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Abstract 

Kalanchoe pinnata, also known as air leaf or life leaf, is a plant used in traditional medicine in diff erent world regions. In Mexico, it is included 
in the Atlas de la Medicina Tradicional Mexicana with a wide variety of applications, such as antimicrobial, anti-infl ammatory, anticancer, and 
antihistamine, among others. However, neither a secondary metabolite profi le of the fl ower has been reported nor information on its possible toxicity. 
The latter is the purpose of this work. A phytochemical profi le of extracts with solvents of diff erent polarity (aqueous, methanol, ethanol, and ether) 
was carried out. In this profi le, the structural compounds could be qualitatively determined by chemical reactions, and some changes in coloring or 
precipitation were observed. The acute toxicity test of the extracts was performed with an aquatic organism, Artemia sp, and a terrestrial organism 
Eisenia foetida, as well as the evaluation of the antioxidant capacity of the extracts in the organism of Eisenia foetida. The ABTS radical method 
and TROLOX were applied as synthetic antioxidants for the evaluation of the inhibition percentage. Most important secondary metabolites were 
qualitatively identifi ed in the extracts of K. pinnata fl owers. Mainly in the alcoholic extracts (methanol and ethanol) tannins, alkaloids, and fl avonols 
were found. As mentioned above, they are reported to have toxicological eff ects. The toxicity and antioxidant activity tests confi rm the preliminary 
results obtained in the identifi cation of secondary metabolites. It is therefore concluded that the fl ower of Kalanchoe pinnata contains secondary 
metabolites that may be of great therapeutic interest.
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Introduction
In Mexico, plants are a source of alternative medicine 

because their secondary metabolites are associated with 
healing properties for a number of diseases, among these 
properties we mention: anticancer, anti-in lammatory, 
antihistamine, antimicrobial, and so on [1]. Due to this large 
ield of application, interest has grown in analyzing the 

chemical constituents that might be associated with biological 
activities, such as antioxidant activity and toxicity.

 In the case of Kalanchoe pinnata leaves, studies have 
reported the presence of bufadienolides, which have been 
linked to cytotoxic, antitumor, and cardiotonic activities 
[2]. Furthermore, it has been mentioned that tannins are 
also present, which contribute to anthelmintic activity [3], 
and antimicrobial activities. However, there is no scienti ic 
evidence on the composition and biological activities of the 
lowers of this species.

Phytochemical screening is one of the initial steps in 
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the chemical investigation of organic compounds, allowing 
qualitative determination of the main groups of chemical 
constituents present in a plant and subsequent extraction 
or fractionation of the extracts for isolation of the groups of 
interest [4].

Screening involves the extraction of the plant using 
appropriate solvents and the application of staining or 
precipitation reactions. These types of chemical tests are very 
useful as they are characterized by their speci icity, rapidity, 
and cost-effectiveness. Photochemical analysis detects the 
main types of metabolites related to some biological activity, 
such as alkaloids, lavonols, carbonyl compounds, sugars, and 
tannins, among others [1].

It is well known that plants can produce metabolites that 
cause toxic reactions in those who consume them. This is 
why research is carried out with the aim of determining the 
toxicity of medicinal plants.

By de inition, acute toxicity refers to adverse effects 
following intake of a single oral or dermal dose of a substance 
of concern, administered over 24 hours. The LC50 is de ined as 
the concentration of a toxic material lethal to 50% of the test 
organisms. Artemia salina larvae have been used in bioassays 
by numerous laboratories in different parts of the world, 
and the results of these analyses in the determination of LC50 
are reliable and replicable [6]. This method is an initial step 
in determining the toxicity of a substance of interest. When 
a positive result was obtained, the contact toxicity test with 
earthworm Eisenia foetida was followed [5]. This method 
involves the contact of the earthworms with ilter paper 
exposed to the substances to be analyzed for 24 and 48 hours, 
in order to identify the toxic chemical potential and the side 
effects that the organism may be exposed to when in contact 
with the extracts of interest [7].

