'.) Check for updates

Wiley

Cardiovascular Therapeutics
Volume 2024, Article ID 3833521, 10 pages

https://doi.org/10.1155/2024/3833521

Research Article

The Bioprotective Effects of Marigold Tea Polyphenols on Obesity
and Oxidative Stress Biomarkers in High-Fat-Sugar Diet-Fed Rats

Bader Alsuwayt(,' Neelam Iftikhar,” Abdullah Ijaz Hussain (),> Ashfaq Ahmad ©,’
Irsa Zafar,” Arifa Khanam,” Wen-Nee Tan(®),> Lutfun Nahar,* Afaf F. Almugqati )
Esraa Mohammad Haji,” Ali F. Almutairy®,° and Satyajit D. Sarker ©’

'Department of Pharmacy Practice, College of Pharmacy, University of Hafr Al Batin, Hafr Al Batin 39524, Saudi Arabia
Department of Chemistry, Government College University Faisalabad, Faisalabad 38000, Pakistan
Chemistry Section, School of Distance Education, Universiti Sains Malaysia, Penang 11800, Malaysia
“Laboratory of Growth Regulators, Institute of Experimental Botany ASCR & Palacky University, Slechtitelii 27, 78371 Olomouc,
Czech Republic
*Department of Pharmaceutical Chemistry, College of Pharmacy, University of Hafr Al Batin, Hafr Al Batin 39524, Saudi Arabia
®Department of Pharmacology and Toxicology, College of Pharmacy, Qassim University, Buraydah 51452, Saudi Arabia
”Centre for Natural Products Discovery, School of Pharmacy and Biomolecular Sciences, Liverpool John Moores University,

James Parsons Building, Byrom Street, Liverpool L3 3AF, UK

Correspondence should be addressed to Abdullah Ijaz Hussain; abdullahijaz@gcuf.edu.pk
and Ashfaq Ahmad; ashfaga@uhb.edu.sa

Bader Alsuwayt and Neelam Iftikhar contributed equally to this work.
Received 27 May 2024; Accepted 29 August 2024
Academic Editor: Arquimedes Gasparotto Junior

Copyright © 2024 Bader Alsuwayt et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Background: The research is aimed at exploring the potential of marigold petal tea (MPT), rich in polyphenol contents, against
oxidative stress and obesity in a rat model following a high-fat-sugar diet (HFSD).

Methods: The MPT was prepared through the customary method of decoction and was subjected to analysis for its polyphenol
composition using reversed-phase high-performance liquid chromatography (RP-HPLC). Two specific doses of MPT, namely,
250 and 500 mg/kg body weight (BW), were chosen for the study—referred to as MPT-250 and MPT-500, respectively.

Result: The main phenolic acids and flavonoids identified in MPT, with concentrations exceeding 10 mg/100 mL of tea, included
catechin, rutin, salicylic acid, gallic acid, sinapic acid, chlorogenic acid, cinnamic acid, and ellagic acid. The total phenolic (TP) and
total flavonoid (TF) contents in MPT were measured to be 5.53 and 7.73 mg/g, respectively. Additionally, MPT demonstrated a
57.2% scavenging capacity with 2,2-diphenyl-1-picrylhydrazyl radical. Notably, the administration of a higher dose (MPT-500)
showed a significant reduction in body mass index (BMI) and a 51.24% reduction in the rate of increase in BW compared to
the HFSD group. The findings indicated that all the treatment groups, that is, orlistat treatment (OT), MPT-250, and MPT-500
groups, experienced reduced levels of serum total cholesterol (TC), triglyceride (TG), and markers of lipoproteins in contrast
to the HFSD group. Moreover, MPT helped restore the levels of malondialdehyde (MDA), superoxide dismutase (SOD), and
reduced glutathione (GSH), thereby demonstrating its potential in combating oxidative stress. The MPT-500 group also
displayed decreased liver and kidney weights and an improved atherogenic index when compared to the HESD group.
Conclusion: The results clearly indicate that a high dosage of MPT showed antiobesity activity which was comparable to the same
effects produced by the conventional drug orlistat.
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1. Introduction

Obesity and excessive weight gain have become significant
public health concerns in the 21st century, impacting peo-
ple of all age groups. These issues are associated with a
wide range of complications, including various cancers,
chronic heart diseases, Type 2 diabetes, metabolic syn-
dromes, joint problems, and psychological and social
effects [1-4]. In adipocytes, the excess storage of triglycer-
ides (TGs) can cause obesity and increased TG levels in
the liver, blood, and muscle tissues of overweight individ-
uals which cause pathological disorders [5, 6]. Body mass
index (BMI) is a universal representation of obesity and
overweight. For instance, a BMI of 25 is regarded as over-
weight, while a BMI of 30 is considered obesity. When
BMI is 40 or more, morbid obesity is referred to as Type
III obesity and causes more complications [7]. Obesity
can be considered among the Top 5 risk factors that
can cause death that reaches approximately 2.8 million
yearly [8, 9].

Obesity is correlated with augmented oxidative stress
which later increases the production of free radicals and
reactive oxygen species (ROS) [10]. These ROS may come
from the mitochondrial respiratory chain and the nicotin-
amide adenine dinucleotide phosphate (NADPH) oxidase,
but obesity can induce oxidative stress on its own [10].
The prevalence of obesity is influenced by a combination
of genetic, lifestyle, and dietary factors [11, 12]. Other rea-
sons for this increase in weight gain tendency are steroid
hormones and psychoactive drugs [2].

Orlistat is a commonly prescribed medication for
addressing persistent obesity and has received approval from
the European Medicines Agency (EMA). Acting as an
inhibitor of pancreatic and gastric lipases, it can effectively
hinder the absorption of approximately 25%-30% of the
calories derived from ingested fat [13]. Nevertheless, its
use has been linked to certain adverse effects, and its phar-
macological impact is contingent upon patients adhering
to specific dietary constraints, thus limiting its overall
effectiveness [13, 14].

Recently, plant-based natural products are gaining the
attention of health practitioners as protective and therapeu-
tic strategies in many ailments including obesity [15]. Poly-
phenols are employed against oxidative stress and associated
diseases [15, 16]. Therefore, polyphenols are used as anti-
obesity due to their safety profile, affordability, and signifi-
cant efficacy [15]. Herbal local teas which include herbal
infusions like Gurhal, Ginger, Podina, Eliechi, and Genda
teas are the most consumed beverages [16-18]. They are
consumed either as refreshment drinks or to reduce body
weight (BW). This is mainly due to fewer side effects as
compared to pharmacological drugs, thus gaining much rec-
ognition [19, 20].

