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Abstract

Antioxidants are chemicals that inhibit free radical oxidation. Puguntano plants have secondary
metabolite compounds that have the potential to act as antioxidants. This study aims to determine the
antioxidant activity of Puguntano in vitro and in vivo. Secondary metabolite examination was carried out
using thin-layer chromatography. Antioxidant activity was tested using the ABTS and FRAP methods, and
a complete analysis of phenols and flavonoids was also carried out. Examination of superoxide dismutase
(SOD) and lactate dehydrogenase (LDH) levels in blood serum was carried out in vivo on male white rats
induced by 10 mg/kg BW Doxorubicin using the Elisa Reader Kit. Ethanol extract test samples were carried
out with dose groups of 400, 200, 100 and 50 mg/kg BW; Quercetin 50 mg/kg BW was used as a positive
control. The results showed that the sample had total phenolics of 20.22 + 0.96 mg GAE/g and total
flavonoids of 1.11 £ 0.06 mg QE/g. The ICs value with ABTS was 419.73 + 1.61 pg/mL and FRAP 36.77
+ 0.71 pg/mL. SOD and LDH levels increased and showed significant differences with negative controls
(p <0.05). The 400 and 200 mg/kg BW groups significantly increased SOD levels (1.47 £0.03 and 1.46 =
0.02 U/mL) and LDH (8.02 + 0.01 and 7.90 =+ 0.04 ng/mL). These results show the potential of this plant

as an antioxidant that can be developed.
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Introduction

Antioxidants inhibit or stop the free radical oxidation process, which causes cell damage [1]. Most
diseases caused by free radicals are the leading cause of tissue and cell damage, as demonstrated by the
reactions of free radicals with proteins, fatty acids and even DNA [2]. The body is protected from reactive
oxygen free radicals by antioxidants. By providing extra electrons to free radicals, antioxidants neutralize
them and stop damage to the body. Free radicals are produced when other molecules undergo oxidation,
which can be prevented or slowed by antioxidants [3,4].
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One of the local Indonesian plants that grows widely in North Sumatra and is widely used as
traditional medicine is the Puguntano plant (Picria fel-terrae Lour.). This plant belongs to the
Scrophulariaceae family and is often used traditionally as a medicine for rheumatism, gout and diabetes.
Several studies show the use of Puguntano as an anti-inflammatory, anthelmintic, antidiabetic, diuretic
effect, cardioprotective effect, anti-breast cancer, immunomodulator, antipyretic, malaria, skin problems
and colic medicine [5,6]. Puguntano has anti-ageing properties, relieves pain, and builds endurance.
According to phytochemical literature, this plant contains secondary metabolite components such as
flavonoids, tannins, saponins and phenylpropanoid glycosides. These chemicals have potential applications
in human medicine related to oxidative stress and antioxidants [7,8]. In addition, the essential oils found in
the fruit stems, roots and leaves of the Puguntano plant provide a fragrant aroma with a significant
concentration of flavonoid compounds [9].

This research began with a phytochemical examination using thin-layer chromatography, which was
carried out to obtain information on the secondary metabolite compounds contained therein. A complete
analysis of phenols and flavonoids was also carried out. Antioxidant activity was carried out in vitro using
the ABTS and FRAP methods. The ICsy (Inhibitory Concentration) value indicates the level of antioxidant
activity. This value indicates the concentration of the test substance, which has a capacity of 50 % for
trapping free radicals [10]. Next, in vivo, experiments were carried out using male rats that were induced
by doxorubicin by measuring the levels of superoxidase dismutase (SOD) and lactate dehydrogenase (LDH)
in blood serum using the ELISA (Enzyme-Linked Immunosorbent Assay) technique [11,12].

Materials and methods

Sample collection

Picria fel-terrae Lour herb was collected from Suka Dame Village, Kutalimbaru District, Deli
Serdang Regency, North Sumatra Province, Indonesia. Other materials used are Aluminum chloride (Smart
lab), ammonium acetate (Smart lab), distilled water, dichloromethane, DPPH, ethyl acetate, methanol,
neocuproine, chloride dihydrate, quercetin (TCI), sodium acetate, NA-CC, Doxorubicin HCl injection and
SOD ELISA Kit (ABclonal).

