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ABSTRACT 

 

Purpose: The current study investigated the protective potential of 

Apium graveolens extract (APE) against lead-induced brain injury in 
rats by exploring anti-inflammatory and antiapoptotic mechanism. 

Methods:  Twenty male Wistar rats were randomly allocated into four 
groups (n=5). The control group was orally administrated with distillate 
water. The second group received lead acetate 200mg/kg body weight 

orally for 14 days, the third group were orally administered lead acetate 
200 mg lead acetate/kg body weight and vitamin E 50IU/kg body weight 

for 14 days. The fourth group was administrated with leas acetate like 
second group and APE 300mg/kg body weight for 14 days. The TNF-a 
levels and caspase-3 expression was analyses under ELISA and flow 

cytometry assay, respectively. Results: The phytochemical analysis of 
APE indicated the presence of alkaloids, flavonoids, tannins, saponins, 
and steroids. Leads acetate increased the serum levels of TNF-α and 

caspase-3 expression, as well as altering the brain tissue architecture.  
Conclusion: In conclusion, the presence of APE inhibited the lead 

acetate toxicity by inhibition of TNF-α proinflammation protein and 
caspase-3 proapoptosis protein. 
 

 
Keywords : Apium graveolens extract, TNF-α, Caspase-3, Lead acetate, 

brain injury 

  INTRODUCTION 

Lead (Pb) is a toxic metal that induces a wide range of behavioral, biochemical and 
physiological effects in humans (1). Lead exposure is estimated to account for 143 000 deaths per year 

with the highest burden in developing regions (2). Importantly, no lowest safe concentration exists for 
lead acetate, which contributes to 0.6% of the global burden of disease (3,4). Furthermore, lead 

exposure tends to be sub-acute, produces only subtle clinical symptoms (4). In addition, chronic 
exposure cases are more common than acute toxicity (5,6). Lead via gastrointestinal absorption is first 
taken up by the red blood cells and is distributed to all vascular organs including brain (7,8). Previous 

study reported that lead cause oxidative stress by generating the release of reactive oxygen species 
(ROS) leading to secretion of inflammatory cytokine such as interleukin-1 (IL-1), interleukin-2 (IL-2), 

interleukin-6 (IL-6), interleukin-8 (IL-8), interferon gamma (IFNγ), and tumor necrosis factor alpha 
(TNF-α) (9). 
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Overexpression TNF-α induces the apoptosis of brain cells by Fas-associated proteins with death 
domain (FADD) signaling, resulting in caspase-3 activation and promote cell death (10,11). Previous 

study reported that, antioxidant compound could prevent the brain injury due to chronic lead exposure 
(12,13). The Apium graveolens herbs have several secondary metabolites that have significant anti-
inflammatory activity (14). Therefore, treatment with natural compound such as Apium graveolens 

extract may be the potential strategy for inhibiting brain injury due to lead acetate exposure. 

A number of natural compounds produced from vegetation offer alternative healthcare options 

that are more effective and safe (15–17). Apium graveolens is a species of herb that has several common 
names, including celery, parsley, and leek. Apium graveolens contains a several of phytochemical 
compounds, such as flavonoids and phenolic acids (18,19). Flavonoids in Apium graveolens inhibits the 

activity of proinflammatory cytokine including IL-6 and TNF-a by blocking ROS expression (20). 
Previous study also reported that the antioxidant activity of Apium graveolens extract prevent cell death 

through inhibition pro-apoptotic protein (21,22). However, no evidence supporting a favourable role of 
Apium graveolens extract (APE) in the regulation of TNF- α level and caspase-3 expression in the lead-
acetate-induced brain injury still unclear. Therefore, in this present study aims to evaluate the effect of 

APE on the regulation of TNF- α level and caspase-3 expression in the lead-acetate-induced brain injury 
in rats models. 

 

MATERIAL AND METHODS 

 

Material and study design 

This post-test only control group study design was conducted in Stem Cell and Cancer Research (SCCR) 
Laboratory, Faculty of Medicine, Sultan Agung Islamic University, Semarang from June – August 

2022.  

The study was approved by the Ethic Committee of Sultan Agung Islamic University (No. 

290/VIII/2022/Komisi Bioetik). 

