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Abstract

harmful effects of tert-butylhydroquinone (tBHQ). The animals were classified into four

groups, each including seven rats. Group I consisted of healthy rats (control), while group II
was subjected to an intraperitoneal administration of 100 mg/kg of tBHQ for duration of 7 days (+Ve).
Group III received a dosage of 500 mg/kg (body weight) of SP and 100 mg/kg of tBHQ, while group
IV was administered a mixture of 750 mg/kg of SP and 100 mg/kg of tBHQ. The rats that were given
tBHQ alone had significantly higher of liver enzymes like ALT, AST, and ALP in blood. The tissue
levels of the antioxidants glutathione, superoxide dismutase, total antioxidant capacity, and catalase
decreased significantly in rats that were exposed to tBHQ-induced toxicity. In the experiment, rats
were administered tBHQ as a positive group, leading to an increase in blood lipid profiles (such as
TC, TG,) except for HDL-c as compared to the negative treatment. Administration of SP powder led
to enhanced blood biochemical parameters and decreased MDA levels in rats that were injected with
tBHQ. Rats exhibited an increase in their antioxidant indicators. It has been shown that there was a
strong investigation we did shows a strong link between the -actin, Bel2, HO-1, and Nrf2 genes in
the liver of the four groups that were subjected to experiments. These effects have been shown in
blood lipid profile, antioxidant markers, and liver enzymes after exposure to tBHQ.

THIS STUDY goal was to find out if Spirulina platensis (SP) could help protect rats from the
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Liver.

Introduction

Malnutrition is a prevalent and often disregarded
issue in the poor countries of South Asia.
Malnutrition significantly affects people with
hepatitis. In the South Asian area, the causes of
cirrhosis are different from those in the West.
Hepatitis B and C remain the main causes, although

the frequency of nonalcoholic fatty liver disease is
growing over time [1]. Coexisting malnutrition
exacerbates outcomes for people with hepatitis.
Immediate focus on addressing malnutrition is
necessary to enhance patient outcomes. The cause
and physiological mechanisms of malnutrition in
liver illnesses are complex, since a decrease in liver
function impacts both  macronutrients and
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micronutrients. There is a global need for evaluating
the nutritional condition of individuals with liver
disease [2]. The documented incidence of
malnutrition in hepatitis has significant variability,
spanning from 5% to 92%. This wide range suggests
the presence of either a lack of understanding or
challenges in accurately detecting malnutrition, or
maybe both. In addition, those with liver disease who
do not have cirrhosis often have malnutrition [3].
Malnutrition might be considered a complication of
cirrhosis due to its detrimental effects on the course
and prognosis of the illness. Malnourished people
have an increased probability of hospitalization and
mortality in comparison to well-nourished ones.
Furthermore,  malnutrition is a  substantial
determinant of outcome, irrespective of other
variables [4]. A protein shortage, which is
characterized by insufficient protein consumption,
leads to decreased levels of amino acids in the
bloodstream and compromises the immune system
[5]. According to the World Health Organization
(WHO), about 30% of the world's population
experiences malnutrition, leading to the death of
40,000 children daily owing to starvation and
associated disorders, including liver degeneration in
general. Malnutrition is a greater risk than the liver
illness itself, since it may lead to the patient's death.
Additionally, performing a liver transplant is
prohibited if the patient is malnourished [6].
Antioxidants are a class of dietary additives
deliberately included in nutrients to decelerate or
impede oxidation events. Antioxidants include both
naturally occurring and artificially produced
antioxidants. Synthetic antioxidants are the most
commonly used substances globally to prevent
degradation and prolong the lifespan of food,
pharmaceuticals, and commercial items [7]. Genes
carrying antioxidant response elements (ARE)
control the Keap1/Nrf-2 response, which is critically
dependent on the oxidative-reduction abilities of
synthetic materials. The chemical composition and
redox characteristics of synthetic  phenolic
antioxidants play a crucial role in determining their
biological effects. There is growing evidence that, in
addition to the traditional mechanism, there are
additional cellular targets responsible for carrying
out the biological effects of conventional Nrf2
activators, including tBHQ, BHA, and other
quinones [8]. When analyzing the protein content of
Spirulina, its dry weight ranges from 65% to 71%. It
is considered a non-toxic and very nutritious meal
with remarkable qualities. This material is composed
of 47% essential amino acids, including methionine,
which is often absent in other forms of algae and
cyanobacteria.  Furthermore, it comprises a
carbohydrate content ranging from 15% to 25%, a
mineral content ranging from 8% to 13%, a fat
content ranging from 3% to 7%, and a fiber content
ranging from 8% to 10%. Furthermore, it contains
chlorophyll, phycocyanin, carotenoids, minerals,

