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Abstract: Smokers have high plaque accumulation that initiates gingival inflammation and progresses
to periodontitis. Thus, oral hygiene to control microbial plaque formation is an effective method of
preventing gingivitis. Medicinal plants such as Moringa oleifera Lam. (MO) and Cyanthillium cinereum
(Less.) H. Rob. (CC) have an anti-inflammatory effect that might improve oral health in smokers.
This study evaluated the effect of MO leaf and CC extracts using MO lozenges and a combination of
MO + CC lozenges on oral inflammation and gingivitis in volunteer smokers. Lozenges consisting
of MO and CC extracts were developed and studied in vivo. The results showed that lozenges
significantly reduced oral inflammation and gingivitis in volunteers. The gingival index (GI) of group
III (MO + CC lozenges) significantly decreased, while the percentage decrease of oral inflammation
in group II (MO lozenges) was significantly higher than the other groups. The percentage decrease of
GI values in group II (MO lozenges) and group III (MO + CC lozenges) were significantly higher
than the placebo group I. Our findings indicated that MO and MO + CC lozenges reduced oral
inflammation and gingivitis and showed potential to improve oral health in smokers.

Keywords: medical plant; astragalin; smoking; oral inflammation; gingivitis

1. Introduction

Cigarette smoke contains a complex mixture of over 5300 chemical substances includ-
ing nicotine and other carcinogens. Furthermore, cigarette smoke is a major source of
free radicals including reactive oxygen species (ROS) and reactive nitrogen species (RNS)
that cause oxidative damage of lipids, proteins, and deoxyribonucleic acid (DNA) [1,2].
Cigarette smoke induces inflammation by activation of IκB kinase (IKK), leading to the
phosphorylation and proteasomal degradation of nuclear factor kappa B (NF-κB) inhibitor.
This allows the translocation of NF-κB to the nucleus, where it regulates the expression
of pro-inflammatory genes such as tumor necrosis factor (TNF)-α, interleukin (IL)-8, and
cyclooxygenase (COX)-2 [3,4]. Therefore, smoking is a risk factor for various diseases,
particularly oral diseases and oral mucosal lesions in smokers including smoker’s palate,
smoker’s melanosis, coated tongue, oral candidiasis and dental caries, gingivitis, periodon-
tal disease, implant failure, and oral cancer [5,6]. There is a strong correlation between
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smoking and progression of inflammatory diseases of gingival and periodontal tissues and
mucosal surfaces. Periodontitis is more prevalent and more severe in smokers [7]. Relative
risk of periodontal disease in smokers has been reported to be between 2.5- and 6-times
higher compared to nonsmokers. Moreover, many studies found higher amounts of plaque
accumulation in smokers [5]. Subgingival bacteria and dental plaque accumulation initiate
gingival inflammation. If left untreated, this causes gingivitis and eventually progresses to
periodontitis, with destruction of the underlying supporting tissue and alveolar bone [8,9].

Oral hygiene to control bacterial plaque biofilm formation is an effective method
to prevent gingivitis [10]. There are various preventive treatments for gingivitis and
periodontitis, depending on disease severity including gingival irrigations, mechanical
instrumentation, local and systemic antimicrobial therapy, and surgical treatment [11,12].

Oxidative stress productions from different biological sources are due to an imbal-
ance of natural antioxidants, which further leads to various inflammatory-associated
diseases [13]. Antioxidant activity depends on the structure of functional groups. The
number of hydroxyl groups greatly influences several mechanisms of antioxidant activity
such as scavenging radicals and metal ion chelation ability [14].

Numerous plants have historically been considered to be effective in preventing
inflammation [15]. Allium sativum (Liliaceae), Bauhinia variegata (Fabaceae), Eupatorium perfo-
liatum (Asteraceae), and Kalopanax pictus inhibited inflammation by reducing the levels of
IL-6, TNF, interferon, nitric oxide (NO), and Prostaglandin E2 (PGE2) of lipopolysaccharide
(LPS)-stimulated macrophages and peripheral blood mononuclear cells (PBMCs) [16–19].
In an in vivo study, extract of Nigella sativa and Geranium nepalense exhibited significant
anti-inflammatory activity on carrageenan-induced paw edema and tetradecanoyl phorbol
acetate (TPA)-induced mouse ear edema [20,21]. Another study showed anti-inflammatory
effect of protein fraction of Calotropis procera latex by inhibiting the expression of iNOS,
COX-2, TNF-α, and IL-1β on 5-fluorouracil induced oral mucositis in golden hamsters [22].