Extraction of Apium graveolens extract 

Peripheral blood mononuclear cells (PBMCs) were isolated from whole blood samples collected from 

healthy Apium graveolens herbs were collected from Tawangmangu in Central Java Indonesia in August 
2022 (Latitude -7.665158 and Longitude 111.129500). They were rinsed with tap water followed by 

distilled water to remove the dirt on the surface. The dried Apium graveolens herbs was blended until 
small pieces and sieved with a mesh size of 120 mesh. The 100 g of Apium graveolens herbs was 
extraction in a maceration apparatus with 1000 mL 98% ethanol for 24 h. The filtrated was then 

evaporated under rotary vacuum evaporator (IKA) and the crude extract west kept in refrigerator 4˚C 
(17,23).  The Apium graveolens crude extract was dissolved in CMC-Na suspension based until the 

extract concentration was 60mg/mL. The formulations were stored at 4˚C until further analysis (24–26). 

Phytochemical screening of Apium graveolens extract 

The Apium graveolens crude extract (APE) were tested for the presence of flavonoids, alkaloids, 

tannins, steroids, terpenoids, and saponins. The qualitative results are expressed as (+) for the presence 
and (−) for the absence of phytochemicals. The flavonoids were test using Wilstater’s test according to 

(27). Briefly, 2 mg of APE was mixed with HCl 500µL and 0.02 mg magnesium. The presence of 
flavonoids is characterized by the occurrence of discoloration. The presence of alkaloids indicated with 
a brown colored precipitate that determined under Wagner’s test, 15 mg of APE was stirred with 1% 

HCl (6 mL) on water bath for 5 minutes and filtered. The filtrate was added with few drops of Wagner 
solution (2 gram of Potassium iodide and 1,27 g of Iodine in 95 mL of distilled water) (28). Furthermore, 

Tannins content was analysis the APE with 1% ferric chloride, the black or blue coloration was taken a 
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positive result of tannins (29). Liebermann-Burchard test was used to determine the presence of steroids 
and terpenoids, briefly 100 mg of APE was shaken with chloroform and added the few drops of acetic 

anhydride was added to the test tube and boiled in a water bath and rapidly cooled in iced water. 
Concentrated H2SO4 (2 mL) was added alongside of the test tube. Formation of a brown ring at the 
junction of two layers and turning the upper layer to green shows the presence of steroids while 

formation of deep red color indicates the presence of triterpenoids (30). The saponin presence was 
analysis under Forth’s test, 500 mg of APE was shaken with 10 mL of distilled water. The formation of 

frothing, which persists on warming in a water bath for 5 min, shows the presence of saponins (30).  

Total flavonoid content of Apium graveolens extract 

Total flavonoid content was determined using the aluminum colorimetric method (31) with some 

modifications using quercetin as the standard. A calibration curve of quercetin was prepared in the range 
of 200 - 700μg/mL. Briefly, extract (0.5 mL) and standard (0.5 mL) were placed in different test tubes 

and to each 10% aluminum chloride (0.1 mL), 1 M potassium acetate (0.1 mL), 80% methanol (1.5 mL) 
and distilled water (2.8 mL) were added and mixed. A blank was prepared in the same manner where 
0.5 mL of distilled water was used instead of the sample or standard, and the amount of aluminum 

chloride was also replaced by distilled water. All tubes were incubated at room temperature for 30 min. 
The absorbance was taken at 415 nm. The concentration of flavonoid was expressed as mg quercetin 

equivalent (QE) per gram of extract (32,33). 

Lead acetate poisoning animal model.  

Twenty male Wistar rats weighing (200-250) g were used for this study. The animals were housed in a 

temperature (25 ± 1 °C), humidity controlled room and a 12-h light-dark cycle. Rats were allowed free 
access to tap water and standard pellet diet. The institutional Animal Ethics Committee approved all 
experimental protocols. The animals were classified into 4 groups, each of 5 as follows: 

Control groups (C): Rats received distilled water 

Lead acetate-treated group (LA): Rats were orally administered lead acetate at a dose of 200 mg lead 

acetate/kg body weight, by stomach tube once daily for 14 days. 