vitamins, essential fatty acids, and several bioactive
components [9]. Spirulina is used as a vital source
containing crucial fatty acids, such as linoleic acid,
linolenic acid, and phycobiliproteins, specifically
emphasis on phycocyanin and allophyco-cyanin.
Additionally, it contains amino acids, with leucine
accounting for 10.9% of the total. Valine and
isoleucine are the next most abundant amino acids.
Additionally, Spirulina is rich in minerals such as
iron. The use of Spirulina resulted in improvement
among groups of children, adults, and those with
chronic diseases that suffer from malnutrition [10].
Spirulina increased the protein content by 20.33%
and boosted the iron content by 45%. Furthermore,
the inclusion of Spirulina resulted in an enhancement
of the overall carotenoid and polyphenol levels, as
well as an increase in the antioxidant capacity of the
food items. Incorporating 100 g of Spirulina-fortified
food items into your diet; supplies more than 50% of
the required dietary allowances (RDA) for protein,
dietary fiber, iron, and zinc. Additionally, it aids in
diminishing malnutrition-induced oxidative stress in
the liver, spleen, and kidneys. To do this, one must
decrease lipid peroxidation while simultaneously
increasing glutathione and superoxide dismutase
activity [11]. Spirulina has a substantial amount of
phycocyanin, which is a prominent phytochemical
and a high-protein compound. Spirulina consists of a
total of sixteen amino acids, eight of which are
essential and eight of which are non-essential,
contributing to the formation of protein molecules.
Hence, it may serve as a primary resource for protein
malnutrition [12]. Multiple studies have shown that
elevated levels of industrial antioxidants pose a
significant risk as carcinogenic agents, hence
increasing the potential harm to many organs,
including the liver, brain, kidney, intestines, and
lungs [13]. Several recent studies have shown the
various pharmacological qualities of Spirulina, such
as its ability to prevent cancer, stimulate the immune
system, protect the liver from toxins, reduce
inflammation, and act as an antioxidant [14].
Spirulina platensis shows promise in its ability to
prevent and cure certain toxicities, such as tBHQ
[15]. According to what we know, (tBHQ) causes
hepatotoxicity, and there is little evidence to support
Spirulina’s preventive benefits. This study aims to
investigate if Spirulina platensis may protect the
liver of rats with special regard to the liver
biomarkers by looking at liver functions, lipid
profile, gene expression, and antioxidant.

Experimental procedures

Animal behavior and design methodology

Twenty-eight Sprague-Dawley white male albino
rats from the Serum and Vaccine Center, Dokki,
Giza; were used in the study with average weight of
150 + 10 g. Prior to the experiment, the rats were
housed together in cages that maintained a controlled
temperature of 22-24 °C and a lighting schedule of
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12 hours of light followed by 12 hours of darkness.
This housing condition was maintained for at least 7
days. The rats were divided into four groups, each of
see seven rats. Subsequently, each group was
assigned a distinct food item to consume for a period
of 28 days, according to the following distribution:
Group I received routine (basal) diet only. Group II
received diet and injected intraperitoneally with 100
mg/kg b.w tBHQ (dissolved in olive oil)/ 7days.
Group III received routine (basal) diet mixed with
500 mg/kg b.w of Spirulina platensis powder + 100
mg/kg of tBHQ throughout the experimental period
at the same time. Group IV received a mix of 750
mg/kg b.w of Spirulina platensis powder + 100
mg/kg of tBHQ (was purchased from Al-Gombhoria
Chemical Company, Al-Bahr Street, Tanta, Egypt.
The effectiveness of the procedure for tBHQ in
experimental animals has been documented by
previous studies [19 , 20]) at the same time. Spirulina
platensis ready powder was purchased at the local
market from Imtenan Company; Tanta, Gharbia,
Egypt. The algae's carbohydrate, protein, fat,
moisture, fiber, and ash contents were examined
using the methodology specified in AOAC (2010).
The calculation of antioxidant activity was
performed using the methodologies outlined in [16].
Amino acid analysis is a technique that utilizes ion-
exchange liquid chromatography. It is extensively
used in several domains to accurately determine the
qualitative and  quantitative composition of
substances.  Within  biochrom systems, this
fundamental concept has been enhanced to provide
completely automated, rapid, and very sensitive tests
[17], known as classical amino acid analysis. HPLC
with a Zorbax Eclipse plus C18 Agilent column that
was 4.6 x 150 mm and had 5-micron particles to look
at the multivitamin and mineral content in Spirulina
was used. The mobile phase included a mixture of
methanol and air in a proportion of 35:65. A flow
rate of 1.5 ml/minute was established, and a UV
detector operating at a wavelength of 550 nm was
used. The volume of the injection was 20 ml. To
determine the retention time, a process is followed
where one gram of Spirulina biomass is extracted
using 100 mL of water and then transferred to the
injection column. Consequently, the duration for
which each vitamin and mineral standard is kept was
adjusted based on the method used. Utilizing the
specified procedure, HPLC was used to detect and
quantify the phenolic constituents in Spirulina
platensis [18]. Qualitative analysis showed that the
Spirulina platensis powder (Oven-dried), contained
all flavonols, except caffeic acid and quercetin
(Tables 1, 2 & 3, and Figu. 1).