In the present work, marigold petal tea (MPT) was
selected to investigate its antioxidant and antiobesity poten-
tials. The identification and quantification of polyphenols
were carried out by reversed-phase high-performance liquid
chromatography (RP-HPLC). The antioxidant potential of
MPT was estimated by various antioxidant assays. Further-
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more, the antiobesity potential of MPT with a high-fat-
sugar diet (HFSD)-induced obesity model was determined.

2. Materials and Methods

2.1. Plant Materials, Chemicals, and Reagents. The petals of
marigold (Calendula officinalis L.) were collected from the
botanical garden and identified by the local taxonomist of
Government College University Faisalabad (GCUF), Paki-
stan. All the standards employed in the chromatographic
analysis were of high-performance liquid chromatography
(HPLC) grade and procured from Sigma Chemical Co.
(St. Louis, MO, United States).

2.2. Preparation of MPT. The marigold petals were washed
with deionized water, dried in a dehydrator, and grinded
(80 meshes). The preparation of MPT involved the use of a
temperature-controlled orbital shaker (Gallenkamp, UK).
Twenty grams of powdered sample was subjected to shaking
in a volume of 200 mL of distilled water at 50°C for 24 h. The
solid residues were filtered, while the resulting solution was
dried utilizing a rotary evaporator as reported in the previ-
ous study [21]. The percentage yield was computed using
the following formula.

Yield 5\ Welght of dry extract .
100g/  Weight of dry plant material

2.3. Chromatographic Analysis of MPT for Phenolic Acids
and Flavonoids. The HPLC was utilized for quantitative
assessment of phenolic acids and flavonoids from MPT as
previously documented [22]. For this purpose, a Flexar
HPLC system equipped with a gradient model Flexar pump,
LC-Shelton CT 06484, and a UV/visible detector were
selected (Perkin Elmer, United States). To achieve chro-
matographic separation, a hypersil GOLD C,4 column mea-
suring 250 x 4.6 mm with a particle size of 5um (Thermo
Fisher Scientific Inc.) was used. The quantification of pheno-
lic acids and flavonoids was executed using a standard addi-
tion method.

2.4. In Vitro Antioxidant Activity of MPT. The total phenolic
content (TPC) of the MPT was measured by using the
Folin-Ciocalteu reagent method, as detailed in a previ-
ous study [21]. A standard curve ranging from 10 to
80ppm of gallic acid was established to compute the
TPC of the sample, which was measured as equivalence
(y=0.026x + 0.000, R, =0.997) to gallic acid. Additionally,
the total flavonoid contents (TFCs) of the MPT were
assessed using a spectrophotometric method outlined [21].
To determine the TFC of the sample in terms of milligrams
of flavonoids per gram of plant material, a standard curve
was prepared using concentrations ranging from 10 to
160ppm of catechin, measured as catechin equivalent
(y=0.006x +0.015, R2=0.999). Furthermore, 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) free radical scavenging activity
of the MPT was carried out following the methodology
described [23]. A solution of tea (10 ug/mL) and standard
butylated hydroxytoluene (BHT) were mixed with 2 mL of
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90 uM DPPH solutions in methanol, and the absorbance was
taken at 517 nm after 30 min.

2.5. In Vivo Antiobesity Activity

2.5.1. Animal Recruited for Study. Thirty young male Wistar
Kyoto (WKY) rats having 140-155 g weight were brought to
the animal house and kept at the standard facility of the ani-
mal house in GCUF, Pakistan. Six rats were picked randomly
and distributed in each labeled cage (16 x 13.5 x 6.251n.) for
each group, and we provided them with standard food.
Approval of the study (study no. 19680/IRB no. 680) for
experiments on animals was performed according to the
guidelines provided by the Institutional Review Board for
Animal Studies, GCUF, Faisalabad, Pakistan.

2.5.2. Composition and Content of HFSD. For the in vivo
experiment, two types of diets were formulated: a standard
diet consisting of rat chow and a HFSD. The standard diet
comprised cellulose (5%), corn starch (50%), corn oil (5%),
casein (26%), sucrose (9%), mineral mixture (4%), and vita-
min mixture (1%). The high HFSD consisted of cellulose
(5%), starch from corn (15%), casein content (26%), beef tal-
low content (40%), sucrose (9%), mixtures of minerals (4%),
and vitamins (1%). Additionally, the animals were supple-
mented with a carbonated soft drink solution in a 1:1 ratio
with water. Notably, the high-fat diet exhibited a higher lipid
content, resulting in an expected energy discrepancy of
4.37K]J/g. The diets were securely stored in airtight bags at
24°C in a dark environment to prevent the oxidation of fat.

2.5.3. Experimental Design. After a 7-day acclimatization
period, the 30 healthy rats were selected and randomly
divided into the following five groups: normal control
(NC), HESD, orlistat-treated (OT), marigold petal tea-250
(MPT-250), and marigold petal tea-500 (MPT-500) groups.
The NC group provided a normal diet (daily intake of
20 g/rat) and water ad libitum, and the HDSD group pro-
vided HFSD (approximately 20 g/rat/day) and carbonated
drink ad libitum. Treatment groups OT, MPT-250, and
MPT-500 were supplied with orlistat 250 mg/kg BW, MPT
250 mg/kg BW, and MPT 500 mg/kg BW for 28 days along
with HFSD (approximately 20g/rat/day). The orlistat or
MPT doses were administered to treatment groups by
mouth via oral gavage.

2.5.4. Measurement of BW and BMI. The weight of each
individual rat was measured both at the beginning and end
of the study, and the change in BW for each group was
determined using the BMI calculation. The BMI was calcu-
lated by dividing the weight (gram) by the length (square
centimeter) [22] taken as an obesity indicator [24].

2.5.5. Collection of Blood Samples and Body Organs. At the
end of the experiment, rats were subjected to an overnight
fast but were provided free access to water. Blood samples
were obtained by following the procedure reported previ-
ously [25]. Briefly, 4 mL of blood was taken from the right
carotid artery, under chloroform anesthesia, into a tube
and centrifuged for 15min at 3000 rpm. The clear layer of

serum was transferred into microcentrifuge tubes, labeled,
and stored at —70°C until biochemical investigation. Upon
completion of blood collection, the animals were euthanized
by exsanguinations under chloroform anesthesia. The kid-
neys and liver were quickly extracted, cleaned, rinsed with
normal saline, and weighed. These organs were then pre-
served in 10% formalin for subsequent histological examina-
tion. To assess organ health and size, the kidney index and
liver index were calculated as reported [26].

