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Abstract: Lantana camara L. and Lantana montevidensis Briq. (F. Verbenaceae) are invasive ornamental
weeds native to the tropical regions of Africa and America. The leaves of both species have been
traditionally used as infusions for treating fever, rheumatism, and cancer. LC–MS–MS-guided
profiling of the methanolic extracts of the leaves of L. camara and L. montevidensis growing in Egypt led
to the putative identification of 59 compounds belonging to terpenoids, flavonoids, iridoid glycosides,
phenolic acids, and their derivatives. The in-vitro antioxidants and anti-inflammatory and anticancer
activities of the two extracts were investigated. L. camara and L. montevidensis inhibited DPPH•

(IC50 = 34.01 ± 1.32 and 47.43 ± 1.74 µg/mL), ABTS+ (IC50 = 30.73 ± 1.42 and 40.37 ± 1.51 µg/mL),
and superoxide anion (IC50 = 1.57 ± 0.19 and 1.31 ± 0.14 µg/mL) free radicals. A potent anti-
inflammatory effect was observed for both species through the inhibition of elastase release in
fMLF/CB-induced human neutrophils (IC50 = 2.40 ± 0.16 and 1.90 ± 0.07 µg/mL). The extracts
showed significant cytotoxic activity against a panel of cancer cell lines with the most potent activity
against Caco cells (IC50 = 45.65 ± 1.64 and 40.67 ± 1.52 µg/mL for L. camara and L. montevidensis,
respectively). Western blotting supported by FACS analysis revealed that the extracts inhibited cancer
cell proliferation, reduced metastasis, and induced apoptosis resulting in cell cycle arrest. This was
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achieved via increasing mRNA and protein expressions of p53 and GSK-3β as well as decreasing the
expression of PI3K, Akt, and cyclin D1.

Keywords: Lantana camara; Lantana montevidensis; antioxidant; anti-inflammatory; cytotoxicity;
LC–MS–MS

1. Introduction

Lantana sp. (Verbenaceae) is a highly invasive tropical weed that attacks more than
60% of forests worldwide [1]. The genus harbors 150 species and is native to the tropical
and subtropical areas of South America, Asia, and Africa. L. camara L. is the most dominant
species [2]. Although Lantana sp. is used in many countries as a decorative ornamental,
the presence of pentacyclic triterpenoids, including lantadenes A and B in their leaves
and seeds, has been correlated with the plant’s adverse effects, especially when ingested
by animals, causing cholestasis, hepatotoxicity, and phototoxicity [2]. Lantana sp. is rich
in phenolics, including flavonoids, iridoids, and phenylethanoids. It likewise contains
alkaloids and furanonaphthoquinones. In some countries the fruits are edible and the
whole Lantana sp. parts are used in folk medicine against fever, cancer, influenza, skin sores,
chickenpox, measles, asthma, leprosy, rheumatism, and hypertension [3]. Some of these
uses were proven by several studies, which reported that the leaf extracts demonstrated
anti-inflammatory [4], anticancer [5], antibacterial [6], antifungal, insecticidal [7], and
nematocidal activities [2]. Externally, the leaf extract is applied to the skin to heal ulcers [8]
and eczema exacerbations. L. camara showed an ecological role by accumulating heavy
metals from the soil in its roots [9]. In contrast to L. camara L., which is native to Africa and
America, L. montevidensis Briq. is a small shrub indigenous to South American countries,
such as Uruguay and Brazil. It is rich in phenolics, flavonoids, iridoids [10], and triterpenes.
It shows antioxidant [11], antibacterial [12], and antiprotozoal [13] activities.

The accumulation of reactive oxygen species (ROS) is usually elicited by the improper
balance between their production and elimination, resulting in oxidative stress, which
may lead to chronic inflammation. The latter is a key factor that triggers numerous neu-
rological [14], cardiovascular [15], hepatic [16], diabetic [17], and retinal disorders [18].
Neutrophil infiltration is one key parameter linked to inflammation and is characterized,
among others, by the accumulation of superoxide anion free radicals, the release of elastases,
the stimulation of serine proteases that can attack the host’s own proteins, such as lung
elastin and fibronectin with the subsequent release of proinflammatory cytokines [19,20].
Excessive neutrophil activation is a profound phenomenon in the different stages of cancer
development and the viral infection cycle, where the virus may act as a carcinogenic agent.
Therefore, it is crucial to search for new agents from nature to inhibit neutrophil functioning,
which can also indirectly suppress oxidative stress and carcinogenesis.

Cancer represents a serious public health concern with a large socioeconomic burden,
especially in developing countries. By 2030, the worldwide cancer burden is expected to
increase to 26 million new cases and 17 million deaths due to population expansion and
aging [21]. Lung cancer has been reported to be the most prevailing diagnosed type and
the leading cause of cancer death followed by breast, colorectal, and prostate cancer [22].
Surgical interventions, radiation, and chemotherapy are still the mainstay of cancer treat-
ments despite their severe side effects arising from the indiscriminate destruction of normal
cells. Therefore, there is a constant quest for the discovery of selective alternative therapies
with better safety profiles, especially from nature [20,23].

AkT is a proto-oncogenic serine-threonine kinase that plays a role in cell proliferation
and apoptosis. The activation of the PI3K/AkT pathway was observed in several cancer
types. Therefore, the inhibition of PI3K/AkT signaling results in p53 activation, cell
cycle arrest, and cancer cell apoptosis [24]. Glycogen synthase kinase 3 (GSK-3β) is a
constitutively active serine/threonine kinase that is physiologically inhibited by PI3K.
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G1/S specific cyclin D1 is a mitogenic signal sensor whose degradation is regulated by
GSK-3β and its gene expression is downregulated due to the negative regulation of GSK-3β
on the oncogenic Wnt/β-catenin signaling. Cyclin D1 activity is normally intensified in
cancer; therefore, cancers showing overexpression of cyclin D1 are susceptible to GSK-3β
activation [25].

