Articulo de Investigacion. Revista Ciencia e Ingenieria. Vol. 47, No. 1 pp. 57-66, diciembre-marzo, 2026.
ISSN 1316-7081. ISSN Elect. 2244-8780 Universidad de los Andes (ULA)

Study of the hair growth capacity of products derived from
rosemary (Rosmarinus officinalis), in mice (Mus musculus)
C57BL6//BIOU

Estudio de la capacidad de crecimiento capilar de productos deri-
vados del romero (Rosmarinus officinalis), en ratones (Mus
musculus) C57BL6//BIOU

Aljorna-Molero, Robert*; Amaro-Luis, Juan?; Garcia-Molina, Luis?
Laboratorio de Productos Naturales, Departamento de Quimica, Facultad de Ciencias, Universidad de Los Andes, Venezuela.
2Departamento de Materiales Avanzados, Centro de Investigacion de Quimica Aplicada (CIQA), México.
*robertaljorna98@gmail.com

Abstract

In the present research work, the effect on hair growth of extracts derived from the rosemary plant (Rosmarinus
officinalis) individually (essential oil, hydrolate and alcoholic extract) and together (in the form of a shampoo and hair
tonic) was studied in male mice of the C57BL6//BIOU line, divided into 5 different groups: distilled water (AD), essential
oil (AE), extract (ER), hydrolate (HR) and minoxidil 5% (MXD). Growth was evaluated for 5 weeks, using two methods:
a growth scale with photographic record and the measurement of hairs taken by traction. The hair growth produced by
these treatments was contrasted with a negative control group (distilled water) and positive control (minoxidil 5%). The
growth scale used showed that the mice of the AE, ER and HR groups exhibited considerable hair growth; however, this
scale proved to have serious limitations when evaluating mice with melanocytic nevus. On the other hand, the
measurement of hair length showed that the AE, ER and HR groups presented a statistically superior growth than the
control groups (p-value < 0.05). Finally, it was concluded that the extracts used in this research (essential oil, hydrolate
and alcoholic extract) stimulate hair growth to a greater extent than the commercial drug minoxidil.
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Resumen

En el presente trabajo de investigacion, se estudio el efecto sobre el crecimiento capilar de extractos derivados de la
planta del romero (Rosmarinus officinalis) de manera individual (aceite esencial, hidrolato y extracto alcohélico) y en
conjunto (en forma de un champu y ténico capilar) en ratones macho de la linea C57BL6//BIOU, repartidos en 7 grupos
distintitos: agua destilada (AD), aceite esencial (AE), extracto (ER), hidrolato (HR) y minoxidil al 5% (MXD). El creci-
miento fue evaluado durante 5 semanas, mediante dos métodos: una escala de crecimiento con registro fotografico y la
medicidn de pelos tomados por traccién. El crecimiento capilar producido por estos tratamientos fue contrastado con un
grupo control negativo (agua destilada) y control positivo (minoxidil al 5%). La escala de crecimiento empleada demos-
tro que los ratones de los grupos AE, ER y HR; exhibian un crecimiento capilar considerable, sin embargo, esta escala
demostrd tener serias limitaciones a la hora de evaluar ratones con nevo melanocitico. Por su parte, la medicion de lon-
gitud de los pelos, demostré que dichos grupos AE, ER y HR; presentan un crecimiento estadisticamente superior que el
de los grupos control (p-valor < 0,05). Finalmente, se concluyd que los extractos empleados en esta investigacion (aceite
esencial, hidrolato y extracto alcohoélico) estimulan el crecimiento capilar en mayor medida que el farmaco comercial
minoxidil.

Palabra clave: Rosmarinus officinalis, alopecia, crecimiento capilar, ratones C57BL/6, extracto.
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1 Introduction

For a long time, man has treated diseases with resour-
ces available to him, with the Plant Kingdom being the
main source of therapeutic treatments. This has been docu-
mented in all ancient civilizations. With scientific advan-
cements, the properties of medicinal plants have been pro-
ven, making treatments more effective and safer (Barquero,
2007; Caro Marquez et al., 2020; Marrelli, 2021).

