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Abstract
Background and Objective: In newborns, sepsis is the third highest cause of morbidity and death. The current research intended to assess
the efficacy of freshwater mussel Anodonta cygnea  and crayfish Procambarus clarkii  hemolymph extracts on sepsis-induced liver damage
in neonatal rats. Materials and Methods: Twenty-four newborn rats were allocated into four groups at random, control, sepsis and septic
rats treated with A. cygnea  hemolymph or P. clarkii  hemolymph. The researchers looked at the antiseptic mechanisms of A. cygnea  and
P. clarkii  hemolymph extracts. Results: Hemolymph exhibited an in vitro  antioxidant and antibacterial activities. The results showed that
hemolymph enhanced liver function significantly, as seen by lower liver enzyme activity. Such as aminotransferases as well as the increase
in protein content. Anti-inflammatory activity of hemolymph was assessed by the reduction in levels of Cytochrome C, IL-6 and PG-E2.
Moreover, the extracts may be able to reduce hepatic oxidative stress by a marked increment in CAT activity as well as a decrease of MDA
level. Furthermore, hemolymph therapy helped to correct the aberrant architecture of hepatic tissues caused by polymicrobial infection.
Conclusion: Anodonta cygnea  and P. clarkii  hemolymph extracts attenuated the liver injury that induced by sepsis as it improves liver
biomarkers and suppresses reactive oxygen species propagation due to their antibacterial and anti-inflammatory activities.
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INTRODUCTION

Sepsis is a complicated clinical illness caused by a
microbe’s interaction with the host. Sepsis is the Systemic
Inflammatory Response Syndrome (SIRS) with evidence of
infection, according to clinical definitions1. The SIRS is the
clinical  syndrome  that  results  from  a  dysregulated
inflammatory response to infectious and also noninfectious
insult2. According to statistics, sepsis affects around 18 million
people globally each year, with a fatality rate of approximately
30% and the incidence rises 1.5-8% yearly3. In fact, sepsis is the
third largest cause of mortality in the neonatal period4.
Respiratory difficulties affect up to 40% of newborns with
sepsis and up to 31% of survivors have long-term disabilities5,6.
The most commonly bacteria linked to neonatal sepsis are
Listeria and Group B Streptococcus, gram-negative7. The
etiology of neonatal sepsis is marked by an increased
inflammatory response that results in single or multiorgan
failure. In neonatal sepsis, an increase in proinflammatory
cytokines  such  as  TNF-",  IL-1  and  IL-6  is  commonly
reported8-12. The development of sepsis-induced liver failure is
attributed to oxidative damage caused by the activation of
inflammatory pathways13. Pathogens, poisons and
inflammatory mediators all cause liver damage in sepsis14. A
homeostatic equilibrium occurs between the generations of
oxygen free radicals (ROS) and their elimination by
endogenous scavenging antioxidants under normal
physiological circumstances15. Reactive oxygen species (ROS)
are thought to have a role in the pathophysiology of newborn
sepsis and related consequences16. Increase production of
reactive oxygen species (ROS) causes a decrease in cellular
antioxidant capacity and hepatic dysfunction17. As a result,
decreasing oxidative stress and/or boosting tissue antioxidant
capacity may be more effective treatment strategies for
treating hepatic damages in sepsis.

Cecal slurry (CS) was injected intraperitoneally in animals
as an experimental model of sepsis because it resembled the
pathophysiology of human sepsis18.

Unfortunately, in addition to the unfavorable side effects
of some antibiotics, the recent emergence of a rising number
of bacteria resistant to traditional antibiotics is causing
concern19. As a result, in recent years, researchers’ focus has
shifted to marine biota, which has a wide range of bioactive
chemicals20.  Freshwater-derived  products  have  gained
popularity as a nutraceutical and functional foods, as well as
a source of raw materials for the production of medications
and particular health meals21. Supplements made from
freshwater foods have recently received a lot of interest for
their potential as hepatoprotective agents21,22. Complement,
lectins, clotting factors and antimicrobial peptides are among

the physiologically active chemicals found in the circulating
hemolymph of marine invertebrates23.

