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Abstract:

Hydrosols (HDs) are obtained from remnant water which is usually truncated after
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Manuscript ID: 00028 partitioning the remnant water of hydrodistillation of dried leaves of the T. bangwensis
Subject: Advanced Chemistry into chloroform. Chemical composition of the HDs was determined by Gas-

Chromatography (GC-MS). Toxicity potentials of the HDs were determined using
brine shrimp lethality assay. Anticancer activities of the HDs were determined against
MDA-MB-231 breast cancer cell line using MTT assays. The results of toxicity
potentials and anticancer activities were analysed using descriptive statistics alongside
appropriate inferential statistical analyses. The hydrosols of T. bangwensis grown on
Azadirachta indica and Vitex doniana are colourless with yields of 0.22% and 0.16% (v/v)
respectively. A total of seventeen (17) compounds were identified in the hydrosol of
T. bangwensis grown on Azadirchta indica representing while a total of fourteen (14)
compounds were identified in the hydrosol of T. bangwensis grown on Vitex doniana
with nine (9) compounds common to the two hydrosols. The hydrosols are dominated
by non-terpene hydrocarbons. The hydrosols of T. bangwensis grown on Azadirchta
indica is dominated by Nonacos-1-ene (23.0%), E-15-Heptadecenal (13.77%), (Z)-7-
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Hexadecene (12.87%), 2,4-Di-tert-butylphenol (10.63), (Z)-7-Tetradecene (9.14%) while
Nonacos-1-ene (19.72%), (Z)-7-Hexadecene (15.25%), (Z)-7-Tetradecene (14.63%), 1-
Heneicosanol (13.86%) and Cetylalcohol (10.04%) dominated the hydrosol of
Tapinanthus bangwensis grown on Vitex doniana. The hydrosols were not toxic - T.
bangwensis grown on Azadirchta indica (LC50=2995.024 ppm) and T. bangwensis grown
on Vitex doniana (LC50=6672.169 ppm) - and showed promising anticancer activities-
T. bangwensis grown on Azadirchata indica (1C50=230.2357 oL/ml) and T. bangwensis

Hydrosol, Tapinanthus, Toxicity, | grown on Vitex doniana (IC50=46.4753 oL/ml) -against MDA-MB-231 cancer cell line.

Anticancer, Gas-Chromatography,

Nonacos-1-ene

The hydrosols are reservoirs of biologically active compounds that could be explored
in chemo-aromatherapy for cancer treatment.
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1. Introduction

Plant materials have been used in the preparation of medicinal products since prehistoric times. Various
parts of plants, including leaves, flowers, fruits, rhizomes, roots, stems, and bark, have been used for medicinal
purposes in different forms [1,2]. In recent years, interest in medicinal plants as a complementary and alternative
source of healthcare has increased, partly due to the rising cost of prescription drugs used to maintain health and
well-being [3]. Herbal preparations and homemade remedies derived from medicinal plants are generally more
affordable than synthetic drugs and are often more accessible and acceptable in rural and underserved communities

[4].

The genus Tapinanthus, commonly known as African mistletoe, belongs to the family Loranthaceae. In
Nigeria, it is locally known as Aformo among the Yoruba people. Tapinanthus bangwensis is a woody, parasitic shrub
with pendulous stems that can reach 1-2 m in length and is widely distributed in forested areas of Africa. In Nigeria,
the plant is traditionally used in the treatment of diabetes, hypertension, and certain forms of cancer [5,6,7].

Hydrosols are aqueous products obtained as co-products during the steam distillation of plants for the
extraction of essential oils. Unlike essential oils, however, hydrosols have received relatively limited research
attention, despite their reported applications in the phytotherapeutic, cosmetic, and food industries, particularly as
natural alternatives to synthetic preservatives [8,9]. They contain complex mixtures of trace amounts of essential
oils and water-soluble phytochemicals, some of which possess significant biological activities [10]. Hydrosols were
initially regarded as by-products or waste materials of essential oil production. However, recent research
comparing their chemical composition and biological properties with those of essential oils has increased interest
in their potential applications. Consequently, hydrosols are increasingly recognized as valuable products that
support biorefinery and green extraction approaches rather than being considered waste [11].

