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Abstract
Schistosomiasis has re-spread again lately in Africa including Egypt according to World Health
Organization in 2023. Bilharziasis is an endemic disease that causes damage to the lungs,
gastrointestinal, and liver. Praziquantel (PZQ) is the most effective commercial treatment for all
Schistosoma species, although it cannot cause total death after infection besides being ineffective
against larvae and eggs. The thesis aimed to study the prophylactic effect of Ficus carica leaves extract
nanoparticles (F. carica-NPCs), silver nanoparticles (Ag-NPCs), and in combination (F. carica-Ag NPCs)
against Schistosoma mansoni infected mice. Schistosomiasis could cause hepatic injury which showed
decrease in GSH, SOD and CAT (antioxidants) and an increase in oxidative stress marker MDA in
comparison with the negative control group. It caused increase in inflammatory markers such as CRP, IL-
6, VCAM-1 and ICAM-1 in comparison to healthy control group. It elevated P53, Bax, cytochrome C,
caspase 9, 3 otherwise Bcl-2 as apoptotic & anti-apoptotic markers in comparison with negative control
group. Comet tail length and tail DNA showed significant DNA damage in infected mice compared to
healthy control. Finally, hepatic cell membrane leak out occurred leading to increase in serum ALT, AST,
ALP, ɤ-GT, and bilirubin unlike albumin as liver function parameters compared with the negative control
group. The

F. carica-NPCs, Ag-NPCs, and F. carica-Ag NPCs recorded significant amelioration in previous markers
compared with the infected-untreated group. The F. carica-NPCs, Ag-NPCs, and F. carica-Ag NPCs had
anti-schistosomal and hepatoprotective effects in comparison with the positive control group. The F.
carica-Ag NPCs observed a better prophylactic effect than other groups.

1. Introduction
Schistosomiasis is a disease in which people are infected by cercariae that are carried via contaminated
water. Female S. mansoni lays eggs in the venules of the liver and large intestine which can cause
clinical sickness as they remain in these tissues and can cause granulomatous reactions, fibrosis, and
cirrhosis (Saad El-Din et al., 2023).

Until now, the main treatments for Schistosoma infections are PZQ, oxaminoquine, and metrifonate (El-
Shabasy et al., 2022). PZQ is the most effective against all Schistosoma species with a cure rate of 100%
in the past and 65–90% after a single oral dose (Saad El-Din et al., 2023). Now, because of worm
resistance and host tolerance, the curable rate is not recorded as 100%. In addition, it is inefficient
against schistosomules (the parasite juveniles) and ova, making it inappropriate for mass therapy in high
endemic regions so the reinfection still occurs (Doenhoff et al., 2008).

One of the oldest trees, Ficus carica L., is a member of the Moraceae family, which is mostly planted in
the Mediterranean region. Its fruit is a great source of organic acids, sugar, vitamins, and minerals (El-
Attar et al., 2024). F. carica phytochemicals are phytosterols, anthocyanins, amino acids, organic acids,
fatty acids, phenolic compounds, hydrocarbons, alkaloids, aliphatic alcohols, and volatile compounds
isolated from various parts of the plant (Renda et al., 2023). The majority of phytochemicals are
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flavonoid substances that have hepatoprotective, renoprotective, anti-viral, anti-microbial, anti-
schistosomal, anti-cancer, anti-cholinesterase, antioxidant, anti-inflammatory, and anti-DNA damage
properties (Jeong and Lachance, 2001; Veberic et al., 2008).

Nanotechnology has completely changed drug delivery, according to the tiny particle size, large exposed
surface area, increased physical and chemical stability, and high biocompatibility of its constituents. In
addition, nanotechnology can improve the solubility, permeability, and bioavailability of a drug regardless
of its physical properties (Abd El Hady et al., 2023). Rather than being physical or chemical, the green
biosynthesis approach of nanoparticles has received a lot of attention because it is an efficient, cost-
effective, lower systemic toxicity and environmentally friendly way of manufacturing, the silver nano
metal among others have demonstrated potent schistosomicidal effects when compared with gold
nanoparticles (Moustafa et al., 2018; Abd El Wahab et al., 2021).

The present study aimed to evaluate the role of F. carica nanoparticles and Ag nanoparticles against
schistosomiasis mansoni to replace the use of PZQ as a treatment.

2. Materials and Methods
2.1. Materials

2.1.1. Chemicals

The Egyptian International Pharmaceutical Industries Company (EPICIO), located in Mansoura, Egypt,
was the supplier of the PZQ tablets.

2.1.2. Experimental animal groups

Thirty black female mice (C57BL/6) were used in the presented study. They were divided randomly into 6
groups: G1: Negative control; healthy group. G2: Positive control group; infected with cercariae and non-
treated. G3: PZQ; in the 7th week after S. mansoni cercariae infection, 200 mg/kg was given orally by oral
tube for two consecutive days.
G4: Administered by F. carica-NPCs; 400 mg/kg b. w. via oral gavage day after day; 3 times (during the 1st

week) before infection (El-Morsy et al., 2022; El-Attar et al., 2024).
G5: Administered by Ag-NPCs; 400 mg/kg b. w. via oral gavage day after day; 3 times (during the 1st

week) before infection. G6: Administered by F. carica-Ag NPCs; 400 mg/kg b. w. via oral gavage day after
day; 3 times (during the 1st week) before infection (El-Attar et al., 2024).

Ethical approval: The experimental protocol was carried out by the guide of the National Institute of
Health for the care and use of laboratory animals (NIH publication No. 8523, revised 1996) and was
conformed to the local experimental animal ethics committee of the Faculty of Medicine, Mansoura
University with approval number Sc. Ms. 22.12.12.The date of approval: is 16/12/2022. It was obtained
from MU-ACUC for 30 black female C57BL/6 mice in the current experiment.
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2.2. Methods
2.2.1. Infection of mice with Schistosoma mansoni cercariae

Freshly shedding cercariae were injected subcutaneously into each infected C57BL/6 black female
mouse (G2-G6) via a stock solution containing approximately 70 cercariae per 0.5 ml of distilled water.

2.2.2. Praziquantel solution freshly prepared

Praziquantel (200 mg/kg) was mixed with purified olive oil to paste texture, and 5.2 ml of distilled water
was added with stirring (El-Attar et al., 2024).

