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RESUMEN
En la presente investigación se evaluó la actividad antiinflamatoria de geles con 
extracto etanólico de baccharis macrantha recolectada en la comunidad Llucud alto, 
provincia de Chimborazo, Ecuador. Se utilizó el método de maceración para la obtención 
del extracto etanólico, ejecutando con el mismo el tamizaje fitoquímico y 
determinando los metabolitos secundarios que produjeron la propiedad 
antiinflamatoria, por consiguiente, se obtuvo el extracto concentrado por medio del 
liofilizador que fue utilizado para la elaboración de los geles a 10%, 15%, y 18,75%, a 
los cuales se realizó el control de calidad, determinando características fisicoquímicas 
y control microbiológico. La determinación antiinflamatoria se evaluó por medio de la 
medición del edema plantar inducido con carragenina al 0,5% en 36 ratones machos, 
separados en 6 grupos de 6 ratones, donde
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ABSTRACT
In the present research, the anti-inflammatory activity of gels with ethanolic extract of 
baccharis macrantha collected in the community of Llucud Alto, Chimborazo 
Province, Ecuador was evaluated. The maceration method was used to obtain the 
ethanolic extract, executing the phytochemical screening with it and determining the 
secondary metabolites that produced the anti-inflammatory property. 
Consequently, the concentrated extract was obtained through the lyophilizer, 
which was used for the preparation of the gels at 10%, 15%, and 18.75%, to 
which quality control was performed, determining physicochemical characteristics 
and microbiological control. The anti-inflammatory determination was evaluated 
by measuring the plantar edema induced with 0.5%carrageenan in 36 male 
mice, separated into 6 groups of 6 mice, where they were then treated with 
positive groups (1% diclofenac and 5.5% naproxen) and the prepared gels, making 
measurements every hour for 6 hours. For the statistical analysis, the ANOVA test of 
the Minitab program was used, in which a significant difference was identified 
among the 6 groups. Therefore, due to this difference, the Tukey test was used, 
resulting in the 18.75% gels and 5.5% naproxen having a difference with the other 
groups, having greater anti-inflammatory power. It is concluded that certain secondary 
metabolites of the leaves of baccharis macrantha are responsible for the anti-
inflammatory property of the prepared gels, with the 18.75% gel having a high anti-
inflammatory power.
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interest for anti-inflammatory activity (3).  In
2008, designed a topical anti-inflammatory
formulation based on Baccharis latifolia, which
was developed in two main stages: obtaining,
identifying, and evaluating the anti-inflammatory
activity of the hydroalcoholic extract, and
evaluating the anti-inflammatory activity of a
topical pharmaceutical form. It was concluded
that the pharmaceutical form designed as a gel
cream presents a greater anti-inflammatory effect
than the effect observed in the hydroalcoholic
extract (6).

Since there are not enough studies on the
species baccharis macrantha, the aim was to
evaluate the anti-inflammatory activity of a gel
with different concentrations of ethanol extract
from this plant in mice using the carrageenan-
induced plantar edema method (7).
Anti-inflammatory activity is important because
inflammation is a common pathology in society,
mainly restricting mobility and dexterity, making
it more difficult to perform daily activities, and
also aiming to identify the important metabolites
in this activity.

2. MATERIALS AND METHODS

2.1. Plant Material

Leaves of the baccharis macrantha plant were
collected in the Llucud Alto community in the
Chambo canton, because as previously mentioned,
this species tends to grow in very cold climates
with steep slopes and compact soils, and this
community has the ideal characteristics for the
growth of this species, as it is located on the
slopes of the El Altar volcano, belonging to the
province of Chimborazo, Ecuador, at an altitude of
approximately 1700 to 2100 meters above sea
level, with temperatures of 10 degrees Celsius
below zero, considered a cold climate with
compact soils, and its collection is difficult during
rainy seasons. 

1. INTRODUCCIÓN

The Baccharis genus contains around 400 species
and is found only in the American continent,
mainly in Brazil and the Andes. Around 35 species
of this genus have been identified in Ecuador,
where very few can be found below 1000 meters
altitude, with the majority found at 2400 meters
altitude, making the species baccharis macrantha
a subject of research (1,2).

