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Abstract: The effect of plant extracts Kalanchoe daigremontiana, and Aloe arborescens on human
multiple myeloma cells' viability was investigated. It was shown that plant extracts of kalanchoe and
aloe reduced tumor cells' viability by 13 and 46%, respectively. The combination of plant extracts with
doxorubicin showed an additive synergism of action, enhancing the antitumor effect. Treatment of
multiple myeloma cells with plant extracts led to a decrease in intracellular reduced glutathione level.
The intracellular glutathione level decreased by 25% under the action of kalanchoe extract and by 63%
under the action of aloe extract. Extracts from kalanchoe and aloe decreased mitochondrial membrane
potential by 19 and 53%, respectively. The results of the study showed that kalanchoe extract increased
ATPase activity, but aloe extract did not affect the level of ATPase activity. The results showed that
plant extracts of kalanchoe and aloe affect tumor cells' metabolism and contribute to their death. It was
concluded that herbal extracts Kalanchoe daigremontiana and Aloe arborescens have antitumor
activity, and aloe extract is more effective than kalanchoe.
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1. Introduction

For many centuries, plants have been a rich source of therapeutic agents. On their basis,
well-known and currently widely used drugs have been synthesized, such as the antipyretic
agent aspirin, the antitumor drug paclitaxel, the anti-inflammatory drug Novoimanin, and
others [1-3]. It is known from the literature that the basis for the synthesis of aspirin was the
bark of a willow tree [1], paclitaxel was isolated from the bark of a yew tree (Taxus brevifolia)
[2], and novoimanin is obtained from St. John's wort (Hypericum perforatum L.) [3]. Despite
synthetic drugs, 75% of the most important and vital drugs are obtained from plant sources [4].
This indicates that many plant species are still an important source of new drugs for diseases
that cannot be treated, such as cancer, HIV, and others. Medicinal plants include Kalanchoe
daigremontiana and Aloe arborescens.
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Kalanchoe daigremontiana is a herbaceous succulent plant, a species of the Kalanchoe
genus of the Crassulaceae family. According to the information of traditional medicine, the
juice of this plant has long been used in everyday life for the treatment of many diseases since
it has hemostatic, wound healing, and anti-inflammatory properties [5]. Extracts from this
plant's leaves are commonly used to treat diseases such as bacterial, fungal, and viral infections,
asthma, and ulcers. It is known from the literature that the leaves of this plant have
antimicrobial [6], antifungal [7], anti-inflammatory, analgesic [8,9], antihypertensive [10],
anti-diabetic effects [11]. Many active compounds have been identified in the kalanchoe,
including flavonoids, glycosides, steroids, and organic acids [12-14], which have various
antibacterial properties antitumor, prophylactic anti-cancer, and insecticidal. Despite the wide
range of therapeutic potential, the antitumor activity of K. daigremontiana is not well
understood. Aloe arborescens is an evergreen succulent plant, a species of the genus Aloe of
the Asphodeloideae family. The plant's leaves and sap contain enzymes, vitamins, phytoncides,
aloin, nataloin, rabarberon, homonatalain, emodin, resinous substances, and traces of essential
oils [15]. It is known that aloe preparations have a laxative, choleretic effect, have pronounced
anti-inflammatory and anti-burn properties [16]. Aloe juice has a bacteriostatic effect against
many groups of microbes: staphylococcus, streptococcus, diphtheria, typhoid, and dysentery
sticks. At present, it is known that aloe extract inhibits the growth of tumor cells in the intestine,
colon, and breast [17-19]. It has been shown that aloe-emodin, a natural anthraquinone
compound, inhibits tumor development in a mouse's colon [20,21]. However, the cytotoxic
activity of aloe on multiple myeloma cells has not been studied.

Multiple myeloma (MM) accounts for about 1% of all malignant neoplasms and slightly
more than 10% of hematological malignancies; therefore, the search for new methods of its
treatment is very urgent. The manifestation of side effects when using chemicals, surgical
methods, and the need for a long (sometimes years) correction of the pathological process
makes doctors pay attention to traditional medicine possibilities. Medicinal plants can be
effective in preventing the recurrence of cancer. In many cases, only herbal medicine allows to
avoid complications caused by the use of chemotherapy. Herbal remedies can remove toxic
substances and metabolic products due to the diuretic effect, increase the liver's antitoxic
function, and stabilize cell membranes. Therefore, the search for plant extracts with antitumor
activity is important for cancer medicine.

