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Abstract

Lung cancer is the major cause of death in the neoplastic diseases. In spite of
the advances in the chemotherapy, the lung cancer treatments are still com-
plex and costly, being necessary the seeking of new drugs. In this context, the
ursolic acid (UA) becomes the target of studies that investigate its antitumor
potential and, thus, structural modifications can enhance its biological activi-
ties. Eight UA semisynthetic derivative compounds (UAD1-8) were synthe-
sized and evaluated their cytotoxic activity against human alveolar adenocar-
cinoma cells (A549). UAD1, UAD3, UADS5, UAD6 and UADS8 were able to
reduce the viability of the A549 cells. Only UAD1 and UAD6 reduced the
viability at 24 h, and only UAD3 didn’t reduce the NF-xB expression. The
compound UADI showed the greater apoptosis induction. Moreover, the
compound UADI showed better results than UA in all assays. The present
study shows, for the first time, the action of these compounds in the apoptotic
effect, in the expression of NF-«B and in the A549 cell line. The ursolic acid
derivatives showed substantial results in the apoptosis, cytotoxicity and
NF-«B inhibition of A549 cells, and further studies are necessary for the de-
velopment of possible new therapeutic drugs.
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1. Introduction

The lung cancer is the major cause of death in the neoplastic diseases that can
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aggravate with bone metastasis, turning more expensive the treatment and re-
ducing the life quality of the patient [1] [2]. It affects both men and women and
there is a clear association with smoking in the development of the disease, al-
though it is not the only risk factor [3] [4].

Despite the advances in the chemotherapy, the results of the lung cancer
treatment are not good enough; being necessary the seeking of new therapeutic
strategies and the development of new drugs [4]. In this context, the ursolic acid
(UA), a triterpene widely distributed in plant species, becomes the target of studies
that investigate its antitumor potential [5] [6] [7] [8]. Moreover, structural mod-
ifications in the carbons 3, 12 and 28, and the rings A, C and D (Figure 1) are the
potential target to increase the antimicrobial, antioxidant, anti-inflammatory or
antitumor activities of the ursolic acid [9] [10] [11].

Different studies already showed the action of the ursolic acid as an an-
ti-tumor drug [6] [7] [9] [10], however, this is the first time that is shown the ac-
tion of the derivatives on apoptotic effect, on NF-«B expression and upon A549
cells. In light of the mentioned, eight UA semisynthetic derivative compounds,
commonly obtained in structural modification studies, were synthesized and eva-

luated their cytotoxic activity against human alveolar adenocarcinoma cells (A549).

2. Materials and Methods
2.1. Materials

The reagents and the solvents were used directly from the manufacturers. CH,I
(Fluka, Sigma-Aldrich, St. Louis, MO, USA); Acetone, EtOAc, t-BuOOH,
n-hexane, CH,Cl,, anhydrous diethyl ether and acetic anhydride (Merck,
Darmstadt, Germany); K,CO,, NaHCO,, NaClO,, Na,SO,, LiAlH,, BF;-Et,0,
NaCl and pyridine (Sigma-Aldrich, St. Louis, MO, USA) were employed to ob-
tain ursolic acid derivatives. RPMI-1640 (Gibco, Grand Island, USA); RPMI-1640
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Figure 1. Ursolic Acid structure.
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(Lonza, Basel, Switzerland); L-glutamine, streptomycin-penicillin, dimethyl sul-
foxide (DMSO), 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide
(MTT), fetal bovine serum (Sigma-Aldrich); NF-KPA-B (PS529)-PE (BD, Bios-
ciences Pharmingen, San Diego, CA, USA); Annexin-V Apoptosis Detection Kit
(Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA) were used for the

biological assays.

2.2. Spectral Data

NMR spectra were recorded in CDCl,; on a Bruker AC200 at 200 MHz for 'H
and 50 MHz for °C, using TMS as internal reference for both nuclei. For each
peak, chemical shift values are expressed in parts per million, followed by mul-
tiplicity, relative peak integration (when appropriate), and coupling constants (/)
in Hertz. High-resolution mass spectra (HRMS) were obtained using a QSTAR
XL spectrometer. The spectra in the IR were obtained in Spectrum One appara-
tus, Perkin-Elmer coupled to the diffuse reflectance accessory. The specific rota-
tional power values [a] D were measured on a Perkin-Elmer 241 polarimeter at
20°C. Column chromatography was performed on Silica Gel 60 (230 - 400 mesh,
Merck), whereas thin-layer chromatography was carried out on Silica Gel 60
F254 plates (0.25 mm thick, Merck). Solvents and reagents were used directly

from the manufacturer, or purified by standard procedures when required.