Moringa oleifera Lam. (MO) provides beneficial nutrients and medical properties. MO
is known as the miracle tree, with various therapeutic properties such as hepatoprotective,
antioxidant, anti-inflammatory, anti-ulcer, anti-cancer, anti-hypoglycemic, anti-plasmodic,
anti-bacterial, and anti-fungal activities [23,24]. Furthermore, MO leaves present a high
content of vitamins and antioxidant compounds such as vitamin A, vitamin C, vitamin
E, carotenoids, polyphenols, flavonoids, phenolic acids, alkaloids, tannins, and saponins.
MO leaves have strong antioxidant activity, mainly due to their high content of bioactive
polyphenols [25,26]. Many research studies have been conducted on medicinal plants and
their anti-inflammatory effects on the expression of pro-inflammatory mediators, including
NO, nitric oxide synthase (iNOS), COX-2, IL-1β, IL-6, and TNF-α. Certain plants have
been shown to increase the level of anti-inflammatory cytokine IL-10 [27–29]. Our previ-
ous study found that bioactive compounds in MO leaf extract reduced the production of
pro-inflammatory cytokines, including TNF, IL-6, IL-8, and COX-2 of LPS-induced human
monocyte-derived macrophages (MDMs) via inactivation of NF-κB, blocking both IκB-α
degradation and nuclear translocation of NF-κB (p65) [30,31]. In addition, we also found
that pre-treating human T-cells with MO leaves extract inhibited reduction in IL-2 produc-
tion, down-regulation of IL2 gene expression, and DNA damage in T-cells treated with
oxidative substances [32]. M. oleifera leaf fraction was reported to have anti-inflammatory
properties by inhibiting LPS-induced production of NO and pro-inflammatory cytokines
in RAW264.7 cells [33]. Another study identified that bioactive isothiocyanates from MO
leaf extract significantly inhibited the expression of iNOS, IL-1β, and the production of NO
and TNF-β [34].

Astragalin (kaempferol-3-O-β-D-glucoside) is a bioactive natural flavonoid. This
compound exhibits anti-inflammation through NF-κB signaling pathway in macrophage
and mice model [35,36]. Astragalin also has antioxidant property [37]. This compound
has been used as a chemical marker for quality control and standardization of MO extract
using the high performance liquid chromatography (HPLC) method [38].
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Cyanthillium cinereum (Less.) H. Rob. (CC) has various medicinal properties such as
analgesic, anti-pyretic [39], anti-bacterial [40], and anti-fungal activities [41]. In addition,
CC decreases cigarette craving in smokers [42,43] and provides anti-inflammation and
anti-microbial biological activity [44]. C. cinereum contains antioxidant compounds such
as tannins, catechins, and flavonoids that exhibited protective activity of 2,2′-azobis(2-
amidinopropane) dihydrochloride (AAPH) oxidation in human red blood cells in an ex
vivo model [45].

M. oleifera leaf and over ground parts of CC extracts provide anti-inflammatory activity
that might reduce gingivitis and oral inflammation in smokers. Thus, in the present study,
candy lozenges containing major active ingredients of MO leaf and over ground parts
of CC extracts were investigated for anti-oral inflammation in volunteer smokers. We
hypothesized that MO leaf, CC extract and their products contain high contents of phenolic
compounds and antioxidant potential. Moreover, MO lozenges and MO + CC lozenges
might reduce gingivitis and oral inflammation in smokers.

2. Results
2.1. Quality Control of Lozenges

Quality control of lozenges including stability, contamination testing (impurity, mi-
crobial, metal), and moisture analysis was evaluated by Khaolaor Laboratories Co., Ltd.
Contaminations of lead (Pb), arsenic (As), and cadmium (Cd) were not found in all samples.
Contamination of yeast and mold < 10 colony-forming unit (cfu)/g was found in all types
of lozenges. Bacteria including Salmonella spp., Clostridium spp., and Staphylococcus
aureus were not found (data not shown). Residual solvent of ethanol was measured using
GC/MS with headspace technique by Central Laboratory (Thailand) Co., Ltd. Residual
ethanol solvent in the MO and CC extracts were 57,400 ppm and 28,800 ppm, respectively.
However, residual solvent in the placebo, MO lozenges, and MO + CC lozenges was not
detected (Table 1). Content of astragalin in MO, CC extract, and lozenges was measured by
high performance liquid chromatography (HPLC). Typical chromatograms of the astragalin
standard are shown in Figure 1a–f. The retention time (RT) of astragalin (20 µg/mL) was
5.934 min, while astragalin in MO leaf extract, MO lozenges, and MO + CC lozenges had
the same RT (Figure 1a–d). Astragalin in CC extract was eluted at 5.211 min, similar to
the astragalin standard (Figure 1e,f). Average astragalin contents in MO and CC extracts
were 5914.70 ± 260.36 µg/g extract and 245.72 ± 8.81 µg/g extract, respectively, while
astragalin contents of 215.87 ± 19.57 µg/tablet and 176.69 ± 21.17 µg/tablet were found in
MO lozenges and MO + CC lozenges, respectively (Table 2).

Table 1. Residual solvent.

Sample
Residual Solvent

% (w/v) ppm

MO leaf extract 5.74 57,400
CC extract 2.88 28,800

Placebo Not detected -
MO lozenge Not detected -

MO + CC lozenge Not detected -
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Figure 1. HPLC system for determination of astragalin at 267 nm. Typical HPLC chromatograms of (a) astragalin standard
at 20 µg/mL, (b) MO leaf extract (3 mg/mL), (c) MO lozenges, (d) MO + CC lozenges, (e,f) astragalin standard and CC
extract (3 mg/mL), respectively.

Table 2. Concentration of astragalin in sample. The values are the mean ± SD (n = 3). MO: Moringa
oleifera; CC: Cyanthillium cinereum (Less.) H. Rob.

