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Abstract

Background and Objective: Spirulina platensis (SP) microalgae is a filamentous cyanobacterium with strong dietary anti-inflammatory
and Phyto-antioxidant. This study aimed to investigate the potential hepatoprotective and antioxidants effect of phenolic compounds
extracted from Spirulina platensis (SPP) in Albino diabetic rats. Materials and Methods: Thirty rats were randomly divided into five
groups. The first group were received normal saline. The second group were received only STZ. The third group were received (STZ) and
glibenclamide (600 pg kg=' b.wt.). The fourth group received STZ and silymarin (100 mg kg~ b.wt.). The fifth group were treated with
(STZ) following administration with (SPP) at (50 mg kg~" b.wt.). The blood samples were collected for estimation of the liver biomarkers
and the hepatic tissues were isolated for assessment of the oxidative stress markers. The TNF-a and IL-6 were also evaluated and the
histopathological were studied. Results: The results show that the predominant compounds of (SPP) were pyrogallol, E-vanillic, Ellagic,
catechol and Benzoic (638.5, 31.53, 19.83, 7. 62 and 6.82 mg/100 g, respectively). The animal treatments with (STZ) lead to an increase
in ALT, AST and lipid peroxidation. It significantly inhibits the activities of GPx, CAT and SOD. As well as, TNF-a and IL-6 were increased.
Conclusion: The results conclude that SPP may be acting as a therapeutic protective agent against liver damage in diabetic rats.
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INTRODUCTION

Diabetes Mellitus (DM) is a major disease affecting the
pancreas and its major manifestations include disordered
metabolism and hyperglycemia'. Management of DM includes
exercise, dietand treatment with oral hypoglycemic medicine
and/or insulin. However, these treatments do not effectively
prevent the different complications associated with diabetes
such as hepatopathy, neuropathy, nephropathy, hypertension
and cataract’. As well, DM help in the production of the free
radical that also lead to several complications is caused by
chronic hyperglycemia including failure, damage and the
dysfunction of kidneys, blood vessels, eyes, cardiovascular and
nerves*. Moreover, increases the risk of colon, liver, pancreatic,
bladder and breast cancers®. The increasing numbers of
chronic liver disease in patients with DM has encouraged
interest to discover this relation and on the search of
pathogenesis that promise to focus on the relationship
between glucose homeostasis and hepatic metabolism?.

The liver is a highly affected organ among diabetic
patients. The liver function markers ALT and AST are found
always elevated and are associated with nonalcoholic
fatty liver disease in diabetic patients®. Pre-clinical and
epidemiological evidence indicates a clinical link between
DM and liver diseases such as nonalcoholic steatohepatitis,
non-alcoholic fatty liver disease, liver cirrhosis and metastatic
hepatocellular carcinoma’. The nonalcoholic fatty liver is a
widespread co-morbidity in approximately 70% of patients
with T2DM8, Moreover, Tumor Necrosis Factor-a (TNF-a) is a
common cytokine in liver injury, which control the immune
system development, subsistence signalling pathways of cell,
generation and different metabolic processes regulation®1°.
Other studies also mentioned that TNF-a plays important
role in the induction of hepatocyte apoptosis by
lipopolysaccharide or concanavalin A leading to
hepatotoxicity'', alsoin regeneration and repair of liver tissues
after hepatotoxicity'?. Additionally, TNF-a acts as a protective,
host defense and deleterious agentin a toxic shock. Therefore,
TNF-a has double functions in liver damage, either intensive
or relieving injury, it offers trials for designing medicine to
protect the liver from injury'. In addition to, the Interleukin 6
(IL-6) are a family of cytokines that are characterized by their
widespread use of expressed signal-transducing receptor,
glycoprotein 130 (gp130) and applies many body functions. It
plays a pathological important role in heart failure, cancers
and inflammatory diseases including asthma, rheumatoid
arthritis and systemic lupus erythematosus' ™. In liver tissue,
IL-6 is considered the important initiator of the acute stage of
response and infection defense. Furthermore, IL-6 is essential
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for hepatocyte homeostasis and is an effective hepatocyte
mitogen. The IL-6 is not only embroiled in liver regeneration,
but also liver metabolic function. As well as, the preserve
initiation of the IL-6 signalling pathway is injurious to the liver
and might lead to liver tumour development's,

Recently, natural food products have been used as herbal
medicine for thousands of years for treating chronic
hyperglycemia'. These products have fewer side effects than
synthetic products such as glibenclamide and metformin are
used as antihyperglycemic agents for regulating DM or
silymarin that regulate liverinjury'®. Many algal products have
been reported to improve the nutritional value of foods
because of their capability to prevent cell oxidative damage™.