2.3. Cell Culture

A549 cell line was placed in 96-well plates containing RPMI-1640 (Gibco, Grand
Island, USA) supplemented (2.0 mM L-glutamine, 100.0 pg/mL of streptomycin
and penicillin, 5% fetal bovine serum) at 2 x 10° cells/mL by 24 and 48 hours.
Cells were incubated at 37°C in 5% CO, atmosphere in the presence of the ur-
solic acid derivatives UAD1, UAD2, UAD3, UAD4, UAD5, UAD6, UAD7 or
UADS at 30 uM, 60 uM or 90 uM. In the control experiments, cells were treated
with ursolic acid at 30 uM, 60 uM or 90 uM. The compounds were solubilized in
dimethyl sulfoxide (DMSO), never exceeding 0.1% (v/v), and diluted in RPMI-1640
(Lonza, Basel, Switzerland) before use. The DMSO concentration was deter-
mined to allow the solubilization of the UAD and UA but without affecting the
A549 viability [12].

2.4. MTT Assay

Cellular viability was measured using the MTT [3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide] assay. After 24 and 48 hours of culture the su-
pernatants were removed and the cells were incubated with 100 pL of supple-
mented RPMI medium and 10 yL of MTT (5.0 mg/mL) during 4 h at 37°C in 5%
CO,. After purple formazan crystal formation, the supernatants were gently re-
moved and crystal products were solubilized and incubated with DMSO. Com-
plete solubilization was obtained by shaking the plates for 10 mins. The optical
density (OD) values were determined in the microplate reader (Multiskan™ FC
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Microplate Photometer, Thermo Scientific, MA, USA) at 560 nm wavelength.
The cellular viability was calculated using the formula (X1/X2)*100, considering
X1 the OD of treated cells and X2 the mean OD of untreated cells. Compounds

were considered cytotoxic when the viability was lower than 70% [12].

2.5. NF-xB Concentration in A549 Cells

The cells were cultured in the presence of the ursolic acid or UADI1, UAD?2,
UAD3, UAD4, UADS5, UAD6, UAD7 or UADS at 30 uM, 60 uM or 90 uM. A549
cells (1 x 10° cells/mL) were incubated by 24 h at 37°C in 5% CO, atmosphere.
After this period, the cells were detached and stained for the analysis of the p65
expression (indirectly NF-«B), following the manufacturer’s instructions (NF-
KPA-B (PS529)-PE 558423, BD, Biosciences Pharmingen, San Diego, CA, USA).
The cells were acquired in the FACSVerse (BD, Biosciences Pharmingen, San Di-
ego, CA, USA) and analyzed in the FCS Express software (De Novo software).

2.6. Analysis of Apoptosis by Flow Cytometry

For apoptosis detection, the Annexin-V Apoptosis Detection Kit (Invitrogen,
Thermo Fisher Scientific) was used. To perform the assay, A549 cells (1 x 10°
cells/mL) were cultured in the presence or absence of the ursolic acid or UADI,
UADS5, UAD6 or UADS at 90 uM, which had the best results in MTT assay. Af-
ter 36 hours of culture, the cells were trypsinized and washed with phosphate
buffer. After washing, the cells were labeled with Annexin-V FITC and propi-
dium iodide, according to the manufacturer’s instructions. The cells were incu-
bated at room temperature for 15 mins in the dark, and then acquired in FACS-

Verse and analyzed in the FCS Express software [13].

2.7. Statistical Analysis

The results represent at least three independent experiments and are presented
as the mean + SEM. All data were analyzed using two-way ANOVA followed by
Bonferroni posttests (GraphPad Prism 5.00), and the differences were consi-

dered significant at p < 0.05.

3. Results and Discussion

3.1. Spectral Data

The eight UA semisynthetic derivative compounds were synthesized (Figure 2)
with previously described structural modifications. The structures were eluci-
dated by NMR spectra recorded in CDCl, on a Bruker AC200 at 200 MHz for 'H
and 50 MHz for °C. The spectra of the compounds UAD1-UADS are described
below. The obtained spectra of the compounds correspond to the data in the li-
terature [14] [15].