2.2.3. Preparation of Ficus carica nanoparticles

Hydrothermal squeeze methods (a specialized technique for high vapor pressure, and high-temperature
crystallization of compounds at Nanoscale from aqueous solutions) were adopted for the preparation
process as shown in Figure 1(Salehi et al., 2020).

Figure 1: The experimental preparation of Ficus carica nanoparticles

2.2.4. Silver nanoparticles preparation

Silver nanoparticles was prepared by theGreen Synthesis Technique as illustrated in Figure 2(Al-Rajhi et
al., 2022).

Figure 2: The experimental preparation of silver nanoparticles

2.2.5. Preparation of Ficus carica extract nanoparticles loaded on silver nanoparticles

It was done by adding 10 ml of ethanolic F. carica extract to 10 ml of silver nitrate, with continuous
stirring for 1 hr at pH=7, leaving for 24 hours in the dark, with stirring and then left until yellowish-green
or violet color appears (El-Attar et al., 2024).

After administration with F. carica-NPCs, Ag-NPCs and F. carica-Ag NPCs in the 1st week, mice were
injected subcutaneously with cercariae according to Liang et al. (1987). Mice were cared for 6 weeks
(Peters and Warren, 1969). PZQ was administered orally in week 8 before scarification for G3.

2.2.6. Characterization of nano samples

The F. carica-NPCs, Ag-NPC, and F. carica-Ag NPCs were characterized by measuring Zeta-potential and
hydrodynamic size (DLS) using the Malvern Zetasizer instrument, Malvern Panalytical Company,
Worcestershire, United Kingdom.

2.2.7. Blood sampling
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After 7 weeks of infection, mice were anesthetized with Ketamine (43.5 mg/ kg) and Xylazine (6.5 mg/
kg) for 35 minutes (El-Sherif, 2019). Mice were sacrificed by sharp sterilized blades and blood samples
were collected in clean centrifuge glass tubes, left for complete clotting, and then centrifuged at 1350 xg
for 15 minutes. The clear supernatants were rapidly collected. The sera were kept in labeled Eppendorf
tubes and frozen at -20 °C for later experimental biochemical analyses.

2.2.8. Liver homogenate preparation

Mice livers were collected and washed. The samples from each liver were homogenized by distilled
water (10% w/v), and supernatants were collected, and labeled stored as aliquots at -20 °C in Eppendorf
tubes for subsequent biochemical analyses.

2.2.9. Worm recovery

Males, females, and copulated worms were collected from infected groups by the porto-mesenteric
perfusion technique described by Duvall and DeWitt (1967). The worms were perfused with citrate saline,
and cleaned with 70% ethanol. The liver, kidney, and intestines turned pale; therefore, the perfusion
process was stopped. Worms were rinsed three times in phosphate buffer saline (PBS) at pH = 7.4. They
were then counted as described by Kamel et al. (1977). By stereomicroscope, the % reduction of worm
burden by the administration model was obtained by the equation:

Reduction %= (1- Mean worms (test gp.)/ Mean worms (+ve control gp.)) X 100
(Melman et al., 2009; Muema et al., 2015).

2.2.10. Egg count

Three samples (1g) were obtained from the liver and intestine of mice after scarification for egg count by
using a scanning power (4x) light microscope ocular lens (Cheever and Anderson, 1971). Deposited
eggs’ counting was obtained after digestion with potassium hydroxide solution (4%) of -20 °C stored
slices of the liver and intestine (Kamel et al., 1977).

2.2.11. Oogram pattern

The pharmacological activity that affected oviposition and maturation was reflected by the pattern of
degree of ova maturity and viability. Following perfusion, three segments (1 cm long) of the small
intestine were divided longitudinally, cleaned in saline, and partially dried on filter paper before being
squashed between two glass slides. Typically, 100 eggs were counted in each piece, and this process
was repeated with further fragments until a total of 300 eggs were gathered and divided into three types:
immature, mature, and dead eggs (Pellegrino et al., 1962).

2.2.12. Scanning electron microscopy for topographical study of Schistosomamansoni adult worms

Adult worms were perfused from hepatic and porto-mesenteric veins, washed by PBS many times to get
rid of any debris or mucous, dipped in buffered glutaraldehyde solution (2%) left overnight at 4°C as
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primary fixation, washed by PBS for 15 minutes for three times at room temperature to get rid of extra
fixative solution, after that, dipped in post-fixative osmium tetroxide (1%) at 37°C for 2 hours. The
samples were washed residues of solutions by PBS by using ascending serial concentrations of ethanol
for the dehydration step (30, 40, and 50%) for 15 minutes each, followed by 70% for 30 minutes, and
twice for 30 minutes in 90%. They were dried on stubs’ holders for 30 minutes, and coated with gold
under vacuum. The worms were examined by Joel JEM-1200 SEM at the Electron Microscope Unit,
Faculty of Agriculture, Mansoura University, Mansoura, Egypt (El-Sayad et al., 2017).

2.2.13. Biochemical analyses
2.2.13.1. Antioxidant and oxidative stress biomarkers

Antioxidants such as glutathione (GSH), superoxide dismutase (SOD) and catalase (CAT), and the
oxidative stress marker as malondialdehyde (MDA) were assayed in liver tissue according to the
methods described by Beutler et al. (1963); Nishikimi et al. (1872); Aebi (1984); Ohkawa et al. (1978),
respectively.

2.2.13.2. Inflammatory markers

C-reactive protein (CRP), interleukin 6 (IL-6), vascular cell adhesive molecule-1 (VCAM-1), and
intercellular adhesive molecule-1 (ICAM-1) were estimated according to the method described by
Banerjee et al. (2003); Feng et al. (2023); Carlos and Harlan (1994), respectively.

2.2.13.3. Apoptotic and anti-apoptotic markers

Hepatic p53, Bax, cytochrome C and caspase 9 were estimated by ELISA Kits, from CUBIO Innovation
Center Houston, TX, USA. Hepatic Bcl-2 was assayed by an ELISA Kit, from Creative Biolabs Ramsey
Road, Shirley, USA. and hepatic caspase-3 content was estimated by using an ELISA kit from Biovision,
Grove Street, Waltham, Massachusetts.

2.2.13.4. DNA damage by comet assay
The comet assay was run according to Singh et al. (1988). Comet tail length and DNA percent in the tail
and tail moment were detected according to Tice et al. (2000).