Materials and methods
Sample collection

The plant material was collected in the months of June 
2018 and February 2019 manually, picking the lowers of the 
plant by cutting them with the aid of conventional scissors. The 
plant material obtained was taken to a freeze-drying process 
in a LABCONCO freeze-dryer at a temperature of -45° and 
pressure of 0.040 μbar for 24 hours and stored in hermetically 
sealed bags in a place free from moisture and light.

Obtaining the extracts

Subsequently, 1.5 grams of the dry material was weighed 
in an analytical balance, then crushed in a mortar until the 
homogeneous size and 50 mL of solvent (water, methanol, 
ethanol, and ether) and added and left to macerate for 
72 hours, stored at 4 °C in a sealed container wrapped in 
aluminum foil to protect it from light.

After this time, the extracts were iltered by gravity, the 

liquid phase was recovered and stored at 4 °C and protected 
from light.

Phytochemical marking

For the rapid identi ication of unknown organic compounds 
in the sample, several chemical reactions can be performed 
to examine their functional groups. These tests give a broad 
overview of the possible structures present in the extracts, by 
observing color changes, precipitates, or vapor release, which 
are characteristic of each reaction. A total of 10 secondary 
metabolites were determined, including phenols, lavonoids, 
tannins, alkaloids, sugars, proteins, amino acids, cholesterol, 
saponins, and coumarins, following the suggested methods 
of Tiwari [1]. Each test was performed and controlled in 
triplicate in individual test tubes.

Phenols: For determination with the ferric chloride 
test, 0.5 mL of the extract and 0.5 mL of 5% FeCl was added 
to a test tube. The presence of a red, blue, green, or purple 
color indicates the presence of phenols. Another test for the 
identi ication of phenols in an organic sample is the alkali 
addition which consists of the addition of 5 drops of 20% 
NaOH to 0.5 mL of the extract, the formation of purple, blue, 
or green color indicates the presence of alkaline phenols and a 
yellow coloring indicates the presence of betacyanins [1].

Flavonoids: The Salkowski test consists of adding 0.5 
mL of extract and 0.25 mL of chloroform with a subsequent 
shaking, followed by adding 1 drop of concentrated HCl. The 
result is positive for lavonoids if yellow coloring is observed; 
for lavones with orange-green coloring, for chalcones with 
red to blue coloring, and the presence of quinones with red-
purple coloring.

The Shinoda test was also performed where a piece 
of magnesium chip and ive drops of concentrated HCl 
were added to a tube containing 0.5 mL of the extract. The 
appearance of colors ranging from red to magenta indicates 
the presence of a lavonone or dihydro lavonol.

Tannins: The gelatin test was performed by adding 0.5 mL 
of extract, and 5- 10 drops of gelatine solution (2.5 g of pure 
grenetin hydrated in NaCl solution and standardised in 100 
mL of water). For the detection of tannins, the appearance of a 
precipitate [1] is considered positive.

Alkaloids: Identi ication was performed by using different 
reagents such as Dragendroffs reagent, Mayers, Wagner, and 
Hager’s reagent.

Dragendroffs: 5 to 10 drops of 10% HCl and 3 drops of 
Dragendroffs reagent are added to 0.5 mL of the extract. The 
test is positive for alkaloids when a red, orange, or brown 
precipitate persists for 24 hours.

Mayers: To 0.5 mL of the extract add 5 to 10 drops of 10% 
HCl, shake, and add 0.25 mL of Mayers solution. Most alkaloids 
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react by providing a white or light yellow, amorphous, or 
crystalline precipitate.

 Wagner: To 0.25 mL extract add 5 to 10 drops of 10% HCl, 
shake, and add 0.25 mL Wagner reagent. The test is positive 
for alkaloids if a brown precipitate is observed.

Hagers: To 0.25 mL of the extract, 5 to 10 drops of 10% 
HCl are added and 1.25 mL of Hagers solution is added. The 
formation of a precipitate indicates the presence of alkaloids 
[1].

Sugars: Different tests were performed with the reagents: 
Benedict. Fehling, Keller-Killiani and Molisch.

Benedict: To 0.25 mL of extract, 0.25 mL of Benedict’s 
reagent is added, heated in a water bath, and allowed to cool. 
It identi ies reducing sugars in alkaline solutions, by means of 
the precipitation of red-orange color.