Methyl 3 -hydroxyurs-12-en-28-oate (UAD1): To a solution of UA (100 mg,
0.22 mmol) in dry acetone (5.0 mL), K,CO, (122.0 mg, 0.88 mmol) and CH,I
(1.0 mL, 0.07 mmol) were added and the reaction mixture was stirred at room
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temperature for 4 h. Usual work up of the reaction mixture afforded UADI1 as
white crystals (92.0 mg, 89.3% yield). '"H NMR (CDCl;) §5.25 (t, 1H, /= 3.5 Hz,
H12); 3.61 (s, 1H, COOCH,); 3.22 (m, 1H, H3); 2.23 (d, 1H, H18); 1.08 (s, 3H,
CH.); 0.99 (s, 3H, CH,); 0.93 (d, 3H, /= 6.3 Hz, CH,); 0.92 (s, 3H, CH,); 0.86 (d,
3H, /= 6.3 Hz, CH,); 0.78 (s, 3H, CH,); 0.74 (s, 3H, CH,). *C NMR (CDCl,) &
178.09 (C28); 138.18 (C13); 125.61 (C12); 79.04 (C3); 55.26 (C18); 52.91 (C5);
51.51 (COOCH,); 48.13 (C17); 47.62 (C9); 42.03 (C14); 39.53 (C8); 39.09 (C19);
38.91 (C20); 38.80 (C4); 38.69 (C1); 37.00 (C10); 36.67 (C22); 33.03 (C7); 30.71
(C21); 28.18 (C23); 28.07 (C15); 27.26 (C2); 24.28 (C16); 23.66 (C27); 23.36
(C11); 21.23 (C30); 18.36 (C6); 17.08 (C26); 16.97 (C29); 15.68 (C25); 15.50
(C24). HRMS caled for C;H,O;Na: 493.7240, found: m/z 493.3610. [a]D:
+41.16 (MeOH, ¢ 1.0). IR (v,,,, cm): 3525 (O-H); 2969 (C-H); 1718 (C=0); 1384
(C-0-H); 1230 (C-O) (Figure 3).

CHa/K,COs, Acetic anhydride, pyridine, NaClO,/t-BuOOH,
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Figure 2. Synthesis of ursolic acids derivatives.
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Figure 3. '"H NMR spectrum of UADI (200 MHz, CDCl,) and C NMR spectrum of UAD1 (50 MHz, CDCL,).
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Methyl 3 3-acetoxyurs-12-en-28 -oate (UAD2): Compound UAD2 was obtained
as white crystals (236.1 mg, 86% yield) after acetylation of derivative UAD1 (252
mg, 0.54 mmol) with acetic anhydride in pyridine. '"H NMR (CDCl;) 6 5.18 (t,
1H, /= 3.6 Hz, H12); 4.43 (m, 1H, H3); 3.54 (s, 3H, COOCH,); 2.17 (d, 1H, /=11
Hz, H18); 1.98 (s, 3H, OCOCHS,); 1.01 (s, 3H, CH,); 0.88 (s, 3H, CH,); 0.81(s, 3H,
CHs,); 0.79 (s, 3H, CH,); 0.68 (s, 3H, CH;). "C NMR (CDCI3) & 177.38 (C28);
170.89 (OCOCH,); 138.14 (C13); 125.43 (C12); 55.26 (C5); 52.84 (C18); 51.47
(COOCH,); 48.04 (C17); 47.49 (C9); 41.97 (C14); 39.47 (C8); 39.03 (C19); 38.88
(C20); 38.26 (C1); 37.67 (C4); 36.86 (C10); 36.64 (C22); 32.89 (C7); 30.65 (C21);
28.00 (C15); 28.00 (C23); 24.18 (C16); 23.56 (C27); 23.30 (C2); 21.20 (C30); 21.20
(OCOCH,;); 18.19 (Cé6); 17.09 (C29); 16.90 (C26); 16.75 (C25); 15.50 (C24).
HRMS calcd for C;;H,0,Na: 535.7612; found: m/z 535.3686. IR (v,,,,, cm): 2978
(C-H); 1726 (C=0); 1706 (C=0); 1229 (C-O). [a]D: +57.2 (c1, CHCL,).