The freshwater mussel (Anodonta cygnea) is abundant in
Egypt along the Nile River24. Many researchers reported
bioactive chemicals from mollusks that have anticancer,
antileukemic and antiviral properties25. Freshwater crayfish
(Procambarus  clarkii )  has  also  been  found  across  the  Nile
River26. It is a powerful antioxidant, antibacterial and
anticancer agent27. Fahmy and Hamdi28 suggested that
Procambarus clarkia  extract’s antioxidative activity may help
to alleviate liver and erythrocyte damage. The purpose of this
study  was  to  assess  the  antiseptic  efficacy  of  A. cygnea
and P. clarkii  hemolymph on sepsis induced acute liver injury
by CS in neonate rats.

MATERIALS AND METHODS

Study area: All experiments were performed at Cairo
University between January and May, 2022.

Experimental  animals:  The  experimental  animals  used  in
this study were the neonate albino rats  (Rattus  norvegicus)
(5-7 days old). Pups were not identified as either male or
female and they remained with their mothers throughout the
experiments.

Collection of A. cygnea  and P. clarkii : Freshwater A. cygnea
and  crayfish,  P.  clarkii,  specimens  were  collected  from  the
River Nile at Al Rawda area-Giza Governorate.

Collection of A. cygnea hemolymph: Hemolymph was
collected from the posterior adductor muscle sinus of
Anodont, using a sterile syringe with a 25-gauge needle29.

Collection of P. clarkii  hemolymph: Using a 1 mL syringe and
a 23-gauge needle, the hemolymph (250-500 L) was removed
from the arthrodial membrane between the coxa and the base
of the cheliped30. The haemocyte degranulation and
coagulation were avoided and the hemolymph was collected
in the presence of anticoagulant citrate - EDTA solution for the
collection of marine invertebrate haemolymph (100 mM
glucose, 30 mM trispodium citrate, 26 mM citric acid, 510 mM
NaCl and 10mM EDTA-Na, pH = 4.6) (2:1 v/v) was prepared
according to Soderhlll and Smith31. The haemolymph was
centrifuged at 2000 rpm for 15 min at 4EC to remove
haemocytes. Supernatant were collected by aspiration and
stored at 4EC until use. The admixture collected immediately,
concentrated and lyophilized to a solid residue using a
lyophilizer (LABCONCO lyophilizer, shell freeze system, USA).
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Determination of antioxidant activity (Scavenging activity
of  DPPH  radical):  The  free  radical  scavenging  activities  of
each extract and ascorbic acid (standard antioxidant) were
estimated by the DPPH (1,1-diphenyl-2picrylhydrazyl) assay32.
The following concentrations of the A. cygnea and P. clarkii
hemolymph powders were prepared, separately, in methanol
20, 40, 60, 80, 100 and 120 mg mLG1 and was mixed with 2 mL
of DPPH (0.3 mM in methanol). Similar concentrations of
ascorbic acid (vitamin C) were prepared. The certain
concentrations of A. cygnea, P .clarkii  or ascorbic acid and the
final volume was adjusted to 4 mL with methanol. The
absorbance  was  taken  at  517  nm  after  30  min  of
incubation in the dark at room temperature against blank
(methanol). The percentage of antioxidant activity was
calculated as follows:

Abs control-Abs sampleAntioxidant activity (%) = 100
Abs control



where,   Abs   sample   was   the   absorbance   of   sample
solution and Abs control was the absorbance of the DPPH
solution.

Antibacterial  activity  of  A.  cygnea  and  P.  clarkii
hemolymph: The spectrum of antibacterial activity was
studied by using the techniques Bauer et al.33. Antibacterial
and activity was expressed in terms of the diameter of zone of
inhibition was measured in mm using a Vernier caliper or a
ruler and recorded. Staphylococcus aureus  ATCC 25923, E. coli
ATCC 93111 and P. aeruginosa ATCC 9027 were used for
testing antimicrobial activity. Lyophilized bacteria were
obtained from the standard ATCC bacterial strain collection of
the Microbiology Research Lab of the Faculty of Agriculture at
Cairo University.