Lead acetate and vitamin E 50IU/kg body weight  (reference drug) treated group (LA + 50IU/kg BW 
Vitamin E): Rats were orally administered lead acetate at a dose of 200 mg lead acetate/kg body weight 

and vitamin E 50IU/kg body by stomach tube once daily for 14 days. 

Lead acetate and 300mg/kg body weigh APE treated group (LA + 300mg/kg BW APE): Rats were 

orally administered lead acetate at a dose of 200 mg lead acetate/kg body weight and 300 mg/kg 
APE/body weight by stomach tube once daily for 14 days. 

At the end of experiment, fasting blood samples were withdrawn from the retro-orbital vein of each 

animal using a glass capillary tube after fasting period of 12 h. The blood samples allowed to coagulate 
and then centrifuged at 3000 rpm for 20 min. The separated sera were used for the estimation of serum 

protein of TNF- α by using ELISA kits (Invitrogen, USA). Total serum protein was evaluated using kits 
from Biodiagnostic, Egypt. The brains was excised and  

Analysis of TNF- α levels 

The blood of rats was harvested via periorbital venous plexus bleeding under general anaesthesia on 
days 14 and the serum was collected by centrifugation at 4 C. We measured TNF-α concentrations by 

enzyme-linked immunosorbent assay (ELISA) kits, based on the manufacturer’s instructions 
(Invitrogen, USA) and according to a standard curve constructed for each assay. The colorimetric 
absorbance was recorded at a wavelength of 450 nm. 

Analysis of Caspase-3 expression 
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The immunohistochemistry processes were carried out with the Starr Trek Universal-HRP Detection 
Kit (Biocare Medical; cat.no BRR 700 AH, AL10) manufacturer’s protocols. Briefly, paraffin-

embedded tissue sections were deparaffinized in xylene and rehydrated  in ethyl alcohol with different 
concentrations. Non-enzymatic antigen retrieval was performed by heating the sections to 92-95 °C in 
citrate buffer (10 mM, pH 6.0) for 15 min and washed three times with PBS for 5 min. The samples 

were soaked with 3% H2O2 (Sigma-Aldrich) in PBS for 5 min to block endogenous peroxidase and 
subsequently treated with Background Sniper for 20 minutes for suppressing nonspecific binding. 

Afterwards, the slides were incubated with mouse anti-rat caspase-3 antibody (dilution, 1:200) at 4◦C 
overnight. The slides were washed the next day with Trekkie Universal Link incubation for 60 minutes. 
Then, the samples were incubated with Trek-avidin HRP Label for staining development. The samples 

were developed with diaminobenzidine (DAB) and counterstained with hematoxylin. After the slides 
were washed with distilled water and dehydrated, they were made transparent and mounted under a 

microscope for examination. Image-J software was employed to evaluate the mean optical density value 
of the images after immunohistochemical analysis. 

Statistical analysis 

Statistical analyses were accomplished with software SPSS 26.0 (SPSS Inc., Chicago, IL, USA). All 
data are presented as mean ± standard deviation (SD). Data analysis used Kruskal-Wallis and continued 

with the Man-Whitney test with p-value <0.05. P < 0.05 was considered to be statistically significant. 

 

RESULTS 

Phytochemical screening of Apium graveolens extract 

The phytochemical screening of crude ethanolic extract of Apium graveolens revealed the presence of 
some secondary metabolites such as alkaloids, saponins, tannins, flavonoids, and steroids (Table 1). The 

total flavonoid content of APE was 14.30 ± 0,55 QE/g. These values are higher than total flavonoid 
content of the same family with methanol solvent (34).  

 

Table 1. Phytochemical screening of secondary metabolites from Apium graveolens 

extract 

Chemical componenet Name of the test CTFE 

Alkaloids Wagner test ++ 

Flavonoids Wilstater test +++ 

Tannins Braemer’s test + 

Saponins Forth test + 

Steroids Lieberman Burchardt test + 

Terpenoids Lieberman Burchardt test - 

 

The effect of Apium graveolens extract on TNF- α levels 

Lead toxicity caused a significant increase in proinflammatory cytokine TNF- α in blood when 

compared to the corresponding controls, P<0.05. Treatment of APE as well as vitamin E to lead-toxicity 
rats revealed a significant decrease in TNF- α levels as compared to lead treated animal, P<0.05 (Figure 

1). 
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Figure 1. Effect of APE on blood TNF- α level in control (C), lead acetate (LA), LA + 

50IU/kg BW Vitamin E, and, LA + 300mg/kg BW APE, treated groups. Data represent the 

mean ± S.E.M (n = 5). *: Differences were considered statistically significant at p< 0.05. 

ns: were considered statistically non-significant different at p> 0.05. 