2.2.13.5. Liver function tests

Activities of liver function tests as alanine aminotransferase (ALT), aspartate aminotransferase (AST)
and alkaline phosphatase (ALP) were estimated in serum according to the methods described by
Reitman and Frankel (1957); Belfield and Goldberg (1971), respectively. Serum gamma-glutamyl
transferase (ɤ-GT) activity was evaluated according to the method of Theodorsen and Strømme (1976).
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Serum albumin and bilirubin were estimated according to the methods described by Young (2001);
Martinek (1966), respectively.

2.2.14. Statistical analyses
The GraphPad Prism 8.0 software (Graphpad Software Inc., San Diego, California, USA) was used for
preparing all statistical data. The results are shown as the mean ± standard error of the mean (SEM)
(n=5). A one-way analysis of variance (ANOVA) was used to make the different statistical comparisons,
followed by the Neuman-Keuls post-hoc test (Armitage et al., 2008). The data was considered significant
when P ≤ 0.05.

3. Results And Discussion
3.1. Characterization of nanoparticles

3.1.1. Zeta potential and size of F. carica-NPCs 

The charge of F. carica-NPCs recorded a mean volt of -0.948 mV as observed in Figure 3A. Their
diameter average recorded 163.2 nm as recorded in Figure 3B.

Figure 3: Characterization of F. carica-NPCs as A: Zeta potential and B: Size of nanoparticles

3.1.2. Zeta potential and size of silver nanoparticles

The charge of Ag-NPCs had a mean volt of -18.7 mV as observed in Figure 4A. Their diameter average
recorded at 51.75 nm as shown in Figure 4B.

Figure 4: Characterization of Ag-NPCs as A: Zeta potential and B: Size of nanoparticles

3.1.3. Zeta potential and size of Ficus carica loaded on silver nanoparticles

 The charge of F. carica-Ag NPCs with a mean volt of -6.46 mV is shown in Figure 5A. Their diameter
average recorded at 121.9 nm as in Figure 5B.

Figure 5: Characterization of F. carica-Ag NPCs as A: Zeta potential and B: Size of nanoparticles

3.2. Total worm burden

Figure 6 proved that the PZQ-treated group had a significant reduction in the total worm reduction. The
protected group with F. carica-Ag NPCs had a significant reduction in worm burden as PZQ treatment
compared with the positive control group and Ag-NPCs, and F. carica-NPCs recorded a significant
reduction in total worm burden as compared with the positive control group.

Figure 6: The recovered worms burden in control and different mice groups
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The PZQ had the same results that obtained by Mokbel et al. (2020); they confirmed that the PZQ
treatment didn’t show a complete eradication of worms. F. carica-NPCs had a similar pattern of results
obtained by Seif el-Din et al. (2013) who demonstrated that the active phytochemicals like tannins,
flavonoids, and terpenes that were in Calotropis procera, Ficus elastica, and Zingiber officinale also
found in Ficus carica have anti-helminthic properties. Ag-NPCs results also go concomitant with that of
Khan and Javed (2021); Al-Rajhi et al. (2022), and Detoni et al. (2023).

According to Detoni et al. (2023), they assigned that the Bio-Ag NPCs could alter the viability and
membrane integrity of juvenile forms, as well as promote oxidative stress and mitochondrial membrane
depolarization in adult worms, triggering the formation of lipid droplets and autophagic vacuoles. Oral
administration of Bio-Ag NPCS to S. mansoni-infected mice is also able to reduce parasite burden and
associated pathology. F. carica-Ag NPCs recorded the same reduction percentage of the PZQ that was
discussed according to F. carica and Ag may have a synergistic effect and elevate the effectiveness
against schistosomiasis.

3.3. Egg count

The number of ova in gram of each hepatic and intestinal tissues of control and different mice groups
was indicated in Figure 7 as the group of F. carica-NPCs showed lower reduction levels than were
recorded in Ag-NPCs. Finally, the lowest reduction level was F. carica-Ag NPCs. The PZQ group recorded
the highest reduction level of Schistosoma egg in liver and intestine.

Figure 7: Ova count of control and different mice groups

3.4. Oogram pattern

The reduction percentages of intestinal egg developmental stages in Figure 8 recorded that the F. carica-
NPCs group had an insignificant effect on the dead ova; also, it had an insignificant decrease in mature
ova and a significant increase in immature ova in comparison to the positive control group.

The Ag-NPCs group had an insignificant decrease in immature ova and a decrease in mature ova with an
insignificant effect on dead ova compared with positive control. In the F. carica-Ag NPCs group, there
was an insignificant effect on dead ova, with an insignificant decrease in immature ova and an increase
in mature ova. Otherwise, the treated group recorded significant reduction in mature ova and significant
reduction in immature and dead ova as compared with positive control.

Figure 8: Egg developmental stages% of control and different mice groups

Administration of PZQ showed a significant reduction in ova numbers within both liver and intestine
tissues, a significant diminishing of immature and mature ova, and in contrast a significant elevation in
dead ova was achieved when compared with the infected mice. These data go parallel with that of
Frezza et al. (2013); El-Morsy et al. (2022) and Mohamed et al. (2023). The authors concluded that PZQ
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can assault vitelline cells and ovaries, affecting the development of eggs besides altering the worm's
tegument and its muscle structure.

The F. carica-NPCs group recorded a significant reduction in ova count within the liver and intestine
tissues. It showed a significant change in immature ova percentage, and an insignificant change in dead
ova and mature ova percentages compared with the positive control group. These results were agreed
with Shaaban et al. (2019); Mokbel et al. (2020) and El-Morsy et al. (2022) who discussed their results
that the short duration of therapy or the low chemical dose utilized may be the cause of the low
effectiveness.

The Ag-NPCs and F. carica-Ag NPCs groups showed a significant reduction in the ova count of the liver
and intestine tissue in comparison with the infected control group. The immature, mature, and dead ova
change percentages showed insignificant reduction compared with the positive control group which was
the same as Dkhil et al. (2020) obtained; Ag-NPCs showed a curable effect on jejunal epithelia and could
recover the intestinal epithelia. Abououf et al. (2018) and El-Menyawy et al. (2021) proved that the
treatment had higher effectiveness than protection which appeared in different ova patterns.

3.5. Scanning electron micrographs

3.5.1. Ultra-micrographs of adult Schistosoma mansoni worms were obtained from positive control
group

The adult male body (M) (Mean length was 6.2 mm) recovered was thicker, cylindrical, rough and shorter
than the adult female body (F). The male carried the female inside the gynaecophoric canal in copulation
(Figure 9A). The oral sucker (OS) and ventral sucker (VS) of the male had a normal appearance (Figure
9B). The tegument of the anterior third appeared normal with tubercles (Tu) bearing spines (S) and
dome, fungiform, and cratered papillae (DP, FP, & CrP) (Figure 9C).