The World Health Organization (WHOQO) recognizes
many medicinal and toxic plants in its manual, "WHO Tra-
ditional Medicine Strategy 2014-2023." This manual outli-
nes the uses of medicinal plants in natural, safe, effective,
and low-cost treatments that are also accessible to the gene-
ral population and widely accepted by them (Hosseinzadeh
et al., 2015; World Health Organization, 2013; Salmeron-
Manzano et al., 2020).

With the great therapeutic potential of medicinal
plants, it is not surprising that from very early on, people
were interested in using them for aesthetic purposes, such as
hair care (Abelan et al., 2022; Patel et al., 2015). In the vast
majority of ancient cultures, hair represents social status and
personal attractiveness. The absence of hair often caused a
great negative impact on both men and women (Barve &
Dighe, 2016; Caro Marquez et al., 2020).

Many plants have been used on hair for various
reasons. It is reasonable to assume that most plants known
to man have been tried on hair at some point in history
(Barve & Dighe, 2016).

One plant that has sparked the interest of researchers is
Rosmarinus officinalis, commonly known as rosemary. This
plant belongs to the Lamiaceae family (Andrade et al.,
2018; de Macedo et al., 2020) and is native to countries on
the Mediterranean Sea (Murata et al., 2013). Its use is
widely linked to gastronomy (Moore et al., 2016; Nieto et
al., 2018).

Several studies show that the extract of Rosmarinus of-
ficinalis has antiandrogenic properties, which prevent hair
loss (de Macedo et al., 2020; Masoud et al., 2020; Murata et
al., 2013). In this context, the objective of the present re-
search is justified: to study the hair growth capacity of pro-
ducts derived from rosemary (Rosmarinus officinalis) in
C57BL6//BIOU mice (Mus musculus).

2 Theoretical Framework
2.1 Botanical Description of Rosmarinus officinalis

This is an aromatic, evergreen shrub of the Lamiaceae
family, growing up to 1.2 m high. It has a straight stem,
numerous branches, exfoliating bark, and is finely puberu-
lent. The leaves are sessile, opposite, green, numerous,
woolly, obtuse, and glandular. They are 1-3 cm long, nearly
cylindrical, and folded inward. The flowers are fragrant, 10-
12 mm long, and grow in small terminal clusters. It has a
tubular calyx, a two-lipped violet corolla, an elongated sty-

le, and an oval fruit divided into four sections (Gonzélez-
Minero et al., 2020; Hammer & Junghanns, 2020).
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Figure 1. Rosmarinus officinalis (rosemary).

2.2 Zoological Description of Mus musculus

Mus musculus, commonly known as the house mouse,
is a small rodent belonging to the Muridae family. Adults
typically measure between 6.5 to 9.5 centimeters in length,
with tails that can be up to 10.5 centimeters long. They
weigh from 12 to 30 grams. The fur color varies from light
brown to black, often with a lighter or even white undersi-
de. Their long tails are either hairless or have very little fur
and feature circular rows of annulations (scale-like skin ce-
lls) (Macholan et al., 2012).

This species is known for its high reproductive poten-
tial, which occurs year-round. However, wild mice may ha-
ve reproductive seasons that last from April to September.
The estrous cycle is 4 to 6 days long, with estrus (the period
when the female is receptive to mating) lasting less than a
day (Macholén et al., 2012).

Females usually have 5 to 10 litters per year if envi-
ronmental and nutritional conditions are favorable. Gesta-
tion lasts approximately 21 days, and litters can consist of 3
to 12 pups, which are born hairless and blind. Pups are fully
covered in fur at 10 days, open their eyes at 14 days, are
weaned at 3 weeks, and reach sexual maturity at 5-6 weeks.
Their average lifespan in captivity is 2 years, but some indi-
viduals have been recorded to live up to 6 years. In contrast,
wild mice typically do not live longer than 18 months due to
predation (Brust et al., 2015).
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3 Experimental Procedure

3.1 Preparation of ethanolic extract of rosemary (Rosma-
rinus officnalis)

Ten kilograms of plant material belonging to the Ros-
marinus officinalis species were collected in the town of
Mucuchies, Rangel municipality, Mérida state, Venezuela.
All material was washed with plenty of water to remove any
dirt.

