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ARTICLE INFO ABSTRACT

Marrubium vulgare L, commonly known as white horehound, is a medicinal plant widely
recognized for its therapeutic properties. It has been extensively studied for its bioactive
compounds, including alkaloids, which possess significant antioxidant and anti-inflammatory
activities. This study investigates the impact of four extraction methods (soxhlet, refluxing,
maceration A, and maceration B) on the antioxidant and anti-inflammatory activities of alkaloids
from Marrubium vulgare L. The qualitative analysis reveals Emetine and Cephaeline as the
predominant alkaloid compounds in the plant leaf extracts. Among the methods, soxhlet and
. L . maceration B demonstrate the highest extraction yields (9.81% and 9.57% respectively). Notably,
Copyright: © 2023 Ouriagli et al. This is an 0pen-  maceration B exhibits exceptional antioxidant activity as ascorbic acid equivalent per gram of dry
%cr?siisveanI(gltfmg:ztr:;bui(tjtrillj):(tjizrn thiict:r:rszs Ov]:/h?c]ﬁ matter (2370.53 AAE/1gDM), while soxhlet exhibits remarkable anti-inflammatory activity
e e ! - (78.51% inhibition at 500 mg/kg, 180 minutes post-formol injection). These findings underscore
permits unrestricted use, distribution, and reproduction : . . - d ;

the importance of maceration B and soxhlet methods for enhancing alkaloid extraction yield and

Article history:

Received 01 June 2023

Revised 17 June 2023

Accepted 10 July 2023
Published online 01 August 2023

in any medium, provided the original author and bi Lo
source are credited. loactivity.

Keywords:  medicinal plants, Marrubium vulgare L, extraction methods, alkaloids, column
chromatography, antioxidant activity, anti-inflammatory activity. .

Introduction

Marrubium vulgare L, a medicinal plant of the Lamiaceae
family, is widely distributed in the Mediterranean basin, including
Morocco.! It is valued in the pharmaceutical and food industries and
extensively used by Moroccans to treat various ailments.? Traditionally,
it has been employed for respiratory infections, gastrointestinal
disorders, diabetes, anorexia, coughs, and colds.® Furthermore,
Marrubium vulgare L possesses notable hypoglycemic, analgesic,
antispasmodic, anti-inflammatory, and antioxidant properties.*®
Despite the potential of herbal medicines in combating oxidative stress
and inflammation, the influence of extraction methods on biological
evaluations has received limited attention.®” Alternative antioxidants
and anti-inflammatory compounds derived from medicinal plants have
gained interest in recent years.®® Alkaloids have documented
antioxidant and anti-inflammatory properties and potential in
preventing cardiovascular diseases.'*2 However, their clinical utility is
hindered by issues like poor bioavailability and rapid metabolism,
despite promising results in numerous studies.**15
This study provides a comparative analysis of four extraction methods:
soxhlet, refluxing, maceration A, and maceration B. These methods
were selected based on their wide usage in phytochemical extraction
and potential for yielding valuable alkaloid compounds. 86!
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The main objective is to determine the most suitable extraction
technique for maximizing alkaloid yield and unlocking their potent
biological activities. Extraction parameters, including yield, antioxidant
activity, and anti-inflammatory activity, will be meticulously assessed.
This study's findings will contribute to understanding the alkaloid
profile of Marrubium vulgare L leaves and facilitate the development
of effective extraction techniques for obtaining high-quality alkaloid-
rich extracts.

Material and Method

Chemicals and plant material

The glassware used was purchased from Pyrex. Solvents (methanol,
ethanol, hexane, chloroform, ethyl acetate, and diethyl ether) were
purchased from Honeywell Fluka. Chemicals and reagents (Mayer’s
reagent, iron chloride, sodium hydroxide, ammonia, hydrochloric acid,
sulfuric acid, sodium bicarbonate, sodium phosphate, ammonium
molybdate, ammonium  hydroxide, potassium  ferricyanide,
trichloroacetic acid, ascorbic acid, lithium chloride, Gel filtration for
chromatography Sephadex G-50, aspirin, and formol) were purchased
from Sigma-Aldrich (Casablanca, Morocco). Extracts concentration
was done using a rotary evaporator (BUCHI, Rotavapor R-100,
Germany), and optical density measurements were performed on
Ultraviolet/Visible spectrophotometer (Shimadzu UV-1600 PC UV,
Japan). Molecular structures and physicochemical data were obtained
from PubChem and SwissADME programs
(https://pubchem.ncbi.nIm.nih.gov/, http://www.swissadme.ch/).