Hydrosols represent a promising yet underutilized by-product of essential oil (EO) extraction. These
aqueous solutions contain complex mixtures of trace amounts of essential oils and water-soluble compounds and
have been reported to exhibit significant biological activities [12].

Evaluating the hydrosols of T. bangwensis is significant because it may reveal bioactive constituents that are
not adequately represented in the corresponding essential oils, while also supporting green extraction and
biorefinery principles by valorizing an often-overlooked co-product. The study further provides insight into the
influence of host plants, Azadirachta indica and Vitex doniana, on the chemical composition and biological activities
of T. bangwensis hydrosols. Given the limited information on the chemical characterization and cytotoxic and
anticancer activities of these hydrosols, particularly against the MDA-MB-231 breast cancer cell line, this
investigation contributes novel information on their potential as sustainable sources of biologically active
compounds for future therapeutic applications.

2. Material and Methods
2.1 Plants Collection, Identification and Authentication

The leaves and floral parts of Tapinanthus bangwensis (Engl. & L.K. Krause) growing on Azadirachta indica
(TBD) and Vitex doniana (TBK) were collected from Oba Adeyemi High School, Oyo, Nigeria. The plant materials
were identified, authenticated and deposited at the Herbarium, University of Ibadan, Nigeria, and assigned the
voucher specimen number UIH-23177 by Mr. D. P. O. Esimekhuai, the plant taxonomist of the herbarium.

2.2 Extraction of Hydrosols

Hydrosols of the Tapinanthus species were obtained via liquid-liquid extraction method for partitioning of
chemical constituents of the remnant aqueous distillates recovered after essential oil collection from the Clevenger
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through hydrodistillation. At room temperature, 20 mL of the aqueous distillates and 4 mL chloroform were mixed
for 5 minutes and left to subside. The chloroform layers were collected, dried over anhydrous sodium sulphate and
kept in refrigerator for further analyses [12].

2.3 Analysis of the Hydrosols

The hydrosols were analysed by Shimadzu (GC-2030) series. The GC-MS was equipped with Headspace
(HS-20) and QQQ Mass Spectrometer GC-TQ8040NX. The Capillary column type was SH-Rxi-5 SILMS (0.25 x 30 x
0.25). The carrier gas was Helium at constant flow rate of 1.00 ml/min. The column initial temperature was
programmed at 60 °C and held for 3 minutes, then increased to 120 °C at the rate of 10°C held for 3 minutes then
increased to 180 °C at the rate of 15°C held for 3 minutes through the split ratio (50:50) mode. The management of
the GC-MS system, parameter settings for GC and MS, and data receipt and processing were performed using
Shimadzu Realtime Analysis.

The compounds were identified using NIST library by matching their retention times with those of
standards, comparing their retention indices with the series of n-hydrocarbon and their mass spectra with
published spectra and reference compounds. The relative percentages of each compound found in the sample were
determined by integrating the Gas Chromatogram peak areas.

2.4 Cytotoxicity Bioassay
2.4.1 Brine Shrimp Lethality Test

The cytotoxicity of the essential oils was examined using the Brine shrimp lethality assay proposed by
Michael et al, (1956) which was later developed and improved upon by Sleet and Brendel (1988) [13,14].

The brine shrimp eggs were hatched in a bowl with two compartments, one illuminated and the other un-
illuminated. The eggs were introduced into the un-illuminated compartment and were kept for 48 hours. After
hatching the shrimps swarm into the illuminated compartment.

The hydrosols were diluted into a concentration of 1000, 100 and 10 ppm. The 1000 ppm stock solution was
prepared by adding 0.2 mL of the hydrosol into a solvent comprising 1.6 mL of sea water and 0.2 mL of DMSO, the
100 ppm stock solution was prepared by introducing 0.2 mL of 1000 ppm into 1.8 mL of sea water and the 10 mL
stock was prepared by putting 0.2 mL of 100 ppm in 1.8 mL of sea water.

Ten shrimps were introduced into 0.5 mL of each of the triplicates of the stock solutions and the solutions
containing the shrimps were made up to 5 mL by sea water. The record of number of shrimps that survived after
24 hours was taken and used to determine LCso of the essential oils.

