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1 Introduction
Natural human bone is a metabolically active tissue that 
undergoes continuous process of formation, resorption 
and remodelling. When it comes to small defects, bone 
possesses the self-healing ability.1 However, larger defects 
originating from surgical resection require implants, i.e. 
scaffolds that serve as a temporary support for tissue re-
pair. Development of potential substituent for bone tissue 
represents a great challenge due to high biological com-
plexity of natural bone tissue and unique structure and 
properties. The properties of scaffolds are determined by 
their highly interconnected, three dimensional structure, 
tailored surface characteristics and mechanical proper-
ties.2,3 The scaffold acts as a template to direct cell growth 
and extracellular matrix formation, while its architecture 
defines the ultimate shape of the new bone. Furthermore, 
scaffolds have to allow diffusion of necessary cell nutrients 
and proper diffusion of metabolic waste from the cells. 
More importantly, applied scaffolds should promote angio-
genesis, which is essential for restoring biological and me-

chanical functionality of damaged bone.4 Still, the ability of 
scaffolds to induce vascularisation as an initial step in new 
tissue growth, represents a major challenge in bone tissue 
engineering. Sufficient vascularisation is necessary for the 
repair of large bone defects, since it provides oxygen and 
nutrients, as well as transports osteoprogenitor cells to fa-
cilitate bone regeneration.5

In recent years, a considerable amount of research is being 
done on the application of chitosan in biomedicine. In the 
pharmaceutical field, chitosan has been found as a favour-
able drug delivery system,6 while simultaneously, numer-
ous studies are focused on the synthesis of chitosan-based 
porous implants which are conductive to bone regenera-
tion.7 Moreover, the field of tissue regeneration draws a 
lot of attention for novel chitosan regenerative biomate-
rials with angiogenic potential, and ability to accelerate 
revascularisation of damaged or treated tissue.8 Chitosan 
is one of the most important products of thermochemical 
deacetylation of chitin. It is a linear polysaccharide, insol-
uble at pH  >  7, while its biological characteristics offer 
considerable biocompatibility, nontoxicity, biodegradabili-
ty, hydrophilicity, and antibacterial properties.9,10 It consists 
of hydroxyl (−OH) and amino (−NH2) functional groups 
giving it a cationic polymer nature. Moreover, chitosan ex-
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hibits a positive effect on intestinal flora balance, prevents 
growth of harmful bacteria, and can boost tissue regener-
ation due to its angiogenic properties.11 Hydrogel scaffolds 
are amongst the most favourable forms of chitosan-based 
biomaterials. They are cost-effective and suitable due to 
their fluid absorption, retention, and drug carrying capac-
ity.12,13 Hydrogels also possess mechanical and structural 
properties comparable to the extracellular matrix (ECM) 
and allow for less disruptive implementation.14 To enhance 
the wound healing process, chitosan is used in conjunc-
tion with other natural polymers such as gelatin, hyaluronic 
acid, collagen, cellulose or with inorganic components and 
metallic ions such as zinc, copper, and silver.15,16

Recently, boron is recognised as an element predomi-
nant for homeostasis of the human body. Previous works 
indicate that boron reacts with collagenase, elastase, and 
trypsin like enzymes in order to improve production of 
ECM.17 Furthermore, there is growing interest in boron ho-
meostasis, more precisely, in sodium boron cotransporter 1 
(NaBC1), which controls boron homeostasis and takes part 
in myogenic differentiation.18 Boron presence also enhanc-
es the availability of tumour necrosis factor – α (TNF-α) in 
fibroblasts, which in turn induces angiogenesis, augments 
gene expression responsible for inflammatory media-
tors, and represses the transcription of collagen gene.19,20 
Among precursors of boron, boric acid stands out as a long 
used medium for deep wound healing as it possesses anti-
microbial activity.21

The aim of this study was to synthesise boric acid mod-
ified chitosan scaffolds using boric acid as a boron pre-
cursor. The successful encapsulation of boric acid was ac-
complished by chemical cross-linking using genipin. The 
presence of boric acid was indicated by Fourier-transform 
infrared spectroscopy (FTIR), X-ray diffraction analysis, and 
energy dispersive X-ray spectroscopy (EDS), while highly 
porous structure was confirmed by SEM imaging. Moreo-
ver, the cytotoxic assay on human embryonic kidney (HEK 
293) cell line indicated low cytotoxicity of boric acid mod-
ified chitosan scaffolds at lower material concentration.