Extract preparation and phytochemical screening

A total of 500 g of Puguntano herb powder was extracted using 5 L of 70 % ethanol solvent using the
maceration method. Soak for 6 h, stirring occasionally, then let sit again for 18 h. Then, the extract is filtered
using filter paper until the first maceration is obtained. The dregs obtained were macerated with 2.5 L of
70 % ethanol solvent, and then the same procedure was carried out with 2 repetitions until the second and
third macerations were obtained. The 3 maserates were collected and then evaporated using a rotary
evaporator at 40 °C until a thick extract was obtained [13]. Secondary metabolite examination uses thin-
layer chromatography to obtain information on the secondary metabolite compounds contained therein.
One mg of Puguntano herb extract was dissolved in methanol and added to the stationary phase. The
stationary phase used was a silica gel 60 F254 plate (Merck, Germany) measuring 10x20 cm?. Next, the
plate is inserted into a chamber saturated with mobile phase vapour. The mobile phase used according to
the examination carried out was sprayed with a spotting agent and heated in an oven at 100 °C for 5 min,
and then the colour change that occurred was observed. Measure and record the distance of each spot from
the spotting point. Determine the price of Rf [14].
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Measurement of total phenols

Folin reagent measures the sample’s total phenol concentration (TPC). In summary, 100 uL of extract
at a concentration of 500 pg per mL was mixed with 7.9 mL of distilled water and 0.5 mL of Folin-Ciocalteu
reagent in a ratio of 1:10 volume to volume. The mixture was then swirled for 1 min. After mixing, 1.5 mL
of a solution containing 20 % sodium bicarbonate in water was introduced. The resulting mixture was then
left undisturbed for 90 min, occasionally agitated. The spectrophotometer quantified the degree of light
absorption at a wavelength of 775 nm [14].

Measurement of total flavonoids

A total of 2 mL of extract dissolved in methanol was mixed with 0.10 mL of 10 % aluminium chloride
(AICl3-6H,0), 0.10 mL of sodium acetate (1M) and 2.80 mL of distilled water. The spectrophotometer
measured the level of light absorption at a wavelength of 432 nm for 40 min [15].

Antioxidant test using the ABTS method

The ABTS solution was prepared by weighing 7 mg of ABTS salt and 3.5 mg of potassium persulfate.
Then, dissolve it in a 5 mL Aqua Pro Injection measuring flask and put it in a 25 mL measuring flask.
Incubate for 12 - 16 h. After that, | mL was pipetted and put into a 10 mL measuring flask up to the limit
mark and the maximum wavelength was measured with a UV-Vis spectrophotometer at 400 - 800 nm. A
stock solution of 1000 ppm was prepared and made into 5 concentration series (50, 100, 150, 200 and 250).
Then, the sample was pipetted and mixed with the ABTS solution in a brown bottle. Incubate and measure

the absorbance at the maximum wavelength [14].

Antioxidant test using the FRAP method

Five mg of extract was dissolved in 5 mL of 96 % ethanol. Then, 1 mL of the solution was pipetted
and mixed with 1 mL of 0.2 M phosphate buffer (pH 6.6) and 1 mL of 1 % K3[Fe(CN)s]. The mixture was
then incubated at 50 °C for 20 min. Following incubation, 1 mL of trichloroacetic acid (TCA) was
introduced, and the mixture was subjected to centrifugation at a speed of 3,000 rpm for 10 min. After
centrifugation, 1 mL of the uppermost layer was transferred into a test tube, adding 1 mL of distilled water
and 0.5 mL of 0.1 % FeCl;. The solution was allowed to sit for 10 min, after which the absorbance was
quantified at a wavelength of 720 nm [13].

Measurement SOD and LDH levels

This examination used male Wistar rats with an average body weight of 180 - 200 g obtained from
the Faculty of Pharmacy, Universitas Sumatera Utara. All animal use procedures have received approval
and guidelines from the Animal Research Ethics Committee, Faculty of Mathematics and Natural Sciences,
Universitas Sumatera Utara, with letter number 0225/KEPH-FMIPA/2024. 35 rats were divided into 7
groups, each consisting of 5 rats with the following treatment:

Group I (Normal) only received food and drink.