The study aimed to evaluate the antitumor activity of Kalanchoe daigremontiana and
Aloe arborescens extracts on MM cells (line RPMI 8226). This work aimed to study the
mechanism action of plant extracts of kalanchoe and aloe on MM cells' metabolism.

2. Materials and Methods

2.1. Materials.

We used the growth medium RPMI (low glucose-1 g/L, L-glutamine, 25 mM HEPES,
sodium pyruvate, Biowest, France), bovine serum (FBS, Biowest, France), gentamicin (10
mg/ml, Biowest, France). Plastic dishes (culture flasks 25 cm?, disposable pipettes) for growing
the cell culture were purchased from Corning-Costar, (USA).

2.2. Isolation of plant extracts.

For research, we used plant extracts obtained from Kalanchoe daigremontiana
(Kalanchoe daigremontiana, Raym.-Hamet & H. Perrier, 1914) and Aloe arborescens (Aloe
https://biointerfaceresearch.com/ 13172
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arborescens Mill., 1768). The plants were grown in soil at a temperature of 22-24° (day/night),
illumination of 2 klk, and a photoperiod of 10 hours. The leaves of aloe and kalanchoe were
washed, dried, crushed with scissors, and then ground in a mortar until smooth. The resulting
mass was poured with distilled water in a ratio of 1: 3 for aloe and 1: 0.5 for kalanchoe and
filtered through 4 layers of gauze. The resulting juice was used further in experiments
immediately after production.

2.3. Analysis of the optical spectra of plant extracts.

The spectra of plant extracts were recorded on a Varian Cary Eclipse spectrofluorimeter
(Agilent Technologies, USA).

2.4. Analysis of plant extracts by NMR spectroscopy.

For NMR spectroscopy aloe and kalanchoe leaves were crushed with scissors, then
ground in a mortar until smooth. The resulting mass was added 2 ml of deuterated water (D20)
and filtered through 4 layers of gauze. The prepared samples were analyzed using NMR. 'H
NMR spectra were recorded on a high-resolution Bruker AVANCE 111 500 MHz spectrometer
(USA) at room temperature (23 + 1° with an operating frequency of 500 MHz. Samples for
study were placed in standard high-resolution ampoules with an outer diameter of 5 mm. The
'H spectra were recorded using a standard pulse program, including a 90° pulses sequence with
a delay of 12 s between them and 32 to 256 accumulations. The chemical shift scale was
calibrated using the residual protons of the solvent signal (DMSO-d6, 6H = 2.5 ppm). Analysis
of 'H NMR spectra was performed using the ACD/C + H NMR Predictors Program.

2.5. Organic elemental analysis of plant extracts.

Organic elemental analysis of plant extracts was carried out by atomic adsorption on an
Elementar Vario EL CubE device (Germany). Lyophilized weighed portions of plant extracts
were burned in a stream of oxygen at 1150, while N was oxidized to N2, C to COz, H to H20,
and S to SOz2. The content of N, C, H, and S was obtained as a percentage.

2.6. Cell lines.

We used human multiple myeloma cells (MM, cell line RPMI 8226, kindly provided
by S.S. Shushanov, FGBU "National Medical Research Center of Oncology named after N.N.
Blokhin", Ministry of Health of Russia, Moscow). The origin of the indicated cell line: human,
bone marrow, myeloma.

2.7. Culture cells.

Cells cultured in growth medium RPMI with 10% FBS at 37° 5% CO2 and 95%
humidity. The cells were grown to 90% density in culture flasks.

