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Abstract

Background: Lippia javanica (lemon bush) is commonly used in the treatment of respiratory ailments, including
asthma in southern African countries but there is no scientific evidence to support this claim. This study
investigated the anti-inflammatory, antioxidant and anti-asthmatic effects of L. javanica using a rat model of asthma.

Methods: A 5% w/v L. javanica tea infusion was prepared and characterised by liquid chromatography-mass
spectrometer (LC-MS). Animals were intraperitoneally sensitized with ovalbumin (OVA) and subsequently challenged
intranasal with OVA on day 15 except the control group. Animals were grouped (n = 5/group) for treatment:
unsensitised control, sensitised control, sensitised + prednisolone and sensitised + L. javanica at 50 mg/kg/day and
100 mg/kg/day - equivalent to 1 and 2 cups of tea per day, respectively. After 2 weeks of treatment,
bronchoalveolar lavage fluid (BALF) was collected for total and differential white blood cell (WBC) count. Nitric
oxide (NO), lipid peroxidation and antioxidants were also assessed in BALF. Ovalbumin specific IgE antibody and
inflammatory cytokines: IL-4, IL-5, IL-13 and TNF-alpha were measured in serum. Lung and muscle tissues were
histological examined.

Results: L. javanica was rich in phenolic compounds. OVA sensitisation resulted in development of allergic asthma
in rats. L. javanica treatment resulted in a reduction in total WBC count as well as eosinophils, lymphocytes and
neutrophils in BALF. L. javanica inhibited Th2-mediated immune response, which was evident by a decrease in
serum IgE and inflammatory cytokines: IL-4, IL-5, IL-13 and TNF-a. L. javanica treatment also reduced
malondialdehyde (MDA) and NO, and increased superoxide dismutase, glutathione and total antioxidant capacity.
Histology showed significant attenuation of lung infiltration of inflammatory cells, alveolar thickening, and
bronchiole smooth muscle thickening.
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Conclusion: L. javanica suppressed allergic airway inflammation by reducing Th2-mediated immune response and
oxidative stress in OVA-sensitized rats which may be attributed to the presence of phenolic compound in the plant.
This finding validates the traditional use of L. javanica in the treatment of respiratory disorders.
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Background

Chronic respiratory diseases such as chronic bronchitis,
asthma and obstructive pulmonary disease are among
the leading causes of death worldwide, with asthma
rated the most common [1]. Asthma is an airway inflam-
matory disease characterised by variable expiratory air-
flow limitation associated with bronchoconstriction,
increased mucus secretion and exaggerated bronchial
hyper-responsiveness. The disease presents with diffi-
culty in breathing and wheezing associated with airway
remodelling as the disease progresses [2, 3]. Clinically,
asthma can be allergic or non-allergic, distinguished by
the presence or absence of IgE antibodies to common
environmental allergens [4]. Globally, over 300 million
people suffer from asthma, and based on current trends,
it is estimated that this number will rise to over 400 mil-
lion by 2025 [5, 6]. In Africa, it is estimated that 47.9
million people are asthmatic [7]. The prevalence of
asthma in South Africans is between 6 and 10% with
20% of school-going age pupils between 9 and 15 years
of age experiencing symptoms of asthma [8].

Asthma is a Type 1 allergic disease caused by immune
responses to allergens which is mediated by Th2 cells
[9]. When allergens are processed by dendritic cells and
presented to T-helper lymphocytes (Th), proinflamma-
tory cytokines including interleukins (IL)-4, IL-5, IL-13
and tumour necrosis factor alpha (TNF-a) are produced
[10, 11]. IL-4 activates memory B cells to secrete immu-
noglobulins and induces class switching from IgM to
IgE. IL-4 also promotes incorporation of IgE on mast
cells resulting in allergic degranulation, exacerbates gob-
let cell secretions resulting in airway obstruction [12,
13]. IL-5 induces lung eosinophilia which is the critical
response in the induction of airway hyper-
responsiveness and allergic asthma. IL-13 supports IL-5
effects, increases inducible nitric oxide synthase (iNOS)
and airway fibrosis and remodelling [14—17]. TNF-a is a
chemo-attractant for eosinophils and neutrophils via
such mediators as cysteinyl leukotrienes C, and D, [18].
Additively, these cytokines (IL-4, IL-5, IL-13 and TNEF-
a) result in increased inflammatory cells in lungs, re-
duced lung compliance and increased airway resistance
[19, 20]. Ideally, invasive or non-invasive methods such
as whole-body plethysmography, the forced oscillation
technique, the interrupter technique, rhinomanometry
and acoustic rhinometry have been used to assess airway
resistance and lung function [21] in conjunction with

biochemical parameters. However, studies in ovalbumin-
induced asthma have consistently shown an association
between lung dysfunction and biochemical markers of
inflammation and oxidative stress [22-24].

