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Abstract

Plants with high amounts of polyphenolic constituents may act as antioxidants or as producer of
other mechanisms providing anticarcinogenic or cardioprotective actions. So, the objective of the pres-
ent survey is quantitation of rosmarinic acid and caffeic acid as polyphenol compounds by means of high
performance thin layer chromatography (HPTLC) in different Salvia species such as Salvia santolinfolia
Boiss, Salvia macilenta Boiss, Salvia compressa Vent, Salvia mirzayanii Rech. f. & Esfand, and Salvia
sharifii Rech. f. & Esfand. The plant materials were collected from Hormozgan Province and methanolic
extracts of them were studied by HPTLC. An HPTLC plate silica gel 60 F,s4 as stationary phase, toluene-
ethyl acetate-formic acid with ratio of 67.72: 22.90: 9.38, respectively as mobile phase were selected
and quantitation of rosmarinic acid and caffeic acid were done at 366 nm. It was found that S. compressa
(45.72+1.6 mg/g) and S. mirzayanii (464.64+0.028 mg/g) have higher amounts of rosmarinic acid and caf-
feic acid, respectively. Amounts of rosmarinic acid for other Sa/via species were obtained as; S. mirzayanii
8.50+0.46, S. santolinfolia 7.34+0.15, S. macilenta 5.64+0.18, and S. sharifii 4.52+0.11 mg/g for each of
dried plants. Similar analysis for caffeic acid was achieved as 11.32+2.16 for S. santolinfolia, 5.22+1.13
for S. macilenta, 1.93%1.19 for S. compressa, and for S. sharifii 4.63+£3.26 mg/g for each of dried plants. In
the developed method, Salvia officinalis was used as a standard module with amounts of 195.58 and 75.5
mg/g for rosmarinic acid and caffeic acid, respectively.
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1. Introduction detected in Salvia species (4, 5). Moreover, anti-

One of the most important genera La-
miaceae is Salvia, with antiseptics, astringents
and spasmolytics properties (1) that comprises of
about 900 species spread out the world, of which
56 species in the flora of Iran (2), 17 are endemic
to Iran (3). Phenolic acids, phenolic glycosides,
flavonoids, anthocyanins, coumarins, polysaccha-
rides, sterols, terpenoids, and essential oils were
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oxidant, antimicrobial, and antiviral activities of
some Salvia species has been reported (6, 7).

S. mirzayanii Rech. f. & Esfand (which
is known Moor-e-Talkh, or ‘“Marve-Talkh” in
Persian) (8), classified as endemic species in the
south of Iran, is used in the treatment of different
ailments such as diabetes, spasms, gastrointes-
tinal disorders, infections, and inflammations (9,
10). Antimicrobial activities of essential oil of S.
mirzayanii leaves revealed that its essential oil in-
hibited the growth of standard and clinically isolat-
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ed tested yeasts (11). 1,8-cineole (41.2%), linalool
acetate (11.0%) and a-terpinyl acetate (6.0%) were
identified as major compounds in essential oil of S.
mirzayanii (11).

Another endemic Salvia species is S. san-
tolinifolia Boiss that chemical composition analy-
sis, antioxidant, antiglycating activities, and neu-
roprotective effects of that was reported by Asadi
et al. (12). Also, antioxidant and neuroprotective
properties of methanolic extracts of some Salvia
species were investigated by Asadi ef al. (13) and
S. macilenta Boiss showed high amount of pheno-
lic compounds. Khoramian Tusi and Khodagholi
reported antiglycating activity and anti-apoptotic
effects of S. macilenta (14).

Salvia sharifii Rech. f. & Esfand (which
is known Maryam-goli-e-jonoobi in Persian) with
antiseptic, carminative, digestive, and analgesic
properties, as an endemic plant, in the south of Iran
(15) was investigated in the current report. Farjam
et al. studied about chemical composition and bi-
ological activties of the aerial parts of S. sharifii
(15).

Polyphenols, as natural compounds, have
benefit roles on human health due to the high an-
tioxidant activity which rise from phenolic agents
in their chemical structures (16). Attendance of
numerous phenolic compounds in Salvia species
belonging to the sorts of phenolic acids, phenolic
glycosides, phenolic diterpenes, flavonoids, an-
thocyanins, and coumarins has been established
(4, 17). Antioxidant activity of polyphenolic com-
pounds has been described (18) and in vitro stud-
ies of polyphenols have been exposed to be more
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effective antioxidants than vitamins E and C (19,
20). Caffeic acid (CA), as a phenolic acid belongs
to hydroxycinnamic acid derivatives, in sunflower
seeds is the most phenolic acid (21) and signifi-
cantly affects the solubility of plant proteins (22).
In biochemistry of Lamiaceae family, CA shows
a significant role and occurs mainly in the dimer
form as rosmarinic acid (23).