2.6. Biochemical Investigations

2.6.1. Estimation of Lipid Profile. Total cholesterol (TC) was
estimated from serum samples by the cholesterol esterase
method as reported [22], and TG was determined by the
glycerol-3-phosphate oxidase method [27]. The atherogenic
index (AI) was obtained from the formula given below as
defined by Muruganandan, Lal, and Gupta [28]. High-
density lipoprotein (HDL) cholesterol was determined on a
semi-autoanalyzer using diagnostic kits (Bayer Diagnostics
Ltd, Pakistan) as reported previously [14]. Low-density lipo-
protein (LDL) and very low-density lipoprotein (VLDL)
contents were estimated by using Friedewald’s formulae.

Total serum cholesterol — HDL cholesterol

Ath ic Index =
erogenicindex HDL cholesterol

LDL Cholesterol = Total serum cholesterol — HDL cholesterol

_ Total serum triglyceridesl
5

VLDL Cholesterol (g) _ Total serum 5trlglycerldes

2.6.2. Liver and Kidney Function Parameters in Serum.
Serum alanine aminotransferase (ALT), asparate amino-
transferase (AST), and bilirubin total (BT) levels in the
serum were estimated to evaluate the liver function as
reported earlier [25]. Serum creatinine (SC) and alkaline
phosphate (AP) were measured to appraise kidney function
[27]. All samples for assays were conducted spectrophotom-
etrically by an autoanalyzer (Opera, Techicon, Bayer, United
States) [29].

2.6.3. Estimation of Oxidative Stress Parameters. Lipid oxida-
tive damage in rat serum samples was evaluated by examin-
ing the lipid peroxidation product via the malondialdehyde
(MDA) assay, in accordance with the methodology estab-
lished by Ohkawa, Ohishi, and Yagi [30]. To investigate
the enzymatic and nonenzymatic defenses against oxidative
stress, glutathione (GSH) and superoxide dismutase (SOD)
levels were measured in rat serum samples, employing estab-
lished protocols with slight adjustments [31]. Total antioxi-
dant capacity was measured by the procedure explained [32].

2.7. Statistical Analysis. For computation and the application
of statistical models, the statistical package STATISTICA
(StatSoft, Inc., Tulsa, OK, Oklahoma, United States) was uti-
lized. The data obtained from various tests were subjected to
analysis using a one-way analysis of variance (ANOVA),
followed by the Bonferroni/Dunnett (all mean) post hoc test.
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Statistical significance was attributed to differences between
the means if the probability value (p) was found to be less
than or equal to 0.05.

3. Results

3.1. Extract Yield and Phenolic Profile of MPT. The MPT
extract yield, based on dry plant material, was 15.22g/
100 g. Phenolic acids and flavonoids were studied by using
RP-HPLC, and the data is summarized in Table 1. Thirteen
phenolic acids, including gallic acid, caffeic acid, chlorogenic
acid, syringic acid, p-coumaric acid, 4-hydroxy benzoic acid,
vanillic acid, salicylic acid, sinapic acid, cinnamic acid, ella-
gic acid, ferulic acid, and benzoic acid, along with two flavo-
noids, namely, catechin and rutin, were quantified from the
MPT (Figure 1).

Among these, salicylic acid per 100 mL MPT (71.13 mg)
emerged as the primary phenolic acid detected, succeeded by
gallic acid (47.78 mg), sinapic acid (45.55 mg), cinnamic acid
(21.44 mg), chlorogenic acid (23.26 mg), and ellagic acid
(6.90mg). Additionally, catechin (497.0mg/100 mL MPT)
was identified as the dominant flavonoid present in the
MPT, followed by rutin (447.2 mg/100 MPT).

3.2. Evaluation of In Vitro Antioxidant Activity. The TPC
and TFC of MPT were expressed as milligrams of gallic acid
and milligrams of catechin equivalent per gram of dry mari-
gold petals, respectively (Table 2). TPC and TFC of MPT
were recorded at 5.53 mg/g of dry petals and 7.73 mg/g of
dry petals, respectively. Free radical scavenging activity of
MPT (10 ug/mL) was measured by a DPPH free radical scav-
enging assay. MPT solution showed 57.2% scavenging of
DPPH free radical, while synthetic antioxidant BHT showed
89% scavenging (Table 2).

3.3. In Vivo Antiobesity Activity

3.3.1. Effect of MPT on BW and Organ Weights. The impact
of a HESD on the BW and BMI of rats in different groups is
outlined in Table 3 and depicted in Figure 2.

Notably, the HFSD group exhibited a significant (p <
0.05) increase in both BMI and BW when contrasted with
the control group, clearly establishing the success of the
induced obesity model reliant on high fat and sugar con-
sumption. Specifically, the BMI of the HESD-treated group
measured 0.8 g/cm’, representing a statistically significant
increase (p <0.05) in comparison to the NC group’s BMI
of 0.6g/cm® This group displayed a remarkable 99.3%
increase in BW compared to the 40.6% increase observed
in the NC group. These findings provide strong evidence
of the HESD’s effectiveness in inducing obesity in the rats,
as demonstrated by the considerable elevation in both BW
and BMI within the HFSD group in relation to the control
(NC) group. The disparities in BMI and BW between the
two groups were deemed statistically significant (p <0.05).
Notably, the application of MPT doses and the orlistat drug
led to a significant (p <0.05) reduction in heightened BMI
and BW across all treatment groups. Among these, the
group administered 500 mg MPT/kg BW (MPT-500) exhib-
ited notable effects on BMI and BW, surpassing the impact
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TasLE 1: Contents of phenolic acids and flavonoids identified from
MPT by RP-HPLC.

Compounds l'letenti(.)n Concentration
time (min) (mg/100 mL of MPT)
1. Gallic acid 2.571 47.78 £2.30
2. Catechin 3.366 497.0+19.3
3. Chlorogenic acid 3.605 23.26£1.20
4. Caffeic acid 4.222 5.95+0.31
5. Syringic acid 4.648 2.14+0.10
6. p-Coumaric acid 6.198 4.31+0.20
7. 4-Hydroxybenzoic acid 7.041 9.85+0.50
8. Vanillic acid 7.928 6.57 £0.31
9. Salicylic acid 8.376 71.13 +3.01
10. Rutin 10.871 447.2+20.1
11. Sinapic acid 11.624 45.55+2.11
12. Ferulic acid 13.493 0.92+0.05
13. Ellagic acid 14.077 16.90 £0.92
14. Cinnamic acid 15.205 21.44+1.01
15. Benzoic acid 16.458 1.09 +0.06

Note: The values are reported as mean + standard deviation of three
independent experiments.

observed in the OT group. Furthermore, the study high-
lighted discrepancies in the weight of body organs among
the different groups, particularly in the HFSD group
(Table 3).