The baccharis macrantha species is native to
Colombia and Ecuador, and is commonly known as
“Chilco”, “Chilca”, “Chilco” or “Ciro”, depending
on the region where it is found. However, it has
been determined that the name “Chilca”
corresponds to the Baccharis latifolia species, and
“Chilco” to baccharis macrantha (3). In Ecuador,
it is found in provinces such as Azuay, Bolívar,
Carchi, Cotopaxi, Chimborazo, Imbabura and
Tungurahua, and has been used in traditional
medicine to treat fungal and bacterial infections,
inflammation, menstrual and renal problems,
among other ailments, using different
preparations such as infusions or poultices, mainly
using the leaves (4). It grows vigorously in open
terrain with a lot of light, including native shrubs,
steep slopes with compact soil, tolerating droughts
and extremely cold climates at an altitude of 1800
to 2000 meters above sea level (5).

In 2022, it was evaluated the anti-inflammatory
and antioxidant activity of baccharis macrantha
species by obtaining the total content of
flavonoids and polyphenols, and conducting the
evaluation through the red blood cell membrane
stabilizer method using only the plant extract.
However, a complete phytochemical screening was
not carried out for the determination of secondary
metabolites. On the other hand, several studies of
related species have found secondary metabolites
that confer different pharmacological properties,
including terpenes, phenols, flavonoids, and
coumarins, which are the main metabolites of
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luego se los trató con los grupos positivos (Diclofenaco al 1% y Naproxeno al 5,5%%) y los 
geles elaborados, realizando mediciones cada hora por 6 horas. Para el análisis 
estadístico se utilizó la prueba de ANOVA del programa Minitab, en el cual se identificó 
una diferencia significativa entre los 6 grupos, por ende, al haber esta diferencia se 
utilizó el test de Tukey, dando como resultado que los geles al 18,75% y Naproxeno 
al 5,5%, tuvieron diferencia con los demás grupos, teniendo un mayor poder 
antiinflamatorio. Se concluye que ciertos metabolitos secundarios de las hojas de 
baccharis macrantha son los responsables de la propiedad antiinflamatoria a los geles 
elaborados, teniendo el gel de 18,75% un alto poder antiinflamatorio. 
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lower than 20% were selected. Additionally, these
concentrations were compared with commonly
used commercial gels, with Diclofenac at 1% and
Naproxen at 5.5% as dependent variables in mice.
Carrageenan at 0.5% was induced in the mice using
the plantar edema method.

2.4. Preparation of the ethanolic extract

Principio del formulario
The ethanolic extraction was carried out with

leaves from the whole and crushed plant, in which
a weight of 152,39 grams of dry leaves was
obtained, and upon crushing them, a weight of
183,33 grams. Then, extraction by maceration was
performed, where the crushed plant leaves were
placed in an amber flask of 5000 mL with 400 mL
of 96° ethanol; consequently, two macerations
were performed, the first for the initial 7 days. For
the second maceration, the same leaves were
placed, filtered with 380 mL of 96° ethanol for 7
days, filtering in each of the macerations,
obtaining a total of 599 mL of ethanolic extract,
placing it in another amber flask.

2.5. Fitochemical screening

The phytochemical screening of the ethanol
extract was carried out, which included reactions
to identify the presence or absence of metabolites
such as flavonoids, coumarins,
quinones/anthraquinones, alkaloids, triterpenes,
saponins, and tannins/phenolic compounds, where
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2.2. Experimental animals 

Thirty-six male mice of the Mus musculus species,
weighing approximately between 30 and 45 grams,
were used and divided into 6 groups of 6 mice,
each group with similar weight. They were
subjected to a 12-hour fast to ensure greater
absorption during the administration of
treatments, and kept at appropriate temperatures
in the animal facility of the Faculty of Sciences of
the Polytechnic School of Chimborazo for their
respective conservation. This species of mice was
selected because it is considered a common
organism in in vivo experimentation, due to its
short generation time, easy breeding, and visible
phenotypic characteristics. Therefore, induced
inflammation could be observed with the naked
eye, making it optimal for measurement. It is
worth noting that the guidelines of the National
Institutes of Health (NIH Publications No. 8023,
revised 1978) were used for animal
experimentation.

2.3. Design type 

An experimental design was used to evaluate the
anti-inflammatory activity of 3 concentrations of
gels at 10%, 15%, and 18.75% of the ethanolic
extract of baccharis macrantha. These
concentrations were chosen because in previous
studies with similar species, it was noted that gels
above 20% generated adverse reactions and were
toxic to experimental animals. Therefore, gels
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Figure 1. Scheme for the preparation of ethanolic extract
Figure 2. Scheme for total coliform count.
Figure 3. Diagram for counting mesophilic aerobes.

Figure 1. Scheme for the preparation of ethanolic extract
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the quantification of flavonoids and phenols was
also carried out by the “Folin Ciocalteu method”
(7), to determine the exact amount of these
metabolites in the extract. 

