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The purpose of the investigation was to elaborate the methods of extraction of surface

lipids from Kalanchoe Degremona plants and preparation of solid lipid nanoparticles

containing a dirhenium(III) cluster compound. The procedure of growing plants and

increasing the quantity of surface lipids by means of adaptation biochemistry to toxicants

was used in this work. Data on the quantities of extracts, IR-spectra, and GC-MS-data of

hydrocarbons and oxocompounds of surface lipids obtained were presented. An increase

in the total number of surface lipids and an insignificant change in heterogeneity under

the influence of monochlorobenzene exposition were shown. The absence of differences

in the ratio of the intensity of the characteristic bands in the FTIR spectra allowed concluding

that the toxicant did not affect the qualitative composition of the surface lipids. The

nanoparticles (with a size of 145±40 nm) with high encapsulation efficiency were prepared,

these nanoparticles containing the dirhenium(III) cluster compound that previously showed

a cytostatic action in experiments in vivo.

Keywords: surface lipids, monochlorobenzene, hydrocarbons, cluster dirhenium(III)

compound, nanoparticles.

DOI: 10.32434/0321-4095-2021-136-3-57-63

Introduction
The complex mixture of highly hydrophobic

substances situated on the surface of every land specie
especially developed in not movement plants are
named the surface lipids (SLs) of plants [1,2]. The
functions of SLs are different but the most important
ones include protection from UV irradiation, control
of water status, anti-adhesive and light-reflecting
properties, protection against pathogens and
chemicals penetration, etc. [3]. The SLs composition
differs depending on the organ and stage of plant
development and the need for physiological functions
accomplishment [4].

Kalanchoe Degremona (Kalanchoe
daigremontiana, Bryophyllum daigremontinum) plant
was chosen by us as a source of SLs due to a relatively
high content of SLs and because of the phenomenon
of viviparia that makes possible to work with
genetically homogeneous plants. Bryophyllum species
have a unique mode of vegetative reproduction,
whereby young plantlets develop on the edges of
leaves before being shed for propagation [5].
Furthermore, recently we have shown that some
toxicants, including chlorobenzene (CB), influenced

on the SLs quantity of some plants to the side of
increasing the thickness of a protective layer [1].

Nanoparticles preparation and their use in
different areas of contemporary human activity are
worth to mention [6]. Special attention is devoted
to the solid lipid nanoparticles (SLN) due to their
long and convenient storing. There is no doubt that
nanoformulations are extremely valuable tools for
drug delivery applications; the current challenge is
how to optimize them to ensure that they are safe,
effective and scalable, so that they can be
manufactured at an industrial level and advance to
clinical use. In this context, lipid nanoparticles have
gained ground, since they are generally regarded as
nontoxic, biocompatible and easy-to-produce
formulations [7]. Absolute necessity of inclusion of
such cytostatics as dirhenium(III) cluster compounds
and cisplatin (one or both) in the lipid capsules was
substantiated in our works in models of cancer genesis
[8].

Thus, the aim of the present work was to
elaborate the method of preparation of SLNs
containing a dirhenium(III) cluster compound based
on Kalanchoe Degremona SLs.
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Materials and methods
Plants
Little, almost formed (with leaves, stems and

roots) plants of Kalanchoe D. were obtained dividing
them from adult plants growing in the room
temperature in pots with ordinary soil. Little plants
with roots were planted in previously decontaminated
and roasted sand until the weight of 10–12 g. Then,
they were replanted on the water solutions of CB.

All plants were divided on control (group No. 1)
that grew in distilled water and exposed plants that
grew on the water solutions of CB with the following
concentrations: 10 mg L–1 (group No. 2), 20 mg L–1

(group No. 3), and 30 mg L–1 (group No. 4). Each
group was grown in a separate vessel and every
experiment was accomplished several times. The
solutions of CB for exposition were changed on
freshly prepared one with the same concentrations
of CB in 10 days. All plants were grown under the
same light and temperature conditions. Plants of each
group after 30 days were washed, dried and weighted.