Results indicated a noteworthy increase (p <0.05) in
kidney and liver weights within the HFSD group when com-
pared to the NC group. Notably, higher doses of MPT con-
tributed to a significant reduction in organ weights which
were manifested by kidney and liver indices (Figure 2).

3.3.2. Effect on Serum Lipid Profile. As demonstrated in
Figure 3, the HFSD group exerted a considerable effect on
the serum lipid profiles. When comparing the HESD group
with the NC and treatment groups, an increase in the levels
of TC, TG, LDL, and VLDL was observed while there was a
decrease in the level of HDL. Treatment groups OT, MPT-
250, and MPT-500 significantly (p<0.05) recovered the
damage in terms of raised levels of serum LDL, VLDL, TC,
and TG and declined levels of HDL (Figure 3). Better results
were obtained with a higher dose of MPT (500 mg MPT/kg
BW) with TC, TG, HDL, LDL, and VLDL values of 81.1,
54.3, 27.5, 42.7, and 10.8 mg/dL, respectively.

3.3.3. Effect of MPT on Oxidative Stress Parameters. Serum
levels of MDA, GSH, SOD, and TAC of NC, HFSD, OT,
MPT-250, and MPT-500 groups are listed in Figure 4. The
MDA level in the rat serum of the HFSD group was
7nmol/L, whereas the GSH and SOD levels were 123 mg/L
and 120 U/mL, respectively. The MDA level was higher,
while GSH and SOD were lower than their levels in the
NC group, which were statistically significant (p <0.05).
The OT, MPT-250, and MPT-500 exerted positive effects
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FIGure 1: HPLC chromatogram showing the separation of polyphenols from MPT.

TaBLE 2: Total phenolic contents, total flavonoid contents, and DPPH radical scavenging activity of MPT.

Assays MPT BHT
TPC (milligrams per gram of dry plant material, measured as gallic acid equivalent) 5.53+0.17 —
TFC (milligrams per gram of dry plant material, measured as catechin equivalent) 7.73+0.68 —
DPPH radical scavenging activity (percentage) exhibited by 10 ug/mL solution 57.2+1.9" 89.3+4.3°

Note: The values are reported as mean + standard deviation of three independent experiments. Different alphabets (* ®) in superscript in the same row
represent significant (p < 0.05) differences among MPT and BHT.

TaBLE 3: Effect of marigold petal tea and orlistat on the body, kidney and liver weights, liver, and kidney parameters of different groups of
obesity rat model.

Groups N Boc.iy weight . ) Liver parameters ) Kidney parameters

Initial (g) Final (g) %increase Weight (g) BT (mg/dL) AST (u/L) ALT (u/L) Weight (g) AP (u/L) SC (mg/dL)
NC 155+13 218+10° 406  6.92+1.11° 04+0.05  63+5" 62+4" 1.56+£024 143+9° 0.4%0.1
HESD 143+17 2854+ 14° 99.3 10.10 +1.00* 0.3 +£0.02" 98 +5” 81 +5" 1.74+0.17 164 +9* 0.6+0.2
oT 145+11 228+21° 572 8.13+1.13  04+0.03 63+6" 62+4* 1574023 152+8  0.4+0.1

MPT-250 148+11 251+16°  69.6 7.52+1.09° 0.4+0.03 77+4*" 7343  1.62+0.22 148+9  0.4+0.1
MPT-500 143+12 217+15° 51.74 5.93+1.05" 0.5+0.04" 3+5" 63+3% 158+022 143+6  0.4+0.1

Note: The values are reported as mean + standard deviation of six rats of the same group. Different symbols in superscripts in the same column showed
significant (p < 0.05) differences among different groups.

Abbreviations: ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; BT, bilirubin total; HFSD, high-fat-sugar diet;
MPT-250 and MPT-500, marigold petal tea 250 and 500 mg/kg BW; NC, normal control; OT, orlistat-treated; SC, serum creatinine.

$Exhibited significant (p < 0.05) increase in the final body weight compared to the initial body weight of all groups. Significant (p < 0.05) difference of the
treatment group compared to the NC group.

*Significance (p < 0.05) of the treatment groups compared to the HFSD group.

by decreasing the alleviated level of MDA and increasing  ied and showed the level of oxidative stress. However,
the suppressed levels of GSH and SOD, and these effects =~ MPT effectively prevented oxidative stress in the treatment
were statistically significant (p <0.05). In the GSH assay,  groups, and the best result was obtained in the MPT-500
the HFSD group has 123.2mg/L and the NC group has group (Figures 4(a) and 4(b)). Similarly, the MPT-500
160.3 mg/L GSH levels that are significantly (p <0.05) var-  group exerted the best effect among all the treatment groups
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F1GURE 3: Effect of marigold petal tea and orlistat treatments on the serum lipid profiles of different groups. Significant difference (p < 0.05)

« »

with the NC group is presented with “x”, and significant (p <0.05) difference with the HFSD group is presented with “#”. Groups: NC,
normal control; HFSD, high-fat-sugar diet; OT, orlistat-treated; MPT-250 and MPT-500, marigold petal tea 250 and 500 mg/kg BW;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein.

in SOD assays, and the levels of GSH and SOD in the MPT-
500 group were 155mg/L and 137U/mL, respectively
(Figures 4(a) and 4(b)). TAC of NC, OT, MPT-250, and
MPT-500 in both control and treatment groups are pre-
sented in Figures 4(a) and 4(b). The TAC of the NC group
was 1.9mmol/L versus 1.36 mmol/L of the HFSD group
which is significantly (p <0.05) lowered. Both MPT treat-
ment groups significantly (p <0.05) enhanced the TAC in
animal groups, and the best protective effect was recorded
in the MPT-500 group (1.7 mmol/L).

3.3.4. Effect of MPT on Serum Levels of Liver and Kidney
Enzymes. The effect of MPT on the BT, ALT, AST, SC, and

AP of rat groups is presented in Table 3. Rats fed on HFSD
had significantly (p <0.05) increased serum levels of AST,
ALT, AP, and SC, as compared to the NC group, whereas the
level of BT decreased. Both treatment groups of MPT increased
the BT value and decreased the concentration of ALT, AST, and
AP, while no significant (p > 0.05) effect was measured in the
SC level. The maximum protective effects were noticed in the
MPT-500 group which was like the PC group (Table 3).

