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The incidence of liver diseases, such as nonalcoholic fatty liver disease and drug-induced liver injury, continues to rise and is one of
the leading causes of acute hepatitis. Current trends suggest that these types of conditions will increase in the coming years. There
are few drugs available for the prevention or treatment of hepatic diseases, and there is a growing need for the development of safe
hepatoprotective agents. The medicinal plant, Turnera diffusa, has many ethnopharmacological uses, one of which is the
production of a flavonoid named hepatodamianol, which is the principal component responsible for this plant’s hepatoprotective
properties. In the present study, we describe the development and standardization of an active extract obtained from T. diffusa.
We conducted nuclear magnetic resonance spectroscopy to identify hepatodamianol unambiguously in each sample. Using this
extract, hepatoprotection could be demonstrated in vivo for the first time. The hepatoprotective effect did not display a significant
difference in vivo when compared with silymarin used as a positive control at the same doses. Implementation of quality criteria
used for standardization, such as flavonoid and hepatodamianol content, hepatoprotective activity, and absence of residual
solvents, will allow future preclinical trials with this herbal drug.

1. Introduction

The liver is the most metabolically active organ of the body
and is responsible for the detoxification and deposition of
endogenous and exogenous compounds [1, 2]. This fact
makes the liver susceptible to injury and the possible de-
velopment of acute or chronic diseases. Several metabolic
disorders are associated with significant hepatotoxicity and
can even lead to death. Major risk factors pertinent to
cirrhosis, steatohepatitis, hepatitis, and hepatotoxicity in-
clude xenobiotics, diabetes, obesity, pollutants, free radicals,
food additives, and alcohol [3, 4]. Liver diseases remain one
of the most severe health problems, and their management is
still a challenge to current medical care. The most prevalent

causes of liver disease are those associated with alcohol,
nonalcoholic fatty liver disease, and hepatitis C/B virus.
Oxidative stress has been implicated in the pathogenesis of
liver disease; free radicals have been reported to cause ox-
idative stress and can be blocked by antioxidant hep-
atoprotective agents [5, 6]. According to the World Health
Organization, liver diseases affect 10% of the world’s pop-
ulation, with around 2.4 million deaths annually associated
with liver disease [7]. In México, hepatic illnesses were the
fourth leading cause of mortality during 2018 [8].

There are few drugs available for the prevention or
treatment of hepatic diseases, and there is a growing need for
the development of safe hepatoprotective agents. While
many different proposals aim to discover new medicines,
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natural products remain one of the best reservoirs of novel
bioactive chemical structures. Almost 70% of new chemical
prototypes for designing medicines over the past nearly four
decades have been obtained or inspired by natural product
sources [9]. México possesses one of the most extensive
regions of botanical diversity on Earth, with more than 4,000
plants used for medicinal purposes. Several different plants
have traditionally been used to treat liver diseases in México
[10]. In a preliminary survey of medicinal plants from
northeast México, we demonstrated the hepatoprotective
effect of a methanolic extract of the aerial part of Turnera
diffusa using an in vitro model based on the induction of
damage by carbon tetrachloride (CCl,) [11]. More recently,
through a bioassay-guided fractionation, one of the main
bioactive metabolites, named hepatodamianol, was identi-
fied (Figure 1) [12]. The hepatoprotective effect of hep-
atodamianol was four times higher in an in vitro test than the
positive control, silibinin [13].

Recent results suggest that a methanolic extract obtained
from T. diffusa shows an antifibrotic effect by decreasing
profibrotic and mitochondrial markers together with the
possible induction of apoptosis through transcription factor
SNAI1 expression in activated human hepatic stellate cells [14].

We visualized a proposal to produce a standardized
extract from T. diffusa because of the complicated and
expensive process of hepatodamianol isolation and purifi-
cation. Therefore, the current study presents the develop-
ment, standardization, and evaluation of an active extract
obtained from T. diffusa. Using this plant extract, in vivo
hepatoprotection could be demonstrated for the first time.
Quality criteria will allow standardization of this extract for
future preclinical trials with this herbal drug.

