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Abstract: Medicinal plants hold a significant place as alternative treatments available for inflammatory
diseases, with many phytoconstituents being frequently tested in vitro for their biological activities.
In the current study, we investigated the in vivo anti-inflammatory properties of a novel active gel
formulation, combining Achillea millefolium and Taxodium distichum essential oils with extracts of
Aesculus hippocastanum seeds and Plantago lanceolata leaves. The toxicity of the obtained extracts and
volatile oils was determined using the invertebrate model based on Daphnia magna. Anti-inflammatory
potential was evaluated by the plethysmometric method on Wistar rats, expressed as the inhibition of
the inflammatory oedema (%IIO), while the antinociceptive response was determined on NMRI mice,
according to the tail-flick latency method. The tested gel’s efficacy was similar to the 5% diclofenac
standard (maximal %IIO of 42.01% vs. 48.70%, respectively), with the anti-inflammatory effect being
observed sooner than for diclofenac. Our active gel also produced a significant prolongation of
tail-flick latencies at both 60 and 120 min, comparable to diclofenac. Consequently, we can imply that
the active constituents present in vivo anti-inflammatory properties, and the prepared gel may be
suited for use as an alternative treatment of topical inflammatory conditions.

Keywords: plantain; yarrow; horse-chestnut; bald cypress; inflammation; tail-flick test; daphnia
magna; diclofenac; plant extract; essential oil

1. Introduction

Inflammation comprises a plethora of intricate biological responses induced by the presence
of various harmful agents that lead to cellular and tissue damage. Serving a protective function,
its mechanisms aim at removing the cause of cell injury and initiating tissue repair [1]. The disruption
of tissue homeostasis marks the onset of the inflammatory cascade, as the immune system produces a
series of pro-inflammatory mediators, e.g., interleukins, tumor necrosis factor alpha (TNF-o), reactive
oxygen species, nitric oxide and prostaglandins [2,3]. The local microcirculation is thus affected,
with other blood proteins and blood cells that mediate inflammatory response being attracted to the
damaged tissue site through vasodilation and increased vascular permeability [4].

From a historical perspective, we know that humans have been preoccupied for millennia with
treating a number of injuries and diseases, including the ones of an inflammatory nature. Egyptian
papyruses from as early as 3400 B.C. listed various plants of medicinal importance, a number of them

Sci. Pharm. 2020, 88, 26; d0i:10.3390/scipharm88020026 www.mdpi.com/journal/scipharm


http://www.mdpi.com/journal/scipharm
http://www.mdpi.com
https://orcid.org/0000-0002-2978-8052
http://www.mdpi.com/2218-0532/88/2/26?type=check_update&version=1
http://dx.doi.org/10.3390/scipharm88020026
http://www.mdpi.com/journal/scipharm

Sci. Pharm. 2020, 88, 26 20f 13

addressing conditions with a direct inflammatory component (e.g., dried myrtle infusion, recommended
for rheumatic pain) [5]. A similar case of medicinal plants being employed for ailments characterized
by acute inflammation was supported by Hippocrates (Greece, 450-370 BC), who used extracts from
willow bark to relieve pain and fever [6].

The modern status quo in inflammation treatment varies from drugs such as nonsteroidal
anti-inflammatory drugs (NSAIDs), corticosteroids, metformin, and statins, to nutraceuticals such as
ginger root, turmeric, hyssop, devil’s claw (Harpagophytum procumbens) [7], or capsaicin [8].

NSAIDs are widely prescribed for treating both acute and chronic pain and inflammation, most of
them being available as over-the-counter drugs (e.g., acetylsalicylic acid, diclofenac, ibuprofen,
ketoprofen). Their underlying mechanism of action is that of cyclooxygenase (COX) inhibition—both
COX-1 and COX-2 for the classical ones, and mainly COX-2 for the selective ones [9]. Inhibition
of COX-1 consequently lowers the levels of beneficial prostaglandins, giving rise to many adverse
effects, most importantly of a gastro-intestinal (GI) nature, but also circulatory, respiratory, hepatic
or renal, while the more selective “coxibs” are characterized by cardiovascular toxicity [7,10,11].
Corticosteroids, more precisely glucocorticoids (GCs), are potent anti-inflammatory drugs that actin a
similar manner, inhibiting phospholipase A2 and, indirectly, lypooxigenase (LOX), and both COX-1
and COX-2. They are included as the standard treatment for many inflammatory systemic or skin
diseases such as arthritis, lupoid syndrome, asthma, and psoriasis, but their use is associated with a
wide array of mild to severe adverse effects [7,12].