2.6. Preparation and quality control of gels 

For the formulation and preparation, first, the
concentrated ethanol extract was obtained, for
which approximately 550 mL of liquid ethanol
extract was placed in the flask of the rotary
evaporator, the base of the equipment was
heated, trying not to take much pressure, until it
is seen that the 96° ethanol has been completely
distilled, then the extract was removed from the
flask using a spatula, placing it in a Petri dish
previously weighed without a sample, from which
approximately 4g of concentrated ethanol extract
was obtained. Therefore, the 3 gels were
prepared, where first, 4g of Carbopol 940 was

dissolved in 1000 mL of distilled water with stirring
by means of the magnetic stirrer, in a 1000 mL
beaker. Next, the beaker was placed in the gel
mixer, and depending on the formulation, the mL
of glycerin was added with constant agitation, by
means of the gel mixer, then the mL of
Triethanolamine (TEA) was added depending on its
formulation with slow movements. Finally, the
concentrated extract of baccharis macrantha was
incorporated into the mixture in respective
concentrations (10%, 15%, and 18.75%), it was
stirred with the help of the gel mixer until the
mixture was uniform, and then it was packaged
and labeled. Finally, quality control was
performed, determining physicochemical
characteristics (pH, greasiness, viscosity, and
stability) and microbiological control such as total
coliforms described in Figure 2, mesophilic
aerobes as shown in Figure 3, and fungi and yeasts
in Figure 4.

Figura 2. D. Gabriel Herrero Tejedor nacido en Aldea del Rey (Segovia) en 1873, licenciado en Farmacia por la Universidad Central de
Madrid en 1894 y farmacéutico en Navas de Oro (Segovia) desde 1917.

Figure 2. Scheme for total coliform count

Figure 3. Diagram for counting mesophilic aerobes
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where the p-value was taken into account. Thus,
if p ≥ 0.05, the null hypothesis (H0) is accepted
and it is concluded that there is no significant
difference between the treatments. However, if p
< 0.05, the alternative hypothesis (H1) is
accepted, and the Tukey test is performed to
determine where there may be a significant
difference between all groups or treatments.

3. RESULTS

3.1. Phytochemical screening

In the respective phytochemical screening of the
ethanol extract of the leaves of the baccharis
macrantha plant presented in Table 1, the
presence of flavonoids such as flavones and
flavonols, saponins, tannins, and triterpenes was
indicated due to the presence of different
colorations for each assay. Additionally, saponins
showed violet coloration for triterpenoidal
saponins, and condensed tannins showed green
coloration, both of which are important in the
anti-inflammatory activity. The presence of
coumarins was also determined through an
ultraviolet light chamber. Regarding the
quantification of phenols, it was observed that the
total phenol content present in the baccharis
macrantha leaves was 113 mg equivalents of gallic
acid/g of dry extract, which is 11.30 g equivalents
of gallic acid/100 g of dry extract. As for the
quantification of total flavonoids, it was 53 mg
equivalents of gallic acid/g of dry extract, that is,
5.3 g equivalents of gallic acid/100 g of dry
extract.

2.7. Evaluation of the anti-inflammatory
activity of the gels 

For the evaluation of the anti-inflammatory
activity, 36 mice were handled under the
conditions mentioned above. Afterwards, 6 mice
with similar weight were divided into 6 different
groups: the first group called “control group”,
whose mice were only injected with carrageenan,
the “positive groups” being the commercial gels,
and finally the remaining 3 groups belonging to the
gel with 10%, 15% and 18.75% ethanol extract,
respectively. Then, the mice were labeled with a
marker in some part of their tails to correctly
distinguish them at the time of application of the
treatments or gels. Therefore, the different
treatments were administered to the mice through
the method of carrageenan-induced plantar
edema at 0.5%, which is based on subcutaneously
injecting a 0.5% carrageenan solution in the
mouse’s paw, and the times for data collection
were determined. The first time was at the
moment carrageenan was placed (0’), then
measurements were taken at 30 minutes after the
carrageenan application (30’), at which point the
treatment was applied, either the Positive group
treatment (1% diclofenac and 5.5% naproxen) or
the gels (10%, 15%, and 18.75%). The swelling was
then evaluated every hour for 6 hours using a
caliper that provides millimetric measurements,
and finally the data obtained from the 6 groups
was tabulated and replaced in the formula to
calculate the percentage of inflammation. For the
statistical analysis, the MINITAB version 2019
program was used, using the one-way ANOVA test,
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Figure 4. Diagram for counting fungi and yeasts
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3.3. Anti-inflammatory evaluation

