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Abstract

Eysenhardtia polystachya (EP) is an endemic Mexican plant that has been widely studied for its
antidiabetic, antibacterial, and antioxidant properties. Several studies had reported the main components of
EP, but their fluorescence properties had not been broadly studied. In a previous study we obtained extracts
with different composition from this plant and they presented florescence. In this work we study fluorescent
compounds from EP and evaluate their fluorescence properties. EP extracts were obtained by Soxhlet
extraction with ethanol, samples were dried, and compounds were separated by column chromatography.
Fluorescent fractions were classified apart from other fractions and characterized by Scanning electron
microscopy (SEM), UV-vis, Raman, FTIR and *H NMR spectra. Additionally, we obtained functional
nanomaterials (using silica nanoparticles). TD-DFT molecular calculations of the fluorescent components
were carried out to compare their theoretical UV-Vis spectra to experimental results. Nine fractions were
obtained by chromatography and five of them showed fluorescence. Fluorescence of extracts from
Eysenhardtia polystachya is due to more than one component and we suggest that could be other
hydrochalcones for which we present possible structures. This finding would help to dissipate questions about

which component is responsible for fluorescence in extracts from the plant and in this way determinate the



appropriate use for these fluorophores. Finally, the application and viability as a biosensor using pulmonary

epithelium fibroblast cell culture IMR-90 was proved, and in the concentration used are non-toxic materials.
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1. Introduction

Eysenhardtia polystachya (Ortega) Sarg. (Leguminosae:Lotoideae) is a tree distributed in Mexico
and Texas, locally known as “palo dulce” (sweet wood), “palo azul” (blue wood), and kidneywood. It has
been traditionally used for treating urinary tract and bladder infections, and as a diuretic by several Mexican
indigenous groups within the large Mexican herbal tradition [1]. Between the sixteenth and seventeenth
centuries it was known as Lignum nephriticum (kidneywood) in Europe [2]. Scientific reports have mentioned
this tree since 1664 due to the blue fluorescence of its infusion in water [3]. It also has been studied because

of its antidiabetic, antibacterial, and antioxidant properties [4].

Some efforts focused on plant composition, for example, Dominguez isolated 3,4-dimethoxy-8,9-
(methylenedioxy)pterocarpan and dehydrorotenone[5]. Beltrami, et. al. isolated and elucidated two C-glicosil-
a-hydroxydihydrochalcones which have diuretic properties [6]. Alvarez, et. al. isolated and elucidated two
isoflavonoids and four a-hydroxydihydrochalcones, (3S)-7-hydroxy-2',3",4",5' 8-pentamethoxyisoflavan, (3S)-
3'7-dihydroxy-2',4",5',8-tetramethoxyisoflavan, (aR)-a,3,4,2’,4"-pentahydroxydihydrochalcone, (aR)-3'-C-f-
d-xylopyranosyl-a,3,4,2",4'-pentahydroxydihydrochalcone, (aR)-3'-O-B-d-xylopyranosyl-a,3,4,2',4'-
pentahydroxydihydrochalcone, and coatline B [(a R)-3'-C-B-d-glucopyranosyl-a,2',3,4',4-
pentahydroxydihydrochalcone]. Alvarez results also showed that none of those molecules are toxic, which is
important if they are used in medicine [1, 7]. In none the aforementioned studies fluorescence properties of

the chemical species were reported.

Burns, et.al. reported in 1984 that 7-hydroxy-2',4',5'-trihydroxyisoflavone is one of the fluorescent
phenolic constituents of a methanolic Eysenhardtia polystachya (EP) extract; that has strong blue
fluorescence at A =480 nm at pH 8.04 [8]. To our knowledge, Acufa, et. al. first reported fluorescent
properties of EP components and they attributed fluorescence to a molecule formed by a spontaneous
oxidation of a flavonoid (at least one). They reported that the four-ring tetrahydromethanobenzofuro[2,3-
d]Joxacine (matlaline) gives the intense blue fluorescence in a EP infusion. Acufia found that coatline A and B
(molecules isolated from EP) oxidate at room temperature in the presence of slightly alkaline water solution
(pH ~7.5); this reaction is fast, irreversible and a strongly blue-emitting compound is obtained. This
compound was identified as matlaline with c.a. 100% yield and an intense fluorescence (A=465 nm) that

depends on pH of the solution [9].