Spirulina platensis is one such natural product that is
consumed as afood supplement by humans and animals or as
whole food. It is rich in protein?, vitamins such as C, A, E and
B-complex, essential amino acids, y-linolenic acid and
antioxidants such as phycocyanin and B-carotenoids?', in
addition to minerals such as selenium and chromium?2
Improvement of appropriate antioxidant molecules is
achievement more significance as it plays an important role,
in avoiding or deferring hepatotoxicity. Butyl hydroxyanisole
(BHA) and butylhydroxytoluene (BHT) are commonly used as
synthetic antioxidants but they may be accompanied by
toxicity and health risks. Therefore, using phenolic compounds
of SPis considered a good source of natural antioxidants. The
present study was aimed toilluminate the potential use of SPP
against oxidative stress and liver injury in diabetic rats.

MATERIALS AND METHODS

Study area: The study was carried out at Department of
Biochemistry, Faculty of Agriculture, Ain Shams University,
Egypt and Department of Pharmacology and Toxicology,
College of Pharmacy, Prince Sattam Bin Abdulaziz University,
Al-Kharj, Saudi Arabia, from November, 2020 to December,
2021.

Chemicals and solvents: All analytical grade chemicals and
solvents were used in this study. Alanine transaminase (ALT),
aspartate transaminase (AST), glucose, total cholesterol,
triglyceride, alkaline phosphatase and Gamma-glutamyl
transferase kits were obtained from the Egyptian Company of
Biotechnology, Cairo, Egypt. The oxidative stress markers as
superoxide dismutase (SOD), malondialdehyde (MDA),
catalase (CAT) and glutathione peroxidase (GPX), the
inflammatory markers IL-6 and TNF-a were purchased from
BioDiagnostic, Egypt.
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In vivo experiment

Animals and housing conditions: A total of 54 male Albino
rats weighing 150-190 g were obtained from the animal house
of the Agriculture Research Center, Cairo, Egypt. The rats were
housed in plastic cages and maintained on a standard dietand
water ad libitum. All rats were adapted for 7 days under the
laboratory conditions at 25°Cand 12 hrs light/dark succession.
All protocols and procedures followed were in agreement
with the Institutional Animal Ethics Committee of ARC and
recommendation of the appropriate care and use of
laboratory animals.

Induction of DM in rats: The animals were induced for DM by
intraperitoneal injecting of streptozotocin (STZ) freshly
prepared solution (45 mg kg~" b.wt.) in 100 mM citrate buffer.
The blood samples were collected 72 hrs after injection and
the blood glucose levels were estimated. The animals with
high blood glucose levels of more than 350 mg dL~" were
selected as type 2 diabetic rats®.

Experimental design: After establishing the diabetic
model, 30 rats were divided into 5 groups with 6 animals with
each group, orally administered daily for 21 days as
follows:

Group I: Received only normal saline and served as the
normal control group (NC)

Groupll: Received STZ-induced diabetes and served as +ve
control group

Group lll: Diabetic rats have orally received glibenclamide
(600 pug kg=' b.wt.)

Group IV: Diabetic rats were administered with silymarin
(100 mg kg™ b.wt.)

Group V: Diabetic rats were administered with SPP

(50 mg kg™ b.wt.)

Identification and quantification of phenolicand flavonoid
of Spirulina platensis biomass by HPLC: Total soluble
phenolic of spirulina biomass was identified by HPLC and
described in our earlier study?.

