]. The renal func-
tions were evaluated in the current study by measuring
serum creatinine, urea, and uric acid concentrations. The
creatinine level, which can partially determine the glo-
merular filtration rate as a consequence of solute eradica-
tion by the kidney, can be utilised for diagnosing acute
kidney injury [34]. Elevation of blood urea is also a sig-
nificant marker of renal failure [35]. The role of uric acid
in the septic process is still debatable; however, as a mol-
ecule, it may act as a “marker for the cellular crisis” that
indicates disorders in the processes responsible for cel-
lular protein catabolism and energetic metabolism [36].
This would serve as a gauge for the state and progression
of sepsis. As shown in our study, the sepsis induction of
mice exhibited a significant increase in creatinine, urea,
and uric acid contents as related to the control group.
Several studies stated alterations in hemodynamics of
the renal cortex or renal parenchymal injury could be the
reason for an increase in plasma creatinine activity [37]
[38]' [39]. According to studies, changes in the micro-
circulation caused hypoxia and ischemia while also trig-
gering endothelial xanthine oxidase. These procedures
increased the production of uric acid [40]' [41]. Intrigu-
ingly, the administration of the Ag NPs retrieved the cre-
atinine, urea, and uric acid content and retained kidney
function, as shown by the histopathology analysis of the
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kidneys in the treated septic mice. This may be attributed
to the anti-inflammatory properties of Ag NPs. The total
phenolic and flavonoid compounds strongly support the
high anti-inflammatory activity of Ag NPs of earthworm
whole extract [14, 42].

Oxidative stress is one of the most critical mechanisms
related to a wide variety of disorders, including infection
and sepsis. When the equilibrium between the body’s
internal antioxidant system and both reactive oxygen
species (ROS) and reactive nitrogen species (RNS) is dis-
rupted, this can lead to oxidative stress in the body [43].
Sepsis is characterised by a state of hyper-oxidative stress
that attacks endothelial cells directly and alters oxygen
consumption, thereby fostering organ failure [44].

Malondialdehyde (MDA) is one of the extremely reac-
tive metabolic byproducts of lipid peroxidation, in which
free oxygen radicals influence tissues. Nitric oxide (NO)
is an essential mediator in biochemical reactions and is
produced by numerous cell types in response to cytokine
stimulation [45]. In line with prior findings, fecal slurry
injection resulted in a considerable elevation in MDA
and NO levels. Sepsis leads to enhanced ROS and RNS
burden by uncoupled oxidative phosphorylation and
depleted antioxidant stores. The net result is accumu-
lated damage to lipids, proteins, and nucleic acids that
may inhibit cellular function. Oxidative injury to lipids
within plasma and mitochondrial membranes can alter
permeability and impair membrane-bound receptors and
enzymes. MDA and other reactive aldehydes are among
the toxic species that can disrupt protein structure and
function [45].

Concerning the endogenous antioxidant components,
the current investigation demonstrated that fecal slurry
injection resulted in the depletion of the enzymatic and
nonenzymatic antioxidants. These endogenous antioxi-
dants included GSH, CAT, SOD, and GST in both the
liver and the kidneys. The decreased GSH level in the
septic animals might be due to increased scavenging of
ROS that was produced because of the inflammatory
and necrotic states [46]. GSH depletion may cause H,O,
to accumulate in tissues and then diffuse into the blood-
stream, causing microvascular malfunction and organ
failure in septic shock [47]. Reduced levels of GSH in
the liver and kidney may cause the suppression of GST’s
activities, as GSH is a substrate and cosubstrate in crucial
enzymatic reactions [48]. Additionally, the production of
sepsis stimulates an inflammatory response, encourag-
ing the release of pro-inflammatory cytokines (IL-6 and
TNE-), which in turn increases the amount of reactive
oxygen species [10].

Curiously, we revealed that the treatment with the bio-
genic Ag NPs showed a powerful antioxidant effect via
the significant decrease in MDA and NO levels and the
increase in antioxidant content (GSH, CAT, SOD, and
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Fig. 8 Schematic diagram showing the efficacy of silver nanoparticles synthesised from earthworm extract on serum and tissue compartments via

multiple pathways against sepsis

GST). Ag NPs possess a broad spectrum of antibacterial,
antifungal, and antiviral properties. They can penetrate
bacterial cell walls, changing the structure of cell mem-
branes and even resulting in cell death [49]. In the same
line, Ag NPs act as an anti-inflammatory agent by elevat-
ing the apoptosis of inflammatory cells and declining
the level of pro-inflammatory cytokines [50]. Moreover,
Ag NPs have powerful antioxidant abilities, scavenging
free radicals and enhancing the endogenous antioxidant
defense system.