Plant material used consists of Marrubium vulgare L leaves, which were
collected during February and March 2021 in the Fez-Meknes region
and were identified by Dr. Chaimae Rais in The National Agency for
Medicinal and  Aromatic ~ Plants,  Taounate, Morocco
(Document no. 075/2021). The study was conducted at Human
Pathology, Biomedicine and Environment Laboratory, in the Faculty of
Medicine and Pharmacy (34.00612274141898, -4.964672169974484).
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Alkaloids detection

To assess the presence of alkaloids, a 5 g sample of dried material was
subjected to reflux heating with 200 mL of individual solvents (distilled
water, ethanol, and diethyl ether). Following this, 0.2 mL of each extract
was mixed with 5 mL of 1% aqueous hydrochloric acid solution.
Gradual dilutions up to 60% were performed to observe alkaloid
precipitation at varying concentrations. Mayer's reagent (three drops)
was then added to 1 mL of the filtrate (Table 1). Positive reactions were
indicated by turbidity (+), flocculation (++), or the formation of a
whitish precipitate (+++).1

Extraction methods

For the extraction, 4 experiments were carried out. The first method was
performed using the soxhlet apparatus as described by Yubin (2014). A
total of 20 g of powder were extracted with 300 mL of absolute ethanol.
The extract was evaporated under reduced pressure at 60 °C and the dry
residue was dissolved in 40 mL of chloroform and acidified with 5%
hydrochloric acid until pH = 3. After 30 minutes, the acidic aqueous
phase was extracted with 40 mL chloroform and alkalized by 5%
sodium bicarbonate to reach pH 9. The chloroform phase was
evaporated at 40 °C and the final residue represents total alkaloids.’
The second method was performed using a reflux set-up as described
by Koné (2009). The extraction lasted 12 h, and crude extract was
obtained after filtration and concentration in rotary evaporator. Next, 40
mL Chloroform was added, and solution was extracted 4 times by 5%
H2S04 (v/v). The acidic phase was alkalinized using 50% NH3 and
extracted with chloroform. A dry residue was obtained after
concentration in rotary evaporator under reduced pressure.'®

The last method is maceration. Two experimental protocols were
conducted; extracts were named maceration A and maceration B.
Maceration A was conducted according to the Togola method (2019)
with slight modifications. In brief, 10 g of dry matter was macerated at
room temperature by 100 mL of 80% methanol for 48h, then the mixture
was filtered using Whatman paper No. 3. Other impurities were
eliminated with hexane and methanolic phase was evaporated in rotary
evaporator under reduced pressure until dryness to obtain the extract.
Maceration B method was performed according to Rojas-Vera (2021)
with some adjustments. Briefly, 5g of dry leaves powder was extracted
with methanol for 10h at 4 °C, the solution was filtered and concentrated
in rotary evaporator under reduced pressure until dryness. The crude
extract was acidified to pH 2 with 5% H2SO4 and undesired compounds
were removed with Et2O (v/v). Alkaloid extract was obtained by
alkalizing aqueous solution to pH 9 using 25% NH4OH and extracting
it with EtOAC (v/v).2°

Total Alkaloid Yield Determination

The extraction rate, defined by formula (1), is obtained by multiplying
the ratio of the mass of crude extracts in a dry state (Ps) to the mass of
the plant material used (Pr) by one hundred.

Y(%) == x 100 1)

Antioxidant activity evaluation

The ferric reducing antioxidant power method (FRAP) was performed
according to Motto (2021). For this, different concentrations of the
extract (0.1/0.2/0.3/0.4/0.5 mg/mL) were combined with 2.5 mL of
phosphate buffer and 2.5 mL of 1% potassium ferricyanide. The mixture
was then incubated at 50 °C in a water bath for 20 minutes. After
cooling, 2.5 mL of 10% trichloroacetic acid was added to stop the
reaction. Following a 10-minute centrifugation at 3000 rpm, the upper
layer of the solution (2.5 mL) was mixed with 2.5 mL of distilled water
and 0.5 mL of 0.1% ferric chloride solution. Ascorbic acid served as
standard and absorbance was measured at 700 nm using a Shimadzu
UV-1600 PC UV spectrophotometer.?! Antioxidant activity was
expressed as ascorbic acid equivalent per one gram of dry matter
(AAE/gDM).