Group II (Positive Control) received quercetin 50 mg/kg BW orally.

Group IIT (Normal Control) only received food and drink.

Group IV received an extract dose of 400 mg/kg BW orally.

Group V received an extract dose of 200 mg/kg BW orally.

Group VI received an extract dose of 100 mg/kg BW orally.

Group VII received an extract dose of 50 mg/kg BW orally.
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Each received treatment for 8 days and intraperitoneal doxorubicin at a dose of 10 mg/kg BW on the
8t and 9" days (except group I). After treatment, on day 10, 3 mL of rat blood was taken through the heart
and centrifuged at 1,000 rpm for 5 min. The serum obtained was checked for SOD (U/mL) and LDH
(ng/M1) levels using the Elisa Reader Kit. Absorbance was measured at A 450 nm [16].

Statistical analysis

Data are expressed as mean + SD and analyzed using the ANOVA test to determine treatment
differences. If there are differences, we use the Post Hoc Tukey test to determine which variables differ.
Based on the significance value, p < 0.05 is considered significant. All statistics were analyzed using SPSS
26 software.

Results and discussion

Phytochemical screening
Table 1 presents the screening results on the ethanol extract of the Puguntano herb, which was

observed to contain flavonoids, glycosides, saponins, tannins and steroids.

Table 1 Results of phytochemical examination of extracts using thin-layer chromatography.

Alkaloids Flavonoids Glycosides Saponins Tannins Steroids
Rf1=0.33
Rf1=0.34
Rf1 =047 Rf2=10.38
Rf2=0.44
Rf=- Rf2=0.58 Rf3=0.48 Rf=10.70 Rf=0.41
Rf3=0.58
Rf3=10.82 Rf4=10.86
Rf4=0.72

Rf5=10.96

Note: Rf = Retention factor, - = Not available

Flavonoids get 3 points with Rf values of 1 = 0.47, Rf 2 = 0.58 and Rf 3 = 0.82. Glycosides get 4
points with Rf values of 1 = 0.34, Rf 2 = 0.44, Rf 3 = 0.58 and Rf 4 = 0.72. Saponin gets 5 points with Rf
values of 1 =0.33, Rf 2 =0.38, Rf 3 =0.48, Rf 4 = 0.86 and Rf 5 = 0.96. Tannin gets 1 point with a value
of Rf = 0.70. Steroids get 1 point with a value of Rf = 0.41. The retention factor value (Rf) is a value or
measurement determined based on the position of the spot on the solute in thin-layer chromatography. The
resulting staining results on the TLC plate are then calculated as Rf values [17].

Total phenols and total flavonoids
The total phenol and flavonoid content of the ethanol extract of Puguntano herb was high, as shown
in Table 2.
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Table 2 Total phenol and total flavonoid contents of Puguntano herb extract.

Sample Total phenol (mg GAE/g) Total flavonoid (mg QE/g)

Puguntano herb extract 20.22+0.96 1.11 £0.06

Note: Results are displayed as average and standard error of the mean with 3 repetitions.

In plants, phenol is the most abundant secondary metabolite. Plants can contain phenols, phenolic
acids, tannins, lignin and flavonoids as phenolic compounds. A class of phenolic chemicals commonly
found in nature is called flavonoids. Because flavonoids have double bonds (> C=C <) and -OH groups,
they can absorb and neutralize free radicals. Flavonoids have antioxidant effects by inhibiting the
production of reactive oxygen species (ROS) and by increasing the production of endogenous antioxidants
such as catalase, SOD and GPx [18,19].

Combining aluminium chloride and quercetin molecules is the basis for calculating total flavonoid
levels using the aluminium chloride (AlCl3) method [20,21]. The ethanol extract of the Puguntano herb has

significant antioxidant activity, and the total phenolic content is higher than the total flavonoid content [22].

ICso value with ABTS and FRAP methods

Furthermore, Table 3 shows that the Puguntano herb ethanol extract shows antioxidant levels using
the ABTS method (419.73 = 1.61 pg/mL) and FRAP (36.77 £ 0.71 pg/mL). The substance’s ability to
produce radical cations (ABTS") is the basis for testing the ABTS method. Potassium persulfate reacts with
ABTS solution to produce radical cations (ABTS"). Antioxidants that react with ABTS radical cations are
measured using ABTS. The wavelength that absorbs the most radical cations (ABTS") is 734 nm. The
FRAP method also showed that the sample had a high antioxidant content. The ICsy concentration of
Puguntano herb ethanol extract samples increased along with the number of Fe?* complexes formed [23,24].