When conducting the anti-inflammatory
evaluation, we noted several important aspects,
such as the times at which noticeable
inflammation reduction occurred, as well as the
anti-inflammatory percentage, as shown in Figure
5. We observed that there was greater
inflammation reduction in the group that used the
18.75% gel, as after 40 minutes of carrageenan and
gel application, there was already inflammation
reduction in the mouse paw. However, we also
noted that the positive control group (5.5%
Naproxen) had a similar anti-inflammatory effect,
as there was a decrease in the percentage of
inflammation after 50 minutes of treatment. It is
worth noting that the other baccharis macrantha-
based gels at 10% and 15% also had mild
anti-inflammatory activity, but it took longer to
visualize their inflammation reduction.

3.2. Elaboration and quality control of gels

During the quality control of the gel formulations,
their physicochemical characteristics were
determined and presented in Table 2. It was
observed that they have an acidic pH, with the 10%
gel having a pH of 6.79, the 15% gel 6.92, and the
18.75% gel 6.43. Smooth consistency was
determined by absence of lumps or any foreign
objects during tactile assessment of unctuosity.
Viscosity of the three gels was found to be
proportional to their concentration. The three
concentrations were found to have similar
extensibility, and no foreign matter was observed.
Microbiological control revealed absence of
mesophilic aerobes, total coliforms, fungi, and
yeast, as shown in Table 3 for the 10%, 15%, and
18.75% concentrations respectively, indicating the
safety of the manufactured gels.

334

ANALES

RANF

www.analesranf.com

Evaluacion de la actividad antiinflamatoria de geles
Gabriela F. Castelo, Gisella A. Paredes et al.

An. R. Acad. Farm.
Vol. 90. nº 2 (2024) · pp. 329-338 

Table 1. Phytochemical screening of the ethanol extract of the baccharis macrantha plant.

METABOLITE DESCRIPTION RESULT

Flavonoids

Orange coloration

Brown to orange coloration

++
Flavones

++ 
Flavonols

Coumarins Presence of blue-violet under ultraviolet
the light ++

Quinones/Anthraquinones Absence of coloration -

Alkaloids Absence of precipitate -

Triterpenes y/o steroids Red coloration Triterpenes 
++

Saponins Violet coloration Triterpenoidal Sapogenins 

Tannins/phenolic 
compounds

White precipitate formation +++
Tannins

Green coloration +++
Tannins condensed
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Table 2. Physicochemical Characteristics of Gels

Table 3. Microbiological control of gels

PSHYSICOCHEMICAL CHARACTERISTICS

CONCENTRATIONS

PARÁMETERS
pH

Gel 10 %
6.79

Gel 15 
6.92

Gel 18,75%
6.43

Unctuousness Absent of grumos Absent of grumos Absent of grumos

Viscosity 27771 cP – 46,2% 1205 cP – 50,2% 3318 cP – 55,3%

Extensibility 3,95 cm 4,10 cm 4,10 cm

MICROBIOLOGIC CONTROL

CONCENTRATIONS

PARÁMETERS Gel 10 % Gel 15 % Gel 18,75 % MAXIMUM ACCEPTED LIMITS 

Mesophilic aerobic count Absent Absent Absent 10.000 UFC/g

Determination of total 
coliform microorganisms Absent Absent Absent <10 a 100 UFC/g

Determination of yeast
and fungi Absent Absent Absent < 100 UFC/g

Figure 5. Comparison of the percentage of inflammation vs time

9003_03_Maquetación 1  26/09/2024  16:53  Página 335



4. DISCUSSION

As there were no previous investigations on
phytochemical screening of baccharis macrantha
species, the results were compared with other
similar species of the same genus (6), on Baccharis
latifolia, being like this, several secondary
metabolites were detected, with emphasis on the
important metabolites for anti-inflammatory
activity, such as phenolic compounds, tannins,
saponins, and triterpenoid compounds,
particularly monoterpenoids, mainly limonene, all
of which were found in abundant quantities. In
terms of coumarins on Baccharis genistelloides,
detected abundant amounts of this metabolite in
the ethanol extract, as well as high amounts of
tannins. As the same metabolites were detected
in baccharis macrantha species in high quantities,
it was determined that the species has significant
anti-inflammatory activity (9).

Regarding the quantification of phenols and
flavonoids using the Folin Ciocalteu method, the
results showed that this plant species had a higher
amount of total phenols and flavonoids, with
values of 113 and 53 mg, respectively (1),
quantification of phenols in baccharis macrantha
determined 80.1 mg EQ/g of dry extract and 21 mg
EQ/g of dry extract for flavonoids.