2.8. Determination of the cytotoxicity of plant extracts.

The cytotoxicity of plant extracts of kalanchoe and aloe was determined by staining
cells with aniline dye trypan blue [22]. For the analysis, plant extracts were used (the initial
protein concentration for aloe is 16.6 mg/ml, for kalanchoe-44.8 mg/ml). To assess the
cytotoxicity, plant extracts of kalanchoe and aloe (2 ml, final protein concentration 1.57 mg/ml)
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were added to MM cells (2 016 000 cells/28 ml), and an equal amount of growth medium was
added to control vials and incubated for 24 hours at 37°, 5% CO. Then 0.2 ml of cell
suspension was taken from each vial, trypan blue solution (0.1 ml 0.5% in 0.9% NaCl solution)
was added, incubated with a dye for 10 min at 37°, and the number of live, dead cells and the
total number of cells were counted in the Goryaev chamber. The cytotoxic index (CTI) was
calculated using the formula: (number of dead cells / total number of cells) x 100%.

2.9. Analysis of the effect of plant extracts on cell viability.

Plant extracts' effect on NADH dehydrogenases' activity in MM cells was assessed
using the AlamarBlue® Cell Viability Assay fluorescence method (ThermoFisher Scientific,
USA). This method is based on mitochondrial NADH dehydrogenases' ability to oxidize
NADH and reduce the dye resazurin to fluorescent resofurin in living cells [23]. Equal amounts
of plant extracts (10 pl, final protein concentration 0.17 mg/well) were added to MM cells (3
200 cells per well), and an equal amount of phosphate-buffered saline (PBS, 100 mM, pH =7,
2) was added to control wells. Also, to compare the effect of plant extracts with doxorubicin (a
known anti-cancer drug), doxorubicin (final concentration 1.98 uM) was added to MM cells.
To investigate plant extracts' combined effect with this drug, doxorubicin was used in
combination with plant extracts. The samples were incubated for 20 min at 37° Then
AlamarBlue® reagent (10 ul) was added, and the fluorescence intensity was measured after 24
hours at Eex/Eem = 570/590 nm on a Spark 10M spectrofluorometer (USA).

2.10. Analysis of the effect of plant extracts on glutathione level.

The effect of plant extracts on the level of reduced glutathione in MM cells was assessed
using o-phthalic aldehyde according to the procedure [24]. This method is based on the fact
that the amino and sulfhydryl groups of glutathione react with an o-phthalic aldehyde, reducing
it, forming a cyclic, intensely fluorescent product. Human MM cells were seeded in a 96-well
plate (45 000 cells/well), and cells were grown for 24 hours in an incubator at 37°, 5% CO,
and 95% humidity. Then, plant extracts were added to the wells (20 pl, final protein
concentration 0.34 mg/well), and an equal amount of PBS was added to the control and
incubated for 15 min. The cells were then washed twice with PBS, and a solution of cold
distilled water (400 pl) containing 17.5% HPOs was added. After incubation for 10 min, the
solution was removed, and PBS (250 ul, 100 mM, 5 mM EDTA, pH = 8.0) and 100 ul o-
phthalic aldehyde (0.1% in ethanol) were added to the cells, incubated for 15 min at room
temperature. Then, glutathione's fluorescent adduct was determined at Eex/Eem = 350/420 nm
on a Spark 10M spectrofluorimeter (USA).

2.11. Analysis of the effect of plant extracts on the level of membrane potential.

The effect of plant extracts on the level of membrane potential in MM cells was
determined by the fluorimetric method using the JC-1 dye (Invitrogen, USA). This method is
based on the fact that JC-1 accumulates in mitochondria in proportion to the change in
membrane potential(A¥m), forming aggregates that fluoresce in the red range [25]. In the
cytoplasm, JC-1 exists as a monomer that fluoresces in the green range. The ratio of red to
green fluorescence (Fred/Fgreen) is proportional to the membrane potential change (A¥m).
Plant extracts (20 pl, final protein concentration 0.34 mg/well) were added to MM cells (43800
cells per well). An equal amount of PBS was added to the control and incubated for 15 min.
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Doxorubicin (final concentration 4.52 uM) was used for comparison. Then, JC-1 (27 uM) was
added in the dark and incubated for 30 min at 37°. Red fluorescence was measured at Eex/Eem
= 570/595 nm, green fluorescence was determined at Eex/Eem = 485/535 nm on a Spark 10M
spectrofluorometer (USA).

2.12. Determination of protein in plant extracts.

The protein content in the samples was determined by the Bradford method, using
bovine serum albumin as a standard [26].

