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Chelesta-8,24-dien-3-ol In Ficus
exasperata leaves enhances the
prevention of sodium nitrite-
induced hypoxia by binding to HIF-
1 and NF-kB

Dorcas Ibukun Akinloye®*?, Ceaser Antiya Moses®, Esther Ugo Alum?,
Theophilus Aghogho Jarikre3, Toluwalase Ayobami Adeosun*,
Abdulazeez Timileyin Kolawole?, lyanu Solomon Awonaiya?,

Esther Oluwabusayomi Odeniyi! & Oluseyi Adeboye Akinloye?!

In-silico and in-vivo methods were used to study Ficus exasperata leaves’ n-hexane ethyl acetate
fraction (NHEAF) phytochemicals that may protect against NaNO,-induced hypoxic stress. The impact
of NHEAF on enzymatic and non-enzymatic antioxidants, total ATPase, malondialdehyde, and the
relative expression of human inducible factor-1 (HIF-1), nuclear respiratory factor-2, and nuclear factor
kappa-B (NF-kB) were investigated, along with the docking of NHEAF phytochemicals to HIF-1 and
NF-kB. Thirty female Wistar rats were divided into groups A, B, C, D, E and F (n=5). Groups A and

B were pretreated with olive oil (vehicle). While group C, D, E, and F were pretreated with standard
drug (C=Vitamin E 100 mg/ kg bwt and Omega-3 essential fatty acid (72 mg Eicosapentaenoic acid
(EPA) + 48 mg Docosahexaenoic acid (DHA)/ kg bwt), 30 mg/ kg bwt NHEAF (D) and 60 mg/ kg bwt
NHEAF (E and F respectively) for 14 days followed by oral administration of NaNO, (80 mg/kg bwt)

to groups B, C, D, and E. One of the eight NHEAF phytochemicals with the highest percentage total
quantity is Cholesta-8,24-dien-3-ol, 4-methyl- (3B). Unlike group B, groups D and E pretreated with
NHEAF were protected from the impairment of antioxidant defence and elevation of HIF-1 and NF-

kB caused by NaNO, intoxication. Cholesta-8,24-dien-3-ol, 4-methyl- (3B), has the highest binding
affinity for HIF-1 (AG = -8.6 kcal/mol) and NF-kB (AG = -7.6 kcal/mol) proteins among the NHEAF
phytochemicals. Cholesta-8,24-dien-3-ol, 4-methyl-, (3f) may contribute to NHEAF's protection
against s NaNO,-induced hypoxic stress.
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Abbreviations

CAT Catalase

GC-MS  Gas chromatography-mass spectroscopy
y-GCL Gamma-glutamyl cysteine ligase

GPx Glutathione peroxidase
GR Glutathione reductase
GSH Reduced glutathione
HIF-1 Human inducible factor-1

MDA Malondialdehyde
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NF-xB Nuclear factor kappa-B
NHEAF  Ficus exasperata leaves n-hexane ethyl acetate fraction

Nrf-2 Nuclear respiratory factor —2
RS Reactive species

SOD Superoxide dismutase

TIC Total Ion Chromatogram

Over the past decades, there has been a growing concern regarding the shift in dynamics of the food system
and the accelerated global transition towards nutritionally transformative preserved and packaged foods'.
This prevailing trend has heightened consumption of low-level chemicals and additives beyond safety level,
with sodium nitrite standing out as a noteworthy substance'. Sodium nitrite (NaNO,) is widely used in the
food industry as color fixative and preservative of fish and meat products where it acts as a flavour-enhancer,
bacteriostatic and rancidity retardation'*>. Sodium nitrite is crucial as a curing agent for preserving the quality
of food items, as it plays a key role in stabilizing the heme iron present in the pigments of meat>>-8. Additionally,
it functions as an antifreeze agent, preventing corrosion in pipes and tanks, thus accounting for its presence in
trace amounts in drinking water*-8. Thus, sodium nitrite is ranked among the most utilized additives in the
production of different kind of food items, like canned vegetables, burgers, sardines, cheese, and sausages>™°.

Sodium nitrite chemically or enzymatically transformation leads to formation of nitric oxide, it then reacts
with hemoglobin to produce methaemoglobin®>-8. Nitrite in food can react with amines in the stomach to
produce carcinogenic nitrosamine leading to excessive free radical generation, which cause an imbalance
between oxidants and antioxidants*°. Growing evidence support the notion that gradual buildup of nitric
oxide (NO) generated from nitrite, whether intra or extracellularly, can result in cytotoxicity, which in turn
can lead to structural and functional damage in multiple organs>®®. Excessive exposure to sodium nitrite has
also been documented to cause mismatch between oxygen supply and its demand at the cellular level which is
also associated with an increase in the production of reactive species (RS)>’~°. Sodium nitrite toxicity has been
reported to induce impairment of the cellular enzymatic and non-enzymatic antioxidant systems which decrease
the antioxidant power, compromising the ability of the cell to defend against oxidative damage®*>°. The impeded
oxidative stress cause dysregulation of inflammatory responses, tissue injury and hampers anti-tumor cytotoxic
effector cell types”®.

Researchers have increasingly focused on exploring natural remedies to address oxidative stress, inflammation
and cytotoxicity, considering that pharmaceutical interventions can occasionally lead to side effects!>>810.11,
Ficus exasperata (Moraceae) is a very widespread plant species throughout inter-tropical Africa and highly rich in
chemical constituents with antioxidant potentials'!. Ficus exasperata has been utilized in treating a wide range
of diseases, with various parts of the plant such as leaves, stem, bark roots, flowers, and seeds being exploited
in different forms'>!3. Various phytochemical constituents have been reported in Ficus exasperata leaf to be
responsible for the usage of the leaf in traditional medicine. These phytochemicals include alkaloids, saponins,
tannins, flavonoids, cardiac glycoside, steroid, reducing agent, and phenolslz‘ls. Previous scientific evidence
reveals that bioactive component in Ficus exasperata leaves make the leaves to exhibit radical scavenging activity,
anti-inflammatory, antioxidant, management of impotence and infertility'2~*°.