The total antioxidant capacity test (TAC) was conducted as described
by Mouffouk (2019). According to this, 100 pL of extract was treated
with 900 pL of reagent solution (0.6 M sulfuric acid, 28 mM sodium
phosphate, and 4 mM ammonium molybdate), absorbance was
measured at 695 nm against a blank containing 100 pL of methanol
combined with 900 pL of the reagent mentioned above.'® The total
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antioxidant capacity was expressed as ascorbic acid equivalent per gram
of dry matter (AAE/gDM).

Steric Exclusion Chromatography

Steric Exclusion Chromatography technique (SEC) was performed
using Sephadex G-50 gel to distinguish the alkaloid molecules in each
extract. Extract compounds were separated according to their size and
shape. The procedure was conducted in accordance with Rigane (2015),
20 g of Sephadex G-50 gel was added to 100 mL of mobile phase
(NaOH 0.05 M and LiCl 0.025 M). The sample then was deposited at
20 mg/mL. The flow rate was set at 5 mL/min and isolated fractions
were analyzed by Shimadzu UV-1600 PC UV spectrophotometer at 380
nm, using a fraction volume of 5 mL.?

Anti-inflammatory activity

Animal care and management

The protocol was approved by the Institutional Animal Care Committee
located in the Faculty of Medicine and Pharmacy of Fez (FMPF)
according to French technical specifications for production, under the
ethical approval number 08/2021.

The animal care and management procedure were conducted according
to Amo-Mensah (2020). A total of 18 one-day-old male Ross-308
chicks (average body weight 42.54 + 2.16 g), obtained from animal
house of the Faculty of Science and Techniques of Fez, Sidi Mohammed
Ben Abdellah University, were randomly distributed into 6 treatment
groups containing one cage of 3 chicks, of which a cage is serving as
the positive control (Aspirin) and another one as negative control
(Physiological water). All chicks were housed in a temperature-
controlled room with continuous light and had access to feed and
distilled water ad libitum. The temperature was maintained at 28 to 31
°C and the relative humidity was set at 50% throughout the trial. The
feeding experiment was conducted at the Faculty of Science and
Techniques of Fez, Sidi Mohamed Ben Abdellah University, in 13
consecutive days, with 500 g in the first three days and 700 g for the
rest of the experiment. The food was withdrawn on the day before the
experiment.?

Sample Collection and Procedures

On days 14, 15 and 16 of the experiment, randomly chosen chicks from
each treatment group were weighed after 12h feed withdrawal. The
average daily feed intake (ADFI), average daily gain (ADG), and feed
conversion ratio (FCR) were calculated based on cage weights and feed
intakes collected during the aging process.?* The initial volume (Vo) of
each chick’s left leg was measured using a caliper. Then, different
treatments were administered by oral administration, as indicated by the
cages below.

NC: Physiological water at 10 mL/kg (Negative Control)

AS3: Aqueous alkaloid extract solution by soxhlet method at 300 mg/kg
AS5: Aqueous alkaloid extract solution by soxhlet method at 500 mg/kg
AMS3: Aqueous alkaloid extract solution by maceration B method at 300
mg/kg

AMS5: Aqueous alkaloid extract solution by maceration B method at 500
mg/kg

PC: Aqueous extract solution of Aspirin at 150 mg/kg (Positive Control)

Thirty minutes after oral administration, each chick was injected with
50 pL of 2.5% formol solution into the left leg. Injected legs volumes
were measured 1 and 3 hours after injection. The extent of the process
was assessed by determining the Percentage Increase (%PI) in chick
paw volume using equation (2) below:?

%P1 = o225 100 0)
Vt: volume of the leg at time (t)

Vo: initial volume of the leg

Subsequently, the anti-inflammatory activity was obtained by

calculating the inhibition percentage (%INH) as identified by formula

3):
%INH = % «100 3)

%PI.: percentage increase in physiological water
%Plq: percentage increase in drug (Extract / Aspirin)
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Table 1: Dilutions used to detect alkaloids in test tubes

Dilutions (%6) 100 90 80 70 60

Extractive solution (mL) 0.20 0.18 0.16 0.14 0.12

Hydrochloric acid 1% (mL) 5 4.50 4 3.50 3

Total Volume (mL) 5.20 4.68 4.16 3.64 3.12

Distilled water required quantit

quired quantity 0.52 1.04 156 2.08

(mL)
Statistical analysis 19,000
All results are expressed as the means + standard error of the mean :
(SEM). Statistical significance was determined using a two-tailed 9,5740.10 0.81+0.25
student’s t-test performed with SPSS software. Each experiment was 10.000 R T
replicated at least three times, and values of (p < 0.05) were regarded as
significant. 8.000

