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	Vernonia amygdalina’s medicinal properties are well established. Furthermore, the safety of the V. amygdalina leaf aqueous fraction has yet to be proven. This study aims to determine the sub-acute toxicity of Vernonia amygdalina leaf aqueous fraction (VALAF) on haematological parameters in male BALB/c mice. The sub-acute oral toxicity test consisted of three treatment groups of nine animals each and a control group. The BALB/c mice were given repeated oral doses of VALAF at 250, 500, and 1000 mg/kg BW for 21 days. The observed parameters were red blood cells (RBC), haemoglobin (Hb), white blood cells (WBC), mean corpuscular haemoglobin concentration (MCHC), mean corpuscular haemoglobin (MCH), mean corpuscular volume (MCV) and hematocrit (HCT). All parameters were measured on the 8th, 15th and 22nd days. This study revealed no mortality or morbidity in the subacute toxicity tests. VALAF dose and the duration of administration did not differ significantly from the control group (p>0.05). This study showed that VALAF was relatively safe for male BALB/c mice.
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Introduction 
The World Health Organization reports that 66% of the population in developing countries, such as India and Indonesia, utilise traditional natural medications.1 Traditional medications are becoming increasingly popular since they are simple to obtain, reliable, and well-accepted by society. People presume that all-natural products are safe and require no safety assessments. There has been no substantial research on the toxicity of certain herbal extracts. Various plant components, such as fruits, leaves, and bark, expressed phytochemicals with toxicity potentials. Toxicity assessment is essential for conventional drugs, traditional medicine and natural substances to identify any adverse effects that are not obvious before signs and indications arise after prolonged intake.2 As a result, information from toxicological studies is critical for the risk management of medications. Hence, toxicological investigations of herbal medicines give scientific reasons and evidence of their safety and effectiveness.3
Vernonia amygdalina (Asteraceae), known as “bitter leaf” in the African region, has been reported to offer several health and nutritional advantages. Tea with bitter leaves is frequently used in West Africa to treat diabetes and other metabolic disorders associated with the liver.4,5 Vernonia amygdalina has long been used in Africa to cure various infectious diseases, including ascariasis, malaria, tonsillitis, and pneumonia.6 Vernonia amygdalina is currently found in its natural environment in Indonesia and Malaysia, where it is used to treat diabetes and hypertension.7 
Several researchers have shown that V. amygdalina contains antioxidant,8 anti-obesogenic,9 hepatoprotective10 anti-diabetic, and antihypertensive activities.5
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These activities are attributed to the established phytochemical components of the leaves, such as flavonoids, terpenes, polyphenols, glucosides, and steroidal saponins.8 Several researchers have isolated and analysed some phytochemical substances with significant pharmacological effects from the leaves of V. amygdalina. Vernoniosides A, B, A1, A2, A3, B2, B3, A4 11, sesquiterpene lactones, flavonoids such as luteolin 7-O-glucosides, luteolin 7-O-glucuronide, luteolin (12) and steroid glycosides are all examples of these compounds.13 Understanding the safety of V. amygdalina in vivo is very important. This plant aqueous fraction toxicity has not yet been recorded. As a result, this study aimed to determine the sub-acute toxicity levels of the aqueous fraction of V. amygdalina leaves.
 
Materials and Methods
Plant materials
Vernonia amygdalina Del was collected on March 2023 in Pauh, Padang, West Sumatera, Indonesia -0.913548, 100.439067 and authenticated by Assoc Prof. Dr Nurainas at Herbarium ANDA, Department of Biology, Universitas Andalas.
 
Chemicals
Sigma-Aldrich Co. provided gallic acid (USA). The other materials were of analytical quality and obtained from reliable sources.
 
Extraction and fractionation procedure
V. amygdalina fresh leaves were washed and dried at room temperature for five days. The leaves were then powdered to a mesh size of 60 and extracted for 18 hours with 70% ethanol. The maceration solution was filtered, and the filtrate was evaporated using a vacuum rotary evaporator (Buchi) at 60℃ to produce a thick extract. The crude extract (20 g) was dissolved in 100 mL of distilled water in a separating funnel, to which 100 mL of ethyl acetate was added and capped. The content of the funnel was shaken gently with the release of pressure. The mixed solution was allowed to stand for a few minutes until there was a separation between the ethyl acetate and water layers. The process was repeated three times to achieve exhaustive extraction. Then, the water fraction was concentrated using a vacuum rotary evaporator (Buchi) at 60℃ to obtain a dense fraction (VALAF).14 
 
