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Abstract

Background: There is a great need for novel strategies to overcome the high mortality associated with invasive pulmonary aspergillosis (IPA) in
immunocompromised patients. To evaluate the antifungal and antihepatotoxic potentials of Sepia ink extract, its effect on liver oxidative stress levels
was analyzed against IPA in neutropenic mice using amphotercin B as a reference drug.
Materials and Methods: Eighty neutropenic infected mice were randomly assigned into four main groups. The 1st group was treated with saline,
neutropenic infected (NI), the 2nd group was treated with ink extract (200 mg/kg) (IE) and the 3rd group was treated with amphotericin B (150 mg/kg)
(AMB) and 4th group was treated with IE plus AMB. Treatment was started at 24 h after fungal inoculation (1×109 conidia/ml).
Results: The present study revealed good in vitro and in vivo antifungal activity of IE against A. fumigatus. IE significantly reduced hepatic fungal
burden and returns liver function and histology to normal levels. Compared with the untreated infected group, mice in the IE, AMB, and IE+ AMB
groups had increased glutathione reduced (GSH) and superoxide dismutase (SOD) and significantly reduced malondialdehyde (MDA) levels at 24 and
72 h after inoculation with A. fumigatus conidia.
Conclusion: It is then concluded that in combination with antifungal therapy (AMB), IE treatment can reduce hepatic fungal burden, alleviate hepatic
granulomatous lesions and oxidative stress associated with IPA in neutropenic mice
.
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Introduction

Aspergillus fumigatus is the most ubiquitous of the airborne saprophytic fungal pathogens in immunocompromised patient in developed
countries (Latgé, 2001). Aspergillus fumigatus is a mold that causes severe pulmonary infections in humans, such as invasive pulmonary
Aspergillosis (IPA) (Obar et al., 2013). Invasive pulmonary aspergillosis (IPA) is a major cause of morbidity and mortality in immunocompromised
patients, particularly in those with hematological malignancies (Zhao et al., 2010; Russo et al., 2011). IPA is particularly prevalent in patients with
neutropenia, the most common and best-characterized risk factor for IPA (Becker et al., 2003). Aspergillus fumigatus is the major cause of IPA (Marr
et al., 2002). A. fumigatus are opportunistic pathogens of humans that can cause primary invasive lung infections and disseminate to other organs
(Vadlapudi, 2011). A. fumigatus has angioinvasive properties and frequently disseminate from the primary lesions, usually the lung, to a variety of
organs including the liver via hematogenous spread (Bai et al., 2012). Liver failure was reported to occur in severely immunocompromised patients
with IPA ( Russo et al., 2011 ; Wu et al., 2012).

Part of the virulence of A. fumigatus was with its ability to produce the well-known secondary metabolite gliotoxin (GT), a mycotoxin
readily detected in invasive aspergillosis, which was proven to has immunosuppressive and apoptotic activities in the host (Pahl et al., 1996; Lewis et
al., 2005; Stanzani et al., 2005). Accordingly, GT was shown to be produced during the infection process and was detected in lungs and sera of mice
and also humans infected with A. fumigatus (Kupfahl et al., 2006). Theoretically, the release of GT by Aspergillus during growth in tissues could aid
the evasion of the fungus via the innate and professional effector immune cells (Lewis et al., 2005).

Oxidative stress represents one of the key pathogenetic mechanisms in the development of IPA (Morcillo et al., 1999). Reactive oxygen
species (ROS) are essential components of the defensive mechanism against fungus infection (Ibrahim-Granet et al., 2003; Xu et al., 2009).
Aspergillus fumigatus conidia are continuously inhaled and small enough to reach the lower parts of the respiratory tract. In the immunocompetent
host such spores are supposed to be rapidly engulfed and eliminated by macrophages which reside within the alveoli (Latge´, 1999). Establishment of
IPA occurs in immunocompromised patients as the fungus escapes from the alveolar macrophages and invades tissues (Latgé, 1999). Under conditions
in which A. fumigatus conidia escape from phagocytosis, they germinate to form hyphae and are then phagocytosed by the second line of defense, the
neutrophils (Dagenais and Keller, 2009). Both macrophages and neutrophils mediate powerful fungicidal effects on A. fumigatus by producing

reactive oxygen species (ROS), such as H
2
O

2
, hydroxyl radical (HO

-

), and superoxide anions (O
2

-

) (Chauhan et al., 2006). High levels of ROS in

macrophages can result in cell death by causing DNA damage, lipids peroxidation, and protein inactivation which play a significant role in the host
response to A. fumigatus (Chauhan et al., 2006).