On the other hand, the development of highly sensitive and selective methods for the detection of
diverse pathologies can be strongly driven by intelligent man- made systems —based on artificial materials

inspired in nature— [10-12]; or through of the setting-up of artificial active systems with kinetically



controlled dynamics inspired on living biological systems [13]. Novel techniques also could be developed
from biosensor that uses intelligent materials and programming of chemical networks [14, 15]. In that sense,
our group focused on possible uses of the extract in medicine. These previous studies allowed us to obtain a
biomarker, in the form of a functionalized nanomaterial from silica and Eysenhardtia polystachya extracts,
that was used to label MCF-7 tumor cells (ATCC) [4]. Then, we evaluated different extraction solvents and
their effect on fluorescence of materials proposed as biomarkers; our results showed that extracts had different
chemical species depending on solvents and some samples presented fluorescence [16]. Thus, the purpose of
this work is to study different compounds of an ethanolic extract of Eysenhardtia polystachya obtained by
column chromatography and evaluate their fluorescence properties in order to select the best compound and

study its viability as a biosensor using pulmonary epithelium fibroblast cell culture as a model.
2. Materials and methods
2.1 Materials

Samples of Eysenhardtia polystachya heartwood from Uruapan, Michoacan which were previously
identified as MEXU 1850 (National Herbarium, UNAM) were used through all the experiments reported
hereby. Tetraethylorthosilicate (TEOS) (98%), 3-aminopropyltriethoxysilane (APTES), methanol (CH;0H,
MeOH), ethanol (C,HsOH, EtOH) (90%), toluene (C;Hg), hexane (CHs3(CH,)4CHs), ethyl acetate
(CH3COOC,Hs, EtOAC) and silica gel (high-purity grade, pore size 60A, 200-400 mesh particle size) were
purchased from Sigma Aldrich Co. Ammonium hydroxide (NH4;OH), phthalate buffer solution (pH 4.0),
monobasic sodium phosphate (NaH,PQO,) and dibasic sodium phosphate (Na,HPO4) were purchased from J.T.
Baker. Phosphate buffer solution of pH 7.4 and pH 8 were prepared using adequate quantities of mono and
dibasic sodium phosphate. All chemicals were used without further treatment and deionized water was used in

all experiments.

2.2 EP compounds extraction, column and thin film layer chromatography

A piece of EP heartwood was slided, crushed into smaller pieces and grinded into a fine powder
which was then subjected to an ethanolic Soxhlet extraction for 96 hours using a procedure previously
reported[4, 16]. Solvent excess was evaporated at 40 °C using reduced pressure (172 mbar) with a rotatory
evaporator BUCHI R-210 (BUCHI, Switzerland) and samples were finally dried at 60 °C for 12 hours to
obtain the EP organic compounds (EPC). Samples were stored in amber glass vials, sealed, labeled and kept
under controlled temperature for further use.

EPC were applied to Sigma Aldrich thin-layer chromatography (TLC) plates with standardized
micropipettes. Those plates were placed inside a chromatography chamber with solvents of different polarities
(from hexane to MeOH) to approximate the polarity of the substrates. A preliminary test of fluorescence of
the compounds was performed in the chromatography chamber with the coupled ultraviolet light lamp (365
nm). Using these preliminary test, results indicate that the column chromatography should start with a mobile
phase of hexane:EtOAc (1:1 v/v).



1 g of EPC and 4 g of silica gel were mixed, and 2 mL of EtOH were added to this mixture (sample
FP-A). The lower part of the chromatography column was packed with cotton and 17.5 g of clean silica, and
sample FP-A was placed into the column (weight ratio of 7:2 clean silica/FP-A). The top of the column was
sealed with cotton. Chromatography column packing was eluted with hexane:EtOAc (1:1 v/v), followed by
EtOAc (100%), ethyl EtOAC:EtOH (25:75 v/v) and quenched with MeOH (100%). By using the describe
procedure, 71 fractions, each of approximately 40 mL, were collected. Fractions were immediately placed
inside the rotatory evaporator (40 °C @ 230 mbar), one by one to remove the maximum amount of solvent.
Later, fractions were grouped depending on their corresponding TLC plate. Nine groups of powder samples
were classified, stored in amber glass vials, sealed, labeled and kept under controlled temperature for further

use.

2.3 Spectroscopy technigques

Samples were characterized by spectroscopic techniques, such as UV-Vis
spectrophotometry, which is a simple, fast, and highly reproducible technique for the detection of flavonoids
[17-21]. UV-Vis spectra were recorded on a VWR 1600 PC spectrophotometer (NASDAQ: VWR, Radnor,
Pennsylvania, USA) from 200 to 900 nm. The nine groups obtained were diluted in three buffer solutions;
alkaline (pH 8.0), physiological (pH 7.4), acidic (pH 4.0) and they were placed in a quartz cuvette for

analysis.