Qualitative phytochemical screening
Using the Indonesian Herbal Pharmacopea’s standard protocols, the plant was evaluated for phytochemicals such as alkaloids, phenols, flavonoids, and tannins.15
 
Experiment animals
Male BALB/c mice rats weighing 27-35 g were acquired from the Faculty of Pharmacy, Universitas Andalas. All animals were placed in cages with 12 hours of daylight and night cycles (24 -26℃ and 40-60% relative humidity). Food and water were freely accessible. All protocols on animal handling were based on Guidelines by the European Council Directive on the Care and Use of Laboratory Animals (86/609/EEC) issued on November 24, 1986. The protocol was approved by the Andalas University’s Committee of Research and Ethics with ethical approval certificate number No /UN.16.2/KEP-FK/2022
 
Sub-acute toxicity study
Thirty-six male BALB/c mice divided into four groups of nine animals each were used for this study. The doses were determined based on previous acute toxicity studies and ethnopharmacological reports. Distilled water was used for standard control. The treatment groups received oral VALAF at 250, 500, and 1000 mg/kg BW doses once daily for 21 days.
 
Animal observation, body weight, food intake and water consumption 
All experiment animals were monitored daily for signs and symptoms of death and toxicity, such as changes in eyes and mucous membranes, alterations in skin and hair, signs of tremors, convulsion, salivation, diarrhoea, sleep, and coma, abnormality in respiratory circulation, somatomotor activity and behavioural pattern. Individual animals were watched following treatment, and for 14 days, much attention was paid during the first 24 hours. These observations were done when the animals were being handled and under good lighting conditions. The amounts of food and water consumed were recorded.
 
Hematological analysis
After an overnight fast, animal blood samples were collected through inferior vena cava punctures. Haematological parameters such as hematocrit (HCT), red blood cells (RBC), haemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) were assessed using an automated haematology analyser Sysmex XS-800i (Japan). All samples were collected in tubes containing EDTA. Throughout the experiment, each animal’s body weight was recorded.
Statistical Analysis
Mortality (the number of dead animals) was counted in each group and recorded. All data were analysed by two-way ANOVA followed by Duncan’s Multiple Ranking Test (DMRT) as post hoc analysis. 
 
Result and Discusion
Physicochemical and Phytochemical analysis
The physical and physicochemical characteristics are shown in Table 1. Table 2 shows the presence of alkaloids, flavonoids, phenolics, terpenoids and tannins in V. amygdalina phytochemical analysis. Several other individuals have mistakenly believed that phytoconstituents found in herbal plants are safe simply because they are derived from nature or obtained from a natural source and hence are deemed safe with no adverse health implications. Self-medication is common for these bioactive phytopharmaceutical formulations developed from herbal medicinal plants.16,17
The qualitative phytochemical analysis of the plants showed a diverse variety of bioactive compounds. Tannins, terpenoids, flavonoids, phenolics, and alkaloids are all present. Alkaloids and tannins are among plants’ most substantial presence of bioactive chemicals. Similar findings have been reported in the literature.18–23 The presence of alkaloids and other bioactive compounds invokes the medicinal characteristics of the plants and their therapeutic use in various pharmacopoeias.24,25 
 