2.5 Anticancer Study
2.5.1 MTT Assay

To assess anti-cancer activity of the plant extracts, MTT assay was performed. The impact of these extracts
on MDA-MB-231 cell viability was done by seeding 10x10* MDA-MB-231 cells in a 96-well plate in 10% DMEM.
The treatment of various plant extract was administered to the cells and incubated for 24 hours in a 5% CO:
incubator, after which 10 uL MTT solution (5 mg/mL) was added and the cells were incubated at 37°C for 2 hours.
To dissolve the formazan crystals generated during MTT reduction, DMSO is added which leads to purple
colouration being developed. Microplate reader is used to observe the absorbance of the sample at 530nm and
calculations were done [15].
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The hydrodistillation of leaves of Tapinanthus bangwensis grown on Azadirachta indica and Tapinanthus
bangwensis grown on Vitex doniana gave colourless hydrosols with yield of 0.22% and 0.16% (v/v) respectively. The
identified constituents from the hydrosols and their percentage composition are summarised in Table 1.

Table 1. Chemical Composition of Hydrosols of the Tapinanthus bangwensis

S/N Retention Time (Min) Compound Chemical group TBD2 TBK2
1 6.015 Benzaldehyde Aldehyde 2.54 --
2 7.400 Decane Hydrocarbon 1.16 1.38
3 8.541 o-Cresol Phenolics 2.20 1.94
4 9.554 Perchloroethane Halogenated compound - 1.82
5 13.980 1-Dodecene Hydrocarbon 4.42 -
6 13.980 1-methyl-2-octylcyclopropane Hydrocarbon -- 5.19
7 14.268 Dodecane Hydrocarbon 1.56 1.76
8 15.674 5-methyl-2-(1-methylethyl)-2- Ketone 2.13 --
cyclohexen-1-one
9 20.473 Cetylalcohol Alcohol - 10.04
10 20.476 (Z)-7-Tetradecene Hydrocarbon 9.14 14.63
11 23.206 Allo-aromadendrene epoxide Terpenoid 1.33 -
12 24.151 2,4-Di-tert-butylphenol Phenolics 10.63 9.24
13 26.361 (Z)-7-Hexadecene Hydrocarbon 12.87  15.25
14 26.569 Cetane Hydrocarbon 1.00 --
15 31.670 E-15-Heptadecenal Aldehyde 13.77 --
16 31.848 2,6,10-trimethyltetradecane Hydrocarbon 1.03 --
17 36.496 1-Heneicosanol Alcohol - 13.86
18 36.499 Heptacos-1-ene Hydrocarbon 8.61 -
19 40.916 Nonacos-1-ene Hydrocarbon 23.00 19.72
20 48.837 2-(Octadecyloxy)-ethanol Ether - 0.07
21 52.241 Octatriaconylpentaflouropropio Ester 2.63 3.57
nate
22 56.182 17-Pentatriacontene Hydrocarbon 1.50 1.53
Total 100.0  100.0

TBD2= Hydrosol of Tapinanthus bagwensis grown on Azadirchata indica
TBK2= Hydrosol of Tapinanthus bagwensis grown on Vitex doniana

The GC-MS analysis revealed a diverse range of chemical constituents belonging to nine major chemical

classes: hydrocarbons, alcohols, aldehydes, ketones, phenolics, ethers, esters, epoxides/terpenoids, and halogenated compounds.
The distribution of these classes indicates that the samples contain predominantly hydrocarbon constituents,
together with oxygenated compounds that may contribute substantially to their characteristic chemical and

biological properties.

A total of seventeen (17) compounds were identified in the hydrosol of Tapinanthus bangwensis growing on
Azadirachta indica, while fourteen (14) compounds were identified in the hydrosol of Tapinanthus bangwensis
growing on Vitex doniana. The identified compounds accounted for 100.0% of the total composition of each
hydrosol. Nine (9) compounds were common to both hydrosols, accounting for 64.69% of the total composition of
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the hydrosol from T. bangwensis growing on Azadirachta indica and 69.02% of that from T. bangwensis growing on
Vitex doniana, as shown in Table 2.

