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ABSTRACT

From the methanol extract of Russelia equisetiformis (Scrophelariaceae) cultivated in
Egypt ten phenolic compounds were isolated and identified as gallic acid, methylgallate, vicenin
I, chrysoeriol-7-O-3-D-*C; glucopyranoside, luteolin 7-O-glucoside, luteolin-7-O-B-D-*C;-
arabinoside, quercetrin, apigenin, luteolin and acetoside. The structures of the isolated compounds
were elucidated on the basis chromatographic and spectroscopic data (UV, IR and NMR) where all
compounds were isolated for the first time except acetoside. The biological investigation
antidepressant and hepatoprotective effect of different extracts of Russelia equisetiformis was
carried out, concerning the antidepressant property the n-butanol was the most active, followed by
aqueous and crude phenylethanoids extract respectively and Fluoxetine as reference standard,
while the hydro-alcohol extract exhibited significant hepatoprotective effect against carbon
tetrachloride injured liver cells.

Keywords: Russelia equisetiformis, phenolic compounds, antidepressant, Fluoxetine,
hepatoprotective, carbon tetrachloride.

INTRODUCTION:

Higher plants are important sources of secondary metabolites those having therapeutic and
pharmaceutical applications, these metabolites; despite of being used as primitive drugs, have been
a part of human health for many centuries across all cultures. The World Health Organization
(WHO) has estimated that more than 80% of the world's population in developing countries
depends primarily on herbal medicine for basic healthcare needs, (Vines, 2004).

Genus Russelia belonging to family Scrophelariaceae refers the name honors to the
Scottish naturalist Alexander Russell (1715-1768); its members grow worldwide and are
characterized by being mildly drought resistant, they are common garden plants well recognized
by their brilliant red flowers that are shaped like slender vases and commonly known
as Firecracker plants or Coral blows, (Awe et al., 2004b and Quattrocchi, 2000).

Russelia equisetiformis (Schlecht& Chan) perennial evergreen shrubs cultivated in Egypt
for ornamental and slope protection purposes (Yeager and Gilman, 1991). It is a medicinal plant
that reported to have anti-inflammatory, analgesic, central nervous system depressant, free radical
scavenging, hair growth promoting and membrane stabilizing properties (Awe et al, 2010, Awe
and Makinde, 2009, Awe et al, 2009, Kolawole et al, 2007, Awe et al, 2006 and Awe et al,
2004b), in addition to its uses by traditional healers in Nigeria to treat malaria, cancer as well as
inflammatory diseases (Awe and Makinde, 2009).

Concerning phytochemical composition, some reported data revealed the existence of
triterpenes, phenolic compounds and flavonoids (Awe et al., 2009; Awe et al., 2004b and
Wollenweber et al., 2000), the triterpenes isolated were of lupane type (Burns et al, 2000 and
Abu-Mustafa et al, 1997), the total phenolic content was previously estimated (El Hela et al.,
2011 and Johnson et al, 2011) while the HPLC investigation of its methanol extract revealed the
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existence of several flavonoids i.e. 6, 8-diglucosylapigenin, 6-arabinosyl-8-glucosyl apigenin,
orientin, vitexin, luteolin 7-O-glucuronide, apigenin-O-glucuronide, apigenin and phenylethanoid
glycosides as russectinol "verbascoside", russeliaoside and isoverbascoside (Johnson et al, 2011,
Lin and Harnly 2008, Awe et al, 2008, Lin and Harnly 2007, Awe et al, 2008, Awe et al, 2004a
and Burn et al, 2001).

This study was carried out as extension of previous one included pharmaco-gnostical
studies of Russelia equisetiformis (El Hela et al, 2011) targeting further investigation to isolate
and identify of the phenolic constituents as well as study of antidepressant and hepatoprotective
effects.

EXPERIMENTAL
1- MATERIAL

1-1 Plant material:

Russelia equisetiformis were collected from plants cultivated in EI- Zohrya garden, Cairo,
on April 2006, their identity was established by Professor Dr. Mohamed El-Sayed Tantawy,
Professor of Botany, Faculty of Science, Ain Shams University and voucher specimens are kept in
a herbarium in Pharmacognosy Department, Faculty of Pharmacy Al-Azhar University, Cairo,
Egypt.

The plant material was air-dried, powdered and kept in tightly closed amber colored glass
containers and protected from light at low temperature as possible.

1-2 Material for investigation of phenolic constituents:
1-2.1 Material for chromatography:

- Polyamide 6S (Riedel De Haen AG, Seelze, Hannover) for CC.

- Microcrystalline cellulose for CC (E. Merck)

- Silica gel-G for CC 70-230 meshes (E. Merck).

- Silica gel for TLC 60 meshes (E. Merck).

- Sephadex LH-20 for CC (Pharmacia, Uppsala, Sweden).

- Whatmann No.1 sheets for PC (Whatmann Ltd., Maidstone, Kent, and England).
1-2.2 Solvent systems:

S1; n-Butanol: Acetic acid: Water (4:1:5 v/v), upper layer.

Sz; Acetic acid: Water (15:85 v/v).

Ss; n-Butanol: 2M ammonium hydroxide (1:1 v/v) upper layer.
S4; BPTW, Butanol: Pyridine: Toluene: Water (4:1:2:2 v/v).

Ss; Chloroform: Methanol (90:10 v/v).

Se; n-Butanol: Isopropyl alcohol: Water (4:1:5 v/v), upper layer.
S7; Chloroform: Methanol: Water (80:20:2 v/v).

Sg; Petroleum ether: Benzene: Ethyl acetate (75: 25: 0.5 v/v).
1-2.3 Spray reagents for PC and TLC:

- Ferric chloride for phenolic compounds, (Markham 1982).

- Aluminium chloride for flavonoids, (Stahl 1969).

- Aniline hydrogen phthalate for sugars, (Hiermann 1983).