2 Experimental part
2.1 Materials

Chitosan (CHT) with a degree of deacetylation (DD) of 
83 % and viscosity of 293 mPa was purchased from Heppe 
(Germany). Acetic acid (99.8 %) and boric acid (p.a.) were 
purchased from Lachner (Czech Republic), acetone (p.a.) 
was purchased from T.T.T (Croatia), genipin was purchased 
from Cayman Chemical Company (USA).

2.2 Preparation of boric acid modified chitosan scaffolds 

Chitosan was dissolved in 0.5  % (v/v) acetic acid, and 
stirred for five hours to obtain 1.2 % (w/v) chitosan solu-
tion. Different aliquots of boric acid were added to the 
chitosan solution resulting in concentrations of 10, 20, 50, 
and 100 mmol dm−3 in final chitosan/boric acid solution. 
After 24 h of stirring, genipin was added as cross-linking 
agent (2 % w/w) and stirring continued for 4 h. After ho-
mogenisation, prepared solutions were cast into a 24-well 
plate, and heated at 50  °C overnight due for cross-link-
ing reaction. Cross-linked hydrogels were then frozen at 
−22 °C for 24 h, and lyophilised at −100 °C under vac-
uum for 48 h using a Kambic LIO-5PLT freeze-dryer. The 
dried scaffolds were then extensively washed with acetone 
to remove unreacted genipin. Obtained boric acid mod-
ified chitosan scaffolds with concentration of boric acid 
0–100 mmol dm−3 were denoted as BA10, BA20, BA50, 
BA100. Pure chitosan scaffolds denoted as CHT were used 
as a control in X-ray diffraction analysis. A schematic illus-
tration of the material preparation is given in Fig. 1.

2.3 Characterisation of boric acid modified scaffolds

The identification of obtained scaffolds was carried out us-
ing PerkinElmer instrument Spectrum One FT-IR spectrom-
eter at 20 °C, resolution of 2 cm−1 and in spectral range of 
4000–650 cm−1 with 32 scans.
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Fig. 1 – Schematic illustration of the material preparation
Slika 1 – Shematska ilustracija pripreme materijala
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X-ray diffraction data of the obtained scaffolds was collect-
ed at room temperature on Bruker D8 Discover diffractom-
eter (Bruker AXS GmbH, Karlsruhe, Germany) equipped 
with a LYNXEYE XE-T detector, in Bragg–Brentano ge-
ometry. X-ray source was Cu tube with a wavelength of 
1.54060 Å powered at 1600 W (40 kV and 40 mA) with 
Ni filter, 2.5° soller slit and fixed slit at 0.4 mm. In the front 
of detector slit opening were 6.5 mm and detector open-
ing was 1.3°. Diffraction peaks were followed from 3° to 
70° 2θ with air scatter at a fixed distance of 0.5 mm from 
the sample. 

Thermal behaviour of prepared scaffolds was investigated 
by DSC analysis on DSC 3500 Sirius Differential Scanning 
Calorimeter. The analysis was performed in an alumina 
crucible in the temperature range from 20  °C to 500  °C 
with a heating rate of 20 °C min−1 in a nitrogen atmosphere 
with a flow rate of 70 ml min−1.

The morphology and elemental composition of the ob-
tained boric acid modified scaffolds were analysed using 
scanning electron microscope TESCAN Vega3SEM Ea-
syprobe with the electron beam energy of 10 keV equipped 
with EDS spectrometer Oxford INCA X-sight. Prior to imag-
ing, the samples were sputtered with gold/palladium plas-
ma for 120 s using Quorum SC 7620 sputter coater.

2.4 Cytotoxicity evaluation

The cytotoxic effects of boric acid modified scaffolds were 
measured using the 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) assay on human embry-
onic kidney (HEK 293) cell line. MTT assay is a standard 
colorimetric assay that measures the metabolic activity of 
cells. 