4. Discussion

Phenolic compounds are abundantly found in medicinal
plants and are responsible for various physiological functions.
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They are essential in the human diet due to their effective-
ness against oxidative stress. Polyphenols are ubiquitous in
plants with different concentrations. The obtained aqueous
extract yield of marigolds in the present study was compa-
rable to those previously reported in literature [33, 34].
Methanol, ethanol, and aqueous solvents are used for the
isolation of polyphenols from various plant materials [35,
36]. Phenolic acids and their glycosides, aglycon, monogly-
cosyl, or diglycosyl flavonoids, are distributed in different
solvents as a function of polarity. Owing to this, aqueous
extracts contain the most polar compounds including triglyco-
syl flavonoids. These facts indicate the stronger scavenging
property and antioxidant activity of water extracts of phenolic
compounds [25]. A higher number of flavonoids was detected
in flowers when compared to other plant parts, and it was
mandatory to quantify the contents of these phenolic com-
pounds to assess their contribution to antioxidant activity
[36]. Methanol extract of marigold flower from Tunisia is
reported to be rich in rutin and gallic acid as major flavonoids
and phenolic acids [35].

TPC and TFC are usually determined to access the anti-
oxidant potential of plant materials/extracts [35, 36]. TPC
from aqueous extract of marigold petals was found to be
57.47 mg/g of dry plant material and 1.97 mg/g of extract
(extract yield 23.6%) [25, 34]. However, in another study,
the TFC in the aqueous extract of C. officinalis was found
to be 40.67 mg/g of extract [25, 34]. Generally, there is an
increase in DPPH free radical scavenging capacity with a
proportionate increase in the dose of the extract as the phe-
nolic contents increase [37, 38].

A HFSD exhibited an increase in BMI and BW in the
present study as compared to the control group. It provides
strong evidence of the HFSD’s effectiveness in inducing obe-
sity in the rats, as demonstrated by the considerable eleva-
tion in both BW and BMI within the HFSD group in
relation to the control (NC) group. Although obesity
depends on various factors, the dietary factor, especially
the consumption of a high-calorie and high-fat diet, is

regarded as one of the key threat reasons for obesity devel-
opment [17]. The administration of a HESD is known to
increase BW by elevating TG levels in adipose tissue, result-
ing in the accumulation of fat mass [39]. In the present
study, the HESD group exhibited an increase in BW, likely
due to the deposition of fat in various body fat pads resulting
from the consumption of a high-calorie and high-fat diet.

The present findings were also in accordance with the
study conducted by Herndndez-Saavedra et al. that an aque-
ous extract of marigold showed antiobesity effects in rats fed
a high-fat diet [39]. It is reported that a 5%-10% decrease in
the BW exerted a remarkable effect on human health status
[40]. However, the orlistat-treated group exhibited a lesser
increase in BW, possibly because orlistat selectively reduces
body fat while leaving lean body mass unchanged [41]. Cat-
echin, a major compound identified in MPT, showed poten-
tial effects on weight loss and maintenance by promoting
energy expenditure. Meanwhile, rutin, a flavonoid, is noted
for its potential to reduce adiposity, increase energy expendi-
ture, improve glucose homeostasis, and diet-induced obesity
[42]. These findings mention that dietary factors, especially
high-calorie and high-fat diets, can contribute to obesity
development, but some MPT compounds like catechin and
rutin may have potential antiobesity effects by influencing
BW, fat deposition, and energy expenditure.

Monitoring of lipid profile is another important param-
eter when investigating the impact of herbal teas on obesity
and oxidative stress. Changes in lipid profile levels observed
in the HFSD group may result from factors such as
enhanced intestinal fat absorption due to the activation of
gastric lipase enzymes and dietary cholesterol levels. High
levels of LDL and TC are correlated with a high risk of cor-
onary heart diseases; however, HDL cholesterol is beneficial
for excessive cholesterol excretion [43].

High-fat diets potentially lead to an increase in LDL cho-
lesterol by reducing the LDL receptor active sites [44].
Therefore, a decrease in the level of LDL and TC cholesterol
may be an important indicator to access the antiobesity
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potential in high-fat diet-fed rats. MPT was found to reduce
LDL cholesterol, which may be attributed to its ability to
prevent the inhibitory action of the HFD on LDL receptor
sites. The results are in line with the findings of
Herndndez-Saavedra et al., who reported the administration
of marigolds significantly decreased serum TG levels [39].
The dyslipidemia effects of MPT may be attributed to the
presence of various flavonoids such as epigallocatechin. It
was reported that the compound stimulated thermogenesis
and decreased fat accumulation, thus inhibiting pancreatic
lipase activity.

Increased levels of MDA are indicative of oxidative stress
and cellular damage. GSH and SOD are also important oxi-
dative stress biomarkers. The development of oxidative
stress and cellular damage is established by increased MDA
and reduced levels of SOD and GSH [45, 46] which is sup-
ported by the findings of the present study, where an
increased MDA level in the HFSD group was observed.
The treatment groups showed a recovery in the levels of
GSH and SOD, and this may be attributed to the antioxidant
potential of the polyphenols present in MPT [45]. Levels of
endogenous enzymes which play a major role in the inhibi-
tion of lipid peroxidation and free radical scavenging are
decreased in oxidative stress [22, 27, 45]. TAC is one of
the markers of oxidative stress, and a decrease in TAC is a
sign of oxidative stress [27]. Thus, an increase in the TAC
level with the administration of MPT means that MPT per-
formed well against oxidative stress.

Liver and kidney functions may be affected under obesity
and oxidative stress conditions. In obesity and oxidative
stress, changes in serum bilirubin (BT) levels may occur,
with potential implications for heart health. Specifically,
decreased BT levels are associated with abdominal obesity
and correlated with certain lipid profile parameters [22,
27]. Monitoring BT levels in the context of obesity and oxi-
dative stress may provide insights into the risk of cardiovas-
cular diseases and the functioning of the liver and kidneys
[47]. Jenko-Praznikar et al. and Chang et al. reported that
the serum BT level decreased in the abdominal obesity con-
dition and was associated with the levels of LDL, TC, and
TG [48, 49].