Table 3 ICs value of Puguntano herb extracts.

ICso0 (ng/mL)
ABTS FRAP
Puguntano herb extract 419.73 £ 1.61 36.77+0.71

Note: Results are displayed as average and standard error of the mean with 3 repetitions.

Sample

Results of measurement SOD and LDH levels

SOD and LDH levels were examined in doxorubicin-induced rats. The results of checking SOD levels
are as follows in Table 4.

The results of examining SOD levels showed that the normal group had the highest levels, while the
NC + DOX group had the lowest; The EEHP groups 50 + DOX, 100 + DOX, 200 + DOX, 400 + DOX and
Q + DOX are ordered from lowest to highest. The EEHP 400 + DOX and 200 + DOX groups experienced
the highest increase. Meanwhile, the NC + DOX group, which had also been induced by doxorubicin,
showed the lowest SOD levels, even lower than the EEHP 50 + DOX group; This shows that administration
of EEHP has a more significant effect on increasing SOD levels. Superoxide dismutase is an endogenous
antioxidant enzyme that can fight free radicals and prevent activity imbalances in the body. The enzyme
superoxide dismutase is the first line of defence against the activation of reactive oxygen compounds. Cell

damage can occur due to excess free radicals if their production exceeds the capacity of endogenous
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antioxidants to fight them [1,25]. The SOD levels in the EEHP administration, when compared with the Q
+ DOX group, were indeed lower. Quercetin has high antioxidant activity because it is a pure compound.
Quercetin is a flavonol of the polyphenolic flavonoid compounds found in almost every type of plant, and
standard quercetin is a natural antioxidant with strong antioxidant activity [26].

Table 4 Results of analysis of serum SOD and LDH levels.

Results = SEM
Groups

SOD (U/mL) LDH (ng/mL)

Normal 3.10 £ 0.03% 2.18+£0.01°

Q+DOX 2.62+0.27% 2.22+0.01°
NC + DOX 0.07 £0.01% 12.29 + 0.03%
EEHP 400 + DOX 1.47 £ 0.032be 3.07 £ 0.06%¢
EEHP 200 + DOX 1.46 £ 0.028b¢ 5.09 + 0.05%¢

EEHP 100 + DOX
EEHP 50 + DOX

1.32 £0.012¢
1.18 £0.012b¢

8.00 + 0.05%°
8.03 + 0.02%°

Note: Results are displayed as average and standard error mean. Abbreviations: Q = Quercetin, DOX = Doxorubicin,
NC = Normal Control, EEHP = Puguntano herb ethanol extract, SE = Standard Error Mean, a = significantly different
from the normal group (p < 0.05), b = significantly different from the NC + DOX group (p < 0.05), ¢ = significantly
different with the Q + DOX group (p < 0.05).

Furthermore, the lowest LDH levels were in the normal group, and the highest was in the NC + DOX
group, followed by the EEHP 50 + DOX, 100 + DOX, 200 + DOX, 400 + DOX and Q + DOX groups. The
EEHP 50 + DOX group was still lower than NC + DOX; this means that giving EEHP reduces LDH levels
in male rats induced by doxorubicin. The EEHP 400 + DOX group had the best LDH-reducing effect,
although the reduction was still lower than the Q + DOX group. However, this shows that administration
of quercetin and EEHP affected reducing LDH levels in male rats after being induced by doxorubicin. LDH
is an essential enzyme of the anaerobic metabolic pathway and belongs to the oxidoreductase class [27].
The LDH test is used to detect tissue damage in the body. Elevated LDH is usually a sign of tissue or organ
injury. Damaged cells will release LDH into the bloodstream, causing an increase in blood levels [28].