HEK293 cells were cultured in Dulbecco’s modified Eagle 
medium with 4500 mg l−1 glucose (DMEM-high glucose; 
Capricorn Scientific) supplemented with 10 % foetal bo-
vine serum (FBS; Sigma-Aldrich), and 1 % penicillin/strep-
tomycin (Sigma-Aldrich). After reaching 80 % confluence, 
the cells were seeded into a 96-well plate (Sarsted) at a 

density of 5 · 104 cells/200 μl of the medium, and allowed 
to adhere overnight in a humidified incubator with 5 % 
CO2 at 37 °C.

Meanwhile, the samples of boric acid modified scaffolds 
(10 mg ml−1, 1 mg ml−1, and 0.5 mg ml−1) were incubated 
in 3.5 ml volume of Dulbecco’s modified Eagle medium 
for 24 h at 37 °C, 5 % CO2. After incubation, the samples 
were vortexed then centrifuged (400 g/5 min). The cell cul-
ture medium was replaced by the supernatant from sam-
ples extract in 200 μl/well and incubated at 37 °C, 5 % CO2 
for 24, 48, and 72 h. Each sample was tested in triplicate. 

Following the different incubation periods, 24, 48, and 
72 h, the medium was removed and the cells were treated 
with 40 μl/well of MTT solubilised in the cell medium at 
a concentration of 0.5 mg ml−1. After 3.5 h of incubation, 
170 μl dimethyl sulfoxide (DMSO, Sigma-Aldrich) was add-
ed to each well to dissolve formed crystals (15 min). After 
15 min of dissolving, absorbance was measured at 560 nm 
using the microplate reader (Glomax-Multi, Promega). Cell 
viability was calculated as a percentage of untreated con-
trol after reduction of blank absorbance on all samples.

3 Results and discussion
3.1 FTIR analysis

FTIR spectroscopy was used to identify possible inter-
actions between chitosan and boric acid in boric acid 
modified scaffolds. FTIR spectra of all prepared scaffolds 
are given in Fig. 2. Genipin-crosslinked chitosan scaffold 
without boric acid (BA0) shows characteristic absorption 
bands: the region between 3350 cm−1 and 3180 cm−1 cor-
responds to the overlap of stretching vibration bands of −
OH and −NH2 groups, the absorption band at 2875 cm−1 
is associated with symmetric stretching of −CH2, the two 
absorption bands at 1650 cm−1 and 1555 cm−1 can be at-
tributed to amide I and amide II stretching, the absorption 
bands at 1420  cm−1 and 1370  cm−1 can be assigned to 
C−N and −CH3, and the absorption bands in the range 
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Fig. 2 – FTIR spectra of boric acid modified chitosan scaffolds
Slika 2 – FTIR spektri bornom kiselinom modificiranih kitozanskih nosača
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of 1170–1000 cm−1 can be attributed to C−O stretching. 
The addition of boric acid brought changes in the inten-
sity and shape of absorption bands at 1406 cm−1 causing 
the band broadening due to the absorption band assigned 
to asymmetric B−O stretching, which is more visible in 
the samples with higher BA concentrations (BA50 and 
BA100). Furthermore, the presence of boric acid in bo-
ric acid modified scaffolds is indicated by the absorption 
bands at 3210  cm−1, 1189  cm−1, 883  cm−1, 708  cm−1 
which are attributed to O−H stretching, BO3−O stretch-
ing, B−O stretching, and −OH stretching of trigonal boric 
acid.22,8,23,24 The possible interactions between chitosan 
functional groups and borate ions have been discussed in 
previous works. Uddin et al.25 hypothesised on the inter-
molecular hydrogen bonding chitosan–boric acid, while 
Saita et al.26 suggested a chitosan–borate complex, which 
may result in chitosan crosslinking. According to our FTIR 
spectra, a slight shift to lower wavenumbers of absorp-
tion band corresponding to amide II was observed in bo-
ric acid modified scaffolds with lower BA concentrations: 
from 1555 cm−1 to 1551 cm−1 in BA10 scaffold, and from 
1555 cm−1 to 1549 cm−1 in BA20 scaffold, which could 
indicate possible physical interactions between borate 
ions and amide group of chitosan. The addition of a larger 
amount of boric acid to chitosan resulted in band overlap, 
which made it difficult to analyse the shift of the amide II 
band for the rest of the modified scaffolds.

