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Highlights

e The three isolated compounds (obliquumol, lupeol and B-amyrin mixture, and
eranthin) had promising 15-LOX inhibitory activity with LCso which were comparable
to the positive control quercetin.

e Eranthin had the most promising anti-inflammatory activity with good percentage
inhibition of NO production in LPS-induced RAW 264.7 cells and with good cell
viability.

Abstract

Ptaeroxylon obliquum is used traditionally to treat inflammatory diseases and related
symptoms such as arthritis, rheumatism, fever and headache. The aim of the study was to
determine the anti-inflammatory activities of the crude extracts, fractions and isolated
compounds from P. obliquum leaves. Nitric oxide (NO) production in lipopolysaccharide
(LPS)-induced RAW 264.7 macrophages and soybean 15-lipoxygenase (15-LOX) inhibitory
assays were used to evaluate the anti-inflammatory activity. The acetone crude extracts and
fractions had weak 15-LOX inhibitory activity and also had some toxicity against the RAW
264.7 macrophage cells. The three isolated compounds, obliquumol, lupeol and B-amyrin
mixture, and eranthin had good 15-LOX inhibitory activity with 1Csg values ranging from 7.4
to 13.9 pg/mL which was in the same order as the positive control quercetin (2.1 pug/mL).
The high percentage inhibition of NO production by the crude extracts, fractions and
isolated compounds appeared to be due to the toxicity to the macrophage cells. Eranthin
had the most promising activity with 71.1% inhibition and 89.1% cell viability at a 0.5 pug/mL
concentration. The 15-LOX inhibitory activity of obliquumol, lupeol and B-amyrin mixture
and eranthin may explain the traditional uses of P. obliquum to treat various inflammatory
diseases even though the possibility that the anti-inflammatory activity might still be
exerted through other inflammatory mechanisms.
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Abbreviations

(MeOH) - Methanol; (H20) - water; (SANBI) - South African National Biodiversity Institute;
(DMSO) - dimethyl sulphoxide; (AIDS) - Acquired immunodeficiency syndrome; (NO) - nitric
oxide; (DMEM) - Dulbecco's Modified Eagle's Medium; (LPS) - lipopolysaccharide; (4,5-
dimethylthiazol-2-yl)-2, 3-; (MTT) - 5-diphenyl tetrazolium bromide; (15-LOX) - 15-
lipoxygenase

1. Introduction

Inflammation can be defined as an innate protective response of cells/tissues of the body to
allergic or chemical irritation, injury and/or invasion by pathogens (Calixto et al., 2003;
Iwalewa et al., 2007; Muniandy et al., 2018). Inflammation is a hallmark of many diseases
and disorders, and its persistence may lead to various degenerative diseases. It is associated
with acute and chronic inflammation in diseases such as rheumatoid arthritis,
atherosclerosis, type-2 diabetes, sepsis, heart diseases, Alzheimer's, asthma, Acquired
Immunodeficiency Syndrome (AIDS), cancer, congestive heart failure, multiple sclerosis,
gout, inflammatory bowel disease (IBD), aging and other neurodegenerative central nervous
system depressions (O'Byrne and Dalgleish, 2001; Dalgleish and O'Byrne, 2002; Tilg and
Moschem, 2006). It is characterized by pain, heat, redness, swelling and loss of function that
result from dilation of the blood vessels leading to an increased intercellular spaces resulting
in the movement of leukocytes, protein and fluids into inflamed regions (Parham, 2000).
These changes in the affected tissue serve to reduce the effects of the injury thereby
limiting the threat to the body (Levine and Reichling, 1999). As the body recognizes the
injury and prepares to repair the damage, chemical mediators are released in response to
the problem that binds to specific target receptors on the cells. Pro-inflammatory mediators
are substances released as plasma proteins or from cells like mast cells, platelets,
neutrophils and monocytes/macrophages that promote inflammation. Examples of pro-
inflammatory mediators include NO, prostaglandins, leukotrienes, vasoactive amines and
cytokines (lwalewa et al., 2007).