Methyl 3 -acetoxy-11-oxours-12-en-28 -oate (UAD3) and methyl 3 f-acetoxyursa-
9(11),12-dien-28-oate (UAD4): Derivative UAD2 (288.0 mg, 0.56 mmol) was
dissolved in EtOAc (10 mL) and #BuOOH (0.35 mL of a 6 M solution, 2.10
mmol) was added, followed by the slow addition of NaClO, (16.27 mg, 1.80
mmol). After 20 h under magnetic stirring at 100°C - 110°C, the reaction was
complete (TLC control). The reaction mixture was poured into 10% aqueous so-
dium sulfite solution and extracted with EtOAc. The extract was successively
partitioned with satd. aqueous NaHCO, solution and water, dried over anhy-
drous Na,SO,, and the EtOAc was removed completely under reduced pressure.
The residue was chromatographed over silica gel, employing n-hexane/EtOAc
(9:1) as eluent to afford UAD3 and UAD4 as white crystals (163.2 mg, 56.7%
yield and 26.1 mg, 9.1% yield, respectively).

UAD3 'H NMR (CDCl,) 65.46 (s, 1H, H12); 4.37 (dd, 1H, /= 5.3, 10 Hz, H3);
3.48 (s, 3H, COOCHS,); 2.29 (d, 1H, /= 10.8, H18); 1.91 (s, 3H, OCOCH,); 1.18
(s, 3H, CH,); 1.13 (s, 3H, CH,); 1.01 (s, 3H, CH,); 0.85(s, 3H, CH,). "C NMR
(CDCL,) 6199.75 (C11); 177.22 (C28); 171.01 (OCOCH,); 162.96 (C13); 130.65
(C12); 80.60 (C3); 61.37 (C9); 55.05 (C5); 52.74 (C18); 51.89 (COOCH,); 47.67
(C14); 44.69 (C14); 43.74 (C8); 38.81 (C1); 38.59 (C19); 38.59 (C20); 38.04 (C4);
37.01 (C10); 35.98 (C22); 32.97 (C21); 28.37 (15); 28.11 (C23); 23.93 (C16); 23.56
(C2); 21.35 (C27); 21.02 (C30); 18.85 (C26); 17.34 (C6); 17.16 (C29); 16.76
(C25); 16.28 (C24). HRMS calcd for C;;H,,O;Na: 549.7448; found: m/z 549.3541.
IR (v,,, cm): 2971 (C-H); 1726 (C=0); 1654 (C=0); 1620 (C=0); 1233 (C-O).
[a]D: +45.15 (c 2, CHCL,).

UAD4 'H NMR (CDCl;) 65.58 (d, 1H, /= 6.1 Hz, H11); 5.51 (d, 1H, /= 6.1
Hz; H12); 4.51 (dd, 1H, /= 5.7, 10.4 Hz, H3); 3.62 (s, 3H, COOCH,); 2.35 (d, 1H,
J=11.2 Hz, H18); 2.04 (s, 3H, OCOCH,); 1.20 (s, 3H, CH,); 0.97 (s, 3H, CH,);
0.95 (s, 3H, CH,); 0.92 (s, 3H, CH,); 0.90 (s, 3H, CH,); 0.88 (s, 3H, CH,); 0.86 (s,
3H, CH,). ®C NMR (CDCl,) & 178.09 (C28); 171.11 (OCOCH,); 154.53 (C9);
139.43 (C13); 123.29 (C12); 115.54 (C11); 80.62 (C3); 51.67 (COOCH,); 51.23
(C18); 51.23 (C5); 47.52 (C17); 42.67 (C8); 40.68 (C14); 38.73 (C10); 38.62
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(C19); 38.33 (C20); 37.89 (C4); 36.90 (C1); 36.49 (C22); 31.97 (C7); 30.57 (C21);
28.15 (C23); 27.08 (C15); 25.21 (C25); 24.62 (Cl6); 21.35 (C26); 21.35
(OCOCH,;); 20.94 (C27); 20.94 (C30); 18.15 (C6); 17.01 (C29); 16.79 (C24).
HRMS calcd for C;;H;,O,Na: 533.7454; found: m/z 533.3603. IR (V,,,,, cm): 2924
(C-H); 1732 (C=0); 1723 (C=0); 1026 (C-H). [a]D: +158.60 (c 0.5, CHCl,).