In continuation of our work (in finding new sources of pharmacologically active
molecules from Egyptian flora [26,27]), we performed a detailed LC–MS–MS metabolome
profiling of the polyphenol-rich leaf extracts of L. camara L. and L. montevidensis Briq.
A comparative assessment of the extracts’ antioxidant potential, their inhibitory effects
on neutrophil elastases, as well as their cytotoxic activities on cancer cell proliferation
and metastasis supported by mechanistic studies on their effects on PI3K/AkT and GSK-
3β/Cyclin D1 signaling pathways, were likewise investigated.

2. Results and Discussion
2.1. LC–LTQ–MS–MS Analysis and GNPS-Aided Annotation of L. camara and L. montevidensis
Constituents

The metabolomic mass profiles of the two Lantana extracts, L. camara and L. montev-
idensis, were screened using the Global Natural Product Social Molecular Networking
(GNPS) based on tandem mass spectrometry data (Figures 1 and 2) [28–30] in the positive
ionization mode of Lantana extract samples. The metabolites were represented by nodes in
the molecular network, with chemically related metabolites clustered together. The network
in Figure 2 was displayed as a pie chart to reflect the relative abundance of each ion in the
analyzed Lantana extract samples. The results demonstrated a total of 157 nodes assigned
for the parent ions of L. camara demonstrated in Figure 2 as yellow-colored nodes, of which,
five parent ions matched five known standards in the GNP library (Table 1) belonging to
pentacyclic triterpenes, sesquiterpenes, flavonoids, and amides. On the other side, a total of
153 nodes were assigned for the parent ions of L. montevidensis demonstrated in Figure 2 as
blue-colored nodes, of which, four parent ions matched the known standards in the GNP
library, namely palmitamide, α-humulene, coprostanone, and carminic acid. The network
showed the similarities and variances of metabolites in both extracts and prescribed N1–59
as the identified metabolites (Table 1).
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Table 1. 

 

Figure 1. LC-MS chromatograms of L. montevidensis and L. camara in the positive ion mode prescribing the annotated metabolites from N1–N59 as exhibited
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Table 1. LC–LTQ–MS–MS dereplication of the alcoholic leaf extracts of L. camara (Lc) and L. montevidensis (Lm) crude extracts.

No. Compound Name Rt Formula m/z MS2 Relative Abundance
Chemical Class Ref.

Lc Lm

1. Palmitamide 1.69 C16H33NO 257.2312 239.1328, 201.1358, 187.1268, 103.0043, 88.9936 11.84 4.58 FA amide GNPS
2. Gallic acid 2.67 C7H6O5 171.5321 152.9517, 85.9147 17.85 12.44 Phenolic acid [31]

3. α-Humulene 2.76 C15H24 202.3955 155.9594, 141.9675, 127, 9391 9.65 4.14 Monocyclic
sesquiterpene GNPS
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Table 1. Cont.

No. Compound Name Rt Formula m/z MS2 Relative Abundance
Chemical Class Ref.

Lc Lm

4. p-Coumaric acid 3.73 C9H8O3 166.5324 148.9633, 119.9389 5.95 3.97 Phenolic acid [32]

5. Theveside 3.88 C16H22O11 391.1981 373.0371, 355.0253, 279.0401, 228.9559, 210.9715,
192.9794, 148.935 7.15 6.09 Iridoid [33]

6. Ferulic acid 4.82 C10H10O4 193.3430 174.9286, 162.9635, 116.9951 15.32 14.58 Phenolic acid [34]
7. Lamiridoside 8.01 C17H26O12 425.3458 276.1333, 218.0855, 160.0576 12.52 12.14 Iridoid [35]
8. Momorodol 9.84 C26H49O5 441.5767 292.1333, 234.0912, 176.1231, 172.0572, 160.0817 9.09 6.65 Triterpene [36]
9. Pomolic acid 10.01 C30H48O4 473.4977 455.1928, 397.1318, 321.1171, 227.0642, 169.0692 11.08 3.49 Triterpene [13,37]
10. Coprostanone 10.12 C27H46O 387.3893 369.0617, 355.1737, 351.2124, 313.1629, 269.1862 6.31 3.55 Triterpene GNPS

11.
Dihydrixyolean-enoic

acid
(Hederagenin)

10.12 C30H49O4 473.5281 455.1928, 397.1318, 379.2358, 339.2030, 321.1171,
245.1248, 227.0642, 203.1588 11.08 8.26 Triterpene [37,38]

12. Carminic acid 10.18 C22H20O13 491.3225 315.1465, 300.1916, 159.1022 32.62 21.71 Flavonoid GNPS
13. Amyrin 10.42 C30H50O 467.4973 334.1802, 276.1421, 218.0966, 160.013 - 6.39 Triterpene [38]
14. Rutin 10.77 C27H30O16 611.6093 553.2927, 477.2678, 317.1439, 301.124, 271.1095 45.86 39.98 Flavonoid [31]

15. Lantadene C 11.32 C35H54O5 553.61 535.2781, 525.3694, 495.2407, 477.2509, 401.1971,
301.1317 21.51 24.82 Triterpene [39]

16. Calceolarioside E 11.88 C23H26O11 479.4901 461.0790, 443.0788, 425.1241, 317.0097, 299.1252,
263.1182, 162.982 17.17 11.54 Phenolic acid [37]

17. Triterpene glycoside
derivative 12 - 589.7351 513.2347, 455.2542, 437.2231, 379.2318, 285.1443 57.74 73.83 Triterpene glycoside [39,40]

18. Triterpene glycoside
derivative 12.4 - 727.4208 709.4453, 669.3836, 670.4085, 651.4137, 611.3975,

593.3708 56.84 73.05 Triterpene glycoside

19. Triterpene glycoside
derivative 12.5 - 647.7673 571.2557, 513.2347, 455.2542, 437.2231, 379.2318,

285.1443 73.45 100 Triterpene glycoside [41]

20. Triterpene glycoside
derivative 12.8 - 705.8645 571.2820, 513.2588, 629.2966, 437.2466, 495.2869,

455.2817, 285.1443 55.65 75.45 Triterpene glycoside [39,40]

21. Triterpene glycoside
derivative 13.4 - 785.4552 727.4422, 709.4453, 669.3836, 670.4085, 651.4137,

611.3975, 593.3708, 66.14 67.99 Triterpene glycoside

22. Durantoside 13.13 C35H40O19 763.9281 687.3165, 629.3169, 571.0399, 513.3507, 437.2202,
285.1336 39.41 52.87 Iridoid [40]

23.

