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Abstract

Monosodium glutamate (MSG) is one of the most extensively used food additives worldwide,
which is ingested as part of commercially processed foods. This study aimed to investigate the
protective effects of Spirulina (sp) on MSG-induced thyroid disorders in rats. Thirty male albino rats
(170 £10 g) were used in this expeiment. The rats were divided into 5 groups (6 rats in each group),
control group (G1), MSG group (G2): treated with MSG (60 mg/k g b.wt./ day), MSG+ 0.5% Sp group
(G3), MSG+ 1% Sp group (G4), and MSG+ 2% Sp group (G5). The experiment continued for 28 days.
Thyroid gland was examined using biological, biochemical, and histological tests. HPLC analysis of
phenolic compounds and chemical composition of Spirulina demonstrated that Spirulina can be
considered as a good source of protein, carbohydrates, fibers, minerals (such as iodine), phenolic
acids (such as pyrogallol), chlorogenic, catechein and ellagic. In the MSG + SP groups, the biological
results indicated that a significant decline in body weight gain (BWG %) and feed intake (FI) were
exhibited. Biochemically, a significant decrease in thyroid-stimulating hormone (TSH) and a significant
increase in Triiodothyronine (T3) and thyroxine (T4) hormone levels were marketed. As well, a
significant increase of antioxidant markers catalase (CAT), glutathione peroxidase (GPx) was noticed
in addition to reduced glutathione (GSH) and a decrease in malondialdehyde (MDA) content in thyroid
tissues. Histopathological examination of thyroid gland supported these findings and revealed a
marked lesion. Therefore, this study reveals that Spirulina may alleviate MSG-induced thyroid
disorders and play a significant role in the regulation of thyroid hormones in rats.
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Introduction

Monosodium Glutamate (MSG) is a water-soluble salt of glutamic acid, a non-essential amino
acid, normally synthesized in the body and prevalent in protein foods. MSG is utilized world-wide for its
“‘umami” taste and flavor enhancement qualities; the human body does not discriminate between
glutamate present in food and that added as seasoning (Henry-Unaeze, 2017).However, MSG is one
of the world’s most extensively used food additives which are ingested as part of commercially
processed foods. MSG is a slow excitotoxin food additive which can cause generation of numerous
amounts of free radicals which affects many organs such as thyroid gland (Hassan, et al., 2020). The
usage of medicinal plants and their natural products as a therapy against MSG used in food industry
has been suggested to be protective (Hajihasaniet al., 2020).

The thyroid gland is one of the important endocrine glands that play an essential vital role in
the metabolism and energy expense in the body (Stathatos, 2019). This gland is responsible for
production, storage, and releasing of the thyroid hormones;triiodothyronine (T3) and thyroxine (T4)
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(Rajab et al., 2017). Thyroid hormones (TH) regulate essential metabolic process to a normal
growth and development, they also regulate the organism metabolism, correlating the body weight
and the expenditure of energy (Gnocchi et al., 2016). Environmental and nutritional factors are
often implicated in the occurrence of most thyroid disorders that occur in the most part of the world
(Abid et al., 2016). Hypothyroidism is a decrease in the production of the thyroid hormones and leads
to gland dysfunction (EL-Tantawi and Abozeid, 2019). Hypothyroidism characterizes the reduction
of energy liberation, weight gain, increase of cholesterol levels, reduction of lipolysis and
gluconeogenesis (Brent, 2012).