Sample Astragalin Content

MO leaf extract (µg/g extract) 5914.70 ± 260.36
CC extract (µg/g extract) 245.72 ± 8.81
MO lozenge (µg/tablet) 215.87 ± 19.57

MO + CC lozenge (µg/tablet) 176.69 ± 21.17

2.2. Total Phenolic Content

The total phenolic contents in MO and CC extracts were 132.98± 2.14 and 102.81± 4.07 mg
gallic acid equivalent (GAE)/g of dry extract, respectively. The phenolic contents in placebo,
MO lozenges and MO + CC lozenges were 135.71 ± 5.34, 245.14 ± 3.8, and 212.42± 9.82 mg
GAE/g of dry extract, respectively. Total phenolic content of MO extracts and all lozenges
were significantly higher compared to DMSO (34.23 ± 1.53 mg GAE/g of dry extract)
(Figure 2). These results indicated that MO extracts, CC extracts, and all lozenges contained
high amounts of phenolic compounds.

2.3. Anti-Oxidant Activity

The free radical scavenging effects of plant extracts and all lozenges were significantly
higher compared to DMSO (34.65 ± 5.04 µM Trolox equivalent (TE) /100 mg of dry
extract). MO leaf extract and CC extract showed antioxidant activity at 189.93 ± 5.24 and
117.71 ± 15.02 µM TE/100 mg of dry extract, respectively. The anti-free radical activity
of MO lozenges was highest at 330.79 ± 3.13 µM TE/100 mg of dry extract, while the
antioxidant of placebo and MO + CC lozenges were 200.56 ± 14.44 and 289.79 ± 7.06 µM
TE/100 mg of dry extract, respectively (Figure 2). These findings demonstrated that MO
extracts, CC extracts, and all lozenges provided high antioxidant potential.
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Figure 2. Antioxidant activity of extracts and lozenges are shown in white bars. Total phenolic
contents of extracts and all lozenges are presented in black bars. DMSO: dimethyl sulfoxide; MO
extract: Moringa oleifera extract; CC extract: Cyanthillium cinereum extract; MO lozenges: Moringa
lozenges; MO + CC: Moringa and Cyanthillium lozenges. Data are presented as means ± SEM.
*** p < 0.001, compared to DMSO.

2.4. Subjects Characteristic and Clinical Laboratory Measurement

At week 4, 25 subjects were loss to follow-up, and 67 subjects had completely done the
process. The mean ± SD age of smokers in placebo, MO Lozenge, and MO + CC lozenge
group were 37.14 ± 10.06, 39.77 ± 11.93, and 29.13 ± 10.25, respectively. The placebo
group had mean ± SD of body mass index (BMI) of 21.68 ± 4.6 while MO Lozenge, and
MO + CC lozenge group had BMI of 20.72 ± 3.59 and 23.7 ± 4.05, respectively. There
was not significant difference in age and BMI between groups (Table 3). Blood pressure
(BP), heart rate (HR), fasting blood sugar (FBS), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), blood urea nitrogen (BUN), and
serum creatinine (sCr) in each group at the end of using lozenge were not significantly
different from baseline visit. The summarized of clinical laboratory characteristics of
smokers was shown in Table 4.

Table 3. The characteristics data of subjects in placebo, MO lozenge, and MO + CC lozenges groups.
The different of age and body mass index (BMI) among three groups were analyzed by one-way
ANOVA at the p < 0.05 level. The values are the mean ± SD, ns is not significant. MO: Moringa
oleifera; CC: Cyanthillium cinereum.

Placebo MO Lozenge MO + CC Lozenge p-Value
(n = 22) (n = 22) (n = 24)

Sex: Male 22 22 23
Age (years) 37.14 ± 10.06 39.77 ± 11.93 29.13 ± 10.25 ns

BMI (kg/m2) 21.68 ± 4.6 20.72 ± 3.59 23.48 ± 4.05 ns



Plants 2021, 10, 1336 6 of 17

Table 4. Laboratory examination of smokers at baseline and week 4. The different of blood pressure (BP) and heart rate (HR) were analyzed using paired T-test (p < 0.05). The different of
fasting blood sugar (FBS), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), blood urea nitrogen (BUN), and serum creatinine (sCr) were
analyzed by Wilcoxon signed rank test at the p < 0.05 level. The values are the mean ± SD and ns is not significant. MO: Moringa oleifera; CC: Cyanthillium cinereum.

Parameters
Placebo (n = 22)

p-Value
MO Lozenge (n = 22)

p-Value
MO + CC Lozenge (n = 23)

p-Value
Baseline Week 4 Baseline Week 4 Baseline Week 4

BP (mmHg) Systolic 132.25 ± 15.3 124.37 ± 11.46 ns 134 ± 14.92 139.63 ± 12.73 ns 133.81 ± 12.04 131.73 ± 17.41 ns
Diastolic 90.75 ± 14.91 82.12 ± 9.73 ns 87.63 ± 11.55 92.63 ± 10.08 ns 88.06 ± 12.28 79.6 ± 23.1 ns

