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Abstract

Essential oils of Cannabis sativa (cannabis) and Baccharis latifolia (chilca), were used as anti-inflammatory ingredients in
an ointment for topical application. Different formulations designed based on these two essential oils were evaluated
in-vivo to measure efficacy, using the feet swelling induction method in rats, and an over-the-counter formulation
with 1% diclofenac active ingredient was used as a positive control. The chemical evaluation of the two oils yielded
the following main components, for chilca oil: liguloxide 14.02%, andro encecalinol 9.84%, kesane 7.53%, limonene
5.6% and Z-cadin-4-en-7-ol with 5.03%; while for cannabis essential oil: E-caryophillene 27.91%, myrcene 21.19%, α-
pinene 8.05%, α-humulene 8.03%, limonene 7.18%, terpinolene 7.12% and β-pinene 4.68%. The results of the research
indicate that those formulas that combined two essential oils in the formulation at 1%, are the ones with the highest
anti-inflammatory activity. Statistically, the significance is high in relation to the positive control in those whose oil
composition is essential oil of cannabis 75% and chilca oil 25%; and essential oil of cannabis 50% and chilca oil 50%.
The other formulas have activity, but this is similar to the commercial formula used as control. Based on the results, it
is possible to propose both natural products as anti-inflammatories, and to foresee the design and commercialization
of topical pharmaceutical drugs using these two essential oils.
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Resumen

Dos productos naturales, aceites esenciales de Cannabis sativa (cannabis) y Baccharis latifolia (chilca), fueron empleados
como ingredientes antinflamatorios en un ungüento de aplicación tópica. Para medir la eficacia, las diversas fórmu-
las diseñadas a base de estos dos aceites esenciales fueron evaluadas in vivo, mediante el método de inducción del
edema subplantar en ratas, como control positivo se empleó una formulación de venta libre con ingrediente activo
diclofenaco al 1%. La evaluación química de los dos aceites presentó para el aceite de chilca los siguientes componen-
tes principales: ligulóxido 14.02%, andro encecalinol 9.84%, kesano 7.53%, limoneno 5.6% y Z-cadin-4-en-7-ol con
el 5.03%; mientras que en el aceite esencial de cannabis las moléculas más abundantes fueron: E-cariofileno 27.91%,
mirceno 21,19%, α-pineno 8.05%, α-humuleno 8.03%, limoneno 7.18%, terpinoleno 7.12% y β-pineno 4.68%. Los re-
sultados de la investigación señalan que aquellas fórmulas con mezclas de los dos aceites esenciales en la formulación
al 1%, son las que poseen la mayor actividad antiinflamatoria, desde el punto de vista estadístico la significancia es
alta en relación al control positivo en aquellas cuya composición de aceites es la siguiente: aceite esencial de cannabis
75% y aceite de chilca 25%, y aceite esencial de cannabis 50% y aceite de chilca 50%. El resto de las formulaciones
presentan actividad, pero esta es similar a la de la fórmula comercial usada como control. De los resultados encontra-
dos se puede proponer a ambos productos naturales como antinflamatorios, y prever el diseño y comercialización de
medicamentos farmacéuticos tópicos usando a estos dos aceites esenciales.

Palabras clave: Cannabis sativa, Baccharis latifolia, aceites esenciales, actividad antiinflamatoria, sinergia antiinflama-
toria.
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In-vivo anti-inflammatory activity of a topical formulation with active principles on essential oils of Cannabis sativa L.
(cannabis) and Baccharis latifolia (Ruiz & Pav) per. (chilca)

1 Introduction

Inflammatory processes are related to pathologies
such as: autoimmune diseases (Urakov and Ura-
kova, 2021; Lochhead et al., 2021; Murata, 2018),
various infections (Shah, 2019; Cervilla et al., 2002);
cardiovascular diseases (Golia et al., 2014; Van Ee-
den et al., 2012) and traumas (Brown et al., 2021;
Mortaz et al., 2018). According to the technical
bulletin (INEC, 2020), polytrauma is the second
cause of hospital morbidity, only below gastroin-
testinal infections, causing a high consumption of
nonsteroidal anti-inflammatory drugs (NSAIDs).
The healthy inflammatory response is tempora-
rily beneficial, but has a precarious balance that
can be altered causing unintentional tissue damage
and generating abnormal or chronic inflammation.
This imbalance generates an uncontrolled “pro-
inflammatory” state capable of causing disease as
a result of oxidative stress, which is the result of
damage caused by reactive oxygen species (ROS),
its basis being inflammation (Schewe, 1995).