Raman spectra at room temperature were obtained to record the fluorescence signal by a micro
Raman spectrometer LabRAM 11 (DILOR, Lille, France) equipped with a confocal optical microscope using
silicon peak at 520 cm™ as frequency standard. Ar-ion laser was used as excitation source at 480 nm (@ 30
mW) and data were collected in the range from 400 to 1000 nm. Approximately 0.01 g of the selected group
sample were diluted in three different pH solutions; alkaline, acidic and physiological pH. Later, 5 mL of each
solution were placed immediately in a quartz cuvette and fluorescence was evaluated every 45 s during the

first 7 min; then every 5 min for 15 more minutes.

Proton nuclear magnetic resonance (*H NMR) spectra of a selected sample was acquired on a Bruker
Avance 111 HD 400 spectrometer, using deuteride DMSO as solvent and tetramethylsilane (TMS) as standard

at 25 °C. The chemical shift data is reported in parts per million (ppm) on the & scale.

2.4 Synthesis of silica nanoparticles and preparation of functional materials

Silica nanoparticles (SiNp) were prepared according to a modified Stober process for obtaining
spherical monodisperse particles reported by Greasley [22]. The molar ratio between elements was 1:40:20:1
for TEOS, EtOH, deionized water and NH,OH. EtOH, deionized water and TEOS were mixed in an
ultrasonic bath during 10 min at room temperature. After elapsed time, NH,OH was added dropwise to the
solution and left in the ultrasonic bath for two more hours at 60 °C. The final solution was left overnight to

ensure particle maximum size. Then, solution was washed through centrifugation to obtain a particle pellet



which was dried once again overnight at 60 °C. Finally, dried samples were pulverized in an agate mortar and

placed in glass vials and stored in a humidity-free desiccator until further use.

Fluorescent fractions with the highest and lowest fluorescence extinction coefficient were selected, to
obtain a functionalized nanomaterial using SiNp. Echeverrie, et.al. procedure was used with this purpose [23].
1 g of monodispersed SiNp was diluted using toluene in a ball flask and 1 mL of APTES was added; the
solution was kept under continuous stirring at 120 °C for 24 h using a reflux system. Then, solution was dried
at 80 °C for 24 h, powdered and washed with EtOH and deionized water.0.2 g of powder was dispersed in
deionized water with 1g of each selected fraction. The dispersion was kept under continuous agitation (500
rpm) at room temperature for 24 h and subsequently dried at room temperature. The powder obtained was
pulverized in an agate mortar, placed in amber glass vials and stored in free humidity desiccator for further
use. The morphology, size and shape of the SiNp and the functional materials were analyzed using
scanning electron microscopy (SEM). SEM images were acquired with a high-resolution SEM microscope
HITACHI SU8230 at 3.0 keV of acceleration voltage. A drop of the solution was deposited directly on Al

stubs with carbon film for the observation.

2.5 Quantum mechanical calculations of fluorescent molecules

Density Functional Theory (DFT) based calculations at the M062X/6-311G(d,p) level of theory were
taken to calculate the UV-Vis spectra for compounds G3,G5and G6 on their previously optimized geometries.

All calculations were performed with the Gaussian 09 suite of programs [24]

2.6 Viability of selected organic compounds and functional materials as biosensors

2.6.1 Cell culture and treatment

Cells derived from immortalized nonpathological pulmonary epithelium IMR-90 fibroblast (ATCC
CCL-186), were grown in DMEM medium, supplemented with 10% fetal bovine serum (FBS) and 1%
antibiotic/antifungal. Cells were kept in incubation at 37 °C in a 5% CO, atmosphere. Cells were directly
seeded in well for cell viability essay in to 18mm glass plates for confocal microscopy in a 12-well dish and

treated at 70% confluency.

The treatment was performed under two conditions: 1) cells treated with the selected compounds
group (see results section 3.1, group G2) and 2) cells treated with the functionalized SiNp compounds group
(see results section 3.2, group N-G2). Solutions (originally in an ethanol matrix from the synthesis of
nanoparticles or the components extraction) were diluted in DMEM supplemented with 1% FBS and 1%
antibiotic/antifungal to the concentration of 100 pg/mL. DMEM added with proportional ethanol was used as

a control. Cells were incubated with these solutions at 37 °C in a 5% CO, atmosphere for 24 h.

2.6.2 Confocal laser microscopy



After treatment, cells were washed twice with phosphate buffer saline (PBS 1X pH 7.4) and then
fixed for 30 min with 3.7% paraformaldehyde in PBS, at room temperature. For the nucleus labeling, cells
were incubated with DAPI 1ug/mL for 15 min and then washed three times, with PBS 1X, distilled water and
double-distilled water respectively. Next, glass plates were mounted on slides for the observation in confocal
microscope. Cells were visualized using a confocal microscope LSM 880 (Carl Zeiss, Oberkochen, Germany)
in bright field and at the wavelengths of 405 nm for DAPI labeling and 488 nm for G2 fluorescence labeling.