Dermal inflammation is as a disruptor for many of the skin’s functions, most notably its protective
function. Therefore, prevention and cure of cutaneous inflammation should aim at resolving the cause
or symptoms without further damaging the skin. For example, prolonged use of topical GCs is marked
by iatrogenic reactions such as skin atrophy, defective scarring and an increase in infection risk [13],
or may be prone to glucocorticoid resistance [14].

Cutaneous use of NSAIDs may result in skin rashes [11], and one Cochrane review from 2016
found they have limited efficacy in reducing muscular/skeletal pain, with only 10% of the patients
receiving topical ketoprofen or diclofenac, the most commonly used topical NSAIDs, reporting better
pain relief vs. placebo [15]. Another meta-analysis concluded that even though the classical GI or renal
adverse effects may be greatly reduced for topical NSAIDs, the effect on the cardiovascular system
should be subject to a more in-depth clinical scrutiny [16].

An alternative path, through the use of medicinal plants, appears to present some advantages
over conventional pharmaceuticals, such as a better safety profile and lower costs [17,18]. The natural
remedies are characterized by an abundance in bioactive phytochemicals, like polyphenols, carotenoids,
flavonoids, lignans, omega-3 fatty acids, stillbenoids or phytosterols [18-20], substances possessing
anti-inflammatory and antioxidant effects [19,21,22].

One of the plants employed traditionally for a variety of inflammatory and non-inflammatory
diseases, is Achillea millefolium L., commonly referred to as yarrow. It is an herbaceous perennial
from the Asteraceae family with a rich history of medicinal use in various conditions across the globe
(Brazil, Europe, China, India) [23-25]. Achillea millefolium contains phytochemicals from a large array
of classes, and its volatile oil constituents are for the most part represented by terpenes or other closely
related compounds (1,8-cineole, camphor, borneol, thymol, carvacrol, «-pinene, artemisia ketone or
sesquiterpene lactones like matricin). Some of these constituents were shown to contribute to its
anti-inflammatory effects.

The seeds of Aesculus hippocastanum L., known as horse-chestnut, are used for treating various
circulatory or venous conditions, as well as inflammation of the joints or muscles; horse-chestnut seeds
contain flavonoids [26], coumarins [27], tannins, sterols and a mixture of saponins, generally known as
aescin or escin [28]. It has vasoprotective, antioxidative and free radical scavenging properties, that
are well suited for treating acute inflammation [29]. The anti-inflammatory potential of various horse
chestnut seed extracts has been already proven in biochemical and animal models [30,31].
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Many species of Plantago genus from the Plantaginaceae family, collectively named plantains,
proved a valuable source of traditional medicine [32]. They are used internally or externally in
many skin afflictions, like wounds or inflammations, for their beneficial properties that are rooted
in the phytochemicals they contain, e.g., terpenoids, flavonoids, steroids or polysaccharides [33].
The anti-inflammatory effect of some plantains has been assessed and associated with COX-1, COX-2and
LOX inhibition [34,35]. An aqueous extract of Plantago holosteum was shown to dose-dependently reduce
nitric oxide levels [36], and one recent article described two water and ethanol extracts from Plantago
major as significantly anti-inflammatory, after an in vitro NF-kB (Nuclear factor-kB) assay [37,38].

Taxodium distichum (L.) Rich. is a coniferous tree in the redwood family (Cupressaceae) known
as the bald cypress [39] and used as a natural remedy for the treatment of skin lesions, varicose
veins, spasms, inflammation and pain due to rheumatic disorders, to respiratory or GI infectious
diseases [40,41]. The volatile oil is considerably high in monoterpenoids, chiefly o-pinene, followed by
myrcene, 3-pinene, and limonene, and has marked anti-inflammatory and antispasmodic properties [42].
Another, more recent study, employed a form of structure—activity relationship (SAR) online software
and successfully predicted the anti-inflammatory characteristic of some aromatic steroids that were
identified in Taxodium species [43].

The present study was planned to assess the analgesic and anti-inflammatory potential of a gel
containing a mixture of Plantago lanceolata extract, Aesculus hippocastanum extract, Achillea millefolium
oil and Taxodium distichum oil, employing kaolin-induced inflammation and thermal stimulus induced
pain as animal models.

