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Abstract 
______________________________________________________________________________________________________________ 

Plants are widely used in developing countries for traditional medicine. Knowledge of biological 
activities and phytochemistry is necessary for the safe use of these plants in traditional medicine. 
Securidaca longepedunculata is a medicinal plant whose roots are widely used in the treatment of 
several diseases. In this study the content of total triterpenes in leaf and root bark was assessed. The 
antioxidant activity by the ABTS method was evaluated as well as the effect of the extracts on lipid 
peroxidation of mice liver cell membranes. Acute toxicity was evaluated at the dose of 2000 mg / mL 
administered to the mouse. The results showed that the maximum values of the triterpenes contents 
of the leaves and of the root bark are 58 and 21 mg UAE / 100 mg respectively. Methanolic and 
chloroform extracts from leaves and root bark inhibited more than 50% of lipid peroxidation. The 
same extracts showed strong ABTS cation reduction activity. The leaf extract did not induce signs of 
acute toxicity in mice at a dose of 2000 mg / mL. The leaves of S. longepedunculata could be used in 
the management of pathologies associated with oxidative stress or which require biological properties 
relating to triterpene compounds.  
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INTRODUCTION 

The involvement of oxidative stress has been reported in 
several age-related diseases such as neurodegenerative 
diseases, cardiovascular diseases, chronic kidney disease, 
chronic obstructive pulmonary disease and cancer 1.  

The high production of reactive oxygen species (ROS) causes 
malfunction and tissue damage during certain disease 
conditions. ROS oxidize lipids to generate peroxides and 
aldehydes which are more stable than the initial ROS. These 
stable derivatives diffuse from their site and cause damage to 
distant sites. Increased production of lipid peroxides and 
aldehydes has been observed in atherosclerosis, Alzheimer's 
disease, heart failure, cancer, rheumatic arthritis and other 
immunological disorders. Therefore, decreasing the formation 
of lipid peroxidation products or their chemical scavenging 
could be beneficial in limiting the deleterious effects of ROS in 
various pathological conditions.2.  

Studies have reported that the Plasmodium, in order to infect 
liver cells, causes lipid peroxidation of cell membranes 3. Lipid 
peroxidation is one of the steps in the infection of liver cells by 
P. falciparum 4. Induction of high lipid peroxidation by 
Plasmodium in children leads to the severe form of malaria 
which is fatal 5. 

It has been established that free radicals (oxidative stress) are 
involved in some human infertility 6. ROS have been shown to 

affect oocyte maturation to fertilisation, embryo development 
and pregnancy. Since most ovarian cancers appear in the 
surface epithelium, repetitive ovulation would be one of the 
causes of this disease. Oxidative stress has a negative effect on 
sperm quality and function. The imbalance between pro-
oxidants and antioxidants can lead to certain diseases of the 
reproductive system such as endometriosis, polycystic ovary 
syndrome. Oxidative stress can be the cause of spontaneous 
abortions, recurrent pregnancy loss 7. Natural substances by 
their abundance could be an accessible alternative to the great 
mass of populations. In fact, these mainly vegetable substances 
contain bioactive compounds. 

Medicinal plants owe their biological activities to the 
substances they contain. These substances are known to have 
shown various pharmacological activities. These substances 
include phenolic compounds, alkaloids, saponosides and 
terpene compounds. Each of these chemical groups have 
shown several biological properties 8. Terpene compounds 
have been reported to show anti-tumor, anti-inflammatory, 
hypoglycemic, antibacterial, antiviral, antimalarial activities. 
In addition, terpene compounds prevent and treat 
cardiovascular diseases. Studies have shown that terpene 
compounds have shown several uses such as against insect 
resistance, immunoregulation, antioxidation, slowing down 
old age and neuroprotection etc 9. 
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Oleanolic acid and ursolic acid which are triterpene have 
shown immunomodulatory activity. They are potential 
immunomodulators of macrophages during Mycobacterium 
tuberculosis infection 10. Ginsenoside Re isolated from 
American ginseng has shown antioxidant activity capable of 
protecting cardiomyocytes from oxidative damage by internal 
and external oxidants 11. Ginsenoside Rg1 regulates the 
expression of regulatory factors in the cell cycle and thereby 
exerts its anti-aging effect. Ginsenoside Rd is commonly used 
for neuroprotection 12–14. Ursolic acid can induce apoptosis in 
cancer cells and may protect hepatoma cells 9. Total 
triterpenes have shown inhibitory activity on membrane lipid 
peroxidation of liver and neuronal cells in mice 15.  

