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ABSTRACT

The main aim of the present work was to asses&tio and in vivo antioxidant anc
immunomodulatory activity of Azolla pinnata and four major edible fungi of Iraq (Lent
edodes, Flammulina velosa, Volvariella volvace and Pleurotus ostreatus) agairestdéate
induced oral administration in female white rats. The reducing power of the extract inc
with the increase in concentration of both Azolla and Hericium erinaceus extrac
concentration of the extracts increased from both enzymaticdsatahd peroxidase) and no
enzymatic antioxidant assays, while the concentration of 5% extract showed the |
reducing activity in all treatments.The oral administration of 15% Azolla powder and 1t
erinaceus powder restored the immune cell horasissas evidenced by the reduction in -
neutrophil to lymphocyte (N/L) ratio to 1.42 and 1.33 respectively which was close to t
the control (1.35). The administration of lead acetate alone induced significant i
dysregulation as evidenced byehted levels of prinflammatory cytokines, It6 and TNF
U at 22.41 pg/mL and 125.09 pg/mL re
significantly lower after the treatments with Azolla (6.89.87 pg/mL) and H. erinaceu
(68.89 1 55.67 pg/mL), resgctively, close to the physiological state, with the low
concentrations achieved at 15% Azolla treatment and 15% H. erinaceus treatment (7
68.89 pg/mL, respectively). Additionally, there was a significant drop in immunoglot
levels (IgA, IgG,IgM, IgE) to 1.3, 6.31, 0.42, and 31.5 g/L, respectively. These levels"
significantly elevated upon supplementation with Azolla (15%), reaching 2.68, 10.88,
and 60.71 g/L, and further increased with 15% of H. erinaceus to 3.28, 15.06, 1.86,6¥
g/L, respectively. The histopathological examination showed that the Azolla and H. erir
treatments resulted in a decrease in hepatocellular degeneration and inflammation al
recovery of hepatic lobular architecture with wedfined cellula borders, and resolution ¢
central vein necrosis and hemorrhage, which pointed to an improvement in the detoxif
function.
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Azollapinnata 9 9%xM b bu O wc KOF BLIOF p A
WwT c BIOF M wt KfF xB KOF 9 Fnpd KY B IOF

AT hcec PwmpfrpdTp bOF p 3K b 2K

PFp1WOF _ 91T pbbh w/isBprpt _ wWKFpCIOF

wH

dF T p AY IOF Agolla pifrata x U rF @R ®p WK F XxBKOF b1t pNlbhbm WP
JFHpIOF Ybi3 FKYFAKw ab chlOF _ FYT?3WOF pgFMp-
nAK WppUYKOF oY wrBTCXWF pTt1TOM ( CFpThHhbwMmp
CT bp b HerijheriraeespAM® BLMLFAFHEIES 18 bbCrph/RpF/B FpA HRCHBF € b
wYT AKH.reri@&ceul F ¥mEOBEF clUmc B O6bJIFOF XUc psL
Yr TMFYBAWF ntow YbpNIOF wIhx KfFY3sxA5£8 bph
cT WOM ndtb _ yKrpxBIKF atiAxb c¢T1p 3B 20N
n 9K ble2 5. Fp9B s H2e2B. pACKITEATIRF-@rile6 _ wyT 2F N hIObF Y
A 9pvFe oe L _H. erinaceust bMCBY 9F 2%3 wt OF 1BKOF p N~
55. 678 _ bMCulB8bHI/OBFDPIIMIKIOIF pxK FAbFCTbpt

rF XTIOMIMANKF dfF TmbBe ¢ T [OmcHlainakeugy A X fbied T
bbbl 3 d9f 17 md OB MOGH HOKW Mk K. 14D @E S3AgEDIgM g6 Igh Wt
WTFYw MNB p&GBMAHBEC Ba8% 81 i HihbIR C u(F% J 93 b T
6GbLITIOF Y c¢cYpBIOF ct TSEXMEE, &6 T 916 OBIO® | BbHh K«
bmMpc3 pI3BKOF df bt bT wWT X3 ¢ T pH erihaceusp A Y HOB N

.. amB bIOF WOFCw wYT A4
WKFxBAK bp /e lOF AF | x OFAzolldpmiais u FORBRR JBGHRFF 9AY