Spirulina, a cyanobacteria commonly referred to as a blue-green algae, is one of the oldest
life forms on Earth. Spirulina grows in both fresh and saltwater sources and is known for its high protein
and micronutrient content, it has been widely used in several countries, it is considered GRAS
(generally recognized as safe), without toxicological effects, and it is approved by the FDA (U.S.A.) and
the Brazilian Health Surveillance Agency (Agencia Nacional de Vigilancia Sanitaria — ANVISA)
(Navacchi et al., 2012 and DiNicolantonio et al., 2020).Rich in protein (up to 65%), spirulina is
considered safe for consumption by humans and animals, and it has been cultivated and used as a
food source worldwide (Sharoba, 2014). Also, this alga is a rich source of phycocyanin, carotenoids,
biliprotein pigment, proteins, phenolic acids, iodine, and vitamins (Anahite et al., 2018). Hence SP is
considered an excellent nutritional supplement with many health benefits, it is rich in protein,
carotenoid (B-carotene), polyunsaturated fatty acids, glycolipids, polysaccharides, vitamins A, E, B,
iodine, calcium, magnesium, manganese, potassium, zinc, and iron (Hoseini et al., 2013). Due to such
biological properties about Spirulina and its high content of phenolic compounds and iodine, the current
study was designed to examine for the protective and ameliorative potential of this alga against the
thyroid disorders induced by MSG in rats.

Materials and methods

Spirulina platensis powder was obtained from Biotechnology Unit, National Research Centre
(NRC), Egypt. Casein, minerals, vitamins, and cellulose were obtained from EL-Gomhoryia (Chemicals
Company), Tanta, Egypt.Thirty male albino rats (Sprague Dawely Strain) were purchased from the
Vaccine and Immunity Organization, Helwan Farm, Cairo, Egypt.

Analysis of Spirulina

Chemical composition

Spirulina was chemically analyzed for moisture, fat, crude protein, crude fiber, and ash, according to
methods of (A.O.A.C., 2000). Total carbohydrate was calculated by difference using the following
equation:

Total carbohydrate = 100- (%omoisture + %fat+ %ash + %crude fibers + %protein)

lodine content
lodine content was determined according to the method described by Kirkbright et al., (1974)using
Atomic absorption spectroscopy.

Fractionation and identification of phenolic compounds
Phenolic compounds were determined by HPLC, fractionated and identificated according to the method

of Goupy et al., (1999).
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Diet composition and experimental animal design
Basal Diet:

Basal diet was prepared from fine ingredients per 100g according to(Reeves et al.1993), and
water supply was given ad-libitum and checked daily.

Experimental design

Thirty male albino rats of Sprague Dawely strain weighing an average of (170 *10 g) were
used in the study and obtained from Vaccine and Immunity Organization, Helwan Farm, Cairo, Egypt.
After the adaptation period of seven days, the animals were divided into five equal groups (6 rats each)
as follows:
Control group (G1): untreated group and fed on basal diet.
MSG group (G2): was fed on basal diet and treated orally with MSG (60 mg/k g b.wt./ day).
MSG+ 0.5%Sp group(G3): was fed on basal diet supplemented with 0.5% Spirulina and treated orally
with MSG (60 mg/k g b.wt./ day).
MSG+ 1%Sp group (G4): was fed on basal diet supplemented with 1% Spirulina and treated orally
with MSG (60 mg/k g b.wt./ day).
MSG+ 2%Sp group (G5): was fed on basal diet supplemented with 2% Spirulina and treated orally
with MSG (60 mg/k g b.wt./ day).

The chosen dose of MSG was built on the harmfulness levels described by previous studies
Hassan, et al., (2020), and the doses of Spirulina were selected from published literature according to
Mridha et al., (2010).

Biological evaluation

During the experimental period, the quantities of diet consumed and/or wasted were recorded
daily. Additionally, the rat's weight was noted weekly. Feed intake (FI), body weight gain % (BWG) and
feed efficiency ratio (FER) were calculated at the end of the experiment according to the following
equations as mentioned by Chapman et al.,(1959).

FI = Initial diet weight (g) — left over diet weight (g)
BWG%= Final weight (g) — initial weight (g)/ Initial weight (g) x 100
FER= Weight gain (g)/Feed intake (g)

Biochemical analysis

At the end of the experiment (after 24 hr. of the last administration) rats were fasted overnight
prior to sacrificing under ether anesthesia. Blood samples were collected from the hepatic portal vein
from each rat, to separate the serum for biochemical assays. The thyroid glands were quickly excised
and homogenized for used to determine the activities of GPx, CAT, GSH and MDA content and
histological examination. The analysis was performed at the Medical College Laboratory, El-Zgazig
University, Egypt. Serum was carefully separated into dry, clean Wasserman tubes using a Pasteur
pipette and then kept frozen at -20° C till analysis.