Antioxidants can prevent basic oxidative damage induced by 
ovulation and DNA damage in the ovarian epithelium 16. The 
use of antioxidants or products containing antioxidant 
molecules could restore fertility 17,18. 

Therefore, any compound capable of inhibiting lipid 
peroxidation of liver cells could prevent Plasmodium infection 
of the liver 19.  

Studies have shown that plants contain compounds which are 
capable of preventing or neutralising agents that induce lipid 
peroxidation in human cells 20. Results of some work have 
reported that antioxidants such as melatonin and vitamin C 
have the ability to enhance the antiplasmodial properties of 
certains compounds and also protect liver cells from lipid 
peroxidation that leads to their apoptosis during infection 19.  

Identified biomarkers of oxidative stress can provide 
important information on the antioxidant capacity of a plant 
extract 21.  

The use of medicinal plants is growing exponentially around 
the world. It is necessary that these plants used do not exhibit 
toxicity. 

Changes in organ weights are a sensitive indicator of 
biochemical modifications induced in organs.  Comparison of 
organ weights between control and treated groups is used to 
predict the toxic effect of a substance. Organ weight is an index 
of swelling, atrophy or hypertrophy. Relative organ weights 
are essential for diagnosing organ exposure to injury. The 
heart, liver, kidneys, spleen and lungs are the main organs 
affected by metabolic reactions caused by toxins 22. 

The objective of this work is to assess the total triterpene 
content and the antioxidant properties of S longepdunculta as 
well as the identification of acute toxicity signs induced by the 
plant. 

METHODS 

Total triterpene content assesment 

Total triterpenoid content was determined by using the 
following procedure 23. Briefly, 100 µL (10 mg/ mL, in 
methanol) of each sample was mixed with vanillin-glacial 
acetic acid solution (150 µL, 5% w/v) and perchloric acid 
solution (500 µL). The sample solutions were heated for 45 
min at 60°C and then cooled in an ice-water bath to the 
ambient temperature. After the addition of glacial acetic acid 
(2.25mL), the absorbance of each sample solution was 
measured at 548nm. Ursolic acid (in methanol) was used as a 
standard. Results were expressed as milligram ursolic acid 
equivalents /g dry extract (mg UAE/g). 

Reduction of radical ABTS assay 

The method described by Re et al. 24 with some modifications 
was used to evaluate the sample ABTS•+ scavenging ability. To 
50µL of extract, was added 200µL of diluted ABTS•+ solution 
for 5 min dark incubation. The absorbance was read at 734 nm 

with microplate reader. (Ascorbic acid) was used for 
generating standard curve and the result were expressed in 
mg ascorbic acid equivalents /g dry extract (mg AAE/g). 

Inhibition of lipids peroxidation in rat liver homogenate 

The inhibition activity of extracts on lipid peroxidation (LPO) 
was determined according to the thiobarbituric acid method. 
FeCl2–and H2O2 was used to induce the liver homogenate 
peroxidation with slightly modification 25,26. In this method, 
0.2 mL of extract was mixed with 1.0 mL of 1% liver 
homogenate, then 50 μL of FeCl2 (0.5 mM) and 50 μL of H2O2 
(0.5 mM) was added. Final concentration of extract was 100 
µg/mL. The mixture was incubated at 37°C for 60 min, then 
1.0 mL of trichloroacetic acid (15%) and 1.0 mL of 2-
thiobarbituric acid (0.67%) was added and the mixture was 
heated up in boiled water for 15 min. The absorbance was 
recorded at 532 nm.The control without extract was use. The 
result is expressed as a percentage of inhibition.  