Over the past decade, the incidence of serious infections caused by opportunistic fungal pathogens has increased dramatically due to
alterations in the immune status of patients. Therapeutic options for aspergillosis are limited, particularly so for oral formulations, with azole drugs
forming the backbone of therapy (Walsh et al., 2008). Many patients that develop resistant infections fail treatment, so resistance is an important factor
in the outcome of these cases (Howard et al., 2009). Azole resistance has predominantly been reported for A. fumigatus. Unfortunately, the
widespread use of triazole antifungal agents to combat these infections has led to the emergence of clinically significant drug resistance (Vadlapudi,
2011). Although amphotericin B remains the standard therapy, a successful outcome is achieved in only 34% of patients (Denning, 1996). The success
of treatment depends on many factors, most importantly on the response of the underlying disease to therapy (Denning, 1996). The majorities of
patients with invasive aspergillosis who die during treatment with amphotericin B are persistently granulocytopenic due to refractory underlying
disease or receive a suboptimal dose due to amphotericin B-related nephrotoxicity (Gerson et al., 1984).
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Marine environment is an abundant source of undiscovered compounds leading to the development of new bioactive molecules with
different properties. Several marine products (animal, algae, fungi and bacteria) were screened for their bio-activities such as antibacterial, antifungal,
anticoagulant, antiviral and anti-enzyme activities (Lindequist and Schweder, 2001; Mayer and Hamann, 2004; Neifar et al., 2009; Neifar et al., 2012).
In nature, animals are provided with their own protective response against their predators, likewise marine cephalopod mollusks (squid, octopus and
cuttlefish), which have a striking defensive behavior-releasing ink when attacked. The cuttlefish Sepia officinalis relies for defense on the ejection of a
dark ink which consists of a suspension of melanin granules in a viscous colorless medium. Mollusks ink not only exhibit the anti-microbial activity, it
constitutes many classes of bioactive compounds which includes antitumor, antileukemic and antiviral activities have been reported world-wide
(Rajaganapathy et al., 2000). Caldwell (2005) proposed that the ink of cephalopods contain compounds that are capable of disrupting predator’s
chemical senses. Background research has shown that squid ink possesses a wide range of biological roles as anti-tumor effects (Xie and He, 2002;
Fahmy and Soliman, 2013), leukocyte-number elevating (Sasaki et al., 1997), anti-oxidant (Lei et al., 2007 ; Fahmy and Soliman, 2013), anti-radiation
(Lei et al., 2007), anti-retrovirus (Rajaganapathy et al., 2000), and anti-bacterial properties (Funatsu et al., 2005). It has been reported that, sepia ink
extract at the suitable concentration is able to alleviate the in vivo immunosuppression induced by cyclophosphamide in mice (Guang et al., 2009).
Also, Zhong et al. (2009) studied the protective effects of squid ink extract towards hemopoietic injuries induced by cyclophosphamine.

The current study was based on the hypothesis that combining antioxidants with classical anti-aspergillosis treatment could alleviate ROS-
induced tissue damage and thus improve the extract’s therapeutic effects. So, the present study aim to evaluate the antifungal and antihepatotoxic
effects of Sepia ink extract either alone or in combination with AMB against invasive pulmonary aspergillosis in mice.

Materials and methods
Chemicals

Amphotericin B was purchased as Fungizone (E. R. Squibb & Sons, Princeton, N.J.). Kits for aspartate aminotrasaminase (AST), alanine
aminotransaminase (ALT), malondialdehyde (MDA), glutathione reduced (GSH) and superoxide dismutase (SOD) estimations were purchased from
Biodiagnostic Company (Dokki, Giza, Egypt).

Preparation of cuttlefish ink extract (IE)

Fresh cuttlefish (Sepia officinalis) were purchased directly from a fishmonger and rapidly transferred to the laboratory where, they were
dissected and the ink was collected and diluted immediately with an equal volume of distilled water. The admixture collected immediately,
concentrated and lyophilized to a black residue using (LABCONCO lyophilizer, shell freeze system, USA).

Test organism and growth conditions

A strain of A. fumigatus was isolated from an immunocompromised patient with IPA served as the parental strain in this investigation. A
working culture of this strain was maintained on peptone yeast extract glucose (PYG: peptone 1 g; yeast extract 1 g; glucose 3 g; per liter of distilled
water) agar slants at room temperature. For the preparation of conidial suspension, a culture of A. fumigatus was grown on PYG agar for 6 days at
35°C, and the conidia were collected as described previously (Manavathu et al., 1999).

Preparation of fungal spores and evaluation of spore germination

For the germination assay, fresh conidia were re-suspended in peptone-yeast extract-glucose medium (106 conidia/ml) and incubated at 35°C
with gentle agitation (160 rpm) on a gyratory shaker. At various time intervals, 10 ml aliquots were removed and the numbers of germinated conidia
were assessed by hemocytometer counting. Percent germination was calculated and graphed against time of incubation in PYG broth. Conidia were
counted at a magnification of 400, and a total of 200 conidia per field were counted. The counting was done three times, and the mean value of these
three independent counts was used to obtain the percent germination (Manavathu et al., 1999).

To determine effect of ink extract, amphotericin B, and their combination on spore germination, conidia were allowed to germinate for 8
hours as described previously. Antifungal activity of different antifungal agents can be evaluated by spore germination assay using the slide technique
(Nair et al., 1991). Antifungal agent of desired concentration and volume are added to the surface of dried slides as a film or in a cavity of a cavity
slide. 106 conidia ml-1 of different concentrations of spore suspension (10-640 µg ml-1) of A. fumigatus are spread over the film whereas in controlled
treatment, distilled water is added in place of spore suspension. Slides are then placed on a glass rod in Petri dish under moistened conditions and
incubated at 35°C. After incubation, slides are fixed in lacto phenol cotton blue and observed microscopically for spore germination. Percentage spore
germination is calculated according to the following formula.