Biochemical analyses of thyroid hormones:

Triiodothyronine (T3), thyroxine (T4) and thyroid-stimulating hormone (TSH) were estimated in
the serum according to the method described by Lépez-Torres et al.,(2000)

Assessment of oxidative stress in thyroid tissues

Lipid peroxidation was assayed in thyroid homogenates by measurement of malondialdehyde

(MDA) formation according to the method of Uchiyama and Mihara (1978).
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Assessment of antioxidant enzymes in thyroid tissues

Activities of catalase (CAT) was determined according to the methods of Sinha (1972) ;Minami
and Yoshikawa (1979), respectively.The reduced glutathione (GSH) content was estimated using a
colorimetric technique, as mentioned by Weckbeker and Corey (1988), while the glutathione
peroxidase (GPx) activity was measured following the methd of Flohe and Gunzler (1984).

Histopathology Examinations

Thyroid gland samples were fixed in 10% formalin solution at room temperature for 24h.
Samples were then dehydrated in ascending grades of ethyl alcohol, cleared in terpineol and
embedded in paraffin wax. Paraffin sections 5um thick were stained with Hematoxylin and Eosin.
Photomicrographs were taken using a camera attachedto a Leica DM LS2 microscope (Leica
Microsystems, Wetzlar, Germany).

Statistical analysis

Statistical analysis was performed using the program of Statistical Package for the Social
Sciences software (SPSS) version 18. The results were expressed as mean + Standard deviation
(mean + S.D.). Data were analyzed using one-way ANOVA (Snedecor and Cochran, 1979).

Results and Discussion

Chemical composition

Spirulina was analyzed for their chemical composition (moisture, protein, carbohydrates, fat,
crude fiber and ash). The obtained results are shown in table (1) , it could be noticed that the protein
content in Spirulina accounting for about 55.61% of algae’s dry weight. Also, Spirulina’s content of
carbohydrate, ash, fiber, fat and moisture representing 20.12, 6.47, 7.10, 5.63 and 5.07% respectively,
while the lodine content is 132mcg/100g. This is in line with previous findings by Hoseiniet al.,
(2013)who revealed that Spirulina is characterized by high nutritional value as high protein content
(60-70% by dry weight), vitamins, amino acids, gamma-linoleic acid, vitamins, iron, calcium,
magnesium, zinc and iodine. Also, Li et al., (2006) and Sharoba, (2014) found that Spirulina contains
62.84 % protein, higher than any other natural food and an exceptional proportion since the vast
majority of plant-based foods (even the ones that are known to be “good protein sources”) contain only
about 35%. Spirulina contains all the essential amino acids in fairly high amounts. Additionally,
Gutiérrez-Salmeéan et al., (2015) mentioned that the Spirulina contain a significant amount of proteins
(60 to 70%), total carbohydrate17.89/100mg, fiber (7.79/100mg) and iodine (142 mcg/100g). Likewise,
El-Chaghaby et al., (2019) who found that the proximate analysis results indicated high values of
protein for Spirulina platensis (53.30 % dry wt.) whereas the highest fat, ash and moisture percentages
were recorded by Scenedesmus obliquus (15.13, 15.07 and 2.57, respectively).
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Table (1)
Spirulina chemical composition of value per 100g dry weight
Parameter Amount
Dry matter 94.93 g
Moisture 5.07¢g
Crude protein 55.61 ¢
Crude fat 5.63 ¢
Fiber 7.10¢g
Ash 6.47 g
Carbohydrates 20.12g
lodine 132mcg

Phenolic compounds of Spirulina (ppm.) by HPLC analysis

The main phenolic compounds identified in Spirulina are presented in Table (2). Results
show that the predominant phenolic compounds in Spirulina were pyrogallol, chlorogenic,
catechein and ellagic (586.93, 87.33, 36.16 and 32.94 ppm, respectively). This finding is supported
by the results of earlier studies, which reported that Spirulina is a good source of many phytochemicals
such as carotenoids, polyphenols, and phycocyanin (Lu et al., 2006 and El-Desouki et al., 2015).
Also, Anahite et al., (2018) who mentioned Spirulina is a rich source of phycocyanin, carotenoids and
phenolic acids.