The leaves were then separated from the rest of the
plant (stems, flowers, and seeds). The leaves were dried in
an oven at 40°C for 24 hours, yielding 2,330 kilograms of
dried leaves.

The dried leaves underwent continuous Soxhlet extrac-
tion, in a ratio of 250 g of plant material to 600 mL of et-
hanol (98% Merk) at 70°C for 4 continuous hours. A total
of 15 extractions were performed, with a consumption of
10.36 L of 70% ethanol.

The resulting extract was concentrated to one-third of
its initial volume (3,2 L) in a rotary evaporator at 70°C for 2
hours. The resulting liquid was a slightly thick, greenish-
brown liquid with a pleasant odor and pH = 5. It was stored
in an amber glass container until further use.

To determine the yield of the extract obtained, 6 flasks
were weighed, then 10 mL of the extract was added to each
flask (measured with a volumetric pipette) and reweighed.
The extract was then dried in an oven at 40°C for 48 hours,
and the flasks were reweighed.

3.2 Preparation of 4.8% rosemary essential oil

Six ml of rosemary essential oil (98% v/v, from Qui-
micHouse) were mixed with 114 mL of mineral oil. The
mixture was stored in a properly labeled amber glass con-
tainer.

3.3 Preparation of 0.135% rosemary extract

Six ml of rosemary extract (2.7% wi/v) were mixed
with 114 mL of distilled water. The mixture was stored in a
properly labeled amber glass container.

3.4 Test in C57BL6//BIOU mice

All animal procedures were evaluated and accepted by
the Bioethics Committee of the Bioterium of the University
of the Andes (CEBIOULA) under protocol identification
"CEBIOULA/131."

Thirty male mice of the C57BL6//BIOU strain, approx-
imately 8 weeks old and weighing an average of 25.7 g,
were used. They were given a 1-week adaptation period and
maintained under the following housing conditions:

e Cage Type: T1.

Individuals per Cage: 4.

Ambient Temperature: (22 + 1) °C.
Adaptation Period: 1 week.

Food and Water: ad libitum (on demand).
Light/Dark Cycle: 12 hours.

After the adaptation period, the animals were anesthe-
tized with a mixture of ketamine and xylazine, with a dose
of 90 mg/kg of ketamine and 10 mg/kg of xylazine, intra-
peritoneally, obtaining an average anesthesia time of 7-10
minutes, then an area of 4 cm2 (2 x 2 cm) was shaved from
the dorsal region of its body (Figure 3), and each animal
was identified by small cuts in its ears (Figure 4).
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Figure 3. Representation of the shaved area on the dorsal region of
the mice.

AAAA

1) Unbranded (U).

2) Left Ear Cut Off 3) Right Ear Cut Off 3) Both Ears Cut Off
(LEC). (REC). (BEC).

Figure 4. Representation of the marking of mice.

After the anesthesia time had passed, the mice were
randomly distributed into 5 distinct groups, each made up of
4 individuals, based on the topical application they were gi-
ven: distilled water (AD), 4.9% rosemary essential oil (AE),
0.135% rosemary extract (ER), rosemary hydrolat (HR) and
5% minoxidil (MDX).

The products were applied daily, with each individual
receiving 0.1 mL (measured with a micropipette) of the co-
rresponding product, which was adequately distributed with
the help of fingers. In the case of the shampoo, after its ap-
plication, it was removed with the help of a moist tissue.

3.4 Hair growth assessment

The evaluation of hair growth in mice was performed using
two scales:

Method 1:

A photographic evaluation was conducted at the end of
weeks 1, 2, 3, 4, and 5. An observation box was set up, con
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sisting of an uncovered box with the following dimen-
sions: 15 cm high, 5 cm wide, and 7 cm deep.

This box had a small opening on its top, which allowed
the animal's tail to pass through. The purpose of this box
was to suspend the mouse in the air, limiting its movement,
thus facilitating photographic capture without the need to
anesthetize the individual (Figure 5).