5. Conclusions

Current study explored that MPT is a potential source of
phenolic acids and flavonoids. Among the phenolic acids,
salicylic acid was found to be the most abundant, while
catechin emerged as the major flavonoid present. In vitro
antioxidant testing demonstrated that MPT possesses anti-
oxidant and DPPH free radical scavenging properties. In
vivo analysis revealed that the administration of MPT at
doses of 250 and 500 mg/kg BW exhibited beneficial effects
in countering oxidative stress, high cholesterol levels, and
obesity in a dose-dependent manner.

Data Availability Statement

All the data is provided in this manuscript as tables and
figures.

Cardiovascular Therapeutics

Ethics Statement

Approval of the study (Study No. 19680/IRB No. 680) for
experiments on animals was performed according to the
guidelines provided by the Institutional Review Board for
Animal Studies, GCUF, Faisalabad, Pakistan.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Author Contributions

Conceptualization: N.I. and A.LH. Methodology: A.A. and
N.L Investigation: B.A., N.I,, I.Z,, and A.K. Data collection:
N.I. and I.Z. Writing-original draft preparation: N.I. and
B.A. Statistical analysis: A.A., AF.F.A,, LN, and N.I. Soft-
ware: EM.H., AFFA, and AF.A. Review and editing:
E.MH, W.-N.T, LN, EMH, AFA, and SDS. Al
authors have read and agreed to the submitted version of
the manuscript. B.A. and N.I. have equal contributions.

Funding

No funding was received for this research.

Acknowledgments

The services provided by the Central Hi-Tech Lab, GCUF,
Faisalabad, Pakistan, for the characterization of compounds
are greatly acknowledged.

References

[1] S. Hasani-Ranjbar, Z. Jouyandeh, and M. Abdollahi, “A sys-
tematic review of anti-obesity medicinal plants - an update,”
Journal of Diabetes & Metabolic Disorders, vol. 12, no. 28,
pp. 1-10, 2013.

[2] M. Boccellino and S. D’Angelo, “Anti-obesity effects of poly-
phenol intake: current status and future possibilities,” Interna-
tional Journal of Molecular Sciences, vol. 21, no. 16, p. 5642,
2020.

[3] M. T.Islam, E. S. Ali, and M. S. Mubarak, “Anti-obesity effect
of plant diterpenes and their derivatives: a review,” Phytother-
apy Research, vol. 34, no. 6, pp. 1216-1225, 2020.

[4] A.Oliveira, A. M. de Oliveira e Silva, R. O. Pereira et al., “Anti-
obesity properties and mechanism of action of flavonoids: a
review,” Critical Reviews in Food Science and Nutrition,
vol. 62, no. 28, pp. 7827-7848, 2022.

[5] D.-H. Choi, J. H. Han, K. H. Yu et al., “Antioxidant and anti-
obesity activities of Polygonum cuspidatum extract through
alleviation of lipid accumulation on 3T3-L1 adipocytes,” Jour-
nal of Microbiology and Biotechnology, vol. 30, no. 1, pp. 21—
30, 2020.

[6] N. L. Kang, “Association between obesity and blood pressure
in common Korean people,” Vascular Health and Risk Man-
agement, vol. 17, pp. 371-377, 2021.

95U9017 SUOWIIOD SA 181D 3|qedtjdde au Aq peuisnob afe sajole YO ‘8sn Jo Sa|nJ Joj Aeiq1 SUIUO A3 UO (SUOTIPUOD-PUE-SULIBY/WIOY" A3 1M AJeq) 18Ul JUO//SANY) SUONIPUOD Pue SWS 1 8Y) 89S *[202/0T/20] Uo Aeiqiauluo A8|IM ‘AINN STHOOW NHOL TOOdHIAIT AQ TZGEESE#7202/SSTT OT/I0p/W0d Ao 1w Aeiq 1 jpuljuo//Sdny Woij pspeojumod ‘T %202 ‘20Ly



Cardiovascular Therapeutics

(7]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

C. Rodriguez-Pérez, A. Segura-Carretero, and M. del Mar
Contreras, “Phenolic compounds as natural and multifunc-
tional anti-obesity agents: a review,” Critical Reviews in Food
Science and Nutrition, vol. 59, no. 8, pp. 1212-1229, 2019.

D. Withrow and D. A. Alter, “The economic burden of obesity
worldwide: a systematic review of the direct costs of obesity,”
Obesity Reviews, vol. 12, no. 2, pp. 131-141, 2011.

C. Russo, A. Maugeri, L. Musumeci, G. de Sarro, S. Cirmi, and
M. Navarra, “Inflammation and obesity: the pharmacological
role of flavonoids in the zebrafish model,” International Jour-
nal of Molecular Sciences, vol. 24, no. 3, p. 2899, 2023.

M.-A. Jabri, M. Sakly, L. Marzouki, and H. Sebai, “Chamomile
(Matricaria recutita L.) decoction extract inhibits in vitro
intestinal glucose absorption and attenuates high fat diet-
induced lipotoxicity and oxidative stress,” Biomedicine ¢
Pharmacotherapy, vol. 87, pp. 153-159, 2017.

R. Goyal and S. V. Kadnur, “Beneficial effects of Zingiber offi-
cinale on goldthioglucose induced obesity,” Fitoterapia,
vol. 77, no. 3, pp. 160-163, 2006.

Z. Archer and J. G. Mercer, “Brain responses to obesogenic
diets and diet-induced obesity,” Proceedings of the Nutrition
Society, vol. 66, no. 1, pp. 124-130, 2007.

A. T.Rufino, V. M. Costa, F. Carvalho, and E. Fernandes, “Fla-
vonoids as antiobesity agents: a review,” Medicinal Research
Reviews, vol. 41, no. 1, pp. 556-585, 2021.

A. Shang, R. Y. Gan, X. Y. Xu, Q. Q. Mao, P. Z. Zhang, and
H. B. Li, “Effects and mechanisms of edible and medicinal
plants on obesity: an updated review,” Critical Reviews in Food
Science and Nutrition, vol. 61, no. 12, pp. 2061-2077, 2021.

S. M. Ezzat, M. H. El Bishbishy, N. M. Aborehab et al,
“Upregulation of MC4R and PPAR-a expression mediates
the anti-obesity activity of Moringa oleifera Lam. in high-
fat diet-induced obesity in rats,” Journal of Ethnopharmacol-
ogy, vol. 251, article 112541, 2020.

J. Arsenijevi¢, M. Drobac, L Sostari¢ et al., “Bioactivity of
herbal tea of Hungarian thyme based on the composition of
volatiles and polyphenolics,” Industrial Crops and Products,
vol. 89, pp. 14-20, 2016.