Dihydroxy-
dimethoxyflavone-O-

glucopyranoside
(Camaroside)

13.45 C23H24O11 477.4684 459.1729, 357.1318, 315.2007, 301.1745 47.17 36.08 Flavonoid [37]
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Table 1. Cont.

No. Compound Name Rt Formula m/z MS2 Relative Abundance
Chemical Class Ref.

Lc Lm

24. Triterpene glycoside
derivative 14.27 - 843.9122 785.4807, 767.5064, 727.5031, 709.4918 54.35 54.97 Triterpene glycoside

25. Triterpene glycoside
derivative 14.83 - 901.9307 543.5972, 825.6067, 767.5857, 709.5566 39.59 38.59 Triterpene glycoside

26. Lantanoside 14.68 C25H26O12 519.6086 459.1729, 357.1318, 315.2007, 301.1745, 10.89 10.75 Flavonoid [42]

27.
Cirsiliol/

Trihydroxy-
dimethoxyflavone

15.05 C17H14O7 331.4301 316.1003, 285.1243, 271.1618, 151.052 14.30 17.36 Flavonoid [43,44]

28. Hexahydroxyflavone
(Gossypetin) 15.07 C15H10O8 318.6483 283.10, 242.90, 183.05, 169, 156.90, 109, 96.92 6.03 4.86 Flavonoid [37]

29. Caffeic acid 16.26 C9H9O4 181.5156 162.9605, 135.0327, 107.0433, 59.0440 23.17 16.72 Phenolic acid [44]
30. Copaenol 16.44 C15H25O 221.7963 203.0473, 175.0733, 161.0492 13.81 5.39 Sesquiterpene [45]
31. Catechin 16.81 C15H15O6 291.6731 273.0806, 255.1193, 217.0495, 147.0402 12.79 9.06 Flavonoid [46]

32. Methyl-
hydroxylantanolate 16.84 C31H49O 500.7488 482.2634, 469.2448, 401.2497, 317.1457 5.21 3.48 Triterpeme [47]

33. Ursangilic acid 17.06 C36H54O6 583.6300 565.2075, 485.2668, 467.3068, 449.361 6.46 8.04 Triterpene [40,48]

34. Benzalkonium
chloride 17.65 C21H38N+ 304.8513 212.1338, 90.9176 3.6 - Ammonium

Compound GNPS

35.
Dihydroxy-

dimethoxyflavone
(Pectolinarigenin)

18.05 C17H14O6 315.5381 300.0404, 282.0015, 269.0966, 121.0294 26.17 22.87 Flavonoid [37,49]

36. Dihydroxy-
trimethoxyflavone 18.20 C18H17O7 345.4969 330.1257, 313.1737, 285.16, 151.0042 17.83 4.92 Flavonoid [50]

37. Lantaninilic
acid/Lantoic acid 18.50 C30H46O5 487.6703 469.2092, 451.2662, 433.2741, 405.2914, 259.1011 18.75 10.55 Triterpene [37,51]

38. Camarin 18.62 C30H46O4 471.865 451.2739, 433.3931, 423.2796, 405.3678, 395.294,
313.2488, 271.192 46.93 15.27 Triterpene [52,53]

39. Stigmasterol acetate 18.77 C31H50O2 454.2024 328.1359, 299.1358. 270.1251, 241.083, 211.9450,
182.9712 16.83 18.26 Triterpene [35]

40. Triterpene glycoside
derivative 18.99 - 927.9218 851.6035, 793.5519, 735.5273, 677.4890, 635.4446 28.27 34.97 Triterpene

41. Pomonic acid 19.24 C30H46O4 469.6669 451.2739, 395.294, 313.2488 20.68 17.92 Triterpene [37]

42. Triterpene glycoside
derivative 19.80 - 985.9156 909.6604, 851.6151, 793.5680, 735.5282, 677.4925 35.37 43.41 Triterpene
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Table 1. Cont.

No. Compound Name Rt Formula m/z MS2 Relative Abundance
Chemical Class Ref.

Lc Lm

43. Lantadene A 20.02 C35H52O5 552.7491 524.3465, 506.4606, 478.4638, 316.2659 26.88 31.96 Triterpene [54]

44. Lantanone 20.14 C32H48O5 512.3184 482.4986, 425.2136, 357.3943, 328.3304, 299.2942,
270.1839 5.81 47.77 Triterpene [37]

45. Lablaboside
derivative 20.51 - 1043.9023 941.7347, 793.5754, 647.5658, 473.4372, 389.2796,

331.2671 37.08 45.57 Triterpene glycoside

46. Lantadene D 21.21 C34H52O5 541.2581 511.6045, 425.2182, 357.3688, 328.3118, 299.2821,
270.2123, 241.122 6.53 56.70 Triterpene [39]

47. Lablaboside A 21.26 C54H87O23 1102.8948 941.7347, 793.5754, 647.5658, 473.4372, 389.2796,
331.2671 37.39 47.76 Triterpene

glycosides [41]

48. Icterogenin/Lantacin 21.64 C35H52O6 570.2877 551.2625, 451.2778, 405.2828, 357.3562, 299.2313,
241.1121 59.43 67.93 Triterpene [39,40,52]

49. Osmanthuside B 22.33 C29H36O13 592.267 574.2937, 524.5654, 447.2928, 389.3079, 331.2425,
273.1571 30.85 32.81 Phenolic acid [55]