 
The effect of Apium graveolens extract on caspase-3 expression 

Lead toxicity caused a significant increase in pro-apoptotic protein caspase-3 in brain as compared to 
the corresponding controls, P<0.05. The LA groups showing severe immunopositivity in brain and the 

treated group with vitamin E and APE groups showing low immunopositivity in brain (Figure 2A). 
Treatment of APE as well as vitamin E to lead-toxicity rats revealed a significant decrease in caspase-
3 expression as compared to lead treated animal, P<0.05 (Figure 2B). 

 
DISCUSSION 

The brain is considered one of the target organs affected by lead toxicity owing to its storage in 
the brain after lead exposure (4,35). Lead exposure is affected in produces oxidative damage in the brain 
by generating reactive oxygen species leading to increase of pro-inflammatory cytokine and induced 

cell death (36,37). The present study was planned to investigate the anti-inflammatory and anti-
apoptotic effects of APE against lead-induced brain injury in rats. Lead acetate and its metabolites 

induce the redox cycle, with the generation of superoxide radicals and hydrogen peroxide (38), which 
subsequently increases lipid peroxidation and decreases antioxidant enzyme activities, resulting in brain 
cell destruction, the activation of innate immunity by producing pro-inflammatory cytokines such as 

TNF-α (1,39). Lead damages many tissues through the induction of oxidative stress which induces 
inflammatory processes (40,41). Moreover, occupational exposure of humans to lead increases serum 

levels of some pro-inflammatory cytokines such as TNF- α. TNF-α is produced at the site of 
inflammation by activated macrophages and lymphocytes and participates with IL-1β and IL-6 to induce 
systemic inflammatory reactions (1,42). On the other hand, increased oxidative stress caused 

disturbances in mitochondrial membrane permeability, causing leakage of free radicals and cytochrome-
c from the mitochondria to the cytosol (43). Once cytochrome-c is released into the cytosol, it binds to 
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another protein, Apaf-1, and promotes activation of the caspase cascade especially caspase-3, leading 
to cell death (26,44).  

 

 
Figure 2. Effect of APE on brain caspase-3 expression in control (C), lead acetate (LA), LA + 50IU/kg BW Vitamin E, 

and, LA + 300mg/kg BW APE, treated groups. (A) Caspase-3-positive cells in brain were stained and visualized by 

immunohistochemistry. Black arrow indicated the caspase-3 positive. (B) Bar graph represents the number of caspase-

3-positive cell indicating caspase-3 expression at 14 days after the lead acetate exposure. Data represent the mean ± 

S.E.M (n = 5). *: Differences were considered statistically significant at p< 0.05. ns: were considered statistically non-

significant different at p> 0.05. 
 

In the present study, the toxicity of rats with lead acetate in the current study increased the serum 

level of the pro-inflammatory cytokine TNF-α and pro-apoptosis protein caspase-3. Interestingly, the 
treatment with APE significantly decreased the TNF-α level in blood and caspase-3 expression in brain. 

Previous study reported that component of APE is flavonoids and alkaloids encourages antioxidant 
activity (20). Flavonoid compounds induced the release of antioxidant enzyme such as superoxide 
dismutase (SOD), glutathione peroxidase (GPx), and catalase through induction of nrf2 (45). Flavonoids 

scavenge free radicals effectively by forming semiquinone radicals which bind to free radicals to form 
a stable quinone structure (46). Flavonoid also inhibits the activation of phosphoinositide 3-kinase 

(PI3K) and activates protein kinase (MAPK) to induce the expression of antioxidant enzymes (47). The 
ability of flavonoid compounds as antioxidants has been shown to reduce oxidative stress conditions 
leading to inhibition of TNF-α levels (48,49). The low level of  TNF-α inhibits the apoptosis of brain 

cell by inhibition Fas-associated proteins with death domain (FADD) signaling, resulting in caspase 
inactivation (11). Previous study also reported that the blocking of TNF-α production or TNF-α 

signaling pathways with caspase inhibitors reduces TNF-α-induced hepatic injury (50–52).  Taken 
together, the presence of APE inhibited the lead acetate toxicity by inflammation and apoptosis 
inhibition.  
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CONCLUSIONS 