Sub-acute toxicity, animal observation, body weight, food intake and water consumption measurement
A sub-acute oral toxicity study in BALB/c mice indicated zero mortality after repeated VALAF administration for 21 days. There was, however, a change in behaviour, such as grooming and sleeping. There were no alterations in the skin and fur, eyes, or mucous membrane, as shown in Table 3.  Body weight differences were statistically significant in all groups. Body weight gain was significantly inhibited in the VALAF 1000 mg/kg BW group, but there was a significant increase in the VALAF 250 mg/kg BW group (Figure 1 A). In all groups, there was no significant change in the mice’s food intake or water consumption (Figure 1 B and 1 C). In general, changes in body weight accurately predict overall health and natural compounds may be changed into harmful substances, disrupting food intake. This suggests that VALAF did not affect the animals’ normal metabolism. The findings reveal no deaths, physical abnormalities, or abnormal conduct occurred over 21 days of the experiment. Similarly, no apparent toxicity was discovered. V. amygdalina aqueous extract showed no influence on treated mice’s biochemical and haematological parameters compared to controls. The LD50 of V. amygdalina aqueous extract was reported to greater than 2000 mg/kg BW, indicating that the extracts are not harmful at the level tested.27 The LD50 of the VALAF studied was greater than 2000 mg/kg BW. Plants with an LD50 greater than 1000 mg/kg orally are reported as safe in the literature. 28
Furthermore, the change in body weight of the animals was recorded throughout the study, regardless of some significant rises in feed intake in the lowest and intermediate-dose groups. The results of this measure show that all animals gained weight, indicating they were in good physiological condition. This evidence demonstrates that VALAF is not hazardous at 250-500 mg/kg. Several studies have reported the safety of V. Amygdalina. Legba et al. verify the safety of ethanolic and aqueous extracts of V. amygdalina leaf that are utilised as traditional medicine in Southern Benin. 28
Weight loss is a sign of a drug’s or plant’s side effects. The analysis of body weight revealed that both the treatment and control groups of rats gained weight at the end of the sub-acute oral toxicity test. Nevertheless, the weight gain of the treated groups was greater than that of the control group. (Figure 1), except for the VALAF at 1000 mg/kg BW. The weight gain was statistically different from the control (p<0.05). The increased weight gain of the treatment group animals might be attributed to physiological changes such as food intake and metabolism. 28,29 However, it could also be due to the active chemicals in the V. amygdalina aqueous fraction.
 
Table 1: Physical and physicochemical parameters of V. Amygdala leaves
 
	No
	Parameters
	Values (in percentage)

	1
	Moisture content
	9.92 ± 0.86

	2
	Volatile oil
	Nil

	3
	Total ash
	10.58 ± 1.22

	4
	Acid insoluble ash
	1.36 ± 1.30

	5
	Water soluble extractive
	7.88 ± 0.82

	6
	Alcohol soluble extractive
	6.84 ± 1.42


 
Table 2: Qualitative analysis of V. Amygdala leaves
 
	No
	Phytoconstituents
	Result

	1
	Flavonoids
	+

	2
	Phenolic
	+

	3
	Alkaloids
	++

	4
	Tannin
	++

	5
	Sterol
	-

	6
	Terpenoid
	+


 
Table 3: Mortality and toxic signs of male BALB/c mice in the sub-acute toxicity test VALAF
 
	 
	24 h after administration
	14 days after administration

	Responses
	Normal
	VALAF 250
	VALAF 500
	VALAF 1000
	Normal
	VALAF 250
	VALAF 500
	VALAF 1000

	Tremors
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent

	Convulsion
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent

	Writhing
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent

	Pain response
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent

	Grooming
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Exist

	Urination 
	Normal
	Normal
	Normal
	Normal
	Normal
	Normal
	Normal
	Normal

	Diarrhea
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent

	Salivation
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent

	Lacrimation
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent

	Sleep
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Exist
	Exist

	Food Intake
	Normal
	Normal
	Normal
	Normal
	Normal
	Normal
	Normal
	Normal

	Water Intake
	Normal
	Normal
	Normal
	Normal
	Normal
	Normal
	Normal
	Normal

	Coma
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent

	Death
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent
	Absent


 
 
Figure 1: Body weight change as a function of time (days) in experimental groups (A); food intake and water consumption pattern as a function of time (days) in various experimental groups (B) and (C)
 
 
 
Effect on clinical haematology 
Figure 2-8 illustrates the effect of a daily VALAF dosage on animals’ haematological parameters. Compared to the control group, the measured parameters display statistically significant alterations. However, all parameters were still within the normal range. Haematology markers may be utilised as accurate indicators to detect the invasion of hazardous toxins or plant extracts. These findings showed that VALAF did not disrupt the haematopoietic system. Haematological and clinical chemistry markers can determine toxicity.31 It is a crucial indicator of human and animal physiological and pathological states. Every change in haematological parameters is interpreted as a possible risk of anaemia. Since the haematological system has a better predictive ability for toxicity, blood parameter analysis is helpful for risk assessment.32, 33 In the current investigation, practically all haematological indicators showed a significant difference compared to the control groups. However, all parameters were still in the normal range. This finding demonstrates the lack of haematological toxicity of V. amygdalina aqueous extract.
Changes in animal haematological parameters offer more reliable information for determining toxicity consequences.34 Except for a substantial rise in MCV and a decrease in MCHC, neutrophils, and lymphocytes, repeated administration of VALAF had no significant effect on most indices compared to the control groups. RBC’s morphology and osmotic fragility influence the alterations in MCHC and MCV.27 RBC enlargement, in particular, induces a decrease in MCHC. Furthermore, the whole immune response is managed by lymphocytes and neutrophils as well as antimicrobial function. As a result, further oral chronic toxicity study is required to determine future dosages and identify potential clinical symptoms caused by the substances in concern. It might also be used to determine a drug’s therapeutic potential. Although this study offers exciting data on the toxicity of plants, the average lethal dosage was not calculated, and the toxicity was not assessed over an extended time frame.
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Figure 2: Red blood cell parameter of mice after three weeks of administration of VALAF. Each value is a mean of nine determinations ± SEM.
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Figure 3: White blood cell parameter of mice after three weeks of administration of VALAF. Each value is a mean of nine determinations ± SEM.
 