= 6.73+0.13

Results and discussion E 6.000
Alkaloids detection
The three tests yielded similar outcomes, with turbidity observed in 4.000
tubes with concentrations exceeding 70%, while no signal was 2044011
observed in tubes at 60%. These specific cases are detailed in Table 2. 2.000 -
It appears from the analysis that the alkaloids test was positive. As a 0.000
result, Marrubium vulgare L leaves hold alkaloids, and by simple Soxhlet Reflux  Maceration A Maceration B

turbidity appearance, however, only minimal amount is considered.
Several studies in the literature have investigated the chemical
composition of Marrubium vulgare L leaves. Rivera (2019) and
Haratym (2017) reported the presence of alkaloids, saponins, and
various groups of phenolic compounds in Marrubium vulgare L
leaves.?> % Furthermore, Tripathi (2017) and Njinga (2020) identified
alkaloids in different plants belonging to the Lamiaceae family, such as
Mentha piperita, Ocimum tenuiflorum, and Ocimum gratissimum
Linn.27' 28

Total Alkaloid Yield

Extraction results are illustrated in Figure 1.

Figure 1 illustrates that maceration B and soxhlet methods yield higher
extraction rates (9.81% and 9.57% respectively) compared to refluxing
and maceration A. These methods are known for their efficiency in
permeabilizing plant cell walls. Additionally, the choice of extraction
solvent is crucial, considering its polarity, when aiming to dissolve
target compounds effectively. Previous studies have demonstrated that
organic solvents with varying polarities, including ethanol, n-butanol,
acetone, ethyl acetate, n-hexane, and petroleum, effectively retain
alkaloids.52%¢ As most alkaloids have medium polarity,? solvents like
ethanol (used in the soxhlet method) and acidic ethyl acetate solution
(used in the maceration B method) are ideal for extracting alkaloids,
penetrating deeper and releasing more extractable compounds. This
explains the higher yields obtained for soxhlet and maceration B
methods, which may also explain the low values obtained by maceration
A and refluxing methods, since a high polarity organic solvent as
methanol was applied.

One remaining question pertains to the significant difference in
extraction yields between the two maceration methods, despite their
similar principles. The disparity can be attributed to the absence of
acidification in maceration A, resulting in the non-recovery of alkaloid
salts throughout the experiment. This limitation may explain the lower
yield value of 2.04% obtained and serves as the sole disadvantage of
this method.

Special consideration is given to Rahman (2018) who conducted a
phytochemical study on P. quadrifolius, a plant from the Lamiaceae
family. The study revealed a significant alkaloid content of
approximately 13.92%. However, it is important to note that a direct
comparison of the obtained yields is not feasible due to the different
plant species under investigation. Therefore, variations in yields are
expected under these experimental conditions.

Extraction methods
Figure 1: Extraction yields obtained by different methods

----- Ascorbic acid e Soxhlet «<-<®--<- Maceration B
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Figure 2a: Antioxidant activity of the methanolic extract by
maceration A and refluxing compared to ascorbic acid

Table 2: Alkaloids detection results from different
concentrations.

Dilutions (%)

Extract solvents 100 90 80 70 60
Distilled water + + + + -
Diethyl ether + - - - -
Ethanol + + + - -
Key: - = absence, + = turbidity, ++ = flocculation, +++ = whitish
precipitate.
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Table 3: Molecular structure and physicochemical proprieties of the two alkaloids (PubChem).

Cephaeline Emetine
|
0. 0
™~ ~ o
Molecular 0 0 ™~
structure
. (2S,3R,11bS)-2-[[(1R)-6,7-dimethoxy-1,2,3,4-
(1R)-1-[[(2S,3R,11bS)-3-ethyl-9,10-dimethoxy- ) o
IUPAC tetrahydroisoquinolin-1-yl]methyl]-3-ethyl-9,10-