Biochemical estimations: The liver function marker AST
and ALT in serum, as well as, triglyceride, total cholesterol,
Gamma-glutamyltransferase and alkaline phosphatase were
determined according to the recommendations of the
manufacturer.
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Lipid peroxidation and antioxidant enzymes estimation:
The liver tissue of all animals were homogenized in 10% w/v
phosphate buffer (100 mM, pH 7.4) followed by centrifugation
at 12000 rpm for 30 min at 4°C. The oxidative stress
parameters: MDA, CAT, GPx and SOD were determined in the
obtained supernatants according to the recommendations of
the manufacturer.

Liver TNF-a and IL-6 determination: Animals liver tissue was
thawed onice with the addition of 1 ml of phosphate-buffered
saline containing protease inhibitors to prevent protein
degradation. The samples of liver tissue were homogenized
three times for 5 min at 4°C. The homogenates were
centrifuged and the supernatants were kept at -80°C. The
protein content of liver samples was measured, TNF-a and IL-6
were detected according to the instructions of the ELISA kits
(Abcam, Cambridge, MA, USA).

Histopathological examination: Tissue samplings were
collected fromthe liverand immediately fixed in 10% formalin,
after appropriate fixation, the thin sections of paraffin were
prepared and stained with Hematoxylin and Eosin stain (H&E)
for the subsequent histopathological lesions in the hepatic
tissue. The sections were graded numerically to assess the
degree of the histopathological countenance of the hepatic
damage. Hepatocyte necrosis, hyaline degeneration, fatty
change and infiltration of Kupffer cells were distinguished in
the histological findings®.

Statistical analysis: All data were presented as Mean+SEM
(n = 6). Statistical significance was determined by one-way
analysis of variance (ANOVA) using GraphPad Prism
(GraphPad Software, San Diego, CA, USA). The comparison of
the individuals was achieved by Tukey’s test. The values were
considered statistically significant at p<0.05.

RESULTS AND DISCUSSION

Recently, Spirulina has been concerned with more
attention as a good alternative source of pharmaceutical
beneficial compounds. Recently, research studies reported
that Spirulina has several health benefits such as antioxidants
immunomodulatory, anti-microbial activities, anti-viral,
anticancer and anti-inflammatory. Now-a-days, many
researchers are focusing on Spirulina because it helps in
preventing lipid peroxidation, scavenges free radicals and
DNA damage.
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Table 1: Identification of the phenolic contents (mg/100 g) by HPLC analysis

Spirulina platensis Spirulina platensis

Compounds (mg/100 g) (min)

Pyrogallol 638.50 6.875

Gallic 4.64 7.011

4-Amino-benzoic 0.32 8.246
Protocatchuic 1.26 8.694
Catechol 7.62 8.636
P-OH- benzoic 1.90 9.136
Caffeine 0.75 9.762

Chlorogenic 3.06 9.859
Vanillic 2.62 9.875

E-Vanillic 31.53 12.107
Caffeic 5.97 10.324
P-Coumaric 0.28 10.900
salicylic 3.89 16.258
Benzoic 6.82 13.268
Ferulic 0.39 11.657
Iso-Ferulic 0.22 11.938
Alpha-Coumaric 1.26 12.524
Ellagic 19.83 13.488
3,4,5-methoxy-cinnamic 1.40 14.183
Rosmarinic 0.18 14.282
Coumarin 1.08 14.552
Cinnamic 0.12 15.285

Table 2: Identification of the flavonoid contents (mg/100 g) by HPLC analysis

Spirulina platensis Spirulina platensis
Compounds (mg/100 g) (min)
Catechin 3.77 8.246
Epicatechin 1.68 10.324
Naringin 474 12340
Hesperidin 9.01 12.438
Rutin 123 12.575
Quercetin 2.26 13.482
Quercetin 0.92 14.887
Naringenin 0.89 15.034
Hesperetin 5.16 15.324
Kaempferol 1.20 16.243
Apigenin 0.54 16.600

Identification and quantification of phenolicand flavonoid
of Spirulinaplatensis by HPLC: From the results of our earlier
study?*, Spirulina platensis were exposed to HPLC analyses to
examine phenolic and flavonoids that have the capability as
antioxidants. We identified and quantified thirty-three of
phenolic compounds. The phenols compounds including
pyrogallol, E-vanillic, ellagic, catechol, benzoic, caffeic, gallic
and chlorogenic were recorded as 638.5, 31.53, 19.83, 7.62,
6.82,5.97,4.64 and 3.06 (mg/100 g), respectively (Table 1, 2).
Pyrogallol was the major phenolic (638.50 mg/100 g) and
hesperidin was the major flavonoid (9.013 mg/100 g).