Biochemical parameters

Upon completion of the experiment, anesthesia
was administered to all rats using R550 is a Multi-
output Laboratory Small Animal Anesthesia
Machine, which is suitable for the simultaneous

anesthesia of 1-5 rats, mice, cats, rabbits, and other
animals. Each channel for anesthesia can be
controlled independently. The gas flow of the
induction box can be adjusted independently, with a
range of 0-2.0L/min, and blood samples were
obtained from the hepatic portal vein to assess the
biochemical variables. The blood samples were
placed into tubes containing heparin in order to
analyze the biochemical characteristics. The samples
were there-after subjected to centrifugation at a speed
of 3,000 revolutions per minute for duration of 15
minutes in order to isolate the serum. The levels of
serum total cholesterol (TC), triglycerides (TG), and
high-density lipoprotein cholesterol (HDL-c) were
measured using enzymatic colorimetric techniques
[21]. The VLDL-c concentration, measured in
milligrams per deciliter, is calculated by dividing the
triglyceride level by 5 [22]. The LDL-c was
calculated using the following equation: The formula
for calculating LDL cholesterol (LDL-c) in
milligrams per deciliter (mg/dL) is as follows: LDL-c
= Total cholesterol (TC) — [HDL cholesterol (HDL-
¢) t+ Very low-density lipoprotein cholesterol
(VLDL-c)] [23]. The quantification of AST, ALT,
AST/ALT ratio, and ALP was performed using the
methods outlined in reference [24]. The liver was
extracted, and its tissues were washed in a chilled
0.9% saline solution (by weight or volume), then
quantified and stored at a temperature of -70°C. We
checked the levels of malondialdehyde (MDA) and
the activities of superoxide dismutase (SOD),
glutathione (GSH), and catalase (CAT), following
the steps described in reference [25]. The
measurement of total antioxidant capacity (TAC)
was also conducted [26].

Liver histopathology

The liver was preserved using a 10% solution of
neutral buffered formalin immediately after
removing it from the animals. The fixed tissues were
thereafter subjected to known histological tests [27].

Gene expression

RNA extraction was performed using rat liver.
The RNA globules were dissolved using diethylpyro-
carbonate (DEPC) water. The RNA concentration
was measured using spectrophotometry at an optical
density (OD) ratio of 260/280 [28]. The semi-
quantitative reverse transcription PCR used 3 pg of
RNA. This process included subjecting the plate to
denaturation in PCR thermocycler (Bio-Rad
T100TM) at a temperature of 70 degrees Celsius for
a period of 5 minutes. In addition, 0.5 nanograms of
oligo dT primers were used. Two microliters of 10X
RT buffer, two microliters of 10 mM dNTP, and one
microliter of 100 M reverse transcriptase were mixed
to make cDNA. The mixture was incubated at 42 °C
for 1 hour and then heated at 70 °C for 10 minutes to
assure deactivation of the enzyme. To evaluate the
gene expression levels were quantified using
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densitometry, with the mRNA expression of B-actin
serving as a reference standard. The 2-AACT method
was used to measure the expression levels of these
genes using real-time PCR. The endogenous
reference gene, actin, was used to standardize the
analyzed genes. The CT values were used to examine
the alterations in gene density and mRNA expression
using a comparative approach [29].

Statistical analysis

The data were analyzed using the SPSS program
(Version 17.0). The data were reported as the
mean+SE. Following a one-way ANOVA, Duncan's
multiple range tests compared the data. The
statistical significance criterion was set at the p< 0.05
level.

