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ABSTRACT

The Kalanchoe genus is composed of more than 100 species that usually thrive in tropical environments, which
have been used in folkloric medicine to treat various illnesses, including dermatological conditions. With this, the
present study assesses the pharmacognostical and pharmacological properties of different species of the
Kalanchoe genus as elements for a potential treatment for dermatological-related conditions, from findings of
existing literature and studies. It was analyzed that the Kalanchoe pinnata plant, or one of the most common
species of Kalanchoe, have been observed to have distinct morphological and microscopic characteristics. Further,
it was discovered that different species of Kalanchoe have anti-inflammatory, antioxidant, antibacterial, and
wound healing properties, which enable the plant to be used for dermatological products that are available to the
market. With this, it is recommended that further studies be conducted in other understudied species of Kalanchoe
regarding their pharmacological properties, as well as the use of other structures of the Kalanchoe plant for
treatment of various dermatological conditions.
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INTRODUCTION

The Kalanchoe is a genus composed of more than 100 succulent plants that usually thrive in tropical environments. This
genus was first reported by Michel Adanson, a French botanist, in the mid-1700s (Baldwin, 1938). The origin of the Kalanchoe
genus is hypothesized in Madagascar, with the largest number of discovered species of the said genus found in the area. It is also
suggested that the species of the genus are native to several areas in Asia, such as in Southeast Asia and China, southern and eastern
Africa, and the Americas (Allorge-Boiteau, 1996). A synonym for this genus is Bryophyllum. The list below is the taxonomic

classification of the genus for easy identification (Integrated Taxonomic Information System, n.d.).

Scientific Classification of Kalanchoe

Kingdom: Plantae
Subkingdom: Viridiplantae
Superdivision: Embryophyta
Division: Tracheophyta
Class: Magnoliopsida
Order: Saxifragales

Family:  Crassulaceae

Genus: Kalanchoe

Different species of the genus have been used as folkloric medicine in different parts of the world. According to Kawade

et al. (2014), species of the Kalanchoe have been employed in traditional medicine as treatment to alleviate various infections, fever,
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and inflammation (Nayak et al., 2010). These were also used as a remedy for different respiratory illnesses (Biswas et al., 2011;
Gulati et al., 2016), digestive illnesses (De Araujo et al., 2021), allergy (Cruz et al., 2012; Beigoli et al., 2021), and nausea (Majaz
et al., 2011; Kawade et al., 2014). Further, different species of the Kalanchoe have been found to have antimicrobial (Akinpelu,
2000; Majaz et al., 2011), wound healing (Mahamood & Patil, 2002; Suprapto et al., 2011), and anti-ageing capabilities (Destandau
etal., 2014).

With this in mind, the present study assesses the pharmacognostical and pharmacological properties of different species of
the Kalanchoe genus as elements for a potential treatment for dermatological-related conditions, using existing literature and studies.
It is hypothesized that the anti-inflammatory, antioxidant, antibacterial, and wound healing properties of different species of

Kalanchoe are necessary for the formulation of treatment on several dermatological illnesses, such as acne and eczema.

PHARMACOGNOSTICAL ANALYSIS OF KALANCHOE

Multiple studies were conducted to discover and observe the macroscopic and microscopic characteristics of Kalanchoe

pinnata, one of the most common species of the Kalanchoe genus.

Morphological Characteristics

Usually, Kalanchoe pinnata has a height of between 0.3 to 1.2 m, with other occurrences of 2 m height. The stem changes
color, depending on its age. Older stems are characterized as light colored, while younger stems are usually reddish with white
speckles. Also, the stems are usually branched and smooth, which are also tall and hollow.

The flowers of Kalanchoe pinnata are colored pinkish red, and are characterized as soft and tubular. These are hanging in
large panicles and opposite stout branches. Further, the corolla are usually swollen and shaped octagonal at the base. The calyx of
the flower can be observed to be tubular and brownish or purplish in color, which can be 3.5 to 4 cm long. The base of the flower
is usually colored pale green, and has triangular teeth.

Meanwhile, the leaves have an ovate or elliptical shape, and a crenated or serrated leaf margin. The leaves also contain an
asymmetric base, a glabrous leaf surface, and a long petiole. In addition, the color of the leaves depend on the side of the epidermis,
i.e., upper epidermis are usually colored dark green while lower epidermis are usually lighter. The leaves are also characterized with
a distinct odor and having a bitter taste.

The fruit of the Kalanchoe pinnata plant are usually enclosed by the calyx and corolla that are characterized as papery.
Moreover, the seeds of the species are distinguished as smooth and oblong-shaped (Majaz et al., 2011; Kawade et al., 2014; Shruti
etal., 2018).

Microscopic Characteristics

The lamina of the leaf of the Kalanchoe pinnata contains a layer of epidermis, hypodermis, palisade cells, and meristele
which passes through the midrib that exposes the collenchymatous tissues, both sides of the epidermis, meristele, and the vascular
bundle. This space is characterized as flat and even. The trichomes are absent in the adaxial and abaxial sides of the leaf. The leaves
are also observed to be shallow on the adaxial, and convex on the abaxial side.