2.13. Analysis of the effect of plant extracts on ATPase activity.

ATPase activity was measured in cell lysates by the colorimetric method using the
ATPase activity analysis kit (BioVision Kit, USA) by the standard manual. Briefly, MM cells
were seeded and grown in culture flasks to a density of 106. Then whole MM cells (2 x 10°)
were quickly homogenized with a buffer (400 ul) cooled on ice, and the samples were placed
on ice for 10 min. The samples were then centrifuged at 10 000 g at 4° for 10 min, and the
supernatant was collected. Endogenous phosphate was removed by using the ammonium
sulfate method. The lysates of MM cells (5 pl, protein concentration 123.4 mg/ml) were applied
in four replicates to a clear 96-well plate (labeled "background control™, and "sample ATPase
activity"). Then the samples of plant extracts (for aloe 5 ul, protein concentration 13.12 mg/ml,
and for kalanchoe 5 pl, protein concentration 28.89 mg/ml) were added to the test lysates and
incubated for 15 min on ice. For reagent control, an ATPase assay buffer (100 pl) was added.
ATPase positive control (10 pl) diluted into of ATPase assay buffer (190 pl). The ATPase
positive control (20 ul) was added into wells and adjusted the final volume to 100 pl with
ATPase assay buffer. For each well, 100 pul of a reaction mixture containing ATPase assay
buffer (98 ul) and ATPase substrate (2 pl) was prepared. Then 100 pl of the reaction mixture
was added to each well for positive control, reagent control, and test samples and incubated at
25° for 30 min.

The measurement was carried out as follows: added 10 ul ATPase assay developer for
assay to all standards, ATPase positive control, and test samples and background control
samples, incubated at 25° for 30 min and measured absorbance (OD) at 650 nm at the end of
incubation time.

The calculation of ATPase activity was carried out as follows: plotted the phosphate
standard curve. The sample background is corrected by subtracting a higher value obtained
from background control or reagent control from all sample readings. The ATPase activity of
the tested samples was calculated: AOD = A2 - A1. We used AOD to the standard phosphate
curve to obtain B nmol of phosphate generated by ATPase during the reaction time (e.g., t =
30 min). The formula was used to calculate the activity of an ATPase sample = B/(t x V) x D
= nmol/min/pl = mU/pl = U/ml. Where: B is the amount of phosphate from the standard curve
(nmol), t is the reaction time (min), V is the volume of the sample added to the reaction well
(ul), D is the dilution factor of the sample. Unit definition: one ATPase unit is the amount of
enzyme that generates 1.0 umol phosphate per min at pH 7.5 at 25°. Data are presented as the
average of three repeated experiments.
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2.14. Analysis of the effect of plant extracts on total amount ATP.

The total amount of ATP was measured in cell lysates by a fluorometric method using
the ab83355 ATP assay kit (Abcam, USA) following the manual. The analysis is based on
glycerol phosphorylation to obtain a product that can be easily quantified fluorometrically
(Eex/Eem = 535/587 nm) [27]. Briefly, multiple myeloma cells were seeded and grown in culture
flasks to a density of 10° cells and treated with plant extracts or untreated (positive control).
Plant extracts (2 ml, protein concentration 16.64 mg/ml) were added to the experimental flask,
and an equal amount of growth medium was added to the control flask and incubated for 15
min at 37° in 5 % CO2. Then, cell lysates were prepared according to the protocol. The cell
suspension with plant extracts was transferred to centrifuge tubes. After that, the cells were
centrifuged for 5 minutes at 3000 rpm, the supernatant was removed, and the cells (1 x 10°)
were washed with cold PBS (0.1 M, pH = 7.2) and re-suspended in 200 pl of ATP assay buffer.
Then the cells were destroyed by pipetting up and down a few times. Next, cells were
centrifuged for 5 minutes at 4° and 13000 g in a cold microfuge to remove any insoluble
material. The supernatants were collected and transferred to new tubes, which were kept on
ice. Cell samples may contain enzymes that can interfere with the assay. To remove these
enzymes from samples, deproteinizing sample preparation kit — TCA (ab204708, USA) has
been used.