3.2 X-ray diffraction

X-ray patterns of boric acid modified chitosan scaffolds, 
chitosan scaffold and boric acid powder are shown in 
Fig.  3. According to the pure chitosan scaffold, typical 
broad diffraction maximum at 2q  ≈  20° was detected. 
Adding boric acid at the highest concentration (BA100) 
resulted in detection of two clearly observable diffraction 
maxima at 2q = 15° and 28°, which correspond to strong-
est diffraction maxima of boric acid. Another diffraction 
maximum at 2q ≈ 12.5° was detected in BA100, which 
could correspond to semi-crystalline chitosan acetate, a 
crystal polymorph of chitosan salt type II with a helical 
asymmetric unit.27,28 The major problem during synthesis 
of chitosan–boric acid scaffold is the efficiency of encapsu-
lation of boric acid. Chitosan-based scaffolds can be pre-
pared by physical or chemical cross-linking, where physical 
cross-link is based on the precipitation of chitosan solu-
tion using hydroxide solution (usually sodium hydroxide). 
This process is allowed due to chitosan solubility which 
is strongly affected by primary amine groups.29 However, 
such preparation protocol includes neutralisation and sub-
sequent washing step, resulting in the removal of boric acid 
from the material. In this work, boric acid was retained by 
chemical cross-link using genipin, an aglycone of genipo-
side, which can interact with the primary amine functional 
group of chitosan that causes cross-linking.30,31 Still, even 
with the chemical cross-link of chitosan/BA scaffolds, a cer-
tain loss of boric acid from the scaffolds (data not shown) 
during final washing step with acetone was observed. It 
can be assumed that a certain amount of boric acid was 
removed along with unreacted genipin. Further analyses 
are needed to determine the concentration of boric acid 
in final scaffolds. The X-ray patterns of the scaffolds con-

taining lower concentrations of boric acid (BA10, BA20, 
BA50) showed no diffraction maxima characteristic for 
boric acid, the presence of which was confirmed by FTIR 
analysis. This could be due to the lower detection limit of 
X-ray diffraction analysis. 

in
te

ns
ity

 ⁄ 
a.

u.
in

te
ns

ity
 ⁄ 

a.
u.

BA100

BA50

BA20

BA10

pure CHT

boric acid

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 4086

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 4086
2θ ⁄ °

Fig. 3 – X-ray diffraction patterns of investigated samples
Slika 3 – Difraktogrami istraživanih sustava

3.3 DSC analysis

Fig. 4 depicts the DSC curves of BA0 and BA100 samples. 
BA0 sample shows an endothermic peak at 81 °C, which 
could be assigned to evaporation of water linked through 
hydrogen bonds due to strong affinity of polysaccharides 
for water,32 and an exothermic peak at 290 °C correspond-
ing to chitosan degradation, which was previously reported 
by Guinesi et al.33 The addition of boric acid in BA100 sam-
ple caused changes in thermal behaviour: besides an en-
dothermic peak at 80 °C, which could be assigned to water 
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Slika 4 – DSC krivulja BA0 i BA100 uzoraka
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loss, two new endothermic peaks at 112 and 160 °C were 
detected. Those effects could be due to decomposition of 
boric acid. Two mechanisms of boric acid decomposition 
are proposed: two-step and three step decomposition with 
a temperature range of 110 to 140 °C at different heating 
rates.34 Furthermore, an exothermic peak in BA100 sample 
has been shifted to a lower temperature of 275 °C, which 
could be due to the introduction of boric acid. Additional 
endothermic peak at 341 °C could be assigned to a mul-
ti-step degradation of chitosan-based matrix caused by 
boric acid presence. However, additional thermal analyses 
are needed to clarify this thermal behaviour.

3.4 Scaffold microstructure and elemental analysis

The microstructure of boric acid modified scaffolds was im-
aged by SEM. The micrographs of scaffolds surface (Fig. 5) 
showed a highly porous structure obtained due to ice nu-
cleation during the freezing process while simultaneously 
containing favourable interconnection of pores, which has 
been previously reported.35,36 Obtained porous structure 
is an important characteristic of scaffolds applied in tis-
sue engineering, since it allows non-hindered diffusion of 
nutrients, oxygen, metabolic waste, biomolecules for cell 
proliferation and differentiation, and easy cell migration.37 
The minimum requirement for pore size is considered to 
be ~100 µm due to cell size, migration, and nutrient and 
waste transport.29 Visual assessment of the pore size of BA0 
scaffold indicated size up to 200 mm, while the addition 
of boric acid had not altered the scaffolds microstructure 
significantly. Obtained porous structure of boric acid mod-
ified scaffolds could be suitable for future cell culture and 
tissue growth.