The ground tissue of the midrib is composed of parenchyma cells and are homogeneous. The parenchymatous cells are
compact and are circular in shape. Meanwhile, the vascular strand is hemispherical in shape, consisting of horizontal bands of xylem
and wide bands of phloem. The vascular strands comprise the vascular bundles, which can be at least 170 um in diameter in a
horizontal plane.

In addition, the leaf petiole contains calcium oxalate crystals found in parenchymatous cells, with spiral vessels being

observed in the area. Further, the stomata of the leaf of Kalanchoe pinnata is also observed. It was discussed that there are many


https://doi.org/10.20944/preprints202207.0040.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2022 d0i:10.20944/preprints202207.0040.v1

3o0f7

stomata present in the leaf at approximately 18 to 20 per mm of length. The stomata of the leaf is described as anisocytic, or
structures that are uneven in size (Gracie, 2018).

In terms of the stem, it is observed that there is a cuticle covering the thick-walled epidermis as its outer layer. Beneath
this outermost layer is the hypodermis, which is composed of sclerenchymatous cells. Further, the cortex of the stem is made up of
loosely arranged parenchymatous cells that are characterized by its thin walls and starch grains.

The xylem of the stem is similar to the characteristics of the herbaceous dicots, i.e., usually in the form of tracheids with
some parenchymal fibers. Meanwhile, the pith of the stem of the species is characterized by the deposition of starch grains and
crystals made from calcium oxalate (CaC,04), and is composed of parenchymatous cells.

The flowers of the Kalanchoe pinnata are noticed to have both sides of the epidermis, composed of spongy cells and
pigments which determines the color of the plant’s flower. (Majaz et al., 2011; Kawade et al., 2014; Shruti et al., 2018; Shaheer et
al., 2019).

PHARMACOLOGICAL PROPERTIES OF KALANCHOE CONCERNING DERMATOLOGY

Existing studies regarding various pharmacological properties of different species of Kalanchoe pinnata have been
performed, which can be used in the present study to analyze how these properties can be used as properties for different

dermatological properties that can be used as possible treatment for various dermatological conditions.

Anti-Inflammatory Properties

According to multiple studies, the leaves of Kalanchoe pinnata have been found to have anti-inflammatory cavities which
have been seen to reduce the formation of edema and accumulation of fluid (Parveen et al., 2007; Ferreira et al., 2014; Andrade et
al., 2020). This capability of the Kalanchoe pinnata to significantly reduce the damage in macroscopic and microscopic levels.
Further, there are in vivo studies which found that various structures of the plant have been found to lessen the effect of inflammatory
diseases (Nascimento et al., 2018; Fernandes et al., 2017; Andrade et al., 2020). Another study has been found that Kalanchoe
pinnata can be used to decrease inflammation among diabetic feet (Cawich et al., 2014).

It was also revealed that extracts from the leaves of the Kalanchoe pinnata have been found to reduce the synthesis of
enzymes that were known to induce inflammation, i.e., phospholipase A;, cyclooxygenase, and PGE synthase. This would also
reduce the expression of various symptoms of inflammation, such as pain, heat, and redness. (Mancini & Batista, 2011; Ferreira et
al., 2014).

Antioxidant Properties

The extracts of the leaf of various species of the Kalanchoe genus have been found by various studies to have antioxidant
properties. Destandau et al. (2014) stated that the flavonoids obtained from the methanolic extract of the leaf of Kalanchoe pinnata
have antioxidant activity in most of human’s keratinocyte cells. The keratinocytes are responsible for skin aging, which can be
induced due to oxidative stress and inflammation (Jenkins, 2002; Chung et al., 2009; Destandau et al., 2014).

Further, a similar study by De Araujo et al. (2018) stated that the juices from the leaves of Kalanchoe brasiliensis and

Kalanchoe pinnata have increased the antioxidant defense system of the body, and have also contributed to decreased inflammation.

Antibacterial Properties
The extracts of various Kalanchoe species have also been found with antibacterial and antimicrobial properties. An
experiment derived for a study by Stefanowicz-Hajduk et al. (2020) used extracts from the leaves of three species from the

Kalanchoe genus to test their antimicrobial activity. It was found that Kalanchoe daigremontiana contain antimicrobial activity
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(Nahar et al., 2008; Stefanowicz-Hajduk et al., 2008). Further, ethanolic extracts from Kalanchoe blossfeldiana have been found to
have significant effect against bacteria, including Corynebacterium diphtheria, Staphylococcus aureus, Staphylococcus epidermidis,
and Enterococcus hirae.

Further, new studies show that other species of Kalanchoe have been found to have antibacterial properties. Richwagen et
al. (2019) discovered that Kalanchoe fedtschenkoi and Kalanchoe mortagei contain antibacterial activity against strains of bacteria

that are characterized as resistant to drugs.