18

Figure 5. Representation of the manufactured observation box.
In this method, the following scoring scale was used:

Table 1: Hair growth scoring scale.

Score % Growth
1 (0-20) %
2 (20-40) %
3 (40-60) %
4 (60-80) %
5 (80-100) %

- - ‘mmm
Figure 6. Scores for hair growth assessment: 0 = no growth; 1 = less than
20% growth; 2 = 20% to 40% growth; 3 = 40% to 60% growth; 4 = 60% to
80% growth; 5 = 80% to 100% growth (Murata et al., 2013).

Method 2:

At the end of weeks 2, 3, 4, and 5, a tuft of hair was
pulled from within the shaved area, ensuring that the hairs
were extracted with their respective follicles.

At week 5, a tuft of hair was pulled from within and
outside the shaved area for comparison. This procedure was
also performed on the control group mice.

The length of these hairs was measured using a 6-
diopter magnifying glass (6x magnification) and a digital
vernier caliper (DIGITAL CAPILPER brand) with an accu-
racy of 0.02 mm.

3.5 Statistical analysis

The data obtained in the study were processed using
the statistical package GraphPrism version 8. The Shapiro-
Wilk test was used to observe the normal distribution of the
data.

The results of the quantitative variables were presented
with measures of central tendency in frequencies, percent-
ages, and absolute values using graphs. For differences in
mean values, the Student t test was used, accepting signifi-
cant values below p <0.050.

In this sense, to observe the differences between the
mean values among the different groups, a one-way ANO-
VA test was performed to obtain Fisher's F value.

To obtain the differences and comparative values be-
tween each group, a two-way ANOVA test was performed,
considering the column factor as the treatment and the row
factor as the values obtained between the study weeks.

This analysis was subjected to a post-hoc test using
Tukey's method to verify the relationships between means,
considering that each measurement was taken at different
times. Significant F values above 1 were accepted, as were
statistical differences with p values <0.050.

4 Results and Discussion

It is important to note that during the initial mouse
shaving procedure, three individuals in the AD group (dis-
tilled water) were observed to have a melanocytic nevus
(mole) covering the entire dorsal region of the animal (Fig-
ure 7). This trait was not present in any other mice in the
other study groups (CC, AE, ER and MXD).

Initially, it was thought that this characteristic would
not impact the hair evaluation of these individuals, and they
were not discarded because no other mice of the same line-
age and age were available. However, the moles were
shown to have a negative effect on the hair growth scale and
photographic records at the time of obtaining results. Fur-
thermore, it did not appear to affect the methodology used
to measure the length of the plucked hairs.

Figure 7. AD1, AD2 and AD3 mice presenting melanocytic nevus (mole)
in the dorsal region of their body.
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4.1 Photographic record and hair growth scale

The results shown in Figure 8 illustrate the progression 0= Visual Scale - AD
of hair growth over time, from week 0 to week 5. After ".7“:",'__7 b
shaving (week 0), all C57BL6//BIOU mice displayed a e AE
pinkish coloration of their skin (with the exception of three 4- 1 I ER
individuals in the AD group). ® 4] I : = HR

Hair growth stimulation was assessed by observing the £ =4 T == MXD
darkening of the skin color from bright pink to gray/black, 2d 7 =S
indicative of the transition from the telogen (resting) phase =n '
to the anagen (active growth) phase of the hair follicles in ke
the shaved area (Oh et al., 2014). " L I

1 1

Throughout the study, no adverse effects due to topical
application of the products were observed, such as irritation,
scaling, or behavioral signs indicating discomfort in the
mice (barbering, excessive grooming, or lack of appetite).

Starting at week 2, the skin of most individuals in the
AD, AE, ER and HR groups changed from a pinkish color
to a gray/black hue, reflecting significant hair growth in
these groups. On the other hand, only half of the individuals
in the MXD group exhibited this phenomenon.

At week 4, all mice in the AD, AE and HR groups
showed significant hair growth (scoring between 3.5 and 5
on the scale), while the MXD group still had large areas of
hairless skin (scoring 2), making this the group with the
least hair growth.