50.
Hydroxyoleanonic
acid/Lantabetulic

acid
22.78 C30H48O4 470.0257 452.2639, 434.261, 396.2762, 307.0825 - 17.92 Triterpene [37,42,56]

51. Isonuomioside A 23.01 C28H34O15 610.2413 591.4889, 531.5561, 447.2902, 389.2357, 339. 1718,
243.0484 49.29 48.15 Phenolic acid [42]

52. Cistanoside C 23.31 C30H38O15 639.2013 621.2913, 552.4019, 505.355, 447.2967 44.41 44.59 Phenolic acid [55]
53. Lipedoside A 25.42 C29H36O14 609.6940 591.3207, 559.3793, 531.3948, 515.344 49.29 48.15 Phenolic acid [55]

54.
Apigenin-6,8-di-C-
glycoside (Vicenin

2)
25.48 C27H30O15 594.9509 576.4872, 534.3077, 474.3816, 642.376, 317.2311,

236.2413 100 54.74 Flavonoid [55]

55. Camarinic acid 26.57 C35H62O3 529.1427 283.2026, 256.3454, 246.3058, 242.3309, 163.1626,
149.1549 15.61 6.3 Triterpene [57]

56. Pheophorbide A 26.59 C35H36N4O5 593.9152 533.391, 473.4104, 461.4372, 433.4519 30.61 54.74 Chlorophyll
derivative [35]

57.
Pectolinarigenin-O-

rutinoside
(Pectolinarin)

27.88 C29H34O15 623.886 605.3220, 545.3717, 459.3893, 395.3564, 367.3008 14.18 9.35 Flavonoid [37]

58. Verbascoside/Forsythoside
A 27.89 C29H36O15 624.8313 606.2446, 546.3597, 397.3595, 284.3636, 266.3377 9.16 6.87 Phenolic acid [52,58]

59. Vanillic acid 31.12 C12H6O4 169.8434 150.9395, 140.9568, 123.0144, 108.9833 16.99 12.36 Phenolic acid [44]
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Figure 2. Molecular network (showing clusters of metabolites of interest) based on tandem mass
spectrometry data in the positive ionization mode of Lantana extracts. The network is displayed as a
pie chart to reflect the relative abundance of each ion in the analyzed samples. L. camara is indicated
in yellow and L. montevidensis is indicated in light blue.

LC–LTQ–MS–MS analysis and molecular networking analysis resulted in the tentative
identification of 59 compounds from both Lantana species, including 37 terpenoids, 3 iridoid
glycosides, 11 flavonoids/flavonoid glycosides, 11 phenolic acids and their derivatives,
among others (Table 1). The iridoid momordol and copaenol sesquiterpene were identified
for the first time from the genus Lantana. The iridoid glycoside, durantoside, was previously
identified in the roots of L. viburnoides [40]. Other identified compounds were previously
reported from L. camara and L. montevidensis.

Terpenoids are the major metabolites produced by the genus Lantana [40]. Various
pentacyclic triterpenoids have been reported in different Lantana species and are known for
their wide range of pharmacological activities. Lantadenes A, D, and C, icterogenin, and
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pomonic acid identified in our studied Lantana species showed mass data following the
previously reported data. Amyrin and lantabetulic acid were exclusively identified in L.
montevidensis.

Flavonoids represented one of the chief constituents in the genus Lantana, particularly
flavones and flavonols [40]. Vicenin-2 (m/z 594.96) was tentatively identified in L. camara
based on the characteristic fragmentation patterns of C-glycosides by cross-ring cleavage
of the glucose moiety and the subsequent formation of the fragment ions [M+H-120]+ [59].
The dimethoxy flavone pectolinarigenin (m/z 315.5381) was identified in both L. camara and
L. montevidensis. Flavonoid glycosides, such as pectolinarin, camaroside, and lantanoside,
were detected in both species. Their identification was based on the molecular ion peaks and
the respective sugars lost. A fragment ion at [M+H-162]+ indicated the loss of a hexoside
moiety, while a fragment ion at [M+H-204]+ corresponded to a loss of acetylhexoside.

Simple phenolic acids, such as gallic acid, ferulic acid, and coumaric acid having m/z
at 170.5321, 193.3430, and 166.5324, respectively, were detected in both Lantana extracts.
Other phenolic acids including cistanoside C, lipedoside A, osmanthuside B, forsythoside
A, calceolarioside E, isonuomioside A were also identified. Their mass fragmentation
patterns were characteristic, revealing the type of the attached phenolic acid, for example,
a loss of 163 Da corresponded to the loss of a caffeoyl moiety, while the loss of 147 Da
corresponded to the loss of coumaric acid moiety. Iridoids such as verbascoside (m/z
624.8313, C29H36O15) were found in both species with fragment ions corresponding to the
loss of both a caffeoyl moiety and a dehydrated rhamnose part [60].

2.2. Assessment of the Antioxidant Effects of L. camara and L. montevidensis Extracts
2.2.1. DPPH• Assay

The stable DPPH• radical scavenging activity assay was used to evaluate and compare
the antioxidant potential of L. camara and L. montevidensis extracts. The abilities of both
extracts to scavenge free radicals were assessed by measuring the change in absorbance
produced by the decrease of DPPH• radicals (Figure 3). The results demonstrated the dose-
dependent radical scavenging capabilities of the two extracts. L. camara demonstrated more
potent activity in scavenging DPPH• free radicals with an IC50 value of 34.01 ± 1.32 µg/mL
compared to L. montevidensis, which displayed an IC50 of 47.43 ± 1.74 µg/mL. The results
were comparable to the standard L-ascorbic acid (IC50 20.3 ± 1.24 µg/mL).
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2.2.2. ABTS+ Assay

The ABTS+ cation radical scavenging activity was measured using the decolorization
assay at various concentrations of L. camara and L. montevidensis. The results showed that
the ABTS+ cation radical scavenging activity of both extracts was concentration-dependent,
similar to the DPPH assay (Figure 3). The IC50 scavenging capability exhibited by L.