Reactive species produced from sodium nitrite exposure react with hemoglobin, minimizing its oxygen-
carrying capacity by generating methemoglobin®®. The accumulation of methemoglobin disrupts oxygen
transport leading to methemoglobinemia concurrently inducing systemic tissue hypoxia”’. Systemic tissue
hypoxia triggers a series of gene expression changes, affecting angiogenesis, cellular metabolism coupled with
over-expression of human inducible factor-1 (HIF-1) and nuclear factor kappa-B (NF-kB)”*!. Thus, it is crucial
to explore natural interventions that can effectively attenuate, mitigate or prevent the damaging effects of sodium
nitrite intoxication*3. Previous researchers have reported that extraction or fractionation of any medicinal
plant part with a hexane: ethyl acetate mixture (85:15 [v/v]) yields an extract or fraction rich in various terpenes
(terpenoids) with significant medicinal properties'®!%. Herein, this study hypothesised that one of the Ficus
exasperata leaves n-hexane ethyl acetate fraction (NHEAF) phytochemicals could be responsible for protecting
against sodium nitrite-induced hypoxic stress by modulating and binding to human inducible factor-1 (HIF-
1) and nuclear factor kappa-B (NF-kB) relative expression levels. NHEAF effects on primary antioxidant
enzymes (superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx)), secondary
antioxidant enzymes (glutathione reductase (GR), and gamma-glutamyl cysteine ligase (y-GCL)), total ATPase,
malondialdehyde (MDA), non-enzymic antioxidant (vitamin E, vitamin C, reduced glutathione (GSH), total
thiol (TSH)), relative expressions of HIF-1, nuclear respiratory factor-2 (Nrf-2) and NF-«B in conjunction with
NHEAF phytochemicals docking against HIF-1 and NF-«xB were the specific objectives of this study.

Materials and methods

Chemicals

All chemicals used were of analytical grade and were obtained from Sigma- Aldrich Chemical and Merck
companies (Missouri, USA). The standard drug used (100 mg Vitamin E and Omega-3 essential fatty acid (72 mg
Eicosapentaenoic acid (EPA) +48 mg Docosahexaenoic acid (DHA)) Omega-3) was a product of Nature’s field
(Bactolac pharmaceutical INC, Hauppauge, NY 11788, USA).

Preparation of Ficus exasperata N-hexane ethyl acetate fraction (NHEAF)

After being granted permission and clearance by the University, fresh leaves of Ficus exasperata were collected
from the Botanical Garden of the Department of Pure and Applied Botany, Federal University of Agriculture,
Abeokuta, Nigeria, by a Forester (Mr. E.A. Fatunbi). The leaves were identified and authenticated with
herbarium number FUNAABHO0039 by Botanist/Plant Taxonomist (Prof. D.A. Agboola and Dr. A. S. Oyelakin)
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of the Department of Pure and Applied Botany, Federal University of Agriculture, Abeokuta, Nigeria. Voucher
specimens of the plant with its herbarium number are deposited in the University’s public herbarium.

The leaves were washed, air-dried to constant weight, and milled using a mechanical grinder. To 100 g of
milled sample, 500 ml of 85:15 (v/v) n-hexane: ethyl acetate was used for the extraction with the aid of a Soxhlet
extractor for 24 h. Then, the filtrate was concentrated using a Rotary evaporator at 60 “C to get the crude extract'®.
The crude extract was fractionated into fractions on a silica gel-packed column. A non-polar solvent (N-hexane)
was used to elute the first fraction of the extract. Then, semi-polar (85% n-hexane + 15% ethyl acetate) solvent
was added drop wisely to elute the second fraction (FR2), which was further concentrated and used for the study.

NHEAF phytochemical compounds identification using gas chromatography-mass
spectrometry (GC-MS) analysis

The GC-MS analysis of NHEAF was carried out by following the method described by Alhassan et al.'.
Identification of components was assigned by matching their mass spectra with WILEY Registry of Mass
Spectral Data 7th edition (Agilent Technologies, Inc.) and National Institute of Standards and Technology 05
MS (NIST) GC-MS libraries data.

Experimental animal and ethical approvals

Prior to the commencement of the experiment with ethical no. FUNAAB-BCH- DI A022: The Departmental
Animal Ethical Committee (FUNAAB-BCH) has given its clearance. All experiments were conducted in
accordance with the authorised protocols and standards guidelines for animal research, as outlined in the
Animal Research: Reporting in Live Experiments (ARRIVE) guidelines, under the strict supervision of the
Departmental Animal Ethical Committee (FUNAAB-BCH), in line with the FUNAAB-BCH recommended
guidelines and regulations.

Fifty female Wistar rats weighing between the ranges of 65-100 g were purchased from the Department of
Physiology, College of Veterinary Medicine, Federal University of Agriculture, Abeokuta (FUNAAB), Nigeria.
The animals were acclimatized for four weeks before proper experiment. The animals were housed in plastic
cages with good ventilation and were supplied with standard animal feed pellet and clean water ad libitum in the
animal care unit of the Department of Biochemistry, Federal University of Agriculture, Abeokuta (FUNAAB),
Nigeria.

Sodium nitrite-induced intoxication pilot study

The toxicity studies using single dose of sodium nitrite as a toxicant against female rats are scanty. Following the
report of Imaizumi et al.? and that of El-Nabarawy et al.%, a pilot study was carried out to ascertain the dose of
nitrite that would induce toxicity and not cause mortality in female rats (dose that will provide toxicity without
lethality). This study was divided into three stages, with each stage determining the next step to take (whether to
terminate or proceed to the next stage). Three rats were used for each stage, and they received 60, 75 and 80 mg/
kg bwt (body weight) each per stage. All animals were observed continuously for four hours, then twenty-four
and forty-eight hours for any changes and the number of survivors was noted. At the end of the third stage (final
stage), when no sign of death was observed, it was concluded that 80 mg. kg™! body weight of sodium nitrite
single dose will be used.

Experimental design

After four weeks of acclimatization, thirty (30) female Wistar rats were divided into six groups (A, B, C, D, E,
and F) of 5 rats per group. Group A (control) and B (NaNO, (negative control)) were pretreated with the vehicle
(olive oil) used to dissolve the standard drug and NHEAE While group C, D, E, and F were pretreated with
standard drug (C=Vitamin E 100 mg/kg bwt and Omega-3 essential fatty acid (72 mg Eicosapentaenoic acid
(EPA) + 48 mg Docosahexaenoic acid (DHA)/kg bwt), 30 mg/kg bwt NHEAF (D) and 60 mg/kg bwt NHEAF (E
and F respectively) for 14 days. On thel4th day after an hour of the last respective pretreatment, groups B, C, D,
and E were orally administered 80 mg/kg bwt NaNO, while group A and F were administered distilled water.
On the 15th day, blood was collected from these animals periorbitally (orbital venous plexus bleeding) under
light anaesthesia (ketamine and xylazine at 60 and 6 mg/kg bwt. respectively) into clean plain tubes. Occurrence
of rapid sedation (after 3 min of anaesthesia injection, each rat was unconscious), good analgesia, and suitable
anaesthetic depth showing mild/moderate nociceptive stimulation in the rats. At the time of dissection, all the
rats showed a deep anaesthetic sign with no response to skin incision. All the animals were dissected to excise
the liver and the kidney for biochemical analyses. The remaining tissues (liver and kidney) were harvested for
immunohistochemical analysis and fixed in 10% neutral buffered formalin solution.