The SOD and LDH levels of the normal group were found to be significantly different (p < 0.05) from
the other groups; this shows that doxorubicin administration affects increasing LDH levels and decreasing
SOD levels in male rats. An increase in LDH due to doxorubicin administration has also been reported [29].
Doxorubicin is an anthracycline used to treat cancer but can cause cardiotoxicity [30]. Doxorubicin induces
cardiac damage through several pathways, such as decreased antioxidant effects, impaired mitochondrial
function, increased lipid peroxidation and increased inflammatory response. Superoxide dismutase, which
scavenges typically free radicals, may decrease its activity with doxorubicin [31-33]. Through various
mechanisms that reduce ROS, lipid peroxidation, mitochondrial permeability and suppress apoptosis,
dietary supplements containing flavonoids, such as luteolin, apigenin, hesperidin, anthocyanin and
naringenin play an essential role in preventing cardiac toxicity due to free radicals caused by doxorubicin
due to stress-oxidative [34].

Antioxidants have the primary function of stopping or breaking the chain reaction of free radicals in
the body and neutralizing free radicals so that they can protect against detrimental effects caused by
excessive oxidation. Therefore, if there is an increase in free radicals in the body, large amounts of

endogenous antioxidants are needed [35]. Antioxidants in plant extracts can repair damaged cells, such as
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Superoxide Dismutase and Lactate Dehydrogenase, by neutralizing free radicals that cause chronic disease
or cancer. Antioxidants have been considered a promising therapy for preventing and treating oxidative
stress conditions triggered by increased ROS [36].

Conclusions

Based on TLC results, Puguntano herb ethanol extract contains flavonoids, glycosides, saponins,
tannins and steroids. The total phenolic and flavonoid content is 20.22 + 0.96 and 1.11 = 0.06 mg GAE/g.
Chemical compounds in plants, such as phenols, flavonoids and tannins, indicate the possibility of
antioxidant activity. The antioxidant test results showed high antioxidant levels with an IC50 value using
the ABTS method, namely 419.73 + 1.61 pg/mL and the FRAP method, namely 36.77 = 0.71 pg/mL.
Administration of Puguntano herb extract also affected SOD and LDH levels in doxorubicin-induced rats.
SOD levels were known to increase, while LDH levels decreased and were statistically significantly
different when compared with normal controls (p < 0.05). These results show the potential of this plant to

be developed as an antioxidant.

Acknowledgements

This research was funding by the Ministry of Education, Culture, Research and Technology Republic
of Indonesia for their financial support of the study via the “Hibah Penelitian Fundamental Reguler”
research grant 2023 (Contract No. 32/UN5.2.3.1/PPM/KP-DRTPM/B/2023).

References

[1] G Martemucci, C Costagliola, M Mariano, L D’andrea, P Napolitano and AG D’Alessandro. Free
radical properties, source and targets, antioxidant consumption and health. Oxygen 2022; 2, 48-78.

[2] SD Meo and P Venditti. Evolution of the knowledge of free radicals and other oxidants. Oxid. Med.
Cell. Longevity 2020; 2020, 9829176.

[3] A Bratovcic. Antioxidant enzymes and their role in preventing cell damage. Acta Sci. Nutr. Health
2020; 4, 132-8.

[4] AM Pisoschi, A Pop, F lordache, L Stanca, G Predoi and Al Serban. Oxidative stress mitigation by
antioxidants - an overview on their chemistry and influences on health status. Fur. J. Med. Chem.
2021;209, 112891.

[5] D Satria, J Silalahi, G Haro, S Ilyas and PAZ Hasibuan. Cytoprotective activity of ethylacetate
fraction of Picria fel-terrae Lour. herbs. Open Access Maced. J. Med. Sci. 2019; 7, 3865-7.

[6] N Auliafendri, R Rosidah, Y Yuandani, S Suryani and D Satria. The inhibitory activity of Picria fel-
terrae Lour. herbs extract on nitric oxide production toward RAW 264.7 cells induced by
lipopolysaccharide. Open Access Maced. J. Med. Sci. 2019; 7, 3737-40.

[7] N AuliaFendri, R Rosidah, Y Yuandani, S Suryani and D Satria. The immunomodulatory activities
of Picria fel-terrae Lour. herbs towards RAW 264.7 cells. Open Access Maced. J. Med. Sci. 2019; 7,
24-8.

[8] A Dalimunthe, D Pertiwi, M Muhammad, V Asfianti and D Satria. The effect of ethanol percentage
as solvent towards antioxidant activity of Picria fel-terrae Lour. herbs. AIP Conf. Proc. 2023; 2626,
030005.