% Spore Germination = Germinated spores (No.) /Total Spores (No.) X 100
The effect of ink extract and amphotericin B combination (1:1) was assayed with A. fumigatus, according to the checkerboard method (Scott

et al., 1995). Hypothetical interactions occurring between the two components were determined following the calculation of the fractional inhibitory
concentration (FIC) and the fractional inhibitory index (FIX). Synergistic, indifferent and antagonistic interactions were defined, respectively, by an
FIX of < 0.5, 0.5–4.0 or > 4.0 (Scott et al., 1995).

Animals

Healthy male Mus musculus mice (weighing 20±2 g), obtained from a closed random-bred colony at the animal's house, National Research
Center). Animals were housed in polycarbonate boxes with steel-wire tops (not more than five animals per cage) and bedded with wood shavings.
Ambient temperature was controlled at 22±3 °C with a relative humidity of 50±15% and a 12-h light/dark photoperiod. Food and water were provided
ad libitum.
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Toxicity study (OECD 420):

Mus musculus mice weighing (20-25 g) were used for acute toxicity studies. The animals were divided into control and test groups containing
six animals each. Mice were administered orally with cuttlefish ink extract (IE) at dose levels of 5 g/kg (high dose) and 2 g/kg (low dose). Normal
control mice received the same amount of vehicle (distilled water) only. Animals were observed carefully for 24 hours after extract administration and
then for the next 14 days. At the end of this experimental period, animals were observed for signs of toxicity, morphological behavior, and mortality.
Acute toxicity was evaluated based on the number of deaths (if any). Acute toxicity was calculated as per OECD guidelines 420 (Fixed dose method)
(Vanden Heuvel et al., 1990; Whitehead and Curnow, 1992).

Immunosuppression

Neutropenia was induced by intraperitoneal (i.p) administration of 150 mg·kg-1·d-1 cyclophosphamide (Sbaraglia et al., 1984), 72 hours
before fungal inoculation. Animals of control (20 mice) (injected by saline, i.p, for 72 hs) and neuropenic groups (80 mice) were kept under strict
hygienic conditions and were observed daily until the end of the study. At this time point, the mice were at an immunocompromised state, as
determined by decrease in the number of white blood cells (WBC) and reduction in the body weight. Protocol was approved by the Cairo University,
faculty of Science Animal Care and Use Committee (IACUC) (Egypt), and all the experimental procedures were carried out in accordance with
international guidelines for care and use of laboratory animals.

Murine model of invasive pulmonary aspergillosis (IPA)

A strain of A. fumigatus was isolated from an immunocompromised patient with IPA. The fungus was cultured on Sabouraud agar and
conidia were harvested in sterile saline. Preparation of a microscopically confirmed, hyphae-free conidial suspension was performed as previously
described (Leenders et al., 1996). On day 0, all neutropenic mice were infected with conidia of A. fumigatus, a suspension of 1×109 conidia/ml was
then prepared prior to inoculation. Each inoculums consisted of 0.025 ml of suspension (106 conidia) administered by intranasal instillation, using a 1
cc insulin Syring, under light isofurane anesthesia.

Design of the experiment

Eighty neutropenic infected mice were randomly assigned into four main groups (20 mice/group). The 1st group was treated with saline,
neutropenic infected (NI group), the 2nd group was treated with ink extract (200 mg/kg) (IE) and the 3rd group was treated with amphotericin B (150
mg/kg) (AMB group) and 4th group was treated with ink plus amphotericin B (IE, 200 mg/kg and AMB,150 mg/kg) (IE+AMB group) (Fig. 1).
Treatment was started at 24 h after fungal inoculation.

Animals handling

Animals were euthanized under isofurane after 24 h and 72 h post-inoculation and after being fasted over night; blood was collected in
EDTA and centrifuge tubes for hematological and biochemical parameters. Liver was removed and immediately blotted using filter paper to remove
traces of blood and then divided into two parts, the first part stored at –80°C. While, the second part was suspended in 10% formal saline for fixation
preparatory to histological processing. Part of the frozen liver tissues were shipped to micro analytical centre, Faculty of science, Cairo University in
frozen state. Upon receipt, the samples were kept frozen (- 20°C) until used for analysis of gliotoxin.

White blood cells count

White blood cells count (WBCs) was measured by HEMAVET multispecies hematology system-HV950FS (Drew Scientific, Dallas, TX)
per the manufacturer’s instructions.

Sample Preparation
Serum Preparation

Blood samples collected in centrifuge tubes were centrifuged at 3000 rpm for 20 minutes. Serum was stored at –20oC until used for
biochemical assays.

Liver Tissue homogenate Preparation

Liver was homogenized (10% w/v) in ice-cold 0.1 M phosphate buffer (pH 7.6). The homogenate was centrifuged at 3000 rpm for 15 min
at 4o C and the resultant supernatant was used for different oxidative stress markers. The sediment of the homogenates was then cultured on potato
dextrose agar plates .