Biochemical analysis and immuno-histochemistry

The activity of super oxide dismutase (SOD), glutathione peroxidase (GPx), catalase (CAT), gamma-glutamyl
cysteine ligase (y- GCL), glutathione reductase (GR), and Total ATPase were assayed according to the method
of Marklund and Marklund!®, Bauché et al.2°, Hadwan and Abed?!, De Donatis et al.22, Bauché et al.2%, and
Tsakiris and Deliconstantinos?® respectively. The concentration of reduced glutathione (GSH), total thiols,
malondialdehyde (MDA), vitamins C and E were estimated according to method described by Bauché et al.%,
Sedlak and Lindsay?!, Jafari et al.?6, Jagota and Dani?® and Jafari et al.?* respectively. Immune-histochemical
studies on the liver and kidney samples for relative expressions of HIF-1, Nrf-2 and NF-kB were carried out
at the Institute for Advanced Medical Research and Training (IMRAT), Nigeria as described by the standard
protocol of immune-histochemistry of any protein relative expression®1°.
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Molecular docking

For further validation of the hypothesizes that one of the Ficus exasperata leaves n-hexane ethyl acetate fraction
(NHEAF) phytochemicals could aid protection against sodium nitrite induced-hypoxic stress by modulating
relative expressions of human inducible factor-1 (HIF-1), and nuclear factor kappa-B (NF-«B), all the identified
phytochemical compounds from NHEAF using GCMS analysis were subjected to molecular docking analysis
with HIF-1 and NF-kB protein targets. The three-dimensional (3D) structures for the target proteins, HIF-1a
(Hypoxia-Inducible Factor 1a, PDB ID: 3KCY) and NF-«kB (Nuclear Factor kappa B, PDB ID: 1A3Q), were
retrieved from the Protein Data Bank (RCSB PDB, www.rcsb.org). Protein preparation was performed using
UCSF Chimera 1.12%. This involved removing co-crystallized ligands and water molecules, adding polar
hydrogen atoms, and performing energy minimization on the protein structures. All the identified phytochemical
compounds structures (ligands) from NHEAF were obtained in 3D Structure Data File (SDF) format from the
PubChem database.

Molecular docking simulations were conducted using AutoDock Vina, accessed via the PyRx virtual
screening tool?, to predict the binding affinities of the ligands to the prepared HIF-1a and NF-kB targets. The
search space (grid box) for docking was defined for each target. For HIF-1a (PDB: 3KCY), the grid box was
centered at coordinates (x = —21.675, y = 26.943, z = 8.189) with dimensions of 56.1 A x65.6 Ax54.6 A (size_x,
size_y, size_z). For NF-xB (PDB: 1A3Q), the grid box was centered at (x = 9.057, y = 61.487, z = 19.615) with
dimensions of 56.2 A x 88.0 A x 48.4 A (size_x, size_y, size_z). An exhaustiveness parameter of 8 was used for all
docking runs. Resulting protein-ligand interactions were subsequently visualized and analyzed using BIOVIA
Discovery Studio Visualizer 2020

Statistical analysis

The Statistical Package for Social Science (SPSS) was utilised to analyse all generated data, interpreted as
mean +S.E.M (standard error of the mean). One-way analysis of variance (ANOVA) was employed to assess
the homogeneity level among the groups, with means being separated through the Duncan multiple range test
(DMRT) at p <0.05. The quantitative evaluation and automated scoring of immunohistochemistry images were
conducted using the open-source digital image analysis software Image J, as Varghese et al.? described.

Results

GC-MS analysis identified phytochemicals compounds in NHEAF

The total ion chromatogram (TIC) of NHEAF revealed the GC-MS profile of the compounds identified as
presented in Fig. 1. The peaks in the chromatogram were integrated and compared with the database of spectrum
of known components stored in the NIST (National Institute of Standards and Technology) library. Table 1
shows the names of phytochemical compounds in the NHEAF gotten from twenty-eight peaks. The identified
named compounds are Phenol, 3,5-bis(1,1-dimethylethyl)-; 3-Tridecene, (Z)-; Tridecane, 3-methyl- (Tridecane,
2-methyl-); 1-Iodo-2-methylnonane; Naphthalene, 1,2,3,4-tetrahydro-2,6-dimet; 3-Tetradecene, (E)-; Decane,
1-iodo-; Cetene; Pentadecane, 2-methyl-; Heptadecane, 2-methyl-; 1-Pentadecene; Cholesta-8,24-dien-3-
ol, 4-methyl-, (3.beta; n-Tetracosanol-1; Tetracontane, 3,5,24-trimethyl-; Tetracosane, 1-bromo-; Fumaric
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Fig. 1. GC-MS chromatogram of NHEAE
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Molecular Percent
Peaks | RT Name of compound Molecular formula | weight g/mol | quality | Percent total (peak area)
1 11.723 | Phenol, 3,5-bis(1,1-dimethylethyl)- C,,H,,0 206 75 0.60
2 12.639 | 3-Tridecene, (Z)- C,;Hyq 182 93 5.02
3 12.731 | Tridecane, 3-methyl- CHy, 198 93 1.52
4 13.691 | 1-Iodo-2-methylnonane C,oH, I 268 86 0.58
5 14.117 | Naphthalene, 1,2,3,4-tetrahydro-2,6-dimet C,H¢ 160 77 5.18
6 14.542 | 3-Tetradecene, (E)- C, Hy 196 93 15.39
7 14.624 | Tridecane, 2-methyl- C, Hy, 198 94 3.44
8 15.598 | Decane, 1-iodo- C10H21I 268 87 0.56
9 16521 | Cetene C,eH,, 224 93 14.54
10 16.600 | Pentadecane, 2-methyl- CH,, 226 95 2.92
11 17.564 | Heptadecane, 2-methyl- CgHyq 255 84 0.73
12 18.425 | 1-Pentadecene CsHy 210 94 10.36
13 18.496 | Pentadecane, 2-methyl- CH,, 226 93 235
14 19.386 | Heptadecane, 2-methyl- CgHyq 255 83 1.17
15 19.706 | Cholesta-8,24-dien-3-ol, 4-methyl-, (3.beta | C,;H, O (C,;H,,0) | 399 (385) 70 5.42
16 20.174 | n-Tetracosanol-1 C,H,, 0 355 93 7.25
17 20.238 | Heptadecane, 2-methyl- CHyq 255 89 2.07
18 20.330 | Tetracontane, 3,5,24-trimethyl- CHgg 322 70 2.17
19 20.535 | Tetracosane, 1-bromo- C,,H,,Br 418 72 1.92
20 20.900 | Fumaric acid, 8-chlorooctyl tridecyl ester | C,.H,.CIO, 445 54 0.85
21 21.234 | Bis(tridecyl) phthalate C, H, O, 531 76 0.75
22 21.871 | n-Tetracosanol-1 G, H,,0 355 92 2.69
23 21.934 | Heptadecane, 2-methyl- CHyq 255 83 0.82
24 22.240 | Heneicosane C,H,, 297 77 0.95
25 22.379 | Tetratetracontane C,,Hy, 619 80 1.72
26 22.533 | Sulfurous acid, octadecyl 2-propyl ester C,,H,,03S 377 85 5.34
27 22.819 | 2-methyltetracosane C,.H,, 353 86 1.34
28 22912 | Triacontane, 11,20-didecyl- C,oH,p, 703 88 2.33