Fehling: To 0.25 mL of each extract add 0.5 mL of Fehling’s 
solution A and 0.5 mL of Fehling’s solution B, and heat in a 
water bath for a few minutes.

It is based on the reducing properties of the carbonyl 
group of the aldehydes. This oxidizes to acid and reduces the 
copper salt in an alkaline medium to copper oxide, forming a 
red precipitate.

Keller-killiani: 0.25 mL of the extract is mixed with 0.25 
mL of glacial acetic acid and a drop of 2% FeCl2, then 0.25 mL 
of concentrated H2SO4 is added. The presence of a reddish-
brown ring at the interface identi ies the presence of deoxy 
sugars [1].

Proteins: The Xanthoprotein test was performed, which 
identi ies proteins with aromatic groups that are derived from 
benzene through the formation of yellow-nitrated compounds. 
To 0.25 mL of the extract add 10 drops of concentrated HNO3, 
place in a water bath for 5 minutes, and allow to cool [1].

Amino acids: Tests were carried out with lead acetate and 
ninhydrin.

Lead acetate: to 0.5 mL of extract add 0.3 mL of distilled 
water and 0.5 L of 5% lead acetate. Sulfur-containing amino 
acids can be recognized by the formation of dark grey or black 
lead sul ide precipitates1.

Ninhydrin: Take 1.5 mL of the extract and add 0.25 mL 
of 0.1% nihnhydrin solution. Mix, heat to boiling in the lame 
of the burner, and allow to cool. The alpha-amino group of 
amino acids will form colored complexes with ninhydrin; 
bluish violet for most amino acids whose amino group is 
primary, yellow for proline and hydroxyproline, and brown 
for asparagine which has an amido group in the side chain1.

Cholesterol: Libermann Buchard’s test was performed. 
To 0.25 mL of the extract, 0.25 mL of acetic anhydride is 

added and shaken. Then 2 to 3 drops of concentrated H2SO4 
are added. The colors start at a purplish pink and progress 
through light green and then to deep Green [1].

Saponins: Foam test on the sample. Place 0.5 mL of 
extract in a tube and 2 mL of distilled water, shake manually, 
and vigorously for 30 seconds. The formation of honeycomb-
shaped foam is considered positive for saponins.

Coumarins: Make a 9:1 extract/water dilution. Take 2 mL 
and place it in a test tube with a stopper. Take a strip of ilter 
paper dipped in NaOH (0.06 g/mL) and place it in the tube. 
Heat in a Bunsen burner until vapors are released. Remove the 
ilter paper and observe under UV light. Then, if luorescent 

substances are present, the test is positive for coumarins.

Acute toxicity bioassay with Artemia salina

Artemia spp. Are tiny, soft-bodied, caramel-colored, light-
transparent shrimps belonging to the Phylum Arthropoda, 
class Crustaceae, subclass Branchiopoda. They are commonly 
known by the name artemia, also called “sea monkeys” or 
“brine shrimp “ [8]. Artemia spp. larvae have been used for 
more than 40 years in toxicological and ecotoxicological 
studies [9,10] and their biology and potential uses in various 
ields have been studied as a practical and economical method 

for the determination of bioactivity of synthetic compounds 
and natural products [11]. For this essay groups of 15 nauplii 
of Artemia salina were collected using a Pasteur pipette and 
added to different wells of a microplate. They were exposed to 
concentrations of 10, 20, and 35 mg/mL of K. pinnata extracts 
for 24 h at room temperature with constant agitation and 
under a continuous light regime. Each test was performed in 
triplicate. At the end of 24 h of exposure, the number of dead 
organisms was counted and the percentage mortality was 
calculated. Larvae are considered dead if they do not exhibit 
movement during several seconds of microscopic observation.

The rank of toxicity of the extracts is determined in terms 
of the range in which the LC50 values were found according 
to the following categories: extremely toxic (LC50<10μg/
mL), very toxic (10<LC50<100), moderately toxic (100< 
LC50<1000) and non-toxic (LC50>1000μg/mL) [12].