 In this study, we concluded that the APE have ability to prevent brain injury in lead acetate 
toxicity by antiinflammation and antiapoptotic activity. Overall, the finding of this study could be 
beneficial for research on accelerating and directing the screening of possible targets and identifying 

the molecular mechanism of APE to prevents lead acetate toxicity.  
 

ACKNOWLEDGEMENT 

We thank the stem cell and cancer research (SCCR) for their facility to support this study. . 

 

CONTRIBUTORS 

SS, HS, TS, and AP contributed to the conception of the work. NDA, HAS, FEH, ST, and C 

contributed to the acquisition of the work. SS and NDA contributed to the analysis and interpretation 
of data. AP, SS and NDA contributed to drafting the work. HS and TS contributed to revising the work 

critically. NDA contributed to the revising of the manuscript. SS and AP is responsible for giving the 
final approval of the manuscript. 

 
COMPETING INTERESTS 

The authors declare that they have no competing interests.  
 

REFERENCES 

1.  Farkhondeh T, Boskabady M, Koohi M, Sadeghi-Hashjin G, Moin M. The Effect of Lead Exposure on 
Selected Blood Inflammatory Biomarkers in Guinea pigs. Cardiovascular & Hematological Disorders-
Drug Targets. 2013;13(1):45–9.  

2.  WHO. The Toxic Truth Children’s Exposure to Lead Pollution Undermines a Generation of Future 
Potential. 2012;232.  

3.  Fewtrell LJ, Prüss-Üstün A, Landrigan P, Ayuso-Mateos JL. Estimating the global burden of disease of 
mild mental retardation and cardiovascular diseases from environmental lead exposure. Environmental 
Research. 2004;94(2):120–33.  

 

4.  Wani AL, Ara A, Usmani JA. Lead toxicity: A review. Interdiscip Toxicol. 2015;8(2):55 –64.  

5.  Ramírez Ortega D, González Esquivel DF, Blanco Ayala T, Pineda B, Gómez Manzo S, Marcial Quino 
J, et al. Cognitive impairment induced by lead exposure during lifespan: Mechanisms of lead 
neurotoxicity. Toxics. 2021;9(2):1–30.  

6.  Zarei MH, Pourahmad J, Aghvami M, Soodi M, Nassireslami E. Lead acetate toxicity on human 
lymphocytes at non-cytotoxic concentrations detected in human blood. Main Group Metal Chemistry. 
2017;40(5–6):105–12.  

7.  Abdel Moneim AE, Dkhil MA, Al-Quraishy S. Effects of flaxseed oil on lead acetate-induced 
neurotoxicity in rats. Biological Trace Element Research. 2011;144(1–3):904–13.  

8.  Kumar Singh P, Kumar Singh M, Singh Yadav R, Kumar Dixit R, Mehrotra A, Nath R. Attenuation of 
Lead-Induced Neurotoxicity by Omega-3 Fatty Acid in Rats. Annals of Neurosciences. 2018;24(4):221–
32.  

https://cbsjournal.com/


Sulistyo et al. International Journal of Cell and Biomedical Science (2023) 2: (6) p182-192 
 

189 

 

 © CBS. ISSN: 2829-6621. https://cbsjournal.com 

9.  Huang Y, Liao Y, Zhang H, Li S. Lead exposure induces cell autophagy via blocking the akt/mtor 
signaling in rat astrocytes. Journal of Toxicological Sciences. 2020;45(9):559–67.  

10.  Faletti L, Peintner L, Neumann S, Sandler S, Grabinger T, Mac Nelly S, et al. TNFα sensitizes hepatocytes 
to FasL-induced apoptosis by NFκB-mediated Fas upregulation. Cell Death and Disease. 2018;9(9).  

11.  Furuichi K, Kokubo S, Hara A, Imamura R, Wang Q, Kitajima S, et al. Fas Ligand Has a Greater Impact 
than TNF-α on Apoptosis and Inflammation in Ischemic Acute Kidney Injury. Nephron Extra. 
2012;2(1):27–38.  