2. Materials and Methods

2.1. Materials. All solvents were of analytical grade and
purchased from Fermont (Monterrey, Nuevo Le6n, México),
except for HPLC-grade methanol (MeOH) purchased from
JT Baker (Fisher Scientific, Fair Lawn, NJ, USA) and hex-
adeuterodimethyl sulfoxide (DMSO-dg, 99.8%D) purchased
from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).
MilliQ deionized water was obtained with an Elga II MilliQ
system (Veolia, México). The following reagents were pur-
chased directly from Sigma-Aldrich Chemical Co.: 2,2-
diphenyl-1-picrylhydrazyl (DPPH), aluminum trichloride
(AICl5), quercetin, rutin, silibinin, silymarin, CCly, and 3-(4,5-
Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT), and trypan blue. Dimethyl sulfoxide (DMSO) was
purchased from ACS Research Organics (Cleveland, OH,
USA). Dulbecco’s modified Eagle’s medium (DMEM), fetal
bovine serum (FBS), trypsin-EDTA 0.25% (1x), penicillin G
(100 IU/mL), streptomycin (100 ug/mL), and phosphate-
buffered saline (PBS) were purchased from Gibco Invitrogen
(Carlsbad, CA, USA).

2.2. Plant Material. The aerial part of T. diffusa was collected
on 10 different dates and in 10 different locations in Nuevo
Le6n, México, during 2014-2016. The collective specimens
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FiGure 1: Hepatodamianol structure.

were dried at room temperature, ground finely, and stored in
adryand cool place until use. The plant was authenticated by
the Institutional Herbarium at the Biology School of the
Universidad Autéonoma de Nuevo Ledén, and a voucher
specimen (No. 23,569) was deposited therein.

2.3. Optimization of the Extraction Method. The powdered
plant (500 g) was extracted by maceration with MeOH in a
shaker stirring at room temperature. The supernatant was
filtered and evaporated under reduced pressure at 37°C,
dried, and stored at 4°C in an oxygen-free environment. For
the optimization, a full factorial design experiment of four
factors (solvent volume, number of extractions, time, and
stirring speed), two levels (lower and higher), and two re-
sponses (overall yield and hepatodamianol amount) were
performed (Modde software version 8.0, UMETRICS AB,
Umed, Sweden). The coeflicient graphs were generated with
the results of the factorial design using the multiple linear
regression (MLR) method. The coefficient size represents the
change in the response when a factor changes its value from
0 to 1 in coded units. The effect of the variable was con-
sidered significant when the confidence interval did not
Cross zero.

2.4. Fractionation. From the methanolic extract (ME) ob-
tained using the optimized procedure, we followed the
fractionation previously described to obtain hep-
atodamianol. Only the active fractions were further tested.
The chlorophylls were eliminated using SEP-PAK C-18
cartridges (1000 mg/8 mL; Alltech Associates Inc., Deerfield,
IL, US); the samples were eluted with 70 mL of 50%, 70%,
and 100% MeOH. The fraction eluted with 50% MeOH was
named CME. Three grams of CME was subjected to silica
vacuum liquid chromatography using CH,Cl,, AcOEt,
AcOEt:MeOH (1:1), and MeOH as eluents (200 mL of each
solvent). The fraction eluted with AcOEt: MeOH (1:1) was
named FrVLC. This fraction was further separated by low-
pressure reverse phase chromatography in a C-18 column
(40-63 ym, Licoprep); 400 mg of FrVLC were eluted with
MeOH 40, 50, 60, and 100% (300 mL each). The fraction
obtained with MeOH 60% was named flavonoid mixture
(FrMF).
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2.5. In Vitro Cell Test. Cell culture and viability determi-
nation: cells were grown in 75cm” flasks with DMEM
Advanced medium, supplemented with 10% FBS, 1%
L-Glutamine, and 1% of antibiotics (penicillin and strep-
tomycin), at 37°C in a 5% CO, humidified atmosphere.
These conditions were the same for all cell tests. When cells
reached 70-80% confluency, they were washed with PBS
(2%10mL), and trypsin-EDTA was added (1 mL 0.25%,
5min). Once the cells were in suspension, they were counted
after staining with trypan blue as a viability indicator.

2.5.1. Cytotoxicity Test. MTT assay was performed to
measure the cytotoxic effect of the Vero cell extracts (ATTC
CCL-81, normal kidney epithelial cell extracts from African
green monkey) [15]. The cells were seeded in 96-well plates
(7% 10> cells per well) and incubated at 37°C with 5% CO,
for 24 hours before carrying out the assays. The cells were
treated with different concentrations of the extracts (500 to
4 ug/mL) and doxorubicin (50 to 0.4 ug/mL). After 48h of
incubation, the treated cells were washed with PBS buffer
twice; subsequently, 150 4L of 0.5 mg/ml of MTT were added
to each well and incubated for an additional 3 h. After that
time, the supernatant was decanted, and 200 L. of DMSO
was added to each well. The absorbance was read at a
wavelength of 540 nm using a microplate reader (Multiskan
FC, Thermo Scientific Inc., Waltham, Massachusetts, USA),
and the CCs;, value was calculated. Doxorubicin was used as
a cytotoxicity control.