Then the samples (10 pl) were added to a 96-well plate (labeled "background control™
and "ATP samples"), and the final volume was adjusted to 50 pl with ATP assay buffer. For
each well, 50 pl of a reaction mixture containing ATP assay buffer (45.8 pl) + ATP probe (0.2
ul), ATP converter (2 ul), developer mix (2 pl) was prepared and added to each well. The
background reaction mixture was the same, but without the ATP converter (in the absence of
an ATP converter, the analysis detects only glycerol phosphate, but not ATP). Then we added
50 pl of background reaction mix into the background control sample wells. Samples were
mixed and incubated at room temperature for 30 min in the dark. Then immediately measured
output on a microplate reader at Eex/Eem = 535/587 nm.

The total amount ATP calculation was carried out as follows: subtracted the sample
background control from sample readings. The adjusted values for each standard are plotted
against the final ATP concentration.

The standard curve was used for adjusted relative fluorescence of the sample to obtain
the amount of ATP (B) in the sample wells. Concentration of ATP (nmol/pl or pmol/ml or
mM) in the test samples was calculated as: ATP concentration = (V/B x D) x DDF. Where: B
= amount of ATP in the sample well calculated from a standard curve (nmol or mM); V =
sample volume added in the sample wells (ul); D = sample dilution factor if the sample is
diluted to fit within the standard curve range (before reaction well set up); DDF =
deproteinization dilution factor. Data are presented as the average of three repeated
experiments.

2.15. Statistical analysis.

All data are presented as the average of three replicate experiments. Statistical analysis
of the data was carried out using the GraphPad Prizm software, One-Way ANOVA.
Differences were considered significant at (* - p < 0.05). An asterisk indicates statistically
significant differences between the positive control and all other types of treatments.
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3. Results and Discussion
3.1. Results.

First, to characterize the biologically active substances that make up the plant extracts,
optical and NMR spectra of kalanchoe and aloe were recorded. As shown in Figure 1(a), the
kalanchoe leaf extract's optical absorption spectrum has a maximum at 425 nm, small peaks at
350 and 500 nm, and a shoulder at 600 nm. The optical spectrum of aloe showed a maximum
at 475 nm, 2 small peaks at 330, 350 nm, and a shoulder at 425 nm (Figure 1b).
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Figure 1. Optical absorption spectrum of plant extracts Kalanchoe daigremontiana (a) and Aloe arborescens

(b).

The NMR spectrum of kalanchoe is shown in Figure 2 (a).
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Figure 2. 'H NMR spectrum of plant extracts (a) Kalanchoe daigremontiana; (b) Aloe arborescens.
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As shown in Figure 2, the *H NMR spectrum contains many functional groups present
in the composition of chemical compounds. Specifically, the NMR spectrum from kalanchoe
extract showed the presence of chemical shifts specific to functional groups such as 6 5.13
(methylene group), 4.4 (methine proton), 4.21 (secondary hydroxyl), 1.42 (orthoacetate), 3.65
(ether), 3.3 (aldehyde group), 2.5 (ketone group), 2.75 (OH- hydroxyl proton). The results of
the analysis of the spectra indicate the presence in the composition of Kalanchoe
daigremontiana of various biologically active substances, such as flavonoids, glycosides,
steroids, terpenodes, bufadienolides, bryophyllins -A, -B, -C, and organic acids, which were
previously identified in other species of Kalanchoe pinnata, Kalanchoe gracilis, Bryophyllum
calycinum [27-29].

NMR spectrum from aloe extract demonstrated the presence of chemical shifts specific
for functional groups such as 6 5.0 (methylene group), 4.8 (halogens), 1.1 (carbonyl group),
3.3 (aldehyde group), 3.5 (methylene groups), 3.6 (ether), 2.5 (ketone group), 2.75 (hydroxyl
proton OH"), 2.1 (acetyl group) (Figure 2b). The spectra analysis indicated the presence of the
aloenin and aloe-emodin in the composition of aloe, as was shown earlier for Aloe vera [17-
20].

For a complete characterization of the extracts, we performed an organic elemental
analysis. Using this analysis, we determined the quantitative content of elements in plant
extracts (Table 1).

Table 1. Organic elemental analysis of Kalanchoe daigremontiana and Aloe arborescens extracts. Values are
given as mean + S.D. of two independent experiments.