Acute toxicity study 

The acute toxicity study of Securidaca longepedunculata leaves 
was carried out with the methanolic extract according to the 
guidelines 423 of OECD 27. Female mice (strain NMRI) 6 weeks 
old were used. The animals were randomly selected and 
grouped into two group. After a 12-hour fast, the mice were 
weighed. A control group of 3 animals received each 0.2 mL of 
sodium chloride solution (NaCl, 0.9%) by gavage using a 
feeding probe. The test group (two) animals consisting of 6 
females received each a limit dose of 2000 mg / kg of body 
weight of extract (in NaCl 0.9%). The animals were fed one 
hour after administration of the extract. Animals were 
observed continuously during the first 30 minutes after 
administration of the extract, and regularly during the first 24 
hours, then daily for 14 days for behavioural signs of toxicity 
(changes in coat and muzzle, contortions, convulsions, 
salivation, tremors, restlessness, grooming, stool appearance, 
mobility, and death of mice). The mice were sacrificed at the 
end of the observation by cervical dislocation. The liver, 
kidneys, lungs and heart were removed and weighed. 

Statistical analysis 

One way analysis of variance (ANOVA) followed by Tukey test 
of Graph Pad Prism software was used to determined 
statistical significance; p value ≤ 0.05 was considered 
significant (n=3). 

RESULTS 

Triterpene content 

The assessment of total triterpenes showed (Figure 1) that 
their contents in chloroformic extracts from leaves and root 
bark harvested in the warm period are 56, 27 ± 0.83 and 14.50 
± 0.19 mg UAE /100 mg and 57.54 ± 0.69 and 21.18 ± 0.23 for 
the samples from the cold period respectively. 

Leaves and root bark methanolic extracts contents showed 58, 
65 ± 1.78 and 15.82 ± 0.63 mg UAE/100 mg for warm periods 
samples and 15.0 ± 0.22 and 18.11 ± 0.05 mgAUE /100 mg for 
sample from cold periods respectively. 

Statistical analysis of leaves chloroformic extracts contents 
showed that there was no significant difference (P > 0.05) 
between the samples from warm and cold periods. However, 
using the root bark chloroformic extracts, the sample from the 
cold period showed a higher content than the sample from the 
warm period. The results also showed that leaves 
chloroformic extracts contents are three times higher than 
root bark chlorofomic extract. With regard to leaves 
methanolic extracts, samples from warm period showed three 
times higher content than that of cold period. Root barks 
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harvested in the warm period showed a lower content than 
the same organ from the cold period using methanolic 
extracts. The results showed that the leaves generally 
contained higher contents than the root bark. In addition, both 
methanol and chloroform make it possible to extract the same 
quantities of terpene compounds from leaves harvested in 
warm or cold periods.  

 

Figure 1: Total triterpene content of leaf and root bark. 
Different letters indicate statistically different values (P < 

0.05) 

Lipid peroxidation inhibitory activity  

The lipid peroxidation inhibitory activity of S. 
longepedunculata leaves and root bark extracts is shown in 
Figure 2. The activities of chloroformic extracts from leaves 
harvested during cold and warm periods are statistically 
identical (57.00 ± 0.48% and 58.29 ± 0.74%). The same result 
is also observed with methanolic leaves extracts (64, 09 ± 1, 
22% and 62, 80 ± 0, 48%). With regard to leaves (cold and 
warm periods sample), methanolic extracts activity is higher 
than that of chloroformic extracts. However, root bark extracts 
(chloroformic and methanolic) from sample harvested in 
warm period are more active than those of samples from the 
cold period. The methanolic extracts from leaves and root bark 
harvested during the warm period showed similar activities (p 
> 0.05). Also, chloroformic extracts from leaves and root bark 
harvested during the cold period showed identical activities (p 
> 0.05). The variation of the values shows that leaves activity 
would be related to extraction solvent and that of the root 
bark would be related to the harvesting period. Methanol, 
which is a polar solvent, therefore extracts more bioactive 
compounds from the leaves than chloroform. These results 
show that S. longepedunculata extracts inhibited more than 
50% lipid peroxidation of hepatic cell membranes from rat 
induced by FeCl2–and H2O2. 