M.-Y. Chien, Y.-H. Ku, J. M. Chang, C. M. Yang, and C. H.
Chen, “Effects of herbal mixture extracts on obesity in rats
fed a high-fat diet,” Journal of Food and Drug Analysis,
vol. 24, no. 3, pp- 594-601, 2016.

N. Gomathi, T. Malarvili, R. Mahesh, and V. H. Begum,
“Lipids lowering effect of Hibiscus rosa-sinensis flower petals
on monosodium glutamate (MSG) induced obese rats,” Phar-
macologyonline, vol. 1, pp. 400-409, 2008.

M. K. Singh, P. Sahu, K. Nagori et al., “Organoleptic properties
in-vitro and in-vivo pharmacological activities of Calendula
officinalis Linn: an over review,” Journal of Chemical and Phar-
maceutical Research, vol. 3, no. 4, pp. 655-663, 2011.

G.-W. Wang, W.-T. Hu, B. K. Huang, and L. P. Qin, “Illicium
verum: a review on its botany, traditional use, chemistry and
pharmacology,” Journal of Ethnopharmacology, vol. 136,
no. 1, pp. 10-20, 2011.

A. 1. Hussain, H. A. Rathore, M. Z. A. Sattar et al., “Phenolic
profile and antioxidant activity of various extracts from Citrul-
lus colocynthis (L.) from the Pakistani flora,” Industrial Crops
and Products, vol. 45, pp. 416-422, 2013.

N. Iftikhar, A. I. Hussain, S. A. S. Chatha, N. Sultana, and
H. A. Rathore, “Effects of polyphenol-rich traditional herbal
teas on obesity and oxidative stress in rats fed a high-fat-

(23]

[24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

sugar diet,” Food Science ¢ Nutrition, vol. 10, no. 3,
pp. 698-711, 2022.

A. 1. Hussain, F. Anwar, S. T. Hussain Sherazi, and
R. Przybylski, “Chemical composition, antioxidant and anti-
microbial activities of basil (Ocimum basilicum) essential oils
depends on seasonal variations,” Food Chemistry, vol. 108,
no. 3, pp. 986-995, 2008.

N. Mamikutty, Z. C. Thent, S. R. Sapri, N. N. Sahruddin, M. R.
Mohd Yusof, and F. Haji Suhaimi, “The establishment of met-
abolic syndrome model by induction of fructose drinking
water in male Wistar rats,” BioMed Research International,
vol. 2014, no. 1, Article ID 263897, 8 pages, 2014.

G. S. Cetkovié, S. M. Djilas, J. M. Canadanovi¢-Brunet, and
V. T. Tumbas, “Antioxidant properties of marigold extracts,”
Food Research International, vol. 37, no. 7, pp. 643-650, 2004.
A. Ahmad, M. A. Sattar, H. A. Rathore et al., “Up regulation of
cystathione y lyase and hydrogen sulphide in the myocardium
inhibits the progression of isoproterenol-caffeine induced left
ventricular hypertrophy in Wistar Kyoto rats,” PLoS One,
vol. 11, no. 3, article e0150137, 2016.

N. Iftikhar, A. I. Hussain, G. M. Kamal et al., “Antioxidant,
anti-obesity, and hypolipidemic effects of polyphenol rich star
anise (Illicium verum) tea in high-fat-sugar diet-induced obe-
sity rat model,” Antioxidants, vol. 11, no. 11, p. 2240, 2022.

S. Muruganandan, J. Lal, and P. K. Gupta, “Immunotherapeu-
tic effects of mangiferin mediated by the inhibition of oxidative
stress to activated lymphocytes, neutrophils and macro-
phages,” Toxicology, vol. 215, no. 1-2, pp. 57-68, 2005.

S. Iseri, F. Ercan, N. Gedik, M. Yiiksel, and I. Alican, “Simva-
statin attenuates cisplatin-induced kidney and liver damage
in rats,” Toxicology, vol. 230, no. 2-3, pp. 256-264, 2007.

H. Ohkawa, N. Ohishi, and K. Yagi, “Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction,” Analytical
Biochemistry, vol. 95, no. 2, pp. 351-358, 1979.

K. Das, L. Samanta, and G. Chainy, “A modified spectrophoto-
metric assay of superoxide dismutase using nitrite formation
by superoxide radicals,” Indian Journal of Biochemistry and
Biophysics, vol. 37, pp. 201-204, 2000.

N. J. Miller, C. Rice-Evans, M. J. Davies, V. Gopinathan, and
A. Milner, “A novel method for measuring antioxidant capac-
ity and its application to monitoring the antioxidant status in
premature neonates,” Clinical Science (London, England :
1979), vol. 84, no. 4, pp. 407-412, 1993.

T. Ercetin, F. S. Senol, I. Erdogan Orhan, and G. Toker, “Com-
parative assessment of antioxidant and cholinesterase inhibi-
tory properties of the marigold extracts from Calendula
arvensis L. and Calendula officinalis L,” Industrial Crops and
Products, vol. 36, no. 1, pp. 203-208, 2012.

P. K. Verma, R. Raina, and M. Sultana, “Phytochemical
constituents and antioxidant potential in floral extracts of
Calendula officinalis Linn,” World Journal of Pharmaceutical
Research, vol. 3, pp. 2067-2083, 2014.

G. Rigane, S. B. Younes, H. Ghazghazi, and R. B. Salem, “Inves-
tigation into the biological activities and chemical composition
of Calendula officinalis L. growing in Tunisia,” International
Food Research Journal, vol. 20, no. 6, p. 3001, 2013.

J. Oh, H. Jo, A. R. Cho, S.J. Kim, and J. Han, “Antioxidant and
antimicrobial activities of various leafy herbal teas,” Food Con-
trol, vol. 31, no. 2, pp. 403-409, 2013.

A. 1. Hussain, S. A. S. Chatha, S. Noor et al., “Effect of extrac-
tion techniques and solvent systems on the extraction of

95U9017 SUOWIIOD SA 181D 3|qedtjdde au Aq peuisnob afe sajole YO ‘8sn Jo Sa|nJ Joj Aeiq1 SUIUO A3 UO (SUOTIPUOD-PUE-SULIBY/WIOY" A3 1M AJeq) 18Ul JUO//SANY) SUONIPUOD Pue SWS 1 8Y) 89S *[202/0T/20] Uo Aeiqiauluo A8|IM ‘AINN STHOOW NHOL TOOdHIAIT AQ TZGEESE#7202/SSTT OT/I0p/W0d Ao 1w Aeiq 1 jpuljuo//Sdny Woij pspeojumod ‘T %202 ‘20Ly



10

(38]

(39]

(40]

(41]

(42]

[43]

(44]

(45]

[46]

(47]

(48]

(49]

antioxidant components from peanut (Arachis hypogaea L.)
hulls,” Food Analytical Methods, vol. 5, no. 4, pp. 890-896,
2012.