The female body (F) (Mean length was 7.9 mm) appeared normal (Figure 9D). The tegument of the
anterior and posterior thirds had a normal architecture with spines. The tegument beard maculated and
cratered papillae (MP & CrP) (Figure 9E & 9F).

Figure 9 (A-F) Scanning electron micrographs of Schistosoma mansoni couple recovered from positive
control group

Fig. 9A: Whole mount of male (M) and female (F) couple.

Fig. 9B: Magnified ventral view of the anterior third in Fig. 9A showed normal oral sucker (OS) and ventral
sucker (VS).

Fig. 9C: High magnified view in the anterior third of female in Fig. 9A showed normal tubercles (Tu) with
spines (S). Appearance of dome (DP), hemispherical (HP), fungiform (FP) and cratered (CrP) papillae.

Fig. 9D: The whole mounts of the female (F) appeared normal.
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Fig. 9E & 9F: High magnification of the anterior third and posterior third in the female body beard normal
tegmental spines (S). Note: Maculated papillae (MP) and cratered papillae (CrP) appeared on tegument.

3.5.2. Ultra-micrographs of adult Schistosoma mansoni worms were obtained from mice treated with
praziquantel group

Adult worms were recovered after being treated with 200 mg/kg for two consecutive days in the 7th
week from infection.

The protruded female (F) (Mean length was 8.5 mm) from the male (M) body (Figure 10A). The male
worm (M) (Mean length was 7.1 mm) had a coiled body (Figure 10B). It had a triangular-shaped oral
sucker (OS) and pulled shrinkage ventral sucker (VS) with the eroded tegument-like embedded folds (red
arrows) (Figure 10C). Its tegument had tuberclesless that appeared like small stones, the dorsal surface
was deformed as appearance of peeling (P) and some eroded area (E) (Figure 10D) also, in ventral view
of the end region (pre-excretory pore) showed extremely corrosive tegument (Figure 10E). In another
specimen, the male (M) tegument had peeling and erosion; their tubercles were naked as blebs (Tu)
(Figure 10F & 10G). The protruded female (F) from the male (M) had body tegument peeled (P), and the
tegument had erosion (E) (Figure 10H).

Figure 10 (A-H) Scanning electron micrographs of Schistosoma mansoni male recovered from mice
treated with praziquantel group

Fig. 10A: Male (M) and female (F) worms in copulation.

Fig. 10B: Whole mount of coiled male (M) worm.

Fig. 10C: Magnified view of Fig. 10B; in the anterior third showed highly flattened triangular-shaped oral
sucker (OS) and pulled shrinkage ventral sucker (VS).

Fig. 10D: High magnification of dorsal tegument highly corrugated showed peeling (P) and erosion (E).

Fig. 10E: Highly magnified (end third) of Fig. (10C) as red arrows showed deformed tegument with
erosion (E) as continuous lines that resulted from peeling (P).

Fig. 10F: The male worm (M) appeared coiled.

Fig. 10G: Dorso-lateral surface of Fig. 10F; it observed naked tubercles (Tu) which appeared like blebs.

Fig. 10H: High magnification of Fig. 10A showed a peeled ventral surface (P) of the female tegument
that had eroded areas (E).

These results were parallel to that of Amara et al. (2018); Abd El Wahab et al. (2021) and El-Derbawy et
al. (2022). In fact, PZQ caused sucker deformity which reduced the fluke’s ability to adhere to blood
vessels, and this render the ingestion of nutrients (more difficult). Tegmental damage along the worm
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body was impaired the functioning of the tegument and destroyed the worm defense system, facilitating
an attack by the host’s immune system that led to worm death according to Amara et al. (2018).

3.5.3. Ultra-micrographs of adult Schistosoma mansoni recovered worms were obtained from mice
protected by Ficuscarica leaves extract nanoparticles group

The adult recovered worms were obtained from protected mice by 3 doses of 400 mg/kg F. carica-NPCs
day after day in the 1st week before cercariae infection.

The couples had elongated bodies; the male (M) (Mean length was 6.3 mm) carried the female (F) (Mean
length was 7.7 mm) inside a remarkably opened gynaecophoric canal (GC) (Figure 11A & 11C). The
female body tegument had a deformed flattened shrunk architecture (Figure 11B); its surface was peeled
(P) and lost its spines. The internal tegument of the gynaecophoric canal showed its spines (S). The
couple of Figure 11C had elongated body showing deformed suckers, shrunk oral sucker (OS) and flabby
ventral sucker (VS) (Figure 11D). The male tegument had damaged tubercles (Tu) like blebs. The
presence of cratered papillae (CrP) on tegument (Figure 11E), its tubercles (Tu) were flattened with a
total absence of spines recorded (Figure 11F).

Figure 11 (A-F) Scanning electron micrographs of Schistosoma mansoni couples recovered from mice
protected by Ficus carica leaves extract nanoparticles group

Fig. 11A: The whole mount of the male (M) carrying the female (F) inside a completely opened
gynaecophoric canal (GC). Note: The couples had elongated bodies.

Fig. 11B: The female (F) appeared peeled and shrinkaged inside opened the gynaecophoric canal (GC).
Note: Appearance gynaecophoric canal spines (S).

Fig. 11C: The appearance of highly elongated couples’ bodies illustrated twisting in the middle third.
Note: An opened male (M) carrying the female (F) in gynaecophoric canal (GC).

Fig. 11D: Dorsal view of male showed deformed suckers; shrunk oral sucker (OS) and flabby ventral
sucker (VS).

Fig. 11E: A magnified view of Fig. 11C showed deformed peeled (P) tegument with damaged tubercles
(Tu) like-blebs. Note: Presence of cratered papillae (CrP) between tubercles.

Fig. 11F: High magnification of Fig. 11E showed flattened appearance of tubercles that appeared naked
(Tu) on peeled (P) tegument.

These data were similar to that observed by El-Derbawy et al. (2022) who used ginger plant that had
similar phytochemicals as fig plant such as polyphenols, tannins, and flavonoids. Then, they interpreted
their results in that; ginger cannot get rid of S. mansoni larval stages but it could cause a deleterious
effect on suckers, so worm adherence capability to blood vessels is altered. Its effect on the teguments
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along the worm’s body would impair the tegumental function, devastate the worm's defense system and
it could easily be attacked by the host immunity.