Urs-12-ene-3$,11,28-triol (UAD5): The product was synthesized by reduction
of UAD3 (230 mg, 0.45 mmol) with LiAIH, (345 mg, 9.08 mmol) in anhydrous
diethyl ether, stirred at room temperature for 20 h. Excess LiAlH, was quenched
by the addition of wet diethyl ether and the reaction mixture was worked up as
usual to give a white solid UAD5 (179 mg, 87.4% yield). 'H NMR (CDCl,) §5.22
(d, 1H, J= 4.0 Hz, H12); 4.35 (br d, 1H, /= 4.3 Hz, H11); 3.36 (d, 1H, /= 10.0
Hz, H28a); 3.19 (m, 1H, H3); 3.17 (d, 1H, /= 10.0 Hz, H28b); 2.00 (m, 1H, H18);
1.37 (s, 3H, CH,); 1.22 (s, 3H, CH,); 1.01 (s, 3H, CH.); 0.95 (s, 3H, CH,); 0.93 (s,
3H, CH,); 0.78 (s, 3H, CH,); 0.76 (s, 3H, CH,). ®C NMR (CDCL,) §132.89 (C13);
129.62 (C12); 79.01 (C3); 61.37 (C11); 54.83 (C9); 53.03 (C5); 44.29 (C8); 42.45
(C14); 40.83 (C19); 40.83 (C20); 38.95 (C10); 38.29 (C1); 37.81 (C4); 36.42
(C17); 35.09 (C7); 35.09 (C22); 31.46 (C21); 27.82 (C23); 27.12 (C15); 27.12
(C2); 25.43 (C16); 19.51 (C27); 19.29 (C30); 18.26 (C29) 17.82 (C6); 17.82 (C26);
17.27 (C25); 14.99 (C24). HRMS calcd for C,;H,O;Na: 481.7130; found: m/z
481.3651. IR (v,,,, cm): 3676 (O-H); 2921 (C-H); 1045 (C-O).

(178)-3B-hydroxy-22 (17 > 18)-abeours-11-en-28-al (UAD6): Compound
UADS5 (458 mg, 0.99 mmol) was dissolved in CH,Cl, (previously dried in CaCl,
and filtered over NaHCO;) and kept under inert atmosphere (Ar), following the
addition of BF;-Et,O (54 pL, 0.42 mmol). The mixture was stirred at room tem-
perature for 2 h. EtOAc was added and the solution was washed with satd.
aqueous NaCl solution, dried over anhydrous Na,SO,, and evaporated to dry-
ness. The residue (398 mg) was chromatographed on silica gel (eluent n-hexane/
EtOAc 8:2) to afford the aldehyde UAD6 (42.9 mg; 10.8% yield) along with a
mixture of dienes (122.5 mg). '"H NMR (CDCl;) §9.29 (s, H28); 5.60 (br d, 1H, J
= 10.4 Hz, H12); 5.42 (br d, 1H, /= 10.4, H11); 3.21 (dd, 1H, /= 5.8, 10.4 Hz,
H3); 1.03 (d, 3H, /= 6.3 Hz, C,,H,); 0.99 (d, 3H, /= 5.2 Hz, C,,H,); 0.96 (s, 3H,
C,;:H,); 0.91 (s, 3H, C,;H, or C,H,); 0.82 (s, 3H, C,;H, or C,;H,); 0.75 (s, 3H,
C,,H,); 0.71(s, 3H, C,H,). ®C NMR (CDCl,) & 206.35 (C28); 133.81 (C12);
123.54 (C11); 78.93 (C3); 54.60 (C5); 52.61 (C13); 552.18 (C18); 47.28 (C17);
44.27 (C9); 41.04 (C10); 39.87 (C14); 39.46 (C19); 339.35 (C20); 338.82 (C8);
37.99 (C1); 336.38 (C4); 32.19 (C7); 30.33 (C21); 30.10 (C15); 27.74 (C23); 27.02
(C2); 25.72 (C16); 20.45 (C25); 18.55 (C30); 18.26 (C6); 17.00 (C26); 16.38
(C29); 16.06 (C27); 14.96 (C24). HRMS calcd for C, H,,0O,Na: 444.7057; found:
m/z443.3633. IR (v,,,,, cm): 3413 (O-H); 2928 (C-H); 1716 (C=0). [a]D: +23.40
(c 1.5, MeOH).