 
Figure 2: Inhibitory activities of leaf and root bark extracts on 

lipid peroxidation. Different letters indicate statistically 
different values (P < 0.05) 

Reduction of cation radical ABTS•+ 

The result of ABTS•+ cation reduction by S. longepedunculta 
extracts is shown in Figure 3. Analyses have shown that using 
methanol as extraction solvent, the leaves harvested during 
the warm and cold periods show identical activities (p > 0.05). 
The methanolic extract of root bark from the warm period is 
more active than that from the same organ harvested during 
the cold period. In addition, the results showed that leaves and 
root bark extracted with methanol had similar activities in 
contrast to the samples from the cold period. 

With regard to the chloroformic extracts of S. 
longepedunculata, the leaves harvested during the cold period 
were more active than those harvested during the warm 
period. Chloroformic extracts of root bark from cold and warm 
periods showed similar activities. These root bark extracts 
showed higher activity than those of the leaves. 

Leaves methanolic extracts showed a better activity compared 
to their chloroformic extracts.  

 

Figure 3: Antioxidant activity of reduction of ABTS cation of 
one gram of extracts in equivalence of a mass of ascorbic acid 
expressed in milligrams. Different letters indicate statistically 

different values (P < 0.05). 

Acute toxicity 

The acute toxicity of the methanolic extract of the defatted 
powder of S. longepedunculata was assessed according to the 
OECD procedural guide and the result was showed in table 1. 

Oral administration of the extract at a single dose of 2000 
mg/Kg body weight resulted in no signs of acute toxicity or 
death, throughout the observation of mice from the test group 
compared to the control group. 

Estimation of organ weights and assessment of relative organ 
weights (Table 1) of mice from the test group showed values 
that were statistically similar (p > 0.05) to those of mice from 
the control group. 

Table 1 : Comparison of the relative organ weights of the test 
and control groups. 

 Relative organ weights : 

mouse weight (mw) on day 14 / organ weight (ow) 

liver kidney heart lung 

control group 21.02a 87.58b 212.91c 141.80d 

test group 1 18.83a 81.18b 197.84c 136.62d 

test group 2 19.71a 80.83b 219.68c 143.90d 

Values with the same superscript letters are statistically identical (p > 
0.05). 
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DISCUSSION 

The determination of terpene quantities showed that the 
leaves contain the highest concentrations. This contents 
results show that in order to assess biological activities or to 
carry out phytotherapy related to the terpene compounds of S. 
longepedunculata, it is advisable to choose its leaves rather 
than its roots. 

Terpene compounds are known to have antioxidant activity 
against the radical cation ABTS•+ 28. These chemical groups 
have shown neuroprotective and hepatoprotective 29,30, 
cardioprotective 31 properties et antiplasmodiale 32. These 
different properties of the triterpenes would explain the use of 
S longepeunculata against pathologies such as heartache, 
hepatitis, epilepsy and malaria 33. The anti-plasmodial activity 
of terpene compounds has been reported by several authors, 
such as artemissinin34. This richness of the leaves of S. 
longepedunculata in terpene compounds would explain the 
use of this plant against malaria. 

The leaves showed significant lipid peroxidation inhibitory 
activities in this study. In traditional medicine, the generally 
used extraction solvent is water which is more polar than 
methanol, so the leaves would be more appropriate for 
treatments aimed at inhibiting the lipid peroxidation induced 
by Plasmodium falciparum during hepatocyte infection. 

Some authors have reported that during infection of 
hepatocytes by P. falciparum, peroxidation of the cell 
membranes occurs, leading to apoptosis 19,35. The antioxidant 
effect of S. longepedunculata leaves observed in this work 
could contribute to inhibit this lipid peroxidation and thus the 
apoptosis of hepatocytes during P. falciparum infection. The 
lipid peroxidation inhibitory activity observed with the leaf 
extracts indicates that this organ of S. longepeunculata could 
be associated in the management of atherosclerosis, ischemia-
reperfusion, heart failure, Alzheimer’s disease, rheumatic 
arthritis, cancer, and other immunological disorders 2. 

Methanol is therefore indicated for extracting bioactive 
compounds from leaves than chloroform, unlike root bark, for 
which both solvents are suitable. 