2.5.2. Hepatoprotection Test. HepG2 cells (hepatoma cell
line, ATCC HB-8065) were used for the hepatoprotection
test. The cells were then seeded in 6-well plates (1 million
cells per well) and incubated for 24 hours before carrying out
the assays. The protective effect against CCl, in HepG2 cells
was assessed after preexposure to silibinin (positive control
for hepatoprotection, 100 yug/mL, for 1h) or fractions ob-
tained from T. diffusa (100 yg/mL, for 1 h). The medium and
extract were removed, and the toxicity was induced by
adding CCl, (0.4%, for 2h). The cellular viability was
evaluated by the measurement of aspartate aminotransferase
(AST) released into the medium [16]. AST levels were
quantified using the ILab Aries instrument (Instrumentation
Laboratory SpA, Milan, Italy).

2.6. Quality Control

2.6.1. Antioxidant Activity. The antioxidant activities were
determined by the DPPH assay, as described by Granados-
Guzmdn et al. [17]. Solutions of each extract/fraction (1 mg/mL)
and positive control (quercetin 100 ug/mL) were prepared in
ethanol (EtOH). 100 L was added to the first well of a poly-
styrene 96-well plate containing 100 L EtOH. From this well, a
serial dilution with EtOH (factor 1:2) was made. Then, 100 yL
DPPH 280 uM was added to each well; and the mixtures were
incubated in the dark for 15min at room temperature.
Absorbance was recorded with a microplate reader at 517 nm
using EtOH as the blank. The reduction percentage of the light-

absorbing species was calculated in the absence of an antiradical
agent (negative control) and the presence of an antiradical agent
using

% reduction = [

]*100, (1)

where A is the absorbance of the blank and B is the ab-
sorbance of samples. A linear regression curve with the
percentage reduction as a function of the concentration of
each sample was generated, and the concentration that ef-
fectively reduced DPPH by 50% (ECs,) was calculated. All
experiments were performed in triplicate, and the mean and
standard deviation (SD) were calculated in each case.

2.6.2. Determination of Total Flavonoids. The total flavonoid
content was carried out as described by Kumazawa et al. [18].
Briefly, 100 4L of each sample (1 mg/mL in EtOH) was added
to the first well of a polystyrene 96-well plate containing
100 uL EtOH. From this well, a serial dilution with EtOH
(factor 1:2) was made. One hundred uL AICl; (10%) was
added to each well and left in the dark for 1 h. After this time,
absorbance was recorded with a microplate reader at 510 nm
using EtOH as the blank. Quercetin and rutin were used as
positive controls. Total flavonoid content was calculated using

mg flavonoid [A-b
= *1000, (2)
gsample m

where A is the absorbance of the sample, b is the “y in-
tercept,” and m the slope of the calibration curve. The result
was expressed as mg flavonoids equivalent to quercetin or
rutin per g of the sample obtained from a respective cali-
bration curve. All experiments were conducted in triplicate.

2.6.3. Residual Solvent Determination. The presence of re-
sidual solvent was detected by GC/MS in an Agilent Technol-
ogies 6890N chromatographer coupled to a mass spectrometer
5973 INERT (Santa Clara, California, USA), using a capillary
column DB-WAX (30m, 0.25mm internal diameter). Condi-
tions were as those of the 467 USP Method (USP 32-NF 27) [19].
Ten milligrams of the lyophilized samples was analyzed
employing headspace as indicated by the 467 USP method.

2.6.4. Quantification of Hepatodamianol by HPLC-DAD.
HPLC-DAD was performed using a Waters Alliance 1525
liquid chromatography system equipped with an online
degasser, binary pump, autosampler, and a 2996 diode array
detector (Waters, Milford, Massachusetts, USA). The sep-
aration was carried out in an inverse phase Luna Phe-
nomenex column (C-18, 150x4.6mm, 5um) with a
Phenomenex precolumn (C-18 4x3.0mm). The mobile
phase consisted of a gradient of (A) MeOH and (B) formic
acid 0.1%, elution starting with 30% A; 30-60% A, 0-20 min;
60-70% A, 20-25 min; and 70% A, 25-60 min. The flow rate
was 0.4 mL/min; 0-20 min, 0.2 mL/min; 20-45 min; 0.4 mL/
min, and 45-60 min. Injection volumes were 20uL. All
samples were injected in duplicate.