(ursa-11,13(18)-diene-3,28-diyl diacetate) (UAD7): The diene mixture (122.5
mg) was acetylated with pyridine and acetic anhydride. The product was chro-

matographed over silica gel (eluent n-hexane/EtOAc 19:1) to afford the diene
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UAD?7 (15 mg; 11.8%). 'H NMR (CDCl;) §6.41 (dd, 1H, J= 3.1, 10.6 Hz, H11);
5.60 (d, 1H, /= 10.6 Hz, H12); 4.51 (dd, 1H, /= 6.2, 10.0 Hz, H3); 4.28 (d, 1H,
= 11.2 Hz, H28a); 3.87 (d, 1H, /= 11.2 Hz, H28b); 2.06 (s, 3H, OCOCH,); 2.05
(s, 3H, OCOCH,); 1.02 (s, 3H, CH,); 0.94 (s, 3H, CH,); 0.92 (s, 3H, CH,); 0.89 (s,
3H, CH,); 0.86 (s, 3H, CH,); 0.85 (s, 3H, CH,); 0.76 (s, 3H, CH,). C NMR
(CDCl,) ¢ 171.18 (OCOCH,); 171.07 (OCOCH,); 138.36 (C18); 136.86 (C13);
126.97 (C12); 125.24 (C11); 80.88 (C3); 66.25 (C28); 54.97 (C5); 54.20 (C9);
42.74 (C17); 40.68 (C14); 38.48 (C10); 37.89 (C1); 37.89 (C22); 37.78 (C8); 36.56
(C19); 36.49 (C4); 34.62 (C20); 32.12 (C21); 29.95 (C16); 29.95 (C7); 27.82
(C23); 24.36 (C15); 23.48 (C2); 22.67 (C27); 21.39 (C30); 21.35 (OCOCH,); 21.35
(OCOCH,;); 20.65 (C26); 18.15 (€C29); 16.72 (C25); 16.20 (C24). IR (v, cm):
2940 (C-H); 1728 (C=0); 1237 (C-0). [a]D: —25.00 (c 1, CHCL,).
(138)-13,28-epoxyurs-11-en-35-of (UAD8): The derivative UAD5 (213 mg,
0.46 mmol) was dissolved in CH,Cl, and treated with BF,-Et,0 (24 uL, 0.19
mmol) at —78°C for 2 h, a similar procedure to that described for preparing
compound UADSG, except that the reaction was carried out at low temperature.
The reaction product (172.4 mg) was chromatographed on silica gel (eluent
n-hexane/EtOAc 19:1) to afford the cyclic ether UAD8 (79.8 mg; 39% yield). 'H
NMR (CDCl,) 65.73 (d, 1H, /= 10.3 Hz, H12); 5.48 (dd, 1H, /= 3.2, 10.3 Hz,
H11); 3.66 (d, 1H, /= 6.7 Hz, H28a); 3.21 (d, 1H, /= 6.7, H28b); 3.20 (dd, 1H, J
=4.9, 11.3 Hz, H3); 1.26 (s, 3H, CH,); 1.00 (s, 3H, CH,); 0.98 (s, 3H, CH,); 0.96
(s, 3H, CH,); 0.96 (s, 3H, CH,); 0.89 (s, 3H, CH,); 0.77 (s, 3H, CH,). C NMR
(CDCl,) 6 132.89 (C12); 129.62 (C11); 84.96 (C13); 79.01 (C3); 77.06 (C28);
61.36 (C5); 54.82 (C18); 53.02 (C9); 44.32 (C17); 42.45 (C10); 41.71 (C14); 40.83
(C19); 38.95 (C8); 38.29 (C1); 37.78 (C20); 36.42 (C4); 35.06 (C22); 31.46 (C21);
31.46 (C7); 27.82 (C23); 27.12 (C15); 25.43 (C16); 25.43 (C2); 19.51 (C27); 19.29
(C30); 18.26 (C29); 17.78 (C6); 17.23 (C26); 14.99 (C25); 14.21 (C24). HRMS
calcd for C, H,4O,H: 441.7159; found: m/z 441.3716. IR (v,,,,, cm): 3306 (O-H);
2920 (C-H); 1022 (C-O-C); 989 (C-0O-C). [a]D: +94.6 (c 1, CHCI,) (Figure 4).
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Figure 4. '"H NMR spectrum of UADS8 (200 MHz, CDCl,) and "*C NMR spectrum of UAD8 (50 MHz, CDCl,).
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3.2. Effect of the Ursolic Acid Derivatives on Cell Viability,
NF-kB Expression and Apoptosis