Acute toxicity bioassay on earthworm Eisenia foetida

For the toxicity test, adult earthworms of the species 
Eisenia foetida with clitella (obtained from Lombricompost, 
Guadalajara, Jalisco, México) were used, according to 
the recommendations by the Organization for Economic 
Cooperation and Development (OECD) [7]. All adult 
earthworms had a well-de ined clitellum and weighed from 
250 to 400 mg. They were kept under dark conditions and at 
a controlled temperature of 21 °C ± 1 °C in culture chambers, 
maintaining extreme care in handling during all experiments.

The acute toxicity test was performed according to OECD 
guidelines [7]. Extracts of K. pinnata lower with different 
solvents at various concentrations (1, 5, and 10 mg/mL) 
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were used for the acute toxicity test. After placing individual 
pieces of ilter paper on the bottom of the Petri dishes, 1 mL 
of each extract of known concentration was added, one with 
deionized water, and one more of the solvent of each extract 
as controls to wet the entire ilter paper. Then, one earthworm 
was randomly placed in each Petri dish. Four replicates will 
be used for each treatment. Petri dishes were incubated in 
the dark at 25 °C ± 1 °C for 48 h and mortality was recorded 
every 24 h; worm weight and morphological changes were 
also observed. Mortality (%) in the worm will be evaluated to 
determine the LC50.

Euthanasia

At the end of the test, the surviving animals were sacri iced 
in an atmosphere of 20 dm3 min-1 of CO2 for 15 min.

Evaluation of antioxidant capacity

All worms participating in the toxicity test after the 
euthanasia are collected immediately after the experimentation. 
They are placed in falcon tubes with 5 ml of phosphate buffer 
solution (PBS) taking strict care not to contaminate the 
sample, avoid contact with light, and keep refrigerated for no 
more than one week. Using a tissue macerator, the replicates 
of each experiment (3 worms per experiment/extract) were 
ground to obtain a second homogeneous extract, then, this 
extract was centrifuged for 10 minutes at 3500 rpm. The 
supernatant was collected in stoppered tubes protected 
from light and refrigerated at 4°C until further analysis. 
Preparation of the ABTS radical (2,2, azinobis-3-ethyl-
benzothiazolin-6-sulphonic acid): 96 mg ABTS and 12.8 mg 
ammonium, sodium or potassium persulphate are weighed 
and gauged to 25 ml with distilled water. Allow the radical to 
activate for 16 hours under refrigeration and protect it from 
light. After activation, the radical is diluted with water to an 
absorbance of 0.7 ± 0.02 at 750 nm. A calibration curve was 
prepared with the synthetic antioxidant TROLOX (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid) using the 
ABTS radical with an absorbance of 0.7 ± 0.02 at 750 nm. 
The range of the curve is from 0 to 400 mM Trolox. In a 96-
well plate, 20 mL of each point of the curve in triplicate, plus 
280 mL of the previously prepared and standardized ABTS 
radical, are placed in a 96-well plate. Subsequently, it is placed 
in the spectrophotometer and its absorbance is measured at 
750 nm. The samples were read in the spectrophotometer 
in the same way, placing 20 mL of each point of the curve in 
triplicate, plus 280 mL of the ABTS radical, and reading at 750 
nm every 5 minutes until the absorbance reading was stable 
for all samples.

Results and discussions
Extracts of the freeze-dried lower of K. pinnata were 

obtained in aqueous medium, methanol, ethanol, and ether. 
Phytochemical pro iling was carried out from these extracts 
for the qualitative identi ication of the secondary metabolites 
present in the lower. The results obtained are shown in Table 1.