Table 1. The results of phytochemical compounds in NHEAF from GC-MS analysis.

acid, 8-chlorooctyl tridecyl ester; Bis(tridecyl) phthalate; n-Tetracosanol-1; Heneicosane; Tetratetracontane;
Sulfurous acid, octadecyl 2-propyl ester; 2-methyltetracosane and Triacontane, 11,20-didecyl-. Additionally, the
GC-MS analysis revealed eight compounds with high percentage total quantities which are 3-Tridecene, (Z)-
(5.02%); Naphthalene, 1,2,3,4-tetrahydro-2,6-dimet (5.18%); 3-Tetradecene, (E)- (15.39%); Cetene (14.54%);
1-Pentadecene (10.36%); Cholesta-8,24-dien-3-ol, 4-methyl-, (3.beta (5.42%); n-Tetracosanol-1 (7.25%); and
Sulfurous acid, octadecyl 2-propyl ester (5.34%).

Effects of NHEAF on primary antioxidant enzymes (SOD, CAT and GPx)

Decrease in all tissue (serum, liver and kidney) SOD specific activity ensued single dose oral administration of
NaNO, (group B) was prevented with pretreatment with standard drug (group C) and different doses of NHEAF
(group D and E). No significant (p <0.05) different was observed among groups A, C, E, and F in serum SOD
specific activity. While kidney and liver SOD specific activity revealed no significant (p <0.05) different between
group A and C (see Fig. 2).

All rats pretreated with standard drug (group C) and different doses of NHEAF (group D and E) were able to
protect again decrease in serum, liver and kidney CAT specific activity (see Fig. 3) induced by single dose oral
administration of NaNO, (group B) when compared with group A (control). There were no significant (p <0.05)
different among groups A, C, D, E, and F in serum and liver CAT specific activity while kidney group F showed
significant different when compared with groups A, C, D, and E. but not as low in CAT activity when compared
with group B.

Specific activity of GPx in serum, liver and kidney revealed no significant different (p <0.05) among all
pretreatment groups (C, D, E and F) when compared with group A with the exception of kidney group C. Oral
administration of single dose of NaNO, caused a significant (p <0.05) decrease in serum, liver and kidney GPx
specific activity in the rats when juxtaposed with group A as shown in Fig. 4.

Effects of NHEAF on secondary antioxidant enzymes (GR, and y-GCL), and total ATPase

Pretreatment with standard (group C) and different doses of NHEAF (group D and E) were able to prevent
significant (p<0.05) decrease in serum, liver and kidney GR specific activity ensuing oral administration of
single dose of NaNO, when juxtaposed with group A as shown in Fig. 5. Specific activity of GR in serum, liver
and kidney revealed no significant different (p <0.05) among all pretreatment groups (C, D, E and F) when
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Fig. 2. Effects of NHEAF on serum, liver and kidney SOD activity. Bars represent mean+SEM (n=5). Bars
with different letters are significantly different at p <0.05.

compared with group A. The pretreatment effects of NHEAF on liver GR specific activity was in dose dependent
manner (Fig. 5).

Specific activity of y-GCL in serum, liver and kidney revealed no significant different (p <0.05) among all
pretreatment groups (C, D, E and F) when compared with group A with the exception of serum group C and
liver group C and E. Oral administration of single dose of NaNO, caused a significant (p<0.05) decrease in
serum, liver and kidney y-GCL specific activity in the rats when juxtaposed with group A as shown in Fig. 6.

Figure 7 depicts how pretreatment with standard (group C) and different doses of NHEAF (group D and
E) were able to prevent significant (p<0.05) NaNO, single dose induced increase in serum, with concomitant
decrease in liver and kidney total ATPase specific activity when compared with group A. There were no
significant different (p <0.05) among all pretreatment groups (C, D, E and F) when compared with group A with
the exception of serum group D. The pretreatment effects of NHEAF on serum total ATPase specific activity was
in dose dependent manner.

Effects of NHEAF on malondialdehyde (MDA) and non-enzymic antioxidant (GSH, total
thiols, vitamins C and E) levels

Figure 8 is showing how pretreatment with standard (group C) and different doses of NHEAF (group D and E)
were able to prevent significant (p <0.05) NaNO, single dose induced increase in serum, liver and kidney MDA
levels when compared with group A. The pretreatment effects of NHEAF on serum and kidney MDA levels were
in dose dependent manner.

Figure 9 depicts how pretreatment with standard (group C) and different doses of NHEAF (group D and E)
were able to prevent significant (p <0.05) NaNO, single dose induced decrease in serum, liver and kidney GSH
levels when compared with group A. There were no significant different (p <0.05) among all pretreatment groups
(C, D, E and F) with the exception of liver group D when compared with group A. The pretreatment effects of
NHEAF on liver GSH levels was in dose dependent manner.

Decrease in serum, liver and kidney TSH levels ensued single dose oral administration of NaNO, (group B)
was prevented with pretreatment with standard drug (group C) and different doses of NHEAF (group D and E).
The pretreatment effects of NHEAF on serum, liver and kidney total thiol levels were in dose dependent manner.
No significant (p <0.05) different was observed between groups A, E and F in serum total thiol concentrations.
While kidney and liver TSH levels revealed no significant (p <0.05) different between group A and F (see Fig. 10).
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Fig. 3. Effects of NHEAF on serum, liver and kidney CAT activity. Bars represent mean + SEM (n=5). Bars
with different letters are significantly different at p <0.05.