Conclusion

This study demonstrated the mechanism by which Ag
NPs can effectively treat sepsis in mice (Fig. 8). AgNPs
act against microbial infection through three main
actions: antioxidant, antimicrobial, and anti-inflamma-
tory effects. Ag NPs’ antioxidant action includes detoxi-
fying free radicals that attack endothelial cells, decreasing
MDA and NO levels, and increasing the antioxidant sys-
tem, including GST, GSH, and SOD. The antimicrobial
action of Ag NPs includes generating Ag ions, which bind
to the bacteria’s cell body and destroy it. AgNPs act as
an anti-inflammatory agent by increasing inflammatory
cell apoptosis and decreasing pro-inflammatory cytokine
levels. In septic mice, the biogenic Ag NPs improved kid-
ney and liver parameters by enhancing liver enzymes and
decreasing kidney metabolites. Histopathological exami-
nation results confirm the efficacy of biogenic AgNPs in
improving hepatic and renal architecture. These results

indicate that biogenic Ag NPs could potentially serve as a
novel and effective strategy for preventing sepsis.

Author contributions

S.B.and A.S made significant contributions to the research concept, design,
and protocol, and statistical studies, data interpretation. M.A. and A.B. made
substantial contributions to the experiment design and protocol and
adjusting the draft for important intellectual content. FY. and H.A. made
significant contributions to the study design and protocol, statistical studies,
and data analysis. M.A, N.E,, S.O, S.E. and S.R. made contributions to the study
concept, design, and protocol, data interpretation, drafting of the paper

or revising it for important intellectual content. All authors had full access

to all study data and had final responsibility in the decision to submit for
publication.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Ethical approval

All experimental procedures were carried out in a humanitarian manner
and approved by the Institutional Animal Care and Use Committee (IACUC)
Egypt, Faculty of Science Cairo University (CU/I/F/67/22). Mice handling and
experimentation were submitted to the ethical standards established by the
Egyptian animal welfare laws and regulations. They were performed in line



Ali et al. BMC Biotechnology (2024) 24:79

with the Guide for the Care and Use of Laboratory Animals, 8th edition. The
authors confirm that the research was conducted in accordance with ARRIVE
guidelines.

Competing interests
The authors declare that they have no competing interests.

Received: 12 June 2024 / Accepted: 23 September 2024
Published online: 11 October 2024

References

1. Srzi¢ |, Nesek V, Tunji¢ D. Sepsis definition: what” s new in the treatment
guidelines. Acta Clin Croat [Internet]. 2022,61:67-72.

2. Organization WH. World health statistics 2023: monitoring health for the
SDGs, sustainable development goals. World Health Organization; 2023.

3. Guarino M, Perna B, Cesaro AE, Maritati M, Spampinato MD, Contini C, et
al. 2023 Update on Sepsis and septic shock in adult patients: manage-
ment in the Emergency Department. J Clin Med. 2023;12:3188. https://doi.
0rg/10.3390/jcm12093188.

4. Taeb AM, Hooper MH, Marik PE, Sepsis. Current definition, pathophysiol-
ogy, diagnosis, and management. NCP. 2017;32:296-308. https://doi.
0rg/10.1177/0884533617695243.

5. Strich JR, Heil EL, Masur H. Considerations for empiric antimicrobial therapy
in Sepsis and Septic Shock in an era of Antimicrobial Resistance. J Infect Dis.
2020;222:5119-31. https://doi.org/10.1093/infdis/jiaa221.

6. TsuchidaT, Wada T, Mizugaki A, Oda Y, Kayano K, Yamakawa K, et al. Protocol
for a Sepsis Model utilizing fecal suspension in mice: fecal suspension
intraperitoneal injection model. Front Med (Lausanne). 2022,9. https://doi.
0rg/10.3389/fmed.2022.765805.

7. FangH, Gong C, Fu J, Liu X, Bi H, Cheng Y, et al. Evaluation of 2 rat models
for Sepsis developed by Improved Cecal Ligation/Puncture or feces
intraperitoneal-injection. Med Sci Monit. 2020;26. https://doi.org/10.12659/
MSM.919054.