- Diphenyl borinic acid ethanolamine complex (Naturstoff’s spray reagent) for flavonoids,
(Mabry et al, 1970).
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1-2.4 Reagents for UV spectroscopic analysis of flavonoids (Matlok 1967):
1-2.5 Authentic reference material:

1-2.5.1 Sugars: D-Glucose, D-galactose, D-arabinose, D-xylose, L-rhamnose, D-glucouronic and
D-galacturonic acids (E. Merck, Darmstadt, Germany).

1-2.5.2 Flavonoids: Apigenin 7-O-glucoside, Apigenin 7-O-galactoside, Vitexin, Quercetin 3-O-
glucoside, Quercetin 3-O- rutinoside, Luteolin-7-O-glucoside, Luteolin-7-O-galactoside, Luteolin-
7-O-arabinoside and Quercetin.

Both sugars and flavonoids were kindly obtained from Pharmacognosy Department,
Faculty of Pharmacy, Gedansk, Poland

1-3 Material for biological studies:
1-3.1 Antidepressant effect:
1-3.1.1 Animals:

Adult albino mice of both sexes weighing 20-25g were used; they were kept in quiet place
under conventional laboratory conditions and were allowed free access to water and food
throughout the period of investigation.

1-3.1.2 Tested material:

- Extracts; 70% methanol, n-butanol and aqueous extracts.
- Authentic material; Fluoxetine. - Tween 80.
1-3.2 Hepatoprotective effect:

1-3.2.1 Animals:

Adult albino male and female albino rats weighing 100-120 g were used; they were kept in
quiet place under conventional laboratory conditions and were allowed free access to water and
food throughout the period of investigation.

1-3.2.2 Tested material and reagents:

- Extracts; 70% methanol extract.

- Carbon tetrachloride.

- Transaminases kits; All reagents were supplied as pre-made kits from Stanbio Company USA,
they were as reagents for determination of AST, ALT, ALP, Gamma-GT, total bilirubin, SOD,
CAT and ascorbic acid (vitamin C).

2- APPARATUS

- Rotatory evaporator (BUCHI Rotavapor® R-210/R-215, Germany).

- Chromatographic plates: glass plates 20x20 and 20%10 cm.

- Rectangular glass tanks 50x56x20cm was used for PC and 24x24x10 cm for TLC.

- Glass columns for chromatography 130 cm x 3.5 ¢cm, 100 cm x 3 ¢cm, 30 cm x 1.5 cm and 50 cm
x1cm.

- Glass Buchner funnel with fritted disc (ASTM, 10-15p OR 10-20y) for VLC.

- UV Lamp ( 254/365 nm.), dosage Heidelberg - Germany- Duo - UV- source for thin layer and
column chromatography.

- NMR Spectrometer; NMR analyses were measured on a Varian Mercury 300, 500, 600 (300 &
75 MHz for *H for *C). All samples have been prepared in suitable deutrated solvents with TMS
as internal reference.

- Mass Spectrometer: Varian Mat 711, Finnigan SSQ 7000 and OMM 7070 E.

- Electrospray (ESI) - MS (positive and negative ion acquisition mode) was carried out on a
TSQ700 triple quadrupole instrument (Finnigan, San Jose, CA, USA) by using the Finnigan
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electrospray atmospheric pressure chemical ionization source. Samples dissolved in 10 pl of 50%
methanol were injected at a flow-rate of 0.3 ul /min using 50% methanol as carrier. The
electrospray positive voltage was set at + 4.5 kv or at - 4.2 kv for negative ions and nitrogen (30
psi) was used as sheath gas. Scans were performed from m/z 50 to m/z 2000 in 2 s, and the spectra
acquired were the average of a 2 min period. The multiplier voltage was set at 1200 V.

- UV/VIS spectrophotometer Shimadzu UV 240 (P/N 240-58000) was used for recording UV
spectra and measuring absorbance in UV range.

- Swimming pool (Glass cylinder 25 cm high, 10cm diameter) containing fresh water to a height of
10 cm maintained at a temperature of 23 °C - 25 °C).

-Centrifuge (LPHC 2514 High Speed Centrifuge, Liaoyang Pharma Machinery).
- Spectrophotometer for biological studies; Beckman Du 460.
3- GENERAL PROCEDURES:

3-1Extraction, isolation, fractionation; 1.5 kg of air-dried plant was exhaustively extracted with
methanol, after stripping off the solvent under reduced pressure and low temperature (~ 50 °C), the
brownish sticky defatted residue was suspended in water and re-extracted with n-butanol to yield
the n-butanol soluble fraction which was concentrated to dryness under vacuum to give 250 g
yield, an aliquot of the residue 200 g was chromatographed on a polyamide column; elution was
started with water followed by water/methanol mixture and decreasing polarities up to pure
methanol, 100 ml fractions were collected, subjected to TLC and PC examination aided by VIS,
UV, spray reagents visualization, similar fractions were collected together. Fractions were
subjected to successive CC on sephadex LH-20, silica gel, and/or microcrystalline cellulose with
different solvent systems, fractionated and subsequently purified to yield nine sub-fractions, they
are:

Fraction-A which when concentrated and precipitated with ethanol from water and subjected to
two dimensional paper chromatography (TDPC) revealed the presence of one major phenolic
compound, it was purified by sephadex LH-20 column using water/ethanol mixture to yield 30 mg
of compound 1 which was then crystallized from water.

Fraction-B which when concentrated and precipitated with ethanol from water and subjected to
two dimensional paper chromatography (TDPC) revealed the presence of one major phenolic
compound, it was purified by sephadex LH-20 column using water/ethanol mixture to yield 25 mg
of compound 2which was then crystallized from ethanol.

Fraction-C which when concentrated and subjected PC revealed the presence of one major and
few minor phenylethanoid compounds, then it was subjected to microcrystalline cellulose column
using 30% ethanol eluent followed by extraction by ethyl acetate through liquid-liquid portion
from water, the residue obtained was fractionated by repeated column chromatography on
Sephadex LH-20, and eluted with methanol to give 50 mg of compound 3.