Histopathological Preparation

The fixed liver tissues were sectioned (5-micron thickness) and sections firstly stained with basic dyes, hematoxylin and Eosin (H&E)
according to Conn (1946) procedure and photomicrographs developed (x 400) as shown below.

Assessment of fungal load in liver tissue

For tissue burdens, aliquots of tissue were semi-quantitatively cultured on potato dextrose agar plates using serial 10-fold colony count
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dilutions. Plates were placed in an incubator at 37°C until colonies could be counted. The undiluted homogenate was saved at 4°C until initial cultures
were counted. When the undiluted homogenate had no counts, the entire organ homogenate was cultured. Counts were expressed as cfu/organ.

Assessment of gliotoxin in liver tissue

Extraction of glotoxin from infected liver tissue was performed according to method described by Richard and DeBey (1995). Briefly, liver
sample was macerated in a plastic bag as much as possible with mallet then was transferred with 5 ml of distilled water to TenBroek tissue
homogenizer. The sample was homogenized and 10 ml 6N HCl was added to homogenate on a shaker for 30 min. The mixture was extracted with 200
ml of chloroform passed through 5 g sodium sulfate and filtered through No. 580 glass filter. The elute was transferred to round bottom flask and dried
on rotavap at 30 °C. 10 ml syringe was attached to silica column then column was rinsed with 4 ml hexane using vacuum and 8 ml hexane were added
to reservoir. round bottom was rinsed, from above, 4X with 1ml each of CHCl3 and hexane was added in column reservoir. Sample was drown
through column and rinsed with 12 ml hexane and 12 ml hexane: diethyl ether (1:1, v/v). Gliotoxin was eluted with 15 ml ether: acet24 h (95:5, v/v) in
25 ml beaker and evaporated under stream of nitrogen at 30 °C. Sample was quantitively transferred to 0.5 dram vial using ether: acetone 24 h (95:5,
v/v) and the solution in the vial was dried. Samples were then analyzed by TLC.

Assessment of biochemical parameters

The appropriate kits (Bio-Diagnostic, Dokki, Giza, Egypt) were used for the determination of serum aminotransferase enzymes activities
(AST and ALT) according to (Reitman and Frankel, 1957).

Assessment of oxidative stress markers

Oxidative stress markers were detected in the resultant supernatant of liver homogenate. The appropriate kits (Biodiagnostic kits,
Biodiagnostic Dokki, Giza, Egypt) was used for the determination of malondialdehyde (MDA) (Ohkawa et al., 1979), glutathione reduced (GSH)
(Aykaç et al., 1985) and superoxide dismutase (SOD) (Nishikimi et al., 1972).

Statistical method

All data are expressed as means ± SEM. In general, the data were analyzed by two-way ANOVA followed by the Bonferroni test and
Duncan’s multiple range test. Student’s t test was used when only two data groups were compared with each other. P-value of < 0.05 was considered
as statistically significant. All calculations were performed using GraphPad Prism software 5.01 (La Jolla, CA, USA).

Results

Table 1 summarizes the minimum inhibitory concentrations (MICs) of ink extract, amphotericin B, and their combination. The data revealed
that A. fumigatus isolate used in this study was susceptible to antifungal drugs. The antifungal potency of all treatments varies significantly.
Amphotericin B seemed to be the most effective antifungal drug with the lowest MIC value 80 µg ml-1 followed by ink extract (MIC 320 µg ml-1)
whereas their combination was relatively weak antifungal drug to A. fumigatus growth (MIC 1280 µg ml-1). The interaction between amphotericin B
and ink extract was antagonistic for A. fumigatus isolate. For the antagonistic interactions the concentrations of ink extract and amphotericin B in the
combination were 1:1. As shown in Figure 2, the germination of A. fumigatus conidia at 35°C in PYG broth was a multistep process. During the initial
4 h of incubation, the conidia underwent a significant increase in volume till reach 100% germination after 8 hours. The fungicidal activities of ink
extract (IE) and / or amphotericin B(AMB) against germinated conidia of A. fumigatus are shown in Table 1.

Table 1: (Antimicrobial activities of ink extract (IE) and / or amphotericin B (AMB) against Aspergillus fumigatus:)

Spore germination (%)Concentration gradient (µg ml-1)

A B C Effect

0 (Control) 100a±0.3 100a±0.8 100a±0.6 -

10 96b±0.6 87c±0.4 98a±1.2 Antagonistic

20 85b±0.1 73c±1.0 89a±1.0 Antagonistic

40 79b±0.5 62c±0.9 82a±0.9 Antagonistic

80 60b±0.2 36c±0.6 66a±0.5 Antagonistic

160 45b±0.1 0c±0.0 50a±1.0 Antagonistic

320 33b±0.4 0c±0.0 37a±0.2 Antagonistic

640 0b±0.0 0b±0.0 32a±0.1 Antagonistic

1280 0a±0.0 0a±0.0 0a±0.0 indifferent

A: Spore germination percentage that occurred of IE. B: Spore germination percentage that occurred of AMB. C: Spore germination percentage that
occurred when IE and AMB are used together (1:1).Data are presented as mean ± SEM (n=3 in each group).The means followed by same letter in the
same raw are not significantly different according to ANOVA and Duncan’s multiple range tests.
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Table 2. Liver gliotoxin concentration in mice with invasive pulmonary aspergillosis (IPA) treated with Sepia officinalis ink extract (IE) and
Amphotericin B (AMB).