Sample Content of C, % Content of H, % Content of N, % Content of S, %
Extract of 31.53; 31.56 4.420; 4.438 0.90; 0.91 0.354; 0.296
Kalanchoe

Mean value 31.54 4.429 0.91 0.325
Standard deviation 0.02 0.013 0.01 0.041
Extract of Aloe 38.21; 38.14 5.253; 5.233 0.38; 0.36 0.484; 0.401
Mean value 38.17 5.243 0.37 0.443
Standard deviation 0.05 0.014 0.01 0.059

Comparative analysis showed that the extract from aloe has a high content of C, H and

S, while the extract from kalanchoe has a higher content of N.

The cytotoxicity of plant extracts of kalanchoe and aloe on MM cells was assessed by

staining the cells with trypan blue.

Table 2. Determination of the cytotoxicity of plant extracts of Aloe and Kalanchoe on MM cells. Values are

given as mean + S.D. of three independent experiments.

Experiment name | Total number of Amount living Amount dead cells Cytotoxic index, %
cells cells
Before adding Aloe 2016 000 2016 000 0,0 0,0
to MM cells
After adding Aloe to 2112000 1 056 000 1 056 000 50
MM cells
Before adding 2016 000 2016 000 0,0 0,0
Kalanchoe to MM
cells
After adding 2508 000 1188 000 1 020 000 47,8
Kalanchoe to MM
cells
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Cell counting using trypan blue showed that all cells were initially alive (2 016 000)
(Table 2). However, after incubation of cells with plant extract of aloe for 24 hours, the number
of living cells was 1 056 000, and the number of dead cells was 1056000. The cytotoxic index
for aloe extract was 50% (Table 2).

After adding kalanchoe extract to MM cells, the number of living cells was 1 188 000,
and the number of dead cells was 1 020 000. The cytotoxic index for kalanchoe extract was
47.8% (Table 2). This indicates that the plant extracts of aloe and kalanchoe exhibit cytotoxic
properties.

We then investigated the effect of plant extracts of kalanchoe and aloe on the viability
of MM cells. We evaluated the effect of plant extracts on MM cells' viability using a
fluorescence method that measures the activity of mitochondrial NADH dehydrogenases [23].
The results showed that pre-incubation of MM cells with plant extracts of aloe and kalanchoe
inhibited the activity of mitochondrial NADH dehydrogenases and thereby reduced the
viability of MM tumor cells (Figure 3).
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Figure 3. The effect of plant extracts Kalanchoe daigremontiana and Aloe arborescens on MM survival; 1-cells
(control), 2-kalanchoe, 3-aloe, 4-Dox+kalanchoe, 5-Dox+aloe, 6-Dox. Here and in Figure 4-7 values are given
as mean = S.D. of three independent experiments. *P < 0.05 represents significant changes from untreated
control.

As can be seen from Figure 3, the kalanchoe inhibited cell viability by 15%. The
combined use of kalanchoe with doxorubicin increased the effect; cancer cells' viability
decreased by up to 25%.

It should be noted that aloe extract exhibited a stronger effect since it inhibited MM
cells' viability by 45% and in combination with doxorubicin by 50%. By itself, doxorubicin
inhibited cell viability by only 35%. These results indicate that the combined use of plant
extracts in conjunction with doxorubicin is more effective for possible use in cancer
polychemotherapy.

Since we showed that plant extracts' action reduced MM cells' viability, we wanted to
further understand the mechanism of action of extracts on the cell's metabolic pathways. And
since it is known that cell survival depends on the level of reduced glutathione in the cell, we
further studied the effect of plant extracts on the level of reduced glutathione in MM cells [30].
It was previously shown that the level of oxidative stress in the cell depends on the ratio of the
reduced and oxidized forms of glutathione [30]. To understand whether plant extracts induce
oxidative stress in MM cells, we investigated the effect of kalanchoe and aloe extracts on
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intracellular glutathione levels. The study results showed that MM cells' treatment with plant
extracts led to a decrease in intracellular reduced glutathione.

It was shown that the intracellular glutathione level decreased by 25% under kalanchoe
extract and 63% under the action of aloe (Figure 4).
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Figure 4. The effect of plant extracts Kalanchoe daigremontiana and Aloe arborescens on the level of
reduced glutathione in MM cells: 1-cells (control), 2-cells+kalanchoe, 3-cells+aloe.