Fraction-D 35 g which was subjected to PC using solvent systems S; and S revealed the presence
of one major spot of flavonoid nature and few minor spots, then fraction was subjected to repeated
CC on sephadex LH-20 and eluted with methanol, then increase polarity with water to give 40 mg
of compound 4 .

Fraction-E was subjected to repeated CC on sephadex LH-20 and eluted with methanol, then
increase polarity with water and when subjected to PC using solvent systems S; and S, three deep
purple colour spots under UV light developed which changed to yellow using ammonia vapor is
gained which also showed greenish blue with ferric chloride and greenish yellow with Naturstoff's
spray reagents, this behavior indicates of flavonoid glycoside nature of compounds 5, 6 and 7.
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Fraction- F was subjected to consecutive columns sephadex LH-20 using Sg as eluent and
sephadex LH-20 using ethyl alcohol to afford pure sample which when subjected to PC using
solvent systems S; and S, dark purple fluorescent spots under UV light which change to dull
yellow using ammonia vapor is gained and also showed greenish and greenish yellow with
Naturstoff's spray reagents, this behavior indicates of flavonoid glycoside nature of 8.

Fraction- G and Fraction -H were subjected PC using solvent systems S; and S, and yielded
several minor spots.

Fraction-1 was soluble in mixture of chloroform and methanol, insoluble in pure chloroform
which was subjected to repeated CC on silica gel LH-20 and eluted with methanol, then decrease
polarity with chloroform and when subjected to PC using solvent systems S; and Sg three deep
purple colour spots under UV light developed which changed to yellow using ammonia vapor is
gained which also showed greenish blue with ferric chloride and greenish yellow with Naturstoff's
spray reagents, this behavior indicates of flavonoid aglycone nature of compounds 9, 10 and 11.

The rest of the isolated minor fractions were kept for further investigation.
3-2 techniques for investigation of phenolic content:
3-2.1 Chromatographic methods:

3-2.1.1 Paper chromatography (Stahl 1969); Whatmann No. 1 paper sheets for analytical PC
were used, the chromatograms, spotted with the fractions under investigation, and allowed to
equilibrate with the atmosphere of the jar and then developed using descending technique and
suitable solvent system, or by two dimensional technique using S; for first run and S; for the
second. The chroma-tograms were air dried, the spots were visualized under UV-light before and
after spraying with the suitable reagent and heating in oven for 5 min at 105 °C in case of
Naturstoff's, aluminum chloride and aniline hydrogen phthalate spray reagents.

3-2.1.2 Thin layer chromatography (Stahl 1969); Precoated silica gel chroma-tographic plates
(20 x 20 cm) 0.2 mm thickness were used for analytical separation and layers of 0.5-1mm
thickness were used in preparative separation.

3-2.1.3 Column chromatography (Harborne et al, 1975); Glass columns of different sizes were
packed with polyamide, cellulose, sephadex LH-20 or silica gel were used, the solution of
extract/fraction to be fractionated was applied on the top of the column, elution was then started
with the eluent stated in each case.

Phenolic and flavonoid bands formed during the elution process were traced in both visible
and long UV light; each fraction eluted from the column was then collected and dried under
reduced pressure.

3-2.1.4 Acid hydrolysis of glycosides (Harborne et al, 1975):

3-2.1.4.1 Mild acid hydrolysis; Pure compounds to be hydrolyzed (3-5 mg) were treated with
0.1 N HC1 in 50% aqueous methanol for 60 min. at 100 °C, the produced mixture was traced
every 10 minute intervals by CoPC to detect any intermediate or sugar that may be formed during
the hydrolysis.

3-2.1.4.2 Complete acid hydrolysis; Pure compounds to be hydrolyzed (3-4 mg) were treated
with 2 N HC1 in 50 % aqueous methanol for 2hr at 100 °C, after evaporation of methanol cold
aqueous mixture was exhaustively extracted with ethyl acetate in separating funnel, aglycones
were identified in the ethyl acetate fraction by CoPC alongside authentic aglycones and/or using
different spectroscopic analysis while the aqueous phase was neutralized with 5% sodium
bicarbonate and used for investigation of the sugar moieties on CoPC against authentic samples
using aniline hydrogen phthalate as a spray reagent.
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3-3.3 Biological studies:

3-3.3. 1 Determination of median lethal dose, LD50 (Kerber 1941); Methanol extract was
suspended in distilled water using tween 80 and given orally to mice in graded doses; control
group received the same volume of distilled water where the percentage of mortality was recorded
24 h later , results were analyzed statistically and LDso was calculated.

3-3.3.2 Methods for investigation of antidepressant effect:

3-3.3.2.1 Experimental design and route of administration; Animals were divided into six
groups, ten mice each, divided as follows; Group 1: normal mice received saline and served as
normal control, Group 2: normal mice received Fluoxetine at dose level of 10 mg/Kg , Group 3:
normal mice received n- butanol fraction at dose level of 300 mg/Kg, Group 4: normal mice
received crude fraction of total phenylethanoid glycosides at dose level of 300 mg/Kg and Group
5: normal mice received aqueous decoction at dose level of 300 mg/ Kg.

Behavioral test namely forced swimming test (FST) was performed which is the most
widely used tool for assessing antidepressant activity pre-clinically. The widespread use of this
model is largely a result of its ease of use, reliability and ability to detect broad spectrum of
antidepressant agents (Borsini and Meli 1988).

Plant extracts were administered orally at dose levels of 300 mg/Kg (Kolawole and
Wakeel 2006), they were suspended in 1% tween 80/ saline while Fluoxetine hydrochloride was
used in a dose of 10 mg/Kg.

3-3.3.2.2 Forced swimming test (Kolawole and Wakeel 2006, Duman 2004, Briner and Dodel
, 1998 and Feighner 1999); FST was performed according to the method described by Porsolt et
al., (1977).