Wound Healing Activity

Many species of the Kalanchoe plant have been observed to have wound healing capabilities. The methanolic extract from
the leaf of a Kalanchoe pinnata has been found to accelerate the time for wound healing (Suprapto et al., 2015). A different study
from Mahamood et al. (2002), as cited by Majaz et al. (2011), stated that the water extract from the same species has been found to
fasten the healing process among open wounds. Further, the same study have also discovered that other extracts from the leaf, i.e.,
a petroleum ether extract and an alcoholic extract, have increased the healing of incision wounds.

Further, a formulation containing leaves of Kalanchoe petitiana A. Rich have been observed to have significant wound
healing capability in excision and incision models (Mekonnen et al., 2012). The methanolic and aqueous extracts of the leaf have
also been found with increased wound contraction and the strength against skin breaking. Meanwhile, histological analysis has been
found that Kalanchoe pinnata shows a positive effect on the collagen matrix remodeling and the repairing and subsequent

epithelization of the wounds (Zakharchenko et al., 2017).

USE OF KALANCHOE PLANT IN DERMATOLOGICAL PRODUCTS

Because of the pharmacological properties stated in different studies, various species of the Kalanchoe genus have been
used by researchers as the plant used for preparation and formulation of different dermatological and cosmetic products that are
available in the market.

A study conducted by Pattewar & Patil (2014) displayed the evaluation of a formulation of an antiseptic cream made from
the leaves of Kalanchoe pinnata as antibacterial. Researchers extracted 60% methanol by grounding the leaves for a week and
concentrating the extracts through evaporation (Yanthi et al., n.d.; Majaz et al., 2011). Using the formulation, the researchers tested
its minimum bactericidal concentration (MBC), or the lowest amount of antibacterial agent necessary to be able to kill a bacterium,
against Staphylococcus aureus. It was found that the MBC against the aforementioned bacterium is at 30mg. Further, it was found
that the antiseptic cream is non-irritant and has antimicrobial activity (Pattewar, Patil & Dahikar, 2013).

Another study has also evaluated a topical formulation containing extracts from species, Kalanchoe brasiliensis and
Kalanchoe pinnata (De Araujo et al., 2019). The researchers generated an extract of the said species by drying the aqueous extracts
and dissolving the dry extracts in distilled water. It was found that this formulation has the ability to decrease inflammation (Mourao
et al., 1999; De Araujo et al., 2019), as researchers observed the decrease in enzyme activity of myeloperoxidase, which inhibits
the inflammation of the skin (Jorch & Kubes, 2017).

Lastly, a study by Nayak, Marshall & Visitor (2010) showed that a formulation containing ethanol from the leaves of
Kalanchoe pinnata has been found to have greater wound healing capabilities (86 percent) over other products, i.e., petroleum jelly,
by at least 20 percent. Further, the formulation has been observed to have increased wound contraction and higher amount of
hydroxyproline. These findings have been accepted by a different study which showed a similar wound healing capability of a
formulation using the extract of the same species, albeit nine percent higher than the original study (Coutinho et al., 2020).
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Wound Healing from Kalanchoe pinnata extract
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Figure 1. Comparison of the wound healing percentage of Kalanchoe pinnata extract from data by Nayak, Marshall & Visitor
(left) and Coutinho et al. (right)

With this in mind, a study conducted by Mans & Grant (2017) stated that leaf extracts of Kalanchoe pinnata have been
used as treatment for warts, prevention for acne and eye bags, and for skin regeneration. Further, it was also found that the
pharmacological properties stated in the previous section have been the basis of the use of Kalanchoe pinnata as cosmetic products
for wrinkles, acne, rashes, and sores (EI Abdellaoui et al., 2010; Akpuaka & Ezem, 2011; Mans & Grant, 2017).

CONCLUSION

The species under the Kalanchoe genus have been used in folkloric medicine as remedy and treatment for different illnesses
and diseases, including dermatological conditions. With this, the present study used findings from existing literature to assess the
pharmacological and pharmacognostical properties of different species of Kalanchoe that can be used in the formulation of
dermatological products in the market.

The pharmacognostical analysis of the Kalanchoe pinnata, one of the most common species of the Kalanchoe plant,
observed the distinct morphological and microscopic characteristics of the species that allowed for easy identification of the said
plant.

The pharmacological analysis of different species of the Kalanchoe plant, such as Kalanchoe pinnata, Kalanchoe
brasiliensis, Kalanchoe daigremontiana, Kalanchoe blossfeldiana, Kalanchoe fedtschenkoi, Kalanchoe mortagei, and Kalanchoe
petitiana A. Rich, has concluded that there are four properties that should be analyzed in formulating dermatological products, which
include anti-inflammatory, antioxidant, and antibacterial properties, as well as wound healing capabilities. The mentioned
pharmacological properties were key factors in the formulation of dermatological products made from extracts derived from the
leaves of Kalanchoe plants.

With these conclusions drawn, it is recommended that further studies be conducted on other species of Kalanchoe that are
understudied to assess their pharmacological properties. Also, it should be suggested that studies be conducted on the use of other
structures of the Kalanchoe plant, such as the roots and stems, for the extracts in the formulation of dermatological products that

would treat various dermatological conditions.
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