Oxidative stress is known to aggravate airway inflam-
mation by inducing diverse pro-inflammatory mediators,
enhancing bronchial hyper-responsiveness, stimulating
bronchospasm, and increasing mucus secretion [25]. It
has been reported that elevated levels of reactive oxygen
species (ROS) can trigger some intracellular signalling
cascades such as the mitogen-activated protein kinase
(MAPK) and nuclear factor-kB (NF-xB) that are poten-
tially proinflammatory leading to the expression of in-
flammatory cytokines and chemokines [26]. Also, losing
control of oxidants in the airway may supress immune
tolerance and induce the initiation of Th2-dominant im-
munity which is an initial phase of development of air-
way  allergic inflammation  [27].  There are
epidemiological evidences that suggest increased reactive
oxygen species (ROS) is associated with asthma (Mak
and Chan-Yeung, 2006; Bowler, 2004) [28, 29]. Endogen-
ous antioxidants such as superoxide dismutase (SOD),
catalase, glutathione peroxidase as well as glutathione
(GSH) are the natural host defence system against oxida-
tive stress that quench and eliminate ROS [27]. Studies
have shown that there is deficiency of antioxidants in
asthma and exogenous antioxidants such as vitamin C
improve disease and symptom severity [30, 31].

Although there are several drugs on the market used
to manage asthma such as 2 adrenergic agonists, anti-
cholinergics, immunosuppressors and mast cell stabi-
lizers [32, 33], these drugs have toxic side effects after
long term use [32]. Herbal medicines for the treatment
of a variety of ailments are accepted and tolerated by
most communities in South Africa and elsewhere in Af-
rica. Lippia javanica commonly known as Lemon bush
(English), Zumbani tea (Shona) and Zinziniba (IsiXhosa)
[33, 34] is an herb whose leaves are eaten as a vegetable,
food additive, used to brew tea drunk for pleasure or as
a home-remedy for respiratory ailments. Locally, the leaf
infusion is used for treating respiratory ailments such as
asthma, bronchitis, common cold, pneumonia, tubercu-
losis [35] and lately for combating respiratory effects as-
sociated with coronavirus disease (COVID-19) caused by
the new Severe Acute Respiratory Syndrome coronavirus
(SARS-CoV-2) [36]. Lippia javanica is rich in polyphe-
nols [37], a class of phytochemical molecules which are
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well-known antioxidants and also reported to possess
anti-allergic and anti-inflammatory properties [38]. We
have previously reported Lippia javanica to possess
higher in vitro antioxidant capacity compared to rooibos
tea [39]. Despite the reported common use of L. java-
nica for asthma and other inflammation-associated re-
spiratory ailments in South Africa, Zimbabwe and other
central and southern African countries, to our know-
ledge, there is no scientific evidence to support its effect-
iveness in mitigating allergen induced airway
inflammation. Therefore, the aim of this study was to in-
vestigate the anti-inflammatory, antioxidant and anti-
asthmatic effects of Lippia javanica using a rat model of
asthma.

Materials and methods

Plant collection

Lippia javanica tea leaves were purchased from a local
specialty shop in Harare, Zimbabwe. The tea was sold as
unprocessed leaves by the manufacturer (Utsanzi® Lippia
herbal tea).

Phenolic profiling by liquid chromatography- mass
spectrometer (LC-MS)

The L. javanica dried leaf extract (2 g) was ground in a
mortar with pestle and extracted with 50% methanol in
deionised water containing 1% formic acid (15mL) by
soaking overnight and extracting in an ultrasonic bath
(0.5Hz, Integral Systems, RSA) for 60 min at room
temperature. The extracts were centrifuged (Hermle
Z160m, 3000g for 5min) and transferred to vials for
LC-MS analysis. A Waters Synapt G2 Quadrupole time-
of-flight (QTOF) mass spectrometer (MS) connected to
a Waters Acquity ultra-performance liquid chromatog-
raphy (UPLC) (Waters, Milford, MA, USA) was used for
high-resolution =~ UPLC-MS  analysis.  Electrospray
ionization was used in negative mode with a cone volt-
age of 15V, desolvation temperature of 275 °C, desolva-
tion gas at 650L/h, and the rest of the MS settings
optimized for best resolution and sensitivity. Data were
acquired by scanning from m/z 150 to 1500 m/z in reso-
lution mode as well as in MSE mode. In MSE mode two
channels of MS data were acquired, one at a low colli-
sion energy (4 V) and the second using a collision energy
ramp (40-100V) to obtain fragmentation data as well.
Leucine enkephalin was used as lock mass (reference
mass) for accurate mass determination and the instru-
ment was calibrated with sodium formate. Separation
was achieved on a Waters HSS T3, 2.1 x 100 mm, 1.7 um
column. An injection volume of 2 uL was used and the
mobile phase consisted of 0.1% formic acid (solvent A)
and acetonitrile containing 0.1% formic acid as solvent
B. The gradient started at 100% solvent A for 1 min and
changed to 28% solvent B over 22 min in a linear way. It
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then went to 40% B over 50s and a wash step of 1.5 min
at 100% B, followed by re-equilibration to initial condi-
tions for 4 min. The flow rate was 0.3 mL/min and the
column temperature was maintained at 55 °C. Ion mobil-
ity data was obtained using the same UPLC gradient and
column as above and IMS Wave velocity was set at 332
m/s and wave height at 20.2 V. Polyalanine was used for
the calibration and calculations and the rest of the set-
tings were according to Rautenbach et al. [40]. Sample
was run in triplicate and results reported as pg/L.