2.7. Identification by Nuclear Magnetic Resonance Spectros-
copy (NMR). NMR experiments were recorded on a
400 MHz Avance III (Bruker, Karlsruhe, Germany) spec-
trometer equipped with a 5mm Broadband Observe (BBO)
probe with a z-gradient pulse field. Samples of the selected
extracts (50 mg) were dissolved in 600 uL DMSO-d,, soni-
cated, and centrifuged (13000 xg, 5min at room tempera-
ture). Finally, 600 L of the supernatant was transferred to
standard 5 mm NMR tubes. "H-NMR spectra were recorded
using a 30° pulse experiment, under the following acquisition
parameters: 16 and 128 scans with a fixed receiver gain value
of 32, the spectral width of 20.0 ppm, 65,536 points in the
time domain, and acquisition time 4.0s. Selective total
correlation spectroscopy spectrum (1D-TOCSY) was used to
identify hepatodamianol in each sample, as previously de-
scribed by Lucio-Gutiérrez et al. [20]. 1D-TOCSY Iselmlpg
pulse sequence was used. Data were collected in DQD ac-
quisition mode with 65,536 points in the time domain, 128
scans, and a 20.0 ppm spectral width. The transmitter fre-
quency offset for channel F1 (O1) was fixed according to the
resonance frequency of the selected signals: 6° " at 209.17 Hz
(0.512 ppm) and 6" at 564.84 Hz (1.402 ppm), respectively.
Mixing time (D9) was evaluated between 20 and 200 ms to
optimize magnetization transfer to the whole spin system. In
addition, hepatodamianol resonances assignment in DMSO-
d6 was confirmed by selective 2D NMR COSY, TOCSY,
HSQC, and HMBC data. All experiments were acquired at
298 K, and the residual protonated solvent signal was used to
reference chemical shifts (DMSO-ds, 2.500 ppm). NMR data
were manually processed and analyzed with Top Spin 3.6
software (Bruker Company, Billerica, Massachusetts, USA).

2.8. Chemometric Analysis. MATLAB R2015a software
(MathWorks Inc., Massachusetts, USA) and PLS_Toolbox
software (Eigenvector Research, Inc., Washington, USA)
were used to conduct a multivariate analysis of the processed
NMR data. Principal component analysis (PCA) was per-
formed using all the signals obtained between 0 and 14 ppm,
excluding the regions where solvent resonances appear. The
first and second components were used with a confidence
level of 95%. Correlation optimized warping (COW) was
performed for optimized alignment. The maximum cu-
mulative product of the correlation coefficients was used to
find the sample that displayed the highest similarity to the
rest. This one was considered the most representative of the
whole.

2.9. In Vivo Hepatoprotection Test. The animal procedures
were performed according to the specifications of the Official
Mexican Norm NOM-062-Z00-1999. This project was
approved by the Ethics and Research Committee of the
School of Medicine, Universidad Auténoma de Nuevo Ledn.
Assays were conducted as described by Cordero-Pérez et al.
[21]. Briefly, female Wistar rats (200-300g) were housed
under standard laboratory conditions (24 +3°C) on a 12h
dark and light cycle, fed with standard commercial pellets
(Nutrimix de México, S.A. de C.V., México City, México)
and water ad libitum. The rats were randomly divided into 4
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groups of 4 animals each. Group I (negative control) and
group II (damage control) received distilled water (1 mL,
orally). Group III (hepatoprotection control) received sily-
marin 70 mg/kg (in a maximum 1 mL volume), and group
IV (experimental group) received the herbal drug (HM)
70 mg/kg of the sample (in maximum 1 mL). All the groups
received their treatment for 3 days orally every 12 hours. A
blood sample was taken before the first administration and
after the second delivery on the third day. For the liver
damage, CCl, (1 ml/kg) 50% in mineral oil was administered
intraperitoneal to groups II, III, and IV. Group I received
only mineral oil. After 24h of damage induction, rats were
anesthetized by intraperitoneal injection with 100 mg/kg of
ketamine (Anesket, PiSA Agropecuario, S.A. de C.V. Reg
SAGARPA Q7833-028, Guadalajara, Jal, México) and
10 mg/kg of xylazine (Sedaject, Vedilab S.A. de C.V. Reg.
SAGARPA, Q-0088-122, Querétaro, Qro., México). After
anesthesia, rats were shaved and asepsis of the abdominal
region was performed using Microdacyn antiseptic solution
(Oculus Technologies of México, S.A. de C.V. Guadalajara,
Jal., México) followed by a 20% solution of chlorhexidine
gluconate (Farmacéuticos Altamirano de México, S.A. de
C.V., México City, México). A midline incision was then
performed, and 5mL of blood was withdrawn by cava vein
phlebotomy, causing death by exsanguination. Serum was
separated from blood samples by centrifugation at 2,000 g
for 12 min and stored at —-80°C until use. AST and alanine
aminotransferase (ALT) levels were quantified in the ILab
Aries instrument (Instrumentation Laboratory SpA, Milan,
Italy). Data were analyzed using a one-way analysis of
variance followed by the Tukey post hoc test. The analysis was
performed using GraphPad software version 8.0. The results
are expressed as mean+ SD. Differences between means
were considered significant at P < 0.05.