12.  Ashafaq M, Tabassum H, Vishnoi S, Salman M, Raisuddin S, Parvez S. Tannic acid alleviates lead 
acetate-induced neurochemical perturbations in rat brain. Neuroscience Letters. 2016;617:94 –100.  

13.  Wang Y, Wang SQ, Cui WH, He JJ, Wang ZF, Yang XL. Olive leaf extract inhibits lead poisoning-
induced brain injury. Neural Regeneration Research. 2013;8(22):2021–9.  

14.  Kooti W, Daraei N. A Review of the Antioxidant Activity of Celery (Apium graveolens L). Journal of 
Evidence-Based Complementary and Alternative Medicine. 2017;22(4):1029–34.  

15.  Sofowora A, Ogunbodede E, Onayade A. The role and place of medicinal plants in the strategies for 
disease prevention. African journal of traditional, complementary, and alternative medicines : AJTCAM 
/ African Networks on Ethnomedicines. 2013;10(5):210–29.  

16.  Mursiti S, Amalina ND, Marianti A. Inhibition of breast cancer cell development using Citrus maxima 
extract through increasing levels of Reactive Oxygen Species (ROS). J Phys Conf Ser. 2021;1918(5).  

17.  Amalina ND, Wahyuni S, Harjito. Cytotoxic effects of the synthesized Citrus aurantium peels extract 
nanoparticles against MDA-MB-231 breast cancer cells. J Phys Conf Ser. 2021;1918(3).  

18.  Safira A, Savitri SL, Putri ARB, Hamonangan JM, Safinda B, Solikhah TI, et al. Review on the 
pharmacological and health aspects of Hylocereus or Pitaya: An update. Journal of Drug Delivery and 
Therapeutics. 2021;11(6):297–303.  

19.  Mahendra R, Rofik A, Salim HM, Ulfa M, Awwaliyah ES. Neuroprotective Activity of Extract of Celery 
(Apium Graveolens) in Insilico Study. Medical and Health Science Journal. 2021;5(2):27 –31.  

20.  Li P, Jia J, Zhang D, Xie J, Xu X, Wei D. In vitro and in vivo antioxidant activities of a flavonoid isolated 
from celery (Apium graveolens L. var. dulce). Food and Function. 2014;5(1):50 –6.  

21.  Naushad M, Urooj M, Ahmad T, Husain GM, Kazmi MH, Zakir M. Nephroprotective effect of Apium 
graveolens L. against Cisplatin-induced nephrotoxicity. Journal of Ayurveda and Integrative Medicine. 
2021;12(4):607–15.  

 

22.  Köken T, Koca B, Özkurt M, Erkasap N, Kuş G, Karalar M. Apium graveolens Extract Inhibits Cell 
Proliferation and Expression of Vascular Endothelial Growth Factor and Induces Apoptosis in the Human 
Prostatic Carcinoma Cell Line LNCaP. Journal of Medicinal Food. 2016;19(12):1166–71.  

23.  Suzery M, Cahyono B, Amalina ND. Antiproliferative and apoptosis effect of hyptolide from Hyptis 
pectinata ( L .) Poit on human breast cancer cells. 2020;10(02):1–6.  

24.  Amalina ND, Suzey M, Cahyono B. Cytotoxic Activity of Hyptis pectinata Extracts on MCF-7 Human 
Breast Cancer Cells. Indonesian Journal of Cancer Chemoprevention. 2020;02(February):1 –6.  

25.  Cahyono B, Suzery M, Amalina ND, Bima DN. Synthesis and antibacterial activity of epoxide from 
hyptolide ( Hyptis pectinata ( L .) Poit ) against Gram-positive and Gram- negative bacteria. 
2020;10(12):13–22.  

26.  Hermansyah D, Putra A, Munir D, Lelo A, Amalina ND, Alif I. Synergistic Effect of Curcuma longa 
Extract in Combination with Phyllanthus niruri Extract in Regulating Annexin A2 , Epidermal Growth 

https://cbsjournal.com/


Sulistyo et al. International Journal of Cell and Biomedical Science (2023) 2: (6) p182-192 
 

190 

 

 © CBS. ISSN: 2829-6621. https://cbsjournal.com 

Factor Receptor , Matrix Metalloproteinases , and Pyruvate Kinase M1 / 2 Signaling Pathway on Breast 
Cancer Stem Cell. 2021;9:271–85.  