HR 84.87 ± 18.19 88 ± 12.99 ns 90.72 ± 18.34 95.36 ± 17.23 ns 95.81 ± 18.41 92.06 ± 21.11 ns
FBS (mg/dL) 89 ± 11.95 92.62 ± 25.11 ns 96.54 ± 21.69 103.54 ± 19.30 ns 97.93 ± 9.65 99.38 ± 15.24 ns

AST (U/L) 58 ± 85.78 29.62 ± 11.78 ns 66.18 ± 83.59 55.45 ± 70.01 ns 36.81 ± 30.03 29.87 ± 10.36 ns
ALT (U/L) 30.12 ± 25.44 24.87 ± 14.97 ns 48.27 ± 50.88 38.09 ± 32.34 ns 36.75 ± 41 25.68 ± 30.26 ns
ALP (U/L) 123.75 ± 73.24 104.75 ± 67.03 ns 99 ± 59.15 106.48.10 ns 86.81 ± 42.95 95.18 ± 62.25 ns

BUN (mg/dL) 11.97 ± 3.46 11.98 ± 2.98 ns 12.79 ± 2.69 11.94 ± 3.23 ns 12.35 ± 3.39 13.81 ± 3.28 ns
sCr (mg/dL) 0.86 ± 0.15 0.91 ± 0.14 ns 0.98 ± 0.19 1 ± 0.2 ns 0.98 ± 0.12 0.99 ± 0.12 ns
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2.5. The Anti-Inflammation of Lozenge in Smokers

To investigate whether lozenge had an anti-oral inflammatory effect in smokers,
all subjects were received three lozenges per day. After 4 weeks, the change of oral
inflammation and gingival condition of subject were done by oral examination and gingival
index (GI) by the dentist. The mean ± SD of oral inflammation between baseline and week
4 in all groups were not significantly decrease. There was not significant difference of
oral inflammation in between groups as well. However, percentage decrease of oral
inflammation in group II (MO lozenge) were significantly higher compared to placebo
group. Interestingly, the GI from baseline to week 4 in group III (MO + CC lozenge)
was significantly decreased. However, the GI was not significantly difference in group I
(Placebo) and group II (MO lozenge). Moreover, percentage decrease of GI in group II (MO
lozenge) and group III (MO + CC lozenge) were significantly higher compared to placebo
group. This result confirmed that MO and MO + CC lozenge showed inhibitory effect of
gingivitis and oral inflammation in smokers. The change of GI and oral inflammation in
each group as shown in Table 5.

Table 5. Gingival index and oral inflammation smokers in placebo, MO lozenge, and MO + CC
lozenge groups. The different of oral inflammation and gingival index among three groups were
analyzed using Kruskal–Wallis test. The values between baseline and week 4 was analyzed by
Wilcoxon signed rank test at the p < 0.05 level. The values were represented as mean ± SD, ns is not
significant. MO: Moringa oleifera; CC: Cyanthillium cinereum.

Parameters
Placebo MO Lozenge MO + CC Lozenge p-Value
(n = 22) (n = 22) (n = 24)

Oral Inflammation
Baseline 0.14 ± 0.35 0.27± 0.55 0.21 ± 0.25 ns
Week 4 0.05 ± 0.21 0.05 ± 0.22 0.09 ± 0.42 ns
p-Value ns ns ns

% Decrease 64.28 81.48 57.14 <0.001
Gingival Index

Baseline 1.77 ± 0.69 2.18 ± 1.59 1.88 ± 0.61 ns
Week 4 1.55 ± 0.51 1.62 ± 0.59 1.48 ± 0.51 ns
p-Value ns ns <0.05

% Decrease 12.43 25.69 21.28 <0.001

2.6. The Satisfaction and Lozenge Usage of Smokers and Control Group

Percentage of lozenge using (mean ± SD) in group I (Placebo), group II (MO lozenge),
and group III (MO + CC lozenge) were 83.64 ± 22.08, 84.33 ± 20.26, and 78.19 ± 25.99,
respectively. The score of satisfaction on product about lozenge appearance of placebo, MO
lozenge, and MO + CC lozenge were 3.91 ± 0.84, 3.76 ± 0.83, and 3.83 ± 0.83 while score
of lozenges flavor were 3.86 ± 0.89, 3.57 ± 0.87, and 3.43 ± 1.24, respectively. However,
there was not significantly difference between groups (Table 6).

Table 6. The satisfaction and lozenge usage after 4 weeks. The different of lozenge usage and the
satisfaction among three groups were analyzed using Kruskal–Wallis test at p < 0.05. The values were
represented as mean ± SD, ns is not significant. MO: Moringa oleifera; CC: Cyanthillium cinereum.

Parameters
Placebo MO Lozenge MO + CC Lozenge p-Value
(n = 22) (n = 22) (n = 24)

Lozenge Usage (%) 83.64 ± 22.08 84.33 ± 20.26 78.19 ± 25.99 ns
Lozenge Appearance 3.91 ± 0.84 3.76 ± 0.83 3.83 ± 0.83 ns

Flavor 3.86 ± 0.89 3.57 ± 0.87 3.43 ± 1.24 ns

3. Discussion

This was a double-blinded randomized controlled clinical trial. Herbal lozenges
consisting of M. oleifera leaf extract and over ground parts of C. cinereum extract were
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developed for investigation of oral inflammation and gingivitis in volunteer smokers at
the smoking cessation clinic, Wang Thong Hospital, Phitsanulok, Thailand.