Table (2)
Phenolic compounds of Spirulina (ppm.)

Phenolic compounds Test results of phenolic compounds (ppm)
Pyrogallol 586.93
Chlorogenic 87.33
Catechein 36.16
Ellagic 32.94
Salicylic 7.93
P-OH-benzoic 6.98
Caffeine 6.26
Gallic 4.92
Catechol 4.50
Ferulic 4.09
4-Aminobenzoic 3.74
Vanillic 3.12
Caffeic 2.53
Coumarin 2.49
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Biological evaluation

Groups that received MSG revealed a significant increase in the percentage of body weight
gain (BWG%)and feed intake (FI) from control group, while the treatments with the different doses of
Spirulina in MSG+ Sp groups (0.5, 1 and 2 %) recorded a highly significant decreases in the BWG%
and Fl when compared to the MSG-group alone. As for feed efficiency ratio (FER) the results revealed
insignificant changes in all groups. No significant differences were found between groups that
consumed the diet supplemented with the different doses of spirulina as shown in table (3). Increased
percentage of BWG and Fl in MSG-group alone may be due to the palatability of food and disruption of
the hypothalamic signaling cascade of Ileptin action, which cause the link between MSG and
obesity and its effect on energy balance (He et al., 2011).These results agreed with Helal et al.,
(2019) who stated that food additives such as MSG caused increase in body weight when compared
to the control group. Similarly, Shukry et al., (2020) found that the MSG causes a significant increase
in body weight when administered orally for eight weeks. This increase may be attributed to the fact
that MSG can improve foods’' palatability by having a favorable effect on the appetite center and
enhancing the chemosensory perception (Alalwani, 2014 ;Abd-Ella and Mohamed, 2016 ).

In the present study, Spirulina supplemented diets in MSG+ Sp groups caused a decrease in
Fl and BWG% compared with the MSG group only. This is in line with previous findings by Reyhaneh
et al., (2018);EL-Tantawi and Abozeid (2019) who reported that treatment with Spirulina leads to the
suppression of body weight gain. This result might be attributed to the decrease in appetite during the
experiment. This interpretation is supported by Mazokopakis et al., (2014) who showed that Spirulina
is rich in phenylalanine, a potent releaser of cholecystokinin that affects the brain’s appetite center,
which in turn suppress the body weight.

Table (3)
Protective effect of Spirulina on feed intake, body weight gain% (BWG %) and feed efficiency
ratio (FER).
Parameters BWG% FI (9) FER
Groups Meanz SD Meanx SD Meanz SD
Control group 29.88°45.48 655.10°+172.27 0.050%+.003
MSG group 89.22%+9.97 846.83°+165.69 0.090°+0.070
MSG+ 0.5% Sp groups 50.46"+7.75 740.72+93.13 0.086%+0.038
MSG+ 1% Sp groups 46.69"+5.65 730.85%°+92.01 0.087%+0.018
MSG+ 2% Sp groups 54.43+5.99 735.00%°+75.35 0.083%+0.003

Thyroid hormones

The results obtained showed a significant increase in serum TSH and a significant decrease
in the level of the thyroid hormones T4 and T3 in MSG-group in comparison to control group.
Interestingly, the decrease of T3 and T4, also the increase of TSH were significantly lower in the MSG
groups treated with Spirulina (0.5, 1 and 2 %) compared to their relative levels in MSG-group alone.
The addition of Spirulina on the diet for rats administrated with MSG (0.5, 1 and 2 %) showed
significant decrease level of serum TSH and significant increase level of T4 and T3 compared to
control group.MSG+ 0.5% Sp group (G3) revealed the best group for increasing T3 and T4 levels when
compared to control group(table 4).

The thyroid gland is an endocrine gland that is responsible for the production, storage, and
release of thyroid hormones triiodothyronine (T3) and thyroxin (T4). These hormones are essential for
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cell growth and development (Vargas-Uricoechea and Anilza 2017). Increase of body weight gain in
rats treated with MSG could be attributed to the decline in levels of T3 and T4 that have a potential
effect on the metabolism.