Although parasitic plants depend on their host plants for water, minerals, and other nutrients, they retain
the ability to synthesize certain primary and secondary metabolites independently [17]. Consequently, the
phytochemical profile of a parasitic plant may reflect a combination of compounds synthesized intrinsically by the
parasite and those whose production or accumulation is influenced by the host plant. Differences in host plants
may therefore alter the availability of precursors, nutrients, and signaling molecules, potentially affecting the
biosynthesis and accumulation of bioactive secondary metabolites in the parasite. This host—parasite interaction
can ultimately influence the chemical composition and, consequently, the biological activities of parasitic plants
such as Tapinanthus bangwensis.

The occurrence of several common compounds in the two hydrosols may be attributed to the similar
geographical location and environmental conditions under which the host plants and Tapinanthus bangwensis were
grown.

Table 2. Common compounds in the Tapinanthus species

S/N  Retention Compound TBD2 TBK2
Time(Min)
1 7.400 Decane 1.16 1.38
2 8.541 a-Cresol 2.20 1.94
3 14.268 Dodecane 1.56 1.76
4 20.476 (Z)-7-Tetradecene 9.14 14.63
5 24.151 2,4-Di-tert-butylphenol 10.63 9.24
6 26.361 (Z)-7-Hexadecene 12.87 15.25
7 40.916 Nonacos-1-ene 23.00 19.72
8 52.241 Octatriaconylpentaflouropropionate 2.63 3.57
9 56.182 17-Pentatriacontene 1.50 1.53
Total 64.69 69.02

The hydrosols are dominated by non-terpene hydrocarbons. Nonacos-1-ene (23.0%), E-15-Heptadecenal
(13.77%), (Z)-7-Hexadecene (12.87%), 2,4-Di-tert-butylphenol (10.63), (Z)-7-Tetradecene (9.14%) are the dominant
compounds in the hydrosol of Tapinanthus bangwensis grown on Azadirchta indica while Nonacos-1-ene (19.72%),
(Z)-7-Hexadecene (15.25%), (Z)-7-Tetradecene (14.63%), 1-Heneicosanol (13.86%) and Cetylalcohol (10.04%)
dominated the hydrosol of Tapinanthus bangwensis grown on Vitex doniana. Essential oils of Tapinanthus bangwensis
have been reported to be dominated by non-terpene hydrocarbons ['6! with some of these compounds such as
heneicosane, pentadecane and hexacosane being analogues of the compounds 1-Heneicosanol, decane and
dodecane found in the hydrosols the Tapinanthus bangwensis in our current study.

2,4-Di-tert-butylphenol demonstrated significant cytotoxicity against HeLa cells, with an ICs0 value of 10
pug/mL and showed a strong ability to induce apoptotic gene expression in cancer cell lines, comparable to the
effects of the standard drug Cisplatin [17,18]. 2,4-Di-tert-butylphenol, extracted from the thermophilic Bacillus
licheniformis found in an Algerian hot spring, demonstrated activity against two multidrug-resistant bacteria,
Pseudomonas aeruginosa and Staphylococcus aureus, both in pure and mixed cultures. Dodecane has been reported to
possess antimicricrobial activities [19].

A skin cleanser formulated with cetyl alcohol- one of dominant compounds of hydrosol of Tapinanthus
bangwensis grown on Vitex doniana, stearyl alcohol, colloidal oatmeal, castoryl maleate, and vitamin E effectively
removed excess oil, dirt, dead skin cells, microorganisms, sweat, and dust, while offering a soothing and gentle
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cleansing experience [20]. The structures of compounds that are common to the two hydrosols are shown in figure
1 below:

NN N NN NN

Decane Dodecane
1 Alpha -Cresol OH 3
2
OH

VA YA VA W4 VA VAN A YAV SV VA VA VAN

(Z)-7-Tetradecene (Z)-7-Hexadecene
4 2,4-Di-tert-butylphenol 6
5
FRF
Nonacos-1-ene Octatriaconylpentaflouropropionate
7 8

JAVAYAYAYAYAYAVAVAVAVAVAVAVAVAVAVAY
17-Pentatriacontene
9

Figure 1. Structures of the Common Compounds in the Hydrosols
3.1 Cytotoxicity Activities of Hydrosols of the Selected Tapinanthus Species