2.6.3 Cellular viability assay

Cellular viability was calculated by a trypan blue exclusion test. Cells were centrifuged for 5 min at
4500 g, the supernatant was discarded, and the cell pellet was resuspended in'1 mL of DMEM medium. Then,
10 pL of the cell suspension was mixed with trypan blue 0.4% in a 1:1 ratio and 10 pL of this mix was
applied into a hemocytometer. Viable (unstained) and non-viable (stained) cells were counted by placing the
hemacytometer on the stage of an optical Axiovent 25 microscope (Carl Zeiss, Oberkochen, Germany). The

percentage of viability was calculated through equation 1:

Total number of viable cells per mL

Viability % =

Total number of cells per mL
3. Results and discussion

3.1 Organic compounds characterization

As mentioned in the methods section, a preliminary test of fluorescence allowed obtaining the
appropriate solvent for eluting compounds, which had a 0.5 retention factor. Results indicated that an
appropriate solvent mixture was (hexane:EtOAc; 1:1 v/v). The fractions obtained were classified into 9
groups (G1 to G9) considering similar chromatographic profile (verified by TLC) and UV-Vis spectra. Five

of these groups presented fluorescence (Table 1).

Table 1. Ethanolic fractions of Eysenhardtia polystachya by column chromatography

Organic compound (Group) Fractions grouped  Fluorescence (365 nm)

Gl F1to F8 No
G2 F9to F16 Yes
G3 F17 to F20 Yes
G4 F21to F24 Yes
G5 F25 to F35 Yes
G6 F36 to F48 Yes

G7 F49 to F53 No



G8 F54 to F60 No

G9 F60 to F71 No

UV-Vis spectra of the fluorescent groups were obtained (Figure 1). Maximum absorptions of these
five groups (G2 to G6) were at c.a. 290 and 325 nm, these peaks alone could indicate the presence of
chalcones or/and flavonoids skeleton, such as mentioned in a previous study in which the UV-Vis spectrum of
fraction G3 was also found for an ethanolic extract from Eysenhardtia polystachya (Ortega) Sarg[4]. In that
report, the peaks of the spectrum were attributed to a mixture of chalcones and flavonoids based on
colorimetric results obtained in a Shinoda test and in Alvarez results [7] on isoflavonoids.

As mentioned before, In the current study, it was isolated five fluorescent groups, which are in
agreement to data reported by Alvarez [7] for their four-hydroxydihydrochalcones and by Acufa[9] for
coatline A that reported maximum absorptions c.a. 285 and 322 nm. A schematic representation of these five
a-hydroxydihydrochalcones is shown at the end of Figure 1.
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Figure 1. UV-Vis spectra of organic compounds from Eysenhardtia polystachya with photoluminescence (groups G2 to

G6) at pH 7.4, and schematic representation of these compounds (a-hydroxydihydrochalcones); where the numerals from

1 to 5 indicate the substitutes "R" corresponding to each a-hydroxydihydrochalcones.



To elucidate the chemical species in fluorescent fractions, we supposed that hydrochalcones present
in the ethanolic extract of EP could have a spontaneous oxidation at room temperature and products could be
oxacines (Figure 2). These suggestions are supported on Acufia’s assumption that the blue fluorescence of EP
infusion is due to a novel four-ring tetrahydromethanobenzofuro[2,3-d]oxacine (matlaline) which is not
present in the plant but is the end product of an spontaneous oxidation from coatline A and B (both water-
soluble a-hydroxydihydrochalcones) at room temperature and in slightly alkaline (pH ~7.5) water solution, as

mentioned in the introduction [9].

R0
(0] (-2 H)
Step 1
Ry OR,

OH O
(o]
OR,
= O 2 S
Step 4 Steps Ry £ R
R,0 OH onom Seps R OR;
1
Ri ’ COOH
COOH
’ G —
—_— —— Ry Ry
Step 7 i .O‘d Step 8
R0 SN " 1H H
R \( 2 C-B-xylopiranosil (OH); H
COOH

3 O-B-xylopiranosil (OH); H

Figure 2. Schematic sequential reaction from o-hydroxydihydrochalcones into tetrahydromethanobenzofuro[2,3-

d]oxacine at room temperature in water solution based on report of Acufia [9]

The differences between maximum wavelength of UV—Vis absorption and maximum emission at the
same electronic transition (Stokes shift) are shown in Figure 3. Energy difference between absorption and
emission spectra and probability of electronic transition or molar extinction coefficient (Log €) data for the
five groups or chemical compounds that presented luminescence are shown in Table 2. These Log € values
correspond to data obtained by Alvarez [25] for a-hydroxydihydrochalcones.