This indicates that the plant extracts induce oxidative stress in MM cells. It should be
noted that aloe extract causes the most significant oxidative stress in cancer cells; its effect is
2.5 times higher than that of kalanchoe extract.

It is known from the literature that the mitochondrial membrane potential is an
important indicator of the metabolic activity of cells; besides, it reflects the ability of
mitochondria to generate reactive oxygen species [31]. A decrease in the membrane potential
of mitochondria indicates the activation of the mitochondrial pathway of apoptosis. It is the
cause of oxidative stress [32]. To understand why there is a decrease in cancer cells' viability,
we further studied plant extracts' effect on the level of mitochondrial potential in MM cells.

As a result of our research, we found that plant extracts of kalanchoe and aloe decreased
mitochondrial membrane potential. In particular, kalanchoe extract decreased by 19%, and aloe
extract by 53% (Figure 5).
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Figure 5. Influence of plant extracts Kalanchoe daigremontiana and Aloe arborescens on the mitochondrial
membrane potential of MM: 1-cells (control), 2-cells+kalanchoe, 3-cells+aloe.
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It should be emphasized that aloe extract significantly reduced the level of membrane
potential in MM cells compared to kalanchoe's action. The effect of aloe is 2.8 times that of
the kalanchoe. This indicates that aloe is the most powerful oxidant than kalanchoe. These data
are consistent with the data on plant extracts' effect on the viability and glutathione level in
MM cells. Thus, the results obtained indicate that kalanchoe and aloe's plant extracts may
induce oxidative stress in MM cells and thus cause their death.

To understand the mechanism of action of plant extracts on cancer cells, we further
investigated the effect of kalanchoe and aloe extracts on the cell's energy profile, particularly
the activity of ATPase and the amount of ATP. The study results showed that kalanchoe extract
increased ATPase activity by ~2 times and aloe extract by 1.2 times (Figure 6). The data
indicate that aloe extract does not affect the level of ATPase activity in the cell since the
differences with control cells are not statistically significant.
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Figure 6. Influence of plant extracts Kalanchoe daigremontiana and Aloe arborescens on ATPase activity of
MM cells.

Determination of the amount of synthesized ATP in the cells showed that Kalanchoe
extract increased the ATP level by ~ 2 times and Aloe extract by ~1.2 times, which is consistent
with the data on the effect of these extracts on ATPase activity (Figure 7).
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Figure 7. Influence of plant extracts Kalanchoe daigremontiana and Aloe arborescens on the total amount of
ATP in MM cells.

Thus, the results obtained indicate that the plant extract of kalanchoe induced ATPase
activity in cells, but the aloe extract did not affect the level of enzyme and amount of ATP.
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3.2. Discussion.