Plants 2022, 11, 1699 10 of 21

camara and L. montevidensis values were 30.73 ± 1.42 and 40.37 ± 1.51 µg/mL, respectively,
compared with the standard L-ascorbic acid showing IC50 of 15.7 ± 1.21 µg/mL. Based on
these findings, it can be concluded that both extracts exhibited a high radical scavenging
capacity by reducing oxidative stress.

2.3. In Vitro Assessment of the Anti-Inflammatory Effects of L. camara and L. montevidensis

The methanol extracts of L. camara and L. montevidensis were investigated for their anti-
inflammatory effects through the inhibition of superoxide anion generation and elastase
release in fMLF/CB-induced human neutrophils. The LDH assay was likewise performed
to assess the safety and/or toxicity of the tested extracts. LDH is a stable enzyme, present in
all cell types, rapidly released into the cell culture medium upon the damage of the plasma
membrane. The LDH assay is commonly used for the determination of cell death and
cytotoxicity [61]. The results of the LDH analysis indicated the nontoxic features of both
Lantana extracts at the tested dose of 10 µg/mL with cell viability exceeding 95% (Table 2).
Therefore, both samples did not affect the growth of human neutrophils at 10 µg/mL.

Table 2. The effects of Lantana extracts on the release of lactate dehydrogenase (LDH) in human
neutrophils.

Extract Cell Viability (%)

L. camara 95.88 ± 4.60
L. montevidensis 97.11 ± 2.89

Percentage of cell viability (%) at 10 µg/mL. Results are presented as mean ± SEM (n = 3).

Lantana extracts showed a dose-dependent inhibition of superoxide anion generation
and elastase release in fMLF/CB-induced human neutrophils (Tables 3 and 4). The extract
of L. montevidensis demonstrated slightly more potent inhibition of superoxide anion with
an IC50 of 1.31 ± 0.14 µg/mL compared to L. camara (IC50 of 1.57 ± 0.19 µg/mL). Similarly,
L. montevidensis methanolic extract showed marked inhibition of elastase release (IC50
of 1.90 ± 0.07 µg/mL) compared to L. camara extract (IC50 of 2.40 ± 0.16 µg/mL) in
fMLF/CB-induced human neutrophils. Both extracts at 10 µg/mL almost completely
(~100%) attenuated the activation of human neutrophils, which play role in different stages
of cancer and viral infections. Our results support previous studies reporting the anti-
inflammatory activities of L. camara and L. montevidensis in different models [62,63]. This
activity was attributed to their phytoconstituents, such as pectolinarigenin, and rutin,
among others, which showed anti-inflammatory activity in previous reports [51,64–66].

Table 3. Effects of Lantana extracts on superoxide anion generation in fMLF/CB-induced
human neutrophils.

Extract IC50
a Inhibition%

(1 µg/mL)
Inhibition%

(3 µg/mL)
Inhibition%
(10 µg/mL)

L. camara 1.57 ± 0.19 µg/mL 24.80 ± 4.53 ** 91.94 ± 4. 90 *** 100.49 ± 1.14 ***
L. montevidensis 1.31 ± 0.14 µg/mL 29.90 ± 4.28 *** 97.70 ± 0.26 *** 100.92 ± 0.29 ***

LY294002 b 2.41 ± 0.26 µM

Results are presented as mean ± SEM (n = 3–5). ** p < 0.01, *** p < 0.001 compared to the control (DMSO).
a Concentration necessary for 50% inhibition (IC50). b LY294002, the PI3K inhibitor, was used as a positive control
with potent suppressive effects.
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Table 4. Effects of Lantana extracts on elastase release in fMLF/CB-induced human neutrophils.

Extract IC50
a Inhibition%

(1 µg/mL)
Inhibition%

(3 µg/mL)
Inhibition%
(10 µg/mL)

L. camara 2.40 ± 0.16 µg/mL 9.95 ± 2.32 * 64.22 ± 6.33 *** 109.24 ± 5.15 ***
L. montevidensis 1.90 ± 0.07 µg/mL 16.68 ± 0.04 *** 80.82 ± 4.68 *** 115.84 ± 2.02 ***

LY294002 b 3.18 ± 0.57 µM

Results are presented as mean ± SEM (n = 3–5). * p < 0.05, *** p < 0.001 compared to the control (DMSO).
a Concentration necessary for 50% inhibition (IC50). b LY294002, the PI3K inhibitor, was used as the positive
control with potent suppressive effects.

2.4. In Vitro Cytotoxicity Studies on L. camara and L. montevidensis Extracts

L. camara extract demonstrated cytotoxic effects when evaluated on MDA-231, Caco,
PCL, and MCF-7 cancer cell lines with IC50 values of 74.3 ± 1.19, 45.65 ± 1.64, 52.55 ± 1.14,
and 78.08 ± 1.39 µg/mL, respectively. The IC50 values of L. montevidensis extract on
the same panel of cancer cell lines were 75.54 ± 1.35, 40.67 ± 1.52, 66.89 ± 1.24, and
61.43 ± 1.46 µg/mL, respectively (Figure 4). Our findings revealed the superiority of both
extracts, especially on the Caco colon cancer cell line, when compared to tamoxifen (TAM—
the reference drug), which had an IC50 value of 38.53 ± 1.25 µg/mL). The two Lantana
extracts did not display any cytotoxicity on WISH normal cells (IC50 values of 166.5 ± 1.78
and 199.1 ± 1.63 µg/mL, respectively), indicating their safety on normal cells, in contrast to
TAM, which showed cytotoxic effects on normal cells (IC50 = 30.62 ± 1.31 µg/mL) as well.
Accordingly, the Caco cancer cells were selected for further molecular mechanistic studies.
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cancer cell lines. Cells were treated with various concentrations of L. camara, L. montevidensis, and
tamoxifen for 48 h and cell viability was plotted against drugs concentration to calculate the IC50.
Results were expressed as mean ± SE, (n = 5).