All reagents used in the work were of analytical
grade. The dichlorotetra--isobutyratodirhe-
nium(²²²) (Re2(C3H7COO)4Cl2) was synthesized
according to the procedure described elsewhere [9].

Extraction of SLs
SLs were extracted by hot chloroform three

times, avoiding contact between chloroform and the
roots, dried and weighted according to the procedure
reported in ref. [1]. The results of weighting were
expressed in percent with respect to the total weights
of the plants as the average of five trials with standard
deviation. W-criterion Wilcoxon’s nonparametric
tests were used to compare the parameters obtained
from the control group without treatment and each
group of exposition. The overall significance level
was set at p0.05.

Fourier transform infrared spectroscopy
The samples of SLs extracted from each group

was dissolved in pure chloroform, 1/4 part from each
sample was taken and united for each control and
each exposed plant to form one sample from each
control and exposed for analysis by infrared
spectroscopy. Fourier transform infrared (FTIR)
spectroscopy of SLs in the h-ATR (Nicolet
MAGNA-IR 550 Series II Spectrometer) was applied
[1] and transmission (KBr disks) was used [1].

Gas chromatography-mass spectrometry
The SLs were derivatized with methanolic HCl

(Supelco). The derivatized mixtures were analyzed
by GC-MS using an Agilent 6890 gas chromatograph
coupled to a 5973 mass selective detector (Agilent
Technologies, Waldbronn, Germany). For GC
separation, a 30 m long HP5 MS capillary column

was used (0.25 mm i.d., 0.25 m film thickness)
with the following oven temperature program: 500C
– 1 min – 50 K min–1 – 1700C – 4 K min–1 –
3000C – 4 min. One microliter of each derivatized
extract was injected splitless (pulsed splitless) at an
injector temperature of 3000C. The ion source of
the mass spectrometer operated in electron impact
mode at a temperature of 2300C. Full scan mass
analyses were performed to get comprehensive
information on the components contained in the
extracts. Data were processed automatically using a
database containing 178 GC retention times and mass
spectral characteristics for identification of long chain
alkanes and aldehydes. In order to guarantee
reproducible retention times, the GC-analysis was
locked on hexadecanoic acid methylester as a time
reference point [10].

Functional analysis of carbonyl compounds
2,4-dinitrophenylhydrazones of oxocompounds

were obtained in the reaction with 2,4-dinitrophenyl-
hydrazine after dissolution of the total SL in ethanol
[11]. Oxocompounds were analyzed by quantitative
precipitation with 2,4-dinitrophenylhydrazine. Dry
hydrazones were weighed and recalculated for the
content of oxocompounds. TLC of 2,4-dinitrophe-
nylhydrazones was carried out on Silufol plates by a
bottom-up method in a solvent system of diethyl
ether: chloroform in a ratio of 1:10. Dry
chromatograms were visualized by UV lamp, the
components were washed by ether, filtered and dried.
Further, the samples were analyzed on a Synapt
G2-S HDMS mass spectrometer.

SLN preparation
SLN were prepared from surface lipids

according to the procedure reported by Li et al. [12].
In short: dried SLs were extracted in chloroform,
placed in a round-bottom flask and dried in soft
conditions on a rotor evaporator to obtain a lipid
film. The solution of dichlorotetra--isobutyrato-
dirhenium(²²²) Re2(i-C3H7COO)4Cl2 in chloroform
was added with the final molar ratio lipid:rhenium
compound=8:1 (approximately). The solvent was
dried to obtain cis-Re2(i-C3H7COO)4Cl2-lipid film.
Then, the physiological solution was added to the
film and stirred for 10 min to obtain the suspension
that was treated by ultrasound 10 min on Ultrasonic
Perkin Elmer 3200 R to obtain SLN loaded with
Re2(i-C3H7COO)4Cl2 in suspension. Encapsulation
efficiency was measured according to the procedure
reported by Duong et al. [13].