Determination      of      molecular      weight      by      using
SDS-PAGE: The SDS-PAGE is used to find out the molecular
weight active fractions of the A. cygnea and P. clarkii 
hemolymph extracts. The SDS-PAGE was performed in 15%
separating gels, according to the method described by
Laemmli34.

Acute   toxicity   study   (LD50):   The  LD50  of  A.  cygnea  and
P. clarkii  hemolymph was determined according to the
method described by Chinedu et al.35. The rats were fasted
overnight then separated into four groups (2 rats/group).
Different doses of the A. cygnea  and P. clarkii  hemolymph

(10, 100, 300 and 600 mg kgG1) are administered to the rats.
The animals were observed for post-administration and then
10 min every 2 hrs interval for 24 hrs. The animals were
monitor for any change in behaviors such as paw licking,
fatigue, semi-solid stool, salivation, writhing and loss of
appetite in addition to mortality. The LD50 calculated from the
following formula:

0 1
50

M MLD
2




Where:
M0 = Highest dose of A. cygnea and P. clarkii  hemolymph

that gave no mortality
M1 = Lowest dose of A. cygnea and P. clarkii  hemolymph

that gave mortality

Ethical  consideration:  Experimental  protocols  and
procedures used in this study were approved by the Cairo
University, Institutional Animal Care and Use Committee
(IACUC)  (Egypt)  (CU/I/F/24/19).  All  the  experimental
procedures were carried out in accordance with international
guidelines for the care and use of laboratory animals.

Preparation cecal slurry: The cecal slurry (CS) was prepared
according to the modified methods previously described by
Starr et al.18. Briefly, the adult donor rats were euthanized and
the collected cecal contents were combined, weighed and
mixed with sterile water at a ratio of 0.5 mL of water to100 mg
of cecal content. This cecal slurry (2×CS) was sequentially
filtered through two sterile meshes (first 860-mm and then
190 mm, Bellco Glass, Inc., Vineland, New Jersey). The filtered
CS was then mixed with an equal volume of 30% glycerol in
phosphate    buffered    saline    (PBS),    resulting    in    a    final
CS stock solution. The CS stock aliquots were stored at -80EC
for use.

Induction of polymicrobial sepsis using CS: Neonatal sepsis
was  induced  by  a  cecal  slurry  (CS)  method  adapted  from
Starr et al.18. To administer CS, newborn rats (5-7 days old)
were removed from the mothers, separated into two groups,
placed on a 37EC heating pad. Neonates were injected
intraperitoneally with single dose of CS (100 µL of CS per
neonate rat). In preliminary experiments, we examined
survival after cecal slurry injection for six pups from the same
mother. At 5th days, the survival rate was 100% and at 10 days,
it was 50%.
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Experimental design: Twenty four neonatal rats were
randomly divided into 2 groups, the rat groups were divided
as follow:

C Group 1: Control neonatal rats IP injected with 0.9%
saline (6 neonates)

C Group 2: Septic neonatal rats (18 neonates) IP injected
with CS (100 µL of CS per neonates), after 24 hrs. The
septic neonates were subdivided as follow:
C Subgroup I: Septic neonatal rats IP injected with

0.9% saline (6 neonates)
C Subgroup  II:  Septic  neonatal  rats  IP  treated  with

A.  cygnea  hemolymph  (45  mg  kgG1)  for   2   days
(6 neonates)

C Subgroup  III:  Septic  neonatal  rats  IP  treated  with
P.   clarkii   hemolymph   (45   mg   kgG1)   for   2   days
(6 neonates)

Animals handling: At the end experimental period (4th day),
the neonate rats were euthanized by exsanguination. Blood
samples collected in centrifuge tubes. Liver was removed and
immediately blotted using filter paper to remove traces of
blood. Part of the liver stored at -80EC for biochemical analysis.
Another parts of liver were suspended in 10% formal saline for
fixation preparatory to histopathological examination.

Assessment of serum liver function: The accessible kits were
used for estimation of serum aminotransferase enzymes
(aspartate transaminase and alanine transaminase) activities
according to Reitman and Frankel36 and total protein37.