Preparation of Lippia javanica tea infusion for animal
treatments

Two hundred millilitre (200 ml) of boiled deionised
water was added to 10 g of the dry crushed L. javanica
tea leaves followed by stirring with a magnetic stirrer for
10 min then steeping for 30 min and strained with a fine
mesh tea strainer followed by vacuum filtration through
Whatman No. 1 filter paper [41]. The resultant tea infu-
sion filtrate was used for animal treatments.

Experimental animals and ethics

This study was conducted in accordance with the ethical
guidelines of Animal Care and Use and the Animal Re-
search: Reporting of In Vivo Experiments (ARRIVE) guide-
lines [42]. Ethics clearance for this study was obtained from
Faculty of Health Sciences Research Ethics Committee,
Walter Sisulu University, South Africa with ethics clearance
reference number 063/2018. Twenty-five female Wistar rats
were purchased from South African Vaccine Producers, Jo-
hannesburg, South Africa. The rats were housed in the De-
partment of Human Biology animal holding facility, Walter
Sisulu University for one week to allow the animals to
acclimatize to the new environment before the initiation of
the study. The animals were kept in polypropylene cages
with absorbent pine shaving bedding, having open steel
tops and housed 5 rats/cage. The room was temperature
controlled at 22 +2°C on 12-h light: dark cycles. The rats
had free access to water and rat pellet feed (Epol, South Af-
rica: 180 g/kg protein, 120 g/kg moisture, 25 g/kg fat, 18 g/
kg calcium, 7 g/kg phosphorus and 60 g/kg fibre). The bed-
ding was changed and cages cleaned twice a week. The rats
were taken care of adhering to standards stipulated in the
South African National Standards [43].

Animal ovalbumin sensitization and airway challenge

To induce airway inflammation, Wistar rats were immu-
nized with 0.3 mL injections of 90 ug of ovalbumin (OVA)
prepared from dried egg white mixed with 600 pug alumin-
ium hydroxide adjuvant. Intraperitoneal (ip.) injections
were given 7 days apart (day O and day 8) as previously de-
scribed [44]. The control group was injected with 0.3 ml
distilled water. On day 15, a week after the booster OVA
i.p. injection, the animals were challenged for 30 min with
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Fig. 1 Schematic diagram of the experimental protocol. Diagram showing induction by intraperitoneal OVA injections (Day 0 and 8),
aerosolized airway challenge (Days 15, 17 and 19), treatment period (Days 15 to 24) and termination (Day 26)

aerosolized 1% OVA in normal saline (nebulisation). The
rats were placed in an enclosed chamber which was satu-
rated with aerosolized OVA using a mist nebuliser
(Healthease). The control group was nebulised with nor-
mal saline only. Nebulisation was repeated on days 17 and
19 (Fig. 1). Treatment was initiated on day 15, the day of
first aerosolized OVA airway challenge.

Treatment protocol
The female Wistar rats were divided into 5 treatment
groups (n = 5/group) as follows:

1. Normal control (unsensitised, treated with water)
. Sensitised untreated control (treated with water)
3. Sensitised, treated with 50 mg/kg body weight (bw)
L. javanica
4. Sensitised, treated with 100 mg/kg bw L. javanica
5. Sensitised, treated with 10 mg/kg bw prednisolone
(positive control)

Animals were treated daily by oral gavage. The 50 and
100 mg/kg bw doses for L. javanica are equivalent to 1
and 2 cups human dose equivalent respectively using the
body surface area as a conversion factor of daily thera-
peutic dose from human to rat using a multiplication
factor of 6.2 according to Reagan-Shaw et al. [45]. Treat-
ment was given 30 min before each nebulisation and
continued over 10days until day 24. The rats were
weighed weekly to adjust treatment according to the
body weights. The study design is summarised in Fig. 1.

Terminal procedures and sample collection

On day 26 of the study, the animals were euthanised by
CO, inhalation. Blood was collected by cardiac puncture
into plain tubes, allowed to clot and centrifuged at 3000
rpm (Eppendorf 5810 R) to obtain serum for cytokine

and IgE assays. Bronchoalveolar lavage fluid (BALF) was
collected using 3 x 1 mL ice-cold phosphate buffered sa-
line via trachea cannulation. The BALF was centrifuged
at 3000 rpm at 4 °C for 10 min and the supernatant was
stored at —20°C for antioxidant and nitric oxide (NO)
determination. The pellet was used for inflammatory cell
counts. A portion of the lung tissue was fixed in 10%
neutral buffered formalin for histopathological analysis.

Inflammatory cell counts in bronchoalveolar lavage fluid
(BALF)

The resuspended BALF pellet was used for total white
blood cell (WBC) count using a Neubauer haemocytom-
eter. For differential inflammatory cell counts, slide
smears of the pellet were prepared and stained with Diff-
Quick staining reagent (Thermo Fisher). Eosinophils,
lymphocytes, macrophages and neutrophils were identi-
fied and counted using standard morphologic determi-
nants and expressed as percent (%) [46].