As can be seen in Table 1, the ethanolic extract was the one 
showing the best results, as a higher presence of secondary 
metabolites was observed, of which phenols, lavonols, 
tannins, alkaloids, amino acids, and proteins stand out. This 
was followed by the aqueous extract and inally the ether 
extract. The ethanolic extract was followed by the methanol 
and aqueous extracts, which displayed the presence of the 
same metabolites, but to a lesser extent. Finally, only sugars, 
alkaloids, and proteins were found in the ether extract. Within 
the colorimetric tests, it was observed that the phenolic 
composition (phenols, lavonoids, and tannins) predominates 
more than the rest of the metabolites studied. Many properties 
have been attributed to these compounds, including 
antioxidants [13], antimalarial [14], anti-in lammatory 
[15,16], antimicrobials [14], and antifungals [17], among 
others. With these attributes, the applications of the extract 
could be diverse, especially in the pharmaceutical and food 
industries. Additionally, its application could be easier due 
to the absence of saponins and alkaloids, in aqueous extracts 
since it is speculated that these metabolites are one of the 
main toxic ones for humans [18]. However, this does not 
apply to the ethanolic extract where the presence of alkaloids 
is observed abundantly. Let us remember that alkaloids 
have very diverse chemical structures; they generally act 
on the central nervous system, such as morphine in Papaver 
somniferum, which is an anesthetic, or caffeine in Coffea 
arabica and nicotine in tobacco, Nicotiana tabacum, which 
are stimulants of the System Central Nerve. Other alkaloids 
have activity on the autonomic nervous system, such as 
pilocarpine from jaborandi (Pilocarpus sp., Rutaceae) leaves, 
with parasympatholytic properties, atropine from Atropa 
Belladonna, with anticholinergic activity, or scopolamine from 
Hyosciamus albus, which acts as a competitive antagonist of the 

Table 1: Results of the qualitative profi le for organic compounds in the extracts of 
K. pinnata in wáter. 

Test Water Methanol Ethanol Ether

Phenols
Ferric chloride (-) (+) (-) (-)

Álcalis (+) (+) (++) (-)

Flavonoids
Salkowski (+) (+) (+) (-)
Shinoda (+) (++) (++) (-)

HCl addition (+) (+) (++) (-)
Tannins Gelatin (++) (++) (++) (-)

Alkaloids

Dragendroff s (-) (-) (++) (-)
Mayers (-) (-) (++) (-)
Wagner (-) (-) (+) (+)
Hagers (-) (-) (++) (-)

Carbohydrates

Molisch (+) (++) (+) (+)
Benedict (+) (+) (+) (-)
Fehling (-) (++) (+) (-)
Keller-K (-) (+) (++) (-)

Proteins Xanthoprotein (++) (++) (++) (+)

Amino acids
Pb acetate (+) (+) (+) (-)
Ninhydrin (++) (++) (+++) (-)

Cholesterol Liberman B. (-) (-) (-) (-)
Saponins Foam (-) (-) (-) (-)
Quinones H2SO4 (+) (+) (+) (-)

Methanol, ethanol and ether (+++ Very abundant, ++ Abundant, + not very abundant, 
- Not detected).
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substances. That stimulate the parasympathetic. Therefore, 
when making herbal preparations such as tinctures that, as 
a method of extracting the active ingredients of a plant, are 
made by leaving the plant in ethyl alcohol or ethanol, care 
must be taken [19].

It was not possible to determine the LC50 in alcoholic 
extracts (methanol* and ethanol, N/A = Not Available) in 
the Eisenia foetida assay because the concentrations of the 
samples were high and the organisms in the experiment 
did not survive even for 24 hours to carry out a pertinent 
observation (Table 2). Thus, it was not feasible to calculate 
this parameter. Meanwhile, the methanolic extract in the 
Artemia sp assay was not yet considered at the time of the 
experiment. And inally, with the outbreak of the COVID-19 
pandemic, the laboratory on-site activities were canceled, 
making it impossible to complete the assay.