2,3,4,6,7,11b-hexahydro-1H-benzo[a]quinolizin-2-

Nomenclature

dimethoxy-2,3,4,6,7,11b-hexahydro-1H-

yllmethyl]-7-methoxy-1,2,3,4-tetrahydroisoquinolin-6-ol

Molecular
C2sH33N204
formula
Molecular
. 466.622 g-mol—1
weight

Melting point 115 °C

benzo[a]quinolizine

Ca9H40N204

480.6389 + 0.0276 g/mol

74°C

Ascorbic acid e Reflux  +-<-@®-<+ Maceration A
3.0000

2.5000

2.0000

1.5000

AAE/1gDM
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0 0.1 0.2 0.3 0.4 0.5 0.6

Concentration (mg/mL)

Figure 2b: Antioxidant activity of the aqueous extract by
maceration B and soxhlet compared to ascorbic acid

700
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2
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~
<
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Extraction methods
Figure 3: Antioxidant activity of the extracts at 0.5mg/mL

Antioxidant activity evaluation

Ferric Reducing Antioxidant Power

Due to the close relationship between antioxidant activity and reducing
capacity,® the FRAP assay can provide reliable information about the
antioxidant properties of a substance.®> Curves expressing antioxidant
activity by FRAP are displayed in figures (2a) and (2b) as optical
density versus concentration.

Figures (2a) and (2b) clearly indicate that all extracts, except at
concentrations less than or equal to 0.1 mg/mL, exhibit significantly
lower antioxidant activity compared to ascorbic acid. However, there is
a positive correlation between the activity of the extracts and their
concentrations, suggesting that the alkaloid extracts act as reductones
by reducing ferric (111) ions to ferrous (I1) ions.

Below is the reducing power antioxidant activity evaluated at 0.5
mg/mL by measuring equivalent concentration of ascorbic acid per
gram of dry matter (Figure 3).

By analyzing the activities of the four alkaloid extracts, we noticed that
soxhlet and maceration B are the two most efficient extraction methods,
with an antioxidant effect of 601.84AAE/gDM and 516.60AAE/1gDM
respectively. However, when compared to ascorbic acid, none of the
extracts exhibited remarkable ferric reducing activity. This led us to
conclude that alkaloids are weak antioxidants for ferric reducing
activity.

Figures 4a and 4b illustrate the total antioxidant capacity based on TAC
test. They are displayed as optical density versus concentration.
Maceration B and soxhlet extracts exhibit consistently high antioxidant
capacities across all concentrations, surpassing even that of ascorbic
acid. The refluxing extract also demonstrates notable antioxidant
capacity within the concentration range of 0.12 mg/mL to 0.3 mg/mL.
However, outside of this range, the antioxidant capacity is
comparatively low in comparison to ascorbic acid.

Figure 5 outlines the equivalent concentration of ascorbic acid per gram
of dry matter at 0.5 mg/mL.:

Once more, the results obtained demonstrate that soxhlet and
maceration B are the best two extraction methods, with antioxidant
values of 2241.58AAE/gDM and 2370.53AAE/1Gdm respectively,
which confirm the proficiency of these methods.

The results are in good agreement with other study conducted by Putra
(2022), which has shown that the soxhlet extract produced the highest
antioxidant activity level based on FRAP testing, with 36.20 pmol
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GAE/g (gallic acid equivalent). The author’s attention was focused not
only on soxhlet method effectiveness, but also on the ultrasonic assisted
extraction (UAE) as it can be an excellent technique for industrial
applications thanks to shorter extraction times. However, the study
primarily supports previous findings that highlighted the superior
antioxidant activity and extraction yields achieved through the soxhlet
extraction method.®® Similar outcomes were discovered by Aguilar-
Villalva (2021), revealing that the highest antioxidant capacities were
found in soxhlet samples from all tested Annonaceae species and
extraction solvents.®* Interesting results were also attributed to the
maceration technique, as Eddahhaoui (2022) who indicated that
macerated methanol extracts show a remarkable antioxidant activity,
with an ICsoof 0.99+0.01 pg mL™!, 22.14+0.60 pg mL~!, and
137.55+0.85 pg mL™', for DPPH, ABTS, and FRAP respectively.*®
Still, the reason behind the huge differences between the obtained
values by the two antioxidant activity methods remains unclear. One of
the big advantages for the TAC assay is that it involves reducing Mo
(VI) to Mo (V) using antioxidant compounds found in plant extracts.
Alkaloid extracts have a significant antioxidant capacity, so they can
destroy a free radical by transferring an electron to the
phosphomolybdenum complex. When the absorbance during the TAC
assay is higher, the TAC values are higher, making them range from
520.99 AAE/1gDM to 2241.58 AAE/1gDM. On the other hand, iron
reduction ability of the studied samples from ferric tripyridyltriazine [Fe
(I)-TPTZ] complex to ferrous tripyridyltriazine [Fe (II)-TPTZ]
complex in FRAP reagent correlates well with their antioxidant power,
which is an electron-donating ability indicator.®® An increase in FRAP
value means that the extracts have a higher reducing power and electron
transfer ability towards the FRAP reagent,3 which could not be an
important mechanism for alkaloids as antioxidants. Therefore, alkaloids
extracts were non-responsive to the FRAP reagent for almost all
concentration levels assessed compared to ascorbic acid.®*° Another
reason to consider is the family type of alkaloids, since different
solvents dissolve bioactive molecules depending on polarity, which
may also depend on the structural conformation of these alkaloids.**4
An explanation regarding the increase in FRAP values in accordance
with the concentration of alkaloid extracts is still required. Bala (2013)
and Gutiérrez (2014) reacted to this issue by indicating that total
phenolic content in aqueous and methanol extracts is positively
correlated with FRAP assay. This means that phenolic compounds were
the main responsible for this low positive reducing potential, they break
the free radical chain by donating a hydrogen atom.** In extracts, these
phenolic compounds are incompatible with alkaloids, so the antioxidant
properties were exclusively dependent on alkaloids.*®