(A) (B)

Fig. 5 – SEM micrographs of (A) BA0 and (B) BA100 scaffolds
Slika 5 – SEM mikrografije (A) BA0 i (B) BA100 nosača

The atomic composition of boric acid modified chitosan 
scaffolds was analysed using energy-dispersive X-ray anal-
ysis. As seen in Fig. 6A, EDS spectra of BA0 confirmed the 
presence of carbon and oxygen originated from chitosan. 
At the highest concentration of boric acid, BA100 scaffolds 
(Fig. 6B) showed the presence of boron at 0.18 keV. EDS 
analysis of boric acid modified scaffolds with lower con-
centration of BA were inconclusive due to the detection 
limit.
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Fig. 6 – EDS analysis of (A) BA0 and (B) BA100 scaffolds
Slika 6 – EDS analiza (A) BA0 i (B) BA100 nosača

3.5 Cytotoxicity evaluation

The cytotoxicity assay is one of the basic tests to evaluate 
toxicity of materials potentially used in tissue engineer-
ing. In this work, the cytotoxicity test was performed on 
HEK293 cells cultured in material extract for 1, 2, and 3 
days. Three different concentrations of boric acid modi-
fied scaffolds (10  mg ml−1, 1  mg ml−1 and 0.5  mg ml−1) 
were tested on cell viability (Fig. 7). Eighty percent of cell 
viability was considered as the materials cytotoxic limit. 
The cytotoxicity of boric acid modified scaffolds showed 
concentration-dependence during 3 days of cell culture. 
The cells cultured with a lower concentration of boric acid 
modified scaffolds (0.5 and 1  mg ml−1) showed high vi-
ability, indicating non-cytotoxicity of the materials. The 
cytotoxicity of all prepared materials was observed at the 
highest concentration (10 mg ml−1) with an almost linear 
increase in cytotoxicity by addition of boric acid. It was 
previously found that boric acid increases the production 
of RNA and translation of proteins that encode growth fac-
tors involved in angiogenesis and wound repair (such as 
VEGF and TGFb).38 Moreover, it can trigger nitrogen-ac-
tivated protein kinase signalling pathway, which increas-
es cell proliferation at lower concentrations and inhibits 
it at higher boron concentration.39 Additional impact on 
cell viability has the boron release profile. Balasubramani-
an et al.40 reported the importance of the dissolution rate 
of boron-doped bioactive glasses on cell viability of ST2 
cells. They observed poor cytocompatibility of bioactive 
glasses with high dissolution rate caused by high rate of 
boron release. In this work, lower cell viability during first 
and second days of culture was observed for higher con-
centrations of boric acid modified scaffolds, while the third 
day of culture indicated better cell viability when material 
concentrations were 0.5 and 1 mg ml−1.



696   L. DORNJAK et al.: Boric Acid Modified Chitosan Scaffolds Chemically Crosslinked by Genipin, Kem. Ind. 71 (11-12) (2022) 691−698

4 Conclusion
Boric acid modified biomaterials show great potential in 
angiogenesis, which is a key process for tissue repair. In this 
work, boric acid modified chitosan scaffolds with differ-
ent concentrations of boric acid, as a precursor for boron, 
were synthesised. Successful encapsulation of boric acid 
was obtained by chemical cross-linking with genipin while 
maintaining the highly porous structure necessary for the 
tissue engineering application. More importantly, the pre-
pared scaffolds were non-cytotoxic to HEK293 cells when 
in contact with lower material concentrations. It can be 
concluded that the obtained boric acid modified scaffolds 
show good potential for further biological evaluation on 
mesenchymal stem cells.
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List of abbreviations and symbols 
Popis kratica i simbola

CHT – chitosan
– kitozan

FTIR – Fourier-transform infrared spectroscopy
– infracrvena spektroskopija s Fourierovom 

transformacijom 
DSC – differential scanning calorimetry

– diferencijalna pretražna kalorimetrija 
EDS – energy dispersive X-ray spectroscopy