These results therefore show that polar compounds in the 
leaves reduce the radical cation ABTS•+ better than non-polar 
compounds. The activity of the root bark showed that the 
apolar compounds are as active as the apolar compounds. The 
antioxidant capacity of the extracts observed shows that the 
leaves of S. longepedunculata could contribute to mitigate the 
effects of oxidative stress especially on cortical cells. Indeed, it 
has been reported that neuronal cells are very vulnerable to 
oxidative stress due to their high oxygen consumption and 
lack of adequate antioxidant defence mechanisms 36.  

Neurons consume a lot of oxygen throughout life making the 
brain more vulnerable to oxidative damage. In addition, the 
brain contains high concentrations of polyunsaturated fatty 
acids and transition metals, as well as weak antioxidant 
defense mechanisms 37. 

Body weight and internal organs such as liver, kidney, heart, 
spleen, thymus, etc. are sensitive indicators of toxicity 
following exposure to a toxic substance. Toxicity data are 
needed to predict the associated safety before the use of 
medical products 22. 

This lack of statistical difference shows that the organs of the 
mice would not have undergone atrophy or hypertrophy 
following the taking of the extract. Furthermore, the lethal 
dose of this extract would therefore be higher than 2000 
mg/kg. The extract is therefore classified in the risk category 
(LD50 >2000 mg/kg) according to the OECD 423 toxicity scale 

27 . In the literature, it is reported that plants with an LD50 
greater than 1000 mg/kg orally are considered nontoxic 38. 

According to the results of our research no studies on the 
acute toxicity of S. longepedunculta leaves have been 
performed. However, studies on S. longepedunculta roots have 
reported toxicity without mortality 33. Studies have reported 
that extracts from the leaves and roots of S. longepedunculata 
neutralized the toxicity of the snake venom Naja nigricollis 39. 

In poor countries, people do not have the means to buy food 
supplements and they are not part of their dietary habits. 
Taking plant organs like coffee could help prevent the 
occurrence of certain diseases (cancers, neuropathology, 
premature ageing, certain factors of sterility). 

Plants that are rich in terpene compounds could show 
immunomodulatory and neuroprotective properties 40,41. The 
use of S. longepedunculata in the treatment of epilepsy would 
be linked to these properties due to its richness in terpene 
compounds. 

CONCLUSION 

The leaves of S. longepedunculata are very rich in triterpene 
compounds than the roots regardless of the harvesting period. 
Leaves and root bark significantly inhibit lipid peroxidation in 
liver cells and strongly reduce the ABTS radical. The 
methanolic extract of the leaves did not induce any signs of 
acute toxicity in mice. The biological investigation of the leaves 
should be continued with studies on neuroprotection, 
genoprotection, immunomodulation and chronic toxicity of 
this widely used plant. 

CONFLICT OF INTERESTS 

The authors have not declared any conflict of interests. 

REFERENCES 

1. Liguori I, Russo G, Curcio F, et al. "Oxidative stress , aging , and 
diseases". Clin Interv Aging, 2018; 13:757-772. doi:  

https://doi.org/10.2147/CIA.S158513 

2. Ramana K V, Srivastava S, Singhal SS. "Lipid Peroxidation Products 
in Human Health and Disease". OxidativeMedicine Cell Longev, 
2013; 2013:3-5. https://doi.org/10.1155/2013/583438 

3. Isah MB, Ibrahim MA. "The role of antioxidants treatment on the 
pathogenesis of malarial infections": A review. Parasitol Res, 
2014; 113(3):801-809. doi: https://doi.org/10.1007/s00436-
014-3804-1 

4. Kain HS, Glennon EKK, Vijayan K, et al. "Liver stage malaria infection 
is controlled by host regulators of lipid peroxidation". Cell Death 
Differ, 2020; 27(1):44-54. doi: https://doi.org/10.1038/s41418-
019-0338-1 

5. Khalid M, Alam R, Khan S, Prakash V. "Oxidative Stress Marker And 
Antioxidant Status In Falciparum Malaria In Relation To The 
Intensity Of Parasitaemia". Int J Biol Med Reseach, 2013; 
3(1):3469-3471. 