3-3.3.3 Methods for investigation of hepatoprotective effect:

3-3.3.3.1 Induction of liver disease and experimental design; 100 rats were injected with CCl,
(i.p.) diluted with paraffin oil (50%v/v) for one month three times weekly at a dose of 300 /100 g
b.wt. (Blonde et al, 1994), animals remained alive were classified into three groups, twelve rats
each, as follows; Group 1: received daily oral dose of methanol extract at dose level of 300
mg/Kg in addition to food and water, Group 2: treated with CCl, only and Group 3: control
which left without any treatment, after two weeks, blood samples were collected for biochemical
estimation, divided into two aliquots; the first received on EDTA in dry clean tubes for SOD,
CAT and GSH in RBCs, while the second aliquot was received in dry clean tubes and allowed to
clot at 37 °C one h, then centrifuged at 3000 rpm for 15 min., serum was separated and divided
into aliquots and vitamin C was measured at once, and other serum aliquots were stored at -20 °C
for one week during which the other biochemical parameters were done.

3-3.3.3.2 Evaluation of liver functions:

Liver functions were evaluated by measuring the following parameters:

- Quantitative determination of aspartate amino transferase (AST) in serum was performed
according to Young 1975.

- Quantitative determination of alanine amino transferase (ALT) in serum was performed
according to Tietz 1976.

- Quantitative determination of alkaline phosphatase (ALP) in serum was performed according to
Kochmar and Moss 1976.

- Quantitative determination of gama-gt in serum was performed according to Szasa 19609.

- Quantitative determination of total bilirubin in serum was performed according to Doumas et al,
1973.

- Quantitative determination of superoxide dismutase (SOD) in RBCs was performed according to
Williams et al, 1983.
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- Quantitative determination of catalase (CAT) in RBCs was performed according to Cohen 1970.
- Quantitative determination of ascorbic acid (vitamin C) in serum was performed according to
Denson and Bowers 1961.

RESULTS AND DISCUSSION

Russelia equisetiformis is a medicinal plant considered to have anti-inflammatory,
analgesic and membrane stabilizing properties (Awe et al, 2009 and Awe et al, 2004a) where two
phenylethanoid glycosides were identified as its main active constituents (Awe et al, 2007 and
Awe et al, 2004b) while other unidentified phenolic and/or flavonoid compounds were reported in
its HPLC chromatogram and so, in this work we proceed in further investigation of such phenolic
compounds as well as study of some biological effects.

The study achieved the isolation and characterization of the following compounds:
Compound 1:

Pale yellow needles having m.p.252 °C which on PC investigation yielded one spot with R¢
value 0.56 and 0.79 in solvent systems S; and S, respectively, shine violet fluorescent under short
UV light, blue colour with ferric chloride spray reagent indicating its phenolic in nature and was
assumed from its UV spectrum in methanol at A max 272 nm. The presence of hydroxyl and
carboxylic functional groups and aromatic ring were indicated from the IR spectrum. Its molecular
formula was concluded to be C;HgOs from the molecular ion peaks at m/z 169 [M-H] - and 151
[M-H20] - in the ESI-MS spectrum , 'H-NMR revealed the presence of one singlet in the
aromatic region at 6 7.06 integrating for two protons (H-2 and H-6) indicating the presence of 1, 3,
4, 5-tetrasubstituted benzene ring.

From the above data and comparison with authentic sample, compound 1 was identified as
gallic acid; (3, 4, 5,-trihydroxy-benzoic acid), figure; 1, (Harborne et al, 1982).

Compound 2:

Yellowish amorphous powder having m.p. 204 °C which on PC investigation yielded one
spot with Re value 0.63 and 0.76 in solvent systems S; and S, respectively, shine violet fluorescent
under short UV light, blue colour with ferric chloride spray reagent indicating its phenolic nature
and was assumed from its UV spectrum (methanol) at A max 272 nm. The presence of hydroxyl
and methoxyl functional groups and aromatic ring were indicated from the IR spectrum. Its
molecular formula was concluded to be CgHgOs from the molecular ion peaks at m/z 183 [M-H] -
in the ESI-MS spectrum, 'H-NMR revealed the presence of one singlet in the aromatic region at &
6.95 integrating for two protons (H-2 and H-6) indicating the presence of 1, 3, 4, 5-tetrasubstituted
benzene ring and one singlet in the aliphatic region at & 3.7 corresponding to methyl group.

From the above data and comparison with authentic sample, compound 2 is identified as
methyl gallate, figure; 1, (Harborne et al, 1982).

Compound 3:

Creamy white amorphous powder weighing 50 mg gave positive Molisch's test which on
PC investigation yielded one spot with Rt value 0.75 in solvent system S; gave blue colour and
deep greenish blue fluorescence with ferric chloride and Naturstoff's spray reagents respectively its
phenylethanoid glycoside nature and was assumed from its UV spectrum (methanol) at A max 330,
285 and 220 nm.

On complete acid hydrolysis, it gave caffeic acid which was identified by PC alongside
with standard cinnamic acid derivatives as caffeic, ferulic, coumaric,..etc., using solvent systems
S; and S3 the chromatogram revealed the presence of caffeic acid having R¢ values 0.04 and 0.79
the two solvent system S; and S3 respectively while sugars obtained were identified by PC using
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solvent systems S;, S, alongside with authentic sugars; visualization of sugars was carried out by
spraying with aniline phthalate then heating at 110 °C for 15 minutes.

'H-NMR Spectrum showed two ABX coupling systems attributed to caffeoly moiety and
3,4 dihydroxy phenylethanoid aglycone, (Harborne et al., 1982) in addition to two signals at &
45(1-H, d, J= 7.5 Hz and & 5.3 (1-H, brs) attributed to two anomeric protons of D-glucose, L-
rhamnose respectively, also presence of signal at 6 1.1 ppm (3-H, d, J= 6 Hz) is due to methyl
group of L-rhamnose while the remains of sugar signals appear at range 3.8-3.1 ppm and the
presence of two doublets at & 7.4 and 6.3 with J-coupling 16 Hz are assigned to o and B olefinic
protons of caffeoyl moiety in trans configuration. Three signals at 6.57 (1H brs, H2), 6.42 (d, J=
2.8 Hz, H5), 6.4 (dd, J= 2.8 Hz, H6) suggested 3, 4 dihydroxy phenyl ethanoid moiety, also signal
at 2.64 (2H, t, J= 7 Hz) which is attributed to proton at 3-C of phenylethanoid moiety while the
caffeoyl unit was found to be located at C- 4 of the glucose moiety due to strong deshielding of H-
4- glucose resonance at 4.9 (1-H-t-like).