Conclusion
This study revealed no mortality, morbidity or any changes in the general behaviour of mice in sub-acute toxicity trials. VALAF did not induce any severe toxicity that resulted in haematological changes.   This study shows that VALAF is tolerable up to 1000 mg/kg BW, implying its safety and promise as a safe pharmaceutical product candidate.
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Figure 4: Haemoglobin parameter of mice after three weeks of administration of VALAF. Each value is a mean of nine determinations ± SEM.
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Figure 5: Hematocrit parameter of mice after three weeks administration of VALAF. Each value is a mean of nine determinations ± SEM.
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Figure 6: MCV parameter of mice after three weeks of administration of VALAF. Each value is a mean of nine determinations ± SEM.
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Figure 7: MCH parameter of mice after three weeks of administration of VALAF. Each value is a mean of nine determinations ± SEM.
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Figure 8: MCHC parameter of mice after three weeks of administration of VALAF. Each value is a mean of nine determinations ± SEM.
 
Authors’ Declaration
The authors hereby declare that the work presented in this article is original and that any liability for claims relating to the content of this article will be borne by them.
 
Acknowledgments 
We want to thank the Dean of the Faculty of Pharmacy at Universitas Andalas for supporting this research.
 
References
World Health Organization. WHO traditional medicine strategy: 2014-2023. https://www.who.int/publications/i/item/9789241506096.
Aneesh TP, Sekhar S, Jose A, Lekshmi C, Zachariah SM. Pharmacogenomics: The Right Drug to the Right Person. J Clin Med Res. 2009;1(4):191–4. 
Farzaei MH, Bayrami Z, Farzaei F, Aneva I, Das SK, Kumar Patra J, Das G, Abdollahi M. Poisoning by Medicinal Plants. Iran Med. 2020;23:117–27. 
Ferrucci LM, Bell BP, Dhotre KB, Manos MM, Terrault NA, Zaman A, A, Murphy RC, Vanness GR, Thomas AR, Bialek SR, Desai MM, Sofair AN. Complementary and Alternative Medicine Use in Chronic Liver Disease Patients. J Clin Gastroenterol. 2010;44(2):e40–5. 
Saliu JA, Ademiluyi AO, Akinyemi AJ, Oboh G. In vitro antidiabetes and antihypertension properties of phenolic extracts from bitter leaf (Vernonia amygdalina Del.). J Food Biochem. 2012;36(5):569–76. 
Quasie O, Zhang YM, Zhang HJ, Luo J, Kong LY. Four new steroid saponins with highly oxidised side chains from the leaves of Vernonia amygdalina. Phytochem Lett. 2016;15:16–20. DOI: 10.1016/j.phytol.2015.11.002
Ch’ng YS, Loh YC, Tan CS, Ahmad M, Asmawi MZ, Wan Omar MW, Yam MF. Vasorelaxant properties of Vernonia amygdalina ethanol extract and its possible mechanism. Pharm Biol. 2017;55(1):2083–94. 
Erukainure OL, Oyebode OA, Ibeji CU, Koorbanally NA, Islam MS. Vernonia Amygdalina Del. stimulated glucose uptake in brain tissues enhances antioxidative activities; and modulates functional chemistry and dysregulated metabolic pathways. Metab Brain Dis. 2019;34(3):721–32. 
Adaramoye O, Achem J, Akintayo O, Fafunso MA. P34 Lipid-Lowering Effect of Methanolic Extract of Vernonia Amygdalina Leaves in Rats Fed on High Cholesterol Diet. Atheroscler Suppl. 2010;11(2):24. 
Adesanoye OA, Farombi EO. Hepatoprotective effects of Vernonia amygdalina (Astereaceae) in rats treated with carbon tetrachloride. Exp Toxicol Pathol. 2010;62(2):197–206. doi: 10.1016/j.etp.2009.05.008
Jisaka M, Ohigashi H, Takagaki T, Nozaki H, Tada T, Hirota M, Irie R, Huffman M A., Nishida T, Kaji M, Koshimizu K. Bitter steroid glucosides, vernoniosides A1, A2, and A3, and related B1 from a possible medicinal plant, Vernonia amygdalina, used by wild chimpanzees. Tetrahedron. 1992;48(4):625–32. 
Oboh FOJ, Masodje HI. Nutritional and Antimicrobial Properties of Vernonia amygdalina Leaves. Int J Biomed Heal Sci. 2009;5(2):51–6. 
Igile GO, Oleszek W, Jurzysta M, Burda S, Fafunso M, Fasanmade AA. Flavonoids from Vernonia amygdalina and their antioxidant activities. J Agric Food Chem. 1994;42(11):2445–8. 
Juwita DA, Farinka R, Abdillah R, Rachmaini F. Blood pressure lowering effects of Vernonia amygdalina Del. Aqueous fraction on hypertensive Wistar Kyoto rats. J Complement Integr Med. 2023;2049:1–8. DOI:10.1515/jcim-2022-0416