At the end of week 5, it can be observed that all mice
in the AD, AE and HR groups had recovered virtually all of
their hair from the shaved region (scores between 4.75 and
5), while in the MXD group only two mice managed to re-
cover all of their fur, resulting in an average score of 3.75.

Table 5 and Figure 8 show the group average hair
growth scores for all groups over the 5 weeks of the trial.

Table 2: Group mean on the hair growth scale for the AD, AE, ER, HR
and MXD groups, from week 1 to week 5.

Group Week Week Week Week Week
1 2 3 4 5
AD 1 25 3,75 4,75 5
AE 05 2,25 3,75 5 5
ER 1 15 25 4,25 5
HR 1,25 15 3,25 3,75 4,75
MXD 0,25 1 2 2,75 3,75

Weeks

Figure 8: Comparison of the effect of hair growth, using the scoring scale,
in C57BL6//BIOU mice after topical application of distilled water (AD),
5% essential oil (AE), 5% rosemary extract (ER), rosemary hydrolate (HR)
and 5% minoxidil (MXD).

4.2 Measuring hair length
Below, Figure 9 shows a comparison of hair growth

between weeks 2 and 5, in the form of column and box
graphs.
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Figure 9: Comparison of hair growth (measured in mm) in the form of
boxes, for the AD, AE, ER, HR and MXD groups between weeks 2 and 5.
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Figure 10. Macroscopic observation of the dorsal region of C57BL6//BIOU mice. AD (distilled water), AE (rosemary essential oil), ER (rosemary
extract), HR (rosemary hydrolate) and MXD (5% minoxidil).
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The results of the p-value for the Shapiro-Wilk test
(Table 3) demonstrate that the hair length values throughout
the study fit the normality model in all study groups.

Table 3: Shapiro-Wilk normality test for data from the AD, AE and MXD
groups between weeks 2 and 5.

AD AE ER HR MXD
Shapiro-Wilk Test
w 0,9893 0,8245 0,9304 0,8423 0,9561
p-value 0,9538 0,1539 0,5970 0,2022 0,7545
Normality Yes Yes Yes Yes Yes

Note: Data normality is checked if p-value>0.05.

For its part, the results of the ANOVA test carried out
considering all the study groups showed that there are statis-
tically significant differences (p<0.05) in the hair growth of
these (Table 4 and Figure 11).

Table 4: Results of the one-way ANOVA test, comparing the hair length
of all study groups.

SS DF MS Valueof F Value of P
Between 642,3 4 160,5 71,7 0,006
groups
Within the 1778,1 795 2,23
groups
Total 2420,4 779

SS: sum of squares. DF: degrees of freedom. MS: mean squares. Note:
There are statistically significant differences between group means if
p<0.05.
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Figure 11: Results of the ANOVA test on hair length of the AD, AE, ER,
HR and MXD groups, at weeks 2 and 5. The test result is indicated with
(**), which expresses that p 0.05.

With this in mind, the means of each treatment group
(AE, ER and HR) were compared with those of the AD and
MXD groups using the Tukey test. This test determined that
the hair length of the treatment groups was statistically dif-
ferent (longer) than that of the AD and MXD groups (Table
5 and Figure 12).

Table 5: ANOVA test with post-Hoc analysis under Tukey's test of the
AE, ER and HR groups, assuming the AD and MXD groups as HDS.

Stimulus p Value
evaluated
Distilled water 5% Minoxidil
(AD) (MXD)
AE 0.0039* 0,0079*
ER 0,0075* 0,0057*
HR 0,0044* 0,0086*

Note: The symbol (*) indicates that p < 0.05, and H1 is approved.
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Figure 12: ANOVA with post-hoc analysis using Tukey's test for the AE,

ER, HR, TC, and CH groups, assuming the AD and MXD groups as HDS.

The symbol (*) indicates that the group mean presents statistically signifi-
cant differences with the AD and MXD groups (p<0.05).