3.5.4. The ultra-micrographs of adult Schistosoma mansoni worms recovered from mice protected by
silver nanoparticles group

The adult recovered worms were obtained from protected mice by 3 doses of 400 mg/kg Ag-NPCs day
after day in the 1st week before cercariae infection.

The couple (M & F) had elongated partially coiled bodies (Figure 12A); it had an opened gynaecophoric
canal (GC). In the anterior third, the worms had deformed shrinkage peeled (P) tegument with naked
tubercles (Tu), it had shrinkage oral sucker (OS) and ventral sucker (VS) (Figure 12B & 12C). The eroded
(E) tegument had deformed naked tubercles (Tu) with loss of spines (Figure 12D). Another conjugated
male (M) (Mean length was 5.61 mm) and protruded female (F) from the gynaecophoric canal (GC)
(Figure 12E). The anterior third of the male body had a corrugated pulled shrinkaged oral sucker (OS) and
swollen ventral sucker (VS). The tegumental tubercles (Tu) appeared as spots (Figure 12F).

The female (F) (Mean length was 7.30 mm) protruded from the middle third of the couple’s body; it had a
deformed swollen peeled (P) tegument with the absence of spines (Figure 12G). The male body had
eroded (E) tegument with deformed tubercles (Tu) and dome papillae (DP) (Figure 12H).

In last specimen of the male (M) and female (F) couple showed an extremely elongated body with a
semi-opened gynaecophoric canal (GC) (Figure 12I). The male laterodorsal surface had deformed
eroded tegument (E), mostly naked tubercles (Tu). The appearance of hemispherical papillae (HP)
(Figure 12J). Ventrally, it showed a deformed tegument with a corrugated inner surface (IS) of opened
gynaecophoric canal (GC) illustrated inner spine (S) of the canal (Figure 12K).

Figure 12 (A-K) Scanning electron micrographs of Schistosoma mansoni couple adult worms recovered
from mice protected by silver nanoparticles group

Fig. 12A: The couple showed elongated partially coiled male (M) body. The gynaecophoric canal (GC)
had a highly open appearance carrying female (F) inside.

Fig. 12B: A magnified view of Fig. 12A in the anterior third showed tegument bearing tubercles (Tu), oral
sucker (OS) and ventral sucker (VS) appeared shrinkage. Note: The female (F) body exited from opened
male’s gynaecophoric canal (GC).

Fig. 12C: A magnified view of Fig. 12A showed shrinkage of body tegument with peeling appearance in
both; female (F) and male (M). Note: Oral sucker (OS) and ventral sucker (VS) had shrinkage indulged
architecture.

Fig. 12D: High magnification showed alteration in tegmental layer; deformed naked tubercles with loss of
spines (Tu), peeling (P) and erosion (E).
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Fig. 12E: Another male (M) and female (F) in the copulation position had twisting that showed protrusion
of the female body from the gynaecophoric canal (GC). Note: Swollen of the male body was remarkable.

Fig. 12F: Magnified view of Fig. 12E showed a ventrolateral side (anterior third) in the male body with a
deformed pulled shrinkage oral sucker (OS) and swollen ventral sucker (VS). Note: Tubercles (Tu)
appeared like spots.

Fig. 12G: Magnified view through the second third in male (M) body showed protrusion of female (F)
from the copulatory canal. Tubercles (Tu) appeared as blebs. Note: Deformed peeled (P) tegument of a
female with absence of spines.

Fig. 12H: High magnification of male body showed erosion (E) of tegument; deformed tubercles (Tu)
without spines and appearance of dome papillae (DP) in between tubercles.

Fig. 12I: The male (M) and female (F) couple had an extremely elongated body with semi-opened
gynaecophoric canal (GC).

Fig. 12J: High magnification of dorsolateral surface showed eroded (E) tegument; mostly naked
tubercles (Tu). Note: Appearance of hemispherical papillae (HP).

Fig. 12K: High magnified view of the inner surface (IS) of the gynaecophoric canal (GC) showed a
deformed corrugated surface with minute spines (S).

These results matched with Moustafa et al. (2018) and El-Derbawy et al. (2022); who returned the
obtained results to the effect of Ag-NPCs that could cause complete blockage to cercarial infectivity
after 30 min of exposure which reduces the host susceptibility to infection. The side effects of Ag-NPCs
on cercariae were attributed to Ag ions, which can bind to the papillary sites on the cercarial surface to
disrupt its function.

3.5.5. The ultra-micrographs of adult Schistosoma mansoni recovered worms were obtained from mice
protected by Ficuscarica loaded on silver nanoparticles group

The adult worms were recovered from protected mice by 3 doses of 400 mg/kg F. carica-Ag NPCs day
after day in the 1st week before cercariae infection.

The first recovered specimen was elongated partially coiled conjugated male (M) (Mean length was 7
mm) and female (F) (Mean length was 8.1 mm). The gynaecophoric canal (GC) was opened till the end
of the body (Figure 13A & 13E). Its anterior third appeared coiled and emerged female (F) from the
copulatory canal was seen (Figure 13B). The protruded female (F) body from the gynaecophoric canal
had a shrunk eroded (E) tegument. (Figure 13C). Dorsally, the dorsal side of the body had eroded (E) and
peeled (P) tegument with damaged tubercles (Tu) (Figure 13D).

Another recovered specimen had a highly elongated twisted male body (M) with a semi-opened
gynaecophoric canal with a protruding female body (F) (Figure 13F). In the middle third of the couple’s
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body; protruded female (F) appeared with peeled (P) tegument and erosion (E) (Figure 13G). In the
posterior third of the male body; a closed gynaecophoric canal (GC) surrounding the female was seen
(Figure 13H).

Figure 13 (A-H) Scanning electron micrographs of Schistosoma mansoni couple recovered from mice
protected by Ficus carica loaded on silver nanoparticles group

Fig. 13A: Whole mount of elongated, partially coiled conjugated male (M) and female (F).

Fig. 13B: The magnified view in the anterior third of Fig. 13A showed a coiled male body (M) and
emerged female (F).

Fig. 13C: The magnified view of Fig. 13B showed a protruded shrunk female body (F) from the
gynaecophoric canal (GC), and in the tegument had erosion (E).