Many medicinal plants are used for their anti-
inflammatory properties as part of the ancestral
knowledge of peoples around the world; additio-
nally, there are in-vitro and in-vivo assays in several
of these species that prove the anti-inflammatory
potential of the active principles they contain
(Oguntibeju, 2018; Nunes et al., 2020; Tasneem et al.,
2019; Yatoo et al., 2018). Essential oils are among
the extracts used for their anti-inflammatory acti-
vity, many of these biological matrices have shown
secondary metabolites with high activity (Miguel,
2010; Pérez et al., 2011; Grassmann et al., 2000).
Among the promising species, either for their tradi-
tional use or for their scientific evidence, there are
essential oil of C. sativa (cannabis) (Orlando et al.,
2021; Di Sotto et al., 2022) and B. latifolia (chilca)
(Abad and Bermejo, 2007; Sequeda-Castañeda et al.,
2015).

The essential oils from the two medicinal plants
were analyzed in this research and were used as ac-
tive ingredients in a topical formulation, whose ef-
fectiveness was studied in vivo in an animal model
and compared with an over-the-counter commer-
cial drug widely used in the environment. In this
way, an alternative formulation is proposed, which
uses natural active ingredients with a high efficacy
to mitigate inflammations resulting from trauma or

rheumatoid pathologies.

2 Materials and Methods

2.1 Extraction of essential oils
The essential oil of cannabis was bought at Eden
Garden Essentials, in San Clemente, USA. The pro-
duct comes with its quality data sheet. B. latifolia
leaves (HUPS-as-011 voucher herbarium of the La-
boratories of Life Sciences-UPS), were collected in
the city of Riobamba, in the province of Chimborazo
at the following coordinates: 1◦40′26′′ S, longitude:
78◦38′37′′ W, altitude: 2752 m.a.s.l. The fresh mate-
rial was processed in a stainless steel distiller with
a capacity of 64 liters that operates with the system
known as water and steam in the Life Sciences la-
boratories of the Universidad Politécnica Salesiana,
Quito.

2.2 Chemical composition of essential oils
The technical data sheet of the essential oil of can-
nabis details its chemical composition. The identi-
fication of compounds of the essential oil of B. lati-
folia was carried out through gas chromatography
coupled to mass spectrometry, using a Trace 1310
gas chromatograph coupled to a Thermo Fisher
Scientific ISQ 7000 mass spectrometer with a Termo
Scientific TR-5MS chromatographic column, 30 m
long, 0.25 mm thick and with a film thickness of
0.25 µm. The sample was prepared by diluting 10
µL of B. latifolia essential oil in 990 µL of dichloro-
methane; the injection volume was 1 µL. The carrier
gas was 99.9999% pure helium at a flow rate of 1 1
mL min−1, and a split-ratio of 1:40. The injector tem-
perature was 250◦C.

The initial temperature in the column was 60◦C
for 5 minutes, until reaching 100◦C at a rate of
2◦C/min; then it increased to 150◦C, at a rate of
3◦C/min, reaching 200◦C at 5 °C/min, and finally
it reached 230◦C maintaining this temperature for 5
minutes, with a total analysis time of 60 minutes.

The mass spectrometer conditions were: ioni-
zation energy: 70 eV; emission current: 10 µAmp;
scanning range: 1 scan/s; mass range: 40-350 Da;
trap temperature: 230◦C; transfer line temperature:
200◦C.
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Identification of the molecules was performed
using the NIST 2001 mass spectral database. In ad-
dition, the arithmetic retention index (RI), of each
compound was calculated comparing with a series
of C8-C30 alkanes and finally contrasting the theo-
retical retention indices from Adams (2012) databa-
se.

2.3 Preparation of anti-inflammatory oint-
ments

The type of formulation was O/W (oil in water), the
formula is described in Table 1. Five formulations
were prepared with different proportions of the es-
sential oils and a control formulation without oils,
where the percentage of water was 64%, the per-
centages of each formulation are described in Table
2.