8. AliSB,Mohamed AS, Fahmy SR, El-Garhy M, Mousa MR, Abdel-Ghaffar F.
Anthelmintic and hepatoprotective activities of the Green-synthesized zinc
oxide nanoparticles against Parascaris equorum infection in rats. Acta Parasi-
tol. 2023. https://doi.org/10.1007/511686-023-00728-4.

9. Slavin YN, Asnis J, Hafeli UO, Bach H. Metal nanoparticles: understanding the
mechanisms behind antibacterial activity. ] Nanobiotechnol. 2017;15:65.
https://doi.org/10.1186/512951-017-0308-z.

10. YinIX, Zhang J, Zhao IS, Mei ML, Li Q, Chu CH. The Antibacterial mecha-
nism of silver nanoparticles and its application in Dentistry. Int J Nanomed.
2020;15:2555-62. https://doi.org/10.2147/1IN.S246764.

11, Ali SB, Mohamed AS, Fahmy SR, El-Garhy M, Mousa MR, Abdel-Ghaffar F.
Anthelmintic and therapeutic effects of the biogenic zinc oxide nanopar-
ticles against acute kidney injury induced by Parascaris equorum Infection in
rats. JPD. 2023, https://doi.org/10.1007/512639-023-01637-z

12. Singh P, Garg A, Pandit S, Mokkapati V, Mijakovic I. Antimicrobial effects of
Biogenic nanoparticles. Nanomaterials. 2018;8:1009. https://doi.org/10.3390/
nano8121009.

13. Mustafa RG, Dr Saiga A, Dominguez J, Jamil M, Manzoor S, Wazir S, et al.
Therapeutic values of earthworm species extract from Azad Kashmir as
Anticoagulant, Antibacterial, and antioxidant agents. Can J Infect Dis Med
Microbiol. 2022;2022:1-20. https://doi.org/10.1155/2022/6949117.

14.  Balamurugan M, Parthasarathi K, Cooper EL, Ranganathan LS. Anti-inflam-
matory and anti-pyretic activities of earthworm extract Lampito mauritii
(Kinberg). J Ethnopharmacol. 2009;121:330-2. https://doi.org/10.1016/j.
jep.2008.10.021.

15. Han L, KimYS, Cho S, Park Y. Invertebrate water extracts as biocompatible
reducing agents for the green synthesis of gold and silver nanoparticles. Nat
Prod Commun. 2013;8:1934578X1300800830.

16.  Abdelfattah MA, Mohamed AS, Ibrahim SA, Fahmy SR. AlloloboCaliginosagi-
nosa coelomic fluid and extract alleviate glucocorticoid-induced osteopo-
rosis in mice by suppressing oxidative stress and regulating osteoblastic/
osteoclastic-related markers. Sci Rep. 2023;13:2090. https://doi.org/10.1038/
$41598-023-29070-5.

17. Dewi NWS, Mahendra AN, Putra GWK, Jawi IM, Sukrama DM, Kartini NL. Etha-
nolic extract of the powder of red earthworm (Lumbricus rubellus) obtained
from several organic farmlands in Bali, Indonesia: analysis of total phenolic
content and antioxidant capacity. Bali Med J. 2017;6:580-3.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 10 of 11

Sriram T, Pandidurai V. Synthesis of silver nanoparticles from leaf extract of
Psidium guajava and its antibacterial activity against pathogens. Int J Curr
Microbiol App Sci. 2014;3:146-52.

Balogun SW, James OO, Sanusi YK, Olayinka OH. Green synthesis and
characterization of zinc oxide nanoparticles using bashful (Mimosa pudica),
leaf extract: a precursor for organic electronics applications. SN Appl Sci.
2020;2:504. https://doi.org/10.1007/542452-020-2127-3.

Karimzadeh MR, Soltanian S, Sheikhbahaei M, Mohamadi N. Characterization
and biological activities of synthesized zinc oxide nanoparticles using the
extract of Acantholimon Serotinum. Green Process Synthesis. 2020,9:722-33.
https://doi.org/10.1515/gps-2020-0058.

