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Abstract: The growing interest in herbal and alternative medicines demands information on the
toxicity risk assessment of the various plant extracts used in traditional medicines. The rich presence
of sesquiterpene lactone, a potentially toxic phytochemical, in Tithonia diversifolia necessitates the
toxicological evaluation of its biologically active constituents. This study evaluated the in vivo sub-
chronic toxicity of the moderately polar fractions of T. diversifolia in a rat model. The ethyl acetate
soluble portion from the methanol extract was separated using the vacuum liquid chromatographic
method. Three dose levels—an observed adverse effect level (OAEL) of 2000 mg/kg, a no-observed
adverse effect level (NOAEL) of 80 mg/kg, and an intermediate dose of 500 mg per kg body weight
of rats per day—were selected for a 28-day period of repeated dosing for the sub-chronic toxicological
evaluation. The LC-MS dereplication of the active fractions showed the presence of sesquiterpene
lactones such as diversifolin, diversifolin methylether, tagitinin A, tagitinin C-F, woodhousin, and
orizatin, as well as many unidentified peaks. There was a significant reduction (p < 0.05) in the
weights of the rats dosed with OAEL and their food consumption of the fraction during week 1,
which normalized during the subsequent weeks of the study. The histopathological examination
showed mild necrosis and degeneration of hepatocytes in the centrilobular areas of the rats treated
with OAEL of the active VLC fraction. There were no T. diversifolia-related adverse toxicological
events in rats receiving 2000 mg/kg/day when dosed orally for 28 days.
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1. Introduction

Toxicological evaluations of phytomedicine are vital due to the high burden of drug
toxicity arising from willful use, side effects, or chronic abuse of herbal medicines [1]. The
incidences of drug toxicity are more common in herbal products due to unmetered or poor
monitoring of their usage or unknown toxicity potential. Despite the continued reliance
on phytomedicine, there are still major gaps in our understanding of the mechanism
of action, incompatibility potential with orthodox medicines, adverse herbal reactions,
and contraindications in their usage [2]. These issues have continued unabated in herbal
medicines, including Tithonia diversifolia [3].

Tithonia diversifolia is an important tropical medicinal plant of the Asteraceae family,
known for its richness in sesquiterpene lactones (STLs) [3]. This has increased its po-
tentiality for toxicity due to non-selective off-targets binding and the interaction of the
nucleophilic x-methylene-y-lactone of STLs with the thiol group of proteins [3,4]. They also
possess diverse pharmacological activities resulting from the structure-activity relationship,
pharmacokinetics, and other known properties of the STLs.
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Several important biological activities of T. diversifolia have been reported [5]. However,
the potential to cause serious deleterious effects when formulated or used in folklore
medicines has elicited interest in the investigation of its toxicological profile. This study,
therefore, evaluated the in vivo sub-chronic toxicity of the moderately polar STL-enriched
fraction of T. diversifolia in a rat model.

2. Experimental
2.1. Collection and Extraction of Plant Material

The leaves of T. diversifolia were collected in Enugu, Nigeria, in January 2021 and
authenticated by a taxonomist, Mr. Felix Nwafor of the Department of Pharmacog-
nosy and Environmental Medicine, University of Nigeria. A voucher specimen (ID:
PCG/UN/2021/Atd) of the collection was deposited at the herbarium. The plant was dried
under shade for 14 days, reduced to a coarse powder, and macerated in 95% methanol for
48 h. The filtrate was concentrated to dryness under a vacuum.

2.2. Fractionation and Chromatographic Separation

The MeOH extract (50 g) was fractionated in hexane, ethyl acetate, and butanol using
a separating funnel. The EtOAc fraction containing STLs was subjected to vacuum liquid
chromatographic separation using a gradient mixture of EtOAc and dichloromethane. The
fraction of the separation containing STLs was used for the toxicity evaluation.

2.3. LC-MS Dereplication of the STL Fraction

The dereplication was performed using UHPLC/ESI-QTOF MS/MS with the follow-
ing properties. Chromatographic separations: Dionex Ultimate 3000 RS LS System with a
Dionex Acclaim RSLC 120 and C18 column; mobile phase: binary gradient (A: water with
0.1% formic acid; B: acetonitrile with 0.1% formic acid); flow rate: 0.8 mL/min; injection
volume: 5 uL; and detection: Dionex Ultimate DAD-3000 RS over 200-400 nm wavelength.

2.4. Bioassay Dosing Schedule

The experimental rats were divided into four groups (n = 5) and treated as follows:
Group 1 received 2000 mg/kg of STL fraction (observed adverse effect level), group 3
received 80 mg/kg of STL fraction (no-observed adverse effect dose), group 2 received
500 mg/kg (25% of OAEL), and group 4 was the untreated control.

2.5. Toxicological Evaluation

A general toxicological evaluation, clinical pathological examination, and histopatho-
logical studies were conducted, following the reported protocols [6-9].