Macrophages play an important role in the generation of pro-inflammatory mediators like
Nitric oxide (NO). NO is a short lived free radical gas which is synthesized by the enzyme
nitric oxide synthase (Heras et al., 2001). After stimulation with bacterial LPS, many cells
including macrophages express inducible nitric oxide synthase (iNOS) which is responsible
for the production of high level of NO and plays an important role in immunoregulation.
Overproduction of NO can result in tissue destruction and immunological and inflammatory
diseases (Xie et al., 1994; Saha et al., 2004). Substances that can inhibit NO release have
potential therapeutic effects for inflammatory diseases (Chen et al., 2014).

Lipoxygenase are the most studied and considered to be key enzymes in the biosynthesis of
leukotrienes which play an important role in pathophysiology for number of inflammatory
diseases (Roussaki et al., 2010; Attiq et al., 2018). Lipoxygenase are expressed in epithelial,
tumor and immune cells that show variety of physiological functions, including inflammation



and skin disorders (Singh and Rao, 2019). Mammalian lipoxygenases are classified as 5-, 12-
and 15-LOX depending on the position of oxygen insertion into the arachidonic acid
(Schneider and Bucar, 2005). They are expressed in a tissue-specific fashion in humans; 15-
LOX is mainly expressed in reticulocytes, eosinophils, and microphages (Klil-Drori and

Ariel, 2013). There is a pressing need to develop specific inhibitors of 15-LOX in order to
manage inflammatory diseases. Soybean lipoxygenase are used in many assays to detect
potential substances which might act as inhibitors on mammalian lipoxygenase because
they also catalyze oxidation of linoleic acid, arachidonic acid and other unsaturated fatty
acids (Komoda et al., 2004; Kumari et al., 2011).

Many anti-inflammatory drugs that have been used successfully over the years in the
treatment of various inflammatory related diseases are classified as steroidal or non-
steroidal chemical therapeutics. Unfortunately, some of these drugs have severe and
adverse side effects and long term administration is frequently required to treat chronic
inflammation (Conforti et al., 2008). Plants have been used for centuries to treat many
diseases including inflammatory diseases or related symptoms. Ptaeroxylon obliquum
(Thunb). Radlk a member of the Rutaceae family commonly known as sneezewood is
traditionally used in southern Africa to treat a wide range of diseases including
inflammation-related diseases and symptoms such as arthritis, rheumatism, fever and
headache (lwalewa et al., 2007; Moyo and Masika, 2009; Ribeiro et al., 2010;

Ramadwa et al., 2021). Isolated compounds from medicinal plants may have a potential to
serve as template for the synthesis of novel anti-inflammatory agents with high
pharmacological activity and fewer side effects. The aim of this study was to determine the
anti-inflammatory activity of P. obliquum leaf extracts, fractions and isolated compounds as
potential inhibitors of 15-LOX and LPS-induced NO production from RAW 264.7 macrophage
cells.

2. Materials and methods
2.1. Plant selection, collection, storage and extraction

The plant leaves of P. obliquum used in this study were collected from trees growing in the
Pretoria National Botanical Garden of SANBI in the summer season. The leaves were
collected in open woven orange bags, dried at room temperature in the shade and
powdered using a mill. The powders were stored in closed containers in the dark until
needed. Voucher specimens were prepared and kept at the HGW Schweikert Herbarium of
the University of Pretoria (PRU 96709).

2.2. Preparations of the crude extracts, fractions and isolated compounds

The plant collection, extraction procedure and isolation of bioactive compounds were
carried out as described and led to isolation of obliquumol, lupeol and B-amyrin mixture,
and eranthin from P. obliquum acetone leaf extract (Ramadwa et al., 2019). Our further
studies on the synthesis of obliquumol and its derivatives revealed that the correct structure
of obliquumol is not the angular compound (eranthin acetate) with excellent antifungal
activity as previously reported (van Wyk et al., 2018), but the linear isomer ptaeroxylinol
acetate (Malefo et al., 2020). The acetone crude extracts, the five fractions (hexane,



chloroform, 30% H,0 in methanol (MeOH), butanol and H,0O fractions), and the isolated
pure compounds obliquumol, lupeol and B-amyrin mixture, and eranthin were reconstituted
in dimethyl sulphoxide (DMSO) for the anti-inflammatory assays.

2.3. Anti-inflammatory assays

The anti-inflammatory activities of P. obliquum leaf extracts, fractions and its bioactive
compounds were evaluated on the basis of their ability to inhibit 15-LOX, NO production
inhibiting effect in LPS activated RAW 264.7 macrophages and the cellular viability.