Faisal S, Jan H, Shah SA, Shah S, Khan A, Akbar MT, et al. Green synthesis of
zinc oxide (ZnO) nanoparticles using aqueous fruit extracts of Myristica fra-
grans: their characterizations and Biological and Environmental Applications.
ACS Omega. 2021;6:9709-22. https://doi.org/10.1021/acsomega.1c00310.
Chinedu E, Arome D, Ameh F. A new method for determining

acute toxicity in animal models. Toxicol Int. 2013;20:224. https://doi.
0rg/10.4103/0971-6580.121674.

Hamed S, Emara M, Shawky RM, El-domany RA, Youssef T. Silver nanoparticles:
antimicrobial activity, cytotoxicity, and synergism with N-acetyl cysteine. J
Basic Microbiol. 2017,57. https://doi.org/10.1002/jobm.201700087.

Starr ME, Steele AM, Saito M, Hacker BJ, Evers BM, Saito H. A new cecal slurry
preparation protocol with improved long-term reproducibility for animal
models of sepsis. PLoS ONE. 2014;9:e115705.

Gurina TS. Simms Lary. Histology, staining. StatPearls Publishing LLC; 2023.
Nilavukkarasi M, Vijayakumar S, Prathip Kumar S. Biological synthesis and
characterization of silver nanoparticles with Capparis Zeylanica L. leaf extract
for potent antimicrobial and anti proliferation efficiency. Mater Sci Energy
Technol. 2020;3:371-6. https://doi.org/10.1016/j.mset.2020.02.008.

Wang Z, Xia H, Fan F, Zhang J, Liu H, Cao J. Survival of community-acquired
Bacillus cereus sepsis with venous sinus thrombosis in an immunocompetent
adult man - a case report and literature review. BMC Infect Dis. 2023,23:213.
https://doi.org/10.1186/512879-023-08176-1.

Min J, Lu J, Zhong L, Yuan M, Xu Y. The correlation study between blood urea
nitrogen to serum albumin ratio and prognosis of patients with sepsis dur-
ing hospitalization. BMC Anesthesiol. 2022,22:404. https://doi.org/10.1186/
$12871-022-01947-4.

Moriyama K, Nishida O, Targeting Cytokines. Pathogen-Associated

molecular patterns, and damage-Associated molecular patterns in Sepsis
via blood purification. Int J Mol Sci. 2021;22:8882. https://doi.org/10.3390/
ijms22168882.

Ashino T, Nakamura Y, Ohtaki H, Iwakura Y, Numazawa S. Downregulation

of the gene expression of Cyp2c29 and Cyp3al1 by cecal ligation and
puncture-induced sepsis is associated with interleukin-6. Int Immunophar-
macol. 2023;117:110039. https://doi.org/10.1016/}.intimp.2023.110039.

Dai Z, Zhang H,Wu F, Chen Y, Yang C, Wang H, et al. Effects of 10-Day com-
plete fasting on Physiological Homeostasis, Nutrition and Health Markers in
male adults. Nutrients. 2022;14:3860. https://doi.org/10.3390/nu14183860.
Eswaran A, Muthukrishnan S, Mathaiyan M, Pradeepkumar S, Mari KR,
Manogaran P. Green synthesis, characterization and hepatoprotective activity
of silver nanoparticles synthesized from pre-formulated liv-Pro-08 poly-
herbal formulation. Appl Nanosci. 2023;13:2315-27. https://doi.org/10.1007/
$13204-021-01945-x.

Erhirhie EO, Ihekwereme CP, llodigwe EE. Advances in acute toxicity test-
ing: strengths, weaknesses and regulatory acceptance. Interdiscip Toxicol.
2018;11:5-12. https://doi.org/10.2478/intox-2018-0001.

Mailahn DH, larocz LEB, Nobre PC, Perin G, Sinott A, Pesarico AP, et al. A
greener protocol for the synthesis of phosphorochalcogenoates: antioxidant
and free radical scavenging activities. Eur J Med Chem. 2021,213:113052.
https://doi.org/10.1016/j.ejmech.2020.113052.

Yano M, Nishino M, Ukita K, Kawamura A, Nakamura H, Matsuhiro Y, et al.
Clinical impact of blood urea nitrogen, regardless of renal function, in heart
failure with preserved ejection fraction. Int J Cardiol. 2022;363:94-101.
https://doi.org/10.1016/j.ijcard.2022.06.061.