2.4.1. Alterations in Morphological Features of Treated Cancer Cells

Cytotoxic agents frequently alter cell morphology, resulting in abnormal morphologi-
cal changes, elevated cellular debris, and reduction in cell number. In the current study,
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detectable morphological features of apoptosis were observed in Caco cells treated with L.
camara and L. montevidensis extracts, including cellular shrinkage, reduction in cell number,
detachment of the cells, cell rounding, and condensation of the cytoplasm. However, the
morphology of the untreated cells appeared normal and confluent (Figure 5).
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Figure 5. Morphological features of apoptosis in Caco cells treated with L. camara and L. montevidensis
extracts (at their IC50 concentrations) after 48 h.

2.4.2. Analysis of the Cell Cycle

Cell cycle arrest occurs when the PI3K/Akt protein kinases are inhibited. The acti-
vation of GSK-3β and the blockade of the cyclin D1 signaling pathway reduces the prolif-
eration and metastasis of the Caco cancer cell line. When compared with the untreated
cells, both extracts increased the percentage of cells in the sub-G0/G1 phase (the phase at
which the cells wait before entering the cell cycle to duplicate) in Caco cells at the IC50 level.
When the number of cells in this phase rises, the cell cycle stops, and division as well as
DNA replication are impossible. Figure 6 showed that at the IC50 concentrations, the two
Lantana extracts caused cell cycle arrest at rates of 19.2% and 17.2% in the sub-G0/G1 phase,
respectively, compared to the untreated Caco cells (3.4%). These findings showed that
Lantana extracts could inhibit the PI3K/AkT and GSK-3β/cyclin D1 signaling pathways, as
well as trigger apoptosis by arresting the cell cycle in the sub-G0/G1 phase [67,68].
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IC50 concentrations) after 48 h of treatment.

2.4.3. qRT-PCR Assessment

The mRNA expressions of the p53 (apoptotic markers), PI3K, and GSK-3β (prolifera-
tive markers) genes in the Caco cell line were measured using qRT-PCR. The expressions
of p53 and GSK-3β were significantly (p < 0.0001) enhanced in cells treated with both
Lantana extracts compared to the untreated cells. Similarly, PI3K gene expression was
downregulated in Lantana-treated cells as compared with the untreated cells (Figure 7).
Therefore, Lantana extracts had the potential to limit cancer cell proliferation and metastasis
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causing cell cycle arrest and apoptosis, which was clarified by the overexpression of p53
and GSK-3β as well as the downregulation of the PI3K gene [69].
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Figure 7. Relative expression of p53, GSK-3β, and PI3K in Caco cells. Results were expressed
as mean ± SE, (n = 3). **** p < 0.0001 is considered significant compared to the Caco control
untreated cells.

2.4.4. Immunoblotting Assay

Compared to the untreated cells, both Lantana extracts resulted in a significant decrease
in Akt protein kinase (Figures S1–S3) and cyclin D1 (Figures S4–S6) in Caco cells (Figure 8).
These findings revealed that the extracts suppressed PI3K resulting in Akt inhibition via
dephosphorylation. The dephosphorylation of Akt activates p53, which subsequently
arrests the cell cycle. It likewise stimulated GSK-3β, which inhibited cyclin D1, leading to
reduced cellular proliferation, angiogenesis, and metastasis.
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Figure 8. Western blot analysis of L. camara and L. montevidensis extracts in Caco cells. Results were
expressed as mean ± SE, (n = 3). *** p < 0.001 and **** p < 0.0001 is considered significant compared to
the Caco control untreated cells. Bands were relatively expressed to β-actin protein (internal control)
(Figures S7 and S8) by western blot analysis.
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3. Materials and Methods
3.1. Plant Collection and Extraction

Fresh young leaves of L. camara L. (Syn. Camara vulgaris Benth.) and L. montevidensis
(Spreng.) Briq. (Verbenaceae) were collected from South Valley University Garden and
Aswan Botanical Garden, Aswan, Egypt, respectively, in March 2020. The woody shrubs
of L. camara L. were grown in sandy soil, irrigated by groundwater wells, and supplied
by natural fertilizers. Nevertheless, L. montevidensis woody shrubs were grown in loam
soil, irrigated by river Nile fresh water, and supplied by natural fertilizers. Photos of the
collected fresh leaves are demonstrated in Figure 9. Authentication was achieved by Therese
Labib, Consultant at El-Orman Botanic Garden, Giza, Egypt. Voucher specimens were
deposited at the herbarium at the Department of Pharmacognosy, Faculty of Pharmacy, Ain
Shams University, Egypt (PHG-V-LC-244), and (PHG-V-LM-245). The dried plant materials
(500 g each) were extracted by successive maceration (3X-2 L each) in methanol (Al-Brouj,
Giza, Egypt). The macerate was filtered, evaporated, and concentrated in vacuo at 45 ◦C to
yield 2.17 g and 2.34 g of dark brown extracts of L. camara and L. montevidensis, respectively.
The methanol extracts were subsequently defatted using n-hexane (Al-brouj, Giza, Egypt),
evaporated, freeze-dried, then stored in amber-colored bottles for further chemical analysis
and biological investigations.
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3.2. LC–LTQ–MS–MS Analysis of L. camara and L. montevidensis Extracts

The defatted methanol extract was analyzed using LC–MS–MS. A Shimadzu LC-10
HPLC with a Grace Vydac Everest Narrowbore C-18 column (100 mm × 2.1 mm i.d., 5 µm,
300 Å). LC–MS, connected to an LTQ Linear Ion Trap MS (Thermo Finnigan, San Jose,
CA) was utilized with a mass range of 100–2000 m/z. A 2 µL sample was injected using
an autosampler. A 35 min method was used as follows: 5 min isocratic run using 5%
acetonitrile (Acn) and 0.05% formic acid (FA), then a gradient was run for 25 min until
95% AcN 0.05% FA. Finally, there was 5 min of conditioning the column with 5% AcN and
0.05% FA. The data were processed and analyzed using foundation 3.1_Xcalibur_3.1.6610.
Furthermore, the raw data files were converted to mzXML format using MSConvert from
the ProteoWizard suite [70]. The molecular network was created using the Global Natural
Products Social Molecular Networking (GNPS) online workflow [28,29]. The spectra in the
network were then searched against the GNPS spectral libraries and published data.