4 Conclusion

A hair growth study was conducted comparing the ef-
fect of rosemary-derived compounds, individually (oil, ex-
tract, and hydrolate) and in combination (hair tonic and
shampoo). The results demonstrated that the hair scale
method (method 1) has serious limitations when evaluating
hair growth in mice with melanocytic nevus. On the other
hand, method 2 demonstrated that the groups treated with
rosemary-derived products (AE, HR, ER, CH, and TC)
showed statistically superior hair growth (p-value 0.05)
compared to the negative control group (distilled water) and
the positive control group (5% minoxidil).

The results of this research demonstrate that the treat-
ments used stimulate hair growth to a greater extent than the
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commercial drug minoxidil, and that they could be a possi-
ble therapeutic alternative.

References

R. A. Caro Marquez et al., “Uso de plantas medicinales en
la provincia de Sevilla,” RESCIFAR Revista Espa-
fiola de Ciencias Farmacéuticas, vol. 1, no. 2, pp.
138-147, 2020.

A. A. Barquero, “Plantas sanadoras: pasado, presente y fu-
turo,” Aug. 2007, Accessed: Nov. 19, 2024.
[Online]. Available:
https://ri.conicet.gov.ar/handle/11336/98477

M. Marrelli, “Medicinal Plants,” Plants, vol. 10, no. 7, Art.
no. 7, Jul. 2021, doi: 10.3390/plants10071355.

Organizacién Mundial de la Salud, Estrategia de la OMS
sobre medicina tradicional 2014-2023. Ginebra:
Organizacién Mundial de la Salud, 2013. Acces-
sed: Sep. 19, 2024. [Online]. Available:
https://iris.who.int/handle/10665/95008

E. Salmerdn-Manzano, J. A. Garrido-Cardenas, and F.
Manzano-Agugliaro, “Worldwide Research Trends
on Medicinal Plants,” International Journal of En-
vironmental Research and Public Health, vol. 17,
no. 10, Art. no. 10, Jan. 2020, doi:
10.3390/ijerph17103376.

S. Hosseinzadeh, A. Jafarikukhdan, A. Hosseini, and R.
Armand, “The Application of Medicinal Plants in
Traditional and Modern Medicine: A Review of
Thymus vulgaris,” International Journal of Clini-
cal Medicine, vol. 6, no. 9, Art. no. 9, Sep. 2015,
doi: 10.4236/ijcm.2015.69084.

S. Patel, V. Sharma, N. S. Chauhan, M. Thakur, and V. K.
Dixit, “Hair Growth: Focus on Herbal Therapeutic
Agent,” Current Drug Discovery Technologies,
vol. 12, no. 1, pp. 21-42, Mar. 2015.

U. S. Abelan et al., “Potential use of essential oils in cos-
metic and dermatological hair products: A review,”
Journal of Cosmetic Dermatology, vol. 21, no. 4,
pp. 1407-1418, 2022, doi: 10.1111/jocd.14286.

K. Barve and A. Dighe, The Chemistry and Applications of
Sustainable Natural Hair Products. in Springer-
Briefs in Molecular Science. Cham: Springer In-
ternational Publishing, 2016. doi: 10.1007/978-3-
319-29419-3.

J. M. Andrade, C. Faustino, C. Garcia, D. Ladeiras, C. P.
Reis, and P. Rijo, “Rosmarinus officinalis L.: an
update review of its phytochemistry and biological
activity,” Future Sci OA, vol. 4, no. 4, p. FSO283,
Apr. 2018, doi: 10.4155/fs0a-2017-0124.

L. M. de Macedo et al., “Rosemary (Rosmarinus officinalis
L., syn Salvia rosmarinus Spenn.) and Its Topical
Applications: A Review,” Plants (Basel), vol. 9,
no. 5, p. 651, May 2020, doi:
10.3390/plants9050651.

K. Murata et al., “Promotion of hair growth by Rosmarinus

officinalis leaf extract,” Phytother Res, vol. 27, no.
2, pp. 212-217, Feb. 2013, doi: 10.1002/ptr.4712.