Biochemical analyses in bronchoalveolar lavage fluid
(BALF)

Bronchoalveolar lavage fluid was used for estimation of
NO, non-enzymatic and enzymatic Santioxidants. NO
was measured using Griess reagent which measures NO
indirectly as nitrite as previously described Miranda
et al. [47]. Total antioxidant capacity (TAC) was mea-
sured using trolox equivalent antioxidant capacity
(TEAC) assay which measures radical scavenging activity
of antioxidants according to the method described by
Arnao et al. [48]. The sample antioxidants reduce the
blue ABTS* radical to its neutral, colourless form,
ABTS (2, 2'-azino-bis-(3-ethylbenzthiazoline-6-
sulphonic acid). Trolox (6-hydroxy-2, 5, 7, 8-
tetramethylchroman-2-carboxylic acid) and was used for
construction of the standard curve. Results were
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expressed as mg/mL Trolox equivalent (TE). Malondial-
dehyde (MDA), a product of lipid peroxidation which
gives a pink-red colour with thiobarbituric acid was
measured at 535 nm as described previously by Todor-
ova et al. [49]. Reduced glutathione (GSH) levels were
determined as previously reported by Owens and Bel-
cher [50] using Ellman’s reagent (5, 5 dithiobis 2-
nitrobenzoic acid) which reacts with reduced GSH
resulting in a yellow colour chromophore, 5- thionitro-
benzoic acid (TNB) with intensity proportionate to the
GSH concentration in samples, read at 415nm and
expressed in ng/mL. Superoxide dismutase (SOD) activ-
ity was measured using a commercial assay kit (Cayman,
Ann Arbor, USA) as per manufacturer’s instruction.
SOD activity of the BALF samples was expressed in U/
mL.

Measurement of cytokines and OVA-specific
immunoglobulin E (IgE) in serum

Commercial kits were used for measurement of serum
levels of ovalbumin specific IgE antibodies (Shang Hai
Korain Biotech Co. Ltd., Shanghai, China), Th2 specific
cytokines IL-4 (Cloud-Clone Corp, USA), IL-5, IL-13
and Thl specific cytokine TNF-a (Elabscience Biotech-
nology Co., Ltd, USA) following manufacturer’s
instructions.

Histological analysis of lung tissue

Lung tissue fixed in 10% buffered formalin was subjected
to standard procedures for fixing, washing, dehydration
and paraffin embedding as previously described by us
[51]. Following that, 5 um sections of the tissue were cut
using a sledge microtome (Microm HM355s) and
mounted on clean slides. Slides were stained with
haematoxylin and counterstained with eosin for light
microscopic examination. Images were taken using a
digital microscope (Leica DMD108, Wetzlar, Germany).
The degree of lung tissue peribronchial inflammation
was scored as described previously by He et al. [52].
Using a treatment-blind reader, the score of lung inflam-
mation was assessed according to the following criteria
scale: 0, no inflammation; 1, mild inflammation; 2, mod-
erate inflammation; 3, marked inflammation; and 4, se-
vere inflammation. Mean scores for the treatment
groups were compared.

Data presentation and statistical analysis

Data was analysed using GraphPad Prism Version 5 stat-
istical package and presented as mean + standard error
of the mean (SEM) in tables and figures. One-way ana-
lysis of variance (ANOVA) was used to compare means
between groups followed by Tukey’s multiple-
comparison test. A p<0.05 was considered statistically
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Table 1 Phenolic acids identified in tea samples of L. javanica

by LCMS

Compound Concentration (pg/L) Percent (%)
Trans-cinnamic acid 6427 £53 487
Syringaldehyde 4173 £29 3.16
Vanillic acid 14338 £ 54 10.87
Protocatechuic acid 27723 £ 230 21.00
Syringic acid 33440 + 242 2534
p-coumaric acid 21967 + 116 16.65
Gallic acid 2766 £ 1.3 2.10
Ferulic acid 2723 £ 2.1 2.06
Caffeic acid 18420 + 85 13.96

significant. Comparative qualitative description of hist-
ology sections was made.

Results
LC-MS analysis of phenolic compounds in Lippia javanica
L. javanica was shown to be rich in phenolic com-
pounds, the most abundant are shown in Table 1.
Among the phenolic acids identified by LC-MS, syringic
acid showed the highest abundance (25.34%) in L. java-
nica then > protocatechuic acid (21%) > p-coumaric acid
(16.65) > caffeic acid (14%) > vanillic acid (10.87%), the
five making up 88% of the total measured phenolics in
L. javanica. The other phenolic acids were in relatively
lower abundance (Table 1).

Values expressed as mean + standard error of mean,
n=3.

Net body weight gain of treated animals

After 10 weeks of treatment, the net body weight gain of
the ovalbumin sensitised control and prednisolone
treated animals was reduced (p < 0.05) compared to the
unsensitized control. The lower dose (50 mg/kg) L. java-
nica treated animals showed similar (p > 0.05) net body
weight gain to that of the unsensitized control. More-
over, the higher dose (100 mg/kg) L. javanica treated an-
imals showed higher (p <0.001) net body weight gain
compared to the ovalbumin sensitised control (Fig. 2).