All rats pretreated with standard drug (group C) and different doses of NHEAF (group D and E) were
able to protect again decrease in serum, liver and kidney (see Figs. 11 and 12) induced by single dose oral
administration of NaNO, (group B) when compared with group A (control). There were no significant (p <0.05)
different among groups A, C, D, E, and F in serum, liver and kidney vitamin E and C levels with the exception of
group F serum vitamin E when compared with groups A.

Effects of NHEAF on relative expressions of HIF-1, Nrf-2 and NF-kB

Figure 13 is showing how pretreatment with standard (group C) and different doses of NHEAF (group D and E)
were able to prevent significant (p <0.05) NaNO, single dose induced increase in liver and kidney HIF-1 relative
expression levels when compared with group A (control). All the pretreatment effects show significant difference
when compared respectively with group A and B (negative control).

Decrease in relative expression of liver and kidney Nrf-2 ensued single dose oral administration of NaNO,
(group B) was prevented with pretreatment with standard drug (group C) and different doses of NHEAF (group
D and E). The pretreatment effects showed almost no significant (p < 0.05) difference when compared with group
A (control) as shown in Fig. 14. There was a significant (p <0.05) increase in the expression of NF-kB in group
B (NaNO, intoxicated group without prevention) when compared respectively to group A, C, D, E, and E All
pretreated groups (C, D, and E) were able to prevent up-regulation of NF-kB relative expression as depicted in
Fig. 15.

Binding affinities of best-docked NHEAF phytochemical compounds revealed by GC-MS
analysis against the active site of HIF-1 and NF-kB proteins

The in silico molecular docking revealed that nineteen (19) phytochemical compounds from NHEAF
demonstrated a significant binding affinity for the target proteins (hypoxia-inducible factor HIF-1a (PDB: 3KCY)
and nuclear factor kappa B (NF-kB; PDB: 1A3Q)), as revealed by the change in Gibbs free energy (AG) shown
in Table 2. Additionally, seven out of eight phytochemical compounds with high percentage total quantities were
able to exhibit significant binding affinities for the target proteins. The AG values in Kcal/mol for HIF-1a and
NF-«B respectively for these phytochemicals are —4.4 and —4.1 by 3-Tridecene, (Z)- (5.02%); —4.7 and —4.5 by
3-Tetradecene, (E)- (15.39%); —4.5 and — 3.2 by Cetene (14.54%); —4.7 and — 3.9 by 1-Pentadecene (10.36%); by
—8.6 and —7.6 Cholesta-8,24-dien-3-ol, 4-methyl-, (3.beta (5.42%); —5.2 and — 4.1 by n-Tetracosanol-1 (7.25%);
and —4.8 and — 3.9 by Sulfurous acid, octadecyl 2-propyl ester (5.34%).
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Fig. 4. Effects of NHEAF on serum, liver and kidney GPx activity. Bars represent mean+ SEM (n=5). Bars
with different letters are significantly different at p <0.05.

The AG values for HIF-1a ranged from —4.4 to —8.6 kcal/mol, with cholesta-8,24-dien-3-ol, 4-methyl-,
(3P) exhibiting the strongest binding affinity (-8.6 kcal/mol), significantly surpassing the reference (standard)
ligand 8-hydroxyquinoline (-5.7 kcal/mol). The phenolic compound phenol, 3,5-bis(1,1-dimethylethyl) also
showed superior affinity (-6.3 kcal/mol) compared to the reference ligand. Though there is no named reference
(standard) ligand used in the case of binding affinity against the active site of NF-kB, but AG values of NHEAF
phytochemicals ranged from —3.0 to —7.6 kcal/mol. Cholesta-8,24-dien-3-ol, 4-methyl-, (3p) showed highest
inhibitory potential (AG = -7.6 kcal/mol) followed by phenol, 3,5-bis (1,1-dimethylethyl) with a AG of —5.8 kcal/
mol among NHEAF nineteen phytochemicals that demonstrated significant binding affinities against NF-«B.

The predicted binding modes and interactions of the ligands with HIF-1a and NF-«B are presented in Fig. 16.
Cholesta-8,24-dien-3-ol, 4-methyl-, (3p) (Fig. 16A) exhibited van der Waals interactions (GLN147, SER184,
PHE207, THR196, LEU186, ASN294, LEU188, ARG238, ASP201, GLN203), Pi-Sigma interactions (ILE281,
HIS199, HIS279, TYR102), and Pi-Alkyl interactions (TRP296) with the amino acid in the active site of HIF-1a.
The ligand 3,5-bis (1,1-dimethylethyl)-phenol (Fig. 16B) formed van der Waals interaction (PHE100, THR196,
ILE281, GLN147, ARG238, ASP201, LEU186, PHE207, ASN294, HIS279), Pi-Alkyl interactions (LEU188),
and Pi-Pi T-shaped interactions (HIS199). Within the NF-«B active site, cholesta-8,24-dien-3-ol, 4-methyl-,
(3p) (Fig. 16C) formed conventional hydrogen bonds (LYS153), extensive van der Waals interactions (LEU117,
ARG156, ILE119, GLU92, ASP94, SER195, LEU209, PRO211, ARG193, ALA104, ARG103, GLN157), and Pi-
Alkyl interactions (ARG160, PHE197, PRO208) with its amino acids. The 3,5-bis(1,1-dimethylethyl)-phenol
ligand (Fig. 16D) primarily interacted via van der Waals forces (ARG103, ARG156, ARG160, ARG193, GLN157,
ALA104,LYS153, LEU117, ASP94, GLU92, ILE119), supplemented by Pi-Sigma (ILE119) and alkyl interactions.

STD (8-hydroxyquinoline) is the standard drug for HIF-1.

Discussion

Interpretation of twenty-eight peaks in the chromatogram of Ficus exasperata leaf N-hexane ethyl acetate
fraction (NHEAF) using database spectrum of known components stored in the NIST, revealed twenty-two of
medicinal importance identified named compounds which are Phenol, 3,5-bis(1,1-dimethylethyl)-; 3-Tridecene,
(Z)-; Tridecane, 3-methyl- (Tridecane, 2-methyl-); 1-Iodo-2-methylnonane; Naphthalene, 1,2,3,4-tetrahydro-
2,6-dimet; 3-Tetradecene, (E)-; Decane, 1-iodo-; Cetene; Pentadecane, 2-methyl-; Heptadecane, 2-methyl-;
1-Pentadecene; Cholesta-8,24-dien-3-ol, 4-methyl-, (3.beta; n-Tetracosanol-1; Tetracontane, 3,5,24-trimethyl-;
Tetracosane, 1-bromo-; Fumaric acid, 8-chlorooctyl tridecyl ester; n-Tetracosanol-1; Heneicosane;
Tetratetracontane; Sulfurous acid, octadecyl 2-propyl ester; 2-methyltetracosane and Triacontane, 11,20-didecyl-.
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Fig. 5. Effects of NHEAF on serum, liver and kidney GR activity. Bars represent mean + SEM (n=5). Bars with
different letters are significantly different at p <0.05.