Sample no. Neutropenia Infection Treatment Post inoculation
period (hrs.)

Gliotoxinconcn.
(µg/ g liver)

1 Yes Yes Saline 24 5374b±3.1
2 Yes Yes Saline 72 6172a±2.8
3 Yes Yes IE 24 3221c±1.7
4 Yes Yes IE 72 2010f±2.0
5 Yes Yes AMB 24 2100e±1.9
6 Yes Yes AMB 72 1030h±0.9
7 Yes Yes IE and AMB 24 2623d±1.4
8 Yes Yes IE and AMB 72 1324g±0.8

Data are presented as mean ± SEM (n=3 in each group). The means followed by different letters in the same column are significantly different
according to ANOVA and Duncan’s multiple range tests.

Table 3: Effect of Sepia officinalis ink extract (IE) and Amphotericin B (AMB) on AST and ALT activities in neutropenic mice with invasive
pulmonary aspergillosis (IPA).

Data are presented as mean ± SEM (n=5 in each group). a: Significantly different from infected untreated group at p<0.05.b: :Significantly different

from AMB treated group at p<0.05.

Induction of IPA in neutropenic mice

A neutropenic mice model was successfully established, as evidenced by a median white blood cell count of (6.02±0.92)×108/L, as compared
with 2.3±1.2×109 in normal mice. Liver sections of untreated showed normal hepatic lobular architecture with hepatocytes arranged in thin plates. The
portal tracts were within normal limits and contained arteries, veins and bile ducts. The hepatocytes contained rounded, regular nuclei with
lymphocytes scattered between hepatocytes and the sinusoids. Moreover, no hydropic, steatotic, feathery or ballooning changes, degeneration or
apoptosis were observed (Fig 3 a&b). Liver response to infection was characterized with necrosed hepatocytes infiltrated and prominent Kuppfer cells
with microabscesses, composed mainly of neutrophils (Fig 3c). Large rmicroabscesses were found at day 3 (Fig 3d). Compared to the infected
untreated group, treatment with AMB (150 mg/kg) or IE (200 mg/kg) at 24 h or incombination reduced the sizes of the microabscesses (Fig 3e&h).
Moreover, we observed normal hepatic parenchyma in groups treated with IE (200 mg/kg) at 24 and 72 hs post-inoculation in comparison with groups
treated with AMB at 24 h or in combination with IE (Figure 3g&h).

Estimation of fungal load in liver tissue

Figure 4 shows the microbial burden in the autopsied livers. Liver cultures had minimal fungal load in AMB-group. Mean burden of fungal
organisms in the livers (cfu/g liver tissue) after 72 hs of inoculation was 205× 106 (IPA group), 66 × 106 (IE group), 34 × 106(AMB group), and 56×
106 (AMB+IE). Compared with IPA group; IE-treated, AMB-treated, and AMB+IE-treated animals had a 67.80%, 83.41%, and 72.68% reduction in
fungal burden, respectively.

AST (U/ml) ALT (U/ml)Groups
24 h 72 hs 24 h 72 hs

Infected untreated group 156.8 ± 8.37 147.6 ± 2.15 112 ± 1.64 112.4 ± 4.13

AMB group 73.4 ± 5.48a 85.8 ± 4.56a 87.4 ± 2.83a 85.2 ± 9.47a

IE group 87.4 ± 7.97a 92.2 ± 3.96ab 65.2 ± 3.42a 68.4 ± 12.86a

IE + AMB group 70.6 ± 7.31a 64.8 ± 10.37a 91 ± 8.34 93 ± 5.87
ANOVA Two way

Treatment p<0.0001 p<0.0001
Time NS NS

Interaction
(treatment X time intervals)

p<0.01 NS
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Table 4: Effect of Sepia officinalis ink extract (IE) and Amphotericin B (AMB) on some hepatic oxidative stress markers in neutropenic mice
withinvasive pulmonary aspergillosis (IPA).

Data are presented as mean ± SEM (n=5 in each group). a: Significantly different from infected untreated group at p<0.05.
b: Significantly different from AMB treated group at p<0.05.

Detection of gliotoxin in liver tissue

Gliotoxin was found in liver tissue samples from all mice inoculated with A. fumigatus (Table 2). It is obvious from the results that
concentration of gliotoxin in liver tissues varies significantly in all samples according to treatment type and days after inoculation. The highest
concentration of gliotoxin was recorded in sample No. 2 in which mice were infected with A. fumigatus conidia and didn't subjected to any treatment
while the lowest concentration was observed in sample No. 6 where mice were treated with a amphotericin B for 72 hs. It is also clear from the results
that in sample No. 8 where combination treatment was used the concentration of gliotoxin significantly decreased as compared with infected group but
the reduction is less than that when amphotericin B used separately.