Assessment of oxidative stress markers: Liver tissue was
homogenized (10% w/v) in an ice-cold 0.1 M Tris HCl buffer
(pH 7.4) and centrifuged at 3000 rpm minG1 for 15 min. Using
the commercial kits, the liver supernatant was used for
determination of malondialdehyde (MDA)38, glutathione
reduced (GSH)39 and catalase (CAT)40.

Measurement of Interleukin-6 (IL-6) concentration in liver:
Interleukin-6  (IL-6)  was  measured  in  liver  homogenate
using  commercially  available  rat  Interleukin  6  ELISA  kit
(Cat.  No:  E0135Ra,  Bioassay  Technology  Laboratory,
Shanghai, China) was used for detection according to the
manufacturer’s instructions.

Determination  of  prostaglandin  E2  level  in  liver:
Prostaglandin E2 (PGE2) in liver homogenates was quantified
using the Rat Prostaglandin E2 ELISA Kit (Cat. No: E0504Ra,
Bioassay Technology Laboratory, Shanghai, China) per
manufacturer’s instructions and expressed as (ng LG1).

Quantification of Cytochrome C in liver tissue: To quantify
the Cytochrome c (Cyt-C) released from mitochondria was
measured with a commercially available Cytochrome c ELISA
kit (Cat. No: E0627Ra, Bioassay Technology Laboratory,
Shanghai, China) according to the manufacturer’s instructions.

Histopathological examination: Liver tissues were fixed in
10% formal saline, embedded in paraffin and sectioned. Then,
the sections stained with a hematoxylin and eosin (H&E) for
histological examination using a light microscope.

Immunohistochemical examination: Immunohistochemical
evaluation of Tumor Necrosis Factor-" (TNF-") was studied. In
brief, tissue sections (4-5 µm) were cut into poly l-lysin coated
slides. After rehydration and heat induced epitope retrieval,
slides were washed then incubated with primary antibodies
(Mouse monoclonal Anti-TNF-", Santa Cruz Biotechnology
Inc., Dallas, Texas, USA) at a dilution of 1:200 overnight at 4EC.
Then tissue sections were incubated with HRP labeled goat
anti-mouse secondary antibody (Abcam, Cambridge, UK) for
2 hrs followed by detection step using DAB-Substrate kit
(Thermo Scientific). Positive staining was quantified as area
percent using Cell Sens dimensions (Olympus software).
Negative control slides were obtained by deletion of the
primary antibody.

Statistical  analysis:  All  data  were  expressed  as
Mean±Standard Error of the Mean (SEM). The comparisons
within groups were evaluated utilizing One-way Analysis of
Variance (ANOVA) with Duncan’s post hoc  Test was used to
compare the group means and p<0.05 was considered
statistically significant. The SPSS statistical software package
for Windows (version 21.0) was used for the statistical analysis.

RESULTS

In spite of,  none of rats died after oral administration of
A. cygnea  and P. clarkii  hemolymph extracts, an evidence of
toxicity was noticed at dose 600. Therefore LD50 of the extracts
was 450 mg kgG1.

Free radical scavenging activity of A. cygnea  and P. clarkii
hemolymph extracts: The results of DPPH scavenging activity
of A. cygnea  and P. clarkii  hemolymph and vitamin C are
shown  in  the  Table  1.  The  obtained  results  showed  that
A. cygnea  antioxidant activity increased in a dose dependent
manner ranging from 12-22.8%. Procambarus clarkii, on the
other hand, caused dose-dependent suppression of DPPH
radicals (ranging from 20.3-48.2%).
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Table 1: Percent inhibition of DPPH by A. cygnea  and P. clarkii  hemolymph and vitamin C
Inhibition of DPPH (%)

----------------------------------------------------------------------------------------------------------------------------------------
Concentration (mg mLG1) A. cygnea P. clarkii Vitamin C
20 12.0 20.3 95.10
40 16.3 23.4 95.30
60 20.3 27.5 95.50
80 22.8 48.2 95.50
DPPH: 1,1-Diphenyl-2-picrylhydrazyl

Table 2: Antibacterial activities of A. cygnea  and P. clarkii  hemolymph against different gram-positive and gram-negative bacteria
Zone of inhibition (mm)

----------------------------------------------------------------------------------------------------------------------------------------------------------------
Hemolymph