Trends Sci. 2024; 21(10): 8199 8 of 9

[9]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

A Dalimunthe, M Muhammad, SB Waruwu, M Rafi, VE Kaban and D Satria. Phytochemicals and
proximate analysis of Litsea cubeba Lour. barks. IOP Conf. Ser. Earth Environ. Sci. 2023; 1188,
012012.

M Muhammad, ED Putra, H Cintya and D Satria. The effect of solvent towards antioxidant activity
of Vernonia amygdalina Delile leaves. Rasayan J. Chem. 2023; 16, 760-5.

A Gadducci and S Cosio. Trabectedin and lurbinectedin: Mechanisms of action, clinical impact, and
future perspectives in uterine and soft tissue sarcoma, ovarian carcinoma, and endometrial carcinoma.
Front. Oncol. 2022; 12, 914342.

MA Morsy, SA Abdel-Gaber, SA Mokhemer, M Kandeel, WF Sedik, AB Nair, KN Venugopala, HE
Khalil, BE Al-Dhubiab and MZ Mohamed. Pregnenolone inhibits doxorubicin-induced cardiac
oxidative stress, inflammation, and apoptosis - role of matrix metalloproteinase 2 and NADPH
oxidase 1. Pharmaceuticals 2023; 16, 665.

A Dalimunthe, D Pertiwi, M Muhmmad, VE Kaban, N Nasri and D Satria. The effect of extraction
methods towards antioxidant activity of ethanol extract of Picria fel-terrae Lour. herbs. IOP Conf.
Ser. Earth Environ. Sci. 2022; 1115, 012040.

A Dalimunthe, M Muhammad, M Rafi, VM Syafma, F Hulwani, I Aprilliawati, I Aprilliawati and D
Satria. Antioxidant activity of n-hexane, dichloromethane, ethyl acetate, and methanol extracts of
Litsea cubeba Lour. barks. Rasayan J. Chem. 2023; 16, 42-7.

Nazliniwaty, OA Hanafiah, D Pertiwi, D Satria and M Muhammad. Antioxidant activity, total
phenolic and total flavonoid content of hydroalcoholic extract of Arfocarpus lacucha Buch-Ham.
leaves. AIP Conf. Proc. 2021; 2342, 080010.

C Surbakti, P Sitorus, R Rosidah and D Satria. Effect of Saurauia vulcani Korth. leaves on superoxide
dismutase, HbAlc levels and insulin expression in hyperglycemic rats. Open Access Maced. J. Med.
Sci. 2019; 7, 3741-4.

D Satria, A Dalimunthe, D Pertiwi, M Muhammad, VE Kaban, N Nasri and SB Waruwu.
Phytochemicals, proximate composition, minerals and volatile oil analysis of Zanthoxylum
acanthopodium DC. fruits. F'1000Research 2023; 12, 227.

H Slika, H Mansour, N Wehbe, SA Nasser, R Iratni, G Nasrallah, A Shaito, T Ghaddar, F Kobeissy
and AH Eid. Therapeutic potential of flavonoids in cancer: ROS-mediated mechanisms. Biomed.
Pharmacother. 2022; 146, 112442,

K Jomova, R Raptova, SY Alomar, SH Alwasel, E Nepovimova, K Kuca and M Valko. Reactive
oxygen species, toxicity, oxidative stress, and antioxidants: Chronic diseases and aging. Arch.
Toxicol. 2023; 97, 2499-574.

AM Shraim, TA Ahmed, MM Rahman and YM Hijji. Determination of total flavonoid content by
aluminum chloride assay: A critical evaluation. LWT 2021; 150, 111932.

P Mati¢ and L Jakobek. Spectrophotometric folin-ciocalteu and aluminium chloride method
validation for the determination of phenolic acid, flavan-3-ol, flavonol, and anthocyanin content.
Croatian J. Food Sci. Tech. 2021; 13, 176-83.

NH Utami, S Achamad and P Sitorus. Aktivitas antioksidan dari ekstrak etanol herba poguntano
(Picria fel-terrae Lour.) secara in vitro (in Indonesian). Talenta Conf. Ser. Trop. Med. 2018; 1, 218-
23.