An ester of CA and 3,4-dihydroxyphenyl
lactic acid is rosmarinic acid (RA) with antiin-
flammatory, antimicrobial, antioxidant, immuno-
modulatory properties (24, 25) and its biosynthetic
pathways was represented by Petersen et al. (26).
For the first time in 1958, two chemists from Italy
separated and purified RA from Rosmarinus offici-
nalis and its name was chosen based on the plant
that they separated it (27). Ellis and Towers in
1970 showed the backbone of RA is including two
amino acids; L-tyrosine and L-phenylalanine (28).

Rich sources of polyphenols such as fruits,
vegetables, whole grains, tea, chocolate, and wine
(29) are significant in the food industries as they
delay lipid peroxidation and cause to increase the
quality and nutritional worth of products (30). Re-
cently, high performance thin layer chromatogra-
phy (HPTLC) as a modern technique is used for si-
multaneous analysis of various samples especially
herbal extract with small amount of solvent and
easy separation process even for two-dimensional
separation. With regard to high amounts of flavo-
noid and phenolic acid in Salvia genus, antioxi-
dant, and free radical scavenging activity of Sal-
via, we decided to determine RA and CA in some
Salvia species by means of HPTLC as a simple,
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Figure 1. Chemical structures of rosmarinic acid and caffeic acid.
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rapid, reproducible, and inexpensive method.

2. Material and Methods
2.1. Chemicals

HPTLC plate silica gel 60 Fys54 (20x10
cm, Merck, Darmstadt, Germany); toluene; ethyl
acetate (Samchun, Korea); formic acid with purity
of 99.9% (Biochem, France); rosmarinic acid and
caffeic acid (Sigma-Aldrich, Germany) were pur-
chased. All materials were of analytical grade.

2.2. Sample Preparation

The plant materials were collected from
Hormozgan Province in February 2015 and 2018.
Geographical distribution and voucher specimens
of Salvia species are presented in Table 1. Metha-
nolic extracts were prepared as follows; after dry-
ing the plants, 1000 mg of each plant powders were
dispersed in methanol, inserted in ultrasonic water
bath at temperature of 80 °C for 15 min, filtered,
and concentrated under reduced pressure on a ro-
tary evaporator. The process was continued by ad-
dition of n-hexane, four times. Finally, methanolic
phase was concentrated using a rotary evaporator
and speed vacuum and diluted with methanol.

Standard solutions of RA and CA, 0.01
mg mL-! in methanol were prepared.

2.3. Instrumental conditions

HPTLC analysis at room temperature and
20% humidity was done by Camag HPTLC, made
in Switzerland, equipped with ATS4, ADC2, scan-
ner 3 and visualizer. The samples, in the form of
band, were spotted by ATS4 under N, gas (5 bar

Table 1. Ecological distribution of Salvia species.
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pressure) on a HPTLC plate silica gel 60 F,5,4 (20
x 10 cm) with band length of 6 mm and distance of
between tracks 11.3 mm. Developing of plate was
done by ADC2 to the following parameters: tolu-
ene- ethyl acetate-formic acid with ratio of 67.72:
22.90: 9.38%, respectively as mobile phase; plate
preconditioning time 1.0 min; filling volume 10
mL; migration distance 75 mm; and drying time
1.0 min.

Scanning of plates at the wavelength of
366 nm and absorption mode was carried out by
scanner 3 to the following settings; slit dimen-
sion, 6.00 mm x0.40 mm, macro; scanning speed,
20 mm/s; data resolution, 100 um/step; and lamp
D,. Finally, the image of plates was obtained by
visualizer at 254, 366 and visible wavelengths.
Recording of data was done by WinCATS soft-
ware.

3. Results

In the present study, gallic acid, coumaric
acid, ferulic acid, quercetin, CA, and RA as pheno-
lic compounds in Salvia species were investigated
and finally the presence of CA and RA were estab-
lished. The best solvent system for chromatograph-
ic separation was chosen based on previous report
containing toluene-ethyl acetate-formic acid with
the ratio of 67.72- 22.90 and 9.38%, respectively
(31). The spots of RA and CA, seen as blue bonds
on the HPTLC plate, were observed at an Ry value
0f 0.12+0.01 for RA and 0.27+0.01 for CA (Figure
2). Subsequently, there was no overlap with each
other. TLC scanner 3 was used for detection and
quantitation of RA and CA at the wavelength of

Name of plant Herbarium No. Location Date Voucher specimen
""""" S macilenta  MPPRC-93-1  Rosdan-Bandar  February 2015 Hormozgan agriculture

abbas research center

S. santolinfolia MPPRC-97-2 Hajjiabad-Hormoz-  February 2018 Hormozgan agriculture
gan Province research center

S. compressa MPPRC-94-4 Ghotb Abad Korea- February 2018 Hormozgan agriculture
Bandar abbas research center

S. mirzayanii MPPRC-93-6 Tange Zagh moun-  February 2018 Hormozgan agriculture
tain-Bandar abbas research center

S. sharifii MPPRC-97-3 Fareghan-Hormoz-  February 2018 Hormozgan agriculture

gan Province
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Figure 2. HPTLC chromatograms of Salvia extracts under 366 nm (1: S. santolinfolia, 2: S. macilenta,
3: 8. compressa, 4: S. mirzayanii, 5: S. sharifii, 6: Rosmarinic acid and 7: caffeic acid).