Transmission electron microscopy
Surface morphology of nanoparticles was

estimated by transmission electron microscopy
(TEM) using JEM-1011 microscope (Japan) with
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an electron kinetic energy of 100 keV.
Results and discussion
Total quantities of the surface lipids varied from

120 to 380 mg in SLs extracted from the 100 g of
the fresh leaves (Table 1).

Table  1

Total quantity of SLs, g (M±m, %), (n=3; ±SD)

Total quantity of SLs 

concentration of CB, mg L
–1

 Control 

10 20 30 

0.120.02 0.190.04
*
 0.210.02

*
 0.380.02

*
 

 Note: *– P0.05, in comparison with control group.

The quantity of SLs is higher than from water
plants extracted according to the same method [1].
The total quantity of SLs from the exposed plants
has more than tripled and it was three times greater
than in water plants grown in contaminated water.

This supports our previously made conclusion about
activation of SLs biosynthesis by some contaminants.

The FTIR spectra of SLs from the investigated
plants showed absorption bands from four groups in
the wave number range from 3000 cm–1 to 670 cm–1

(Fig. 1).
It is necessary to underline that the total

spectrum of SLs witnesses a very low quantities of
carbonyl compounds in the SLs of control plants.
To analyze possible differences between SLs of
control and experimental plants, we discussed in
detail the second derivatives of the FTIR spectra
presented in Fig. 2.

Our special attention was paid to comparison
between the areas of carbonyl absorption and the
area of fingerprints. The bands are indicative of IR
absorption of the aliphatic substances. The strong
bands at 2927–2916 cm–1 and 2856–2848 cm–1 were
assigned to valent asymmetric (as) and symmetric

Fig. 2. FTIR-spectra of SLs: 1 (black) – 10 mg L–1; 2 (blue) – 20 mg L–1; 3 (green) – 30 mg L–1; 4 (red) – control

Fig. 1. Total FTIR spectrum of SL from control Kalanhoe D. plants
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(s) CH2 stretching, respectively; they are typical of
plant SLs [1]. Deformational scissoring (sciss) and
rocking (rock) CH2 modes lead to the appearance of
band doublets of intermediate intensity at 1473–
1471 cm–1 and 730–720 cm–1, respectively. Carbonyl
absorption was present at 1720–1745 cm–1 for all
samples. Earlier, the differences between exposed
and control plants were found in ratio of intensity of
some characteristic bands in FTIR spectra. It is clear
that there were no differences in position and
intensity of these bands in our experiments, which
allows concluding that the toxicant influenced only
on the quantity, but not the quality of the SLs of
young plants.

The content of SLs from Kalanhoe D. was
studied earlier [14]. The main components of the
adult plants of Kalanhoe D were hydrocarbons that
reached up to 90% of the total SLs [15]. Long chained
fatty acids, alcohols and other components did not
exceed 5% of the total quantity of SLs. According
to our measurements, the main components of the
obtained SLs were also hydrocarbons (Table 2).

The difference between our data and those
presented earlier by van Maarseveen and Jetter [14]
were as follows: (i) very little quantities (traces) of
the C33:0 alkane, that was the main component; and
(ii) comparatively large quantity of even alkanes.
These differences may be explained by the
circumstances that the compared plants were of
different age, as it is well known about changing of
SL of plants during vegetation. The heterogeneity of
hydrocarbons did not increase under the impact of
CB exposition, as we had explored in our previous
investigations, confirming the data obtained by FTIR
spectra. However, the existence of the carbonyl
absorption in the spectra made us necessary to
undertake chemical functional analysis of carbonyl
compounds in the form of hydrozones with

subsequent preparative chromatography and mass-
spectral analysis. The chemical structure and mass-
spectral decomposition of derivatives of two aldehydes
C28-aldehyde, and C30-aldehydes are presented in
Fig. 3.