Typical Jablonski diagram (Figure 3) illustrates the singlet ground (S,) state, as well as the first (S;) and

second (S;) excited singlet states as a package of horizontal lines, which clearly exemplifies excitation or

absorption and emission from fluorescent processes of the hydroxydihydrochalcones/oxacines.



300 400 500 600 700 300 400 500 600 700

: ' : : ' ' : : ' :
+ t t t t
-4 5000 49000
0.16 4 . 0164 : Absorption Emission ,
i Emission
, Absorption : 326 nm 582 nm 135000
322 nm 582 nm -
]
S o1z4 & o0 = %124 . 17000
H s 13 |
8 G2 & i 1 6000
2 ' g 3 H G3
f i
£ oo0sd i E S o084 \
re] S ] 4 5000
=3 ! ° =
2 $ 5 5 Stokes Shift
= 1 Stokes Shift i 2 T3000 of 256 nm
of 260 nm o 2 4000
0.04 4 i 0.04
. 4 3000
1 ° !
H ' <2000
0.00 - - T . r 0.00 — . r < 2000
300 400 500 600 700 300 400 500
Wavelenght (nm} Wavelenght (nm)
300 400 500 600 700 300 400 500 600 700
t t t t t 1.2t t t t t
s J8eoo Emission
0.84 Absorption Emission Absorption 1 32000
!
582 nm ! 582 nm ,
1 323 nm 325
~ T7°  ee} " F
= | <
0.64 < =
—_ £ @ - 24000
3 g 000 = ! 2
s G4 a s i G5 g
Q 2 > 961 |5 ¢ £
= o i
S T %z E ts000 £ i Stokes Shift = | 16000
=2 P = a s -
'5 1 Stokes Shift e — 1 of 257 nm °
a of 259 nm s 2 =
2 o 44000 2 g3 4
0.z24 <
S s |- s000
S S 1 °
oS 4 3000 [
f
0.0 S . r — r 00— r ; . r
300 400 500 600 700 300 00 50! 600 700
VGavelenght an)
300 400 500 600 700 A —3
L Il L L Il T
t + t t + s, i
0.60 4 , ! IE= IExEcitatui)n .
Emission il ¢ = Internal conversion
Absorption 552 nm : 440000 : ile F = Flurescence
i 326 nm ; = 5 > i ol S
= =g L
- 0451 < 332000 o Ty
= w
s ! 3 E E F
@ \
e 0 G6 = | 24000 3
g 0.301 ! . S s, Ground State ¥
s H Stokes Shift )
] i of 256 nm S A
= s £ 16000
<t 1 o =
0.15 I @
=
2
s, - 8000 E
]
' 2, A, A,
0.00 - : T T T T hydrochalcones Fluorescence
300 400 500 600 700 Absorption Spectra

Wavelenght (nm)

Figure 3. UV-Vis and fluorescence spectra of groups G2 to G6 showing Stokes shift at pH 7.4

Fluorescence was influenced by pH as seen in Table 2. G2 and G4 did not present fluorescence at
acidic pH due to secondary chemical species produced during a reaction induced by pH of the medium.
Fractions fluorescence at pH 7.4 (considered as a physiological condition) is an interesting finding, because it

means that these compounds from EP have a high potential for usage in biological models for application.



Table 2. Chemical species photoluminescence, Stokes Shift (nm) and extinction coefficient

Stokes Shift (nm) Stokes Shift (nm) Stokes Shift (nm)
Loge Loge
Molecule set pH 8.0 pH 7.4 pH 4.0
(pH 7.4,2=322) (pH 7.4, x=290)

G2 2.89 3.12 258 277 0*
G3 3.20 3.16 280 265 175
G4 2.84 3.08 274 267 0*
G5 2.88 3.31 271 259 175
G6 3.22 3.17 207 207 112

* No luminescence was presented

UV absorption bands of G6 could correspond to aurones, specifically matlaline based on published
reports [10, 26, 27]. Chemical species of G2; G3; G4; and G5 also presented luminescence and could
correspond to flavanonols and flavanones comparing our results with Acufia et al. report[8-16].

3.2 Fluorescence spectra analysis of organic compounds

The Raman spectra to study the luminescence of every group were recorded with a total radiation
exposure time of 65 min. Sample evaporation was avoided by controlling temperature at 25 °C and keeping
quartz cuvette closed during the experiments. Hence, decrease in fluorescence intensity could only be

attributed to a structural change in chromophore molecules responsible of fluorescence.
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Figure 4. Example of obtained Raman spectra on fluorescence behavior (group G3) as a function of: a) pH, b) time at pH
8, ¢) time at pH 7.4 and d) time at pH 4.0.