27.  Fernanda MAHF, Andriani RD, Estulenggani Z, Kusumo GG. Identification and Determination of Total 
Flavonoids in Ethanol Extract of Old and Young Angsana Leaves (Pterocarpus indicus Willd.) Using 
Visible Spectrophotometry. In Scitepress; 2019. p. 541–4.  

28.  Y R, Y I, M.S I. Comparative Phyto-Constituents Analysis from the Root Bark and Root Core Extractives 
of Cassia ferruginea (Schrad D. C) Plant. Scholars Journal of Agriculture and Veterinary Sciences. 2016 
Jul;3(4):275–83.  

29.  Sri Sulasmi E, Saptasari M, Mawaddah K, Ama Zulfia F. Tannin identification of 4 species pterydophyta 
from baluran national park. In: Journal of Physics: Conference Series. Institute of Physics Publishing; 
2019.  

30.  Adu JK, Amengor CDK, Kabiri N, Orman E, Patamia SAG, Okrah BK. Validation of a Simple and Robust 
Liebermann-Burchard Colorimetric Method for the Assay of Cholesterol in Selected Milk Products in 
Ghana. Int J Food Sci. 2019;2019.  

31.  Pękal A, Pyrzynska K. Evaluation of Aluminium Complexation Reaction for Flavonoid Content Assay. 
Food Anal Methods. 2014 Sep 1;7(9):1776–82.  

32.  Suzery M, Cahyono B, Amalina ND. Citrus sinensis (L) peels extract inhibits metastasis of breast cancer 
cells by targeting the downregulation matrix metalloproteinases-9. Open Access Maced J Med Sci. 
2021;9(B):464–9.  

33.  Amalina ND, Wahyuni S, Harjito. Cytotoxic effects of the synthesized Citrus aurantium peels extract 
nanoparticles against MDA-MB-231 breast cancer cells. J Phys Conf Ser. 2021;1918(3):032006.  

34.  Prasad Raju Borelli D, Raju P, Tirumanyam Sri Padmavati Mahila Visvavidyalayam M, Sushma 
Nannepaga Sri Padmavati Mahila Visvavidyalayam J. IDENTIFICATION OF BIOACTIVE 
COMPOUNDS BY FTIR ANALYSIS AND IN VITRO ANTIOXIDANT ACTIVITY OF CLITORIA 
TERNATEA LEAF AND FLOWER EXTRACTS I am working on rare earth ions doped glasses and glad 
ceramics View project Thermal and optical properties of glasses doped with rare earths and nanoparticles 
View project (Internet). 2014. Available from: www.iajpr.com 

35.  Lidsky TI, Schneider JS. Lead neurotoxicity in children: Basic mechanisms and clinical correlates. Brain. 
2003;126(1):5–19.  

36.  di Penta A, Moreno B, Reix S, Fernandez-Diez B, Villanueva M, Errea O, et al. Oxidative Stress and 
Proinflammatory Cytokines Contribute to Demyelination and Axonal Damage in a Cerebellar Culture 
Model of Neuroinflammation. PLoS One. 2013 Feb 19;8(2).  

37.  Samarghandian S, Borji A, Afshari R, Delkhosh MB, Gholami A. The effect of lead acetate on oxidative 
stress and antioxidant status in rat bronchoalveolar lavage fluid and lung tissue. Toxicology Mechanisms 
and Methods. 2013;23(6):432–6.  

38.  Boskabady M, Marefati N, Farkhondeh T, Shakeri F, Farshbaf A, Boskabady MH. The effect of 
environmental lead exposure on human health and the contribution of inflammatory mechanisms, a 
review. Environ Int (Internet). 2018;120(July):404–20. Available from: 
https://doi.org/10.1016/j.envint.2018.08.013 

39.  Abdel-Daim MM, Alkahtani S, Almeer R, Albasher G. Alleviation of lead acetate-induced nephrotoxicity 
by Moringa oleifera extract in rats: highlighting the antioxidant, anti-inflammatory, and anti-apoptotic 
activities. Environmental Science and Pollution Research. 2020;27(27):33723–31.  