Findings and analysis

The chemical makeup of Spirulina platensis is
shown in Table 1 per 100 g on a dry weight basis,
including its protein, carbohydrate, ash, lipids,
moisture, and fibers (64.4+1.43, 15.50+0.40,
12.05+£0.21, 9.23+0.26, 6.50+0.06 and 8.25+0.25
(g/100 g DW), respectively. Spirulina also has a
significant level of total antioxidant activity,
measuring at 42%. The statistics presented here align
with [30 , 31], which indicate that Spirulina has a
substantial protein content. The protein composition
was of high quality since it included both required
and nonessential amino acids. Long-term
malnutrition causes “anemia,” which affects the
general population of developing countries, as well
as many other diseases such as goiter, hypokalemia,
tooth decay, and vitamin deficiency, complications
of liver disease, which have existed for many years
[32]. Countless well-organized intervention efforts
failed to make any improvement whatsoever.
Considering the inclusion of Spirulina as a
nutritional supplement to enhance the food product
with protein, calcium, iron, vitamin B12, phosphorus,
and multivitamins included in the nutritional
assessment of these people may be ascorbic acid,
vitamins B, D, and E, as well as minerals [14].
Spirulina is recognized for its many medicinal uses,
encompassing  antigenotoxic, anti-inflammatory,
antidiabetic, antioxidant, anti-cancer,
hepatoprotective, and neuroprotective properties,
which are attributed to the presence of
phytochemicals [9] (Table 3). The current results
showed that when comparing the treated group with
the control regarding liver enzymes, it was noted that
tBHQ led to a significant increase in these enzymes.
And when comparing the treatment groups of
Spirulina powder with its different concentrations, a
significant decrease in liver enzymes was observed,
but group with the highest concentration of Spirulina
powder, which was 750 mg, was the best group
(Table 4). Tert-butylhydroquinone may have caused
the damage seen in the positive group by creating