2.3.1. Soybean lipoxygenase inhibition assay

The assay was performed according to previously described procedure (Pinto et al., 2007)
with slight modifications. The assay is based on the formation of the complex Fe3* xylenol
orange with absorption at 560 nm. The 15-LOX from Glycine max was incubated with the
tested samples at 25 °C for 5 min. Linoleic acid (final concentration, 140 mM) in Tris—HCI
buffer (50 mM, pH7.4) was added and the mixture was then incubated at 25 °C for 20 min in
the dark. The assay was terminated by the addition of 100 mL of FOX reagent [sulphuric acid
(30 mM), xylenol orange (100 mM), iron (Il) sulfate (100 mM), methanol/water (9:1)]. The
standard inhibitor quercetin was used as a positive control and DMSO as the negative
control. The 15-LOX inhibitory activity was evaluated by calculating the percentage of the
inhibition of hydroperoxide production from the changes in absorbance values at 560 nm
after 30 min at 25 °C. The% Inhibition= [(Absorbance of control -Absorbance of test
sample)/Absorbance control] x 100. The results were expressed as ICso values which were
defined as the test extracts, fractions and compounds concentration necessary to produce
50% inhibition of hydroperoxide-release.

2.3.2. Nitric oxide (NO) inhibition assay

2.3.2.1. Cell culture

The RAW 264.7 cells were grown in plastic culture flask in Dulbecco's Modified Eagle's
Medium (DMEM) with phenol red containing HEPES, I-glutamine supplemented with 10%
foetal bovine serum (FBS) and 1% antibiotic/antimycotic solution (Gibco/BRL) under 5% CO>
at 37 °C. After 4-5 days cells were removed from the culture flask by scraping and
centrifuged for 10 min at 3000 rpm at 4 °C. The medium was then removed and the cells
were resuspended with fresh DMEM without phenol red containing HEPES, I-glutamine with
same supplements. Cell counts and viability was performed using a standard Trypan blue
cell counting technique. The cell concentration was adjusted to 10° cells/mL in the same
medium. Apart from the normal cell controls all cells were cultured in the above media (50
uL) which was used when containing 10 ug/mL of LPS seeded into wells of 96-well tissue
culture microtitre plates. Then, 50 pL of serially diluted samples in media containing DMSO
were dispensed into wells of the cell plates to yield a final concentration of DMSO at 0.1%
per well. Samples were used in triplicate cells and then incubated for 24 h at 37 °C, 5% CO;
in a fully humidified incubator. Controls used included media only, cells in media containing
LPS and 0.1% DMSO.



2.3.2.2. Effects on production of NO in LPS-stimulated macrophage RAW 264.7 cells

The stable conversion product of NO, nitrite (NO?") was measured using the Griess reagent
to determine the NO concentration (Chi et al., 2001). After 24 h incubation 50 L of
supernatant from each well of cell culture plates were transferred into 96-well microplates
and equal volume of Griess reagent (1% sulphanilamide, 0.1% N-(1-naphthyl)-ethyline
diamine hydrochloride, 2.5% phosphoric acid) was then added to the supernatant at room
temperature. The absorbance at 550 nm was determined in a BioTek Synergy microplate
reader after 10 min. The concentrations of nitrite were derived from regression analysis and
sodium nitrite was used as a standard. Percentage inhibition was calculated based on the
ability of the tested samples to inhibit nitric oxide formation by cells compared with the
control (cells in media without samples containing triggering agents) and DMSO, which were
considered as 0% inhibition.

2.3.2.3. Measurement of cell viability

To determine whether NO inhibition was a result of false positives due to cytotoxic effects, a
cytotoxicity assay was also performed on macrophage RAW 264.7 cells according the
method described by Heras et al. (2001). After removal of media, the cells were topped up
with 100 pL complete DMEM. To each well 20 pL of 5 mg/mL 3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) in PBS 7.2 was added. The cells were incubated at 37
°C with 5% CO; for 4 h. The medium was then carefully removed and the formed formazan
salts were dissolved in DMSO. The absorbance was read at 570 nm. The absorbance of
formazan formed in control (cells without the tested samples containing LPS, and DMSO)
cells were taken as 100% viability.