40.  James Offor S, Orji Mbagwu H, Ebere Orisakwe O. Improvement of Lead Acetate-Induced Testicular 
Injury and Sperm Quality Deterioration by Solanum Anomalum Thonn. Ex. Schumach Fruit Extracts in 
Albino Rats. Journal of Family & Reproductive Health. 2019;13(2).  

https://cbsjournal.com/


Sulistyo et al. International Journal of Cell and Biomedical Science (2023) 2: (6) p182-192 
 

191 

 

 © CBS. ISSN: 2829-6621. https://cbsjournal.com 

41.  Kayode I, Olugbenga I. Lead Acetate Induced Cerebral Tissue Damage; The Effect of Phoenix dactylifera 
Pits Extract. European Journal of Medicinal Plants. 2017;21(2):1–9.  

42.  Chibowska K, Baranowska-Bosiacka I, Falkowska A, Gutowska I, Goschorska M, Chlubek D. Effect of 
lead (Pb) on inflammatory processes in the brain. International Journal of Molecular Sciences. 
2016;17(12).  

43.  Arauz J, Ramos-Tovar E, Muriel P. Redox state and methods to evaluate oxidative stress in liver damage: 
From bench to bedside. Annals of Hepatology. 2016;15(2):160–73.  

44.  Salehi F, Behboudi H, Kavoosi G, Ardestani SK. Oxidative DNA damage induced by ROS-modulating 
agents with the ability to target DNA: A comparison of the biological characteristics of citrus pectin and 
apple pectin. Scientific Reports. 2018;8(1):1–16.  

45.  Ginwala R, Bhavsar R, Chigbu DGI, Jain P, Khan ZK. Potential role of flavonoids in treating chronic 
inflammatory diseases with a special focus on the anti-inflammatory activity of apigenin. Antioxidants. 
2019;8(2):1–30.  

46.  Tiwari AK. Imbalance in antioxidant defence and human diseases: Multiple approach of natural 
antioxidants therapy. Vol. 81, REVIEW ARTICLES CURRENT SCIENCE. 2001.  

47.  Brunetti C, di Ferdinando M, Fini A, Pollastri S, Tattini M. Flavonoids as antioxidants and developmental 
regulators: Relative significance in plants and humans. Vol. 14, International Journal of Molecular 
Sciences. 2013. p. 3540–55.  

48.  Hao J, Lou P, Han Y, Zheng L, Lu J, Chen Z, et al. Ultraviolet-B Irradiation Increases Antioxidant 
Capacity of Pakchoi (Brassica rapa L.) by Inducing Flavonoid Biosynthesis. Plants. 2022 Mar 1;11(6).  

49.  Bajpai VK, Baek KH, Kang SC. Antioxidant and free radical scavenging activities of taxoquinone, a 
diterpenoid isolated from Metasequoia glyptostroboides. South African Journal of Botany. 2017 Jul 
1;111:93–8.  

50.  Aly O, Abouelfadl DM, Shaker OG, Hegazy GA, Fayez AM, Zaki HH. Hepatoprotective effect of 
Moringa oleifera extract on TNF-α and TGF-β expression in acetaminophen-induced liver fibrosis in rats. 
Egyptian Journal of Medical Human Genetics. 2020;21(1).  

51.  Putra A, Antari AD, Kustiyah AR, Intan YSN, Sadyah NAC, Wirawan N, et al. Mesenchymal stem cells 
accelerate liver regeneration in acute liver failure animal model. Biomedical Research and Therapy. 
2018;5(11):2802–10.  

52.  Hamra NF, Putra A, Tjipta A, Amalina ND, Nasihun T. Hypoxia mesenchymal stem cells accelerate 
wound closure improvement by controlling α-smooth muscle actin expression in the full-thickness animal 
model. Open Access Maced J Med Sci. 2021;9:35–41.  

35.  Gao F, Chiu SM, Motan DAL, et al. Mesenchymal stem cells and immunomodulation: Current status and 
future prospects. Cell Death Dis. 2016;7(1). doi:10.1038/cddis.2015.327  

 

  

https://cbsjournal.com/