2. Materials and Methods

2.1. Reagents

All the solvents used were of commercial grade. Carbopol 940, sodium benzoate, and triethanolamine
were purchased from Sigma-Aldrich (Sigma-Aldrich, Taufkirchen, Germany). The compounds
administered to experimental animals were as follows: urethane, kaolin (Sigma-Aldrich, Taufkirchen,
Germany) and diclofenac sodium 5% gel (Hexal AG, Holzkirchen, Germany).

2.2. Plant Material and Extracts Preparation

Achillea millefolium (dry aerial plant harvested during blooming) was purchased from a local store
(batch no. 31910952/2019), Plantago lanceolata leaves and Aesculus hippocastanum seeds were provided
by Hofigal SA (Romania) and Taxodium distichum fresh female cones were harvested in Bucharest.
Achillea millefolium and Plantago lanceolata materials were ground and used in the extraction process.
Prior to grinding, the seminal tegument of Aesculus hippocastanum seeds was removed and then the
material used to extraction. The fresh cones of Taxodium distichum were maintained in laboratory
conditions for 48 h to remove excess moisture, then crushed and used further to obtain the volatile oil.
The plant materials’ identities were verified, and voucher specimens were stored at the Pharmaceutical
Botany and Cell Biology Department, “Carol Davila” University of Medicine and Pharmacy (voucher
specimens no. 19-0702-Achillea millefolium, 18-0601-Plantago lanceolata, 18-0901-Aesculus hippocastanum
and 18-1004-Taxodium distichum).

Leaves of Plantago lanceolata (50 g) were ground and extracted with a 10% ethanol in water using
Soxhlet method. The obtained extractive solution was further concentrated using a rotary evaporator
(RVO 004; Ingos, Prague, Czech Republic) and the concentrate was added in small portions into a flask
with acetone. The precipitate was separated by vacuum filtration and dissolved in a small quantity
of water. The operation was repeated two times. The resulting aqueous solution was lyophilized
at =55 °C (CoolSafe ScanVac 55; LaboGene, Lynge, Denmark). Aesculus hippocastanum extract was
obtained by extraction from 50 g of plant material with ethanol in the ratio of 1:10 (m:v) under reflux
for 30 min, followed by vacuum filtration, concentration using a rotary evaporator (RVO 004; Ingos,
Prague, Czech Republic) and then lyophilized at —55 °C (CoolSafe ScanVac 55; LaboGene, Lynge,
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Denmark). The volatile oils from Achillea millefolium and Taxodium distichum were obtained by steam
distillation of 800 g plant material using a Neo Clevenger apparatus.

2.3. Active Gel Preparation

A 1% carbopol base gel was obtained using carbopol 940, water, sodium benzoate (0.1%),
triethanolamine (q.s.), and glycerol (24%). The aqueous phase of the active gel consisted of tween 20,
Plantago lanceolata extract, Aesculus hippocastanum extract, and ethanol. All were taken in a beaker and
added in the 1% carbopol gel and then the oil phase (Achillea millefolium oil and Taxodium distichum oil)
was added to the mixture drop by drop along with continuous stirring using an overhead mechanical
stirrer (RZR1, Heidolph, Schwabach, Germany). A blank gel was prepared as a control for the
pharmacological experiments containing the carbopol base, tween 20 and ethanol. The quantitative
formulas of both gels are presented in Table 1.

Table 1. Composition of prepared gels.

Ingredients Active Gel Blank Gel
Plantago lanceolata extract 15¢g 0
Aesculus hippocastanum extract 05g 0
Achillea millefolium oil 1mL 0
Taxodium distichum oil 1mL 0
Tween 20 015¢g 015g
Ethanol 03¢g 03¢g
Carbopol base 1% gs.ad30g qs.ad30g

Physical appearance such as color and overall appearance were checked under normal day light.
The pH of all gel formulations was determined using a Hanna HI-98127 pH Tester. The spreadability
was determined by the extensometric method.