Plants 2022, 11, 1699 15 of 21

3.3. In Vitro Assessment of the Antioxidant Activities of L. camara and L. montevidensis Extracts
3.3.1. DPPH• Free Radical Scavenging

The DPPH• assay was used to examine the free radical scavenging capacity of the
two extracts according to the method published by Burits and Bucar [71] with certain
modifications. Briefly, various concentrations of LC and LM (1.56–100 µg/mL) were added
and mixed gently with 975 µL of (0.003 g%) DPPH• in methanol. The reaction mixture
absorbance (A) was measured at 515 nm using a Jenway 6305 UV/Vis spectrophotometer
after 1 h of dark incubation at room temperature. A reaction without the extract was carried
out as a control. As a positive control, L-ascorbic acid (20–100 µg/mL) was utilized, and
the DPPH• radical scavenging activity (%) was measured using the equation:

DPPH radical scavenging activity % =
A control − A sample

A control
× 100

3.3.2. ABTS+ Radical Scavenging Activity

The ABTS cation radical (ABTS+) scavenging activity of the two extracts was measured
according to Re et al. [72]. The ABTS solution (14 mM) reacted with the potassium persulfate
solution (4.9 mM) for 16 h in the dark. ABTS+ cation radicals were produced. The ABTS+

solution was diluted with distilled water to achieve an absorbance of 0.734 at 734 nm
before use. Then, 975 µL of ABTS+ solution was added to 25 µL of the two Lantana
extracts containing different concentrations (from 1.56 to 100 µg/mL). Absorbance was
measured at 734 nm after 4 min of dark incubation and compared to the control. Ascorbic
acid (20–100 µg/mL) was employed as a positive control and the ABTS+ cation radical
scavenging activity (%) was estimated using the following equation:

ABTS radical scavenging activity (%) =
A control − A sample

A control
× 100

3.4. In Vitro Assessment of the Anti-Inflammatory Activity of L. camara and L. montevidensis
3.4.1. Preparation of Human Neutrophils

Blood was collected from healthy human donors (20–35 years old) using a protocol
conducted according to the guidelines of the Declaration of Helsinki, and approved by
the institutional review board at Chang Gung Memorial Hospital (IRB no. 201902217A3).
Informed consent was obtained from all subjects involved in the study. Neutrophils were
isolated as previously described [73]. In brief, the blood samples were processed by
dextran sedimentation and Ficoll–Hypaque centrifugation, followed by hypotonic lysis of
contaminating red blood cells [74]. The segregated neutrophils were suspended and stored
in pH 7.4 Ca2+-free Hank’s balanced salt solution (HBSS) at 4 ◦C before the experiments.
Next, the Wright–Giemsa stain was applied to confirm the purity of the suspension of
neutrophils. Finally, the cellular viability of >98% was confirmed by the trypan blue
exclusion method.

3.4.2. Lactate Dehydrogenase (LDH) Assay

The damage or toxicity to the cells may be expressed as LDH release because the cell
membrane loses its integrity, and LDH stored in the cytoplasm is released outside the cell.
The cell viability assay based on LDH release was performed to ensure the safety of the
extracts on human neutrophils [75]. In brief, human neutrophils (6 × 105 cells/mL) were
preheated at 37 ◦C for 5 min in 1 mM CaCl2 and were incubated with the tested extracts
for 15 min. Total LDH released from the cells was incubated with 0.1% of Triton X-100 for
30 min to completely cause cell lysis. Cells were centrifuged at 4 ◦C for 200× g for 8 min,
an LDH reagent was added to the supernatant, and the mixture was incubated in the dark
at room temperature for 30 min. The absorbance was then measured at 492 nm, and the
LDH release was calculated and compared to the total LDH release set as 0%; untreated
cells were set as 100%.
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3.4.3. Measurement of Superoxide Generation

Ferricytochrome c was used to evaluate the superoxide release in human neutrophils [76].
The method was described in a previous study [77]. Human neutrophils (6 × 105 cells/mL)
were incubated in HBSS containing ferricytochrome c (0.6 mg/mL) and CaCl2 (1 mM). The
mixture was equilibrated at 37 ◦C for 5 min and then was incubated with the tested samples
or DMSO (control) for 5 min. Cells were primed by cytochalasin B (CB, 1 µg/mL) and were
activated with formyl-methionyl-leucyl-phenylalanine (fMLF, 100 nM) for 10 min. The
absorbance was constantly monitored at 550 nm using a double-beam, six-cell positioned
spectrophotometer Hitachi U-3010 with constant stirring (Hitachi Inc., Tokyo, Japan). Calcu-
lations were based on the differences in absorbance in the presence or absence of superoxide
dismutase (SOD, 100 U/mL) divided by the extinction coefficient for ferricytochrome c
reduced form (ε = 21.1/mM/10 mm). LY294002 was used as the positive control.

3.4.4. Measurement of Elastase Release

Elastase release was measured by degranulation of azurophilic granules in human
neutrophils [78]. Human neutrophils (6 × 105 cells/mL) were equilibrated with elastase
substrate MeO-Suc-Ala-Ala-Pro-Val-p-nitroanilide (100 µM) in HBSS supplemented with
CaCl2 (1 mM) at 37 ◦C for 2 min and then were incubated with samples or DMSO (control)
for 5 min. Human neutrophils were activated by 100 nM fMLF and 0.5 µg/mL CB and
the changes in the absorbance at 405 nm were continuously monitored by a spectrometer
(Hitachi U-3010, Tokyo, Japan) to record the elastase release. The results were expressed as
the percent of elastase release in the fMLF/CB-activated drug-free control system. LY294002
was used as the positive control.