In this work, we obtained plant extracts from Kalanchoe daigremontiana leaves and
aloe stems (Aloe arborescens) and studied their antitumor activity on human MM cells.
Biologically active substances in the composition of kalanchoe and aloe extracts were analyzed
by optical and NMR spectroscopy, organic elemental analysis. The spectroscopic studies of
Kalanchoe daigremontiana extract showed alkaloids, bioflavonoids (rutin, quercetin), and
anthocyanins  flavonoids (flavanones, flavanonols, flavones), phenolic glycosides,
triterpenoids, bryophylline. This extract's optical spectrum has absorption maxima
characteristic of these compounds [33-35]. Earlier, bufanodienolides, bryophylline A, B, and
C were identified in the Taiwanese Kalanchoe Bryophyllum pinnatum, and it was shown that
they are cytotoxic compounds [35,36]. It was found that bryophyllin A, isolated from
Bryophyllum pinnatum and Kalanchoe gracilis, has the strongest antitumor activity [34, 36].
Analysis of the spectra of aloe showed that it contains phenolic compounds, such as anthrone,
anthraquinone, pyrone, chromone, aloenin, aloemodin, identified earlier [15, 16]. The
absorption spectra obtained by us and *H NMR spectroscopy data indicate the presence of
similar compounds in the composition of aloe tree. Earlier, the antitumor activity from the
leaves of Kalanchoe pinnata was shown on cervical cancer cells using the MTT test [37].
Coarse extracts from Kalanchoe pinnata leaves (at a concentration of 552 pg/ml) inhibited the
growth of HelLa cancer cells by 30% after 24 hours. Aloe-emodin, isolated from Aloe vera,
showed antitumor activity on various human tumor cell lines, particularly breast cancer cells,
melanoma, and ovarian cancer cells [38-40]. However, there are no data in the literature on the
antitumor activity of plant extracts from Kalanchoe daigremontiana and Aloe arborescens on
MM cells. Our study results showed that kalanchoe extract inhibited MM cells' viability by
13% after 24 hours (at a concentration of 17 mg/ml), and aloe extract inhibited the viability of
MM cells by 46% (at a concentration of 45 mg/ml). It was found that plant extracts of kalanchoe
and aloe inhibited the activity of mitochondrial NADH dehydrogenases, which are responsible
for the synthesis of ATP in cells [41]. Therefore, in this work, we have shown for the first time
that plant extracts from Kalanchoe daigremontiana and Aloe arborescens have cytotoxic
properties since the survival of tumor cells significantly decreases under their action. It should
be noted that aloe extract is a more effective cytostatic compared to kalanchoe, since it inhibits
the growth of MM cells 3.5 times more strongly. Aloe extract was even more effective
compared to doxorubicin, a well-known anti-cancer drug that only reduced MM cell viability
by 39%. The combined use of aloe extracts with doxorubicin enhanced the antitumor effect.
The results showed that treatment of aloe cells and doxorubicin decreased MM cells’ survival
by 50%, but MM cells' treatment simultaneously with kalanchoe and doxorubicin decreased
cell viability by 25%. These results showed an additive, synergistic effect and suggest that
herbal extracts of aloe and kalanchoe can be used in cancer polychemotherapy.

Besides, our results showed that the addition of plant extracts of kalanchoe and aloe to
MM cells leads to a decrease in mitochondrial dehydrogenases' functional activity, which is
usually accompanied by impaired cellular energy production, damage to mitochondria, and the
development of mitochondrial dysfunction [23,41]. Therefore, the next stage of our study was
to study the effect of plant extracts of aloe and kalanchoe on mitochondrial membrane potential.
For the first time, we have shown that treatment of MM cells with extracts from Kalanchoe
daigremontiana and Aloe arborescens led to a decrease in mitochondrial membrane potential
by 19 and 53%, respectively. At the same time, the action of aloe extract was 2.8 times more
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effective than kalanchoe. It is known that a decrease in the level of the mitochondrial membrane
potential indicates the activation of the mitochondrial apoptosis pathway [42]. Therefore, we
can assume that, like most cytotoxic phytocompounds, plant extracts from Kalanchoe
daigremontiana and Aloe arborescens induced apoptotic cell death through the loss of
mitochondrial membrane potential.

It is now known that elevated glutathione levels in tumor cells protect cancer cells in
the bone marrow, breast, colon, larynx, and lungs during cancer development, creating
resistance to several chemotherapeutic drugs [43,44]. Therefore, compounds that reduce the
level of glutathione in cancer cells may be useful in chemotherapy for cancer [45]. Our results
demonstrated for the first time that plant extracts from Kalanchoe daigremontiana and Aloe
arborescens reduced glutathione levels in MM cells by 25 and 63%, respectively. It is known
that a disturbance in the balance of oxidized/reduced glutathione in the cell leads to oxidative
stress and the accumulation of reactive oxygen species [43-45]. It is likely that a decrease in
the level of reduced glutathione in MM cells under the action of extracts from Kalanchoe
daigremontiana and Aloe arborescens leads to oxidative stress and thereby causes the death of
cancer cells.

4. Conclusions

Thus, the experiments' results showed that the plant extracts Kalanchoe
daigremontiana and Aloe arborescens affect tumor cells' metabolism, have antitumor activity,
and are potential antitumor drugs for the treatment of multiple myeloma. However, further
research is needed to understand their mechanism of action better. Future scientific work on
the purification of plant extracts from the leaves of Kalanchoe daigremontiana and Aloe
arborescens and in vivo studies help uncover the full therapeutic potential of these extracts as
effective anti-cancer drugs.
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