3. Results and Discussion

Previously, we demonstrated the in vitro hepatoprotective
effect of both ME obtained from T. diffusa and hep-
atodamianol and C-glycoside isolated for this plant [10, 13].
To carry out in vivo studies with hepatodamianol, it is
necessary to have a sufficient quantity of the compound in a
considerable degree of purity, which means high costs and
time for its purification. For this reason, we proposed in this
study to standardize an extract from the plant, enrichened in
hepatodamianol, and use it to carry out hepatoprotection
tests in vivo. The evaluation of a standardized extract has the
additional advantage in that it will allow preclinical and
clinical tests to be carried out in the future.

3.1. Fractionation of the Methanolic Extract. The first step
was to define which was the best option for this goal if the
crude extract or any active fraction was obtained from it. We
followed the procedure previously described to purify
hepatodamianol to isolate an active fraction that did not
require numerous and expensive steps. In addition, In vitro
hepatoprotection and cytotoxicity were tested. Results are
shown in Table 1.
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TaBLE 1: Activity of different fractions obtained from T. diffusa.

% recovery

Hepatoprotection, AST (UI/L)

Cytotoxic activity, CCsq ug/mL

ME 12.08
CME 6.04

FrVLC 1.98

FrMF 0.47

Hepatodamianol

Silibinin

Doxorubicin

95.33+11.1 49.73+5.03
82.00 £6.08 >500
41.33 £6.50 >500
32.33+£5.13 >500
20.23 £3.67 >500
81.33 £6.02

3.12+0.23

Recovery was calculated based on the dry plant. Hepatoprotection model in vitro: HepG2 cells; CCly 0.4% as a damage agent, cells + CCl,: AST 111.33 £3.51,
cells without CCly: AST 0.66 +0.57. Cytotoxicity was assessed in Vero cells; n=3.

After comparing the results shown in Table 1, we can
observe that although the ME is slightly cytotoxic, toxicity is
lost during the fractionation process, making the successive
fractions less cytotoxic. Cytotoxicity of ME from T. diffusa in
different cell lines was previously reported by Avelino-Flores
et al. [22] and Willer et al. [23]. Although FrMF is more
active than FrVLC, FrMF is obtained after a subsequent step
of chromatographic purification, increasing costs and pro-
cess time and decreasing the yield of enriched extract.
Furthermore, the difference in hepatoprotection activity
between these two fractions is not significant. Therefore, we
selected FrVLC as the best fraction to obtain the stan-
dardized extract. As can be seen in the chromatograms
shown (Figure 2), this fraction is enriched in
hepatodamianol.

3.2. Optimization of the Extraction Method. Once we selected
the fraction to be used, we conducted an optimization of the
extraction steps. Solvent volume, number of extractions,
time, and stirring speed were considered as variables. A
complete factorial design with 19 experiments (16 designs
and 3 central values) was conducted. The responses were
percent recovery and hepatodamianol content. Table 2
shows the variables and levels tested.

The results obtained were analyzed employing MLR to
generate coeflicient graphs. We observed that no variable or
combination of variables significantly affected the variable,
“hepatodamianol quantity” (P <0.05). On the contrary, the
volume of solvent and number of extractions significantly
affected the “recovery” (P <0.05). The other factors were
considered, and their interaction did not significantly affect
the results (Figure 3).