Both plants, MO and CC have historically been used in traditional medicine, MO leaf
showed high pharmacological properties including hepatoprotective, antioxidant, anti-
inflammatory, anti-ulcer, anti-cancer, anti-bacterial, anti-fungal, and anti-diabetes [23,24].
C. cinereum provides various medicinal potential such as analgesic, antioxidant, anti-
inflammation, anti-pyretic, antibacterial, and anti-fungal activities [46,47]. Both plants
had strong anti-inflammatory properties. A previous study reported that CC extract
significantly inhibited the secretion of IFN-γ in a dose-dependent fashion, while IL-10
anti-inflammatory cytokine increased [48]. Identified isothiocyanates from MO leaf extract
significantly decreased gene expression and production of inflammatory mediators in
RAW macrophages [34]. Moreover, the effects of different solvent fractions including
butanol, ethyl acetate, chloroform, and hexane of MO extract decreased IL-6, TNF-α, IL-
1β, and prostaglandin E2 (PGE2) production in LPS-stimulated RAW264.7 macrophages
after treatment with each extracted solvent [33]. Our previous study found that MO leaf
extract and contained bio-active compounds reduced the production of pro-inflammatory
cytokines including IL-6, IL-8, and TNF by suppressing phosphorylation of IκB-α and
nuclear translocation of NF-κB (p65) [30,31].

Both MO and CC plants are rich sources of antioxidant compounds that provide
antioxidant activity [26,45]. Our results showed MO leaf extract, CC extract, MO lozenges
and MO + CC lozenges contained high total phenolic contents with greater DPPH radical
scavenging activity compared to the control as DMSO (p < 0.001). These finding supported
previous studies from Malaysia and Nigeria where fractions and crude extracts of CC
demonstrated antioxidant activity that related to the amount of total phenolic and total
flavonoid contents in the plant [49,50]. Leaf of MO also showed high potential as a natural
source of antioxidants by displaying highest DPPH and ABTS radical scavenging and FRAP
total reducing power activities [51–53]. Imbalance between antioxidants and free radicals
can lead to oxidative damage of cellular molecules such as DNA, proteins, and lipids.
Oxidative stress activates a variety of inflammatory mediators involved in several chronic
diseases [14]. Our findings suggested that MO leaf extract, CC extract, MO lozenges, and
MO +CC lozenges had high amounts of phenolic compounds with strong antioxidant
activity. These plants showed promise for the development of further antioxidant and
anti-inflammatory therapeutic products.

Astragalin, a bioactive natural flavonoid has been well known for multiple pharmaco-
logical properties including antioxidant, anti-inflammation, anti-cancer, and cardioprotec-
tive property [37]. Furthermore, astragalin has been used as a chemical marker for quality
control and standardization of MO extract using the high performance liquid chromatog-
raphy (HPLC) method [38]. The quality control of plant extraction and its products can
be done by checked the present of an active ingredient. Hence, we investigated astragalin
in our plant extracts and lozenges using HPLC. The resulted revealed that MO and CC
extracts as well as MO and MO + CC lozenges contained bioactive marker, astragalin. This
indicated that plant extracts were potential active ingredient in lozenges.

Smoking is one of the risk factors for oral inflammation and periodontitis with high
amount of plaque accumulation [5]. Dental plaque biofilm has biologically active products
as Gram-positive and Gram-negative bacteria that colonize the tooth surface around the
gingival border and interproximal areas. These products include endotoxins, cytokines, and
protein toxins that penetrate the gingival epithelium and result in gingivitis [54]. Thus, oral
hygiene and control of bacterial plaque biofilm formation are effective methods to prevent
gingivitis [10]. M. oleifera leaf showed medicinal properties that improved human oral
health care. MO leaf extract inhibited cariogenic biofilm formation and acted against oral
pathogens including Staphylococcus aureus, Streptococcus mutans and Candida albicans [55–57],
whereas CC showed significant results for anti-inflammatory and antimicrobial action on
S. aureus [44,58]. This present study revealed that the GI from baseline to week 4 in smoker
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group III (MO + CC lozenges) significantly decreased, indicating that MO + CC lozenges
reduced gum inflammation in smokers.

This was supported by a previous report from Egypt where MO leaf extract signifi-
cantly decreased periodontal inflammation by reducing leptin and IL-6 serum levels in a
male albino rat periodontal model [59], while MO leaf extract also reduced production of
TNF-α and IL-1β in the gum tissue in a male Wistar rat periodontal model (p ≤ 0.001) [60].
Moreover, a variety of products from MO leaf are available for cleaning the teeth and gums,
and treatment of oral ailments such as MO tooth powder, MO solution, mouthwash, and
toothpaste [61]. However, this present study, the percentage decrease of oral inflammation
in the placebo group was possibly caused from the activity of peppermint essential oil and
menthol essential oil, which displayed antioxidant and anti-inflammation activities [62,63].
Essential oil also reduced gingival inflammation in orthodontic patients [64].