Toxicity study (OECD 420)

Oral administration of IE at the higher dose (5 g/kg body weight) caused mortality in the first 24h. At the limiting dose (2 g/kg body
weight) of IE, there was no mortality and the mice did not show any sign of toxicity in the first 24h or during the experiment. The single lethal dose of
IE that kills half of the animals (LD50) was therefore taken as above 2000 mg/kg, P.O. The median effective dose (ED50) was selected based on the
proposed LD50 obtained from the acute toxicity study. This dose was considered one tenth of the proposed LD50 (200mg/kg body weight, P.O).

Effect of the IE or/and AMB on serum aminotransferase enzymes (AST& ALT)

As shown in Table 3, the serum AST activity of mice was significantly (P< 0.05) decreased after 24 h and 72 hs of treatment, the
neutropenic infected mice with the ink extract (IE) (200 mg/kg body weight i.p), amphotericin B (AMB) (150 mg/ kg body weight i.p), and their
combinations (IE + AMB), as compared with infected untreated mice. Meanwhile, IE treatment only for 72 hs induced significant (P< 0.05) decrease
in the serum AST activity, as compared with the corresponding AMB treated mice (Table 3). Serum ALT activity of IE group was significantly (P<
0.05) lower than the infected untreated mice after both time periods of treatment. Meanwhile, AMB treatment at the selected periods of time was
found to cause significant (P< 0.05) decrease in the serum ALT activity, as compared to the infected untreated mice (Table 3). However, combined
treatment with IE and AMB insignificantly changed the activity of serum ALT, as compared to the infected untreated or AMB groups.

MDA SOD GSHGroups

24 h 72 hs 24 h 72 hs 24 h 72 hs

Infected untreated 26.45 ± 0.72 21.43 ±

1.16

24.28 ± 1.25 21.92 ± 1.18 11.74 ±

0.46

8.92 ± 0.94

AMB group 7.28 ± 0.71a 5.56 ±

0.36a

38.1 ± 2.37a 45.96 ± 1.80a 19.52±1.18a 24.74±2.45a

IE group 5.36 ± 0.31a 5.38 ±

0.61a

41.52 ± 2.64a 37.68 ± 2.36ab 24.22±2.40a 29.66±0.94ab

IE + AMB group 5.86 ± 0.41a 8.68

±0.45ab

48.02 ± 2.85ab 47.24 ± 1.71a 24.26±0.72a 21.59 ±1.13a

ANOVA Two way

Treatment p<0.0001 p<0.0001 p<0.0001

Time p<0.05 NS NS
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Figure 3: Haematoxylin and eosin stained liver sections from (a & b) uninfected untreated mouse showing normal hepatic architecture and normal
hepatocytes; (c) infected untreated mice (24 h post-inoculation) showing small focal mononuclear cells infiltration (arrow); (d): infected untreated
mice (72 hs post-inoculation) showing large focal area of necrosed hepatocytes infiltrated and replaced by mononuclear cells infiltration (arrows); (e):
infected treated with AMB (150 mg/kg) showing severely degenerated hepatic cells at 24 h post-inoculation (arrows); (f): infected treated with
AMB (150 mg/kg) showing massive necrosed hepatic cells at 72 hs post-inoculation (arrows); (g &h): infected treated with IE (200 mg/kg) (24 h and
72 hs post- inoculation, respectively) showing apparently normal histology of hepatic parenchyma; (I): infected treated with AMB (150 mg/kg) + IE
(200 mg/kg) (24 h post-inoculation) showing leucocytic cells permeate the central vein (arrow) and blood sinusoids (Arrow head); (j): infected
treated with AMB (150 mg/kg) + IE (200 mg/kg) (72 hs post-inoculation) showing leucocytic cells permeate the portal tract (arrow) (400X).
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Effect of the IE or/and AMB on liver oxidative stress markers
liver malondialdehyde (MDA)

Liver MDA levels of IE, AMB, and IE + AMB groups were significantly (P< 0.05) decreased after 24 h and 72 hs of treatment, as compared
with the infected untreated group (Table 4). Meanwhile, significant decrease (P< 0.05) was noticed in the level of liver MDA only after 72 hs of
combined IE and AMB administration, as compared to the corresponding AMB group.

Liver glutathione reduced (GSH)

Table 4 shows that, treatment with IE, AMB, and IE+ AMB for 24 h and 72 hs significantly (P< 0.05) increased the liver GSH levels, as
compared with the infected untreated group (Table 4). Additionally, the liver GSH level of IE group was significantly (P< 0.05) higher than that of
AMB group only after 72 hs of treatment.

Liver superoxide dismutase (SOD)

Liver SOD activities of all experimental groups at the two selected time periods were significantly (P< 0.05) higher than those of the
infected untreated group (Table 4). However, in comparing with AMB group, the liver SOD activity of mice treated with IE for 72 hs and IE+ AMB
for 24 h were only statistically of higher significant (P< 0.05).