INTRODUCTION

With the swift development and industrialization, soil, water and air pollution with heavy
metal contaminants has become a global problem. Heavy metals are naturally occurring
elements that have a high atomic weight and density. Heavy metals are not biodegradable,
they remain in the environment and accumulate. Besides, most heavy metals are toxic and
hazardous which can enter the human body through food, water, and dermal contact, and
easily accumulate in body organs and living organisms (Sun et al., 2025). Accumulation in
different organs will lead to harmful effects and a reduced intelligence quotient (IQ) in
children, gastrointestinal injury, hearing loss, cancer, breast cancer, nervous system
disorders, kidney and liver damage, and anemia among others (Collin et al., 2022). The
World Health Organization (WHO) has released a 2021 update on chemical exposure deaths
that concluded that almost half of the deaths caused by chemical exposures in 2019 were
caused by lead exposure, leading to cardiovascular diseases. It is estimated that 30% of the
global burden of idiopathic intellectual disability, 4.6% of the global cardiovascular disease
burden and 3% of the global chronic kidney disease burden is attributable to lead exposure.
Treatment of heavy metal poisoning usually involves chelation therapy, a process that forms
insoluble, less toxic metal complexes which are excreted.

The WHO “Clinical Management Guidelines for Lead Exposure” (2021) recommends the
use of chelating agents for the treatment of lead poisoning, including dimercaprol,
dimercaptosuccinic  acid  (DMSA), penicillamine and calcium  disodium
ethylenediaminetetraacetate (CaNa2EDTA). CaNa2EDTA is commonly employed with
children who have lead poisoning; however, the safety and efficacy of chelators is unclear,
because chelators (including CaNa2EDTA) can also bind important metals (e.g., zinc, iron,
manganese), resulting in secondary effects in children (Flora et al., 2008). The FDA-
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approved Dimercaptosuccinic Acid has side effects such as gastrointestinal discomfort, skin
reactions, mild neutropenia and elevated liver enzymes (Flora et al., 2010). Based on this,
efforts have been directed towards natural compounds that could be used as an antioxidant,
immunomodulatory and anti-inflammatory agents including some plants, major edible fungi
(Shaban et al., 2020).

The interest in natural immune-supportive compounds has grown recently as many bioactive
compounds found in food have important immunomodulatory properties, which also have
beneficial effects on general health, without being toxic or having any side effects (Stefano
et al., 2017). The majority of macrofungi (mushrooms) can be extracted as potent immune
stimulants or as powdered whole, and have been used for thousands of years as a food
supplement for gastrointestinal disorders and asthma. Certain bioactive compounds present
in these fungi have been developed into capsules, tablets, or dietary supplements, and are
claimed to support the immune system, to reduce blood sugar levels, have antioxidant,
neuroprotective and hepatoprotective properties, as well as antibacterial and antiviral activity
(Lysakowska et al., 2023). The immunoregulatory, anti-oxidative, anti-inflammatory, and
antimicrobial properties of fungi are due to their unique secondary metabolites including
polysaccharides (e.g. beta-glucans), terpenoids, polyphenols, and peptides. Nutritionally,
mushrooms are rich in essential nutrients including proteins, fiber, vitamins (B-complex
group and vitamin D precursors), minerals (selenium, zinc and potassium, which play a role
in antioxidant defense and immune function), and low in fat and calories (Singh et al., 2025).
Azolla pinnata, a fern species, is known for antimicrobial, antioxidant, anti-inflammatory
and cytotoxic activities. It has been used in feeding farm animals such as dairy cows and
laying hens due to its high protein content and presence of flavonoids, alkaloids, important
fatty acids, among others (Kalita and Borah, 2022). Moreover, it is used in a few human
foods (Chandrababu and Parvathy, 2025).

Since lead pollution has a negative effect on human health and the identification of potential
safe and effective biological agents to combat the negative effects of lead has been found as
an urgent requirement, this study aimed to assess the effectiveness of using Azolla pinnata
and selection of macrofungi from Iraq in enzymatic and non-enzymatic antioxidant activities
in vitro, as well as a few immunological indicators of these bio-agents against lead toxicity
in laboratory animals, in addition to histopathological examination of liver tissue changes
following these biological applications.

MATERIALS AND METHODS

The research made was performed in the College of Agriculture, Tikrit University in
the Graduate Studies Laboratory, Department of Food Science and the animal
experimentation was carried out at the Animal House, College of Veterinary Medicine, Tikrit
University.