certain lesions that change how permeable liver cell
membranes are. This phenomenon takes place when
the metabolic byproduct "glycidamide" binds with
the functional groups of membrane proteins [33].
Nevertheless, the levels of these liver enzymes
exhibited a reduction that was directly proportional
to the dosage after administration of Spirulina
powder. A previous study found that Spirulina
powder has a hepatoprotective effect against high
concentrations of tBHQ-induced acute hepatotoxicity
in rats. It does this by lowering lipid peroxidation,
which strengthens the hepatocyte membrane, boosts
the activity of antioxidant enzymes, and lowers the
inflammatory  response, and shows radical
scavenging ability. The presence of abundant
phycocyanin and phenolic chemicals, together with
the antioxidant activity of Spirulina powder, might
explain these data [34]. As for the lipid profiles, and
upon comparing the injured group with the negative
group, a notable and statistically significant rise in
the proportions of variables was observed except for
HDL-c, and this indicates the extent of the effect of
tBHQ on those variables. The fourth group, which
was fed 750 mg of Spirulina powder, was the best
group when comparing different concentrations of
Spirulina powder with the control group (Table 5).
Spirulina powder reduces lipid levels by lowering
cholesterol and triglyceride levels in the blood, as it
increases HDL-c levels, reduces LDL-c and VLDL-c
[35]. Results were acceptable with [36]. Spirulina is
believed to enhance the blood lipid profile and
reduce oxidative stress. Spirulina considered as a
good supplementation for patients with liver and
other chronic diseases. Spirulina powder has the
potential to decrease the production of fats inside the
body. The pentose phosphate route may cause less
glucose-6-phosphatase activity, which could lower
the ratio of glutathione to oxidized glutathione. This
could cause NADPH to change into NADP".
Spirulina powder may have a significant role in the
generation of abundant NADP”, which controls the
synthesis of fats and mitigates tissue damage caused
by oxidative stress [37]. Spirulina powder has
therapeutic properties, including the prevention and
reduction of damages caused by hyperlipidemia, as
well as antioxidant activity [38]. Research conducted
on several animal models has shown that Spirulina
effectively lowers plasma and hepatic levels of TC,
LDL-c, and TG. Similarly, research involving human
has also indicated a substantial reduction in TC,
LDL-c, and TG levels. Additional research has
shown that Spirulina may reduce TG levels by
affecting lipoprotein metabolism [39]. Free radicals
are associated with several metabolic processes, such
as glucose autoxidation, the polyol pathway, and
protein glycation. Lipid peroxidation may result in
harm to proteins, lipids, carbohydrates, and nucleic
acids. Additionally, it may serve as a catalyst for
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tissue damage in cardiovascular illnesses and the
degradation of cell membranes and internal cellular
components [40]. Several chemicals have the
potential to disrupt the normal functioning and
metabolism of the liver. Oxidative stress is a
significant contributor to liver damage [41].
Excessive amounts of tBHQ, a chemical compound,
may lead to oxidative stress and harm hepatocytes
[42]. Table 6 displays the impact of Spirulina algae
as a substitute for casein, a low-cost animal protein,
with equivalent biological value on GSH, SOD,
CAT, and TAC. Many more antioxidant enzymes
(GSH, SOD, CAT, and TAC) were found in liver
tissue from Spirulina powder groups (III & IV)
unlike the group that had unfavorable traits. On the
contrary, the MDA exhibited a significant increase in
the positive group in contrast to the groups subjected
to treat with Spirulina powder (IIl & IV). By seeing
that antioxidant enzymes (GSH, SOD, CAT, and
TAC) were working less well and the level of MDA
going up, the study proved that oxidative stress was
present. The administration of Spirulina powder led
to an augmentation in antioxidant enzymes, which is
associated with the antioxidant characteristics of
Spirulina powder [43]. The data suggest that
Spirulina powder exhibits antioxidant properties
attributed to its different antioxidant components
[44]. Also, giving Spirulina powder increased the
activity of antioxidant enzymes and the amount of
GSH in the liver and kidney tissues by a large
amount [45]. Research examining the distribution of
total phenolic compounds in commercial goods has
shown differences. However, it has been reported
that Spirulina typically includes chlorogenic acid,
synaptic acid, salicylic acid, trans-cinnamic acid, and
caffeic acid [7]. Spirulina contains antioxidant
compounds, including phycobilins and
phycocyanins, which may inhibit the function of
catalytic = enzymes like lipoxygenase  and
cyclooxygenase or enhance the activity of enzymes
like GPX, CAT, and SOD [34]. The polyphenols
have been shown to have anti-inflammatory,
antiviral, antioxidant, antithrombotic, vasodilatory,
antidiabetic, neuroprotective, hepatoprotective, and
anti-carcinogenic properties [46]. Gene expression
was conducted on four groups using the genes Nrf2,
HO-1, BCI-2, and B-actin are represented by the data
shown in Table 7 and Figure 2. During our analysis,
we discovered a substantial association between the
B-actin gene and the comparison groups; control
negative versus tBHQ, 500 mg/kg Spirulina powder
+ 100 mg/kg tBHQ vs. (+Ve), and 750 mg/kg
Spirulina + 100 mg/kg tBHQ versus (+Ve) (p<0.05).
A significant  correlation  exists  between
administering 500 mg/kg of Spirulina powder
combined with 100 mgkg of tBHQ and
administering 750 mg/kg of Spirulina powder
combined with 100 mg/kg of tBHQ, as compared to

the control group (p<0.05) for both genes. Nrf2 gene
was compared in three different conditions: control
against positive, positive versus a combination of
500 mg/kg Spirulina powder and 100 mg/kg tBHQ,
and positive versus a combination of 750 mg/kg
Spirulina powder and 100 mgkg tBHQ. The
statistical significance for all comparisons was
p<0.05. Figure 3 illustrates the prevalence of 4
groups among the genes analyzed in our research.
Documented reports have shown a related between
genotoxicity and certain synthetic antioxidants, such
as tBHQ. tBHQ has also been associated with
genotoxicity and cytotoxicity in experimental animal
studies. In vitro experiments have shown that human
peripheral blood cells exhibit genotoxic effects when
exposed to tBHQ. This genotoxicity has also been
seen in previous investigations [47]. Various
investigations have examined the genotoxic effects
of tBHQ both in laboratory settings and in living
organisms using various genetic indicators [44]. A
favorable outcome was reported in a forward
mutation experiment conducted on mouse lymphoma
cells at the thymidine kinase (TK) gene, but only
when rat liver S9 was present. Several investigations
have shown that tBHQ causes structural
chromosomal abnormalities in laboratory settings
without the addition of S9 and/or with the addition of
S9 [45]. Previous researchers have studied the
genotoxic mechanism of tBHQ in V79 cells [7].
Within this cellular framework, tBHQ triggered the
formation of micronuclei that exhibited both CREST
© characteristics, signifying chromosomal breakage,
and CREST )  characteristics, suggesting
chromosome loss. CAT prevented the development
of CREST © micronuclei, whereas
hypoxanthine/xanthine oxidase promoted their
creation. GSH effectively prevented the development
of both CREST ) and CREST © micronuclei [48].
Rats with higher liver LPO levels show that ROS and
oxidative stress may be involved in the cell death and
DNA damage caused by tBHQ. This study
discovered that genotype had no substantial impact
when examining the genes by RT-PCR.