Effect of SPP on liver function: The results show that serum
levels of ALT and AST were higher in diabetic groups
compared with a normal control group (p<0.05), indicating
impairment of liver functions (Fig. 1a, b). In the same way,
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the activities of ALP and Gamma-glutamyl transferase (GGT)
(Fig. 1¢,d), as well as TC, TG were found also to be significantly
increased compared with the normal control group (p<0.05)
(Fig. 1e, f). Meanwhile, in diabetic rats treated with SPP, the
enzyme levels were reversed significantly decreased (p<0.05)
(Fig. 1a-f).

Effects of treatment with SPP on lipid peroxidation and
antioxidant enzymes: The results show that MDA in the
hepatic tissue was significantly increased (Fig. 2a), while the
antioxidant enzyme activities of SOD, GPx and CAT were
significantly decreased in the diabetic group compared with
normal control (p<0.05) (Fig. 2b-d). The SPP treatment of
diabetic rats was decreased MDA values and increased the
activities of antioxidant enzymes (p<0.05).

SPP effects on cytokine concentrations: The results show
that levels of cytokines (IL-6 and TNF-a) were higher in
diabetic control compared with normal control (Fig. 3a, b).
Treatment of diabetic rats with SPP showed a significant
reduction in IL-6 and TNF-a levels (p<0.05) (Fig. 3a, b).

Histopathological examination of liver tissue: Liver of
normal control shown hepatic lobule with normal histological
structures (Fig.4a). In opposing, the liver tissue diabetic group
show focal hepatic necrosis accompanied with Kupffer cells
activation, cholangitis and inflammatory cells infiltration
(Fig. 4b). Some examined sections in the third group showed
slight Kupffer cells activation and binucleation of hepatocytes
(Fig. 4c). However, the liver of the fourth group showed
sinusoidal leukocytosis and Kupffer cells activation (Fig. 4d).
Finally, the liver of the fifth group treated with (SPP) showed
the liver histopathological structure became almost like the
control group (Fig. 4e).

The liveris the first protection line against damage, which
mightresultin apoptosis and hepatic necrosis, induced by free
radicals, oxidative stress, drugs and xenobiotics®. The reactive
oxygen species (ROS) induced by diabetes not only cause
indirect liver damage but also, promote inflammation via
activation of several cytokines?’. Oxidative stress is defined as
an imbalance between production and the removal of ROS.
The increase of these oxidative stress that contributes
ultimately to diabetic complications pathogenesis, is the result
of either improved ROS production or decreased ROS
scavenging capacity. The process generates ROS, including
hydroxyl radicals and hydrogen peroxide. The accumulation
of ROS by the liver may be lead to functional defects in the cell
membrane, oxidation of DNA and protein and finally to
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Fig. 1(a-f): Effect of SPP on the level of serum marker enzymes against diabetic-induced hepatotoxicity in rats, (a) ALT, (b) AST,
(c) ALP, (d) GGT, (e) Total cholesterol and (f) Total triglycerides

Data are Means=®SD of six rats in each group, the values among groups are significant value at *p<0.05
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Fig. 2(a-d): Antioxidant enzymes in different groups (N = 6), (a) MDA, (b) SOD, (c) GPx and (d) Catalase
Data are expressed as Mean+SD, GPx, MDA, SOD and CAT, *p<0.05: Treatment compared with NC and ®p<0.05: Treatment compared with DM control

hepatocellular damage?. Firstly, the oxidative stress induced
by diabetes leads to ROS increase and fat accumulation in the
liver. Therefore, the oxidative stress results in increasing of
lipid peroxidation and inflammatory cytokines, followed by
consequences of inflammation, liver necrosis and finally
fibrosis®.