Figure 4 shows G3 photostability as a function of both the pH medium and time. Fluorescence was
favored at alkaline pH (Figure 4.a) since about 9,000 photons were counted, while 8,000 and 500 photons
were detected at physiological pH and acidic pH respectively; i.e., counts decreased in 84.5% changing only
the initial alkaline pH to acid pH of the sample at t=0. Then, fluorescence is greater in basic medium than in
acid medium. These data are coherent compared with the reported behavior that is attributed to ionizing effect

of the medium [16, 28].Figure 4.b, ¢ and d show fluorescence reduction over time at different pH conditions.

To summarize, fluorescence intensity decays over time and it is directly dependent on pH medium.
Fluorescence intensity as function of time was analyzed deeply; and using the criteria described previously
[10] to study permanent fluorescence loss. In Figure 5 are the fluorescence intensity (PLi) for the six fractions
at alkaline and physiological pH. The fluorescence at acid pH was not shown because in all cases it presented

the same characteristics shown in Figure 4d and can’t be analyzed.
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Figure 5. Fluorescence Intensity plots at physiological an alkaline pH media for groups G2 to G6

PLi data were adjusted and its loss behavior was described by a first order exponential decay model
as a function of the irradiation time, as follows:
PLi = (PLi), - e~*®
where PLi represents the fluorescence intensity at a given time t; (PLi), is the initial fluorescence

intensity at time t=0 and k is the constant decay rate of the fluorescence intensity in min™. By plotting the

In(PLi) behavior, the model proposed could be written as a linearization:
In(PLi) = In(PLi)q —

Observing the proportion of variance in PLi on the linear regression —R squared— in Figure 5, it

can be seen that the exponential decay model fits consistently to the experimental data and the constant rate k



describes the fluorescence extinction constant. G2 and G4 were the most and the least stable set of molecules
with a 7.81% (at pH 7.4) and 32.38% (at pH 8.0) PL.i losses, respectively (Table 3).

Table 3. Constants rates and percentage of fluorescence intensity (PLi) decay

Molecule set pH R? k [m7] PLi decay [%]

74 A 90%10-3

- 0.912 4.20%10 7.81
8.0 0.422 -2.63*107 24.40
74 1 21%103

3 0.510 1.31*10 10.43
8.0 0.693 -1.65%107 16.37
7.4 } %103

4 0.739 4.05%10 20.82
8.0 0.826 -2.47%10™ 32.38
7.4 \ %13

G5 0.489 3.37*10 25.94
8.0 0.244 -8.20%10° 29.36
7.4 } %103

6 0.954 3.96*10 27.37
8.0 0.792 -3.70%10° 24.40

G2 was the most stable set of molecules at physiological pH with a 7.81% PLi decay, k value of -
4.20E10° and R-square of 0.912. On the other hand, G3 was the most stable set of molecules at alkaline pH
with 16.37% PLi decay, k value of -1.65E10° and R-square of 0.693. G6 and G4 were the least stable

molecules at physiological and alkaline pH, respectively.

After comparing decay of fluorescence intensity as a function of time in each set fluorescent
molecules, it was decided to synthesize two functional materials, the first one using G2 (the lowest decay at
pH 7.4) and the second using G6 (the highest decay at pH 7.4).

As seen in Figure 6 it can be seen the SEM images for the SiNp and the functional materials.It is
showed in Figure 6.a, that SiNp used for the functional material has an average size of 94nm with a semi-
regular spherical shape and on the other hand in Figure 6.b it can be seen that the functional material has a
slightly different morphology since it is not completely spherical since there is agglomeration and also it can
be seen a change in contrast on the surface indicating that the organic compound are there and it can be seen

an increase on the average size of 146 nm.
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Figure 6. SEM images showing the size, shape and morphology of a) SiNp; b) functional material using G2

compound group; and ¢) SiNp at the same scale as G2.