J. Moore, M. Yousef, and E. Tsiani, “Anticancer Effects of
Rosemary (Rosmarinus officinalis L.) Extract and
Rosemary Extract Polyphenols,” Nutrients, vol. 8,
no. 11, Art. no. 11, Nov. 2016, doi:
10.3390/nu8110731.

G. Nieto, G. Ros, and J. Castillo, “Antioxidant and Antimi-
crobial Properties of Rosemary (Rosmarinus offic-
inalis, L.): A Review,” Medicines, vol. 5, no. 3,
Art. no. 3, Sep. 2018, doi:
10.3390/medicines5030098.

F. Masoud, H. A. Alamdari, S. Asnaashari, J. Shokri, and
Y. Javadzadeh, “Efficacy and safety of a novel
herbal solution for the treatment of androgenetic
alopecia and comparison with 5% minoxidil: A
double-blind, randomized controlled trial study,”
Dermatol Ther, vol. 33, no. 6, p. el4467, Nov.
2020, doi: 10.1111/dth.14467.

F. J. Gonzalez-Minero, L. Bravo-Diaz, and A. Ayala-
Goémez, “Rosmarinus officinalis L. (Rosemary):
An Ancient Plant with Uses in Personal Healthcare
and Cosmetics,” Cosmetics, vol. 7, no. 4, Art. no.
4, Dec. 2020, doi: 10.3390/cosmetics7040077.

M. Hammer and W. Junghanns, “Rosmarinus officinalis L.:
Rosemary,” in Medicinal, Aromatic and Stimulant
Plants, J. Novak and W.-D. Blithner, Eds., Cham:
Springer International Publishing, 2020, pp. 501-
521. doi: 10.1007/978-3-030-38792-1_15.

M. Macholan, S. J. E. Baird, P. Munclinger, and J. Pialek,
Evolution of the House Mouse. Cambridge Univer-
sity Press, 2012.

V. Brust, P. M. Schindler, and L. Lewejohann, “Lifetime
development of behavioural phenotype in the
house mouse (Mus musculus),” Front Zool, vol.
12, no. 1, p. S17, Aug. 2015, doi: 10.1186/1742-
9994-12-S1-S17.

J. Y. Oh, M. A. Park, and Y. C. Kim, “Peppermint Oil Pro-
motes Hair Growth without Toxic Signs,” Toxicol
Res, vol. 30, no. 4, pp. 297-304, Dec. 2014, doi:
10.5487/TR.2014.30.4.297.

Recibido: 9 de julio de 2025
Aceptado:20 de octubre de 2025
Aljorna-Molero, Robert. J: Bachelor of Science in Che-

mistry 2024, Faculty of Sciences, ULA, Mérida, Venezuela.
https://orcid.org/0000-0002-4769-6151

Amaro-Luis Juan. M: Ph.D. in Science (Organic Chemis-
try) 1977, University of La Laguna, Canary Islands, Spain.
Retired Professor, Natural Products Laboratory, Faculty of
Sciences, ULA, Mérida, Venezuela.
https://orcid.org/0000-0002-3297-6206

Revista Ciencia e Ingenieria. Vol. 47, No. 1, diciembre-marzo, 2026


https://orcid.org/0000-0002-4769-6151
https://orcid.org/0000-0002-3297-6206

Study of the hair growth capacity of products derived from rosemary... 65

Garcia-Molina, Luis. O: Bachelor of Science in Chemistry
2016, Faculty of Sciences, ULA, Mérida, Venezuela. MSc.
In Polymer Technology 2020, Center for Applied Chemis-
try Research (CIAQ). Saltillo, Mexico. Email: losval-
do.garcia.d21@ciga.mx
https://orcid.org/0009-0001-7539-3676

Revista Ciencia e Ingenieria. Vol. 47, No. 1, diciembre-marzo, 2026


mailto:losval-do.garcia.d21@ciqa.mx
mailto:losval-do.garcia.d21@ciqa.mx
https://orcid.org/0009-0001-7539-3676

66

Aljorna-Molero et al.

Revista Ciencia e Ingenieria. Vol. 47, No. 1, diciembre-marzo, 2026