Effect of L. javanica treatment on OVA-induced
inflammatory cells in bronchoalveolar fluid (BALF)
Overall, treatment with L. javanica reduced ovalbumin-
induced inflammatory cell numbers in BALF. Total
white blood cell count in BALF is a marker of inflamma-
tion. Exposure to ovalbumin resulted in an increase (p <
0.05) in total white blood count in the sensitised animals
compared to the non-sensitised control. Treatment with
L. javanica and prednisolone decreased (p < 0.05) total
white blood cell count in all treatment groups compared
to the sensitised untreated animals (Fig. 3).
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Net BW gain (Grams)

Con Sens Lip50 Lip100 Pred

Fig. 2 Effect of L. javanica on net body weight gain in OVA-induced asthmatic rats. Data are presented as mean =+ standard error of the
mean (SEM). Con = unsensitised control; Sens = ovalbumin sensitised control; Lip50 = ovalbumin sensitised + 50 mg/kg BW L. javanica; Lip100 =
ovalbumin sensitised + 100 mg/kg BW L. javanica; Pred = ovalbumin sensitised + 10 mg/kg BW prednisolone. ‘p < 0.05 compared to Con; #p <

0.001 compared to Sens
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Fig. 3 Total white blood cell count in BALF. Data are presented as mean + standard error of the mean (SEM). Con = unsensitised control;
Sens = ovalbumin sensitised control; Lip50 = ovalbumin sensitised + 50 mg/kg BW L. javanica; Lip100 = ovalbumin sensitised + 100 mg/kg BW L.
javanica; Pred = ovalbumin sensitised + 10 mg/kg BW prednisolone. ”"p < 0.001 compared to Con; *p < 0.05, #p < 001 compared to Sens
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Also, sensitisation with ovalbumin increased (p < 0.05)
all inflammatory cells (neutrophils, eosinophils and lym-
phocytes) compared to the unsensitised control group
except for macrophages which were lower. Treatment
with L. javanica significantly (p < 0.001) reduced eosino-
phils, the specific Th2 mediated inflammatory cell com-
pared to both unsensitised and sensitised untreated
controls. Also, the higher dose of 100 mg/kg L. javanica
lowered neutrophils compared to the sensitised un-
treated group. L. javanica treatment had no marked ef-
fect on lymphocytes and macrophages except for the
higher dose of L. javanica (100 mg/kg) which increased
macrophages when compared to the sensitised untreated
group. L. javanica treatment had a better effect in lower-
ing inflammatory cells compared to prednisolone, a
standard anti-inflammatory drug used for asthma treat-
ment (Fig. 4).

Effect of L. javanica treatment on OVA-induced oxidative
stress in bronchoalveolar fluid

Nitric oxide (NO) in lung tissue contributes to nitrogen
reactive species that results in lipid peroxidation. Sensi-
tisation of rats with ovalbumin resulted in increased NO
in BALF compared to the unsensitised control and treat-
ment with L. javanica and prednisolone reduced (p <
0.05) NO in BALF compared to the sensitised control.

Malondialdehyde (MDA) is a product of lipid peroxida-
tion. Ovalbumin sensitisation increased lipid peroxida-
tion in BALF (p<0.05) compared to unsensitised
control but it was reduced (p <0.05) by L. javanica and
prednisolone treatment with higher dose of L. javanica
(100 mg/kg) showing a higher MDA lowering effect than
prednisolone. Sensitisation of rats with ovalbumin re-
duced antioxidants; GSH and SOD but these antioxi-
dants were increased (p<0.05) in L. javanica treated
animals compared to the sensitised control. Prednisol-
one treatment showed no change in GSH and SOD
levels compared to the sensitised control. Equally, ov-
albumin sensitisation reduced the TAC but L. javanica
and prednisolone treatment both increased (p < 0.05) the
TAC compared to the sensitised control (Table 2).

Data are presented as mean + standard error of the
mean (SEM). SEM = Standard error of the mean. Con =
unsensitised control; Sens = ovalbumin sensitised con-
trol; Lip50 = ovalbumin sensitised + 50 mg/kg BW L.
javanica; Lipl00 = ovalbumin sensitised + 100 mg/kg
BW L. javanica; Pred = ovalbumin sensitised + 10 mg/kg
BW prednisolone. NO = nitric oxide; TAC = total anti-
oxidant capacity; MDA = malondialdehyde; GSH = gluta-
thione; SOD = superoxide dismutase. p <0.05, p<0.01
compared to Con; “p < 0.05, “p < 0.01, **p < 0.001 com-
pared to Sens.
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Table 2 Effect of L. javanica treatment on antioxidant parameter in bronchoalveolar fluid (BALF) of OVA- induced asthmatic rats

Parameters Treatment Groups

in BALF Con Sens Lip50 Lip100 Pred

NO 0.71 + 006 149 + 0.25% 0.73 + 0.12" 0.78 + 0.12" 057 + 003"
(ug/ml nitrite)

MDA 3.06 + 028 479 + 0.29* 333 + 055" 243 + 036" 3.20 + 029"
(uM)

Reduced GSH 59.10 + 224 4880 + 1.59** 6382 + 152" 65.78 + 2.34"" 5343 + 207
(ng/ml)