Ursolic acid is a pentacyclic triterpene extracted and purified from many plant
species that presents considerable pharmacological effects [5]-[11] [16]. In the
present study, some of the UA derivative compounds were able to reduce the
viability of A549 cells and, among these, the UAD1 showed better results. The
improvement in the efficacy of UADI1 could be related to the esterification at
C-28 in this compound. In HT-29, HepG2 and BGC-823 (human cancer cell
lines) were already observed that UA derivatives obtained by esterification in
C-3 or C-28 had increased cytotoxicity against these cells, due to the enhance in
the lipophilicity and better permeability through cell membranes [17].

In Table 1, it is possible to observe that the compounds UAD1, UAD3,
UADS5, UAD6 and UADS8 were able to reduce the viability of the A549 cells in at
least one of the tested concentrations, when compared to the control (not treated
A549 cells). The UADI was more efficient than UA to reduce the cellular viabil-
ity in all concentrations tested. In the 24 h of culture (Table 2) only the UA (90
uM), UADI1 (60 uM; 90 uM), UADG6 (90 uM) were capable to reduce the cellular
viability in relation to the control. No differences were observed between the
control and DMSO treated cells.

The derivatives UADS5, UAD6 and UADS8, which have a hydroxyl in C-3,
showed cytotoxicity against A549 cells at 60 pM and 90 uM. The maintenance of
the hydroxyl in the C-3 and/or C-28 shows to be essential to the cytotoxicity of
the derivatives since, compounds that not display this hydroxyl have reduced
cytotoxic capacity [18].

The NF-xB expression was evaluated after 24 h of culture (Table 3). The
compounds UA, UAD1, UAD2, UAD4, UAD5, UAD6, UAD7 and UADS8 showed

Table 1. Viability of A549 cells after 48 hours of treatment with ursolic acid (UA) or ur-
solic acid derivatives (UAD1-UADS8) in the concentrations of 30, 60 and 90 uM.

Cellular viability + SEM (%)

Compounds 30 uM 60 uM 90 uM
UA 99.66 + 2.54 *23.45 +1.48 *2.88 £0.19
UAD1 3,67 +0.41 #0.12 + 0.05 #0.06 + 0.02
UAD2 95.67 £ 1.17 96.25 +£2.93 92.39 +£2.93
UAD3 100 100 *90.31 £ 1.24
UAD4 100 100 100
UAD5 93.75+1.21 *74.52 £2.28 *33.36 £ 1.24
UAD6 100 *74.2 +1.31 *33.75+2.84
UAD7 99.41 £5.79 100 100
UAD8 98.83 £ 2.36 *75.25 £ 4.39 *46.38 £ 2.01

UA = Ursolic acid; UAD = Ursolic acid derivative; *p < 0.05 versus untreated cells (100% viability); *p <
0.05 versus UA.
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Table 2. Viability of A549 cells after 24 hours of treatment with ursolic acid (UA) or ur-
solic acid derivatives (UAD1-UADS8) in the concentrations of 30, 60 and 90 uM.

Cellular viability + SEM (%)

Compounds 30 uM 60 uM 90 uM
UA 100 91.47 +£3.74 *33.91 + 1.67
UAD1 100 #28.59 +4.78 536+ 0.21
UAD2 100 100 100
UAD3 100 100 100
UAD4 100 100 99.54 + 4.66
UAD5 100 100 100
UAD6 100 100 *55.24 £ 2.03
UAD7 100 100 100
UADS 100 100 100

UA = Ursolic acid; UAD = Ursolic acid derivative; *p < 0.05 versus untreated cells (100% viability); *p <
0.05 versus UA.

Table 3. NF-xB expression percentage in A549 cells after 24 hours of treatment with ur-
solic acid (UA) or ursolic acid derivatives (UAD1-UADS) in the concentrations of 30, 60
and 90 pM.