To carry out the optimization of the variables, we se-
lected the experiment that yielded the highest recoveries
(25mlL, 2h stirring, 100 rpm, and 6 extractions). We per-
formed independent experiments for each one of the vari-
ables under consideration. One of these was the solvent
volume used for each extraction. We kept the total volume of
solvent constant (at 150 mL) and fractionated it into 1, 3, 4,
and 5 extractions. To assess the influence of the other
variable under consideration, the number of extractions, we
tested volumes of 15, 20, and 25 mL MeOH using, for each
volume, 3, 4, and 5 extractions.

The results showed that the optimal conditions for the
highest recovery (10.4%) were 3 successive extractions,
50mL MeOH, and 2h stirring at 300 rpm. Therefore, 10

different samples collected at different times were extracted
using the optimized extraction procedure. Each one was
further fractionated to obtain the FrVLC. These samples
were named HMI1 to HM10.

3.3. Quality Control. To verify the purity, identity, and ac-
tivity of the different HM obtained, some parameters were
assessed. Table 3 shows the results obtained for each sample.

Hepatodamianol was identified and quantified by
HPLC-DAD. As expected, all samples presented similar
chromatographic patterns. The hepatodamianol content in
the different samples was between 7.91 and 25.73 mg per g
sample.

All samples showed high flavonoid content and anti-
oxidant activity as well. However, HM9 was by far the
sample that presented the highest content in flavonoids,
hepatodamianol, and the most considerable antioxidant
activity. All the samples showed hepatoprotection in vitro,
and despite the differences found in flavonoid and hep-
atodamianol content between the samples, the hep-
atoprotection in vitro did not show significant differences
(ANOVA P>0.05). Interestingly, the hepatoprotective ac-
tivity of all the extracts tested was better than the activity of
silibinin used as a positive control, a well-known hep-
atoprotective molecule [24]. With these results in mind, it is
likely that while hepatodamianol is one of the compounds
responsible for the hepatoprotective activity in T. diffusa
extracts, the synergy between all the components plays an
essential role in the overall activity. For this reason, although
hepatodamianol has been considered a biomarker of this
plant, it will be interesting to know the structure of the
minority flavonoids present in these extracts [25].

Biomarkers can be identified using selective experiments
that allow isolation of the signal(s) belonging to a particular
compound through scalar or dipolar coupling. Among them,
a selective 1D-TOCSY experiment offers the advantage of
establishing "H connectivity through J-coupling in a spin
system. This kind of “spectroscopic isolation,” also known as
spin chromatography, is useful for generating an isolated
spectroscopic pattern of the irradiated spin system to
overcome some of the problems associated with the signal
overlapping. In fact, 1ID-TOCSY has been considered a type
of chromatographic spectroscopy [26, 27]. Papaemmanouil
et al. [26] introduced the term “NMR spin-chromatography”
to emphasize the advantages of the selective 1D-TOCSY
experiment in the analysis of complex mixtures through the
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FIGURE 2: Chromatogram obtained of FrVLC, RP C-18 HPLC-DAD, and wavelength 254 nm. As can be seen, several compounds coelute in
this fraction. However, the higher intensity peak corresponds to hepatodamianol at 33.73 min.

TaBLE 2: Experimental variables used for the optimization of the extraction procedure.

Low value Central value High value
Solvent volume 10 mL 15mL 25mL
Stirring time 30 min 60 min 120 min
Stirring speed 100 rpm 200 rpm 300 rpm
Number of extractions 1 3 6

Scaled & Centred Corfficients for overall yield

Scaled & Centred Corfficients for hepatodamianol amount

Vol

Time

Speed

Num
Vol*Time
Vol*Speed
Vol*Num
Time*Speed
Time*Num
Speed*Num

()

Vol

Time

Speed

Num
Vol*Time
Vol*Speed
Vol*Num
Time*Speed
Time*Num
Speed*Num

(b)

F1GURE 3: Coefficient plots of the responses obtained with the experimental design used to optimize the extraction, obtained by means of
MLR. (a) Effect of the variables on recoveries. (b) Effect of the variables on hepatodamianol content. Variables under evaluation: solvent

volume, time, speed, and the number of extractions.

selective excitation of nuclei, without the necessity of pre-
vious isolation steps. Recently, we reported applying the
selective 1D-TOCSY experiment for the unambiguous
identification of hepatodamianol in crude extracts of
T. diffusa as a strategy to verify the authenticity of T. diffuse
botanical material in combination with chemometrics
methods [20]. The selective 1D-TOCSY experiments of the
rhamnopyranosyl and xylo-hexopyranos-3-uloside moieties
were obtained by specific irradiation on the resonance
frequencies of 6°° and 6°"" methyl groups at 0.512 and

1.401 ppm, respectively. NMR signals from both motifs
provide a spectroscopic fingerprint for hepatodamianol
(Supplementary Material, Figures S1 and S2).