SOD 9.19 + 082 662 + 031* 10.18 + 057 10.64 + 0.64"* 867 + 0.50
(U/ml)

TAC 2114026 126 +0.15 243 + 024" 237 + 026" 244 + 023"
(mg/mL TE)

Effect of L. javanica treatment on OVA-induced IgE levels
in serum

Ig E is an antibody associated with allergic immune
response. The OVA-induced Ig E level was similar
(p>0.05) between the sensitised and unsensitised
controls. Treatment with L. javanica and prednisol-
one reduced (p <0.01) OVA-induced Ig E level com-
pared to the sensitised group. The high dose of L.
javanica and prednisolone treatments reduced (p <
0.05) OVA-induced Ig E level compared to unsensi-
tised control with prednisolone showing the highest
effect on Ig E (Fig. 5).

Effect of L. javanica treatment on OVA-induced
inflammatory cytokine levels in serum

IL-4, IL-5, IL-13 and TNF-a are cytokines that promote
the proliferation and activation of inflammatory cells to
release inflammatory molecules. Sensitisation with ov-
albumin increased (p <0.05) serum IL-4 (Fig. 6A), IL-5
(Fig. 6B), IL-13 (Fig. 6C) and TNF-« (Fig. 6D) compared
to the unsensitised control. Treatment with L. javanica
and prednisolone resulted in a decrease (p<0.05) in
these cytokines compared to the sensitised control. This
reduction in cytokines by L. javanica and prednisolone
was comparable to that of the unsensitised control for
IL-4, IL-5 and TNF-a. Also, the effect of L. javanica

200

150-

100-

Ig E (ng/ml)

50

0_
Sens

Con

compared to Sens

Lip50 Lip100 Pred

Fig. 5 Serum ovalbumin-specific IgE concentration. Data was expressed as mean + SEM. SEM = Standard error of the mean. Con =
unsensitised control; Sens = ovalbumin sensitised control; Lip50 = ovalbumin sensitised + 50 mg/kg BW L. javanica; Lip100 = ovalbumin sensitised
+100 mg/kg BW L. javanica; Pred = ovalbumin sensitised + 10 mg/kg BW prednisolone. "p < 0.05 compared to Con, *p < 0.01; *p < 0.001
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Fig. 6 Inflammatory cytokine concentration. Effect of L. javanica on serum IL-4 (A), IL-5 (B), IL-13 (C) and TNF-a (D). Data was expressed
as mean + SEM. SEM = Standard error of the mean. Con = unsensitised control; Sens = ovalbumin sensitised control; Lip50 = ovalbumin sensitised
+ 50 mg/kg BW L. javanica; Lip100 = ovalbumin sensitised + 100 mg/kg BW L. javanica; Pred = ovalbumin sensitised + 10 mg/kg BW prednisolone.
p <0.001 compared to Sens

1000~ "
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Con Sens Lip50 Lip100 Pred

treatment on cytokine reduction especially the higher
dose was comparable to that of prednisolone (Fig. 6).

Effect of L. javanica on OVA-induced histopathological
changes in lung tissue

Ovalbumin sensitisation resulted in dense inflammatory
cell infiltration into lung parenchyma and surrounding
airways. Treatment with L. javanica resulted in a dose
dependant reduction of inflammatory cells. High dose
100 mg/kg L. javanica and prednisolone showed no in-
flammatory cell invasion. Assessing the degree of lung
tissue peribronchial inflammation using scores showed
that ovalbumin sensitisation resulted in marked to se-
vere inflammation which was reduced (p < 0.05) to mod-
erate inflammation by L. javanica and prednisolone
(Fig. 7).

Effect of L. javanica on OVA-induced histopathological
changes in Airway smooth muscle

Sensitisation with ovalbumin resulted in thickening of
bronchiole smooth muscle with signs of lung interstitial
oedema. Treatment with low dose 50 mg/kg L. javanica
reduced smooth muscle thickening with some remnants
of oedema. However, the high dose 100 mg/kg L. java-
nica and prednisolone prevented smooth muscle

thickening which remained comparable to the unsensi-
tised control (Fig. 8).

Discussion

Asthma is a type 1 allergic reaction which is mediated
by Th2 cells. Airway sensitisation to specific allergens is
the initial trigger for asthma development. In this study,
ovalbumin was the antigen used to trigger allergic re-
sponse and airway inflammation. The preferential activa-
tion of Th2 cells by APCs lead to the production of
cytokines including: IL-4, IL-5 and IL-13 [53] that re-
sults in the activation and proliferation of inflammatory
cells including eosinophils, lymphocytes, neutrophils and
macrophages to the site of inflammation. These cells
trigger the release of inflammatory mediators including
histamine, acetylcholine, leukotrienes and prostaglandins
leading to inflammation [54]. To assess inflammatory
cell migration, we performed total and differential white
blood cell counts in BALF. OVA-sensitized animals had
significant increase in total white blood cell count
(WBC) as well as eosinophils, lymphocytes and neutro-
phils in BALF compared to the unsensitised animals.
Thus, OVA-sensitisation increased inflammatory cells.
This confirmed that inflammatory process was active in
the lungs of OVA-sensitized animals. L. javanica treated
animals showed reduced WBC as well as lymphocytes,