3C-NMR Spectrum showed two signals at & 104.2 and 103.0 which assigned to two
anomeric carbon of D-glucose, L-rhamnose which confirmed by presence of signal at 8 62.4 due to
C-6 of glucose and at & 18.47 ppm which is attributed to methyl group of L-rhamnose, while
signals at 36.59 and 72.4 are assigned to o, B carbons of phenylethanoid moiety. The
interglycosidic linkage was confirmed to be a-L-rhamnosyl-(1-3-8-D-glucoside on the basis of the
strong a-down field effect of C-3 glucose carbon at 81.66 (~ A- 4.5 ppm) in the *C-NMR
spectrum.

Finally, “C; and 'C4— pyranoses of glucoside and rhamnosyl moieties were established on
the basis of J values of vicinal coupled protons especially that of J; , and & C- values of sugar
moieties.

Thus compound 3 was identified as acetoside (3-(3, 4 dihydroxyphenyl-ethyl-O-a-L-'Cy-
rhamnopyranosyl (1-3)-R-D-(4"-O-caffeoyl) “C; glucopyranoside, figure; 1.

Compound 4:

Yellowish amorphous powder weighing 40 mg having m.p. 271-273 °C gave positive
Molisch's test which on PC investigation yielded one spot with R values 0.53 and 0.42 in solvent
systems S; and S, respectively, the compound gave dark purple fluorescent under UV light which
turned to yellow on exposure to ammonia vapors or spraying with aluminum chloride reagent. The
colour reaction and R¢ values gained in the range of C- diglycoside (Agrawal 1989 and Harborne
et al, 1982), acid hydrolysis of the compound showed no effect which is characteristic to C-
glycoside while, hydrolytic cleavage using hydroiodic acid in phenol yielded apigenin as aglycone
and glucose as the only sugar moiety.

UV spectral data in methanol showed Amax NM 332, 272 characteristic of flavone where a
bathochromic shift (+58 nm) on addition of sodium methoxide with increase in intensity indicating
4" hydroxyl is free, also bathochromic shift in occurred in band II with sodium acetate (+A 7 nm)
suggesting that 7 hydroxyl group is free and a bathochromic shift (+A 52 nm) on addition of
aluminum chloride indicating that the five position is located as free hydroxyl group.

'H-NMR Spectral data (DMSO-dg & ppm) showed the absence of H-6, H-8 which indicate
glycosidation occur in both position that confirmed by presence of two anomeric protons at & ppm
4.75, 4.82 (d, J =8 Hz) which is characteristic of C- glycosidation (Agrawal 1989 and Markham
1982).

13C- NMR showed Cg and Cg at & ppm 107.5, 105.3 proving the glycosidation on both
position. Also presence of two signal at 74.1, 73.39 of two anomeric carbons of C-1" and C-
1" "are also characteristic of C- glucoside (Agrawal 1989) while -ve ESI-MS spectrum showed its
molecular ion peak at m/z 593 corresponding to M.wt. 594 of di-hexoside structure which confirm
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C-type glycoside linkage (Waridel et al., 2001), this evidence was further re-confirmed by 2
DNMR (HMQC) which showed coherence between H-1 at 4.7 ppm and C-1" at 74.1, H-1"""at 4.8
and C-1"""at 73.39.

From both chromatographic behavior and spectral data mentioned, compound 4 was
identified as 6, 8-C- B-D-*C; glucopyranosyl- apigenin (Vicenin 11), figure, 1 and tables 1-3.

Compound 5:

Yellowish amorphous powder weighing 40 mg having m.p. 171-174 °C gave positive
Molisch's test, PC investigation yielded one spot with R values 0.38 and 0.15 in solvent systems
S; and S; respectively, the compound gave dark purple fluorescent under UV light which turned to
yellow on exposure to ammonia vapors or spraying with aluminum chloride reagent. The
compound also showed greenish blue when treated with ferric chloride reagent, this
chromatographic behavior indicates of flavonoid glycoside nature (Cheng et al., 1976).

Acid hydrolysis yielded 3'-methoxy apigenin (chrysoeriol) and glucose as single sugar
moiety while UV spectral analysis in methanol showed bands (335, 301, 265, 254) indicate
flavone nature (Mabry et al, 1970), it gave bathochromic shift in band I (+A52 nm) with increase
in intensity by addition of sodium methoxide, while, with the addition of sodium acetate the
bathochromic shift prove occupation of 7-hydroxyl position.

'H-NMR showed the presence of H-6 and H-8 appear downfield shifted proving seven
position glucosidation, the anomeric sugar proton at 5.06 ppm doublet with J value 7.8 Hz and
remaining sugar proton appears at 3-3.7 ppm. Moreover, *C-NMR confirmed the structure due to
presence of C; at 6 163.0 upfield shifted and downfield shift of C¢ and Cg by about 10 ppm, in
addition to the assignment of characteristic six *C resonance of O-B-D-*C; glucopyranoside
moiety in which C-1" at 6 100.0, in addition to signal at 61.25 indicate methoxyl group,
methoxylation of C-3" proved by a downfield shift of C-3'to 148.0 and B upfield of C-4" at 150.1
ppm while downfield shift of H-2" at 7.41 ppm and H-6"dd appear at 7.45 ppm.