Harbone JB, A guide to Modern techniques of Plant analysis. 3rd ed. Book - Chapman & Hall. London: Chapman & Hall; 1988. 14–317 p. 2. 
Aneesh TP, Sekhar S, Jose A, Lekshmi C, Zachariah SM. Pharmacogenomics: The Right Drug to the Right Person. J Clin Med Res. 2009;1(4):191–4.
Nath P, Yadav A. Acute and sub-acute oral toxicity assessment of the methanolic extract from leaves of Hibiscus rosa-sinensis L. in mice. J Intercult Ethnopharmacol. 2015;4(1):70-3
Falodun A, Siraj R, Choudhary M. GC-MS Analysis of Insecticidal Leaf Essential Oil of Pyrenacantha staudtii Hutch and Dalz (Icacinaceae). Trop J Pharm Res. 2009 Jul 22;8(2): 139-143
Ojo O, Oloyede O, Ojo A, Ajiboye B, Onikanni S. Toxicity Studies of the Crude Aqueous Leaves Extracts of Ocimum gratissimum in Albino Rats. IOSR J Environ Sci Toxicol Food Technol. 2013;6(4):34–9. 
Armenia A, Wahyuni FS, Almahdy A, Abdillah R, Aquista PG, Putri DP, Zikra M. Blood pressure and blood sugar-lowering effects of purified gambir on diabetic hypertensive Wistar Kyoto rats. J Complement Integr Med. 2022;19(3):627-636. doi: 10.1515/jcim-2022-0054. 
Aliyu M, Chedi B. Effects of the ethanolic stem bark extract of Pterocarpus erinaceus poir (Fabaceae) on some isolated smooth muscles. Bayero J Pure Appl Sci. 2010;3(1). 
Fabiyi OA. Characterisation, phytochemical analysis and nematicidal activity of Daniella oliveri leaves against Pak. J. Nematol. 2014; 32(1): 91-100
Konan NA, Bacchi EM, Lincopan N, Varela SD, Varanda EA. Acute, subacute toxicity and genotoxic effect of a hydroethanolic extract of the cashew (Anacardium occidentale L.). J Ethnopharmacol. 2007;110(1):30–8. 
Nkoua-Badzi C, Dominique TK, Tresor DM, Fredy N-NG, Silue KD, Gisele K-S, Henri-Joseph P, Herve M, Antoine AA WY. Antiplasmodial activity and acute oral toxicity of R. vomitoria leaves extracts. Int J Pharmacol Res. 2018;8(7):56–62. 
Abdillah R, Fauziah F, Lestari P I, Rachmaini F. The cholesterol-lowering activity of Averrhoa bilimbi L. leaves ethyl acetate fraction in the hypercholesterolemic model. Pharmaciana. 2021. 12(1): 31-38. doi: 10.12928/pharmaciana.v12i1.19667
Dougnon TV, Hounsa E, Agbodjento E, Koudokpon H, Legba B, Fabiyi K, Afaton A, Sintondji K, Akpode B, Klotoé JR, Tchobo F, Bankole H, Dougnon TJ. Toxicological Characterisation of Ten Medicinal Plants of the Beninese Flora Used in the Traditional Treatment of Diarrheal Diseases. Evid Based Complement Alternat Med. 2021 Apr 28;2021:6676904. doi: 10.1155/2021/6676904.  
Madhavan R, Adithya S, Giridharan B, Murugesan M, Lakshman Raja R. Acute and sub-acute toxicity study on Sangu parpam. Bioinformation. 2021;17(1):46–52. 
Zakaria Y, Azlan NZ, Nik NF, Muhammad H. Phytochemicals and acute oral toxicity studies of the aqueous extract of Vernonia amygdalina from Malaysia. J Med Plants Stud. 2016;4(3):1–5. 
Legba B, Dougnon V, Deguenon E, Agbankpe J, Senou M, Aniambossou A, Gbaguidi C, Sintondji K, Baba-Moussa L, Dougnon J. Toxicological characterisation of six plants of the Beninese pharmacopoeia used in the treatment of salmonellosis. J Toxicol. 2019;2019. 
Jaijoy K, Vannasiri S, Piyabhan P, Lerdvuthisopon N, Boonraeng S, Khonsung P, Lertprasertsuke N, Sireeratawong S. Acute and subchronic toxicity study of the water extract from the fruits of Piper chaba hunter in rats. Int J Appl Res Nat Prod. 2010;3(4):29–35. 
Mayanti T, Darwati D, Anshori J Al, Supratman U, Madihah M, Lesmana R, et al. Toxicity evaluation of ethanol extract of Lansium domesticum CV kokossan seeds in female Wistar rats. Trop J Nat Prod Res. 2020;4(8):348–54. 
Al-Afifi NA, Alabsi AM, Bakri MM, Ramanathan A. Acute and sub-acute oral toxicity of Dracaena cinnabari resin methanol extract in rats. BMC Complement Altern Med. 2018;18(1):1–14. 
Tabarraei H, Hassan J, Parvizi MR, Golshahi H, keshavarz-Tarikhi H. Evaluation of the acute and sub-acute toxicity of the black caraway seed essential oil in Wistar rats. Toxicol Reports. 2019;6:869–74. doi: 10.1016/j.toxrep.2019.08.010
Okolie N, Falodun A, Davids O. Evaluation of the antioxidant activity of root extract of pepper fruit (Dennetia tripetala), and its potential for the inhibition of lipid peroxidation. African J Tradit Complement Altern Med. 2014;11(3):221. 
Adesanoye OA, Adekunle AE, Adewale OB, Mbagwu AE, Delima AA, Adefegha SA, Molehin OR, Farombi EO. Chemoprotective effect of Vernonia amygdalina Del. (Asteraceae) against 2-acetylaminofluorene-induced hepatotoxicity in rats. Toxicol Ind Health. 2016;32(1):47–58. 
 