----------------------------------------------------------------------------------------------------
A. cygnea P. clarkii Positive reference standard

Pathogens ------------------------------------------ ----------------------------------------- --------------------------------------------
E. coli  O:157 (ATCC93111) 24 23 23 25 25 25 20 20 20
S. aureus  (ATCC 25923) 22 22 20 - - - 30 30 30
P. aeruginosa  (ATCC9027) 14 14 14 9 9 9 21 21 21

Antibacterial activity of A. cygnea and P. clarkii
hemolymph:  The  A.  cygnea  extract  has  stronger
bactericidal   efficacy   against   both   gram-positive   and
gram-negative bacteria than the P. clarkii  extract, as shown in
Table 2.

Qualitative profile of total proteins by SDS-PAGE: The results
of SDS-PAGE experiments for qualitative characterization of
hemolymph total proteins in A. cygnea and P. clarkii  was
shown in Fig. 1. The quantity of protein in the A. cygnea  and
P.  clarkii  hemolymph extract was determined to be 100/mg
of the sample. The electrophoretic profile of the samples
revealed the existence of tiny to high molecular weight
protein, with some of them being unique. Under non-reducing
circumstances, 14 bands in P. clarkii  hemolymph and 5 bands
in   A.   cygnea   hemolymph  were  visible.  Crude  protein  of
A.   cygnea   hemolymph   yielded   14   bands   ranging   from
20-196 KDa with well-defined bands at 20, 20, 21, 23, 25, 32,
37, 41, 48, 59, 107, 152, 154 and 196 KDa and in P. clarkii
hemolymph was showed 5 bands ranging from 37-196 KDa
with will defined bands at 37, 55, 75, 145 and 196 KDa.

Serum liver functions biomarkers: The significant (p<0.05)
rise in serum alanine transaminase and aspartate transaminase
activity, as shown in Table 3, indicated that CS caused hepatic
damage, while total proteins level non-significantly changed
(p>0.05) in septic rats in comparison with the control group.
In comparison to the CS group, A. cygnea and P. clarkii
hemolymph injection substantially lowered the examined
hepatic enzyme activity (p<0.05).

Liver oxidative stress biomarkers: Table 4 showed that the
CS group had a significant rise (p<0.05) in liver MDA levels and
significant declines in both GSH and CAT levels when
compared to the control group. When compared to the CS
groups, treatment with A. cygnea  and P. clarkii  hemolymph
generated a significant (p<0.05) drop in liver MDA and a
significant  (p<0.05)  rise  in  liver  CAT  activity,  as  well  as
non-significantly modified (p>0.05) GSH levels.

Anti-inflammatory markers: In comparison to the control
group, CS-induced sepsis resulted in a significant rise (p<0.05)
in PGE2, IL-6 and Cyt-C levels. Treatment with A. cygnea  and
P. clarkii  hemolymph significantly decrease (p<0.05) the PGE2,
IL-6 and Cyt-C levels, as compared to the untreated CS-septic
rats (Table 5).

Histopathology of liver: Control group (Fig. 2a) showed
normal architecture of the liver. The hepatocytes were
arranged in hepatic cords radiating from the central veins to
the portal triads. In contrast, the CS group (Fig. 2b-c) showed
several histopathological alterations in the liver tissues. The
liver exhibited vacuolation (V) of the hepatocytes associated
with scattered necrosis (N). The portal area was expanded by
moderate numbers of mononuclear cells infiltration (I). The
liver of treated group with A. cygena (Fig. 2d) showed
moderate vacuolation of the hepatocytes. The treated group
with P. clarkii (Fig. 2e-f) showed few scattered areas of
vacuolation in the hepatic parenchyma.  The injury score of
the liver showed a significant difference in the CS group
compared to the two treated groups (Fig. 2g).
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Fig. 1: Electrophoretic profile of the hemolymph extract was analyzed using 15% SDS-PAGE. Gel was stained with Coomassie
brilliant blue
Lane 1: Molecular weight of protein and Lane 2: Hemolymph of P. clarkii  and Lane 3: Hemolymph of A. cygnea

Table 3: Effect of A. cygnea  and P. clarkii  on serum liver biomarkers analysis of CS-septic rats
CS