Furthermore, CC decreased cigarette by their active compounds including flavonoids
and hirsutinolides can inhibit cytochrome P450 2A6 (CYP2A6), monoamine oxidase (MAO)-
A, and MAO-B, which reduced nicotine and dopamine metabolism [46]. Previous clinical
study evaluated the effect of CC infusion tea bag in sixty-four subjects at outpatient
smoking cessation clinic at Thanyarak Institute, Thailand. They found that the 7-day point
prevalence abstinence rates (PAR) and continuous abstinence rates (CAR) were increased
in CC group compared to the placebo [42]. Our present study showed the percentage
decrease of oral inflammation in group II and GI in both groups II and III were significantly
higher than in the placebo group (p ≤ 0.001). These results suggested that MO lozenges
and MO + CC lozenges provided anti-oral inflammation as a protective effect on gingivitis
in smokers and might be use as alternative treatment for smoking cessation.

4. Materials and Methods
4.1. Chemicals and Reagents

Methanol and 95% ethanol were provided from RCI Labscan Limited, Thailand.
Astragalin and trolox were supplied from Sigma-Aldrich, St. Louis, MO, USA. Folin-
Ciocalteu reagent, garlic acid as well as DPPH reagent were purchased from EMD Millipore
Corp., Billerica, MA, USA.

4.2. Plant Extraction

M. oleifera Lam. (MO) leaf extract (Lot. No. RD190514) and C. cinereum (Less.) H. Rob.
(CC) extract (Lot. No. RD190515) were obtained from Khaolaor Company (Samut Prakan,
Thailand). Briefly, dried MO leaf powder (8 kg) and over ground parts of CC powder (4 kg)
were successively extracted twice with 95% ethanol (24 and 12 L) at room temperature
for 7 days. Extracts were filtered using Whatman Qualitative Filter Paper No.1 with pore
size 11 µm and the solvent was removed by a rotary evaporator. After the evaporation of
solvents, 854 g of crude MO leaf extract (10.68% yield) and 172 g of CC extract (4.3% yield)
were obtained. This method was modified from a previous study [65].

4.3. Dose Calculation of MO and CC Extract in Lozenge

Concentration of MO and CC extracts in lozenges were calculated using no observed
adverse effect level determination (NOEL) and human equivalent dose (HED) as previous
described [66]. Previous study of NOEL of MO and CC extract were 450 and 400 mg/kg in
rat [67]. Thus, HED of MO and CC extract were 72.93 and 64.82 mg/kg. The maximum
recommended starting dose (MRSD) for clinical trial was determined and 60 kg using as
average weight of volunteers. The safety concentrations of MO leaf and CC extract per day
were 437.58 and 388.92 mg/day, respectively. In this clinical trial, volunteers were received
3 lozenges per day, dose of MO leaf and CC extract per lozenge were 145.86 mg/lozenge
and 129.64 mg/lozenge, respectively.
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4.4. Lozenge Formulation and Evaluation

In this study, three hard lozenges were developed as the placebo, Moringa (MO)
lozenge, and Moringa and Cyanthillium (MO + CC) lozenge. The hard candy lozenges
consisted of sucralose, glucose syrup, peppermint essential oil, menthol essential oil, citric
acid and active ingredients including MO and CC extract. Concentration of MO and CC
extract in lozenges were calculated using NOEL and HED as previous described [66].
Hard candy lozenges were made by dissolving sucralose and syrup in water to prepare a
candy base. The candy was heated until the temperature reached 145–156 ◦C, then cooled
followed by addition of acidulants and flavoring agents. Active ingredients including MO
and CC extracts were added. The candy mass was transferred to candy molds. The lozenge
mass was checked, and the obtained lozenges were packaged in single unit wrappers [68].
Large batches of lozenges were produced, with quality control evaluated by Khaolaor
Laboratories Co., Ltd. for stability, contamination testing (impurity, microbial, metal), and
moisture analysis. Residual solvent of ethanol in extract was measured using GC/MS with
headspace technique by Central Laboratory (Thailand) Co., Ltd. Astragalin was used as
the chemical marker of MO and CC extracts. Astragalin is also known to have antioxidant
properties [38]. Hence, astragalin was used as a bioactive marker for quality control and
standardization of extract and lozenge products. Contents of astragalin in extracts and
lozenges were measured by high performance liquid chromatography (HPLC).

4.5. Gas Chromatography Mass Spectroscopy (GC/MS) Analysis

The residual solvent in sample was measured by G1888 HS sampler with a 6890N
series GC equipped with a Dean’s Switch, FID, and 5973 series MS (Agilent Technologies,
Palo Alto, CA, USA). The analytical column was DB-ALC1 (Agilent Technologies, Palo
Alto, CA, USA) fused-silica capillary column with dimensions of 30 m × 0.25 mm i.d.
and 0.25 µm film thickness. The Dean’s Switch was configured using a 1:1 split ratio
to the FID and MS. Helium was used as the carrier gas. The HS loop and transfer line
temperatures were set at 70 and 90 ◦C, respectively. The vial pressurization was set at
15 psi for 0.15 min. Injection, loop fill, and loop equilibration times were set at 0.50, 0.15,
and 0.05 min, respectively. The GC cycle time was set at 13.5 min. For the GC, a constant
helium flow rate of 3 mL/min was used. The injection port temperature was maintained at
90 ◦C with a 5:1 split injection of the headspace and a septum purge flow of 3 mL/min. The
initial GC oven temperature of 35 ◦C was held for 3 min and then ramped at 25 ◦C/min
to final temperature of 90 ◦C, which was held for 4.3 min. The total GC run time was
8.5 min/sample. Both restrictors were set at constant helium flow of 2 mL/min. The FID
temperature was maintained at 300 ◦C with hydrogen. Air and constant column plus
helium makeup pressures of 40, 450, and 50 psi, respectively. The MS transfer line was
maintained at 280 ◦C and the scan range was set from 20 to 200.