The content of these aldehydes is rather little
(1.5–2.5% with respect to the total SL weight) that
explains the possibilities of their registration only by
functional analysis and by slight absorption in FTIR
spectra. The molecular ion peaks are characteristic
signals. The peaks at M/z=196 and 209 are
characteristic of the aromatic nitro derivative and
are formed as a result of the cleavage of the
phenylhydrazine group.

The next task of our work was to synthesize
the nanoparticles from the dirhenium(III) compound
and SLs from Kalanhoe D. According to the
previously elaborated procedure, the nanoparticles
were synthesized and their TEM images are shown
in Fig. 4.

The average size of the nanoparticles was
145±40 nm, encapsulated efficiency being 95%.
Thus, relatively high encapsulation efficiency may
be explained by symmetric disposition of isobutiric
hydrophobic groups around the dirhenium fragments,
which facilitated hydrophobic interactions with
hydrocarbons.

Conclusions
We have elaborated the method of isolation of

SLs from easily grown plants, which contain mainly
hydrocarbons primary with odd and a little bit with
even chains. We have shown that these SLs contain
also traces of two fatty aldehydes; their structures
were determined. The nanoparticles of 145±40 nm
size containing the dirhenium(III) cluster compound,
which manifested a cytostatic action in previous
experiments in vivo, were prepared with high
encapsulation efficiency.

Table  2

Content (%) of the main hydrocarbons in SL of Kalanhoe D. leaves (n=3; ±SD)

Content of the main hydrocarbons in SL of Kalanhoe D. leaves Hydrocarbons  

chain length control CB 10 mg L
–1 

CB 20 10 mg L
–1

 CB 30 10 mg L
–1

 

C 24:0 4.380.21 4.610.22 3.420.16 4.900.23 

C 25:0 4.650.23 5.220.24 4.130.19 5.720.26 

C 26:0 5.640.26 7.140.35 4.220.20 5.890.27 

C 27:0 5.700.26 7.540.35 4.570.21 11.820.57 

C 28:0 4.460.21 4.810.24 3.340.16 4.370.20 

C 29:0 12.520.59 11.420.56 11.330.56 18.640.83 

C 30:0 2.750.10 2.050.10 0.900.05 1.680.05 

C 31:0 47.212.27 47.982.27 56.162.78 38.051.86 

C 32:0 12.700.59 9.230.35 11.930.56 8.930.35 

C 33:0 traces traces traces traces 
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ÏÎÂÅÐÕÍÅÂ² Ë²Ï²ÄÈ ÊÀËÀÍÕÎÅ ßÊ ÌÀÒÅÐ²ÀË ÄËß
Ï²ÄÃÎÒÎÂÊÈ ÍÀÍÎ×ÀÑÒÎ×ÎÊ