Table 2 shows the relationship between the results of the 
qualitative pro ile and those of the LC50. It is understood 
that the alcoholic extracts, containing the highest amount 
of secondary metabolites, are the ones that had the most 
detrimental effect on the Eisenia foetida reptids subjected to 
the test, so they died before the observation time proposed. 
The alcoholic extracts were followed by the ethereal extract 
with an LC50 of 17706 and 2159.59 ppm respectively for 
Artemia and Eisenia foetida, however, as they did not show 
a signi icant number of positive results in the qualitative 
analysis, it can be concluded that the toxicity is mainly due 
to the solvent, as the control had very similar behavior to 
the organisms tested. Finally, the aqueous extract showed 
lower toxicity, resulting in LC50 of 118412 and 3149 ppm 
respectively for Artemia and Eisenia foetida. This result may be 
related to the presence of polyphenolic compounds, a group to 
which tannins belong. In this regard, it has been reported that 
hydrolyzable tannins are potentially toxic and can affect the 
liver and kidneys, possibly causing death [20]. Hydrolyzable 
tannins are said to be responsible for most of the harmful 
effects because they can be absorbed and circulated through 
the bloodstream [21,22]. On the other hand, animals that 
consume plants with high levels of condensed tannins decrease 
nutrient utilization, affecting protein use to a large extent. The 
biological activity of condensed tannins depends on two main 
factors: their concentration and structure [23]. In a study 
conducted by Bogucka-Kocka, et al. where of all the Kalanchoe 
species that they studied, they reported that the extract 
obtained from K. pinnata leaves showed high cytotoxicity 
against the H-9 cell line and T cells, this possibly attributed 
to polyphenolic compounds such as lavonoids and phenolic 
acids. Another secondary metabolite that can cause toxicity 
may be the alkaloids in the extract since toxic properties have 
been attributed to these compounds. However, this analysis 
only gives an estimate of the mean lethal concentration; more 
analyses have to be carried out in subsequent studies, but 
now with specialized cells to determine exactly the degree of 
toxicity depending on the cell origin [24].

The evaluation of the antioxidant capacity of the Eisenia 
foetida organisms that were in contact with the extracts of 
Kalanchoe pinnata proves the relationship of all the results 
presented above, since the extracts in methanol, ethanol, and 
ether presented an inhibition percentage of 96%, while the 
aqueous one 93% (Table 3). More speci ically, when looking 
at the results expressed in mM Trolox (Figure 1. Calibration 
curve for the ABTS •+ method as generated by measuring the 
absorbance of the reaction medium at 750 nm. Trolox was used 
standard), very similar values were determined. However, 
these values con irm the toxicity of each of them, with ethanol 
resulting to be the most toxic because of the presence of most 
of the secondary metabolites, and in a greater proportion, 
followed by ethanol, methanolic, and inally aqueous.

Conclusion
Most important secondary metabolites were qualitatively 

identi ied in the extracts of K. pinnata lowers. Mainly in the 
alcoholic extracts (methanol and ethanol) tannins, alkaloids, 
and lavonols were found. As mentioned above, they are 
reported to have toxicological effects. The toxicity and 
antioxidant activity tests con irm the preliminary results 
obtained in the identi ication of secondary metabolites; 
concluding that the ethyl extract is the one in which the 
highest compounds were obtained. In turn, the highest 
percentage of inhibition was 96.1% and 514 mM of trolox, 
followed by the methanolic and ethereal extracts with 96% 
inhibition for each one and 512.25 and 513.08 mM of trolox 

Table 3: Results of antioxidant evaluation expressed as % inhibition and mM trolox.
Extract % inhibition μM Trolox

Aqueous 93.13 498.9167
Methanol 95.90 512.25
Ethanol 96.11 513.9167
Ether 95.59 513.0833

Figure 1: Calibration curve of the synthetic antioxidant TROLOX for ABTS.

Table 2: Determination of the Mean Lethal Concentration (LC50) for the acute 
toxicity bioassay with Artemia salina and toxicity with Eisenia foetida. 

Extract CL50 Artemia sp CL50 Eisenia foetida
Aqueous 18412 ppm 3149.42 ppm

Methanol * N/A N/A
Ethanol 28012 ppm N/A
Ether 17706 ppm 2125.59 ppm

Note: N/A stands for Not Available
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respectively. However, the toxicity of the ethereal extract 
may be signi icantly owed to the kind of solvent used and 
not so signi icantly due to the extract, since it did not present 
a higher amount of secondary metabolites than methyl. 
Finally, the aqueous extract showed the lowest toxicity, 93% 
inhibition, and 498.91 mM trolox, inding that these results 
were not very different from those obtained with the different 
solvents. It is therefore concluded that the lower of Kalanchoe 
pinnata contains secondary metabolites that may be of great 
therapeutic interest.
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