Discussion

Invasive pulmonary aspergillosis (IPA) is one of the most frequent life-threatening fungal infections in immunocompromised patients, with
a reported mortality rate of approximately 60% (Mucha et al., 2013). In the present study, invasive pulmonary aspergillosis (IPA) pathogenesis was
induced by the intranasal instillation which, best mimics the natural route of infection in humans, in whom the lung is the primary target organ
following conidia inhalation, especially during immunosuppression (Pasqualotto, 2008). At the site of infection, alveolar macrophage and
polymorphonuclear cells, cellular components of innate defense of the lung cooperate to control and eliminate the fungus in the airways. Macrophages
eliminate conidia, and protection against the hyphal form is mediated by polymorphonuclear (Dagenais and Keller, 2009).

Recently, Aspergillus fumigatus was demonstrated as it disseminated to liver following intravenous injection causing an intense
inflammation (Mirkov et al., 2013). Moreover, A. flavus, another aspergillus species, has been reported as a potent hepatotoxic and hepatocarcinogenic
agent in humans and various animal species (Ricordy et al., 2002). Liver failure occurs in severely immunocompromised patients and is accompanied
by various infections, including IPA, is frequently fatal (Polson and Lee, 2005).

For the therapeutic strategies of IPA, murine models of aspergillosis have been used extensively in the study of antifungal drug efficacy (Xu
et al., 2009). During the course of evolution, many invertebrates have established as a selective advantage by endogenous production of protective
chemicals which may have a deleterious effect on other animals (Fahmy and Hamdi, 2011). So, the present study speculated that the ink extract (IE) of
Sepia officinalis has antifungal efficacy against IPA, because it has radical scavenging ability based on its antioxidant activity (Fahmy and Soliman,
2013). The present study demonstrated good antifungal potential of IE of Sepia officinalis as compared to amphotericin B against A. fumigatus in
vitro, as observed by a reduction in percentage of spore germination and a reduction in hepatic fungal burden. Marine mollusks are protecting
themselves from predators through their unique way; one of them is releasing ink when disturbed (Vennila et al., 2011). The antimicrobial activity of
Sepia officinalis ink extract may be attributed to the presence of active antimicrobial compounds in the extract. Our results went parallel with those
obtained by Peruru et al. (2012), who concluded that the eumelanin extracted from Sepia officinalis( cuttle fish) ink showed strong antimicrobial
activity. Our results are more or less similar to those obtained by Shrivastava et al. (2006), who documented broad antifungal efficacy of Sepia against
A. niger. Moreover, the ink extract of Sepia pharaonis showed inhibitory effect against Pseudomonas aeruginosa, Staphylococcus epidermidis,
Klebsiella pneumoniae (Nithya et al., 2011).

Aspergillus fumigatus produces a number of toxins. The most abundant mycotoxin produced by A. fumigatus is gliotoxin (GT) (Waringand
Beaver, 1996). In murine models of IPA, GT was shown to inhibit macrophage and polymorphonuclear cell function, including phagocytosis and
bactericidal activity (Watanabe et al., 2003). The results from the present work revealed that, ink extract and AMB significantly reduced the
concentration of gliotoxin secreted by A. fumigatus in the liver tissues. Our results are in harmony with those obtained by Lewis et al. (2005), who
documented that gliotoxin levels in mice with IPA reduced with antifungal therapy.

In the assessment of liver damage, the determination of enzyme levels such as serum AST and ALT is largely used. Their quantification in
plasma is useful biomarkers of the extent and type of hepatocellular damage (Pari and Murugan, 2004). Therefore, they can be measured in the serum.
High levels of serum AST indicate liver damage, such as that due to viral hepatitis as well as cardiac infraction and muscle injury. Serum ALT is
more specific to the liver, and is thus a better parameter for detecting liver injury (Williamson et al., 1996). In conjunction with the reports of
Davidson and Pappagianis (1995) and Shafiq and Al- Joofy (2010), data from the present study showed that IPA for 24 h and 72 hs, caused hepatic
damage with a significant increase in serum levels of AST and ALT. Treatment with ink extract (IE) of Sepia officinalis alone or in combination with
AMB at the tested dose significantly decreased the levels of serum AST and ALT activities, indicating maintenance of functional integrity of hepatic
cell membrane. The hepatoprotective role of IE may be due to their antioxidant effects (Fahmy & Soliman, 2013). The present study showed that, at
both 24 and 72 hours post-inoculation, microscopic examination of mice with invasive aspergilllosis revealed prominent microabcsses as well as
diffuse inflammatory cell infiltrates with foci of cellular necrosis throughout the hepatic lobule, these cellular infiltrates together with the
hepatocellular necrosis were maximal in the IPA-untreated control, while there are minimal in the AMB and IE-AMB-treated groups or absence in the
IE-treated group of these features. It has been reported that, liver abscesses result from fungus are common, the organisms reach the liver through one
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of the following pathways: 1- Ascending infection in biliary tract. 2- Vascular seeding, either portal or arterial, 3- Direct invasion of the liver from a
nearby source, or 4- a penetrating injury (Kumar et al., 2008). The magnitude of visible hepatocellular damage correlated well with the serum levels of
the liver-associated enzymes ALT and AST, which were markedly increased in the infected untreated mice. It was also reported that at later stages of
infection, the microabcesses enlarge into necrotic lesions that are poorly populated with neutrophils or monocytic cells (Zhang and Bliska, 2005).