Fig. 13D: High magnification of tegument in anterior third showing highly deformed tegument with
erosion (E), peeling (P), and damaged tubercles (Tu) without of spines that appeared naked. Note:
Appearance of hemispherical papillae (HP).

Fig. 13E: Dorsal magnified view at last third showing that the tegumental surface of the male appeared a
leaf-like shape with naked tubercles (Tu). Note: The gynaecophoric canal (GC) was opened till the end of
the body.

Fig. 13F: Whole mount of highly elongated twisted male body (M) bearing female body (F). Note: The
gynaecophoric canal had partially opened appearance.

Fig. 13G: Magnified view of Fig. 13F in the middle third of the couple’s body showing protruded swollen
female body (F) with peeled (P) tegument. Note: Presence of erosion (E) in some areas of tegument.

Fig. 13H: Magnification of ventral side of posterior third of couple body of Fig. 13F showing closed
gynaecophoric canal (GC). Note: Erosion (E) of tegument with naked tubercles (Tu) caused by peeling
(P).

These results go parallel to the results of El-Derbawy et al. (2022), who observed that in combined oral
administration, the obtained results showed high efficacy against schistosomes that illustrated the
synergistic effect on each other rather than single form.

3.6. Antioxidant and oxidative stress biomarkers

Figure 14 (A, B, C, and D) showed GSH level and SOD and CAT activities MDA level in control and
different mice groups. Hepatic GSH level, SOD and CAT activities showed significant elevation in PZQ, F.
carica-NPCs, Ag-NPCs, and F. carica-Ag NPCs compared positive control group. Hepatic MDA level
showed significant decrease in
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PZQ, F. carica-NPCs, Ag-NPCs, and F. carica-Ag NPCs compared positive control group. GSH and SOD
reached a normal status in F. carica-Ag NPCs protected group in comparison to positive control group.

Figure 14: Antioxidant and oxidative stress biomarkers in control and all other tested mice groups; (A)
GSH (Reduced glutathione), (B) SOD (Superoxide dismutase), (C) CAT (Catalase) and (D) MDA
(Malondialdehyde)

3.7. Inflammatory markers

Figure 15 (A, B, C, and D) showed CRP, IL- 6, VCAM-1 and ICAM-1 contents of control and different mice
groups. Serum CRP, hepatic IL-6, VCAM-1 and ICAM-1 contents showed significant decrease in PZQ, F.
carica-NPCs, Ag-NPCs, and F. carica-Ag NPCs compared with positive control group.

Figure 15: Inflammatory markers in control and all other tested mice groups; (A) CRP
(C-reactive protein), (B) IL-6 (Interleukin-6), (C) VCAM-1 (Vascular cellular adhesive molecule-1) and (D)
ICAM-1 (intercellular adhesion molecule-1)

3.8. Apoptotic markers

Figure 16 (A, B, C, D, E, and F) showed p53, Bax, Bcl-2, cytochrome C, caspase-9 and caspase-3 levels in
hepatic tissues of control and different mice groups. p53, Bax, cytochrome C, caspase 9 and caspase-3
levels showed significant decrease in PZQ, F. carica-NPCs, Ag-NPCs, and F. carica-Ag NPCs compared to
the positive control group. The anti-apoptotic protein Bcl-2 showed significant increase in F. carica-NPCs,
Ag-NPCs and
F. carica-Ag NPCs comparison to the infected control group.

Figure 16: Hepatic apoptotic and anti-apoptotic markers in control and all other assessed mice groups;
(A) P53, (B) Bax, (C) Bcl2, (D) cytochrome C, (E) caspase 9 and (F) caspase 3

3.9. DNA damage by comet assay

Figure 17 (A, B, C, D & E) and Figure 18 (A, B & C) observed data of DNA tail length (TL), %DNA, and tail
moment (TM) in different mice groups; negative control showed normal damaged spots and untailed
DNA. In addition, the positive control group showed increase in abnormal spots also, the length and
diameter of the nuclear DNA (Tailed). The PZQ treated group showed abnormal damaged spots of DNA.
While, protected mice groups showed significant reduction in F. carica-NPCs, Ag-NPCs, and F. carica-Ag
NPCs compared with infected control mice.

Figure 17: Photomicrographs of DNA damage of all studied groups (Scale bar = 100 µm)

Figure 18 (A, B & C) showed the different hepatic DNA damage; Tail length, tail DNA and tail moment

3.10. Liver function tests
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Figure 19 (A, B, C, D, E and F) showed ALT, AST, ALP, ɤ-GT activities, albumin and bilirubin contents in
control and mice groups. Serum ALT, AST, ALP, ɤ-GT activities and bilirubin content showed significant
reduction in PZQ, F. carica-NPCs, Ag-NPCs, and
F. carica-Ag NPCs compared to the positive control group. Serum albumin content illustrated significant
increase in PZQ, F. carica-NPCs, Ag-NPCs, and F. carica-Ag NPCs compared positive control group.

Figure 19: Liver function parameters in all assessed mice groups; (A) ALT (Alanine aminotransferase), (B)
AST (Aspartate aminotransferase), (C) ALP (Alkaline phosphatase), (D) ɤ-GT (Gamma glutamyl
transferase), (E) albumin and (F) bilirubin

3.11. Explanation of the effect of praziquantel drug on hepatic tissues

Consistent with several previous studies, the present study showed that the hepatic injury was induced in
liver tissues by S. mansoni-infected mice. This was ensured by elevated serum ALT, AST, ALP, and ɤ-GT
activities and an increase in bilirubin content as well as a decrease in albumin content. Mice treated with
PZQ showed amelioration in liver functions similar conclusion was recorded by Tawfeek et al. (2019),
which was reflected based on a significant decrease in MDA content, a significant increase in ɤ-GT
content as well as SOD and CAT activities. Also, significant decrease in CRP, IL-6, VCAM-1, and ICAM-1
contents were observed when compared with the infected group. Consequently, significant decrease in
P53, Bax, Cyt C, caspase 9, 3, and a significant increase in Bcl-2 were observed compared with the +ve
control group.

Similar data were recorded by Giri and Roy (2016) who clarified that the PZQ drug regulated oxidative
stress markers and inflammatory markers. They considered NF-kB and TGF-β1 which were potential
biomarkers for regression of hepatic fibrosis with activation of the related signal pathway of apoptosis
which show up-regulation of caspase-3 and P53 markers expression. More obviously, a significant
reduction in DNA damage using comet assay in the PZQ group in comparison with the +ve control group.