Out of these beneficial phytochemicals, eight are with high percentage total quantities which are 3-Tridecene,
(Z)- (5.02%); Naphthalene, 1,2,3,4-tetrahydro-2,6-dimet (5.18%); 3-Tetradecene, (E)- (15.39%); Cetene
(14.54%); 1-Pentadecene (10.36%); Cholesta-8,24-dien-3-ol, 4-methyl-, (3.beta (5.42%); n-Tetracosanol-1
(7.25%); and Sulfurous acid, octadecyl 2-propyl ester (5.34%). This GC-MS results implies that NHEAF is rich in
phytochemicals of beneficial roles. This implication agreed with the work of Akinloye and Ugbaja!? that reported
fifty-one phytochemicals from Ficus exasperata leaves out of which six (Tetracontane, Tetracosane, Sulfurous
acid - butyl hexadecyl ester, Sulfurous acid - butyl tetradecyl ester, Heptadecane, and Triacontane) are similar to
this study GC-MS results.

Consumption of food additive is not actually invasive on human health but prolonged consumption
of additives like sodium nitrite without taking protecting supplements is linked to increased multiple organ
damage, cancer risks, hypoxia, altered consciousness, dysthythmias, and sometime death!*>*. Biotransformation
of sodium nitrite ingested in the body system produces reactive species (RS) and radicals that inhibit the
endogenous antioxidants defense activity and react with secondary amines producing carcinogenic organic
compounds like nitrosamine, nitrosamide and N-nitroso compounds (NNC)*-%%, The antioxidant system, both
enzymatic and non-enzymatic, continuously scavenge and maintain RS at a steady state protecting biomolecules
and maintaining cellular homeostasis®>!*?. Nrf-2 is essential for the activation of a number of intracellular
antioxidant enzymes which in turn induces endogenous antioxidant systems®**31. SOD aid the dismutation of
superoxide anions into molecular oxygen and hydrogen peroxide, while CAT and GPx further degrade hydrogen
peroxide and lipid hydroperoxides into water, and their corresponding alcohols!"?*2!. Thus, impaired activities
of antioxidant enzymes lead to accumulation of free radicals and cellular Damage>!'*%. This study found that
a single oral dose of sodium nitrite (80 mg/kg body weight) results in a reduction of relative expression of
Nrf-2 in the liver and kidneys, accompanied by a significant (p < 0.05) decrease in the activities of primary
antioxidant enzymes (SOD, CAT, and GPx) in serum, liver, and kidneys. These discoveries further corroborated
prior research findings on sodium nitrite toxicity, indicating that a single oral dose of sodium nitrite (60 mg/kg
body weight) could impair the activities of SOD, CAT, and GPx in the animal model®>.

Oxidative stress, generated by an imbalance between the action of prooxidant molecules and cell antioxidant
systems, is one of the most relevant factors responsible for the impairment of normal cellular functions?>*. The
depletion noted in the antioxidant system may come from heightened activity to either inhibit or neutralise
the reactive metabolites produced by sodium nitrite. In contrast to the toxicant group, pre-treatment of the
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Fig. 6. Effects of NHEAF on serum, liver and kidney y-GCL activity. Bars represent mean = SEM (n=5). Bars
with different letters are significantly different at p <0.05.

experimental rats with NHEAF at varying doses (30 and 60 mg/kg body weight) effectively prevented the
disruption in antioxidant defence (Nrf-2 expression and primary antioxidant enzyme activities) induced by
sodium nitrite intoxication. These data imply that NHEAF administration can augment the body’s antioxidant
defence system against excessive reactive species formation. These discoveries agree with the work of Ansari etal.®
that pretreatment with carnosine (a natural dipeptide) and N-acetylcysteine (derivative of cysteine) significantly
prevents decrease antioxidant enzymes (SOD, CAT and GPx) activities, thereby strengthening cellular defense
against oxidative damage induced by a single oral dose of sodium nitrite (60 mg/kg body weight) toxicity. Also,
Adewale et al.! documented that curcumin isolated from the turmeric plant was able to protect against a single
oral dose of sodium nitrite (60 mg/kg body weight)-induced decrease antioxidant enzymes (SOD, CAT and
GPx) activities.

Physiological concentrations of nitrite play vital role in the normal functioning of the body system, but
increased exposure causes adverse health effects»®3%. Excessive intracellular nitrite can induce oxidative/
nitrosamine stress, by impairing the cellular antioxidant defense systems, decreasing the antioxidant power,
and compromising the ability of the cell to defend against oxidative damage!>>%%*. Ansari et al.* reported that
the rate at which sodium nitrite toxicity deplete the concentration of kidney GSH and total thiols were directly
proportional to the concentration of single dose sodium nitrite used. It has been documented that the lowering
of GSH levels ensued sodium nitrite toxicity can be attributed to decreased GR activity and RS-mediated direct
oxidation of sulthydryl groups of GSH*®. Total thiols are important components of the antioxidant defense
system and their depletion will weaken the first line of cellular protection against oxidants™!*?2, GSH which its
homeostasis depends of activities of secondary antioxidant enzymes (GR, and y-GCL) maintains thiol redox
potential in cells, detoxifies xenobiotics, and works as an efficient oxygen radical scavenger'*?*?2, GR catalyzes
the reduction of glutathione disulfide (GSSG) to the sulthydryl form GSH, while y-GCL is the rate limiting
enzyme in de novo production of GSH. Hence perturbations of the secondary antioxidant enzyme will also
distort the antioxidant defense system of any cell in resisting oxidative stress'>*>?2. NHEAF enhancement
of antioxidant defense system against sodium nitrite-induced oxidative stress by preventing significant (p <
0.05) decrease in GSH and total thiols levels and activities of GR, and y-GCL further supported the findings in
this study. These findings agree with the findings of Ansari et al.> that pretreatment with carnosine (a natural
dipeptide) and N-acetylcysteine (derivative of cysteine) significantly prevents decrease in total thiols, GSH and
GR ensued single oral dose of sodium nitrite (60 mg/kg body weight) toxicity.
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Previous researchers have documented that sodium nitrite toxicity inactivated membrane-bound enzymes
and induced exhaustion of the antioxidants capacity ultimately increasing the porosity of the membrane ensued
from lipid peroxidation!*33, MDA one of lipid peroxidation products is used as a biomarker for radical-
induced damage of biological membranes!®?°. The transport of organic and inorganic solutes across the luminal
membrane of kidney cells is an important function and largely depends upon ATPase activity. Hence, a decline
in the activity of this enzyme would lead to derangement in the primary function of nephrons which would
impair overall balance of solutes and ions in the body system®*. Ansari et al.* also discovered increase in MDA
with concomitant decrease in total ATPase levels ensued sodium nitrite toxicity in a dose dependent manner.
Ansari et al.? then suggested that the lowered ATPase activity due to sodium nitrite toxicity reflected damaged
of kidney cells basolateral membranes. The protective effects of NHEAF (group D and E) against single oral
dose sodium nitrite-induced increase in MDA levels and serum ATPase, with concomitant decrease in liver
and kidney total ATPase specific activity when compared with the control (group A) further justifies NHEAF
enhancement of antioxidant defense system against sodium nitrite-induced oxidative/nitrosative stress. This
justification supports previous researchers reports that pretreatment with carnosine and N-acetylcysteine’,
curcumin isolated from the turmeric plant! was able to protect against single dose of sodium nitrite-induced
depletion of GSH with concomitant increase in MDA levels.