These assignments of spectral data of compound 5 were confirmed by comparing with
reported data of chrysoeriol-7-O-8 —D-glucoside (Calis and Kirmizibekmez 2004) and
accordingly it was identified as chrysoeriol-7-O-8-D-*C; gluco-pyranoside (5, 7, 4 trihydroxy,
3*methoxy flavone-7-O-R-D-*C; glucopyranoside)

figure, 1 and tables 1-3
Compound 6:

Pale yellowish amorphous powder weighing 40 mg having m.p. 187-189 °C gave positive
Molisch's test, PC investigation yielded one spot with R¢values 0.44 and 0.16 in solvent systems
S; and S; respectively, the compound gave dark purple fluorescent under UV light at 365 nm
which turned to yellow on exposure to ammonia vapors or spraying with aluminum chloride
reagent. The compound also showed greenish blue when treated with ferric chloride reagent, this
chromatographic and chemical behavior indicates of flavonoid glycoside nature (Cheng et al.,
1976).

Acid hydrolysis yielded luteolin aglycone and glucose as single sugar moiety.

UV spectral analysis in methanol showed bands (255, 267, 347) indicate flavone nature
gave a bathochromic shift in band I (+A 46 nm) with increase in intensity by adding sodium
methoxide and on addition of sodium acetate which prove occupation of 7-hydroxyl position, also,
a bathochromic shift in band I (+24 nm) occurred on using boric acid which prove the presence of
orthodihydroxy group.
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Moreover, another bathochromic shift in band I (+A 59 nm) occurred on adding aluminum
chloride reagent confirmed the existence of 3", 4™ dihydroxy form and that the 5 hydroxyl position
is free.

'H-NMR showed the presence of doublet at § 6.9 ppm d, J= 8Hz, H-5; at 7.4 (dd J ~ 2 Hz,
J ~ 8Hz) H-6', H-2', this confirming the existence of 3', 4'hydroxyl in B ring while H-6, H-8
appears downfield shifted proving seven position occupation. The anomeric sugar proton H;’
appeared at 6 5.1 ppm d, J= 8 Hz while the remaining sugar protons appeared at 6 3.7-3.2 ppm.

3C_NMR spectrum also confirmed the structure due to the presence of C;at & 163 nm up
field shifted and downfield shift of C¢ and Cg by about 10 ppm, also, the assignment of
characteristic six **C-resonance of an extra O-8-*C; glucopyranoside moiety where C,” appeared
at 100.4 ppm.

Accordingly, compound 6 was identified as Luteolin-7-O-8-D-*C; glucopyranoside,
figure, 1 and tables 1-3 (Harborne et al, 1975 and Geissman 1968).

Compound 7:

Pale yellowish amorphous powder weighing 35 mg having m.p. 181 — 183 °C gave positive
Molisch's test, PC investigation yielded one spot with R¢ values 0.43 and 0.18 in solvent systems
S: and S, respectively, the compound gave dark purple fluorescent under UV light at 365 nm
which turned to yellow on exposure to ammonia vapors or spraying with aluminum chloride
reagent. The compound also showed greenish blue when treated with ferric chloride reagent, this
chromatographic behavior indicates of flavonoid glycoside nature (Cheng et al, 1976).

Acid hydrolysis yielded luteolin aglycone and arabinose as single sugar moiety.

UV spectral data in methanol showed two main bands at Amax 345 (band I) 253 (band I1)
and 264 (sh) nm while when treated with sodium methoxide gave a bathochromic shift without
decrease intensity (AA= +53 nm) in band I, thus proving 4'- hydroxyl group to be free and on
treatment with sodium acetate gave a bathochromic shift in band II (AA= +14 nm), indicating the
presence of free hydroxyl group at C; when using sodium acetate and boric acid gave a
bathochromic shift in band I (AA= +27nm), indicating the presence of two catecholic hydroxyl
group and aluminum chloride gave a bathochromic shift in band I (AA= +80nm), indicating 3",
4’and 5 hydroxyl position are free and finally aluminum chloride and hydrochloric acid gave a
hypthochromic shift in band I (AA= +40 nm) with reference to band I in aluminum chloride alone
indicating the presence of 3°, 4 dihydroxy system.

Negative ESI/MS exhibited molecular ion peak at 417 while *H-NMR (DMSO-d ¢) (Fig.
46) 6 ppm showed two doublet signals at 6 6.42 and 6.19 ppm for H-8 and H-6 respectively,
doublet of doublet (dd) signals at & 7.4 ppm (J= 2.5 Hz) for H-6", doublet signals at 67.38 ppm
(J=8 Hz) for H-2", doublet signals at & 6.84 ppm (J=8 Hz) for H-5" and singlet signal at 6 6.64 for
H-3 confirming that the compound of flavone type and the anomeric proton of arabinose (H-1"
appeared at 5.13 ppm (d, J = 6.9 Hz), which confermed by anomeric carbon atome at 100.7ppm

3C_NMR spectrum also confirmed the structure due to the presence of C;at & 163 nm up
field shifted and downfield shift of C¢ and Cg by about 10 ppm, also, the assignment of
characteristic six **C-resonance of an extra O-R-D-*C;—arabinoside moiety .

Compound 7 was finally identified as Luteolin -7-O-R-D-*C;—arabinoside, figure, 1 and
tables 1-3 (Agrawal 1989).

Compound 8:

Pale yellowish amorphous powder weighing 1.7 g having m.p. 314 °C gave positive
Molisch's test, PC investigation yielded one spot with R¢ values 0.68 and 0.71 in solvent systems
S: and S; respectively, the compound gave dark purple fluorescent under UV light at 365 nm
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which turned to yellow on exposure to ammonia vapors or spraying with aluminum chloride
reagent. The compound also showed greenish blue when treated with ferric chloride reagent; this
chromatographic behavior indicates flavonoid glycoside nature (Cheng et al, 1976).

Acid hydrolysis yielded quercetin aglycone and L-rhamnose as sugar moiety where both
were identified using CoPC while negative ESI/MS spectrum showed molecular ion peak at m/z
447.039(M-H) " corresponding to molecular weight of 448 (Harborne et al, 1975 and Geissman
1968).

'H-NMR spectrum showed the characteristic five 'H- resonances of two spin coupling
system for quercetin 3-O-glycoside structure were assigned to H-2 , H-6 , H-5' (1*), H-8 and H-6
(2" while sugar moiety showed signals at & 5.26 (a—anomeric proton as brs) 3.98 (brs of H-2")
and 0.83 ppm (for CH3-6") characteristic for a-L-rhamnopyranoside moiety at OH-3.