As a purity parameter, residual solvent content was
analyzed by headspace CG/MS. Lyophilized samples of the
HM did not present any residual solvent (data not shown).

Further, NMR data obtained for HM were compared
using multivariate statistics to achieve an integral analysis of
the results. "H-NMR spectra were used for this purpose
because this technique allows the observation of signals
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TaBLE 3: Parameters of identity and activity for the different HM samples prepared.
¢ damianol oxid o Flavonoid content (mg )
Sample Date o Hepatodamianol content  Antioxidant activity equivalent/g sample) He.:p.atoprotectlon
collection (mg/g sample) (CEso pg/ml) ] ] activity AST (IU/L)
Quercetin Rutin
HM1 January 2015 16.95+0.31 55.24+7.68 80.11+1.65 186.97+4.01 37.33+5.13
HM2 NO;’S‘IT;ber 18.42£0.37 62.20+7.97 68.62+0.88 159.09+215  38.66+1.15
HM3 Nog’gﬁber 25.73+0.73 58.74+7.86 52.54+0.66 120.06 + 1.61 38.66 + 2.08
HM4 b e;grlnsber 15.98 +0.34 52.79+6.42 68.18+0.45 153.178+110  38.00+2.64
HM5 April 2016 19.33+£0.95 78.48 +£9.09 57.81+0.29 32.86+0.72 33.00+£1.00
HMe6 ]uly 2015 11.66 +£ 1.00 52.13+4.03 88.42+0.52 207.16+1.26 38.33+£3.51
HM7 October 2015 13.40+0.34 60.29 +8.00 64.68+0.63 149.52+1.53 36.33+£5.85
HMS8 February 2016 8.76 £0.26 66.55 + 8.69 4776 +0.15 108.45+0.36 39.00 +£2.64
HM9 June 2015 20.99 +0.60 26.92+0.48 162.58 £0.36 379.69 +0.89 41.33 £2.51
HM10 June 2015 7.91+0.25 90.32+1.89 49.36+0.70 112.32+1.69 45.66 + 3.05
Quercetin 3.88+0.16
Hepatodamianol 4.76 0.2 20.23 £3.67
Silibinin 81.33+6.02

Hepatoprotection model in vitro: HepG2 cells, CCly 0.4% as damage agent, cells + CCly: AST 111.33 + 3.51, cells without CCly: AST 0.66 + 0.57. Cytotoxicity
was assessed in Vero cells; n = 3. HM1 to HM10 are standardized extracts obtained from 10 different samples of Turnera diffusa with the procedure described.

x1073

Scores on PC 2 (14.50%)

-8 -6 -4 -2
Scores on PC 1 (51.45%)

B HM

B Extract

FIGURE 4: PCA analysis of 'H-NMR data of extracts (red) and HM (green) of T. diffusa samples. The shadowed areas indicate the Hotelling
ellipse (95%). As can be seen, in both groups, sample 9 is far from their respective cluster, and in the case of HM samples, it is outside of the
confidence area delimited by the dashed line. This statistical deviation of HMJ is related to variations in the resonance patterns detected in

the NMR spectra.

among a mix of compounds present in the extracts.
Moreover, the analysis is simultaneous, which allows a
global characterization of the sample. PCA analysis
(Figure 4) showed that HM9 does not group with the rest of
the samples. '"H-NMR obtained from HM9 shows strong
signals at 4, 5.9, and 7 ppm that were not observed in the rest
of the samples (Figure 5).

From the analysis of the graphic loads for PC1 and PC2,
we found that the signals in the aromatic region were

responsible for this clustering. However, in both cases, it
seems that HM9 does not group with the rest of the samples.
This suggests that HM9 has a different flavonoids content
from the rest of the samples.