4.6. High Performance Liquid Chromatography (HPLC) Analysis

Astragalin contents in MO extract, MO lozenges, and MO + CC lozenges were mea-
sured using HPLC (Agilent Technologies 1260 Infinity-DAD Detector). Standard stock
solution of astragalin (97% purity, HPLC grade from Sigma-Aldrich, St. Louis, MO, USA)
was prepared by dissolving the substances in 20% acetonitrile to a final concentration of
1940 µg/mL. Standard working solutions were prepared by diluting the stock solutions
at 0.3125–100 µg/mL. The calibration curve of astragalin was successfully constructed
using the peak area of the standard (y axis) and known concentration of the standard
(µg/mL; x axis). The extract was dissolved in 20% acetonitrile at 3 mg/mL before injection
to HPLC. For sample preparation, three tablets of each lozenge type were extracted using
3 mL of 20% acetonitrile and sonicated for 20 min. The sample was further centrifuged at
6000 rpm for 5 min and the supernatant was filtered using a 0.45 µm nylon syringe filter.
The injection volume of all samples was 20 µL. The HPLC analysis was performed using a
Phenomenex Luna C-18(2), 150 × 4.6 mm, 5 µm column. The mobile phase was gradient
elution of 15–85% acetonitrile in water for 15 min, and post-run was set for 3 min with a
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flow rate of 1 mL/min. While CC extract was measured using HPLC Agilent Technologies
1290 Infinity-DAD Detector. The HPLC analysis was performed using C-18, 2.1 × 100 mm,
1.8 µm column. The mobile phase was gradient elution of acetonitrile in water with a flow
rate of 0.15 mL/min. The analysis of all samples was monitored at 267 nm.

4.7. Determination of Total Phenolic Contents

The phenolic contents of MO, CC extracts, MO lozenges and MO + CC lozenges
were determined using the Folin-Ciocalteu method. Dry samples were dissolved in 50%
methanol to reach a final concentration of 100 mg/mL. Samples were diluted in 100 µL of
deionized water and mixed with 5 µL of Folin–Ciocalteu reagent (EMD Millipore Corp.,
Billerica, MA, USA). After 5 min incubation at room temperature, 100 µL of 2% sodium
carbonate (Na2CO3) was added into a 96 well plate. The reaction mixtures were incubated
at 50 ◦C for 60 min for the development of color, and the absorbance was measured at
750 nm using an EnSpire® Multimode microplate reader (PerkinElmer, Inc., Waltham, MA,
USA). Gallic acid (EMD Millipore Corp., Billerica, MA, USA) was used as a standard curve,
and total phenolic contents were expressed in milligram gallic acid equivalent (GAE) per
gram of dry extract. This method was modified from a previous study [69].

4.8. Determination of Antioxidant Activity

DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) radical scavenging assay was used
to evaluate the antioxidant activity of MO, CC extracts, MO lozenges and MO + CC
lozenges. This assay was modified from a previous method [70]. A preparation of 0.1 mM
DPPH solution was dissolved in 0.6 mM of stock solution with methanol. The extracts
were dissolved in dimethyl sulfoxide (DMSO) to a final concentration of 100 mg/mL and
was added with 5 µL of extract in a 96 well plate. Then 50 µL of DPPH reagent (EMD
Millipore Corp., Billerica, MA, USA) was added and the plate was incubated at room
temperature for 15 min, after which the absorbance of the solution was measured at 540 nm
using an EnSpire® Multimode microplate reader (PerkinElmer, Inc., Waltham, MA, USA).
A standard curve was obtained by Trolox (Sigma-Aldrich, St. Louis, MO, USA). The
antioxidant activity of the MO extract was calculated as Trolox equivalent.

4.9. Study Design

This study, a double-blinded randomized controlled clinical trial was conducted at the
smoking cessation clinic, Wang Thong Hospital, Phitsanulok, Thailand. The study protocol
was approved by the Human Ethics Committee of Naresuan University (IRB no. 0346/62).
All subject who met the inclusion criteria were included in this study and the enrolled
volunteers were written inform consent with the Declaration of Helsinki. To test efficacy of
lozenges, 93 smokers aged 18–65 years were selected and randomly divided into 3 groups.
The subjects in each group were assigned to get the different type of lozenges. Group I
received placebo, Group II and group III received MO lozenge and MO + CC lozenge,
respectively. The design of study procedure is shown in Figure 3.