Table 1. Formula of the anti-inflammatory ointments.

Phases Compound Quantity in
percentage

Oily
phase

Mineral oil 12
Stearic acid 10

Cocoa butter 5
Cetyl alcohol 5

Beeswax 3
Essential oil/s 1

Aqueous
phase

Water 63
Tea 1

2.4 In-vivo anti-inflammatory activity
The subplantar edema method induced by carra-
geenan injection proposed by Winter et al. (1962),
was used, using rats weighing between 180 and 220
grams, aged 4 to 8 weeks, under controlled feeding
conditions. The laboratory animals were housed for
2 weeks in groups of 5 for each treatment: 5 concen-
trations, a control formulation and a positive con-
trol. A commercial formulation containing 1% di-
clofenac was used as a positive control. Each ani-
mal was injected with a 0.3% carrageenan solution
in propylene glycol, with a waiting time of 30 minu-
tes to generate edema. A total of 5 values were taken

for each individual: T before carrageenan applica-
tion, To at 30 minutes, T1 at 1 hour, T2 at 3 hours
and T3 at 5 hours after application. The values were
determined in volume units using a plethysmome-
ter, Figure 1 shows the experiment graphically.

Table 2. Proportions of essential oils in each formulation.

Formulation with
base cream

Proportion of
essential oils

Formulation A Cannabis oil 25%
B. latifolia oil 75%

Formulation B Cannabis oil 50%
B. latifolia oil 50%

Formulation C Cannabis oil 75%
B. latifolia oil 25%

Formulation D Cannabis oil 100%
Formulation E B. latifolia oil 100%

Control formula Essential oils 0%

2.5 Statistics

Since there were seven groups of data at different
times, including both positive and control groups,
the statistical study was carried out in 4 stages.
Using the R program version 2021, the data were
analyzed, considering as the main parameter the
proportion of inflammation caused at the begin-
ning and the level of deflation in the three times
in which the measurements were taken; these pa-
rameters were expressed in net value of inflamma-
tion, having as value the volume of the inflamed
paw minus the volume of the normal paw. First, it
was determined if the values presented normality
by means of the Kolmogorov-Smisnov test with the
Lilliefors adjustment, taking into account the con-
trast by treatment applied and by time elapsed af-
ter the application of the treatment. Homoscedas-
ticity analysis was then performed using Levene’s
test in all the inflammation measurement times to
determine that the variances are homogeneous, i.e.,
that there is not a very large variability between the
study groups and that a Tukey test can be applied
later.

The main analysis was the Anova test. Pre-
viously, a covariance analysis was performed to ru-
le out the possibility of an interference of results

with a variable that is not considered, in this case
a possible interaction with the volume of the rat’s
paw in the initial state; the analysis was conduc-
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In-vivo anti-inflammatory activity of a topical formulation with active principles on essential oils of Cannabis sativa L.
(cannabis) and Baccharis latifolia (Ruiz & Pav) per. (chilca)

Figure 1. Graphical scheme of the carrageenan-induced subplantar edema method and measurement in a manual plethysmometer.

ted using the Ancovac test. The Anova analysis was
performed in a one-way model to determine a sig-
nificant difference between the means. The differen-
ces between each of the groups compared to others
were observed in the three measurement times af-
ter the treatment was applied to determine which
treatment is the most effective against inflamma-
tion, considering the control and positive control
groups (formulation with diclofenac at 1%). Subse-
quently, an Anova study was performed in a linear
model to see the behavior of each of the treatments

as a factor within a linear regression equation, con-
trasting each one against the control.

3 Results and Discussion

3.1 Chemical composition of essential oils

The cannabis oil purchased at Eden Garden Es-
sentials has a certificate of chemical composition,
which is detailed in Table 3.

Table 3. Chemical composition of C. sativa essential oil, provided by Eden Garden Essentials.