3C-NMR showed typical 15 **C-resonance for a quercetin moiety, among them C-4" and
C-3" at 148.80 and 145.56 as a key signals of 3", 4'dihydroxy B-ring in all quercetin glycosides, it
showed six **C-resonances of an O-rhamnopyranoside moiety, also C-4", C-3", C-2"and C-5"of &
values around 70 ppm and CHs-6" which is the most up field signal at 18.11 indicating
glycosidation at OH-3 which was proved by the relative up field shift of C-3 to134.58 (A ~ 3-4
PPM) and down field shift of C-2 relative to those of the aglycone (Geissman 1962), moreover, all
other *C resonances were proved by comparison with reported data of related compounds.So,
compound 8 was identified as Quercetin -3-O-a-L*C,—rhamno-pyranoside (Quercetrin) figure, 1
and tables 1-3 (Agrawal 1989, Harborne et al, 1975 and Mabry et al, 1970) .

Compound 9:

Pale yellowish crystalline powder weighing 35mg soluble in mixture of chloroform and
methanol having m.p. 345-346 °C gave negative Molisch's test and positive magnesium in
concentrated hydrochloric acid test, it has yellow colour under UV 365 nm changed to intensive
yellow after spraying with 2 % aluminum chloride reagent this behavior indicates that it is of
flavonoid aglycone nature.

Mass spectrum showed molecular ion peaks at m/z (55):271 (M") (62), 247 (7), 153(9) and
125(100) while UV spectrum showed two major absorption bands in methanol at 267 and 336,
typical for flavonoid, the addition of sodium methoxide gave stable bathochromic shift thus
indicating that 4 position to be free hydroxyl while the addition of sodium acetate exhibits a
bathochromic shift so proving that 7 position to be free hydroxyl, addition of sodium acetate and
boric acid gave no shift so proving the absence of catecholic hydroxyls while addition of
aluminum chloride gave a shift of (A +47) nm which was not changed after addition of dilute
hydrochloric acid, so further confirming the absence of catecholic hydroxyls.

'"H-NMR showed apigenin type protons as followe; two doublets at § 6.3 and 6.45 with J=
2.5 Hz for H-8 and H-6 respectively and two doublets at 6 6.92 and 7.85 with J= 8Hz for H-3', H-
5'and H-2', H-6' and singlet at 6.59 for H-3 while *C-NMR indicated the presence of 15 carbon
atoms which was found to be agreeable with reported data about apigenin figure, 1 and tables 1-3
(Mabry et al, 1970).

Compound 10:

Yellowish amorphous powder weighing 50 mg soluble in mixture of chloroform and
methanol, with m.p. 236°C gave negative Molisch's test and positive magnesium in concentrated
hydrochloric acid test, it has yellow colour under UV 365 nm changed to intensive yellow after
spraying with 2 % aluminum chloride reagent this behavior indicates that it is of flavonoid
aglycone nature. It gave one spot on PC with R¢ values 0.78 and 0.05 using in solvent systems S;
and S, respectively.
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UV spectral data in methanol showed two main bands at Amax 345 (band 1) 253 (band 1)
and 264 (sh) nm, the addition of sodium methoxide gave a bathochromic shift without decrease
intensity (AA= +53 nm) in band I, thus proving 4'- hydroxyl group to be free while the addition of
sodium acetate gave a bathochromic shift in band II (AA= +14 nm), indicating the presence of free
hydroxyl group at C;, addition of sodium acetate and boric acid gave a bathochromic shift in band
I (AA= +27nm), indicating the presence of two catechol hydroxyl group while the addition of
aluminum chloride gave a bathochromic shift in band I (AA= +80nm), indicating 3", 4’and 5
hydroxyl position are free which changed to hypthochromic shift on addition of hydrochloric acid
in band I (AA= +40nm) with reference to band I in aluminum chloride alone indicating the
presence of 3', 4'dihydroxy system.

'H-NMR (DMSO-d ¢) (Fig. 46) & ppm showed two doublet signals at & 6.42 and 6.19 ppm
for H-8 and H-6 respectively, doublet of doublet (dd) signals at & 7.4 ppm (J= 2.5 Hz) for H-6",
doublet signals at 7.38 ppm (J=8 Hz) for H-2" and doublet signals at 6 6.84 ppm (J=8 Hz) for H-
5" proving luteolin- type and singlet signal at & 6.64 for H-3 confirming that the compound 10 to
be flavone in nature.

The structure was confirmed by **C-NMR where all **C resonance was compared with
reported data.

From all the previous data compound 10 was identified as 5, 7, 3", 4 tetrahydroxy- flavone
(Luteolin) figure, 1 and tables 1-3 (Agrawal 1989).

Compound 11:

Dark yellow amorphous powder weighing 45 mg soluble in mixture of chloroform and
methanol with mp 312°C gaves negative Molisch's test and positive magnesium in concentrated
hydrochloric acid test, it has yellow colour under UV 365 nm changed to intensive yellow after
spraying with 2 % aluminum chloride reagent this behavior indicates that it is of flavonoid
aglycone nature. It gave one spot on PC with Rsvalues 0.75 and 0.03 using in solvent systems S;
and S, respectively.

EI-MS spectrum of compound 11 showed a molecular ion peak at m/z 301 corresponding
to Mwt. 302 while UV spectral data, showed large bathochromic shift in band I with aluminum
chloride reagent which disappear on addition of hydrochloric acid that is an evidence of
orthodihydroxy B ring (Mabry et al, 1970).

'H-NMR spectrum showed an ABX coupling system of three proton signals as meta
doublet (H-2"), ortho-meta dd (H-6") and ortho doublet (H-5") for 3", 4" dihydroxy B-ring and
AM-spin coupling system of two meta coupled protons at 6.38, 6.18 assigned H-8 and H-6
respectively while **C-NMR spectral data Sppm exhibited fifteen typical carbon resonances for
quercetin moiety were assigned in the aromatic region, showed two key signals of quercetin
aglycone were assigned at 149.15 (C-4") and 145.49 (C-3°) ppm.