6. Lu J, Wang Z, Cao J, Chen Y, Dong Y. "A novel and compact review on 
the role of oxidative stress in female reproduction". Reprod Biol 
Endocrinol, 2018; 16(80):1-18. https://doi.org/10.1186/s12958-
018-0391-5 

7. Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman A, Gupta S. 
"The effects of oxidative stress on female reproduction": a review. 
Reprod Biol Endocrinol, 2012; 10(49):1-31. doi: 
https://doi.org/10.6036/8204 

8. Shakya AK. "Medicinal plants : Future source of new drugs". Int J 
Herb Med, 2016; 4(4):59-64. 

9. Yang W, Chen X, Li Y, Guo S, Wang Z, Yu X. "Advances in 
Pharmacological Activities of Terpenoids". Nat Prod Commun, 
2020; 15(3). doi: https://doi.org/10.1177/1934578X20903555 

https://doi.org/10.2147/CIA.S158513
https://doi.org/10.1155/2013/583438
https://doi.org/10.1007/s00436-014-3804-1
https://doi.org/10.1007/s00436-014-3804-1
https://doi.org/10.1038/s41418-019-0338-1
https://doi.org/10.1038/s41418-019-0338-1
https://doi.org/10.1186/s12958-018-0391-5
https://doi.org/10.1186/s12958-018-0391-5
https://doi.org/10.6036/8204
https://doi.org/10.1177/1934578X20903555


Karama et al                                                                                                                                    Journal of Drug Delivery & Therapeutics. 2022; 12(2):63-67 

ISSN: 2250-1177                                                                                              [67]                                                                                            CODEN (USA): JDDTAO 

10. López-García S, Castañeda-Sanchez JI, Jiménez-Arellanes A, et al. 
"Macrophage activation by ursolic and oleanolic acids during 
mycobacterial infection". Molecules, 2015; 20(8):14348-14364. 
doi: https://doi.org/10.3390/molecules200814348 

11. Xie JT, Shao ZH, Vanden Hoek TL, et al. "Antioxidant effects of 
ginsenoside Re in cardiomyocytes". Eur J Pharmacol, 2006; 
532(3):201-207. doi: 
https://doi.org/10.1016/j.ejphar.2006.01.001 

12. Zheng M, Xin Y, Li Y, et al. "Ginsenosides: A Potential 
Neuroprotective Agent". Biomed Res Int, 2018; 2018. doi: 
https://doi.org/10.1155/2018/8174345 

13. Park SK, Hyun SH, In G, et al. "The antioxidant activities of Korean 
Red Ginseng (Panax ginseng) and ginsenosides: A systemic review 
through in vivo and clinical trials". J Ginseng Res, 2021; 45(1):41-
47. doi: https://doi.org/10.1016/j.jgr.2020.09.006 

14. Ye J, Yao JP, Wang X, et al. "Neuroprotective effects of ginsenosides 
on neural progenitor cells against oxidative injury". Mol Med Rep, 
2016; 13(4):3083-3091. doi: 
https://doi.org/10.3892/mmr.2016.4914 

15. Smina TP, Joseph J, Janardhanan KK. "Ganoderma lucidum total 
triterpenes prevent γ-radiation induced oxidative stress in Swiss 
albino mice in vivo". Redox Rep, 2016; 21(6):254-261. doi: 
https://doi.org/10.1080/13510002.2015.1126098 

16. Agarwal A, Gupta S, Sharma RK. "Role of oxidative stress in female 
reproduction". Reprod Biol Endocrinol, 2005; 3:1-21. doi: 
https://doi.org/10.1186/1477-7827-3-28 

17. Sharifi-rad M, Kumar NVA, Zucca P, et al. "Lifestyle , Oxidative 
Stress , and Antioxidants : Back and Forth in the Pathophysiology 
of Chronic Diseases". Front Physiol, 2020; 11:1-21. doi: 
https://doi.org/10.3389/fphys.2020.00694 

18. Banerjee P, Bhattacharya J. "Impact of Oxidative stress on 
Infertility , with emphasis on infertility management strategies". 
Glob J ournal Fertil Res, 2019; 4(1):10-18. 
https://doi.org/10.17352/gjfr.000012 