No. Compound % RDA Theorical ratioa

1 hexanol 0.05 863
2 Not identified 0.08 -
3 α-tujene 0.07 924
4 α-pinene 8.05 932
5 camphene 0.08 946
6 sabinene 0.95 969
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No. Compound % RDA Theorical ratioa

7 β-pinene 4.68 974
8 Not identified 0.04 -
9 3-p-menthene 0.06 984

10 myrcene 21.19 988
11 mesythilene 0.03 994
12 Not identified 0.24 -
13 α-phellandrene 0.63 1002
14 δ-3-carene 0.69 1008
15 α-terpinene 0.11 1014
16 p-cymene 0.22 1020
17 limonene 7.18 1024
18 β-phellandrene 0.32 1025
19 1,8-cineole 0.29 1026
20 Z-β-ocimene 0.24 1032
21 E-β-ocimene 2.65 1044
22 γ-terpinene 0.1 1054
23 1-octanol 0.04 1063
24 E-sabinene hydrate 0.05 1098
25 terpinolene 7.12 1086
26 fenchone 0.15 1083
27 linalool 2.25 1095
28 α-fenchol 0.7 1114
29 Not identified 0.06 -
30 borneol 0.13 1165
31 p-cimen-8-ol 0.08 1179
32 α-terpineol 0.33 1186
33 citronelol 0.16 1223
34 α-copaene 0.05 1374
35 Hexyl hexanoate 0.04 1382
36 Z-caryophyllene 0.14 1408
37 Not identified 0.04 -
38 Z-α-bergamotene 0.05 1411
39 E-caryophyllene 27.91 1417
40 α-elemene 0.04 1434
41 E-bergamotene 0.42 1432
42 Not identified 0.72 -
43 α-humulene 8.03 1452
44 Not identified 0.25 -
45 Not identified 0.1 -
46 β-selinene 0.29 1489
47 γ-amorphene 0.04 1495
48 α-selinene 0.21 1498
49 (E,E)-α-farnesene 0.08 1505
50 β-bisabolene 0.03 1505
51 Not identified 0.05 -
52 Not identified 0.05 -
53 Not identified 0.11 -
54 Not identified 0.14 -
55 selina-3,7(11)-dieno 0.18 1545
56 germacrene B 0.1 1559
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No. Compound % RDA Theorical ratioa

57 Cariophyllene oxide 0.9 1582
58 Humulene hepoxide II 0.18 1608
59 Not identified 0.62 -
60 Not identified 0.22 -

Total unidentified 2.71
Total identified 97.29

aTheoretical retention rates retrieved from Adams (2012) database.

The most important compounds are: E-
caryophyllene 27.91%, myrcene 21.19%, α-pinene
8.05%, α-humulene 8.03%, limonene 7.18%, terpi-
nolene 7.12% and β-pinene 4.68%. The chemical

composition of B. latifolia essential oil is shown
in Table 4. The main compounds are: ligulooxide
14.02%, andro encecalinol 9.84%, kesane 7.53%, li-
monene 5.6% and Z-cadin-4-en-7-ol with 5.03%.

Table 4. Chemical composition of the essential oil of B. latifolia.

No. Name % RDA Theorical RIa Exp. RIb

1 α-tujene 4.77 924 925
2 α-pinene 4.27 932 933
3 camphene 0.68 946 950
4 tuuja-2,4(10)-dieno 2.39 953 974
5 verbenone 2.49 961 980
6 β-pinene 1.1 974 992
7 3-carene 3.4 1008 1011
8 limonene 5.6 1024 1032
9 β-ocimene 0.85 1032 1048

10 terpinolen 0.66 1086 1088
11 gurjunene 0.68 1409 1406
12 caryophyllene 1.3 1417 1420
13 humulene 1.27 1454 1457
14 γ-curcumene 2.91 1475 1479
15 α-curcumene 1.97 1483 1484
16 himachalene 0.26 1481 1486
17 E-muurola-4(14),5-dieno 3.41 1493 1498
18 β-curcumene 2.19 1514 1512
19 α-7-epi-selinene 1.98 1520 1523
20 zoranene 1.01 1529 1529
21 kesane 7.53 1530 1535
22 γ-vetivevene 0.53 1531 1537
23 liguloxide 14.02 1534 1544
24 spatulenol 2.39 1578 1585
25 caryophyllene oxide 0.25 1582 1589
26 -10 epi-eudesmol 1.23 1622 1614
27 muurola-4,10(14)-dien-1-ol 0.99 1630 1633
28 epi-cadinol 1.06 1638 1638
29 Z-cadin-4-en-7-ol 5.03 1635 1647
30 α-cadinol 1.46 1652 1655
31 valerianol 0.78 1658 1668
32 andro encecalinol 9.84 1677 1679
33 α-bisabolol 1.71 1685 1698
34 ciperotundone 2.1 1695 1706
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No. Name % RDA Theorical RIa Exp. RIb

35 Not identified 1.65 1751
36 Not identified 2.82 1764
37 Not identified 1.84 1769
38 Not identified 1.57 1792

Total identified 92.11
Total unidentified 7.89

aTheoretical retention rates retrieved from Adams (2012) database.
bxperimental retention rates compared to a homologous series of C8-C30 hydrocarbons.