3. Results and discussion

3.1. Lipoxygenase inhibitory activity of the acetone extracts, fractions, and isolated
compounds from P. obliquum

The 15-LOX enzyme is key in leukotriene biosynthesis and catalyzes the first steps in the
conversion of arachidonic acid to biologically active leukotrienes which are considered as
potent mediators of inflammatory and allergic reactions and are important in the treatment
of inflammation-related diseases (Schneider and Bucar, 2005). The crude extracts and five
fractions had weak inhibitory activity with 1Cso values of 1.61 mg/mL and 2.55-12.43 mg/mL
respectively (Table 1). The fractionation of the crude extract resulted in reduced 15-LOX
inhibitory activity since all the fractions had ICso >1.61 mg/mL of the crude extract. The
lipoxygenase activity was associated with the non-polar compounds with very low activity in
the water extract.



Table 1. Inhibition (ICso) of 15-LOX by the acetone crude extracts, fractions and isolated compounds from P.
obliquum.

Samples 15-lipoxygenase I1Cso (mg/mL)

Crude extract 1.61
Hexane fraction 2.55
Chloroform fraction 3.03
30% H,0 in MeOH fraction | 5.24
Butanol fraction 6.55
Water fraction 12.43
Obliquumol 0.0139
Lupeol & B-amyrin mixture | 0.0074
Eranthin 0.0075
Quercetin 0.0021

The three isolated compounds (obliquumol, lupeol and B-amyrin mixture and eranthin) from
the non-polar fraction had good inhibitory activity with 1Csg values ranging from 0.0074 to
13.9 mg/mL which were comparable to that of the positive control, quercetin

(0.0021 mg/mL). The lupeol and B-amyrin mixture and eranthin had the best inhibitory
activity with ICso values of 0.0074 mg/mL and 0.0075 mg/mL, respectively. Lupeol is known
to modulate the expression of several inflammation-associated molecules such as soybean
15-LOX, macrophages, prostaglandin, cytokines, myeloperoxidase, tumor necrosis factor,
interleukin, and T-lymphocytes (Akihisa et al., 1996; Vidya et al., 2002; Fernandez et al.,
2001a, 2001b; Moreira et al., 2001; Bani et al., 2006; Ding et al., 2009; Nguemfo et al.,
2009). This study reports for the first time the 15-LOX inhibitory activity of P. obliquum
acetone leaf extract, fractions and the two isolated bioactive compounds (obliquumol and
eranthin).

3.2. Inhibition of nitric oxide production from LPS-induced RAW 264.7 cells by the crude
extract, fractions and isolated compounds from P. obliquum

NO are key mediators for the pathogenesis of rheumatoid arthritis and inflammation-
related diseases. The inhibition of NO is an important strategy for the treatment of these
inflammatory conditions and consequently, we evaluated the anti-inflammatory activity of
the crude extract, fractions and isolated compounds from P. obliquum leaves using exposure
to LPS-induced macrophage RAW264.7 cell line. This method usually involves the
simultaneous evaluation of the crude extracts, fractions or isolated compounds for their
potential cytotoxicity. The results are carefully interpreted by taking cytotoxicity results into
consideration to indicate that the resultant anti-inflammatory activity is not due to a
cytotoxic effect (Adebayo and Amoo, 2019). The crude extracts, fractions and compounds
had high percentage of inhibition on nitric oxide production in induced cells. However, it
appeared as if the high percentage of inhibition may have been as a result of toxicity of the
crude, fractions and compounds on the macrophages (Table 2). The crude extracts and
fractions had some level of toxicity in all the concentrations tested with the highest cell
viability of only 66.8%. The crude extract together with hexane and chloroform fractions led
to cell viability of less than 3% and 30% H,0 in MeOH fraction led to 14.6% cell viability at
the highest concentration tested. The crude extract had a 77.8% inhibition when tested at
30 pg/mL concentration, but there was only 47.6% cell viability. The same trend was
observed on all the five fractions at 30 pg/mL and 10 pg/mL concentrations where there



was good percentage of inhibition but poor cell viability. Obliquumol had 85.2-81.8%
inhibition at concentrations from 20 to 2 ug/mL with cell viability ranging from 33.2 to 67%
cell viability. Lupeol and B-amyrin mixture had 74.2% inhibition with 55% cell viability at the
highest concentration pg/mL. Eranthin had the most promising activity compared to all the
samples tested in the study with good percentage of inhibition (71.1%) and cell viability
(89.1%) at 0.5 pg/mL concentration. Quercetin (Positive control) had cell viability ranging
from 77.1% to 92.4% when tested at 5-0.5 pug/mL concentrations. Previous studies on
obliguumol indicated that it was not toxic against both Vero African green monkey kidney
cell and human liver (C3A) cell at the highest concentration tested of 200 pg/mL and had
good selectivity index values against C. albicans and Cryptococcus neoformans