Table 3 and Figure 2 present the results of the cytotoxicity assessment of the hydrosols obtained from the
two Tapinanthus samples. The results indicate that both hydrosols exhibited concentration-dependent cytotoxicity
against Artemia salina. As shown in Table 3, the percentage mortality increased progressively with increasing
hydrosol concentration. For TBD2, mortality increased from 10.00 + 0.10% at 10 ppm to 23.33 = 0.0081% at 100 ppm
and further to 40.00 + 0.50% at 1,000 ppm. Similarly, TBK2 produced 29.99 + 0.74%, 33.33 + 0.33%, and 50.00 = 1.00%
mortality at 10, 100, and 1,000 ppm, respectively. Statistical analysis was performed at a 95% confidence level, with
differences considered statistically significant at p < 0.05. The observed variation in mortality across the tested
concentrations indicates a concentration-dependent response; however, statistical significance should be
interpreted based on the results of the one-way ANOVA and Duncan’s multiple range test. Where significant
differences were observed (p < 0.05), these indicate that the corresponding treatment concentrations produced
significantly different cytotoxic responses.

However, the hydrosols were considered non-toxic, as their LCso values were greater than 1,000 ppm. The
hydrosol of Tapinanthus bangwensis growing on Azadirachta indica exhibited an LCsy value of 2,995.024 ppm, while
that of T. bangwensis growing on Vitex doniana had an LCs, value of 6,672.169 ppm [23]. The higher LCs, value
recorded for the hydrosol obtained from T. bangwensis growing on V. doniana indicates comparatively lower toxicity
toward Artemia salina than the hydrosol obtained from the A. indica host. This difference suggests that the host plant
may influence the composition and consequently the biological activity of the hydrosol.

Some compounds identified in the hydrosols, including a-cresol, 2,4-di-tert-butylphenol, (Z)-7-tetradecene,
(Z)-3-hexadecene, and E-15-heptadecenal, have previously been reported to exhibit cytotoxic or toxic effects against
different cell types [24,25,26]. However, the cytotoxic effects of these individual constituents may have been
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attenuated by interactions with other compounds present in the hydrosols, potentially through antagonistic effects.
This may explain the relatively low overall cytotoxicity observed for the hydrosols despite the presence of some
potentially bioactive compounds at appreciable concentrations. The relatively high LCs, values obtained for both
hydrosols further support their low toxicity in the Artemia salina assay and suggest that the hydrosols may have a
comparatively favourable toxicity profile under the conditions employed in this study.

Table 3. Cytotoxicity Assay of Hydrosols of the Tapinanthus Species

Conc. (ppm) TBD2 (Mean * SD) TBK (Mean * SD)
10 10.00 = 0.1000 29.99 £ 0.7400
100 23.33+ 0.0081 33.33 £ 0.3300
1000 40.00 + 0.5000 50.00 + 1.0000

TBD2= Tapinanthus bangwensis grown on Azadirchata indica (LC5=2995.024 ppm)
TBK2= Tapinanthus bangwensis grown on Vitex doniana (LCs0=6672.169 ppm)

Cytotoxicity Assay of Hydrosols on Artemia salina
60

wu
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——
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Figure 2. Cytotoxicity Assay of Hydrosols of the Tapinanthus Species [TBD2= Tapinanthus bangwensis grown on
Azadirchata indica (LCs50=2995.024 ppm), TBK2= Tapinanthus bangwensis grown on Vitex doniana (LC50=6672.169 ppm)]

3.2 Anticancer Activities of Hydrosols of the Selected Tapinanthus Species

The hydrosols of the selected Tapinanthus samples exhibited promising anticancer activity against the
MDA-MB-231 breast cancer cell line, an aggressive subtype of breast cancer, in a concentration-dependent manner
(Table 4 and figure 3). The hydrosol of Tapinanthus bangwensis growing on Azadirachta indica exhibited an ICso value
of 230.2357 uL/mL, while the hydrosol of T. bangwensis growing on Vitex doniana showed a lower ICs, value of
46.4753 uL/mL, indicating greater cytotoxic potency. The difference in ICs, values between the two hydrosols was
statistically significant at the 95% confidence level (p < 0.05), indicating that the hydrosol obtained from T.
bangwensis growing on V. doniana exhibited significantly greater cytotoxic potency against MDA-MB-231 cells than
that obtained from the A. indica host. These activities may be attributed to the presence of biologically active
compounds in the hydrosols.
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2,4-Di-tert-butylphenol, a compound common to both hydrosols, has previously been reported to induce
apoptosis in MCF-7 breast cancer cells, with an ICs, value of 70 uM [27]. In addition, the essential oil of Cleome
amblyocarpa has been reported to exhibit significant anti-inflammatory activity through the inhibition of
lipoxygenase (LOX) and cyclooxygenases (COX-1 and COX-2), as well as through membrane stabilization. This
essential oil contained alloaromadendrene epoxide, which was also identified in the hydrosol of T. bangwensis
growing on Azadirachta indica [28].