Histopathological examination

Photo 1 displays a portion of healthy liver control
group. It shows a central vein (shown by red arrows)
and portal tracts (indicated by black arrows), which
consist of a portal venule, a portal arteriole, and bile
ducts. Hepatocyte cords of normal size surround
these structures (blue arrows indicate this). The
image was magnified 100 times and dyed with
hematoxylin and eosin (H&Ex100). Photo 2 depicts
a segment of a healthy liver from the control group,
serving as negative reference. Red arrow indicates
the central vein, and a black arrow denotes the portal
tracts, which include a portal venule, portal arteriole,
and bile ducts. Hepatocyte cords of normal size
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surround these structures (blue arrows indicate this).
The image was magnified 100 times and dyed with
hematoxylin and eosin (H&Ex100). Photo 3 point to
section of the liver group exposed to alcohol (+Ve)
displayed significant dilation and congestion (shown
by red arrows), accompanied by a high number of
chronic inflammatory cells (indicated by the black
arrow) and regions of degraded hepatocytes
(indicated by the blue arrows) and dyed with
hematoxylin and eosin (H&Ex*100). The liver area in
Photo 4 shows how tBHQ poisoning has affected that
area (+Ve) displayed a concentrated area of cell
death (necrosis) that merged together (focal
confluent necrosis) (blue arrow). Additionally, there
was an artery in the portal area that was filled with
blood (congested portal arteriole) (red arrow), and it
was surrounded by numerous cells associated with
long-term inflammation (chronic inflammatory cells)
(black arrows) (H&E X100). Photo 5 depicts a
segment of the liver from the group that received a
dosage of 500 mg/kg of Spirulina platensis powder
and 100 mg/kg of tBHQ. It displays a moderate
accumulation of chronic inflammatory cells
surrounding a slightly enlarged and congested portal
venule (black arrows indicate this). Additionally,
there are degenerated hepatocytes surrounding the
inflammatory cells (indicated by blue arrows). The
image was magnified 100 times and stained with
(H&E x100). Photo 6 explains a portion of liver
sample from the treated group, the groups were
administered a dose of 500 mg/kg of Spirulina
platensis powder and 100 mg/kg of tBHQ. The
image shows a slight enlargement and congestion of
the portal venule and central vein (indicated by red
arrows), as well as a mild chronic inflammation in
the adjacent lobe (indicated by a black arrow).
Additionally, there are degenerated hepatocytes
present (indicated by blue arrows). The image was
captured using an H&E staining technique at a
magnification of 100X. Photo 7 depicts a specific
section of the liver group that had treatment with a
dosage of 750 mg/kg of Spirulina platensis powder
and 100 mg/kg of tBHQ. The red arrow in the image
indicates a moderately dilated and congested portal
venule. Surrounding the venule is a mild infiltration
of chronic inflammatory cells, as indicated by the
black arrow. The area also contains normal
hepatocytes without any signs of degeneration, as
indicated by the blue arrows. The image was
magnified 100 times and stained with H&E. Photo 8
displays a portion of liver sample from the treated
group, which received a dosage of 750 mg/kg of
Spirulina platensis powder and 100 mg/kg of tBHQ.

The image shows a central vein and portal venule of
normal size, as well as a slight infiltration of chronic
inflammatory cells (indicated by the black arrows).
The blue arrows indicate that the surrounding
hepatocytes appear normal and do not exhibit any
signs of degeneration. The image was captured using
an H&E staining technique at a magnification of
100x.