------------------------------------------------------------------------------------------------------------
Variable Control Vehicle A. cygnea P. clarkii
AST (U mLG1) 7.40±0.51a 11.80±0.52c 9.80±0.20b 10.11±0.26b

ALT (U mLG1) 9.00±0.55a 18.20±0.86c 11.18±0.32b 13.90±0.78b

Total protein (g dLG1) 3.79±0.26a 3.12±0.29a 3.53±0.17a 3.40±0.12a

Values are Mean±SEM (n = 6) and values with different superscript letters are significantly different (p<0.05)

Table 4: Effect of A. cygnea  and P. clarkii  on liver oxidative stress biomarkers of CS-septic rats
CS

-----------------------------------------------------------------------------------------------------------
Variable Control Vehicle A. cygnea P. clarkii
MDA (nmol gG1 tissue) 6.90±0.28a 11.31±0.67c 7.94±0.31ab 8.96±0.81b

GSH (mg gG1 tissue) 8.40±0.89b 4.62±0.43a 5.63±0.41a 5.31±0.61a

CAT (U gG1 tissue) 2.71±0.24c 1.48±0.16a 2.13±0.22b 2.02±0.17b

Values are Mean±SEM (n = 6) and values with different superscript letters are significantly different (p<0.05)

Table 5: Effect of A. cygnea  and P. clarkii  on some liver inflammatory marker of CS-septic rats
CS

---------------------------------------------------------------------------------------------------------
Variable Control Vehicle A. cygnea P. clarkii
Cytochrome c (ng mLG1) 2.81± 0.09a 3.65±0.08c 3.31±0.05b 3.24±0.04b

IL- 6 (ng mLG1) 2.76±0.30a 3.67±0.13c 3.37±0.06b 3.33±0.05b

PG-E2(ng mLG1) 2.84±0.10a 3.69±0.10c 3.28±0.18b 3.15±0.12b

Values are Mean±SEM (n = 6) and values with different superscript letters are significantly different (p<0.05)
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Fig. 2(a-g): Photomicrographs of liver of the control and treated groups stained by hematoxylin and eosin (H&E), (a) Liver section
of control group, (b-c) Liver section of CS group, (d) Liver of A. cygnea  group and (e-f) Liver of P. clarkii  group
CV: Central vein, V: Vacuolation, N: Necrosis and I: Mononuclear cells infiltration

Immunohistochemistry  of  liver:  The  immune  labeling  of
the TNF-" marker showed a normal lower level of positive
expression in the hepatic tissues (Fig. 3a). However, the CS
group  showed  marked  diffuse  expression  of  the
hepatocytes (Fig. 3b). The A. cygena group showed a weak
positive reaction in the hepatic tissue with widespread
negative areas (Fig. 3c). The P. clarkii  group exhibited a lower

level of TNF-" expression in the liver tissue (Fig. 3d) compared
to  the  previously  treated  and  CS  groups.  The  area  percent
of the TNF-" showed a significant difference in the CS group
compared  to  the  two  treated  groups  in  the  liver.  No
significant   difference    was    detected    in    the    liver   tissue
of  A.  cygena  in  comparison  with  the  CS+P.  clarkii   group
(Fig. 3e).
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Fig. 3(a-e): Representative images of high and low expression of TNF-a the hepatic tissues (IHC), (a) Liver of rat, control group,
showing negative expression of TNF-" marker, (b) Liver of rat, CS group, showing excessive expression of TNF-"
marker in the hepatic tissue, (c) Liver of rat (A. cygena  group), showing negative expression of TNF-" marker in
hepatocytes,  (d)  Liver  of  rat  (P.  clarkii   group),  showing  weak  expression  of  TNF-"  marker  in  hepatocytes  and
(e) Expression of TNF-" marker in liver tissue of different experimental groups
Different letters (a-c) above the error bar indicate statistically significant differences at p<0.05