The antioxidant enzymes such as SOD, GPx and catalase
that work as antioxidative defence systems showed low
activities in different organ tissues during diabetes?® and this
may be due to theincreased production of hydrogen peroxide
and superoxide via auto-oxidation of the excessive amounts
of glucose and glycation of proteins non-enzymatically3'.
These antioxidant enzymes activities were decreased in
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diabetic group rats, while administration with SPP increased
its activities, therefore, controlling ROS production®.
Moreover, the high levels of serum ALT, AST and ALP in
diabeticrats, indicate a deficiency of liver functions and tissue
damage. Treatment of the diabetic rats with SPP could inhibit
these enzymes activity in comparison with diabetic control.
The production of the cytokine in liver tissues depends mainly
ontheinduction of initial response to them?3?, IL-6 is one of the
cytokines that have a role in hepatic protection through the
initiation of the recovery of the liver and protection from
damage®. The first step in the IL-6 pathway started by IL-6
binding to its receptor (IL-6R) which initiate the activation
of the STAT3 pathway by binding to the glycoprotein 130
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Fig. 4(a-e): Photomicrograph of hematoxylin and eosin-stained section, (a) Liver of normal control rats show the normal, well
defined histological structure of hepatic lobule, (b) Diabetic control rats liver show hepatic toxicity signsincluded focal
hepatic necrosis accompanied with inflammatory cells infiltration and Kupffer cells activation, (c) Third group liver
treated with glibenclamide showing slightly Kupffer cells activation and binucleation of hepatocytes, (d) Fourth group
rats liver treated with silymarin show improvement in the histological structure of hepatic lobule and (e) Fifth group

rats liver treated with SPP showing Kupffer cells activation
H&E X 400
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(gp130). The other pathway is through the IL-6 signal
(IL-6 trans-signalling)**. Therefore, IL-6 may regulate liver
damage by two pathways because it acts as a pro- and
anti-inflammatory cytokine. The results indicated, diabetes
help in upregulating the expression of IL-6, while treatment
with SPP act as the opposite effects by suppression of these
changes because it acts as an anti-inflammatory agent.
The pro-inflammatory cytokines TNF-a activate different
intracellular pathways regarding the regulation of cell
inflammation, proliferation and cell death. The TNF-a is a
hepatotoxicity mediator and contributes to the restoration of
functioning liver tissues by encouraging hepatocyte
proliferation and liver tissues regeneration.

Our results showed that diabetes contributes to lowering
the concentration of the antioxidant enzyme in liver tissues
and increased the malondialdehyde levels, lipid profile,
liver function enzymes and the pro-inflammatory markers
TNF-a and IL-6. While, at oral administration with SPP
(50 mg kg=" b.wt.), effects on lowering malondialdehyde
levels, lipid parameters, liver functional enzymes, IL-6 and
TNF-a (p<0.05). The previous study stated, the phenolic
compounds in  Spirulina including salicylic, caffeic,
chlorogenic, quimic and synaptic trans-cinnamic act as
antioxidants individually or synergistically®, also, other study
reported, cinnamic acid inhibit diabetic complications by
inhibiting the tyrosine phosphatases-1B gene®. Moreover,
Naringenin found in Spirufina has also inhibitory effects on
the pro-inflammatory cytokine (IL-6, IL-8, IL-1B8 and TNF-a)
response activated by lipopolysaccharide in the whole blood.
From the results, we conclude that the serum levels of AST,
ALT, ALP, TG, TC and MDA were downregulated, while those
of SOD, CAT and GSH-Px were upregulated. The SPP also
reduced IL-6 and TNF-a levels, in diabetic rats.

CONCLUSION

The SPP can be capable of reducing diabetic-induced
liver oxidative injury through its anti-inflammatory and
antioxidative effects. Although, its antidiabetogenic action
requires further investigation, our results suggested that the
use of SPP as a supplement may be considered as a promising
therapeutic molecule for the protection or early treatment of
diabetic disorders.

SIGNIFICANCE STATEMENT

The study presents important information about the role
of phenolic compounds extracted from Spirulina platensis
microalgae as a protective agent against oxidative stress
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and liver damage in diabetic rats, also its role against the
pro-inflammatory markers TNF-a and IL-6, by the authors
(Gamal AG, Salwa M, Khalid MA, Vidya DS and Nahla MH).
Therefore, this paper is significant.
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