Preparation of Azolla powder and Macrofungi powder.

Azolla pinnata and selected macrofungi were collected and washed first in tap water
and then in distilled water to get rid of any attached impurities. They were then cut into small
pieces (about 1 cm2) and dried to a constant weight in an electric oven at 40°C. The dried
samples were then ground in an electric grinder to obtain crude powders for further
experiments.

These results are presented as the assessment of Non-Enzymatic Antioxidant Activity
(NEAA).

DPPH Radical Scavenging Activity
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The method used by Baliyan (2022) was used to assess the scavenging activity of
Azolla and macrofungi extracts against 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals at
different concentrations. The reaction mixture was made up of ImL of the extract (0%, 1%,
3% and 5%) and 1mL of 0.1mM alcoholic DPPH solution. The samples were well mixed
and incubated for 30 minutes in the dark at room temperature. The absorbance was then
measured at 517 nm in a spectrophotometer. The radical scavenging ability (antioxidant
activity) was determined as a percentage of DPPH reduction as follows:

Antioxidant activity (%) = [(Absorbance of Control (DPPH solution only) -
Absorbance of the Sample) / Absorbance of Control] x 100

A positive control antioxidant agent, ascorbic acid (vitamin C) was employed as a
positive control.

Reducing Power Assay

The reducing power was measured by mixing 1 mL of extract (0%, 1%, 3%, 5%), 1
mL of 200 mM sodium phosphate buffer (pH 6), and 1 mL of 1% potassium ferricyanide.
The mixture was incubated at 50°C for 20 minutes and then mixed with the 1 mL of 10%
trichloroacetic acid. Two millilitres (2mL) of the supernatant was removed after
centrifugation at 5000 rpm for 10 minutes and 2mL of deionised distilled water and ImL of
0.1% ferric chloride solution were added. The absorbance at 700 nm was examined by
spectrophotometer. The more the absorbance value is higher, the more reducing power
(Jayanthi and Lalitha, 2011).

To measure enzyme anti-oxidant activity.

Crude enzymes were extracted from the Azolla and Macrofungi.

Fresh leaves of Azolla and fruiting bodies of fungi studied were ground in 0.1 M
sodium acetate buffer (pH 5.6) at 1:2 w/v ratio to extract catalase enzyme. The homogenate
was filtered through three layers of muslin and centrifuged for 30 minutes at 1200 rpm
(Luhova et al., 2003). The crude enzyme extract (supernatant) was carefully collected by
using a syringe and stored at 4C until use.

Peroxidase Activity Assay

To measure the activity of peroxidase 0.1 mL of crude enzyme extract was added to
2.5 mL of acetate buffer. Reaction mixture absorbance was measured at 470nm by using a
spectrometer. The change in absorbance of 0.01 / minute was defined as 1 enzyme unit. The
activity of enzyme (Units/mL) was determined as:

Peroxidase activity (Unit/mL) = AA470nm / 0.01

Enzymatic activity was then expressed as units per gram of fresh weight tissue
according to following formula (Mahadevan and Sridhar, 1986):

Sample weight = weight of sample used for extraction, Volume of reaction mixture
used for reading = volume of the reaction mixture added to the cuvette, Volume of extraction
= volume of enzyme solution extracted from the sample.

Catalase Activity Assay

Catalase activity was determined according to Aebi's (1984). The reaction mixture
comprised 2mL of acetate buffer (pH 5.6), 0.3mL of 3% Hydrogen peroxide and 0.2mL of
crude enzyme extract. After 5 minutes of incubation, the enzymatic reaction was stopped by
the addition of 1 mL of ammonium molybdate solution (32.4 mM) and incubated for 5
minutes at room temperature. A spectrophotometer was used to measure the absorbance at
405 nm. The amount of catalase activity was determined by the formula:

Catalase activity = [(Sample absorbance — Blank (1)) / (Blank (2) — Blank (3))] x 271
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Where:

Blank (1) - 1 mL of substrate (hydrogen peroxide containing buffer), 1 mL of
ammonium molybdate, and 0.2 mL of the enzyme sample.

Blank (2) is 1 mL of substrate, | mL of ammonium molybdate and 0.2 mL of buffer.

Blank (3) has 1 mL buffer plus 1 mL ammonium molybdate.

. 271 is the enzyme activity constant.

Activity of enzymes was expressed as units/gram fresh tissue weight, calculated as
above.