3.4. Statistical analysis 

When performing the statistical analysis using
analysis of variance (ANOVA) with a 95%
confidence level as shown in Table 4, the p-value
obtained was 0.002, which means that p<0.05,
thus rejecting the null hypothesis and accepting
the alternative hypothesis. Therefore, it was
concluded that one of the treatment group means
was different, and a Tukey test was performed
with a 95% confidence level as shown in Table 5. It
was found that the 18.75% gel and 5.5% Naproxen
had a significant difference, meaning that these
groups had higher anti-inflammatory activity than
the 1% Diclofenac and the other gels based on the
ethanol extract of baccharis macrantha. The
18.75% gel was the maximum concentration used,
and the fact that the group doesn’t share a letter
means that it shows a significant difference as
shown in Table 4. For verification purposes, a
simultaneous Tukey’s 95% confidence interval plot
was also created, where the difference was
visualized better through whiskers. If the whisker
does not contain zero, it means that they are
significantly different, which confirms that the
18.75% gel and 5.5% Naproxen have higher anti-
inflammatory activity, as shown in Figure 6.
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Table 4. ANOVA statistical analysis of the inflammation percentages of the groups in the anti-inflammation
evaluation

Table 5. Tukey Test analysis of inflammation percentages of groups in anti-inflammatory evaluation

Figure 6. Simultaneous Tukey confidence intervals of inflammation percentages of treatment groups in anti-inflammatory evaluation

Fountain GL SC Ajust. MC Ajust. Value F Value p

Treatment 5 2029 405.86 4.55 0.002

Mistake 42 3749 89.26

Total 47 5778

Treatment N Medium Grouping

Control 8 59.531 A

Diclofenac 1% 8 47.87 A B

Naproxen 5,5% 8 40.01 B

Gel 10% 8 47.34 A B

Gel 15% 8 50.13 A B

Gel 18,75% 8 40.73 B
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with only the ethanol extract (3).
5. CONCLUSIONS 

In the present research, important metabolites
were identified in the anti-inflammatory activity
such as flavonoids, tannins, saponins, and
coumarins, which are crucial for the anti-
inflammatory property and are of great
importance for the evaluation of various important
pharmacological activities for the treatment of
other pathologies, since there are no studies that
determine such activity with the ethanolic extract
of baccharis macrantha, making it innovative and
interesting to conduct more research on the
treated species. Gels based on the leaves of the
ethanolic extract of baccharis macrantha showed
anti-inflammatory activity when evaluated in
mice, using the plantar edema method induced by
0.5% carrageenan. Regarding the three gels
formulated, it was demonstrated that the gel
formulation at 18.75% has a greater anti-
inflammatory effect, confirmed by the ANOVA
statistical analysis and the Tukey Test, which also
complied with all the physicochemical and
microbiological quality controls established by the
USP. Therefore, by complying with all the
parameters and proving its anti-inflammatory
activity, the gels could be used as a treatment in
humans with acute and possibly severe
inflammatory processes, providing quick and

Regarding the physicochemical characteristics
of the gels, they had an acidic pH within the
established range (10), which states that gels
should be within a pH range of 4-7. Regarding
viscosity, there is no specific value, as they have
their own characteristics. Regarding extensibility,
indicated that the value should be a maximum of
5 cm for the average radius, and all concentrations
were within normal values (11).  For
microbiological control is there should be a
maximum limit of 10,000 CFU/g for mesophilic
aerobes and >100 for fungi and yeasts, and the gels
produced were within the required range (12). The
absence of total coliforms, mesophilic aerobes,
fungi, and yeasts in the Baccharis latifolia gel (13).

In the study of Baccharis, the highest
concentration formulation (7 mg/g or 7%) showed
a greater anti-inflammatory effect, and statistical
analysis using ANOVA indicated a significant
difference, with the 7% gel showing greater anti-
inflammatory activity than the other treatments.
It had the same anti-inflammatory power as its
control group. Therefore, both species, Baccharis
latifolia and baccharis macrantha, have anti-
inflammatory activity, with different
concentrations, but still possessing anti-
inflammatory properties. Also evaluated the
anti-inflammatory activity of the same species,
but using the red blood cell stabilization method
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Figure 6. Simultaneous Tukey confidence intervals of inflammation percentages of treatment groups in anti-inflammatory evaluation
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effective improvement. It is also recommended to
give more importance to developing
pharmacological products based on plants, since
they are less toxic and rescue ancestral traditions
in the use of plants for the treatment of
pathologies.

It is funded by the participating authors
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