Fluorescence spectra of nanomaterials were obtained and adjusted under the same criteria (behavior
of PLi loss was described by the same one first order exponential decay model) and they can be seen in Figure
7.
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Figure 7. Fluorescence intensity plots at physiological (7.4) an alkaline (8.0) pH media for the nanomaterials obtained
from G2 and G6



The exponential decay model fits consistently to experimental data and constant rate k describes
fluorescence extinction constant of the two nanosystems; SiNp-G2 (N-G2) and SiNp-G6 (N-G6). The lowest
proportion of the variance—R2— was of 0.82 for N-G6 at pH 7.4, while the best fit was found in the
nanosystemsN-G2 at pH 7.4 with R2 of 0.967. The proximity of these values to unity (Figures 5 and 7) is very
interesting if one considers that decays of fluorescence intensity in biomolecules often exhibit a complex
behavior, the origin of which can result from multiple factors, such as its ground state as conformational
dynamics, spectral relaxation, or other interactions between fluorophores and their environment. Normally the
fluorescence is described by a multiexponential model, i.e., the arithmetic sum of several exponents
characterized by lifetimes and pre-exponential factors basing on the interpretation of each discrete component
with the aid of a particular molecular conformation, including dynamic equilibrium between rotational
isomers or reversible reactions between reagents/products. The fit with a first order exponential decay model
suggests a low complexity decay of fluorescence intensity of these biomolecules, that can attributable to a
single chemical specie undergoing a relatively simple and irreversible molecular transformation such as the

one suggests by Acufia his report [9].

Table 4. Constants rates and percentage of fluorescence intensity (PLi) decay.

PLi decay [%] k [min] R®

G2 10.43 -1.31%10° 0.510

oH 7.4 N-G2 2.29 -2.92%10° 0.967
G6 27.37 -3.96*10° 0.954

N-G6 3.68 -3.90%10°3 0.820

G6 16.37 -1.65%10°3 0.693

oH 80 N-G2 4.18 -3.75%10°3 0.855
G6 24.40 -3.96%10°3 0.792

N-G2 5.96 -9.09%10°3 0.916

On the other hand; the fact of having found a value of k for each of the five fluorescent groups (Table 3) and
the two nanosystems (Table 4), implies that they are different molecules that participates on fluorescence
activity; this was already evident from the chromatography sequencing but it was necessary to characterize

the fluorescence of each of the groups, to find their physical parameters.

3.3Theoretical calculations of UV-Vis spectra




To understand the underlying mechanism behind the fluorescence, we investigated the electronic
properties of the excited states responsible for the emission using quantum chemical calculations. UV-Vis
spectra and geometry optimizations of the ground states for G2, G5 and G6 were performed using time

dependent density functional theory (TD-DFT) calculations.
The HOMO-LUMO energy gap for G2, G5 and G6 were calculated to be 6.20, 6.27 and 6.35 eV and

is in excellent agreement with the experimental UV-Vis absorption, as can be seen in Figure 8 showing good
agreement with the experiment and accounting for the finer structure of the bands. Despite the good
agreement between experimental (Figure 1) and theoretical UV-Vis plots, some differences can be ascribed to
the fact that only the main transition was calculated for the sake of computational simplicity. Table 5 lists the

wavelengths to the UV-Vis transitions their oscillator strengths and contributions to the orbital transitions.
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Figure 8. UV-Vis spectra for compounds on G2, G5 and G6 calculated by Density Functional Theory (DFT) from their

optimized geometries.



Table 5. Orbital transitions and oscillator strengths to the main electronic transitions for compounds G3,G5 and G6

Molecule Set  Wavelength (nm) f Orbital Transition Contribution

HOMO-3 -> LUMO 0.30642

HOMO-3 -> LUMO+1 0.11778

HOMO-2 -> LUMO 0.48745

G2 255.14 0.1378
HOMO-2 -> LUMO+1  -0.19627
HOMO-2 -> LUMO+2 0.12076
HOMO -> LUMO -0.24916
HOMO-2 -> LUMO 0.10852
G5 300.21 0.4456
HOMO -> LUMO 0.67891
HOMO-5 -> LUMO -0.17592
HOMO-3 -> LUMO -0.17362
G6 272.80 0.0949 HOMO-2 -> LUMO 0.11497

HOMO-1 -> LUMO -0.22960

HOMO -> LUMO 0.58215

3.4 HMR study

G2 stands out above the other fluorescent compounds due to its stability at pH 7.4, therefore its *H-
NMR spectrum was obtained, which can be seen in the Figure 9. The *H-NMR spectrum clearly features
characteristic bands of two signal patterns; on one hand, typical signals of an isoflavone were observed and on
the other signals of a compound that has a very characteristic proton were observed; these peaks coincide with

the characteristic *H-NMR spectrum peaks of the compound product of the oxidation of a chalcone.
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Figure 9. *H-NMR spectrum of organic compound/molecule set G2

This result is important since the selected compound group is composed from two different
molecules, one isoflavonoids that are referred as molecules with high specificity to estrogens that could be
used in an estrogen-depend biological activity[4, 29, 30]and oxidized chalcones (oxacine) that has been
reported as fluorescent compounds that could be exploited as biosensor in cells culture since they present this
property at physiological pH and also they are reported as non-toxic[9], so its viability in this application is

studied onwards.