In Vivo Experiments

The in vivo experiments were carried out in the laboratories and animal house of the
College of Veterinary Medicine, Tikrit University.

Experimental Animals

Twenty-eight female white rats aged 2-3 months (200 g - 250 g) were obtained from
the animal house of the College of Veterinary Medicine. The animals were clinically healthy;
they were kept in specially designed plastic cages with metal mesh lids and wood shavings
were changed every day to keep all the cages clean and sterile. Animals were housed in
laboratory controlled conditions with ventilated cages, temperature ranging between 20—
25°C and a photoperiod of 12 hours light/12 hours dark. Ad libitum feeding of standard diet
(prepared by the College of Veterinary Medicine) was provided to them, free access to water
was provided throughout the experimental period (Balducci et al., 2001).

Experimental Design

The rats were separated randomly into 7 groups (treatments) of 4 rats per group:

. Control group (no treatment)

This method utilizes only lead acetate.This method only uses lead acetate.
. Lead acetate + Azolla (5%)

. Lead acetate + Azolla (10%)

. Lead acetate + Azolla (15%)

. Lead acetate + Hericium erinaceus (5%)

. Lead acetate + Hericium erinaceus (10%)

. Lead acetate + Hericium erinaceus (15%)

The lead acetate was fed for 35 days at the dosage of 100mg/kg of body weight.
Azolla, fungal powders were added to the normal diet. Based on the in vitro antioxidant
properties of Hericium erinaceus, the mushroom was chosen for the in vivo study.

Measured Parameters

Blood Lead Concentration

Atomic absorption spectrophotometry (Hodges and Skelding, 1983) was used to
determine blood lead levels.

Immunological Indicators

Blood samples at 0, 35 days were obtained, without anticoagulants, from the retro-
orbital plexus by capillary tubes and examined for haematological parameters as outlined by
Turgeon (2012). The following parameters were measured: Neutrophil (Neu%), Lymphocyte
(Lym%), Monocyte (Mon%), Eosinophil (Eos%) and Basophil (Bas%).

Serum samples were also obtained to quantify levels of serum immunoglobulin levels
(IgG, IgM, IgA, IgE), tumor necrosis factor alpha (TNF-o) and interleukin-6 (IL-6) by
ELISA (Newkirk et al., 2003).

Histological Preparation

87



Abdulkareemand Hussein TJAS Vol. B, No2: pp.83-101

Immediately after sacrifice, pieces of liver were fixed in 10% neutral buffered
formalin, processed in ethyl alcohol and xylene, embedded in paraffin and cut into 46 pm
thick sections. The sections were stained with hematoxylin-eosin (H&E) for
histopathological examination, according to Bancroft and Steven (1982).

Statistical Analysis

All the laboratory experiments were carried out using completely randomized design
(CRD). Data was analysed with Genestat software. The Least Significant Difference (LSD)
and Duncan's Multiple Range Test were used to compare the means at 0.05 significance level
(Al-Rawi and Khalaf Allah, 1980).

RESULTS AND DISCUSSION

The effect of different concentrations of alcoholic extract of Azolla pinnata and
different macrofungal species in reducing power is shown in Figure 1. The overall results
shows that there was an increase in reducing power of increasing concentration of both
Azolla and fungal extracts. The reducing power was highest in 5% concentration among all
the treatments. The extracts of the tested fungi exhibited highest reducing activity values
with extracts from Hericium erinaceus (2.91), and Pleurotus eryngii (2.88). The reducing
power value of Pleurotus ostreatus and Flammulina velutipes were 2.9 and 2.67 respectively
at the same concentration of 5%.

The result of the DPPH radical scavenging activity of various concentrations of
alcoholic extracts of Azolla pinnata and some macrofungi is shown in figure 2. The extracts
of Pleurotus ostreatus and Hericium erinaceus exhibited the greatest scavenging efficacy at
5% concentration (58.37% and 56.25%, respectively). The scavenging activity of the extracts
at the same concentration was highest in the extract of Azolla pinnata with scavenging
activity of 53.11%, and the lowest for Flammulina velutipes with scavenging activity of
51.05%.