– energetski disperzivna rendgenska spektroskopija 
MTT – 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide
– 3-(4, 5-dimetiltiazol-2-il)-2, 5-difeniltetrazolium 

bromid
DMEM – Dulbecco’s modified Eagle medium

– Eagleov medij koji je modificirao Dulbecco
DMSO – dimethyl sulfoxide

– dimetil sulfoksid
SEM – scanning electron microscopy

– pretražna elektronska mikroskopija
HEK – human embryonic kidney 293 cells

– embrionalne stanice bubrega čovjeka
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Fig. 7 – MTT assay of HEK293 human embryonic kidney cell line cultured in extracts of boric acid modified chi-
tosan scaffolds for 1, 2, and 3 days

Slika 7 – MTT test vijabilnosti HEK293 stanica uzgojenih ekstraktom bornom kiselinom modificiranih kitozanskih 
nosača tijekom 1, 2 i 3 dana
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SAŽETAK
Bornom kiselinom modificirani kitozanski nosači 

kemijski umreženi genipinom
Luka Dornjak,a* Karla Ostojić,b Teodoro Klaser,c Inga Urlić b i Anamarija Rogina a

Kitozanski nosači su efektivni biološki aktivni materijali sa širokom primjenom u kemiji i medicini. 
Kitozan je linearni polisaharid, derivat hitina, koji posjeduje dobru biokompatibilnost koja se pri-
pisuje prisustvu funkcionalnih skupina kao što su −OH i −NH2 koje pridonose biorazgradljivim 
i antibakterijskim svojstvima. U kiselim vodenim otopinama kitozan je polikationske strukturne 
prirode, koja ima veliku sposobnost stvaranja kompleksa s različitim metalnim ionima i važnim 
biomolekulama, kao što su DNA, proteini i lipidi. Jedinstvena struktura, kao i uvođenje specifičnih 
funkcionalnih skupina odgovorni su za antibakterijska svojstva, hemostatsku aktivnost i analgetska 
svojstva tog biopolimera. Za poboljšanje angiogenih i antimikrobnih svojstava, kitozan se može 
modificirati borom (boratnim ionima). Cilj ovog rada bio je pripremiti bornom kiselinom modi-
ficirane kitozanske nosače, upotrebljavajući bornu kiselinu kao prekursor bora, u svrhu pripra-
ve potencijalnih bioaktivnih okosnica za regeneraciju tkiva. Boratni ioni imaju sklonost stvaranja 
kompleksa s hidroksilnim skupinama, međutim, takve interakcije između funkcionalnih skupina 
kitozana i bora rezultiraju slabijom učinkovitosti njegove inkapsulacije. Da bi se osigurala bolja 
ugradnja bora, kitozanski nosači su umreženi genipinom, manje toksičnim umreživalom u odnosu 
na glutaraldehid koji se obično upotrebljava za pripremu stabilnih materijala čiji se sastav temelji 
na kitozanu. Stupanj deacetilacije (DD) i koncentracija otopine kitozana kao i koncentracija ota-
pala važni su parametri koji utječu na proces umreživanja. Nadalje, dodatak borne kiseline mogao 
bi utjecati na proces umreživanja zauzimanjem funkcionalnih skupina kitozana. U ovom radu 
kitozanski nosači modificirani su bornom kiselinom različite koncentracije, dok su koncentraci-
ja otopine kitozana (1,2 w/v), koncentracija genipina (2 % w/w) i koncentracija octene kiseline 
(0,5 % v/v) bile konstantne. Dobiveni nosači okarakterizirani su pretražnom elektronskom mikro-
skopijom (SEM), energetski disperzivnom rendgenskom spektroskopijom (EDS), diferencijalnom 
pretražnom kalorimetrijom (DSC), infracrvenom spektroskopijom s Fourierovom transformacijom 
(FTIR), dok je citotoksičnost procijenjena kao funkcija koncentracije materijala i vremena izlo-
ženosti stanica materijalu. Rezultati su pokazali uspješnu ugradnju bora u umrežene kitozanske 
nosače, visoko poroznu strukturu i nisku citotoksičnost. 
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Kitozan, bor, okosnica, genipin, citotoksičnost
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