V. Mayakrishnan, S. Veluswamy, K. S. Sundaram,
P. Kannappan, and N. Abdullah, “Free radical scavenging
potential of Lagenaria siceraria (Molina) Standl fruits extract,”
Asian Pacific Journal of Tropical Medicine, vol. 6, no. 1,
pp. 20-26, 2013.

D. Hernandez-Saavedra, I. F. Pérez-Ramirez, M. Ramos-
Gomez, S. Mendoza-Diaz, G. Loarca-Pifia, and R. Reynoso-
Camacho, “Phytochemical characterization and effect of
Calendula officinalis, Hypericum perforatum, and Salvia offici-
nalis infusions on obesity-associated cardiovascular risk,”
Medicinal Chemistry Research, vol. 25, no. 1, pp. 163-172,
2016.

W. Velez-Carrasco, M. Merkel, C. O. Twiss, and J. D. Smith,
“Dietary methionine effects on plasma homocysteine and
HDL metabolism in mice,” The Journal of Nutritional Bio-
chemistry, vol. 19, no. 6, pp. 362-370, 2008.

R. Mahmoud and W. Elnour, “Comparative evaluation of the
efficacy of ginger and orlistat on obesity management, pancre-
atic lipase and liver peroxisomal catalase enzyme in male
albino rats,” European Review for Medical & Pharmacological
Sciences, vol. 17, no. 1, pp. 75-83, 2013.

J. Liu, J. Cao, Y. Li, and F. Guo, “Beneficial flavonoid in foods
and anti-obesity effect,” Food Reviews International, vol. 39,
no. 1, pp. 560600, 2023.

G. Saravanan, P. Ponmurugan, M. A. Deepa, and
B. Senthilkumar, “Anti-obesity action of gingerol: effect on
lipid profile, insulin, leptin, amylase and lipase in male obese
rats induced by a high-fat diet,” Journal of the Science of Food
and Agriculture, vol. 94, no. 14, pp. 2972-2977, 2014.

S. Nammi, S. Sreemantula, and B. D. Roufogalis, “Protective
effects of ethanolic extract of Zingiber officinale rhizome on
the development of metabolic syndrome in high-fat diet-fed
rats,” Basic & Clinical Pharmacology & Toxicology, vol. 104,
no. 5, pp. 366-373, 2009.

M. B. Hosen, M. R. Islam, F. Begum, Y. Kabir, and M. Z.
Howlader, “Oxidative stress induced sperm DNA damage,
a possible reason for male infertility,” Iranian Journal of
Reproductive Medicine, vol. 13, no. 9, pp. 525-532, 2015.

C. Wang, J. S. Y. Chan, L. Ren, and J. H. Yan, “Obesity reduces
cognitive and motor functions across the lifespan,” Neural
Plasticity, vol. 2016, no. 1, Article ID 2473081, 13 pages, 2016.

F. Karadag, C. B. Sengul, Y. Enli et al., “Relationship between
serum bilirubin levels and metabolic syndrome in patients
with schizophrenia spectrum disorders,” Clinical Psychophar-
macology and Neuroscience, vol. 15, no. 2, pp. 153-162, 2017.

Z. Jenko-Praznikar, A. Petelin, M. Jurdana, and L. Ziberna,
“Serum bilirubin levels are lower in overweight asymptomatic
middle-aged adults: an early indicator of metabolic syn-
drome?,” Metabolism, vol. 62, no. 7, pp. 976-985, 2013.

Y. Chang, S. Ryu, Y. Zhang et al,, “A cohort study of serum
bilirubin levels and incident non-alcoholic fatty liver disease
in middle aged Korean workers,” PLoS One, vol. 7, no. 5,
article e37241, 2012.

Cardiovascular Therapeutics

95U9017 SUOWIIOD SA 181D 3|qedtjdde au Aq peuisnob afe sajole YO ‘8sn Jo Sa|nJ Joj Aeiq1 SUIUO A3 UO (SUOTIPUOD-PUE-SULIBY/WIOY" A3 1M AJeq) 18Ul JUO//SANY) SUONIPUOD Pue SWS 1 8Y) 89S *[202/0T/20] Uo Aeiqiauluo A8|IM ‘AINN STHOOW NHOL TOOdHIAIT AQ TZGEESE#7202/SSTT OT/I0p/W0d Ao 1w Aeiq 1 jpuljuo//Sdny Woij pspeojumod ‘T %202 ‘20Ly



	The Bioprotective Effects of Marigold Tea Polyphenols on Obesity and Oxidative Stress Biomarkers in High-Fat-Sugar Diet-Fed Rats
	1. Introduction
	2. Materials and Methods
	2.1. Plant Materials, Chemicals, and Reagents
	2.2. Preparation of MPT
	2.3. Chromatographic Analysis of MPT for Phenolic Acids and Flavonoids
	2.4. In Vitro Antioxidant Activity of MPT
	2.5. In Vivo Antiobesity Activity
	2.5.1. Animal Recruited for Study
	2.5.2. Composition and Content of HFSD
	2.5.3. Experimental Design
	2.5.4. Measurement of BW and BMI
	2.5.5. Collection of Blood Samples and Body Organs

	2.6. Biochemical Investigations
	2.6.1. Estimation of Lipid Profile
	2.6.2. Liver and Kidney Function Parameters in Serum
	2.6.3. Estimation of Oxidative Stress Parameters

	2.7. Statistical Analysis

	3. Results
	3.1. Extract Yield and Phenolic Profile of MPT
	3.2. Evaluation of In Vitro Antioxidant Activity
	3.3. In Vivo Antiobesity Activity
	3.3.1. Effect of MPT on BW and Organ Weights
	3.3.2. Effect on Serum Lipid Profile
	3.3.3. Effect of MPT on Oxidative Stress Parameters
	3.3.4. Effect of MPT on Serum Levels of Liver and Kidney Enzymes


	4. Discussion
	5. Conclusions
	Data Availability Statement
	Ethics Statement
	Consent
	Conflicts of Interest
	Author Contributions
	Funding
	Acknowledgments
	References