2.6. Data Analysis

Data are presented as mean + SEM, (n = 5). Variation among groups was assessed by
ANOVA followed by a post hoc two-sided Dunnett’s test. In all cases, p < 0.05 was accepted
as statistically significant.

3. Results and Discussion
3.1. Phytochemical Analysis

The LC-MS chromatogram (Figure 1) of STL fraction identified prominent peaks that
matched the fragmentation patterns, retention time, and/or UV spectra of some of the
known STLs hypothesized in a previous study, such as diversifolin, diversifolin methylether,
tagitinin A, tagitinin C-F, woodhousin, and orizatin [10].
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Figure 1. UHPLC-MS of VLC-STLs showing possible STLs. Peaks represent base peak chro-
matograms; ¢ = 10 mg/mL; m/z 50-1500 Da. Orizatin (3), tagitinin A (5), tagitinin E (6), tagitinin C (7),
diversifolin (8), tagitinin F (10), tagitinin D (11), woodhousin (12), anddiversifolin methylether (13).

3.2. Toxicity of STL Fraction

Apart from the group 1 rats, which exhibited delayed fecal evacuation within the first
week of the study, there was no treatment-related weight loss, food intake, or fecal excretion.
All the vital signs were stable throughout the study. The alcoholic extract and saponins-
rich extract of the plant have demonstrated high safety profiles in 21-day toxicological
studies [11].

3.3. Clinical Pathological Examination

The liver is an important detoxification point due to the presence of various metabo-
lizing enzymes. In the hepatic enzyme parameters, there were no significant differences
between the ALP, AST, and ALT of the highest-dosed rats compared to the untreated group
of rats (Table 1). These enzymes are located in the hepatic cells and are usually released
into the blood plasma when the liver is compromised.

Table 1. Clinical pathological effects of VLC-STLs on experimental rats.

Parameter/Groups 1 2 3 4

AST (i/ulL) 11.85 + 0.05 2 11.47 £+ 0.08 2 10.90 & 0.46 P 11.93 £ 0.06 2
ALT (i/uL) 11.77 £0.172 11.49 +0.02b 10.92 4+ 0.16 11.97 £ 0.09 2
ALP (iu/L) 51.79 +1.812 4722 +2.41° 42.76 4 3.64 ¢ 53.33 £3.192
PCV (%) 40.67 +1.152 39.33 +£1.152 38.67 £1.532 40.67 £1.152
RBC (x10°/uL) 7.334+0.582 7.43 4 0.60 2 6.67 £0.42"b 7.50 +0.50 2
Hb (g/dL) 10.24 + 0.352 9.91 +0.222 9.05 + 0.89 b 10.47 £ 0.112
WBC (x106/pL) 9.00 £ 0.872 7.73 4+ 050" 7.27 £ 0.64P 9.40 +£0.532

Data are expressed as mean £ SEM (n = 5). ab.e Values across rows with the same superscripts are not statistically
different. p > 0.05 when compared with the untreated group.

3.4. Histopathological Examination of Liver

The liver sections in groups 2—4 presented normal histo-architecture of the liver, with
mild necrosis and/or degeneration of the hepatocytes in the centrilobular areas of the rats
in groups 2 and 3 (Figure 2). The affected hepatocytes appeared to be swollen, with clear
vacuolated cytoplasm and pyknotic nuclei. The livers of rats in group 1 showed marked
vacuolar degeneration and necrosis of the hepatocytes in the centrilobular and mid-zonal
areas of the hepatic lobules (arrow).
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Figure 2. Liver sections of rats in groups 4 (normal), 3 (mild degeneration), 2 (mild necrosis), and
1 (marked degeneration). P represents the portal triads of the hepatic vein, hepatic artery, and bile
ducts. V is the central vein. Arrows point to the hepatic lobules.

4. Conclusions

There were no T. diversifolia-related adverse toxicological events in rats. An observed-
adverse-effect level (OAEL) of 2000 mg/kg/day was observed when dosed orally for
28 days.

Author Contributions: Conceptualization, C.O.N.; methodology, D.K.E. and A.P.O.; formal analysis,
D.K.E,; investigation, A.P.O.; data curation, D.K.E. and A.P.O.; writing—original draft preparation,
D.K.E. and A.P.O.; writing—review and editing, C.O.N.; visualization, A.P.O.; supervision, C.O.N.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The permission to use the animals for this study was re-
viewed and granted by the University of Nigeria ethical committee (Reference No.: FPSRE/UNN/
2021/00015) for research. The study was conducted per the internationally accepted principles for
laboratory animal use and care as found in the European Community guidelines (EEC Directive of
1986; 86/609/EEC) or the US guidelines (NIH publication #85-23, revised in 1985).