The observed anticancer activity of the hydrosols may therefore be associated, at least in part, with the
presence of these and other bioactive constituents. However, further studies are required to establish the specific
contributions and possible synergistic or antagonistic interactions of the individual compounds.

Table 4. MTT Assay of Hydrosols of the Tapinanthus Species

Conc. (uL/L) TBD2 Mean * SD TBK2 Mean * SD
0 100.00 + 0.0000 100.00 + 0.0000
50 65.67 + 0.6700 63.9386 + 0.9300
75 63.13 + 0.0048 50.21624 + 0.2100
100 60.95 + 0.9000 45.5835 + 0.4200
125 52.39 + 0.3900 40.00 + 0.20000
150 30.00 + 1.0000 32.3863 + 0.0063

TBD2= Tapinanthus bangwensis grown on Azadirchata indica (IC50=230.2357 pL/ml)
TBK2= Tapinanthus bangwensis grown on Vitex doniana (IC50=46.4753 pL/ml)

MTT Assay-Hydrosols

120

100

0]
o

Cell Viability (%)
(2]
o

m TBD2
40
TBK2
20
0
Control 50uL 75uL 100pL 125pL 150pL
Concentration (nL/L)

Figure 3. MTT Assay of Hydrosols of the Tapinanthus Species [TBD2= Tapinanthus bangwensis grown on Azadirchata indica
(IC50=230.2357 pL/ml), TBK2= Tapinanthus bangwensis grown on Vitex doniana (ICs0=46.4753 pL/ml)]

4. Conclusion

The current study established the chemical compositions of the hydrosols of Tapinanthus bangwensis grown
on Azadirchta indica and Tapinanthus bangwensis grown on Vitex doniana, showed that the hydrosols were not toxic
to Artamia salina but possess promising anticancer potentials against MDA-MB-231 cell line, an aggressive breast
cancer cell line. The hydrosols are reservoirs of biologically active compounds that could be explored in chemo-
aromatherapy.
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Limitations of the Study

Despite the promising anticancer activity observed for the Tapinanthus bangwensis hydrosols, several
limitations should be acknowledged. First, the anticancer evaluation was performed using only one cancer cell line,
MDA-MB-231 breast cancer cells. Although this cell line represents an aggressive subtype of breast cancer, the
findings cannot be generalized to other breast cancer subtypes or different cancer types. Second, the study was
limited to an MTT-based assessment of cell viability and did not investigate the underlying molecular mechanisms
responsible for the observed cytotoxic effects. Thus, it remains unclear whether the activity involves apoptosis,
oxidative stress, cell-cycle arrest, or other cellular pathways. Third, the study did not include normal, non-
cancerous cell lines; therefore, the selectivity of the hydrosols toward cancer cells relative to normal cells could not
be established. The brine shrimp lethality assay provides a preliminary indication of general toxicity but cannot
substitute for a mammalian normal-cell selectivity assessment. Finally, the anticancer activity was demonstrated
only under in vitro conditions, with no in vivo animal studies to confirm efficacy, bioavailability, pharmacological
activity, or systemic safety. Consequently, the reported ICs, values should be interpreted as preliminary evidence
of anticancer potential rather than proof of therapeutic effectiveness. Future studies should therefore employ
multiple cancer cell lines, appropriate normal-cell controls, mechanistic assays, isolation and characterization of the
active constituents, and in vivo models to validate the therapeutic potential and safety of the hydrosols. This is
particularly important because the present study itself recognizes that further work is needed to establish the
individual and possible synergistic or antagonistic contributions of the identified compounds.
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