3.02a
3 4 ; 2886 2910

m0.00%

m 1%
3%

5%

Reducing power activity

Azolla Pleurotus Pleurotus  Flammulina — Hericium Vitamin C
pinnata ostrealits eryngii velutipes erineaceus

Figure (1) The effect of different concentrations of Azolla alcoholic extract and certain
macrofungi on the reducing power
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63.12a
58.37ab

60 17 56.25b

54.68cd

m0.00%
1%
3%

m5%

Free radical scavenging activity (%)

Azolla Pleurotis Pleurotus Flammulina Hericium Vitamin C
pinnata osfreanis ervngii velutipes erimaceus

Figure (2) The effect of different concentrations of Azolla alcoholic extract and certain
macrofungi on the free radical scavenging activity of the DPPH compound

In this study the reducing power assay is based on the reducing power of Azolla and
the fungal extracts, which involves the reduction of the potassium ferricyanide complex to
ferrous ions (Fe?+) from the reducing compounds. The spectrophotometric intensity (at 700
nm) of the colour produced is proportional to the number of Fe? ions produced, which in
turn reflects the reducing power ability of the extracts. The ability of the extracts to donate
an electron to the ferric ions converting Fe*" to Fe** indicates the reducing power of the
extracts (Bhalodia et al., 2013).

DPPH is a stable chemical compound that has a maximum absorbance at around
517nm and a strong violet colour. As effective antioxidants in the extracts, such as phenolics
and flavonoids, are added the DPPH radical can be reduced to its colorless or pale yellow
hydrazine form (DPPH-H) by donating a hydrogen atom (or electron) to the radical. The
more the extract is able to scavenge free radicals (has a high hydrogen/electron donating
activity), the more the violet colour is decreased, thus a decrease in the absorbance at 517
nm (Baliyan et al., 2022). Therefore, the antioxidant activity of the extracts of the studied
plants or microorganisms can be related to the presence of high reducing capacity bioactive
compounds like phenolics, flavonoids, glycosides, tannins, alkaloids and saponins in the
plants proved by this study. The present results revealed that the extracts of Hericium
erinaceus and Pleurotus ostreatus possessed the highest reducing power, which is correlated
to the high phenolics, saponins and glycosides contents. The antioxidant activity of Azolla
was correlated with the increased concentration of flavonoids, alkaloids and tannins as shown
in Figures 4-1, 4-2 and 4-3.The higher concentration of flavonoids, alkaloids and tannins
(Figures 4-1, 4-2, 4-3) were associated with the antioxidant activity of Azolla.

The effect of different concentrations of alcoholic extracts of Azolla pinnata and
some macrofungi on catalase enzyme activity can be seen in figure 3. The results showed
that the activity of catalase increased as the concentration of the extracts increased. Hericium
erinaceus extract at 5% concentration had the highest catalase activity of 351.27 units/g of
fresh tissue. The extracts of Pleurotus eryngii and Pleurotus ostreatus showed the activities
of251.05 and 244.76 units/g fresh tissue, respectively, with no significant difference between
them at this concentration. Moreover, at the same 5% concentration, catalase activities of
Flammulina velutipes and Azolla pinnata extracts did not significantly differ from each other.
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Figure (3) The effect of different concentrations of Azolla alcoholic extract and certain

The effect of different concentrations of alcoholic extract of Azolla pinnata and
selected macrofungi on the activity of the peroxidase enzyme is represented in figure 4. The
results indicated that peroxidase activity increased as the concentrations of the extracts
studied increased. The 5% concentration of Hericium erinaceus extract had the highest
peroxidase activity with 2.73 units/g fresh tissue. The activities of Pleurotus ostreatus and
Pleurotus eryngii were 2.34 and 2.22 units per gram of fresh tissue respectively with no
significant difference between the two fungi at this concentration. Subsequently, at the same
5% concentration, peroxidase activity was found to be higher in Flammulina velutipes (2.18

macrofungi on Catalase enzyme activity

units/g fresh tissue) than in Azolla pinnata (1.9 1 units/g fresh tissue).

Peroxidase activity (U/ g fresh wt.)

2.73a

Flamnnlina
velutipes

Pleurotus
ervngii

Pleurotus
ostreants

A=olla pinmata Hericium

erinaceus

=0.00%
1%
" 3%
u 5%

Figure (4) The effect of different concentrations of Azolla alcoholic extract and certain

Catalase 1s one of the most important antioxidant enzymes that specifically catalyzes
the conversion of dangerous hydrogen peroxide (H20:) into water and molecular oxygen

macrofungi on peroxidase enzyme activity
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