Mfengu et al. BMC Complementary Medicine and Therapies

(2021) 21:192

Page 10 of 14

*%k %k

Inflammation score

Sens

Con

"*h <0001 compared to Sens

“"p <0001 compared to Con;

Lip50 Lip100 Pred

Fig. 7 Effect of L. javanica on inflammation in the lung tissue of OVA-induced asthmatic rats (H & E staining, x 20 magnification; ruler
bar =100 pm). IC = Inflammatory cells. AW = Airway. Con = unsensitised control; Sens = ovalbumin sensitised control; Lip50 = ovalbumin sensitised
+ 50 mg/kg BW L. javanica; Lip100 = ovalbumin sensitised + 100 mg/kg BW L. javanica; Pred = ovalbumin sensitised + 10 mg/kg BW prednisolone.

eosinophils, and neutrophils compared to the OVA-
sensitised untreated animals with eosinophils showing a
mark reduction. The higher dose of L. javanica was
more effective in reducing these cells. Thus, treatment
with L. javanica resulted in a dose dependant reduction
of inflammatory cells. This finding suggests that L. java-
nica prevented inflammatory cell migration especially
eosinophils at the site of inflammation. Inhibition of in-
flammatory cell migration is a known mode of action by
corticosteroids to decrease airway hyper-responsiveness
and inflammatory response to allergens by down

regulating eosinophil and mast cell activation [55]. Thus,
L. javanica may possess similar therapeutic effect as cor-
ticosteroids. Moreover, prednisolone, a known cortico-
steroid which is known to lower lymphocytes at high
doses [55] showed no effect in lowering lymphocytes in
this study. Hence, the dose of pregnisolone used was tol-
erated by the animals and thus suitable for the study.
Inflammatory cells are recruited at inflammatory
sites by cytokines including interleukin (IL)-4, IL-5,
IL-13 and TNF-a following Th2 cells activation. IL-4
is known to activate memory B cells to secrete
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Fig. 8 Effect of L. javanica on airway smooth muscle thickness in OVA-induced asthmatic rats (H & E staining, x 20 magnification; ruler

bar =100 pm). SM = Smooth muscle; AW = Airway. Con = unsensitised control; Sens = ovalbumin sensitised control; Lip50 = ovalbumin sensitised

+ 50 mg/kg BW L. javanica; Lip100 = ovalbumin sensitised + 100 mg/kg BW L. javanica; Pred = ovalbumin sensitised + 10 mg/kg BW prednisolone
A\

immunoglobulins and to induce class switching of
IgM to IgE, thereby incorporating IgE on mast cells.
Also, IL-13 is known to stimulate the activation, dif-
ferentiation, and proliferation of B cells into plasma
cells and facilitate class switching from immunoglobu-
lin (Ig) G to Ig E [13]. The cross-linkage of IgE mol-
ecule on mast cells with an allergen causes its
degranulation and release of histamine, leukotrienes,
and other mediators that exacerbates asthma [56].
OVA-induced IgE was reduced in L. javanica treated
animals compared to OVA-sensitised untreated ani-
mals and this corresponded to a reduction in IL-4
and IL-13 in L. javanica treated animals and the ef-
fect was dose dependent. These findings suggest that
L. javanica prevented IgE production and limited
mast cell priming by preventing the release of IL-4
and IL-13. IL-13 is also involved in tissue remodelling by
stimulating fibroblasts to synthesize collagen and it in-
duces the production of mucus by promoting the differen-
tiation, proliferation and secretory function of lung
epithelial goblet cells [57]. IL-13 as well as IL-5 and TNEF-
a are involved in the activation of macrophages and mi-
gration of inflammatory cells; eosinophils, neutrophils and
macrophages to inflammatory cells [10]. Treatment with
L. javanica resulted in a decrease in these inflammatory
cytokines which corresponds to the reduction of inflam-
matory cells in BALF. Considering that infiltration of in-
flammatory cells, increased Ig E and mucus secretion are
mediated by Th2 cells resulting in hyper-responsiveness
of the airways [58], L. javanica has shown to inhibit Th2
cell activation thereby preventing hyper-responsiveness
and airway inflammation.

Inflammatory cell invasion of tissues is associated with
increased oxidative stress as activated eosinophils,
monocytes, neutrophils, and macrophages have shown
to generate reactive oxygen species (ROS) [59]. It has
been reported that elevated levels of reactive oxygen spe-
cies (ROS) can triggers some intracellular signalling cas-
cades such as MAPK and NF-«B that are potentially
proinflammatory leading to the expression of inflamma-
tory cytokines and chemokines [26]. In the lungs, nitric
oxide (NO) which is the main nitrogen species can fur-
ther react with H,O, and O,~ to form more reactive ni-
trogen species (RNS) such as peroxynitrile (ONOO")
which can damage lung tissue [60]. In the airways, lipid
peroxidation, a marker for oxidative damage is associ-
ated with increased airway hyper-responsiveness in
asthma as excess production of ROS correlates with the
degree of airway hyper-responsiveness [27]. Oxidative
stress in the airways enhances and progresses the symp-
toms of the existing airway inflammation, elevate hyper-
responsiveness of the bronchioles, increase mucus secre-
tion, and increase pro-inflammatory chemicals. The anti-
oxidant defense system is eminent for the prevention of
oxidative stress. Antioxidant deficiency has been ob-
served in asthma as a marked reduction in plasma anti-
oxidant capacity during exacerbations in asthmatic
patients while CuZn-SOD activity was found to be lower
in asthmatics than in normal subjects [61]. Moreover,
reduced levels of glutathione has been observed in BALF
of asthmatic patients [62]. OVA-sensitized animals
showed marked increased NO and MDA formation with
reduced level of GSH, SOD and total antioxidant cap-
acity. Treatment with L. javanica decreased lung NO
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levels and lipid peroxidation while a remarkable in-
creased in SOD, GSH and TAC level were observed in a
dose-dependent manner. Previous in vitro studies have
shown L. javanica to possess free radical and NO scav-
enging as well as potent antioxidant properties [63, 64].