2.4. Toxicity Assay on Daphnia magna

Daphnia magna Straus were maintained parthenogenetically at “Carol Davila” University of
Medicine and Pharmacy. The bioassay was performed on 10 daphnids in polypropylene tissue
culture with 12-well plates (Greiner Bio-One) according to the protocol described in our previous
studies [44-46]. The final volume in each well was 4 mL and the negative control was 1% DMSO.
Each component of the active gel was tested at 6 concentration levels ranging from 12.37 to 375 ug/mL
for the extracts, and from 2.5 to 100 nL/mL for the volatile oils. A mixture of all plant components
was tested at 9 concentrations ranging from 1.25 to 500.5 ug/mL. The composition of the mixture was
the same used for active gel preparation. Diclofenac (4.12-125 pg/mL) and x-pinene (2.5-100 nL/mL)
were used as positive controls, because «- and 3-pinene are the main components of bald cypress and
yarrow volatile oils [47,48]. All determinations were performed in duplicate.

The lethality was recorded at 24 and 48 h of exposure and the 50% lethal concentrations (LCs)
were estimated by interpolation on lethality curves plotted between average lethality (%) and the
logarithm of concentrations using the least square fit method. Using the same method, 95% confidence
intervals (CI95%) of LC50 were also calculated. All calculations were performed using GraphPad
Prism v 5.1 software.

2.5. Animals

All experimental procedures were performed in accordance with bioethics norms proposed by
the WMA Declaration of Helsinki and the NIH Guide for the Care and Use of Laboratory Animals.
The experimental protocol (number FFC01/2020) was approved by the Bioethics Commission of the
Faculty of Pharmacy, University of Medicine and Pharmacy Carol Davila, Bucharest.
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Laboratory animals (NMRI mice and Wistar rats) were purchased from the biobase of the
University of Medicine and Pharmacy “Carol Davila”, Bucharest, and were accustomed for two weeks
to the new habitat. They were housed 8 animals per cage, in a ventilated cage system, with a bedding
of wood sawdust, under controlled light/dark cycle conditions (12 h light/12 h dark; lights on at
6:00 a.m.), with free access to water and food pellets (Cantacuzino Institute, Bucharest). The animals
were housed on a light/dark cycle of 12 h, under constant humidity and temperature, monitored with a
thermohigrometer. The recorded values were between 35% and 45% for humidity and 20 and 22 °C for
temperature. The sample size was calculated using the “resource equation” method, as our purpose
was to observe the difference between groups, with E slightly exceeding the higher limit [49]. We took
into account the fact that urethane-induced anesthesia used in the inflammation assay has a high
degree of variability, with a lethal effect in some cases [50].

2.6. Anti-Inflammatory Effect

The anti-inflammatory activity of the active gel was determined using the plethysmometric
method, as described by [31]. Inflammation was induced in 24 male Wistar rats, distributed into
3 equal experimental groups (n = 8). The animals were anesthetized intraperitoneally with a 13%
urethane solution, 1300 mg/kg b.w. After general anesthesia induction, the initial hind paw volume was
determined with the plethysmometer (Ugo Basile, Gemonio, Italy). Thereafter, 0.2 g of each treatment
gel was applied to the surface of the right paw and massaged gently 50 times with the index finger,
while the left paw was only massaged (control). The topical gels that were used as treatments are:
group I—blank gel (control), group II—diclofenac 5%, group III—plant extracts-based gel (active gel)

Oedema was induced by intraplantar administration of 0.2 mL kaolin 10% suspension in the hind
paws of each animal. The initial volume of the paws and the inflamed paws’ volume at 1, 2, 4, 12 and
24 h after kaolin administration were determined.

For the active group the percentage of oedema inhibition was calculated according to the formula:

(Xt - Xc)

% inhibition of the inflammatory oedema (%IIO) = 100 x Xe

)
where Xt represents the mean inflammatory oedema for the active gel group (in mL) and Xc is the
mean inflammatory oedema of the control group (in mL).

2.7. Tail-Flick Test

From the three tested hydrogels, the hydrogel with the most pronounced anti-inflammatory effect
was selected for further testing of the analgesic effect, using the tail-flick test [51]. A total of 32 NMRI
mice were distributed in four equal groups (n = 8). Three repetitive measurements evaluated the
baseline latency for each mouse one day before testing the gel formulation. The average was used
as the baseline latency for each mouse. A quantity of 0.5 g of the test substances (group 1: control,
group 2: base, group 3: diclofenac gel 5% and group 4: plant extracts-based gel) was then applied and
massaged 50 times into the distal portion of the tail. Any excess test substance remaining on the tail
was removed using a clean cloth.