Note: For the following experiments, only extracts of maceration B and
soxhlet methods were analyzed, as they showed optimal results
regarding all previous proceedings.

e SOXNEL e <@- <+« Maceration B
1.6000

Ascorbic acid
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0 0.1 0.2 0.3 0.4 0.5 0.6
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Figure 4a: Antioxidant capacity of aqueous extract by
maceration B and soxhlet compared to ascorbic acid
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Figure 4b: Antioxidant capacity of Chloroform extract by
maceration A and refluxing compared to ascorbic acid
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Figure 5: Antioxidant capacities of the extracts at 0.5 mg/mL
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Figure 6: Elution profile of maceration B extract

Steric Exclusion Chromatography

To separate the compounds presented in each sample, gel filtration
technique was employed. Results revealed 5 detected signals for the two
alkaloid extracts, obtained from Origin 8.5 software. Sephadex G-50 gel
could retain small molecular size compounds and let the large molecules
crossing along the column first through the mobile phase. For that
reason, all the intense signals obtained are representing alkaloid
molecules, and they are considered high molecular mass fractions.*® Our
results can be effectively interpreted by utilizing this information.
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Based on the elution profiles depicted in Figures 6 and 7, the
chromatogram of maceration B extract reveals three prominent signals
with significantly higher optical density values (0.21 compared to 0.02
in other monomers). These signals correspond to fractions No. 7, No. 8,
and No. 13, indicating the presence of three alkaloid molecules. Also,
the reason behind other peaks’ appearance is suggested to be due to the
presence of other potential monomers. In contrast, the soxhlet extract
exhibits only two prominent peaks with optical densities of
approximately 0.33 and 0.65, corresponding to fractions No. 7 and No.
8 respectively. This indicates that the soxhlet extract predominantly
comprises two major alkaloid molecules.

The attained findings were quite unexpected. It has been found that
maceration B extract contains one more alkaloid molecule over the
soxhlet extract. The most likely explanation of this negative result is
that molecular distributions depend on the genetics and the environment
of the samples taken.”” It is also important to consider various
procedures for obtaining these extracts. Additionally, some
thermolabile compounds may be overheated when performing the
soxhlet method, resulting in their degradation. All these factors may be
the reason why these extracts showed significant qualitative and
quantitative differences in terms of composition. Therefore, comparing
the alkaloids profile in these two extracts is challenging.” The
mentioned reasons may also be responsible for varied optical values
obtained (maximum reached values are 0.21 and 0.65 for maceration B
and soxhlet methods respectively), which means that soxhlet alkaloids
have a higher polymerization degree than maceration B alkaloids. Thus,
the soxhlet method may yield alkaloids with larger molecular structures,
indicating possible differences in their chemical properties.