Depletion of GSH alongside vitamin E and C levels signified increased consumption of nonenzymic
antioxidants to curb excess RS and protect other cellular constituents from oxidative damage!*?*. Vitamin C, an
important aqueous-phase antioxidant acts as a key regulator of gene transcription and peroxide processing'®. In
addition, Vitamin E which is a major membrane-bound antioxidant serve in scavenging the intracellular reactive
oxygen and nitrogen species thereby reducing lipid peroxidation and membrane damage!*?>. Both vitamin
C and E are essential micronutrient required for normal metabolic functioning of the body'>. The observed
declination in the vitamin C and E levels could have been as a result of exhaustion of the vitamins levels in
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reducing the production of nitrosamine from sodium nitrite toxicity. This observation justifies the statement
of Jafari et al.® that depletion of vitamin E is not only ensued from increased tissue demand for vitamin E to
neutralize free radicals in the body system but associated with induction of increase nitric oxide species and
decrease of antioxidant enzyme. Also, the report of Akinloye et al.!* that decrease in vitamins C and E levels due
to excess alcohol administration that corresponded with a decrease in tissue GSH levels ensued from high levels
of GSH utilisation in conjunction with the low rate of its regeneration and synthesis. Nevertheless, pre-treatment
with NHEAF at different doses (30 and 60 mg/kg body weight) was able to prevent sodium nitrite-induced
depletion of both vitamin C and E. These results additionally confirm that NHEAF pretreatment can enhance
antioxidant defense system against sodium nitrite-induced RS generations.

Inflammation plays a key role in the physiological response to hypoxic stress!”. Hypoxia-inducible factor
(HIF) a prime controller for cellular oxygen homeostasis which is essential for maintaining oxygen homeostasis
in hypoxic situations, is a heterodimeric transcription factor that is made up of two helix-loop-helix proteins,
HIF-a and HIF-B7%1732, HIF-1 acts as transcription factors mediating the hypoxic response in cells and tissues
and direct upregulation glycolytic enzymes”!”. Additionally, cells to tissue hypoxia condition (upregulation of
HIF-1) are concurrently accompanied with inflammation (increase in expression of NF- kB) responses and
increase in extent of lipid peroxidation (increase in MDA levels) of cell membranes'>”'”. NF-kB is a transcription
factor that suppresses expression of pro-inflammatory cytokines, thereby preventing proper regulations of
inflammatory cascade and NF-kB activation increased the levels of RS generation that confers damages to the
body system®!. In this study it was observed that pretreatment with different doses of NHEAF were able to prevent
up-regulation of HIF-1 and NF-kB relative expressions induced by sodium nitrite intoxication. These implies
that NHEAF beneficial phytochemicals revealed by GC-MS analysis might have synergistically modulated
the excessive expressions of these proteins (HIF-1 and NF-kB) induced by sodium nitrite intoxication. These
observations corroborated with the study of Al-Rasheed et al.” that quercetin (a flavonoid) is responsible for
tissue protection against sodium nitrite induced-hypoxia (subcutaneously single dose of 75 mg/kg body weight)
through its down -regulation of immuno-inflammatory mediators.

This study in silico aspect discovered that cholesta-8,24-dien-3-ol, 4-methyl-, (3p) and phenol, 3,5-bis(1,1-
dimethylethyl) are the best-docked NHEAF phytochemicals with great potentials in modulating expressions
of HIF-1 and NF-«B proteins. It has been documented that cholesta-8,24-dien-3-ol, 4-methyl-, (3p) is a sterol
(terpenoids) belonging to a class called isoprenoids, while phenol, 3,5-bis(1,1-dimethylethyl) is a phenolic
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Fig. 9. Effects of NHEAF on serum, liver and kidney GSH levels. Bars represent mean + SEM (n=5). Bars with
different letters are significantly different at p <0.05.

compound!?163334 The detailed binding mode analyses in this study revealed that for HIF-1, cholesta-8,24-
dien-3-ol, 4-methyl-, (3B) was stabilized via extensive van der Waals, Pi-Sigma, and Pi-Alkyl interactions with
key residues, whereas the phenolic ligand was mainly involved in van der Waals, Pi-Alkyl, and Pi-Pi T-shaped
interactions. Moreso, within the NF-«B active site, similar binding interactions were observed; the cholesta-
derivative formed conventional hydrogen bonds with LYS153 and additional hydrophobic contacts, while the
phenolic compound primarily engaged through van der Waals forces, supplemented by Pi-Sigma and alkyl
interactions. The discoveries from the molecular dockings are consistent with previous research that genistein (a
flavonoid) possessing a rigid cyclic framework and hydrophobic substituents tend to exhibit enhanced inhibiting
interaction with hypoxia-inducible targets®%. Also, with previous reports that squalene (a terpenoid) and total
phenolic compounds present in Ficus exasperata leaf are one of the remarkable bioactive substances that is
responsible for wide spectrum beneficial role of different kind of the plant leaf extract!>16.