 
  
 
 
 
OEBPS/toc.xhtml
		Section 1





OEBPS/images/image0004.png
White Blood Cell (x 103 pL)

10

W Days 7

" Days 14 W Days 21

Normal

VALAF 250

VALAF 500

VALAF 1000





OEBPS/images/image0003.png
Red Blood Cell (x 106 L)

mDays7

* Days 14

mDays 21

Normal

VALAF 250

VALAF 500

VALAF 1000





OEBPS/images/image0002.jpg
i

B

=/
7|
E






OEBPS/images/image0001.jpg





OEBPS/images/image0009.png
MCHC (g/dL)

40

30

20

10

W Days 7

" Days 14 M Days 21

Normal

VALAF 250

VALAF 500

VALAF 1000





OEBPS/images/image0008.png
MCH (pg)

40

30

10

W Days 7

" Days 14

W Days 21

Normal

VALAF 250

VALAF 500

VALAF 1000





OEBPS/images/image0007.png
100

80

MCV (fL)

40

20

W Days 7

" Days 14

W Days 21

Normal

VALAF 250

VALAF 500

VALAF 1000





OEBPS/images/image0006.png
Hematocrit (%)

60

50

40

30

20

10

W Days 7

" Days 14 W Days 21

Normal

VALAF 250

VALAF 500

VALAF 1000





OEBPS/images/image0005.png
Haemoglobin (g/dL)

10

W Days 7

" Days 14 W Days 21

Normal

VALAF 250

VALAF 500

VALAF 1000