DISCUSSION

Neonatal sepsis is a highly inflammatory illness that leads
to septic shock and numerous organ dysfunctions as a result

of the inflammatory system’s uncontrolled activation in
response to infections. Because of their immature immune
systems, newborns are more susceptible to serious bacterial
infections41,42.
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The most fatal consequence in the clinical course of
sepsis, multi organ failure, is thought to be initiated in large
part by the liver. The hepatic circulation is entered by
microbes and their virulence factors, which then activate
sinusoidal endothelial cells and Kupffer cells and cause them
to  generate  proinflammatory  mediators  such  TNF,  IL-1  and
IL-6, reactive oxygen species (ROS) and eicosanoids. These
mediators not only destroy bacteria, but also harm the
parenchymal cells of the liver, causing structural and
functional damage43. The liver enzyme activity of untreated
septic rats significantly increased, demonstrating that the CS
process significantly damaged hepatocellular tissue. An
ongoing study suggests that the overproduction of
proinflammatory cytokines in response to polymicrobial illness
may result in hepatic damage44.

The current study found that inducing sepsis raised the
interleukin-6 (IL-6) and Tumour Necrosis Factor (TNF) in the
liver, which might be attributable to KCs’ primary defense
against portal bacteremia and endotoxemia. In response to
excessive lipopolysaccharide (LPS) stimulation, KCs release
cytokines, ROS and NO, which damage hepatocytes and
endothelial cells45. In addition, various cytokines produced by
monocytes and macrophages, such as IL-6 and TNF-" are
known to be activated by infection in the early neonatal
period46,47.  These  findings  are  supported  by  the
Immunohistochemical examination which clarified that CS
had effect on the septic rat liver and it is caused excessive
expression of TNF-" marker in the hepatic tissue.

The PGE2 is one of the most prevalent PGs generated in
the body, has been studied extensively in animal species and
has a wide range of biological actions48. In present study
demonstrated that sepsis induction increased PGE 2 level in
liver tissues which were in agreement with Tveteraas et al.49

who discovered a rise in COX-2 and PGE2 levels, which may
contribute to acute and chronic inflammation, oxidative stress,
bacterial or viral infection and malignancy following sepsis.

The  production  of  reactive  oxygen  species  (ROS)
activated signalling pathways that led to the production of
pro-inflammatory mediators and chemokines. In turn, they
were create additional ROS and inflammatory prostaglandins
in the injured locations, resulting in oxidative stress-induced
inflammation50. The ROS have been proposed as a biological
mechanism underpinning liver damage in sepsis13. The
imbalance between the production and breakdown of ROS
resulted in oxidative stress, which led to the production of free
radicals and cellular damage51. The shock associated with
newborn sepsis is influenced by lipid peroxidation, which
contributes to the high morbidity and mortality of neonatal
sepsis52.

The current findings showed that sepsis induction caused
liver damage in rats, as evidenced by substantial increases in
ALT and AST activities, as well as increased indicators of
oxidative stress in the liver, such as MDA content and decrease
antioxidant  GSH  content  and  CAT  activity.  The  findings  of
this study show that antioxidant defence systems, such as
non-enzymatic antioxidant molecule (GSH) and enzymatic
activity such as CAT, are significant in reducing liver damage
as reported by Mohamed et al.53. The accumulation of reactive
oxygen and nitrogen species in hepatic tissue might explain
the rise in hepatic MDA levels54,55.

The ROS generation by hepatic mitochondria has been
demonstrated to cause mitochondrial oxidative damage,
malfunction, edema and Cytochrome c (Cyt c) release in a rat
model of sepsis56. Jiang et al.57 demonstrated that sepsis
induction increased expression of Cyt C in liver tissues. This
study confirms these results in liver tissues of CS group. The
neonatal sepsis redox cycle’ causes oxidative stress and a drop
in ATP content in mitochondria, both of which can lead to
mitochondrial permeability transition pore opening, organelle
swelling and Cyt C release58. Cytochrome c can bind to
Apoptotic Protease Activating Factor 1 (APAF-1) in the
cytoplasm and activate caspase-9, which then activates
caspases-3 and -7, resulting in apoptosis59, which confirmed
by the histopathological investigation of liver sections.