3.5 Application and viability as biosensor of sample G2

As seen in Figure 10, fibroblast keep their natural morphology without damage appearance in control
and treated cells, this is not only seen in the bright field but also the nuclear staining in DAPI panel. In control
panel, not specific emission was detected at 488 nm, because the cells are not treated with fluorescence
extracts. Even though it is possible to see weak fluorescent signal located in the cellular nucleus,
corresponding to the cross emission for DAPI 405 nm. G2 treatment at 488 nm shows homogeneous
cytoplasmic localization signal. Nevertheless, with the N-G2 treatment the fluorescence signal appears to be

less homogenous observing greater signal with perinuclear localization. This was visualized in Figure 11,



with the 3D reconstruction of the cell where functionalized nanoparticles clustered all around the cellular
nucleus. The fluorescent signal at 24 h has a high intensity due to the great stability of the fluorescent

compounds when being anchored with the nanoparticle.

Control

EP

N-G2

Figure 10. Distribution of selected compound group (G2) and the functional material (N-G2). Cells were incubated for 24
h with 100 ug/mL of G2 compounds group or the functional material from SiNp and selected compounds groups (N-G2)
in DMEM medium. Confocal microscopy shows the cells in bright field, nucleus labeling by DAPI at 405 nm, G2 group

alone or in N-G2 at 488 nm and image merged.



Figure 11. Images stacking for 3D reconstruction of a cell after a 24 h treatment of N-G2 functional material. a) Confocal

microscopy images taken in 16 slices (1.12 micron) of a fibroblast cell after treatment with 100 ug/mL of N-G2 for 24 h.
DAPI, 488 nm and brightfield channels are shown in merged. The right side of the figure, represents the 3D reconstruction
of the cell in panel, b) the nucleus with the DAPI labeling in blue, ¢) N-G2 presence in green and d) the merged between
these two signals where the N-G2 clusters are located all around the nucleus.

Cell viability data were assessed by one-way ANOVA and Tukey significance test with p <0.05. This
analysis shows that when normalizing the cell viability of the treatments with respect to their controls, there is
no statistically significant difference, between control and treatment (G2 or N-G2) nor between treatments G2
and N-G2. Therefore, this evaluation indicates that there is no apparent cell damage generated by the 24 h

treatment of G2 or N-G2 at a dose of 100 pug / mL, so these conditions are not toxic to the cells.

It is important to signalize that the apparent non-toxicity to the cells opens the opportunity for this
functional material to be used in biomedical applications, where it could be considering a potential biosensor
or nanocarrier due to the cellular internalization, perinuclear localization, and the high fluorescence signal

provided by the great stability of Eysenhardtia polystachia fluorescent molecules functionalized to SiNp.

These observations lead to further investigation to determine precisely the localization of the N-G2
inside the cell through co-localization of organelle proteins, and other subsequent tests such as the realization
of longer courses of time, using different concentrations of treatment in addition to a more in-depth study of

cytotoxicity.
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Figure 12. Cellular viability after a 24 h treatment of Eysenhardtia polystachia extract (EP) or silica
nanoparticles functionalized with the extract of Eysenhardtia polystachia (NP-EP). After treatment cellular

viability was evaluated by a trypan blue exclusion test and statistical analysis.

4. Conclusions

Previously we explored the viability of using Eysenhardtia polystachya in materials with medical
applications. Fluorescence and biological activity studies of active principles are essential to determine the
proper applications of natural extracts. Other authors reported the main components of EP, but their
fluorescence properties had not been studied broadly. Therefore, we studied fluorescent compounds from EP
by successfully separating them by column chromatography. Nine fractions were obtained and six of them
presented photoluminescence in pH 7.4. Their photoluminescence is shown to be a function of pH, and only
four fractions presented photoluminescence in pH 4.0. The more stable (low fluorescence decay) fractions
were G2 and G6 that correspond to chalcones and matline chemical species at physiological pH (pH 7.4) from
which G2 were tested in order to see their viability as biosensor obtaining promising results because it does
not affect cell viability, due to the location of the functional material around the cell nucleus and the clear
signal that could have for sensing.

In conclusion, the fluorescence of ethanolic extract of Eysenhardtia polystachya depends on more
than one chemical specie such as coatline A, B and matline.The four fractions that presented
photoluminescence in physiological pH could be used in applications as biosensors, because they are non-

toxic and had the proper fluorescent properties.
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Highlights

Eysenhardtia polystachya (EP); an endemic Mexican plant with fluorescence properties

Fluorescent compounds from EP were studied and their fluorescence properties were

evaluated.

Fluorescence of ethanolic extracts from EP is due to more than one component

Feasibility of using some components of the "EP" as fluorescent biosensors was

demonstrated