In the present study, the administration of MSG caused a decrease in T3 and T4; also, the
TSH recorded a significant increase compared to the values in the control group. These results
disagreed with the recorded data of Helal et al., (2019) who found that the MSG recorded a highly
significant increase in T3 and T4 level (p < 0.01), but benzoate recorded a highly significant
decrease in T3 and T4 level (p<0.01) as compared to control rats. Still, these results were consistent
with the previous findings of Ali et al.,2012 and Sabr (2015) who suggested that loss of thyroid
hormones, most probably caused by loss of thyroxin binding globulin along with T4 bound to it, thus
stimulating TSH production. Also, Alfallouji et al., (2012) suggests that hypothyroidism syndrome is
associated with an overall increase in oxidative stress. Other than the decrease in thyroid function
due to oxidative stress, loss of thyroid hormone-binding proteins in urine could be another
cause of the decrease in serum T3 and T4 levels. Helal et al.,(2019) showed that this oxidative
stress is due to treatment with food additive or its mixtures such as sodium benzoate with MSG.

The findings show a significant decrease level of serum TSH and significant increase level of
T4 and T3 in groups feeding on the different doses of Spirulina (0.5, 1 and 2 %) with MSG. These
findings are in agreement with EL-Tantawi and Abozeid (2019) who reported that the co-
administration of propyl thiouracil (PTU-group) with Spirulina resulted in an insignificant increase in T3
and T4 levels and negligible decrease in the TSH level. Also, Ebrahim (2020) who found that the
decrease of T3 and T4 and the increase of TSH were significantly lower (P<0.05) in the
irradiated animals treated with Spirulina before irradiation compared to their relative levels in
irradiated rats.

Table (4)
Effect of Spirulina on thyroid hormones in MSG-treated rats
Parameters T3 ng/mi T4 ng/dl TSH ulU/ml
Groups Meanz SD Meanz SD Meanz SD
Control group 0.970°+0.020 3.657+0.458 0.005°+.000
MSG group 0.470°+0.080 2.27°+0.586 0.080%+.010
MSG+ 0.5% Sp group 0.573°+0.025 3.86°+0.544 0.035°+.008
MSG+ 1% Sp group 0.531°°+0.008 2.96"°+0.098 0.016°+.006
MSG+ 2% Sp group 0.533°+0.025 2.59°+0.362 0.077%£.012

Thyroid antioxidant status

The effect of MSG on the antioxidant status of thyroid gland revealed a significant decrease in
GSH, GPx and CAT activities. The decrease of antioxidant activity was accompanied by a significant
increase in the content of MDA, compared to the control group. Still, Spirulina has significantly
ameliorated the MSG-induced oxidative stress in rats fed on diet containing spirulina (MSG+ Sp
groups). MSG+ 1% Sp group (G4) revealed the best group for increasing CAT,GPx and GSH activities,
also for decreasing in the content of MDA, compared to the control group. These finding are presented
in table (5). This is in line with previous findings by Shukry et al., (2020) who showed that the MSG
caused a significant increase in oxidative stress markers malondialdehyde (MDA), reactive oxygen
species (ROS) and a significant decrease in superoxide dismutase (SOD), catalase (CAT), glutathione
S transferase (GST), and reduced glutathione (GSH). Also, Onobrudu and Nwiloh (2020) revealed
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that administration of MSG induced imbalance in lipid metabolism, oxidative stress and hepatic
dysfunction. These were revealed by significant decreases in CAT and GSH. Additionally, Ebrahim
(2020) who found that the Spirulina treatment has significantly attenuated oxidative stress in thyroid
tissues. These were revealed by a significant decrease in MDA levels and a significant increases SOD,
CAT and glutathione peroxidase (GSH-Px) activities, concomitant with significant amelioration in
the levels of thyroid and reproductive hormones.