19. Guha M, Maity P, Choubey V, Mitra K, Reiter RJ, Bandyopadhyay U. 
"Melatonin inhibits free radical-mediated mitochondrial-
dependent hepatocyte apoptosis and liver damage induced during 
malarial infection". J Pineal Res, 2007; 43(4):372-381. doi: 
https://doi.org/10.1111/j.1600-079X.2007.00488.x 

20. Wang FX, Li HY, Li YQ, Kong LD. "Can medicinal plants and 
bioactive compounds combat lipid peroxidation product 4-HNE-
induced deleterious effects" Biomolecules, 2020; 10(1):1-22. doi: 
https://doi.org/10.3390/biom10010146 

21. Chai SC, Davis K, Zhang Z, Zha L, Kirschner KF. "Effects of tart 
cherry juice on biomarkers of inflammation and oxidative stress 
in older adults". Nutrients, 2019; 11(2):1-10. doi: 
https://doi.org/10.3390/nu11020228 

22. Chanda S, Parekh J, Vaghasiya Y, Dave R, Baravalia Y, Nair R. 
"Medicinal Plants -From Traditional Use To Toxicity Assessment": 
a Review. Int J Pharm Sci Res, 2015; 6(7):2652-2670. doi: 23. 
Chang CL, Lin CS, Lai GH. "Phytochemical Characteristics , Free 
Radical Scavenging Activities , and Neuroprotection of Five 
Medicinal Plant Extracts". Evidence-Based Complement Altern, 
2012; 2012:1-8. doi: https://doi.org/10.1155/2012/984295 

24. Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C. 
"Antioxidant activity applying an improved abts radical cation 
decolorization assay". Free Radic Biol Med, 1999; 26(98):1231-
1237. doi: https://doi.org/10.1016/S0891-5849(98)00315-3 

25. Ohkawa H, Ohishi N, Yagi K. "Assay for lipid peroxides in animal 
tissues by thiobarbituric acid reaction". Anal Biochem, 1979; 
95(2):351-358. doi: https://doi.org/10.1016/0003-
2697(79)90738-3 

26. Sombie PAED, Hilou A, Mounier C, et al. "Antioxidant and Anti-
inflammatory Activities from Galls of Guiera senegalensis J.F. Gmel 
(Combretaceae)". Res J Med Plant, 2011; 5(4):448-461. doi: 
https://doi.org/10.3923/rjmp.2011.448.461 

27. OCDE. OECD Guideline for Testing of Chemeicals 2001; 423:1-14. 

28. Cai C, Ma J, Han C, Jin Y, Zhao G, He X. "Extraction and antioxidant 
activity of total triterpenoids in the mycelium of a medicinal 
fungus, Sanghuangporus sanghuang". Sci Rep, 2019; 9(1):1-10. 
doi: https://doi.org/10.1038/s41598-019-43886-0 

29. Wang C, Liu X, Lian C, Ke J, Liu J. "Triterpenes and aromatic 
meroterpenoids with antioxidant activity and neuroprotective 
effects from Ganoderma lucidum". Molecules, 2019; 24(23). doi: 
https://doi.org/10.3390/molecules24234353 

30. Huang W, Ding H, Chen LY, et al. "Protective Effect of the Total 
Triterpenes of Euscaphis konishii Hayata Pericarp on Bacillus 
Calmette-Guérin Plus Lipopolysaccharide-Induced Liver Injury". 
Evidence-based Complement Altern Med, 2019; 2019. doi: 
https://doi.org/10.1155/2019/1806021 

31. Han N, Bakovic M. "Biologically Active Triterpenoids and Their 
Cardioprotective and Anti- Inflammatory Effects". J Bioanal 
Biomed, 2015; 12. doi: https://doi.org/10.4172/1948-593X.S12-
005 

32. Cai S, Risinger AL, Nair S, et al. "Identification of Compounds with 
Efficacy against Malaria Parasites from Common North American 
Plants". J Nat Prod, 2016; 79(3):490-498. doi: 
https://doi.org/10.1021/acs.jnatprod.5b00874 