One could propose that the prevention mechanism of oxidative or nitrosative stress is not only by synergistic
actions of NHEAF phytochemicals in protecting against sodium nitrite induced systemic tissue hypoxia and
inflammation (downregulation or modulation of HIF-1 and NF-kB excessive expressions); but might be by the
abundance action of cholesta-8,24-dien-3-ol, 4-methyl-, (3p) since this particular phytochemical revealed best-
docked great potentials in modulating expressions of HIF-1 and NF-kB proteins. One could further suggest
that these NHEAF phytochemicals might have facilitated oxygen reaching the cellular level, thereby improving
system function through aerobic metabolism and preventing cellular oxidative stress that ensues in hypoxic
conditions. Also, these proposed mechanisms might be related to NHEAF phytochemicals preventing the
consumption of total thiols and GSH precursors, as well as other vital nutrients, and to the maintenance of both
primary and secondary antioxidant enzymes in regulating cellular redox homeostasis.

Limitations of the study

This research did not isolate the particular terpenoid (cholesta-8,24-dien-3-ol) from Ficus exasperata leaves
to protect against sodium nitrite-induced hypoxia, oxidative stress and membrane peroxidation. However,
this research uses Ficus exasperata leaves terpenoid enriched fraction (Ficus exasperata leaf N-hexane ethyl
acetate fraction (NHEAF)) to protect against sodium nitrite induced hypoxia, oxidative stress and membrane
peroxidation furthering validating previous reports that present of terpenoid (squalene) in Ficus exasperata leaf
is one of the remarkable bioactive substances responsible for broad spectrum beneficial role of different kind of
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Fig. 10. Effects of NHEAF on serum, liver and kidney TSH levels. Bars represent mean + SEM (n=5). Bars
with different letters are significantly different at p <0.05.

Ficus exasperata leaf extract. Highlighting natural remedies of Ficus exasperata leaves to address oxidative stress,
inflammation and cytotoxicity by serving as a phytotherapy for the control, prevention, and management of
diseases and disorders.

Conclusion

In conclusion, this study demonstrated that oral pretreatment of Ficus exasperata leaf N-hexane ethyl acetate
fraction (NHEAF) which is rich in cholesta-8,24-dien-3-ol, 4-methyl-, (3p) (a terpenoid) was able to protect
against sodium nitrite induced hypoxia, oxidative stress and membrane peroxidation. Thus, Ficus exasperata
enrich cholesta-8,24-dien-3-ol, 4-methyl-, (3B) fraction could serve as an effective natural prophylactix or
remedy for sodium nitrite-induced toxicity.
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Fig. 11. Effects of NHEAF on serum, liver and kidney vitamin E levels. Bars represent mean + SEM (n=5).
Bars with different letters are significantly different at p <0.05.
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Fig. 12. Effects of NHEAF on serum, liver and kidney vitamin C levels. Bars represent mean + SEM (n=5).
Bars with different letters are significantly different at p <0.05.
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Fig. 13. Effects of NHEAF on liver and kidney HIF-1 relative expression. Bars represent mean + SEM

(n=5). Bars with different letters are significantly different at p <0.05. Where A = control (olive oil),
B=NaNO,, C=NaNO, (Vitamin E 100 mg/kg bwt and Omega-3 essential fatty acid (72 mg Eicosapentaenoic
acid (EPA) +48 mg Docosahexaenoic acid (DHA)/kg bwt)), D=NaNO, + 30 mg/kg bwt NHEAFE,

E=NaNO, + 60 mg/kg bwt NHEAF and F =60 mg/kg bwt NHEAF.
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Fig. 14. Effects of NHEAF on Liver and Kidney Nrf-2 relative expression. Bars represent mean = SEM

(n=5). Bars with different letters are significantly different at p <0.05. Where A = control (olive oil),
B=NaNO,, C=NaNO, (Vitamin E 100 mg/kg bwt and Omega-3 essential fatty acid (72 mg Eicosapentaenoic
acid (EPA) +48 mg Docosahexaenoic acid (DHA)/kg bwt)), D=NaNO, + 30 mg/kg bwt NHEAE,

E=NaNO, +60 mg/kg bwt NHEAF and F =60 mg/kg bwt NHEAF.
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Fig. 15. Effects of NHEAF on Liver and Kidney NF-«B relative expression. Bars represent mean + SEM
(n=5). Bars with different letters are significantly different at p <0.05. Where A = control (olive oil),
B=NaNO,, C=NaNO, (Vitamin E 100 mg/kg bwt and Omega-3 essential fatty acid (72 mg Eicosapentaenoic
acid (EPA) +48 mg Docosahexaenoic acid (DHA)/kg bwt)), D=NaNO, + 30 mg/kg bwt NHEAE,

E=NaNO, +60 mg/kg bwt NHEAF and F =60 mg/kg bwt NHEAF.
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S/N | NHEAF Phytochemicals/Standard drug | Docking score for HIF-1 (AG Energy (Kcal/mol)) | Docking score for NF-kB (AG Energy (Kcal/mol))
1 Phenol, 3,5-bis(1,1-dimethylethyl)- -6.3 -5.8
2 3-Tridecene, (Z)- —4.4 —4.1
3 Tridecane, 3-methyl- -5.1 —4.2
4 1-Iodo-2-methylnonane -4.7 -39
5 3-Tetradecene, (E)- -4.7 —4.5
6 Tridecane, 2-methyl- -5.3 -3.8
7 Decane, 1-iodo- —4.6 -3.7
8 Cetene -4.5 -3.2
9 Pentadecane, 2-methyl- —4.7 -43
10 Heptadecane, 2-methyl- 4.7 -3.7
11 1-Pentadecene -4.7 -39
12 Cholesta-8,24-dien-3-ol, 4-methyl-, (3.beta | —8.6 -7.6
13 | Fumaric acid, 8-chlorooctyl tridecyl ester | —5.0 -4.2
14 n-Tetracosanol-1 -5.2 —4-1
15 Heneicosane -4.9 -3.6
16 Tetratetracontane -4.5 -3.0
17 Sulfurous acid, octadecyl 2-propyl ester -4.8 -39
18 2-methyltetracosane -4.7 -3.8
19 Triacontane, 11,20-didecyl- —4.6 -3.8
STD | 8-hydroxyquinoline -5.7

Table 2. Binding affinities of best-docked NHEAF phytochemical compounds revealed by GC-MS analysis

against the active site of HIF-1 and NF-«B proteins.
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Fig. 16. 3D (left) and 2D (right) views of the molecular interactions of amino-acid residues of HIF-1 with (A)
Cholesta-8,24-dien-3-ol (B) Phenol. 3D (left) and 2D (right) views of the molecular interactions of amino-acid
residues of NF-kB with (C) Cholesta-8,24-dien-3-ol (D) Phenol.
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