3.12. Explanation of the effect of Ficus carica nanoparticles on hepatic tissues

The observed data showed the same opinion as Hassan et al. (2023); who used Silymarin which has
flavonoids, phenolic compounds, organic acids, and vitamin E as fig plant. Its phytochemicals have a
hepatoprotective effect by increasing albumin and total protein that represented the synthetic function of
liver; it was responsible for their antioxidant properties that aided in preventing and treating oxidative
stress related to hepatic diseases (Lugrin et al., 2014).

Formononetin (one of the phytochemicals of F. carica) was observed to have a positive effect, as it
increased the activity of antioxidant enzymes, and reduced the levels of pro-inflammatory markers (TNF-
α, IL-1β, & IL-6) and NLRP3 inflammasome pathways (Wang et al., 2018). These results were matched
and concluded by Hu et al. (2022); Ficusdubia phytochemicals especially phenolic compounds which are
rich in Ficus carica could suppress the growth and induce apoptosis. The leaves have been shown to
regulate the release of Cyt C from mitochondria by affecting the permeability of the mitochondrial
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membrane. The data evaluated the expression of Bcl-2 (it controlled mitochondrial membrane
permeability) and Transcription Factor 53 (TP53), which essentially up-regulate the pro-apoptotic genes
(e.g., Bax, Bak, Fas, etc.) and down-regulate the anti-apoptotic genes (e.g., Bcl-2, Bcl-xL).

The F. carica-NPCs group showed a significant reduction in DNA damage compared with the infected
mice; it appeared in DNA tail length, (%) tail DNA and tail moment, these results were matched with
Azqueta and Collins (2016) suggested that polyphenols of
F. carica had a protective effect against chromosomal aberrations.

3.13. Explanation of the effect of silver nanoparticles on hepatic tissues

Observations of this thesis similar to these results were also recorded by Reshi et al. (2017) who
explained that Ag-NPCs may restore the GSH in the liver. Alleviated activities of adenosine
triphosphatase (ATPase), glucose-6- phosphatase (G6Pase) and antioxidant enzymes. that was
explained by Alkhalaf et al. (2020). They assigned their data as anti-inflammatory impact and the role of
Ag-NPCs in the process of healing wounds through lowering the levels of tumor necrosis factor (TNF-α),
interferons, and interleukin 1, that regulate apoptosis-related genes (caspase-3, Bax, and Bcl-2).

Fehaid and Taniguchi (2019) observed that Ag-NPCs could decrease the TNFα-induced DNA damage
response by reducing the surface expression of tumor necrosis factor receptor 1 (TNFR1), which in turn
decreased TNF-α signal transduction with a decrease in inflammation. This observed a significant
reduction in the Ag-NPCs group compared to the +ve control group.

3.14. Explanation of the effect of Ficus carica loaded on silver nanoparticles on hepatic tissues

The illustrated data of F. carica-Ag NPCs showed similar data also recorded by Al-Olayan et al. (2016);
who used Ceratonia siliqua pod extract (CPE) which contains most phytochemicals of F. carica as
flavonoids, phenols, and tannins; which could restore the activities and expression levels of these
antioxidant enzymes by ameliorating CAT and GSH activities for protection from free radicles. Also, they
could decrease TNF-α, IL-6, IKKα/β, and NF-κB contents as anti-inflammatory action.

Moreover, Ag-NPCs could lower the levels of TNF-α, interferons, and interleukin-1 therefore F. carica-Ag
NPCs has a hepatoprotective effect by regulating the programmed cell death. In the present study, the F.
carica-Ag NPCs group showed a significant reduction in DNA damage in comparison with the +ve control
group. The combined phytochemical nanoparticles F. carica and Ag-NPCs showed better amelioration.

Conclusion
The present study proved that the F. carica-NPCs and F. carica-Ag NPCs have protective and ameliorative
effects on oxidative stress markers, inflammatory markers, apoptotic markers, DNA damage, and liver
function tests compared with positive control that can enable the hepatic tissue to restore its normal
healthy function. It has been shown that the nano samples in the prevention model showed a better
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improvement than the PZQ drug in the treatment model and this is what it noted that when using nano
samples as a treatment will make the results more preferable 
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Figures

Figure 1

The experimental preparation of Ficus carica nanoparticles

Figure 2

The experimental preparation of silver nanoparticles
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Figure 3

Characterization of F. carica-NPCs as A: Zeta potential and B: Size of nanoparticles
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Figure 4

Characterization of Ag-NPCs as A: Zeta potential and B: Size of nanoparticles

Figure 5

Characterization of F. carica-Ag NPCs as A: Zeta potential and B: Size of nanoparticles
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Figure 6

The recovered worms burden in control and different mice groups
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Figure 7

Ova count of control and different mice groups
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Figure 8

Egg developmental stages% of control and different mice groups
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Figure 9

(A-F) Scanning electron micrographs of Schistosoma mansoni couple recovered from positive control
group

Fig. 9A: Whole mount of male (M) and female (F) couple.
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Fig. 9B: Magnified ventral view of the anterior third in Fig. 9A showed normal oral sucker (OS) and ventral
sucker (VS).

Fig. 9C: High magnified view in the anterior third of female in Fig. 9A showed normal tubercles (Tu) with
spines (S). Appearance of dome (DP), hemispherical (HP), fungiform (FP) and cratered (CrP) papillae.

Fig. 9D: The whole mounts of the female (F) appeared normal.

Fig. 9E & 9F: High magnification of the anterior third and posterior third in the female body beard normal
tegmental spines (S). Note: Maculated papillae (MP) and cratered papillae (CrP) appeared on tegument.
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Figure 10

(A-H) Scanning electron micrographs of Schistosoma mansonimale recovered from mice treated with
praziquantel group

Fig. 10A: Male (M) and female (F) worms in copulation.
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Fig. 10B: Whole mount of coiled male (M) worm.

Fig. 10C: Magnified view of Fig. 10B; in the anterior third showed highly flattened triangular-shaped oral
sucker (OS) and pulled shrinkage ventral sucker (VS).

Fig. 10D: High magnification of dorsal tegument highly corrugated showed peeling (P) and erosion (E).

Fig. 10E: Highly magnified (end third) of Fig. (10C) as red arrows showed deformed tegument with
erosion (E) as continuous lines that resulted from peeling (P).

Fig. 10F: The male worm (M) appeared coiled.

Fig. 10G: Dorso-lateral surface of Fig. 10F; it observed naked tubercles (Tu) which appeared like blebs.