Conclusion

The primary contributing factor to this is the
composition of the used algae as well as their
capacity to produce a diverse array of chemical
compounds that are of significance in both biological
and commercial contexts. Spirulina platensis is
widely acknowledged for its high nutritional value.
Spirulina platensis exhibits antioxidant and anti-
inflammatory effects, making it potentially beneficial
for individuals with chronic diseases and
malnutrition, particularly  those experiencing
hepatotoxicity due to elevated levels of (tBHQ).
Cost-effective food processing techniques can
generate a sizable amount of biomass, ensuring the
acquisition of natural components with significant
nutritional value. Several naturally occurring
substances have the potential to be used in the
production of functional foods and various bioactive
compounds, including antioxidants. Consequently, a
growing cohort of academics and experts worldwide
are advocating for heightened cultivation of
Spirulina.
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TABLE 1. Presents the chemical composition of Spirulina platensis, measured in grams per 100 grams of dry weight

Composition of Spirulina platensis Approximate (%)
Carbohydrates 15.50+0.40
Protein 64.4+1.43
Ash 12.05+0.21
Lipids 9.23+0.26
Fibers 8.25+0.25
Moisture 6.50+0.06
Total antioxidant activity 42 %

Amino acids (g/100 g)
Threonine 3.97
Tryptophan 0.959
Isoleucine 3.259
Lysine 4.025
Leucine 5.947
Methionine 1.156
Phenylalanine 3.777
Cystine 0.762
Tyrosine 2.596
Valine 3312
Histidine 1.085
Arginine 3.186
Alanine 4.515
Aspartic acid 4.793
Glutamic acid 6.386
Proline 3.382
Glycine 3.125
Serine 2.798

TABLE 2. Presents the content of vitamins and minerals in Spirulina platensis, measured in grams per 100 grams of

dry weight
Minerals mg 100 g Vitamins mg 100 g
Chromium 0.32 Riboflavin B2 5
Calcium 800 Vitamin B12 0.36
Copper 1.5 Vitamin E 150 a-tocopherol eq
Magnesium 500 Thiamin B1 3.7
Iron 170 Provitamin A 2.530.000 IU kg '
Manganese 6 Vitamin K 2.8
Potassium 1500 Vitamin B6 0.9
Phosphorus 900 (B-carotene) 160
Zinc 4 Folic acid 0.02
Sodium 800 Pantothenic acid 0.2
Biotin 0.01
Niacin B3 16
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TABLE 3. Presents the phenolic chemicals found in Spirulina platensis powder

Compounds Rt Spirulina powder
Catechin 11.48 +
Gallic acid 6.21 +
Caffeic acid 13.25 -
p-Cumaric acid 18.79 +
p-Hydroxybenzoic acid 14.17 +
Ferulic acid 18.83 +
Quercetin 29.29 -
Kaempferol 36.97 +
Genistein 34.97 +

Note: Rt. (retention time) indicates the time it takes for a compound to go through a chromatography column. (+) signifies
that a compound has been identified, while (-) indicates that a compound has not been found.
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Fig. 1. Displays a chromatography graph showing the phenolic components of Spirulina platensis powder. The
graph measures the absorbance at a wavelength of 272 nm. The determination of peaks was conducted
by comparing the retention time and UV-vis spectra with commercially available reference compounds.
The peaks observed in the analysis are as follows: gallic acid (1), catechin (2), caffeic acid (3), p-hydroxy-
benzoic acid (4), p-coumaric acid (5), ferulic acid (6), quercetin (7), genistein (8), and kaempferol (9).

TABLE 4. impact of Spirulina platensis powder on hepatic enzymes in rats with tBHQ-induced toxicity

Groups AST (U/L) ALT (U/L) AST/ALT ratio ALP (U/L)
GI (-Ve) 102.30+1.22¢ 27.27+1.19° 3.76£0.12° 115.20+1.229
GII (+Ve) 290.35+1.10° 57.50+1.07° 5.05+0.08" 189.33+1.45%
GIII 210.33+1.18° 41.3742.18° 5.1140.23° 135.37+1.56°
GIV 119.67+1.25¢ 26.83+1.32° 4.48+0.18° 124.53+1.32°

The results are presented as the Mean+SE. Values that have distinct letters in each row exhibit a significant difference
(P<0.05), but the difference between values that share some or all of the same letters is not statistically significant. tBHQ
refers to tert-butylhydroquinone, SP stands for Spirulina platensis powder, AST is an abbreviation for aspartate

aminotransferase, ALT stands for Alanine aminotransferase, and ALP represents alkaline phosphatase.
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TABLE 5. impact of Spirulina platensis powder on lipid profile in rats with tBHQ-induced toxicity

Groups TC (mg/dl) TG (mg/dl) HDL-c (mg/dl) LDL-c (mg/dl)  VLDL-c (mg/dl)
GI (-Ve) 86.23+1.21¢ 77.33+1.24¢ 53.43+1.27° 17.60+0.34¢ 15.47+0.25¢
GII (+Ve)  283.43+1.78"  192.73+1.53° 41 .47+1.28° 202.71£2.87° 39.25+0.45°
GIII 168.83£2.05°  151.73+1.53 47.37+1.24° 90.97+0.77° 30.51+0.17°
GIV 132.57+1.60°  110.07£1.16° 49.73+1.35° 60.82+2.69° 22.01+0.23°