Î.Â. Áåðçåí³íà, Ä.ª. Êèòîâà, Î.Â. Øòåìåíêî,
Í.². Øòåìåíêî

Ìåòîþ äîñë³äæåííÿ áóëî ðîçðîáëåííÿ ìåòîä³â
åêñòðàêö³¿ ïîâåðõíåâèõ ë³ï³ä³â ç ðîñëèí êàëàíõîå Äåãðåìîíà
òà îäåðæàííÿ òâåðäèõ ë³ï³äíèõ íàíî÷àñòî÷îê, ùî íàâàíòàæåí³
êëàñòåðíîþ ñïîëóêîþ äèðåí³þ(III). Áóëà âèêîðèñòàíà
òåõíîëîã³ÿ âèðîùóâàííÿ ðîñëèí òà çá³ëüøåííÿ ê³ëüêîñò³
ïîâåðõíåâèõ ë³ï³ä³â çà äîïîìîãîþ á³îõ³ì³÷íî¿ àäàïòàö³¿ äî
òîêñèêàíò³â. Íàâåäåíî äàí³ ïðî ê³ëüê³ñòü åêñòðàêò³â, ²×-
ñïåêòðè, GC-MS-äàí³ ùîäî ñêëàäó âóãëåâîäí³â òà îêñîñïîëóê
ïîâåðõíåâèõ ë³ï³ä³â. Ïîêàçàíî çá³ëüøåííÿ çàãàëüíî¿ ê³ëüêîñò³
ïîâåðõíåâèõ ë³ï³ä³â òà íåçíà÷íà çì³íà ãåòåðîãåííîñò³ ï³ä
âïëèâîì åêñïîçèö³¿ õëîðáåíçîëó. Â³äñóòí³ñòü â³äì³ííîñòåé ó
ñï³ââ³äíîøåíí³ ³íòåíñèâíîñò³ õàðàêòåðèñòè÷íèõ ñìóã ó
ñïåêòðàõ FTIR äîçâîëèëî âêàçàòè, ùî òîêñèêàíò íå âïëèâàº
íà ÿê³ñíèé ñêëàä ïîâåðõíåâèõ ë³ï³ä³â. Áóëè ïðèãîòîâàí³
íàíî÷àñòî÷êè (ðîçì³ðîì 145±40 íì) ç âèñîêîþ åôåêòèâí³ñòþ
³íêàïñóëÿö³¿, íàâàíòàæåí³ êëàñòåðíîþ ñïîëóêîþ äèðåí³þ(III),
ÿêà ðàí³øå âèÿâèëà öèòîñòàòè÷í³ âëàñòèâîñò³ â åêñïåðèìåíòàõ
in vivo.

Êëþ÷îâ³ ñëîâà: ïîâåðõíåâ³ ë³ï³äè, õëîðáåíçîë,
âóãëåâîäí³, êëàñòåðíà ñïîëóêà äèðåí³þ(III), íàíî÷àñòî÷êè.

SURFACE LIPIDS OF KALANHOE AS A MATERIAL FOR
NANOPARTICLES PREPARATION

O.V. Berzenina *, D.E. Kytova, A.V. Shtemenko, N.I. Shtemenko

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

* e-mail: berzenina@gmail.com

The purpose of the investigation was to elaborate the
methods of extraction of surface lipids from Kalanchoe Degremona
plants and preparation of solid lipid nanoparticles containing a
dirhenium(III) cluster compound. The procedure of growing plants
and increasing the quantity of surface lipids by means of adaptation
biochemistry to toxicants was used in this work. Data on the
quantities of extracts, IR-spectra, and GC-MS-data of
hydrocarbons and oxocompounds of surface lipids obtained were
presented. An increase in the total number of surface lipids and
an insignificant change in heterogeneity under the influence of
monochlorobenzene exposition were shown. The absence of
differences in the ratio of the intensity of the characteristic bands
in the FTIR spectra allowed concluding that the toxicant did not
affect the qualitative composition of the surface lipids. The
nanoparticles (with a size of 145±40 nm) with high encapsulation
efficiency were prepared, these nanoparticles containing the
dirhenium(III) cluster compound that previously showed a
cytostatic action in experiments in vivo.

Keywords: surface lipids; monochlorobenzene;
hydrocarbons; cluster dirhenium(III) compound; nanoparticles.



63

Surface lipids of Kalanhoe as a material for nanoparticles preparation

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2021, No. 3, pp. 57-63

REFERENCES

1. Berzenina O, Osinna I, Shtemenko N. Physico-chemical
methods in analysis of monochlorobenzene influence on the
composition of surface helophytes lipids. Voprosy Khimii i

Khimicheskoi Tekhnologii. 2018; (3): 5-13.

2. Busta L, Budke JM, Jetter R. Identification of -hydroxy
fatty acid esters and primary, secondary-alkanediol esters in
cuticular waxes of the moss Funaria hygrometrica. Phytochemistry.
2016; 121: 38-49. doi: 10.1016/j.phytochem.2015.10.007.