Despite all, there is a good match between the crude extracts’
composition, especially for the two alkaloid molecules present in each
one. Previous studies supported this result and reported that Marrubium
vulgare L contains two different alkaloid molecules, named Cephaeline
and Emetine.*® Moreover, Rosales-Ldpez (2020) and Asano (2001) also
performed qualitative analysis by column chromatography using Silica
gel, they obtained Emetine and Cephaeline within retention times
around 7.58 min and 8 min, respectively.**% In fact, we applied a 1
fraction/min rate, which means that the two alkaloid molecules were
obtained at around 7th and 8th minute for both extracts. As it is obvious,
the results are quite similar, and pretty much Emetine and Cephaeline
are the two alkaloid molecules included in the extracts.

Nevertheless, the polarity of the two alkaloids detected was of interest
to us. We intended then to explore other research highlighting Emetine
and Cephaeline polarity index. Consequently, Asano (2002) have
developed the metabolism of Cephaeline and Emetine, they assumed
that the two alkaloid molecules are of medium polarity compounds
indeed, since they can’t create hydrogen bonds when in contact with
extraction solvents. Except Cephaeline which contains a hydroxy group
that allows it to transform into a high polar metabolite by
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glucuronidation. In fact, the two studied compounds are quite similar,
and Emetine can demethylated to get converted to Cephaeline.
Additionally, both alkaloids dispose of a topological polar surface area
(TPSA) ranging from 20 A to 130 A as indicated by SwissADME
software analysis. This confirms our approximation in section Il, as
these alkaloids are considered average polarity compounds. Therefore,
the reason we used to explain high and low values of extraction yield is
proved. For visual representation of chemical structures and properties,
the reader is referred to Figure 8.

Anti-inflammatory activity

To examine the anti-inflammatory activity, we used an in vivo animal
model to know oral administration of extracts to chicks. A gradual
increase in chick’s leg volume was observed and measured 1h and 3h
after 50 puL of 2.5% formol injection. Chicks’ gained weighs during
feeding period are shown in Table 4. Average Daily Feed Intake
(ADFI), Average Daily Gain (ADG), and Feed Conversion Ratio (FCR)
were calculated after 13 sequential days of the aging period. All is
represented in Table 5.

Table 6 summarizes the anti-inflammatory data of maceration B and
soxhlet extracts of Marrubium vulgare L regarding the in vivo animal
model at 300 mg/kg and 500 mg/kg. As revealed below, maceration B
and soxhlet extracts showed significant inhibition 1h after formol
injection, best results were attributed to the 500 mg/kg dose to know
69.97% and 44.43% respectively, compared to Aspirin which showed
an inhibition of 34.15% at 150 mg/kg. More notably, the two extracts
significantly inhibited chicks’ hind paw edema 3h after formol
injection, with 50.32% and 78.51% at 500 mg/kg, respectively, while
Aspirin inhibition was 59.27% at 150 mg/kg. On the contrary, no effect
was observed at 300 mg/kg.
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Figure 7: Elution profile of soxhlet extracts
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Figure 8: ADME analysis of proposed drugs: Cephaeline (a) and Emetine (b)
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As mentioned above, soxhlet and maceration B extracts produced
potential anti-inflammatory effects in experimental chicks when
assessed by formol. The alkaloid extracts administered orally showed
considerable anti-inflammatory activity at 500 mg/kg by reducing the
increase caused by formol at the chicks’ leg. As the plant exerts an
important anti-inflammation as compared with Aspirin, these results are
consistent with another study by Kanyonga (2011), who conducted the
anti-inflammatory test on methanolic extract of Marrubium vulgare L
realized by a soxhlet apparatus, using carrageenan-induced hind paw
oedema model by oral administration on adult male mice at 200 mg/kg.
As of 4.5h after injection, inhibition was 34.0% while reference drug
(Indomethacin) was 38.7%. In this regard, Indomethacin exhibited a
remarkably similar inhibitory effect to the extract, which shows the high
impact of a soxhlet method.5? However, our inhibition values (78.51%
and 69.97% for soxhlet and maceration B extracts respectively) could
be explained by the high concentration we used (500 mg/kg) compared
to theirs (200 mg/kg), large concentration values can also be attributed
to increasing the inflammation inhibition, therefore. Nevertheless, this
approximation may not be valid for all cases, as low concentrations of
the extract could show significant anti-inflammatory activity. For
instance, Jin (2022) studied the anti-inflammatory effects of major
alkaloids in many mono terpenoid indole alkaloids (MIAs) obtained
from Kopsia officinalis by a similar protocol to that of maceration B. In
short, the dried and powdered leaves of K. officinalis were extracted
using 90% methanol through refluxing. The resulting residue was
dissolved in water and adjusted to pH 3 using 0.1% aqueous
hydrochloric acid. After filtration, the solution was basified to pH 9
using 10% ammonia and then extracted with ethyl acetate to obtain
separate alkaloid layers. The anti-inflammatory activity was
investigated on male mice (23 — 25 g) by utilizing the carrageenan-
induced paw edema models, with Aspirin as the positive control.5® At
only 40 mg/kg, the three major inhibition ratios reached 43.7%, 50.3%,
and 46.1%. These results surpassed Aspirin's anti-inflammatory effect,
which achieved an inhibition ratio of 38.9% at 200 mg/kg. Clearly, low
concentrations of the extract can exert significant anti-inflammatory
effects®. Similarly, Xie has proved in vivo the efficiency of natural anti-
inflammatory steroidal alkaloids, by evaluating the anti-inflammatory
activity of methanolic extract from Veratrum grandiflorum by refluxing
method, using the carrageenan-induced paw edema animal models with
dexamethasone as the positive control. The extract significantly
inhibited the carrageenan-induced paw edema compared with control,
inhibitory ratios of methanolic extract were 36.3% and 47.2% at 0.5
mg/kg and 1.0 mg/kg respectively, approximately equal to
dexamethasone (49.5%) at 5.0 mg/kg.5