The results are presented as the Mean+SE. Values that have distinct letters in each row exhibit a significant difference
(P<0.05), but the difference between values that share some or all of the same letters is not significant. tBHQ stands for tert-
butylhydroquinone, SP refers to Spirulina platensis powder, TC represents total cholesterol, TG stands for triglycerides,
HDL-c refers to high-density lipoprotein cholesterol, LDL-c represents low-density lipoprotein cholesterol, and VLDL-c

stands for very low-density lipoprotein cholesterol.

TABLE 6. impact of Spirulina platensis powder on antioxidants indicators in rats with tBHQ-induced toxicity

Groups GSH (nMol) SOD (nMol ) CAT (nMol) TAC (nMol) MDA (nMol)
GI (-Ve) 1.95+0.02° 42.38+1.18" 1.01£0.02° 1.40+0.03° 3.70+0.02¢
GII (+Ve) 0.71£0.01¢ 18.70+0.01¢ 0.43£0.01¢ 0.38+0.01¢ 15.61+0.03°
GIIl 1.30+0.03° 29.30+0.02° 0.60+0.03¢ 0.72+0.02° 9.05+0.04°
GIV 1.58+0.02° 37.15+0.03° 0.89+0.02° 1.08+0.01° 5.70+0.01°

The results are presented as the Mean+SE. Values that have distinct letters in each row exhibit a significant difference
(P<0.05); however, the disparity between values that share either partially or entirely the same letters are not statistically
significant. tBHQ refers to tert-butylhydroquinone, SP stands for Spirulina platensis powder, GSH represents glutathione,
SOD denotes superoxide dismutase, CAT stands for catalase, TAC refers to total antioxidant capacity, and MDA represents

malondialdehyde.

TABLE 7. the primer sequence used for quantitative real-time PCR in liver rats with tBHQ-induced toxicity

Gene Entry number Product size (bp) Primer direction Sequence

B-actin NM_007393.4 140 bp + CCAGCCTTCCTTCTTGGGTA
- CAATGCCTGGGTACATGGTG

Bcel2 NM_009740 154 bp + AGCCTGAGAGCAACCCAAT
- AGCGACGAGAGAAGTCATCC

HO-1 NM_010442.1 125 bp + CGCCTCCAGAGTTTCCGCAT
- GACGCTCCATCACCGGACTG

Nrf2 NM_010902.3 139 bp + CGCCTGGGTTCAGTGACTCG
- AGCACTGTGCCCTTGAGCTG

Note: (+) indicates sense, and (-) indicates antisense. HO-1 refers to heme oxygenase-1, B-actin is the term for beta-actin,
BCL2 stands for B-Cell leukemia/lymphoma 2, and Nrf2 symbolizes nuclear-related factor-2.
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Fig. 2. ANOVA analysis point to the significant correlation between B-actin, Bel2, HO-1, and Nrf2 genes in 4 groups of
rats induced by tBHQ toxicity.
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Photos A1 and A2. show histological sections of the liver stained with hematoxylin and eosin (HXE). It was clear that
the liver from the negative control group had a central vein (shown by red arrows) and portal tracts (shown by black
arrows, which stand for a portal venule, a portal arteriole, and bile ducts). The hepatocytes were organized in regular-
sized cords, as indicated by blue arrows. The liver sections B1 and B2 of the group that consumed tBHQ (called the
"positive control") showed clear signs of swelling and expansion (shown by the red arrows), as well as a lot of chronic
inflammatory cells (shown by the black arrows) and areas of damaged hepatocytes (shown by the blue arrows). The
liver sections C1 and C2 from the group that received 500 mg/kg SP powder and 100 mg/kg tBHQ displayed a
moderate infiltration of chronic inflammatory cells (indicated by black arrows) and hepatocytes that were degrading
(indicated by blue arrows), as well as a slightly enlarged and swollen portal venule. The moderately dilated and
congested portal venule in the liver sections of the D1 and D2 groups, which received 750 mg/kg SP powder and 100
mg/kg tBHQ, respectively, was visible (red arrow). A modest infiltrate of chronic inflammatory cells was present
around this venule (the black arrow indicates this). The blue arrows, which represent the adjacent hepatocytes,

exhibited no evidence of degeneration.
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