366 nm. RA and CA with different R¢ values were
visualized as blue bonds under 366 nm.

Standard solutions of RA and CA 0.01
mg mL-! in methanol was used to find calibration
curves of RA at 7 concentrations of 70, 100, 120,
150, 200, 220 and 300 ng/spot and 85, 95, 105,
145, 185 and 225 ng/spot for CA by plotting the
range of applied amounts of standard compounds
versus corresponding area of each bond. Both of
analyses were done in amount per fraction mode.
In the established method, S. officinalis was used
as a standard module with amounts of 195.58 and
75.5 mg/g for RA and CA, respectively.

In the following, accuracy and precision
of procedure were investigated. The percentage
of the systematic error is presented accuracy of
method which is considered as the standardized
agreement between the measured and the accurate
value. Acceptable values for accuracy and preci-
sion assay at all concentrations should be £15%
(32). Method accuracy of RA and CA was calcu-
lated between -0.48-6.59% and -3.83-13.5%, re-
spectively. The percentage coefficient of variation
(CV%) for replicate assays is defined the method

precision. Intra-day analysis was done by repeated
concentrations in triplicates on the same day but
inter day was measured as analysis of three repeat-
ed concentrations on three various days (Tables 2
& 3). The intra-day and inter-day precision were
obtained in the range of 1.34-4.55% for RA and
1.6-6.54% for CA.

4. Discussion and conclusion

In the current research, determination of
RA and CA was performed via HPTLC technique
as an efficient, quick, reproducible, precise, accu-
rate, and simple method. After chromatographic
separation, visualization of phenolic compounds
was carried out at the wavelength of 366 nm and
without using specific indicator.

Polynomial regression analysis caused
to a calibration curve with the equation of
y=-0.021 x"2+21.885 x+837.73 and 12=0.9976
for RA and y=-0.0078 x"2+7.3889 x-259.38 for
CA with r2=0.9906. High correlation of measure-
ment (r2) values present high correlation of the fit-
ted regression lines. A range of 4.52-45.72 mg/g
and 1.93-464.64 mg/g was obtained for RA and

Table 2. Precision and accuracy results at inter-day and intra-day for rosmarinic acid.

Amount Intra-day
(ng/spot)  Accuracy% P
.......................... S
170 1.04
250 0.01

208

Inter-day
Precision% Accuracy% Precision%
432 396 231
4.06 -0.48 1.34
4.55 1.54 1.44
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Table 3. Precision and accuracy results at inter-day and intra-day for rosmarinic acid.

Amount Intra-day
(ng/spot) Accuracy%

125 13.5

165 4.60

205 12.8

Inter-day
""""""""""""""""""""""""""""""" Precision%  Accuracy%  Precision%
1.6 -1.2 2.62
1.94 -1.10 4.39
5.35 -3.83 6.54

CA in investigated Salvia extracts, in that order
given. It was identified that S. compressa showed
maximum and minimum amounts of RA and CA,
respectively. On the other hand, for extracts of S.
macilenta and S. sharifii, contents of RA and CA

were almost the same. For S. santolinfolia, the
amount of CA was higher than RA. Although, the
highest amount of CA was observed in S. mirzaya-
nii, the value of RA was less than S. compressa.
Comparison of data with S. officinalis as a stan-

Table 4. The contents of rosmarinic acid and caffeic acid in methanolic extracts of different
Salvia species.

S. santolinfolia 7.34+0.15
S. macilenta 5.64+0.18
S. compressa 45.72+1.6
S. mirzayanii 8.504+0.46

S. sharifii 4.52+0.11

2.10 11.32+2.16 1.90
3.22 5.22+41.13 1.08
3.46 1.93£1.19 1.55
5.36 464.64+0.028 1.02
2.49 4.63£3.26 6.75

dard module indicated that amounts of RA and CA
(exception of S. mirzayanii) were lower than S. of-
ficinalis contents. Amounts of RA and CA for pre-
sented Salvia extracts based on mg/g for each of
dried plants and distribution of two phenolic acids
for the mentioned plants were reported in Table 4
and Figure 3, respectively.

mg/g

In conclusion, analysis of data at inter-day
and intra-day showed that the mentioned method
has a good accuracy and precision for RA and CA
measurements. Also, the method is assumed to be
ideally appropriate for quick and routine analyses.
The achieved findings can help to assess pharma-
cological activity of the desired plants and regard

S. compressa
8. sharifii

8. macilenra

S. afficinalis
S miirzayarnii

5. santolinfolia |

Figure 3. Distribution amounts of rosmarinic acid and caffeic acid in studied Sa/via species.
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to high amounts of CA and RA in S. mirzayanii
and S. compressa, respectively, they show the
highest antioxidant effects. The observed different
amounts of phenolic acids in Salvia extracts may
be related to environmental conditions, genetic of
the plants, and the extraction method.
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