Table (5)

Effect of Spirulinaon thyroid antioxidant status in MSG-treated rats

Parameters | CAT (U/g) GPX (Ulgt) GSH mmol/gt MDA nmol/gt
Groups Mean+ SD Mean+ SD Meanz+ SD Meanz+ SD
Control group 4.79°+0.43 470.40°+19.54 1.86°+0.150 72.83° +4.06
MSG group 0.63°+0.05 133.97°+5.36 0.44%+0.072 172.82%+14.47
MSG+ 0.5% Sp group 1.05°0.09 213.50°+11.58 0.78"°+0.067 142.40° +10.75
MSG+ 1% Sp group 1.60°+0.29 253.20°+16.19 0.92°+0.047 138.87° +5.95
MSG+ 2% Sp group 0.88°+0.04 180.95%+10.45 0.70°+0.010 155.43° +8.35

Histological results

Microscopic pictures of hematoxylin and eosin (H&E) stained thyroid gland sections of the
control group (Fig. 1) showing well-formed, tightly packed follicles separated by narrow interfollicular
tissue, which contains connective tissues with blood capillaries and clusters of interfollicular cells
rounded follicles showing the follicles (F). The follicles are of various sizes and tend to be larger
towards periphery. The follicles are lined by simple low cuboidal cells (black arrow) with round nuclei.
The lumena of the central follicles are filled with homogeneous acidophilic structureless colloid having
peripheral minute vacuolation (blue arrows). Low magnification X100 bar 100 and high magnification
X400 bar 50.

Microscopic pictures of H& E stained thyroid gland sections from MSG-treated group showing
decreased number of follicles that appear irregular large and small in size with marked reduction in
amount of colloid. The follicles lined with cubical epithelium (arrow) having rounded central nuclei as
shown in Fig.(2). Sections of thyroid gland from MSG+ 0.5%Sp group revealing decreased number of
small sized follicles (white arrow) with coalescence of other follicles (blue arrow) and hyperplasia of
parafollicular cells (black arrows)( Fig. 3). The follicles are lined with columnar foamy epithelium with
basal nuclei and their lumena are devoid of colloid.

Similar findings still present in treated groups MSG+ 1%Sp and MSG+ 2%Sp but with
increasing numbers of follicles (Fig. 4 & 5) (x100 and x 400). These results are in harmony with Khalaf
and Arafat (2015) who revealed that increase in follicular epithelial height and decrease in the colloid
was detected in all groups treated with MSG; the peripheral follicles were delimited by cubical epithelial
cells with rounded central nuclei and the central ones were lined by columnar epithelium. Also,
Dhindsa et al., (1981) who found that irregularity in the shape of some cells, reduced amount of colloid
in some follicles together with congested stromal blood vessel after a daily intra-peritoneal injection of
MSG 4 mg/g body weight for seven days and the rats examined after one month from the last dose.
Still, EL-Tantawi and Abozeid (2019) reported that the co- administration of propyl thiouracil(PTU-
group) with Spirulina resulted a slight improvement in the thyroid histological structure compared to the
PTU-group. It could be interpreting that the histopathological changes have resulted from hyper-

stimulation of TSH in the PTU group, and these changes also slightly improved by the limited
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decrease in TSH. These slight improvements appeared as a reduction in the congestion of blood
capillaries and little restoration of thyroglobulin in the follicles. So, Spirulina cannot ameliorate the

impact of PTU completely.

Fig. 1:
Control group

<.
o AN

Fig. 2:
MSG group

Fig. 3:
MSG+ 0.5%Sp
group

Fig. 4:
MSG+ 1%Sp group

Fig. 5:
MSG+ 2%Sp group
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Conclusion

It could be concluded that Spirulina is characterized by high nutritional value as high protein
content and could be considered as a potential source of natural antioxidants. Thus, the Spirulina
supplementation ameliorates the thyroid disorders caused by food additives such as MSG through
inhibition of the oxidative stress and reducing lipid peroxidation. The protective effect of Spirulina may
be due to the presence of phenolic compounds, which are known by their antioxidant activity.
Therefore, the education of the public is needed to increase awareness of the potentially toxic effects
of excessive consumption of products containing MSG.
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