All these in vivo studies have proved the efficiency of natural alkaloids
as anti-inflammatory agents by the carrageenan-induced paw edema
animal model, which were extracted already by soxhlet, maceration B,
and refluxing methods. Apart from that, these significant anti-
inflammatory effects are also attributed to bioactive phytochemicals
found in Marrubium vulgare L and other medicinal plants of the
Lamiaceae family.%57
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The present study investigated the influence of extraction methods on
the biological activities of alkaloids. Four extraction methods were
examined, and their effects on antioxidant and anti-inflammatory
activities were evaluated using Marrubium vulgare L alkaloids. The
study commenced with the characterization of alkaloids through
precipitation reactions, which confirmed their presence in the leaves of
the plant. Among the tested extraction methods, maceration B and
soxhlet techniques yielded the highest extraction yields (9.81% and
9.57% respectively). The antioxidant activity assays (FRAP and TAC)
revealed that maceration B extracts exhibited the strongest antioxidant
activity (2370.53 AAE/1gDM). Qualitative analysis identified Emetine
and Cephaeline as the major alkaloids in the extracts. An in vivo animal
model study demonstrated the effectiveness of the soxhlet method in
reducing inflammation with a percentage inhibition of 78.51%,
surpassing the performance of Aspirin as a reference (59.27%). These
findings underscore the pivotal role of extraction methods in
determining the biological activity of alkaloid extracts. However, the
use of different solvents for each extraction method poses a limitation
in accurately comparing the results. Therefore, future research should
concentrate on exploring alternative extraction methods and employing
specific solvents that align with the polarity of the targeted compounds.
Such efforts will enhance our understanding of the remarkable potential
of phytochemicals extracted from plants in terms of their biological
activities
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Table 4: Average weight per bird during feeding period

Aging period Average weight (g/bird)
Day 1 4254 +2.16
Day 3 48.45+2.37
Day 5 54.87 +2.83
Day 7 80.95+3.70
Day 9 128.76 £ 4.54
Day 11 203.18 £ 6.05
Day 13 273.77+7.79

Table 5: ADFI, ADG, and FCR for 13 days of feeding
experiment

ADFI 35.35+271
ADG 17.78 £0.55
FCR 1.98 £0.13

Values are mean * standard deviation (SD) of triplicate analyses.

Table 6: Anti-inflammatory findings of maceration B and soxhlet extracts by animal model in vivo on chicks

1h 3h

Extract/Drug Dose (mg/kg) ?Vr\uluecllL Inhibition (%) ivr\:?clL Inhibition (%)
+ SEM + SEM

NC - 76.35 £ 0.89 0 95.01 + 0.59 0

AM3 300 68.72 £ 2.34 09.99 75.37 £ 0.54 20.66

AMS5 500 37.93+1.06 69.97 2851 +0.53 50.32

AS3 300 64.26 + 0.84 15.81 48.16 £ 1.45 49.30

ASS5 500 4242 £051 44.43 20.41 £0.92 7851

PC 150 50.26 + 0.85 34.15 38.69 + 0.58 59.27

Values are mean + standard deviation (SD) of triplicate analyses.
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