The   current   study’s   findings   clearly   shown   that   the
A.  cygnea  hemolymph  had  higher  antibacterial  activity
against     human     pathogens     (S.     aureus,     E.     coli     and
P. aeruginosa) than the P. clarkii  hemolymph, which had
intermediate   antibacterial   activity.   This   high   activity   of
A. cygnea may be due to cationic and amphipathic
characteristics of antimicrobial peptides (AMP) in bivalves,
which connect to the bacteria’s membrane, causing
permanent damage60,61. The presence of lysozyme, an enzyme
that catalyses the degradation of the peptidoglycan cell wall,
may explain A. cygnea's increased antibacterial activity in this
investigation62. Anti-lipopolysaccharide factors (ALFs) from
arthropods such as P. clarkia  have been found and described,
including their activities of binding and neutralising LPS,
binding to bacteria and even antimicrobial and antiviral
activity63. In addition, P. clarkii’s  antibacterial effect may also
be linked to its flavonoid content27.

The antioxidant and prooxidant effects of the hemolymph
of A. cygnea and P. clarkii were investigated in this work.
Antioxidant testing might be based on the measurement of
free radical scavenging potency or the evaluation of lipid
peroxidation. The data recorded from this study showed that,
the A. cygnea and P. clarkii hemolymph exhibited radical
scavenging   activity.   The   hemolymph   of   A.   cygnea   and
P. clarkii  had a high antioxidant activity, indicating that they
might be a rich source of natural antioxidants.
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Interestingly, the treatment with A. cygnea  and P. clarkii
after  the  CS  procedure  resulted  in  a  considerable
improvement  in  liver  function  indicators,  indicating  its
capacity  to  reduce  hepatic  damage.  Anodonta  cygnea  and
Procambarus clarkii  hepatoprotective properties may be due
to its antioxidant potency, which aids in the recovery of liver
damage by boosting antioxidative defense systems27. The
results showed that both extracts attenuate septic shock as
evidenced by a significant reduction in MDA and an increase
in GSH levels and CAT activity, indicating their role in
quenching reactive intermediates and radical species
produced  during  oxidative  stress.  These  findings  were
backed up by histopathological analysis, which revealed that
A. cygnea  and P. clarkii  therapy protected the septic rat liver.

Furthermore, Fahmy and Hamdi28 shown that P. clarkii
extract possesses antioxidant activity due to its high taurine,
glutamic acid, cysteine and glycine content (the amino acids
components of GSH). Many compounds, such as alkaloids,
carotenoids, steroids, phenolics and terpenoids, were
discovered to be the most prevalent classes of bioactive
chemicals in mollusks and may be associated to the
hepatoprotective activity of A. cygnea  hemolymph64-66.

The  present  investigation  found  that   A.   cygnea   and
P. clarkii  extracts attenuated TNF-", IL6 and PGE2 levels in the
livers of Aseptic rats. This might be due to Polyunsaturated
Fatty Acids (PUFAs) in A. cygnea, which have been
demonstrated to have anti-inflammatory characteristics67-69.
Procambarus  clarkii  extract,  on  the  other  hand,  contains
anti-lipopolysaccharide factors (ALFs), which bind to and
neutralize lipopolysaccharides (LPS)63.

The main findings of current study were that both
hemolymph injections resulted in a substantial improvement
in  liver  function  indicators  in  neonatal  rats  following   CS,
as  well  as  a  reduction  in  mitochondrial  dysfunction
(assessed from Cyt C release into the cytoplasm). Herein the
current findings showed that the hemolymph of A. cygnea
and P. clarkii  protects effect against hepatic oxidation, lipid
peroxidation, inflammation and liver dysfunction caused by
sepsis.

CONCLUSION

Anodonta cygnea and P. clarkii hemolymph extracts
attenuated the liver injury that induced by sepsis as it
improves liver biomarkers, suppresses reactive oxygen species
propagation due to its antibacterial and anti-inflammatory
activities.

SIGNIFICANCE STATEMENT

Anodonta cygnea and P. clarkii hemolymph have
antibacterial, antioxidant and anti-inflammatory activities. The
main findings of current study were that both hemolymph
injections resulted in a substantial improvement in liver
function indicators in neonatal rats following CS, as well as a
reduction in mitochondrial dysfunction (assessed from Cyt C
release into the cytoplasm).
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