Accordingly, compound 11 was identified as 3, 5, 7, 3, 4°, pentahydroxy —flavone
(quercetin) figure, 1 and tables 1-3 (Agrawal 1989 and Harborne et al, 1975).

This is the first time for isolation of all compounds except acetoside from Russelia
equisetiformis.

Biological studies:

Determination of median lethal dose (LDsp); the gained results revealed that the investigated
methanol extract was non-toxic up to 3.4 g/Kg which agree the reported data (Kolawole et al,
2006).

Antidepressant effect; Study of the antidepressant effect of n-butanol and water extracts as well
as the crude phenylethanoid fraction of Russelia equisetiformis at the dose of 300 mg/Kg using
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FST revealed that all of them reduced the duration of immobility, resulting in a 79.38%, 70.81%,
71.04% and 73.8% immobility reduction compared with the control group, respectively compared
to fluoxetine table, 4.

Hepatoprotective effect; Carbon tetrachloride was found to induce hepatotoxicity by producing a
wide array of dysfunctions, its hepatotoxicity illustrated by several mechanisms i.e. it reduces by
cytochrome p- 450, a terminal oxidase in endoplasmic reticulum of liver followed by formation of
trichloromethyl radical as metabolite of carbon tetrachloride then it reacts with molecular oxygen
to form more electrophilic reactive radical which initiates lipid peroxidation of endoplasmic
reticulum (Recknagel and Glende 1973).

Products of lipid peroxidation may cause damage to the biological membranes leading to
serious cellular injury and leakage of serum marker enzymes from cytoplasm into the blood after
rupture of plasma membrane like AST, ALT, ALP (Agrrwal and Mehendale 1983) and finally
cell death (kim et al, 1990).
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Figure, 1: Compounds isolated from Russelia equisetiformis (Scrophelariaceae) cultivated in
Egypt:

Three consecutive doses of carbon tetrachloride cause elevation in the serum ALT, AST,

ALP, total bilirubin and induced damage to ca’* regulating system which leads to elevated

cytoplasmic calcium concentration in mice hepatocytes which precedes the release of AST into the
medium (Recknagel et al, 1977).
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Administration of methanol extract of Russelia equisetiformis reduces the elevation in
serum levels of transaminases ALT and ALP which can maintain the functional integrity of
hepatic cells and indicate its hepatoprotective effect, table 5.

Bilirubin the main bile pigment that is formed from breakdown of heme in red blood cells
The administration of methanol extract of Russelia equisetiformis significantly reduce the total
serum bilirubin level when compared with that of carbon tetrachloride intoxicated group but less
than normal suggesting the efficiency of the extract in clearing elevated serum bilirubin, table 5.

Table, 5: Effect of oral administration of Russelia equisetiformis methanol extract on serum
AST, ALT, ALP, y GT and total bilirubin in normal and liver damaged rats:

Parameter
Group AST ALT ALP v GT Total bilirubin
(1U/ml) (1U/ml) (1U/L) (U/L) (mg/dl)
Control 168 +1.18 | 75.8+2.03 | 409+1.82 | 98+1.2 0.29+£0.01
CCl, only 423+ 7.0 220+5.5 | 66.1+ 3.42 19+1.9 14+0.1
Methanol extract 370.8+55 | 176.3+3.9 | 505+3.2 | 17.8+1.8 0.9+0.03

Results tabulated are representing means * S.E.

Antioxidant enzymes are the defense systems against carbon tetrachloride injury or any
toxicity include, superoxide dismutase enzymes (SOD) which catalyze the conversion of two
superoxides into hydrogen peroxide and oxygen that is substantially less toxic than superoxide
and catalase enzymes (CAT) degrade hydrogen peroxide to water and oxygen and finish the
detoxification reaction started by SOD, the gained results revealed that oral administration of
Russelia equisetiformis methanol extract cause significant elevation of both levels of SOD and
CAT, table 6 (Bowen 2003).

Table, 6: Effect of oral administration of Russelia equisetiformis methanol extract on
antioxidant enzymes in RBCs in normal and liver damaged rats.

Parameter
Group SOD(U/ml) CAT (U/ml)
Control 293.60 +11.90 17850 + 820
CCly 109.40 + 5.60 10302 + 650
Methanol extract 162 +15.90 13112 + 650

Results tabulated are representing means + S.E.

Vitamin C displays antioxidant properties and considered as other defense mechanism
due to electron donating properties to the a free radicals causing their neutralization resulting in
reduction of their tissue destructive capacity.

Administration of Russelia equisetiformis methanol extract showed significant increase in
percentage of vitamin C (84%) in liver damaged rats but not reach to normal level indicate its
curative effect, table, 7.
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Table, 7: Effect of oral administration of Russelia equisetiformis methanol extract on serum
vitamin C in normal and liver damaged rats.

Parameter Vit. C
Group (pg/ml)
Control 2.5+0.08
CCly 1.2 +0.05
Methanol extract 2.1+0.04

Results tabulated are representing means = S.E.

Phytochemical investigation of Russelia equisetiformis revealed presence of flavonoids,
phenolic acids and phenylethanoids to which this curative effect may be attributed to all or some
of these constituents which have been reported to have free radical scavenging effect owing to
their redox properties and to some extent could also be due to their metal chelation potential
(Roginsky and Lissi 2003).

The gained results revealed that the habitat of the plants affects greatly its active
constituents and consequently their biological effects as it was reported that Russelia
equisetiformis cultivated in Nigeria devoid of any flavonoid content and contain triterpenes and
sterols, which could be sources of free radicals after metabolism it is suspected that the free
radical generated by its metabolism and so such free radicals accumulate and adversely affect
liver function as indicated by an increase in the serum levels of liver enzymes (Kolawole and
Kolawole 2010) in contrast to our results which revealed the existence of several phenolic
compounds exhibiting an array of biological activities.
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