The antinociceptive response was determined by the tail-flick latency method [52]. One day
before administration and on the testing day, following topical administration, the distal mouse tail
was exposed to the radiant heat source (infrared radiation). An intensity of 50% was maintained
throughout the experiment. The latency time was recorded. A maximum tail-flick latency of 10 s
was used to minimize tissue damage to the tail. Each mouse was tested thrice at 60 min and 120 min
post-topical administration.



Sci. Pharm. 2020, 88, 26 60f 13

The antinociceptive response is represented as the percentage of analgesia index (%Al) using the
following ratio:

Test latency — Control latency

analgesia index (%AI) = 100 x 2)

Cutoff — Control latency

2.8. Statistical Analysis

The evaluation of the obtained experimental data was performed using the GraphPad Prism v.5.1
software (GraphPad Software Inc., San Diego, CA, USA). The distribution of the biological responses
was tested using the D’Agostino Pearson normality test. Parametric statistical tests were applied
using the predefined 95% confidence interval, and the statistical significance threshold was set at 0.05.
The experimental results are expressed as arithmetic mean + standard deviation (SD).

3. Results

3.1. Gel Preparation

The plant material was extracted following the described procedures. The yield of extraction was
9.26% for the Plantago lanceolata leaves and 7.41% for the Aesculus hippocastanum seeds. The yield of
extraction was 0.96% for Achillea millefolium oil and 1.17% for Taxodium distichum oil. Achillea millefolium
oil presents as a dark blue liquid with distinctive smell and Taxodium distichum oil has a pale-brown
color and a distinctive smell. The emulgel was obtained following the described preparation method.
It was opaque, dark blue in color, and had a pH of 7.3 + 0.3 (Hanna HI-98127 pH Tester). The visual
inspection revealed a homogeneous product with good spreadability properties.

3.2. Toxicity Assay on Daphnia Magna

The results of LC50 are presented in Table 2. With the exception of Plantago lanceolata extract,
all components exhibited moderate to high toxicity. The LC50 of Aesculus hippocastanum extract is
comparable with diclofenac at both moments of determination.

Table 2. Assessment of toxicity on Daphnia magna model.

LC50 (24 h) CI95% LC50 (48 h) CI95%

Sample
nL/mL
Achillea millefolium volatile oil 19.6 ND ** 13.6 11.7-15.7
Taxodium distichum volatile oil 10.6 ND ** 10.9 10.0-11.9
a-pinene (control) 39.2 30.4-50.6 29.7 23.9-37.0
pg/mL
Plantago lanceolata extract 396.5 315.7-498.0 375.5 357.5-394.5
Aesculus hippocastanum extract 24.5 21.6-27.7 7.5 5.8-9.7
Mixture of active components * 11.8 ND ** 9.8 7.2-13.3
Diclofenac (control) 26.1 22.7-29.9 6.3 4.0-99

* mixture of the four active components in the ratio of 1.5:0.5:1:1 (g:g:mL:mL); ** couldn’t be calculated.

The volatile components showed high toxicity and, taking into account the values of CI95% at
48 h, the values of LC50 are comparable. Both volatile oils exhibited a high toxicity compared with
a-pinene. The high toxicity exhibited on Daphnia magna by the mixture of the components could be
explained by the amounts of volatile components which are dissolved in it.

The average lethality in percent values was plotted against the logarithm of tested concentrations
(ng/mL) using the least square fit method. Goodness of fit was over 0.8 for all curves, showing a good
correlation between concentration and lethality. The lethality curves are presented in Figure 1.
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Figure 1. Daphnia magna lethality curves for (a) Plantago lanceolata extract; (b) Aesculus hippocastanum
extract; (c) Achillea millefolium volatile oil; (d), Taxodium distichum volatile oil; (e) mixture of the four
active components in ratio of 1.5:0.5:1:1 (g:g:mL:mL); (f) diclofenac and (g) x-pinene.

3.3. Anti-Inflammatory Activity

The mean average volume of the control and treated paws prior to the induction of the oedema
and at different intervals of time afterwards are summarized in Table 3.
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Table 3. Average paw volume in the intraplantar kaolin model.