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Thedioha, T.E.; Asuzu, I.U.; Anaga, A.O.; Ihedioha, ].I.; Nnadi, C.O. Bioassay-guided fractionation, isolation and characterization
of hepatotherapeutic 1, 3, diortho-galloyl quinic acid from the methanol leaf extract of Pterocarpus santalinoides. ]. Ethnopharmacol.
2023, 301, 115864. [CrossRef] [PubMed]

Diovu, E.O.; Ayoka, T.O.; Onah, C.M.; Nnadi, C.O. Biochemical and histological insights of 1,4-polyisoprene isolated from
Sphenocentrum jollyanum Pierre (Menispermaceae) stem in wound healing activity in streptozotocin-induced diabetic rats.
J. Ethnopharmacol. 2023, 307, 116248. [CrossRef]

Onoja, 5.0.; Nnadi, C.O.; Udem, S.C.; Anaga, A.O. Potential antidiabetic and antioxidant activities of a heliangolide sesquiterpene
lactone isolated from Helianthus annuus L. leaves. Acta Pharm. 2020, 70, 215-226. [CrossRef] [PubMed]

Miranda, M.A.EM.; Matos, A.F;; Volante, A.C.; Cunha, G.O.; Gualtieri, S.C. Insecticidal activity from leaves and sesquiterpene
lactones of Tithonia diversifolia (Helms.) A. Gray (Asteraceae) on Spodoptera frugiperda (Lepidoptera: Noctuidae). S. Afr. J. Bot.
2022, 144, 377-379. [CrossRef]

Fangue-Yapseu, G.Y.; Mouafo-Tchinda, R.A.; Kenne, M.F.; Onomo, P.E.; Djocgoue, P.F. Allelopathic effect of three wild plants
(Azadirachta indica, Tithonia diversifolia, and Thevetia peruviana) on tomato (Lycopersicum esculentum Mill.) growth and stimulation
of metabolites involved in plant resistance. Am. J. Plant Sci. 2021, 12, 285-299. [CrossRef]

Ayoka, T.O.; Nwachukwu, N.; Ene, A.C.; Igwe, C.U.; Nnadi, C.O. Hepatocurative and histopathological evaluations in albino rats
exposed to Vitex doniana alkaloids. Lett. Appl. NanoBioSci. 2023, 12, 56.


https://doi.org/10.1016/j.jep.2022.115864
https://www.ncbi.nlm.nih.gov/pubmed/36283637
https://doi.org/10.1016/j.jep.2023.116248
https://doi.org/10.2478/acph-2020-0019
https://www.ncbi.nlm.nih.gov/pubmed/31955145
https://doi.org/10.1016/j.sajb.2021.09.002
https://doi.org/10.4236/ajps.2021.123018

Biol. Life Sci. Forum 2023, 24, 1 50f5

7. Osagie-Eweka, S.E.D.; Orhue, N.E.J.; Omogbai, E.K.I; Amaechina, F.C. Oral acute and sub-chronic toxicity assessment of aqueous
leaf extract of Simarouba glauca DC (Paradise tree). Toxicol. Rep. 2021, 8, 239-247. [CrossRef] [PubMed]

8. Ayoka, T.O.; Nwachukwu, N.; Ene, A.C.; Igwe, C.U.; Nnadi, C.O. The hepatocurative effects of Zanthoxylum zanthoxyloides
alkaloids on tetrachloromethane-induced hepatotoxicity on albino rats. Indian . Clin. Biochem. 2022. [CrossRef]

9.  Alam, N.; Najnin, H,; Islam, M.; Shakya, S.; Khan, I.M.; Zaidi, R. Biochemical and histopathological analysis after sub-chronic
administration of oxyresveratrol in Wistar rats. Drug Chem. Toxicol. 2021, 46, 166-175. [CrossRef]

10. Baruah, N.C.; Sharma, R.P; Madhusudanan, K.P.; Thyagarajan, G.; Herz, W.; Murari, R. Sesquiterpene lactones of Tithonia
diversifolia. Stereochemistry of the tagitinins and related compounds. J. Org. Chem. 1979, 44, 1831-1835. [CrossRef]

11.  Onuoha, C.H.; Ala, A.A. Effects of aqueous leaf extracts of Tithonia diversifolia and Moringa oleifera on hematological, biochemical,
and histopathological parameters in albino rats. J. Med. Plants Res. 2020, 14, 331-342.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.toxrep.2021.01.008
https://www.ncbi.nlm.nih.gov/pubmed/33552922
https://doi.org/10.1007/s12291-022-01095-z
https://doi.org/10.1080/01480545.2021.2015243
https://doi.org/10.1021/jo01325a018

	Introduction 
	Experimental 
	Collection and Extraction of Plant Material 
	Fractionation and Chromatographic Separation 
	LC-MS Dereplication of the STL Fraction 
	Bioassay Dosing Schedule 
	Toxicological Evaluation 
	Data Analysis 

	Results and Discussion 
	Phytochemical Analysis 
	Toxicity of STL Fraction 
	Clinical Pathological Examination 
	Histopathological Examination of Liver 

	Conclusions 
	References

