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Abstract: Antioxidants are the substances which significantly delay or prevent the development of age-related
degenerative and chronic diseases caused by oxidative damage. Due to this, there is a considerable interest in the
identification of lead molecules, which can inhibit the oxidation process or slow it down considerably. Based on
the spectrofluorimetric analysis of superoxide and diphenylpicrylhydrazyl radical scavenging ability, the bio-
assay guided isolation of methanolic extract of Nepeta floccosa Benth. was carried out. As a result of this study,
one new flavanonol named nepetavanol (1) and four known flavonoids; dihydrokaempferol (2), naringenin (3),
caulesnarinside (4), and poncirin (5) have been isolated. The structure of the new flavanonol was assigned on the
basis of *H- and **C-NMR spectra including two-dimensional NMR techniques such as COSY, HMQC, and
HMBC experiments and FABMS, EIMS, HR-MS data. Compound 1, 2, and 3 showed significant activity
whereas compounds 4 and 5 showed moderate activity against antioxidant assays.
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1. Plant Source

The genus Nepeta belongs to the family Lamiaceae which comprises around 250 species
mainly distributed in Asia, Europe, North America, North Africa, and Himalaya in India [1,2]. The
plant, N.floccosa Benth., was collected at the Parachinar Kurram Agency, Khyber Pakhtunkhwa,
Pakistan, in 2009, and was identified by Mr. Muhammad Siraj (plant taxonomist) at the Department of
Botany, Govt. Jehanzeb Post Graduate College, Saidu Shareef, Swat, Pakistan. A specimen of this
plant was deposited in the Herbarium of the College.

2. Previous Studies

For centuries plants have been used in folk medicine throughout the world. Many of the Nepeta
species are used to treat dysentery, kidney and liver diseases, and teeth troubles in traditional
medicines. Some species are reported to be diuretic, diaphoretic, vulnerary, antispasmodic,
antiasthmatic, febrifuge and sedative [3-6]. There are also some reports about the effects of Nepeta
species to maintain and balance the serum lipids and also against inflammations [7,8].
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3. Present Study

In the course of phytochemical studies of medicinal plants [9-11], we investigated Nepeta
floccosa Benth. (Lamiaceae) and thus reports on the purification and structure elucidation of one new
flavanonol, nepetavanol (1), and four known flavonoids (2-5) in the present paper. The DPPH free
radical scavenging assay was used for the evaluation of antioxidant potential of the purified
constituents of the medicinal plant.

The methanolic extract of Nepeta floccosa Benth. (50 g) was subjected to chromatographic
separations by increasing polarity order of dichloromethane and acetone, which yielded four known
flavonoids; dihydrokaempferol (2, 12.5 mg), naringenin (3, 7.6 mg), caulesnarinside (4, 25.3 mg), and
poncirin (5, 7.9 mg) along with some semi-pure sub-fractions (1-10). The semi-pure sub-fraction-8
obtained at 40 % acetone-dichloromethane yielded compound 1 (11.5 mg) by purifying on preparative
plates using n-hexane-ethyl acetate (55:45). To the best of our knowledge this is the first report of all
these flavonoids from N. floccosa Benth. The structure elucidation of the known compounds (2-5) was
carried out by comparison of the reported NMR and MS data [12-15] of these compounds (Figure 1).
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Figure 1. Structures of compound 1-5

The IR spectrum of compound 1 exhibited bands at 3595 (OH), at 1732 (-COO-), 1695 (C=0),
and 1590 cm™ (C=C). The UV spectrum showed absorption maxima at 340 and 264 nm, which
indicated the flavonoid skeleton in the molecule [16]. The FAB-MS spectra showed pseudo molecular
ions at m/z 391 [M + H]" and at m/z 389 [M - HJ", consistent with a molecular formula C1gH150s. The
molecular formula CygH1304 was further confirmed through HR-FAB-MS, which showed the quasi
molecular ion at m/z 389.1025 [M - H]". The EI-MS exhibited an ion at m/z 330 [M - 60]", which
resulted from the loss of acetic acid unit from the molecule, indicating the presence of acetyl moiety.
The other prominent fragments in the EI-MS spectrum were observed at m/z 299 and 268,
corresponding to further loss of two consecutive -OCHj; groups.

The *H NMR spectrum of 1 displayed aromatic protons at ¢ 6.69 (dd, J = 8.3, 1.8 Hz, H-3"),
6.73 (t, J = 8.3 Hz, H-4'), 6.65 (t, J = 8.3 Hz, H-5'), and 7.80 (d, J = 6.8 Hz, H-6), and the *C NMR
and DEPT spectra exhibited four methine signals in the aromatic region at 6 115.2 (C-3"), 132.3 (C-4"),
123.6 (C-5), and 126.5 (C-6') for a 1,2-disubstituted benzene moiety. Its "H NMR spectrum (Table 1)
also displayed two doublets at ¢ 3.56 (d, J = 2.1, H-2) and 3.66 (d, J = 2.1, H-3) for O-bearing methine
groups, and consistent with the *H NMR spectral analysis, the **C NMR spectrum of 1 also displayed
two oxygenated methine type resonances at 0 79.4 (C-2) and 74.9 (C-3). The downfield resonance at &
180.3 was assigned to the conjugated ketone C-4. The **C NMR spectrum (Table 1) also showed six
quaternary signals for hexa substituted ring A at 6 147.5 (C-5), 133.6 (C-6), 146.1 (C-7), 138.5 (C-8),
149.1 (C-9), and 104.2 (C-10), whereas two methoxy signals at ¢ 56.5 and 56.4 were assigned to two
MeO groups at C-5 and C-8 respectively. The presence of these two MeO groups was also confirmed
by *H NMR spectrum which displayed two methoxy signals at  3.79 and 3.77. The coupling constant
of H-2 and H-3 were indicative of the same relative stereochemistry at C-2 and C-3 positions.
Accordingly, the above discussion suggested that compound 1 could be a flavanonol [17].
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Table 1. *H and *C NMR data (300 and 75 MHz; CD;0D) and HMBC correlations for compound 1 (&