3.2 In vivo anti-inflammatory evaluation
After homogenizing the treatments by applying
the normality and homogeneity tests, the statisti-
cal analysis Anova test was performed relating the
anti-inflammatory efficacy in volume for each of the
treatments including the control formula (T) wit-
hout active ingredients, positive control (PC) with
diclofenac at 1% and the 5 formulations with diffe-

rent proportions of essential oils at 1% which are: A
(100% E.O. cannabis), B (75% E.O. B. latifolia and
25% E.O. cannabis), C (50% E.O. B. latifolia and
50% E.O. cannabis), D (25% E.O. B. latifolia and 75%
E.O. cannabis), E (100% E.O. B. latifolia). Measure-
ments were taken 3 times as described in the trial,
i.e. 1, 3 and 5 hours after product application. Figu-
re 2 shows the results of the 3 trials.

Figure 2. Treatments after 1 hour, 3 hours, 5 hours: T (control sample), A (100% E.O cannabis), B (75% E.O. B. latifolia and
25% E.O cannabis), C (50% E.O B. latifolia and 50% E.O cannabis), D (25% E.O B. latifolia and 75% E.O cannabis), E (100%

E.O B. latifolia), P.C. (positive control).
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Figure 3 shows a comparative analysis between
the formulations with the essential oils and the po-
sitive control with diclofenac.

4 Conclusions

The chemical composition of cannabis essential oil
provided in the certificate of the company Eden
Garden Essentials contains as majority molecules
caryophyllene, myrcene, humulene, limonene and
pinenes, similar to what is stated in the literatu-
re (Malingre et al., 1975; Novak et al., 2001). For
both caryophyllene(Dahham et al., 2015; Bakır et al.,
2008) and myrcene (Surendran et al., 2021), there are
studies confirming its anti-inflammatory activity in
various assays.

Unlike the essential oil of cannabis, B. latifolia
has few studies, which do not allow to have enough
literature to compare. The study conducted by Vala-
rezo et al. (2013), shows similarities and differences
in the chemical composition of the oil, which could
be due to the ecological variables of the places whe-
re the plant is harvested. Regarding the most abun-

dant components in our research: liguloxide, andro
encecalinol and kesane, there are no bioactivity stu-
dies, leaving open the possibility of isolating these
molecules and verifying their medicinal properties,
including anti-inflammatory properties.

Basically, all the formulations containing indivi-
dual essential oils or in mixtures at 1% in the for-
mulation show activity if considering their compa-
rison with the positive control (commercial formu-
lation with diclofenac at 1%). However, those for-
mulas of essential oils whose positive activity from
the point of view of statistical significance present a
better anti-inflammatory bioactivity with respect to
the positive control and pure essential oils, are no-
teworthy. The two most effective formulations are
those with 25% B. latifolia oil (250 mg in 100 grams
of ointment) and 75% cannabis oil (750 mg in 100
grams of ointment) and the one containing 50% B.
latifolia oil (500 mg in 100 grams of ointment) and
50% cannabis oil (500 mg in 100 grams of ointment),
practically in all tests (1, 3 and 5 hours). The statis-
tics reveal their significance compared to the positi-
ve control, which would enable to propose them as
possible formulas in the market of natural products.

Figure 3. Comparative evaluation of the treatments and the positive control (diclofenac 1% formulation), in the 3 study times,
time 1 (1 hour), time 2 (3 hours) and time 3 (5 hours).
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The amounts of essential oils used are small,
which would result in a commercially competiti-
ve product. Additionally, B. latifolia is abundant in
the Andes of Ecuador and the country is beginning
to produce medical cannabis, where essential oils
could be one of the metabolites beyond cannabi-
nols.
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