Treatment V0 (0 h) V1(@1h) V2(2h) V4 (4 h) V5 (12h) V6 (24 h)
Active gel 288.4 +29.0 308.7 +24.3 354.8 +41.7 371.0 + 84.4 401.1 + 62.8 680.9 + 24.6
Control 289.3 +24.6 344.1 + 26.8 3739 +31.4 382.9 +47.5 5239 +51.5 746.7 + 96.2
Blank gel 305.4 + 39.5 359.9 + 39.6 386.9 + 45.6 421.8 +77.2 4449 + 974 744.0 = 279
Control 314.0 279 372.7 +46.2 398.7 + 39.9 424.5 + 33.2 475.0 + 35.6 745.1 +85.2
Diclofenac 5% gel 230.9 + 255 312.8 +49.5 330.9 + 61.1 310.9 +94.8 325.8 + 69.9 557.8 + 26.5
Control 249.2 +26.5 350.6 = 31.6 369.2 + 35.1 379.9 + 37.4 493.9 + 32.6 688.3 + 61.8

Values are expressed as mean + SD (1 = 8).

A localized inflammatory reaction as a result of kaolin administration, as observed by the increase
in paw volume, started within 1 h after administration and intensified constantly during the observation
period of 24 h for the control and all treatment groups. As seen in Figure 2, the percentual inhibition of
the inflammatory oedema was highest for diclofenac gel 5%, with a maximal efficacy observed after 12 h
(%IIO = 48.70%). A similar efficacy was observed for the active gel (7%I1O = 42.01%). Furthermore, for the
active gel, the anti-inflammatory effect was observed sooner than for diclofenac (2 vs. 4 h, respectively).
No anti-inflammatory activity was observed for the base used for the preparation of hydrogels.

0%
ﬂ Baseline V1 V2 V4 V12 V24
a4 -10% : .
a -
O 20%
= 0O a
< 7 g
2 E -30%
— Q
o ‘; -40% Group I (blank gel control) .
E > Group II (diclofenac gel 5%) .
foa) _ Group I1II (plant extracts-based gel)
; -50% B
Z: MOMENT OF DETERMINATION

Figure 2. Evaluation of anti-inflammatory effect of the tested gel on kaolin-induced paw oedema in
rats vs. control. ? Significantly different from control (all p < 0.01, paired tTest Student, CI = 95%).

3.4. Anti-Nociceptive Efficacy

No significant difference in the reaction time in the tail-flick assay was observed for the control
group (no treatment) throughout the testing period. Diclofenac 5% as well as the tested plant-based
gel (active gel) produced a significant prolongation of tail-flick latencies at both 60 and 120 min
after application, as seen in Table 4. An increase in the tail-flick latency was also observed for the
base, maybe due to a barrier effect; however, this effect disappeared 120 min after the application.
The antinociception produced by the reference substance and the tested active gel persisted 120 min
after the topical administration, even though it was slightly diminished in time.
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Table 4. Tail-flick latency test.

. 60 Minutes after o 120 Minutes after o
Treatment Baseline Administration Al% Administration Al%
No treatment 19+05 23+0.6 21+0.8
Active gel 1.7 £0.6 3.82+1.0 19.7 3.02P + 0.6 11.8
Blank gel 2.0+09 342+0.8 17.9 24 +0.8 44
Diclofenac 5% gel 2.2 +0.7 442+12 27.3 343P +09 16.3

Values are expressed as mean + SD (11 = 8); 2 significantly different from control (p < 0.05); ® significantly different
from base (paired Student t-test, CI = 95%); analgesia index (%AI).

4. Discussion

The phytotherapeutic products were chosen in order to capitalize on native species that can be
easily cultivated and to associate active principles with anti-inflammatory action leading to a synergism
of action. The composition of the plant mixture was based on the results on Daphnia magna and the
literature data on each plant’s anti-inflammatory potential. The ratio of 3 to 1 for the solid extracts
was chosen based on the low toxicity of Plantago lanceolata leaves showed by the high values of LC50
compared to the Aesculus hippocastanum seeds extract. The low toxicity of the Plantago lanceolata extract
can be explained by the presence of polysaccharides. These phytochemicals have high molecular mass
and possess a low absorption rate [32]. Aesculus hippocastanum toxicity could be exhibited by escine and
coumarin derivatives which are highly soluble in ethanol, the solvent in which the extract was prepared.
Although these compounds exhibit some toxic effects, they have also showed good anti-inflammatory
effects. Comparing with diclofenac, a frequently used NSAID drug, Aesculus hippocastanum extract
has a similar toxicity, but its concentration in the active gel formulation is lower. Both volatile
components are complex mixtures of highly active phytochemicals, and previous studies demonstrated
that Daphnia magna is highly sensitive to similar essential oils [53,54]. Achillea millefolium oil main
components are chamazulene, pinene, cineol and borneol, whereas in T. distichum oil the main terpenes
are oi-pinene, myrcene and thujone [55]. Although found in small quantities, they are potent and could
induce toxicity on Daphnia magna. Moreover, they have showed several pharmacological activities,
including anti-inflammatory effects [56]. Overall, the mixture of the active components has a LC50
dose (after 24 h) almost half of that of diclofenac.