AR Petrovici, N Simionescu, Al Sandu, V Paraschiv, M Silion and M Pinteala. New insights on hemp
oil enriched in cannabidiol: Decarboxylation, antioxidant properties and in vitro anticancer effect.
Antioxidants 2021; 10, 738.



Trends Sci. 2024; 21(10): 8199 90f9

[24]

[27]

(28]
[29]

[30]

[31]

[32]

[34]

[35]

[36]

Al Mohamed, VF Salau, OL Erukainure and MS Islam. Hibiscus sabdariffa L. polyphenolic-rich
extract promotes muscle glucose uptake and inhibits intestinal glucose absorption with concomitant
amelioration of Fe?*-induced hepatic oxidative injury. J. Food Biochem. 2022; 46, €14399.

S Mansoor, OA Wani, JK Lone, S Manhas, N Kour, P Alam, A Ahmad and P Ahmad. Reactive
oxygen species in plants: From source to sink. Antioxidants 2022; 11, 225.

GE Batiha, AM Beshbishy, M Ikram, ZS Mulla, MEA El-Hack, AE Taha, AM Algammal and YHA
Elewa. The pharmacological activity, biochemical properties, and pharmacokinetics of the major
natural polyphenolic flavonoid: Quercetin. Foods 2020; 9, 374.

G Pelizzari, D Basile, S Zago, C Lisanti, M Bartoletti, L Bortot, MG Vitale, V Fanotto, S Barban, M
Cinausero, M Bonotto, L Gerratana, M Mansutti, F Curcio, G Fasola, AM Minisini and F Puglisi.
Lactate dehydrogenase (LDH) response to first-line treatment predicts survival in metastatic breast
cancer: First clues for a cost-effective and dynamic biomarker. Cancers 2019; 24, 1243.

A Farhana and SL Lappin. Biochemistry, lactate dehydrogenase. StatPearls Publishing, Florida, 2020.
HS Mohammed, EN Hosny, YA Khadrawy, M Magdy, YS Attia, OA Sayed and M AbdElaal.
Protective effect of curcumin nanoparticles against cardiotoxicity induced by doxorubicin in rat.
Biochim. Biophys. Acta Mol. Basis Dis. 2020; 1866, 165665.

A Dalimunthe, D Satria, P Sitorus, U Harahap, IFD Angela and SB Waruwu. Cardioprotective effect
of hydroalcohol extract of Andaliman (Zanthoxylum acanthopodium DC.) fruits on doxorubicin-
induced rats. Pharmaceuticals 2024; 17, 359.

A Hadi, RI Mahmood and AZ Al-Saffar. Evaluation of antioxidant enzyme activity in doxorubicin
treated breast cancer patients in Iraq: A molecular and cytotoxic study. Gene Rep. 2021; 24, 101285.
T Wu, Y Wu, S Chen, ] Wu, W Zhu, H Liu, M Chen and B Xu. Curative effect and survival assessment
comparing gemcitabine and cisplatin versus methotrexate, vinblastine, doxorubicin and cisplatin as
neoadjuvant therapy for bladder cancer: A systematic review and meta-analysis. Front. Oncol. 2021,
11, 678896.

AA Bagdasaryan, VN Chubarev, EA Smolyarchuk, VN Drozdov, II Krasnyuk, J Liu, R Fan, E Tse,
EV Shikh and OA Sukocheva. Pharmacogenetics of drug metabolism: The role of gene polymorphism
in the regulation of doxorubicin safety and efficacy. Cancers 2022; 14, 5436.

RA Syahputra, U Harahap, A Dalimunthe, MP Nasution and D Satria. The role of flavonoids as a
cardioprotective strategy against doxorubicin-induced cardiotoxicity: A review. Molecules 2022; 27,
1320.

I Gulcin. Antioxidants and antioxidant methods: An updated overview. Arch. Toxicol. 2020; 94, 651-
715.

[ Pérez-Torres, V Castrejon-Téllez, ME Soto, ME Rubio-Ruiz, L Manzano-Pech and V Guarner-Lans.
Oxidative stress, plant natural antioxidants, and obesity. Int. J. Mol. Sci. 2021; 22, 1786.