33. Mongalo NI, Mcgaw LJ, Finnie J., Van Staden J. "Securidaca 
longipedunculata Fresen (Polygalaceae): A review of its 
ethnomedicinal uses, phytochemistry, pharmacological properties 
and toxicology". J Ethnopharmacol, 2015; 165:215-226. doi: 
https://doi.org/10.1016/j.jep.2015.02.041 

34. Nogueira CR, Lopes LMX. "Antiplasmodial Natural Products". 
Molecules, 2011; 16:2146-2190. doi: 
https://doi.org/10.3390/molecules16032146 

35. Scaccabarozzi D, Deroost K, Corbett Y, et al. "Differential induction 
of malaria liver pathology in mice infected with Plasmodium 
chabaudi AS or Plasmodium berghei NK65". Malar J, 2018; 1-9. 
doi: https://doi.org/10.1186/s12936-017-2159-3 

36. Kim S, Chin YW, Cho J. "Protection of cultured cortical neurons by 
luteolin against oxidative damage through inhibition of apoptosis 
and induction of heme oxygenase-1". Biol Pharm Bull, 2017; 
40(3):256-265. doi: https://doi.org/10.1248/bpb.b16-00579 

37. Jovanović Z. "Antioxidative defense mechanisms in the aging 
brain". Arch Biol Sci, 2014; 66(1):245-252. doi: 
https://doi.org/10.2298/ABS1401245J 

38. Dougnon TV, Hounsa E, Agbodjento E, et al. "Toxicological 
Characterization of Ten Medicinal Plants of the Beninese Flora 
Used in the Traditional Treatment of Diarrheal Diseases". 
Evidence-based Complement Altern Med, 2021; 2021:1-13. doi: 
https://doi.org/10.1155/2021/6676904 

39. Sanusi J, Shehu K, Jibia AB, Mohammed I, Liadi S. "Anti Snake 
Venom Potential of Securidaca longepedunculata Leaf and Root 
Bark on Spitting Cobra (Naja nigricollis Hallowel) in Envenomed 
Wister Rats". IOSR J Pharm Biol Sci, 2014; 9(6):92-96. doi: 
https://doi.org/10.9790/3008-09639296 

40. Di Sotto A, Vitalone A, Di Giacomo S. "Plant-derived nutraceuticals 
and immune system modulation: An evidence-based overview". 
Vaccines, 2020; 8(3):1-34. doi: 
https://doi.org/10.3390/vaccines8030468 

41. Zhang Y, Zhao L, Huang S, Wang W, Song S. "Triterpene saponins 
with neuroprotective effects from the leaves of Diospyros kaki 
Thunb". Fitoterapia, 2018; 129:138-144. doi: 
https://doi.org/10.1016/j.fitote.2018.06.023

 

 

https://doi.org/10.3390/molecules200814348
https://doi.org/10.1016/j.ejphar.2006.01.001
https://doi.org/10.1155/2018/8174345
https://doi.org/10.1016/j.jgr.2020.09.006
https://doi.org/10.3892/mmr.2016.4914
https://doi.org/10.1080/13510002.2015.1126098
https://doi.org/10.1186/1477-7827-3-28
https://doi.org/10.3389/fphys.2020.00694
https://doi.org/10.17352/gjfr.000012
https://doi.org/10.1111/j.1600-079X.2007.00488.x
https://doi.org/10.3390/biom10010146
https://doi.org/10.3390/nu11020228
https://doi.org/10.1155/2012/984295
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.3923/rjmp.2011.448.461
https://doi.org/10.1038/s41598-019-43886-0
https://doi.org/10.3390/molecules24234353
https://doi.org/10.1155/2019/1806021
https://doi.org/10.4172/1948-593X.S12-005
https://doi.org/10.4172/1948-593X.S12-005
https://doi.org/10.1021/acs.jnatprod.5b00874
https://doi.org/10.1016/j.jep.2015.02.041
https://doi.org/10.3390/molecules16032146
https://doi.org/10.1186/s12936-017-2159-3
https://doi.org/10.1248/bpb.b16-00579
https://doi.org/10.2298/ABS1401245J
https://doi.org/10.1155/2021/6676904
https://doi.org/10.9790/3008-09639296
https://doi.org/10.3390/vaccines8030468
https://doi.org/10.1016/j.fitote.2018.06.023