Asthmatic lung tissue is often characterised by in-
creased inflammatory cells, eosinophilia, increased mu-
cosal goblet cells, bronchial smooth muscle hypertrophy,
thickened basement membrane, and airway wall oedema
[20]. These histological features were evident in the lung
airway tissue and muscle of OVA-sensitised untreated
animals as ovalbumin sensitisation resulted in dense in-
flammatory cell infiltration into lung parenchyma and
surrounding airways. Treatment with L. javanica re-
duced inflammatory cells infiltration in the tissues,
smooth muscle thickening, oedema, bronchial smooth
muscle hypertrophy and mucosal goblet cells. Generally,
the effect of L. javanica in suppressing inflammation, re-
ducing cytokines and inflammatory cell infiltration was
comparable to that of prednisolone, an oral corticoster-
oid which is a known treatment against asthma. More-
over, L. javanica was more efficient in preventing
oxidative stress and improving the antioxidant defence
in ova-sensitised animals than prednisolone. Though
prednisolone is a known drug used to treat the exacerba-
tion of asthma, it was shown to reduce the body weight
of animals, one of the side effects of prednisolone. Corti-
costeroids are known to cause muscle atrophy and de-
crease in bone density ultimately contributing to total
weight loss [65]. Phytochemical profiling by LC-MS
showed L. javanica to be rich in phenolic acids of
which syringic acid, protocatechuic acid, p-coumaric
acid, caffeic acid and vanillic acid contributed 88% of
the total phenolics measured in L. javanica while
trans-cinnanic acid, syringaldehyde, gallic acid and
ferulic were in lower concentrations. The five abun-
dant phenolics have been shown experimentally to
possess antioxidant and anti-inflammatory effects
[66—71]. It is therefore reasonable to associate these
phenolic compounds to the observed effects observed
in L. javanica treated rats. L. javanica has previously
been shown to contain bioactive compounds such as
polyphenols, flavonoids, flavonols and proanthocyani-
din [37, 63]. Flavonoids and phenols have been shown
to possess anti-inflammatory, bronchodilation and
anti-asthmatic effects by inhibiting the synthesis of
Th2 type cytokines and release of chemical mediators
[64]. Therefore, the possible mechanisms for the anti-
inflammatory and antioxidant effects of L. javanica
may be through these phenolic compounds which in
concert results in the suppression of Th2 cell medi-
ated immune responses and the associated immune
cell-induced oxidative stress culminating in the ob-
served anti-asthmatic effects.
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Though this study showed L. javanica to supress
Th2 cell activation in ovalbumin-sensitized rats
thereby attenuating airway inflammation, it was lim-
ited in that it did not assess the role of L. javanica
on T-cell subsets which have recently been shown to
be involved in the pathogenesis of airway inflamma-
tion in asthma [72]. Also, airway resistance and lung
compliance; aspects of lung mechanics which are
other indicators of allergic asthma [73] were not
assessed. More so, the estrous cycle in females which
may modulate the inflammatory and oxidative stress
responses [74] was not controlled in this study. How-
ever, the study design was suitable to induce allergic
asthma and the biochemical assessments via immuno-
logic, inflammatory, and oxidative stress indicators
has provided sufficient preliminary data on the effect
of L. javanica in the suppression of airway inflamma-
tion in ova-induced asthma. Thus, further studies will
be needed to address these limitations and ascertain
this finding.

Conclusion

L. javanica was effective in suppressing inflammatory
cell infiltration and their cytokines, and decreased
inflammation-induced oxidative stress in ovalbumin-
sensitized rats. These effects may be attributed to the di-
verse array of phenolic acid content in L. javanica leaves.
This study showed that ingestion of an equivalent of one
or two cups of L. javanica tea per day has significant
anti-inflammatory, antioxidant and anti-asthmatic prop-
erties. Indeed, L. javanica tea infusion has potential for
use in the treatment and/or prophylaxis for asthma and
other infective and non-infective airway inflammatory
ailments as used traditionally by various communities.
Therefore, this study validates the traditional use of L.
javanica in the treatment of respiratory disorders and
suggests that L. javanica reduces allergic airway inflam-
mation by the suppression of oxidative stress and Th2-
mediated immune response.
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