3. Riederer M, Muller C, editors. Biology of the plant cuticle.
Blackwell Publishing Ltd; 2006. 444 p. (Annual plant reviews;
vol. 23). doi: 10.1002/9780470988718.

4. Buschhaus C, Jetter R. Composition differences between
epicuticular and intracuticular wax substructures: how do plants
seal their epidermal surfaces? J Exp Bot. 2011; 62: 841-853.

doi: 10.1093/jxb/erq366.

5. Hamburger M, Potterat O, Furer K, Simoes-Wust AP,
von Mandach U. Bryophyllum pinnatum – reverse engineering
of an anthroposophic herbal medicine. Nat Prod Commun. 2017;
12(8): 1359-1364. doi: 10.1177/1934578X1701200847.

6. Nasrollahzadeh M, Sajadi SM, Sajjadi M, Issaabadi Z,
Atarod M. Chapter 4 – applications of nanotechnology in daily
life. Interface Sci Technol. 2019; 28: 113-143.

doi: 10.1016/B978-0-12-813586-0.00004-3.

7. Montoto SS, Muraca G, Ruiz ME. Solid lipid
nanoparticles for drug delivery: pharmacological and
biopharmaceutical aspects. Front Mol Biosci. 2020; 7: 587997.
doi: 10.3389/fmolb.2020.587997.

8. Shtemenko AV, Shtemenko NI. Rhenium–platinum
antitumor systems. Ukr Biochem J. 2017; 89(2): 5-30.

doi: 10.15407/ubj89.02.005.

9. Shtemenko AV, Chifotides HT, Yegorova DE,
Shtemenko NI, Dunbar KR. Synthesis and X-ray crystal structure
of the dirhenium complex Re2(i-C3H7COO)4Cl2 and its interactions
with the DNA purine nucleobases. J Inorg Biochem. 2015; 153:
114-120. doi: 10.1016/j.jinorgbio.2015.06.012.

10. Hartig C. Rapid identification of fatty acid methyl
esters using a multidimensional gas chromatography–mass
spectrometry database. J Chromatogr A. 2008; 1177: 159-169.

doi: 10.1016/j.chroma.2007.10.089.

11. Alekseyevska ²Î, Shepelenko VÌ, Shtemenko N².
Osoblyvosti skladu karbonil’nykh komponentiv poverkhnevykh
lipidiv vodnykh roslyn [Peculiar features of composition of
carbonyl components of surface lipids in aquatic plants]. Visnyk

of Dnipropetrovsk University. Biology, Ecology. 2006. 14(1): 3-6.
(in Ukrainian).

12. Li Z, Shtemenko NI, Yegorova DY, Babiy SO, Brown AJ,
Yang T, et al. Liposomes loaded with a dirhenium compound
and cisplatin: preparation, properties and in vivo improved
anticancer activity. J Liposome Res. 2015; 25:78-87.

doi: 10.3109/08982104.2014.954127.

13. Duong VA, Nguyen TT, Maeng HJ. Preparation of
solid lipid nanoparticles and nanostructured lipid carriers for drug
delivery and the effects of preparation parameters of solvent
injection method. Molecules. 2020; 25(20): 4781.

doi: 10.3390/molecules25204781.

14. Van Maarseveen C, Jetter R. Composition of the
epicuticular and intracuticular wax layers on Kalanchoe
daigremontiana (Hamet et Perr. de la Bathie) leaves.
Phytochemistry. 2009; 70: 899-906.

doi: 10.1016/j.phytochem.2009.04.011.

15. Jetter R, Riederer M. Localization of the transpiration
barrier in the epi- and intracuticular waxes of eight plant species:
water transport resistances are associated with fatty acyl rather
than alicyclic components. Plant Physiol. 2016; 170(2): 921-934.
doi: 10.1104/pp.15.01699.