in ppm, J in Hz).
No. o(C) o(H) HMBC
H-C(2) 79.4 3.56 (d, J = 2.1 Hz, 1H)
H-C(3) 74.9 3.66 (d, J = 2.1 Hz, 1H) C(11)
C4) 180.3
C(5) 147.5
C(6) 133.6
C(7) 146.1
C(8) 138.5
C(9) 149.1
C(10) 104.2
C(11) 175.7
Me-C(12) 24.2 1.88 (s, 3H) C(3), C(11)
MeO-C(13)  56.5 3.79 (s, 3H) C(4), C(5), C(6)
MeO-C(14) 56.4 3.77 (s, 3H) C(2), C(7), C(8)
C(1) 130.0
C(2) 160.8
H-C(3') 115.2 6.69 (dd, J = 8.3, 1.8 Hz, 1H) C(2"),CH4")
H-C(4") 132.3 6.73 (t, J = 8.3 Hz, 1H) C@3"),C(5)
H-C(5") 123.6 6.65 (t, J = 8.3 Hz, 1H) C@4"), C(6")
H-C(6") 126.5 7.80 (d, J = 6.8 Hz, 1H) C(1"),C(5)

The NMR spectra of 1 showed the presence of one acetate and two methoxy groups, whereas
the presence of three hydroxyl groups could be inferred from the molecular formula CygH10g. The
attachments of various functional groups in 1 were assigned on the basis of HMBC correlations
(Figure 2). The HMBC correlations of H-3 and COMe H-atoms to COMe C=0 group at ¢ 175.7,
COMe H-atoms to C-3 at 6 74.9, and the OMe groups’ correlations (5-OMe H-atoms to C-4, C-5, and
C-6; 8-OMe H-atoms to C-2, C-7, and C-8) confirmed the positions of these groups in the molecule.
The substitution pattern on the two aromatic rings was thus established and the structure of 1 was
further confirmed from correlations observed in COSY and HMQC experiments. The relative
stereochemistry was deduced on the basis of J values and the NOESY interactions. The ‘H-'H
NOESY interactions of H-2 to H-3 were helpful in assigning the relative stereochemistry of C-2 and
C-3 and consequently, compound 1 was confirmed as 3-O-acetyl-6,7,2'-trihydroxy-5,8-
dimethoxyflavanone, named nepetavanol (1) after the producing organism, Nepeta floccosa.

Nepetavanol (1): yellow amorphous powder. [o]p® = +14.5 (¢ = 0.04, MeOH). UV Anax
(CH3OH): 340, 264 nm. IR vinax (CH5OH): 3595, 2921, 1695, 1590, 1465 cm™. *H-NMR (300 MHz,
CD;0D), see Table 1. *C-NMR (75 MHz, CD;0D), see Table 1. EI-MS: 330 (M - CH;COOH)*, 299
(M - CH3COOH - OCHj3)", 268 (M - CH;COOH - OCH; - OCH,;)*. FAB-MS: 391 (M + H)"; 389.2 (M
- H)". HR-FAB-MS: 389.1025 ([M - H]", C15H1;0s; calc. 389.1029).

The purified compounds 1-5 were subjected to antioxidant assays. Free radical scavenging
activities of the test samples were determined by measuring the change in absorbance of DPPH (I,I-
Diphenyl-2-picrylhydrazyl radical) by the spectrophotometric method described by S. K. Lee [18]. After
incubation at 37 °C for half an hour the yellow colored reduced form of DPPH, I I-diphenyl-2-
picrylhydrazine, is produced. The absorbance of the resulting solution was then measured at 562 nm and
the scavenging activities (%) were calculated by using the following formula:

% RSA =[100-(AS/AC * 100)]

Where, RSA is the radical scavenging activity, AS is the absorbance of radicals and formazan dye in

the presence of test sample and AC is the absorbance of formazan dye without the test sample i.e., control.
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Figure 2. Key HMBC interactions for compound 1.

Among all the compounds, compounds 1 and 2, isolated from N. floccosa, showed significant
antioxidant activity (ICs, = 99.793 + 0.860, and 127.235 + 0.812, respectively), whereas compounds 3,
4, and 5 showed moderate activity. Ascorbic acid (ICso = 47.754 + 0.829) was used as a standard
(Table 2). The results indicated that the antioxidant activity of the isolated flavonoids strongly depend
on the positions and the number of oxygenated substituents. Compound 1 and 2 have more number of
oxygenated functional groups; and are more liable to stabilize the DPPH free radical by donating more
hydrogen; thus increasing the antioxidant activity.

Table 2: Antioxidant activity of compounds 1-5

Sr.No. Compound No % inhibition (1mM) I1Cs
1 1 88.323+0.376 99.793 + 0.860
2 2 94.145+0.804 127.235+0.812
3 3 47.346+0.718 -
4 4 64.242+0.273 -
5 5 56.546+0.743 -
6 Ascorbic acid 96.00 47.754+0.829
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