Olan I, Narita M. Senescence: an Identity Crisis originating from Deep within
the Nucleus. Annu Rev Cell Dev Biol. 2022;38:219-39. https://doi.org/10.1146/
annurev-cellbio-120420-013537.

Mclntosh GH, Morris B. The lymphatics of the kidney and the forma-

tion of renal lymph. J Physiol. 1971,214:365-76. https://doi.org/10.1113/
jphysiol.1971.sp009438.


https://doi.org/10.3390/jcm12093188
https://doi.org/10.3390/jcm12093188
https://doi.org/10.1177/0884533617695243
https://doi.org/10.1177/0884533617695243
https://doi.org/10.1093/infdis/jiaa221
https://doi.org/10.3389/fmed.2022.765805
https://doi.org/10.3389/fmed.2022.765805
https://doi.org/10.12659/MSM.919054
https://doi.org/10.12659/MSM.919054
https://doi.org/10.1007/s11686-023-00728-4
https://doi.org/10.1186/s12951-017-0308-z
https://doi.org/10.2147/IJN.S246764
https://doi.org/10.1007/s12639-023-01637-z
https://doi.org/10.3390/nano8121009
https://doi.org/10.3390/nano8121009
https://doi.org/10.1155/2022/6949117
https://doi.org/10.1016/j.jep.2008.10.021
https://doi.org/10.1016/j.jep.2008.10.021
https://doi.org/10.1038/s41598-023-29070-5
https://doi.org/10.1038/s41598-023-29070-5
https://doi.org/10.1007/s42452-020-2127-3
https://doi.org/10.1515/gps-2020-0058
https://doi.org/10.1021/acsomega.1c00310
https://doi.org/10.4103/0971-6580.121674
https://doi.org/10.4103/0971-6580.121674
https://doi.org/10.1002/jobm.201700087
https://doi.org/10.1016/j.mset.2020.02.008
https://doi.org/10.1186/s12879-023-08176-1
https://doi.org/10.1186/s12871-022-01947-4
https://doi.org/10.1186/s12871-022-01947-4
https://doi.org/10.3390/ijms22168882
https://doi.org/10.3390/ijms22168882
https://doi.org/10.1016/j.intimp.2023.110039
https://doi.org/10.3390/nu14183860
https://doi.org/10.1007/s13204-021-01945-x
https://doi.org/10.1007/s13204-021-01945-x
https://doi.org/10.2478/intox-2018-0001
https://doi.org/10.1016/j.ejmech.2020.113052
https://doi.org/10.1016/j.ijcard.2022.06.061
https://doi.org/10.1146/annurev-cellbio-120420-013537
https://doi.org/10.1146/annurev-cellbio-120420-013537
https://doi.org/10.1113/jphysiol.1971.sp009438
https://doi.org/10.1113/jphysiol.1971.sp009438

Ali et al. BMC Biotechnology

38.

39.

40.

42.

43.

44,

45.

(2024) 24:79

Holmes MJ, O'Morchoe PJ, O'Morchoe CCC. Morphology of the intrarenal
lymphatic system. Capsular and hilar communications. J Anat. 1977;149:333-
51. https://doi.org/10.1002/aja.1001490303.

Russell PS, Hong J, Windsor JA, Itkin M, Phillips ARJ. Renal lymphatics:
anatomy, physiology, and clinical implications. Front Physiol. 2019;10. https://
doi.org/10.3389/fphys.2019.00251.

Dajem S, Ali S, Abdelrady O, Salahaldin N, Soliman A, Kamal Y, et al.
Allolobophora Caliginosa coelomic fluid ameliorates gentamicin-induced
hepatorenal toxicity in rats. Asian Pac J Trop Biomed. 2020;10:411. https://doi.
0rg/10.4103/2221-1691.290132.

Zhao F, Guo L, Wang X, Zhang Y. Correlation of oxidative stress-related
biomarkers with postmenopausal osteoporosis: a systematic review

and meta-analysis. Arch Osteoporos. 2021;16:4. https://doi.org/10.1007/
$11657-020-00854-w.

Salaheldin AT, Shehata MR, Sakr HI, Atia T, Mohamed AS. Therapeutic potency
of Ovothiol a on ethanol-Induced gastric ulcers in Wistar rats. Mar Drugs.
2022;21:25. https://doi.org/10.3390/md21010025.