Fig. 10H: High magnification of Fig. 10A showed a peeled ventral surface (P) of the female tegument
that had eroded areas (E).
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Figure 11

(A-F) Scanning electron micrographs of Schistosoma mansonicouples recovered from mice protected by
Ficus carica leaves extract nanoparticles group

Fig. 11A: The whole mount of the male (M) carrying the female (F) inside a completely opened
gynaecophoric canal (GC). Note: The couples had elongated bodies.
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Fig. 11B: The female (F) appeared peeled and shrinkaged inside opened the gynaecophoric canal (GC).
Note: Appearance gynaecophoric canal spines (S).

Fig. 11C: The appearance of highly elongated couples’ bodies illustrated twisting in the middle third.
Note: An opened male (M) carrying the female (F) in gynaecophoric canal (GC).

Fig. 11D: Dorsal view of male showed deformed suckers; shrunk oral sucker (OS) and flabby ventral
sucker (VS).

Fig. 11E: A magnified view of Fig. 11C showed deformed peeled (P) tegument with damaged tubercles
(Tu) like-blebs. Note: Presence of cratered papillae (CrP) between tubercles.

Fig. 11F: High magnification of Fig. 11E showed flattened appearance of tubercles that appeared naked
(Tu) on peeled (P) tegument.
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Figure 12

(A-K) Scanning electron micrographs of Schistosoma mansoni couple adult worms recovered from mice
protected by silver nanoparticles group 

Fig. 12A: The couple showed elongated partially coiled male (M) body. The gynaecophoric canal (GC)
had a highly open appearance carrying female (F) inside. 
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Fig. 12B: A magnified view of Fig. 12A in the anterior third showed tegument bearing tubercles (Tu), oral
sucker (OS) and ventral sucker (VS) appeared shrinkage. Note: The female (F) body exited from opened
male’s gynaecophoric canal (GC).

Fig. 12C: A magnified view of Fig. 12A showed shrinkage of body tegument with peeling appearance in
both; female (F) and male (M). Note: Oral sucker (OS) and ventral sucker (VS) had shrinkage indulged
architecture. 

Fig. 12D: High magnification showed alteration in tegmental layer; deformed naked tubercles with loss of
spines (Tu), peeling (P) and erosion (E).

Fig. 12E: Another male (M) and female (F) in the copulation position had twisting that showed protrusion
of the female body from the gynaecophoric canal (GC). Note: Swollen of the male body was remarkable.

Fig. 12F: Magnified view of Fig. 12E showed a ventrolateral side (anterior third) in the male body with a
deformed pulled shrinkage oral sucker (OS) and swollen ventral sucker (VS). Note: Tubercles (Tu)
appeared like spots.

Fig. 12G: Magnified view through the second third in male (M) body showed protrusion of female (F)
from the copulatory canal. Tubercles (Tu) appeared as blebs. Note: Deformed peeled (P) tegument of a
female with absence of spines.

Fig. 12H: High magnification of male body showed erosion (E) of tegument; deformed tubercles (Tu)
without spines and appearance of dome papillae (DP) in between tubercles.

Fig. 12I: The male (M) and female (F) couple had an extremely elongated body with semi-opened
gynaecophoric canal (GC). 

Fig. 12J: High magnification of dorsolateral surface showed eroded (E) tegument; mostly naked
tubercles (Tu). Note: Appearance of hemispherical papillae (HP).

Fig. 12K: High magnified view of the inner surface (IS) of the gynaecophoric canal (GC) showed a
deformed corrugated surface with minute spines (S).
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Figure 13

(A-H) Scanning electron micrographs of Schistosoma mansoni couple recovered from mice protected by
Ficus carica loaded on silver nanoparticles group 

Fig. 13A: Whole mount of elongated, partially coiled conjugated male (M) and female (F). 



Page 38/45

Fig. 13B: The magnified view in the anterior third of Fig. 13A showed a coiled male body (M) and
emerged female (F). 

Fig. 13C: The magnified view of Fig. 13B showed a protruded shrunk female body (F) from the
gynaecophoric canal (GC), and in the tegument had erosion (E).

Fig. 13D: High magnification of tegument in anterior third showing highly deformed tegument with
erosion (E), peeling (P), and damaged tubercles (Tu) without of spines that appeared naked. Note:
Appearance of hemispherical papillae (HP). 

Fig. 13E: Dorsal magnified view at last third showing that the tegumental surface of the male appeared a
leaf-like shape with naked tubercles (Tu). Note: The gynaecophoric canal (GC) was opened till the end of
the body.

Fig. 13F: Whole mount of highly elongated twisted male body (M) bearing female body (F). Note: The
gynaecophoric canal had partially opened appearance.

Fig. 13G: Magnified view of Fig. 13F in the middle third of the couple’s body showing protruded swollen
female body (F) with peeled (P) tegument. Note: Presence of erosion (E) in some areas of tegument.

Fig. 13H: Magnification of ventral side of posterior third of couple body of Fig. 13F showing closed
gynaecophoric canal (GC). Note: Erosion (E) of tegument with naked tubercles (Tu) caused by peeling
(P).
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Figure 14

Antioxidant and oxidative stress biomarkers in control and all other tested mice groups; (A) GSH
(Reduced glutathione), (B) SOD (Superoxide dismutase), (C) CAT (Catalase) and (D) MDA
(Malondialdehyde)
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Figure 15

Inflammatory markers in control and all other tested mice groups; (A) CRP
(C-reactive protein), (B) IL-6 (Interleukin-6), (C) VCAM-1 (Vascular cellular adhesive molecule-1) and (D)
ICAM-1 (intercellular adhesion molecule-1)
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Figure 16

Hepatic apoptotic and anti-apoptotic markers in control and all other assessed mice groups; (A) P53, (B)
Bax, (C) Bcl2, (D) cytochrome C, (E) caspase 9 and (F) caspase 3
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Figure 17

Photomicrographs of DNA damage of all studied groups (Scale bar = 100 µm)
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Figure 18

(A, B & C) showed the different hepatic DNA damage; Tail length, tail DNA and tail moment
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Figure 19

Liver function parameters in all assessed mice groups; (A) ALT (Alanine aminotransferase), (B) AST
(Aspartate aminotransferase), (C) ALP (Alkaline phosphatase), (D) ɤ-GT (Gamma glutamyl transferase),
(E) albumin and (F) bilirubin
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