4.10. Subjects

Smokers were at least 18 years to 65 years of age from smoking cessation clinic, Wang
Thong Hospital, Phitsanulok, Thailand, smoked more than 5 cigarettes/day in the past
6 months and able to communicate in Thai fluently. Smokers had no period of abstinence
more than 3 months in the past year and never participate in other smoking cessation
clinic at least 2 weeks. Inclusion criteria were including (i) smokers ages between 18 and
65 years; (ii) smoked more than 5 cigarettes/day in the past 6 months; (iii) subjects have
been diagnosed by a dentist with mild or moderated of oral inflammation; and (iv) healthy
subjects with no history of allergic to any ingredient in lozenges.
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The exclusion criteria were (i) subjects had a history of disease including diabetes
mellitus, cardiovascular, cancer, significant hepatic and renal impairment, neurologic and
psychiatric disorder, and immunodeficiency; (ii) pregnant or breastfeeding; (iii) subjects
who use drugs including antibiotics, anti-inflammatory, anticoagulants, anticonvulsants,
immunosuppressive drugs within 6 months prior to the study visit; (iv) severe alcoholism
or drug addict; and (v) previous use of anti-inflammation or smoking cessation products
within a month.

Discontinuation criteria were (i) participants experienced an adverse effect such as
severe allergic of gum/oral cavity, abnormal of gastrointestinal tract; (ii) researchers are
unable to contact volunteers; and (iii) volunteers do not cooperate with research agreement.

4.11. Sample Size

Sample size for two independent samples was calculated using the formula modified
from a previous study [71] as follows:

n =
(Zα+Zβ)2×2P′(1−P′)

D2

= (1.96+0.84)2×2(0.5)(1−0.5)
(0.69−0.31)2

= 27.14

where, P′= P1 + P2/2 and D = P1 − P2

n = sample size
Zα = The critical value from the standard normal distribution, α = 0.05 and Zα = 1.96.
Zβ = The critical value from the standard normal distribution, β = 0.2 and Zβ= 0.84
P1 = Mean of population 1 or study group
P2 = Mean of population 2 or control group
D = Expected mean difference between the study group and the control group

Sample size was 27 subjects per group, with follow-up period of 4 weeks and expected
dropout rate of 15%. Therefore, the number of subjects in each group should be 31.
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4.12. Study Procedure

On day 0, selected smokers following the above criteria signed an informed consent
form. Physical examination including body weight and blood pressure were recorded. A
blood sample (5 mL) was drawn for laboratory testing including fasting blood sugar (FBS),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), blood urea nitrogen (BUN), and serum creatinine (sCr). Oral inflammation and
gingival index (GI) of individual subjects were measured by a dentist.

The oral examination was evaluated with 6 scores including 0 = absence of oral
inflammation, 1 = very mild oral inflammation, 2 = mild oral inflammation, 3 = moderate
oral inflammation, 4 = quite severe oral inflammation, and 5 = severe oral inflammation.
This oral scoring system was followed previous clinical trial research [72]. GI was evaluated
using modified gingival index (MGI) with 5 rating score between 0 and 4, including
0 = normal gingiva, 1 = mild inflammation or with slight changes in color and texture
but not in all portions of gingival marginal or papillary, 2 = mild inflammation, slight
changes in color and texture in all portions of gingival marginal or papillary, 3 = moderate,
bright surface inflammation, erythema, edema and/or hypertrophy of gingival marginal
or papillary, and 4 = severe inflammation: erythema, edema and/or marginal gingival
hypertrophy of the unit or spontaneous bleeding, papillary, congestion or ulceration. This
method was previously described [73].

All subjects were randomly divided into three groups: group I (placebo), group II
(MO lozenges), and group III (MO + CC lozenges). The subjects were given a pack of
lozenges for the 4 weeks of the study period, and all subjects were blinded to treatment
assignments. They were asked to take three lozenges daily, with one lozenge after breakfast,
lunch, and dinner. The follow-up period was 4 weeks with two clinic visits (weeks 0 and
4) and four telephone contacts (weeks 1–4). At the end of the 4-week study, all subjects
were asked to attend the smoking cessation clinic for history taking, physical examination,
oral examination, and blood testing of FBS, AST, ALT, ALP, BUN, and sCr. After using
the lozenges, subjects also evaluated product satisfaction using a 5-point hedonic scale
questionnaire including 1 = like very slightly, 2 = like slightly, 3 = like moderately, 4 = like
very much, and 5 = like extremely.

4.13. Statistical Analysis

One-way ANOVA and Kruskal–Wallis test were used for data analysis among three
groups. The paired T-test and Wilcoxon signed rank test were used to compare the differ-
ence of data between baseline and week 4. GraphPad Prism software and SPSS were used
to analyze all parameters in this study. A confidence interval of 95% (p = 0.05) was used in
all statistical analyses.

5. Conclusions

This study revealed that M. oleifera and C. cinereum extract showed high potential
of antioxidant. Findings suggested that lozenges containing Moringa and a combination
of Moringa and Cyanthillium extracts had strong pharmacological effect for reducing
gingivitis and oral inflammation in healthy smokers. This in vivo study indicated that
Moringa and Cyanthillium medicinal plant extracts are safe for humans and could be
used to improve oral health care, especially in smokers with high prevalence of gingivitis
and periodontitis.
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