Abd El-Latif AAE-A, Sayed AA, Soliman AM, Fahmy SR. Exploration of the
therapeutic potential effect of Sepia officinalis in animal model of sepsis
induced by cecal ligation and puncture. Injury. 2016;47:2709-17. https://doi.
0rg/10.1016/}.injury.2016.10.003.

Joffre J, Hellman J. Oxidative stress and endothelial dysfunction in Sepsis and
Acute inflammation. Antioxid Redox Signal. 2021;35:1291-307. https://doi.
0rg/10.1089/ars.2021.0027.

Sadek SA, Hassanein SS, Mohamed AS, Soliman AM, Fahmy SR. Echinochrome
pigment extracted from sea urchin suppress the bacterial activity, inflamma-
tion, nociception, and oxidative stress resulted in the inhibition of renal injury
in septic rats. J Food Biochem. 2022;46. https://doi.org/10.1111/jfbc.13729.

46.

47.

48.

49.

50.

Page 11 of 11

Moisejevs G, Bormane E, Trumpika D, Baufale R, Busmane |, Voicehovska J, et
al. Glutathione reductase is Associated with the clinical outcome of septic
shock in the patients treated using continuous veno-venous haemofiltration.
Med (B Aires). 2021;57:689. https://doi.org/10.3390/medicina57070689.
Pravda J. Metabolic theory of septic shock. World J Crit Care Med. 2014;3:45.
https://doi.org/10.5492/wjccm.v3.i2.45.

Maurya H, Mangal V, Gandhi S, Prabhu K, Ponnudurai K. Prophylactic
antioxidant potential of gallic acid in Murine Model of Sepsis. Int J Inflam.
2014;2014:1-7. https://doi.org/10.1155/2014/580320.

Salve P, Vinchurkar A, Raut R, Chondekar R, Lakkakula J, Roy A, et al. An Evalua-
tion of Antimicrobial, Anticancer, anti-inflammatory and antioxidant activities
of silver nanoparticles synthesized from Leaf Extract of Madhuca longifolia
utilizing quantitative and qualitative methods. Molecules. 2022,27:6404.
https://doi.org/10.3390/molecules27196404.

Saber Moha A, Al-Quraish S, Abdel-Gabe R, Ramadan Fa S. Silver/Chitosan/
Ascorbic acid Nanocomposites attenuates bacterial Sepsis in Cecal Liga-

tion and puncture rat model. Int J Pharmacol. 2021;17:549-61. https://doi.
0rg/10.3923/ijp.2021.549.56 1.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1002/aja.1001490303
https://doi.org/10.3389/fphys.2019.00251
https://doi.org/10.3389/fphys.2019.00251
https://doi.org/10.4103/2221-1691.290132
https://doi.org/10.4103/2221-1691.290132
https://doi.org/10.1007/s11657-020-00854-w
https://doi.org/10.1007/s11657-020-00854-w
https://doi.org/10.3390/md21010025
https://doi.org/10.1016/j.injury.2016.10.003
https://doi.org/10.1016/j.injury.2016.10.003
https://doi.org/10.1089/ars.2021.0027
https://doi.org/10.1089/ars.2021.0027
https://doi.org/10.1111/jfbc.13729
https://doi.org/10.3390/medicina57070689
https://doi.org/10.5492/wjccm.v3.i2.45
https://doi.org/10.1155/2014/580320
https://doi.org/10.3390/molecules27196404
https://doi.org/10.3923/ijp.2021.549.561
https://doi.org/10.3923/ijp.2021.549.561

	﻿Potential protective efficacy of biogenic silver nanoparticles synthesised from earthworm extract in a septic mice model
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Collection and extraction of ﻿Allolobophora Caliginosa﻿
	﻿Synthesis of biogenic silver nanoparticles
	﻿Characterization of biogenic ag NPs
	﻿Ultraviolet-visible spectroscopy
	﻿X-ray diffraction analysis
	﻿Transmission electron microscopy (TEM)


	﻿Acute toxicity test LD 50
	﻿Determination of antibacterial minimal inhibitory concentration (MIC) of ag NPs
	﻿Experimental animals
	﻿Animal housing
	﻿Determining the sepsis induction dose by faeces-intraperitoneal injection (FIP)
	﻿Experimental design
	﻿Sample collection
	﻿Biochemical parameters assessment
	﻿Oxidative stress markers
	﻿Histopathological examination
	﻿Statistical analysis
	﻿Results