NEF-«B expression £ SEM (%)

Compounds 30 uM 60 uM 90 uM
UA *83.12 £ 0.04 *65.74 + 0.94 *41.96 + 0.45
UAD1 *84.06 + 0.03 #439.63 £ 0.29 730.55 + 0.32
UAD2 90.51 +0.04 91.41 +£0.22 *83.66 £ 0.12
UAD3 93.83 £0.02 91.34 £0.14 90.72 £ 0.15
UAD4 89.92 £ 0.27 92.24 +£0.05 *83.06 + 0.02
UADS5 89.38 £ 0.22 91.41+0.24 *86.44 +0.23
UAD6 *94.5 +0.21 92.42 +0.16 *81.46 £ 0.25
UAD7 90.37 £0.13 89.51 +0.22 *85.36 £ 0.02
UADS8 93.59 £ 0.22 89.15 £ 0.09 *81.82 +0.19

UA = Ursolic acid; UAD = Ursolic acid derivative; *p < 0.05 versus untreated cells (91.50 + 0.57 NF-«B ex-
pression percentage); *p < 0.05 versus UA.

reduction of the NF-«B expression. The UAD1 showed the reduction in all con-
centrations. Interestingly, the UAD6 showed enhanced of NF-xB expression at
30 uM and the reduction in the highest concentration. This increase could be
related to its inability to reduce the cell viability in this concentration probably
due to its different ring conformation. Studies already showed that unprece-
dented conformations could change the biological activity of the synthesized
compounds [19] [20] [21] [22].

In the present study, the cytotoxicity and the NF-xB expression were eva-
luated in A549 cells treated with semisynthetic UA derivatives, which showed a
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reduction in the NF-«B expression. Different studies showed that NF-«B pro-
motes the cell survivability, the positive expression of proliferation and metasta-
sis genes and the expression of anti-apoptotic factors being its inhibition a po-
tential therapeutic target in cancer treatment [23] [24]. Moreover, was already
shown that the inhibition of NF-xB expression promotes cancer cells death
without effects on healthy cells, reinforcing the induction of cell death potential
and the selectivity of inhibitors of this signalling pathway [25].

The apoptosis induction was evaluated in the compounds with better results
in MTT assay at 90 pM. The compound UAD1 showed the greater apoptosis
induction. The UAD1 and UADS were significantly different from UA and A549
not treated. On the other hand, UA, UAD5 and UADG6 were different only from
A549 not treated (Figure 5). The ursolic acid has been demonstrated a potential
apoptosis induction activity in tumor cells [26] [27]. The treatment with ursolic
acid was able to restrain the invasive capacity of Gallbladder carcinoma cells and
to induce apoptosis, being these effects associated with the inhibition of NF-xB
[26]. In oral squamous cell carcinoma, the treatment with ursolic acid acted as a
potent apoptosis inductor dependent of the caspase, being this mechanism regu-
lated by the inhibition of the Akt/mTor/NF-«B signalling [27].

Among the compounds were selected the UAD1, UAD5, UAD6 and UADS
derivatives, which showed better results on cytotoxicity and NF-xB inhibition,
for the apoptosis analysis. All these derivatives showed an increase in apoptosis
in relation to A549 not treated cells. Moreover, the UAD1 and UADS8 showed

90+
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704 b
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50

40-

APOPTOSIS (%)

30+

20+

104

0- T T
A549 UA UAD1 UADS UAD6 UAD8

Figure 5. Flow cytometry apoptosis analysis of A549 cells. The A549 cells were treated or not with
ursolic acid (UA) or ursolic acid derivatives (UAD1, UADS5, UAD6 or UADS) at 90 uM during 36
hours. The apoptosis was determined by flow cytometry analysis of annexin-V staining. a = p < 0.05
when related to A549 not treated (control). b = p < 0.05 when related to UA treated cells. Bars
represent the mean + SEM of apoptosis percentage.
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also more apoptosis than UA treatment. Thus, can be highlighted the UAD1 de-
rivative that showed better results than UA in all assays. In previous studies, this
derivative already showed cancer cell cytotoxicity; however, not in the A549 cell
line and neither the expression of NF-xB or apoptotic effect of this compound
were evaluated [18] [28]. In spite of the promising results of the present study, is
relevant to state that this is a preliminary study, being necessary further tests to
clear the mechanism of action of these compounds. Moreover, in vivo studies

need to be done to prove the same effects observed.

4. Conclusion

The ursolic acid derivatives showed that substantial results in the apoptosis, cy-
totoxicity and NF-«B inhibition of A549 cells, and further studies on the signal-
ing pathway, also the mechanisms of action of these derivatives, are necessary

for the development of possible new therapeutic drugs.
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