(Ramadwa et al., 2021). No report in the literature was found on the inhibitory activity of P.
obliguum acetone leaf extract, fractions and the two pure compounds (obliquumol and
ptaeroxylinol) on NO production in LPS-activated RAW 264.7 cells.

Table 2. Inhibitory effects of the crude extract, fractions and isolated compounds from P. obliquum on NO
production in LPS-induced RAW 264.7 cells and their viability against macrophage RAW 264.7 cells.

Samples Concentration (ug/mL) | NO Inhibition (%) | Cell viability (%)
Crude extract 100 80.7 1.7
30 77.8 47.6
10 69.7 48.5
2 36.9 50.2
Hexane fraction 100 80.5 2.1
30 79.4 51.9
10 72.8 53.5
2 41.3 66.8
Chloroform fraction 100 83.3 2.7
30 83.2 44.2
10 80.9 49.2
2 44.2 53.3
30% H,0 in MeOH 100 83.7 14.6
30 79.2 55.2
10 71.4 59.9
2 29.4 61.3
Butanol fraction 100 82.2 44.8
30 77.3 545
10 48.8 58.1
2 9.8 63.0
Water fraction 100 76.1 40.7
30 55.5 43.6
10 36.3 435
2 9.8 49.5
Obliquumol 20 85.2 33.2
5 82.9 59.7
2 81.8 65.0
0.5 64.0 67.0
Lupeol & B-amyrin mixture | 20 74.2 55.0
5 49.0 62.2
2 26.5 65.0
0.5 12.9 74.5
Eranthin 20 85.0 38.9
5 84.0 50.8




2 82.4 55.3
0.5 71.1 89.1
Quercetin 20 72.5 48.2
5 63.2 77.1
2 42.0 81.9
0.5 11.0 92.4

4, Conclusion

P. obliquum is traditionally used to treat various ailments including inflammatory diseases or
inflammatory related symptoms. There were reasonable activities in the non-polar fractions
but very low activities in the polar fractions of leaf extracts. If traditional leaders have
mainly water available as extractant, it is difficult to reconcile the efficacy with our results.
The P. obliquum acetone leaf extract and fractions had weak 15-LOX inhibitory activity and
also had some toxicity against the macrophages. The three isolated compounds had
promising 15-LOX inhibitory activity with LCso which were comparable to the positive
control quercetin. The 15-LOX inhibitory activity of obliquumol, lupeol and B-amyrin mixture
and eranthin may explain the traditional uses of P. obliquum to treat various inflammatory
diseases. The NO production inhibition by the crude extracts, fractions and compounds
seems to be due to its cytotoxic effects to macrophages. Eranthin the deacetylated form of
obliguumol had the most promising anti-inflammatory activity with good percentage
inhibition of NO production in LPS-induced RAW 264.7 cells and with good cell viability. The
possibility that the anti-inflammatory activity of P. obliquum acetone leaf extracts and
fractions might still be exerted through other mechanisms such prostaglandins, vasoactive
amines and cytokines which were not investigated in this study cannot be ruled out. This is
the first report on the anti-inflammatory activities of P. obliquum acetone leaf extracts,
fractions and isolated compounds against 15-LOX and NO production in LPS-induced
macrophage. Another explanation for the efficacy of the traditional use may be due to the
use of bark and also possibly the application as a snuff leading to the common name of
sneezewood. It does not appear as if the antifungal compounds present in leaves play a
major role in the anti-inflammatory activity of P. obliquum products (Fig. 1).
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Fig. 1. The structures of the isolated obliquumol, lupeol and B-amyrin mixture and eranthin isolated from P.
obliguum leaf extracts evaluated for anti-inflammatory activity.
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