Accumulating evidence suggests that, powerful reactive oxygen intermediates (ROS) are involved in many of the complex interactions
between the invading microorganisms and its host (Miller and Britigan, 1997). Asperigillus fumigatus conidias are phagocytosed and killed by
alveolar macrophages, using ROS (Xu et al., 2009). In apparent support of the present study, Xu et al. (2009) and Mahmoud et al. (2011) reported that
exposure to A. fumigatus for 24 h and 72 h induced significant increase in the hepatic MDA level. It has been reported that increased MDA level
suggests enhanced lipid peroxidation leading to tissue damage and failure of antioxidant defense mechanisms to prevent formation of excessive free
radicals (Park et al., 2010). Treatment with IE and/or AMB significantly decreased MDA levels, suggesting that the hepatic curative effect of them
against IPA oxidative stress- induced injury might be involved in decreasing lipid peroxide generation and stimulating antioxidant enzyme. The
present study extended the previously reported finding that, antioxidant and anti-inflammatory agents play a critical role in body protection by
scavenging active oxygen and free radicals and neutralizing lipid peroxides (Fahmy & Soliman, 2013).

Glutathione (GSH) is the most abundant non-protein thiol compound present in mammalian cells and serves many important physiological
roles, particularly as cellular antioxidant in peripheral tissue (Liu and Pravia, 2010). It acts as an electron donor in the glutathione peroxidase-catalysed
reduction of organic and hydrogen peroxides. Insufficiency in non- enzymatic antioxidant GSH following A. fumigatus infection could be the
consequence of increased utilization for trapping free radicals. The present study confirmed the finding of Thomas et al. (2009), who suggested that
enhancement of lipid peroxidation is a consequence of depletion of GSH to certain critical levels. In the present study, the reduced glutathione level
was significantly decreased in liver of IPA-untreated mice; whereas treatment of IE to IPA infected mice increased the GSH level. Furthermore, the
toxic and immunosuppressive characteristics of GT towards the host’s immune effector cells (Orciuolo et al., 2007) implied a substantial role of this
compound in fungal pathogenicity. Bernardo et al. (2003) reported that, cellular uptake of GT is GSH-dependent as GSH is suggested to be involved
in the possible detoxification of GT. It has been reported that, hepatocytes with high GSH levels rapidly and extensively metabolize GT, and proposed
metabolites are the reduced dithiol form of GT and GT-GSH conjugates (Hagens et al., 2006).

The normal sequence of events in the release of reactive oxygen intermediates by phagocytic cells is the production of superoxide anion,
which can either spontaneously or with the help of superoxide dismutase (SOD) form hydrogen peroxide (Klebanoff, 1980). A. fumigatus does not
trigger an increased release of detectable amounts of superoxide anion (Robertson et al., 1987). Our results showed a significant decrease in SOD
activity in liver of IPA-untreated group; whereas treatment of IE to IPA infected mice significantly increased the SOD activity. The present study
extended the previously reported finding that SOD activity significantly decreased following A. fumigatus infection (Xu et al., 2009). It was found that
great loss of SOD activity occurs with enhanced production of oxygen radicals by inflammatory cells (Comhair et al., 2000). SOD, a member of the
first line of defense in the antioxidant system of living cells, works at preventing the production of free radicals (Halliwell and Gutteridge, 1999).
Superfluous free radicals may damage protein and nucleic acids, and induces lipid peroxidation to produce large amounts of MDA that injures cells
and results in disequilibrium of the internal environment and diseases (Liu et al., 2011). Consequently, SOD activity and MDA levels can reflect the
antioxidant ability of body. In recent years, the antioxidant ability of squid ink was discovered (Zhong et al., 2009; Liu et al., 2011).Chen et al. (2007),
showed that melanin of squid ink, like superoxide dismutase, can catalyze O2- to H2O2, and thus avoid the free radical chain reaction triggered by O2-.
Moreover, (Zhang et al., 2003) reported that squid ink elevated SOD activity in the liver and kidney of mice in a dose-dependent manner. In
consonance with our study Liu et al. (2009) ; Wang et al. (2009); Wang et al. (2010) and Zhong et al. (2009)have reported that, squid ink up regulated
SOD activities and down regulated MDA contents in kidney, spleen, heart, lung and brain of mice. Therefore, IE-treated group showed significant
antioxidant activity when compared with the IPA-untreated groups.

In conclusion, the present study demonstrated good in vitro and in vivo activity of ink extract of Sepia officinalis against A. fumigatus. IE
significantly reduces hepatic fungal burden and returns liver histology and function to normal levels. The concomitant use of AMB with IE showed
decreased therapeutic efficacy compared with that of each drug alone. This was evidenced by the nearly complete eradication of fungi, healing of
hepatic granulomatous lesions and normalization of liver serum enzyme levels. Therefore, the IE treatment therapy may represent a cost-effective
treatment regimen in developing countries. In combination with antifungal therapy (AMB), IE treatment can reduces hepatic fungal burden, alleviate
hepatic granulomatous lesions and oxidative stress associated with IPA in neutropenic mice. Antioxidants in conjunction with antifungal treatment
may thus be a more effective means of treating IPA in neutropenic hosts.
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