With the data obtained from "H-RMN of the samples
(excluding HM9), a COW was performed to optimize the
alignment, and the maximum cumulative product of the
correlation coefficients was employed to find the sample that
displayed the highest similarity to the rest. HM4 showed the
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FIGURE 5: "H-NMR spectra of HM1-HM10 samples, 400 MHz, DMSO-d6. In this stacked view, a close similarity in chemical composition
between samples is observed, except for HM9. In this sample, a remarked difference can be noticed in the aromatic region (5.9-7.8 ppm),

where strong resonances related to flavonoids were detected.
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CCI, 2.5 mL/Kg - + + + CCI, 2.5 mL/Kg - + + +
Silymarin 70 mg/Kg - - + - Silymarin 70 mg/Kg - + -
HM 70 mg/Kg - - - + HM 70 mg/Kg - +

FIGURE 6: Hepatoprotection in vivo, AST and ALT levels in serum. n = 4. Data are expressed as mean + standard deviation. MH4 as the HM
tested. *Statistically similar (Student’s t-tests), P> 0.05. **Statistically different, P < 0.05, with respect to the HM.

highest preponderance, and therefore, that sample was se-
lected as the most representative to conduct in vivo tests.

3.3.1. In Vivo Hepatoprotection Test. To conduct the in vivo
hepatoprotection analysis, we followed the model reported
by Cordero Pérez et al. [21]. Serum activities of ASTand ALT
were measured. Levels found for both enzymes were sig-
nificantly lower (P <0.02) when compared with the CCl,
group (damage control). Levels of ALT between the test
group and the silymarin group (hepatoprotection group)
were not significantly different (Figure 6). In contrast, AST
levels differed between these two groups (P <0.05), being
more active in the silymarin group. Nevertheless, enzymatic
levels found between the negative control and the test group
did not show any significant differences (Figure 6). There-
fore, we consider that the standardized extract we obtained
from T. diffusa is a potential hepatoprotective agent with an
effect similar to that of silymarin in the in vivo model used by
us.

Recent results suggest that the ME obtained from
T. diffusa shows an antifibrotic effect by decreasing profi-
brotic and mitochondrial markers together with the possible

induction of apoptosis through transcription factor SNAI1
expression in activated human hepatic stellate cells [14].

Brito et al. [28] reported hepatoprotective activity in vivo
of a ME obtained from T. ulmifolia using a CCl, damage
agent model. Their results are very similar to the results with
T. diffusa extract reported here. However, the doses used by
Brito et al. [28] were different. CCl, was administered at
2.5mL/kg diluted 50% v/v in corn oil. That is, the hepa-
totoxic agent was 2.5 times more concentrated than in our
experiments. Furthermore, silymarin was administered at
50 mg/kg and the extract at 500 mg/kg. In the present study,
we used the same concentration both for the positive drug
(silymarin) and for the extract under examination, 70 mg/kg.
Therefore, although our results are similar to those obtained
by Brito et al. [28], we are unwilling to compare, considering
the differences in doses used.

4. Conclusions

In conclusion, our experimental findings show for the first
time the hepatoprotective effect in vivo of a standardized
extract obtained from T. diffusa. Through experimental
design, we optimized the extraction step and designed a
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standardized procedure for the fractionation of T. diffusa,
which was applied to 10 different authenticated samples. All
the samples obtained contained hepatodamianol and showed
hepatoprotection in vitro, in a manner similar to the activity
shown by silymarin (positive control). Hepatodamianol in all
the samples was identified unequivocally using HPLC/DAD
and "H-NMR and selective 1D-TOCSY. Using proton NMR
data, we performed multivariate analysis to demonstrate the
chemical similarity in extracts and select the most repre-
sentative samples to conduct in vivo assays. In vivo hep-
atoprotective effect of the standardized extract from T. diffusa
showed no significant difference compared with the activity
displayed by silymarin at the same doses. These results en-
courage us to pursue further research to develop this extract as
a phytomedicine. For this purpose, we find it desirable to
identify the minor flavonoids present in the extracts.

Experiments to further explore the mechanism of action
of this extract are now in progress. Potential future research
goals include stability tests and the development of
formulations.
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Supplementary Materials

In the supplementary material, SI shows the 1HNMR
spectrum obtained from hepatodamianol, pointing to the
signals corresponding to the methyls in 6"" and 6" "posi-
tions. In S2, we illustrate the selective 1D-TOCSY experi-
ment for these signals in the isolated compound and the
herbal drug to demonstrate the usefulness of this experiment
for hepatodamianol identification in complex mixtures and
to be used as a spectroscopic fingerprint. (Supplementary
Materials)
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