3.5. In Vitro Cytotoxicity Investigation of L. camara and L. montevidensis Extracts
3.5.1. Cell Lines Maintenance and Treatment

The triple-negative breast cancer cell line (MDA-231), pancreatic cancer cell line
(PCL), estrogen receptor-positive breast cancer cell line (MCF-7), colon cancer cell line
(Caco), and WISH normal cell line were seeded with (1 × 104 cells/well) separately using
complete media containing Dulbecco’s Modified Eagle supplemented with 10% heat-
inactivated fetal bovine serum (FBS, GIBCO, Langley, OK, USA; cat. no. 10099133), 1%
penicillin/streptomycin (Thermo Fisher Scientific, Waltham, MA, USA; cat. no. SV30082) in
5% CO2 incubator and 95% humidified environment at 37 ◦C. All cell lines were provided
by the Centre of Excellence for Research in Regenerative Medicine and its Applications,
Alexandria University, Egypt. Cell lines were incubated with Lantana extracts at several
concentrations (0–200 µg/mL) and tamoxifen (TAM) as a standard chemotherapeutic drug
(0–100 µg/mL) for 48 h. The viability of cells was determined using the tetrazolium 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay (Gibco-BRL, New
York, NY, USA) [79].

3.5.2. Cell Morphology Study

Briefly, 1 × 105 of the Caco cell line was seeded in a 6-well plate, incubated for 24 h,
then treated with Lantana extracts at their IC50 concentrations. After 48 h of incubation,
morphological alterations of the treated and untreated cells were evaluated and captured
using an inverted light microscope (Olympus, Tokyo, Japan).

3.5.3. Cell Cycle Examination

Flow cytometry was used to analyze cell cycle phases using an Accuri C6 flow
cytometer (Becton Dickinson BD, Franklin Lakes, NJ, USA) on Caco cells 1 × 105 that
were trypsinized, centrifuged at 5000 rpm at 4 ◦C, washed with cold phosphate buffer
saline (PBS), and fixed with cold absolute ethanol, as described by Noser et al. and
Darzynkiewicz et al. [80,81].
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3.5.4. Quantitative Real-Time PCR (qRT-PCR)

The Caco 1 × 105 control and treated cells were trypsinized, centrifuged at 4500 rpm
at 4 ◦C, and washed with PBS. The pelleted cells were subjected to RNA extraction and
transcription to cDNA as described by Kvastad et al. [82]. The expressions of p53, GSK-3β,
and PI3K mRNA were measured using Applied qPCR Biosystems (Foster City, CA, USA)
on treated and control cells according to Livak and Schmittgen [83]. The primer sequences
were designed using primer 3 plus as shown in Table 5.

Table 5. Primer sequences used for qRT-PCR.

Gene Forward Primer (/5–/3) Reverse Primer (/5–/3)

p53 TAACAGTTCCTGCATGGGCGGC AGGACAGGCACAAACACGCACC
GSK-3β CCGACTAACACCACTGGAAGCT AGGATGGTAGCCAGAGGTGGAT

PI3K GCTCTCTCACTGCATACATTGT AGTCACAGCTGTATTGGTCG
GAPDH TGTGTCCGTCGTGGATCTGA CCTGCTTCACCACCTTCTTGA

3.5.5. Western Blot Analysis

The method of Mruk and Cheng was used for immunoblotting assay [84]. Proteins
were separated from Caco control and treated cells using cold RIPA lysis buffer and
were quantified using Bradford [85]. Equal amounts of proteins (20 mg) were separated
and transferred to a polyvinylidene difluoride (PVDF) membrane. After blocking the
membrane, the primary antibodies, phospho-AkT (ab81283) and cyclin D1 (ab134175),
were added and incubated with it. Then, the primary antibodies were removed, carefully
washed several times, and incubated with the secondary antibody horseradish peroxidase
(HRP) (ab205718). The bands were visualized using enhanced chemiluminescence (ECL)
detection kit (Promega, Madison, WI, USA). A gel documentation system (Geldoc-it, UVP,
Cambridge, UK), was applied for data analysis using TotalLab analysis software, Newcastle
upon Tyne, England, www.totallab.com, (Ver.1.0.1).

3.6. Statistical Analysis

Results are expressed as mean ± SEM value of at least three independent measure-
ments unless otherwise specified. The 50% inhibitory concentration (IC50) was calculated
from the dose-response curve obtained by plotting the percentage of inhibition versus
concentrations (linear function, Microsoft Office, Redmond, WA, U.S). Statistical analysis
was performed by Student’s t-test (Sigma Plot, Systat software, Systat Software Inc., San
Jose, CA, USA, anti-inflammatory assay). Values with * p < 0.05, ** p < 0.01, *** p < 0.001
were considered statistically significant.

4. Conclusions

LC–MS–MS-guided metabolic profiling of L. camara and L. montevidensis extracts re-
sulted in the tentative identification of 59 compounds belonging to different phytochemical
classes including pentacyclic triterpenes, flavonoids, and phenolic acids. In vitro studies
revealed that Lantana species displayed potent radical scavenging and anti-inflammatory
activities through the inhibition of elastase release in fMLF/CB-induced human neutrophils.
The extracts, despite their encouraging safety profile on normal human cells, exhibited
potent cytotoxic effects on a wide array of cancer cell lines, especially against Caco cells.
Lantana extracts induced apoptosis and triggered cell cycle arrest. They inhibited the prolif-
eration and metastasis of cancer cells by downregulating the PI3K/AkT signaling cascade
and reducing cyclin D1 levels via the activation of GSK-3β. Our findings imply that L.
camara and L. montevidensis crude extracts could be valuable sources for further research as
potential anticancer agents.

www.totallab.com
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