Pain and inflammation are the main symptoms in a great variety of pathological states, both acute,
e.g., trauma due to sprains, strains and bruises, as well as chronical, such as chronic venous insufficiency,
osteoarthritis of superficial joints and localized forms of soft tissue rheumatism. The aim of this research
was to investigate the anti-inflammatory and analgesic properties of a multi-component emulgel in
order to identify an effective natural alternative for the treatment of the above-mentioned symptoms.

The kaolin oedema model was employed to assess the anti-inflammatory potential of the active
gel. Our tested gel showed an anti-inflammatory profile similar to diclofenac. Furthermore, the short
latency of the active gel may be a consequence of the essential oils contained in the formulation,
which significantly improve the skin penetration of active substances. Kaolin is an aluminosilicate
with a strong, long-lasting inflammatory effect mediated by prostaglandins, not by histamine or by
serotonin [57], suggesting that the tested gel interferes with prostaglandin activity.

The tail-flick test is a thermal latency assay that has been widely used to assess the anti-nociceptive
effect of various drugs in rodents [58]. The radiant tail-flick model involves nociceptive processing at
spinal circuits with supraspinal modulation; however, several authors reported that NSAIDs applied
topically increase the tail-flick latency, in a dose-dependent manner [59]. Our results also indicate
that topical diclofenac and the new plant-based active gel led to a significant prolongation of tail-flick
latencies at 60 and 120 min after administration. These results demonstrate that the gel formulation
possesses significant antiedematogenic and analgesic activities after topical application. These results
are in accordance with data from the literature. Several authors reported that hydroalcoholic extracts
obtained from several Plantago species possess significant antiedematogenic, analgesic and wound
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healing activities, both after systemic administration [60,61] as well as after topical application [62,63].
The anti-inflammatory and antinociceptive effect was considered to be at least partially mediated
by flavonoids such as baicalein and hispidulin and iridoid glycosides such as aucubin [32], due to
an inhibition of LOX and COX-1 and by reducing the levels of proinflammatory cytokines [64].
An anti-inflammatory effect almost equal to that of naproxen was also reported for alcoholic and
glycerolic Achillea millefolium extracts [23], while the volatile oil was shown to strongly inhibit the nitric
oxide production in lipopolysaccharide-treated macrophages [65,66]. In a recent comprehensive study,
using supercritical anti-solvent fractionation, Villava et al. observed that the fractions most abundant
in the usual volatile components were the ones that best reduced the amount of secreted TNF-« [67].

Taking into account that the gel is to be applied on injured or inflamed skin, which favors absorption
in the systemic circulation, the lack of tolerability data could be considered a limitation of this study.
However, these compounds are highly used in traditional medicine and the literature abounds with
safety data for each extract and volatile oil within the composition of the gel, demonstrating a high
safety profile in the case of application on inflamed skin. Another aspect to be considered in the future
is employing several concentrations of volatile oils in the hydrogel, in order to determine the product
with the best anti-inflammatory profile.

5. Conclusions

The experimental results obtained in the kaolin-induced inflammation model and in thermal
stimulus-induced pain indicate that the tested gel possesses an anti-inflammatory and analgesic effect,
similar to that of diclofenac, one of the most used topical NSAIDs. The high efficacy of the tested
gel may be partly explained by the various mixture of active constituents, already reported in the
literature to have a significant antiedematogenic and analgesic effect, such as flavonoids, steroids
or polysaccharides, monoterpenoides, as well as that of other components who need further study.
Overall, our results suggest that the tested gel could be a valuable tool in treating the inflammatory
reaction seen in both chronic and sub-acute pain syndromes.
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