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Abstract

Clerodendrum myricoides is a plant traditionally used for treatment of rheumatism, asthma, inflammatory
diseases, coughs, skin diseases, vermifuge, febrifuge and malaria. Phytochemical screening of the
CH2Cl2/CH30H (1:1) and CH30H (100%) root extracts of the plant revealed the presence of phenolic
compounds, steroids, flavonoids, saponins and terpenes. Chromatographic separation of CH2Clo/CH30OH
(1:1) root extract of C. myricoides yielded a new phenylpropanoid glycoside (1) together with a known
phenylpropanoid glycoside, verbascoside-6"-apiose (2). The structures of these compounds were
determined using spectroscopic techniques (UV-Vis, IR and NMR, 1D and 2D).

Keywords: C. myricoides, phenylpropanoid glycosides, flavanoides, steroids, terpenoids.

1. Introduction

Nature has been a source of medicinal agents for thousands of years and a number of drugs
have been isolated from natural sources. Higher plants as sources of medicinal compounds
have continued to play a leading role 'V Clerodendrum myricoides (Verbenaceae, fig. 1) is one
of the traditional medicinal plants in Ethiopia known by the name ‘Marasissa’ (Afaan
Oromoo), ‘Algga’ (Dawiro) ¥ and ‘Misirich’ (Amharic) BF In Ethiopia, C. myricoides is
widely distributed in the flora of Tigray, Gonder, Wollo, Shewa, Arsi, Welega, Illu Abba
Boor, Kefa, Gamo Gofa, Sidamo and Harerge - The bark of C. myricoides is used to treat
abdominal pains, malaria and snake bites ™ Root decoction is applied as antidotes in
poisonings [° Bathing over the steam after boiling the leaves of C. myricoides is used for the
treatment of epilepsy [ Roots and leaves of C. myricoides are used to treat gonorrhea, rabies,
measles, glandular TB, colic, eye disease, malaria, swellings in the body, wound dressings,
hemorrhoids, asthma and as aphrodisiac [ 7!

Earlier studies on the chemical constituents of the genus Cleodendrum indicated the presence
of phenylpropanoids ® ) flavonoids ['° diterpenes [''» triterpenoids ['?! and steroids 3 As
part of our ongoing study on Ethiopian medicinal plants, we hereby present a comprehensive
phytochemical analysis on the roots of C. myricoides.

Fig 1: C.myricoides (Misirich) (picture taken by Habdolo.E, Dec, 2014)
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2. Experimental Section

2.1 General experimental materials

UV-Vis spectrum was measured with GENESY’s
spectrometer (200-400 nm) in methanol at room temperature.
Infrared (KBr pellet) spectrum was recorded on Perk-Elmer
BX infrared spectrometer in the range 400-4000 cm™'. Nuclear
Magnetic Resonance (NMR) analysis was recorded on a
Bruker Avance 400 MHz spectrometer with tetramethylsilane
as internal standard. Structural assignments were done on the
basis of COSY, gHMQC and gHMBC spectra. Thin Layer
Chromatography (TLC) was done using silica gel 60 F254.
Column chromatography was performed on silica gel 60 (60-
100 mesh).

2.2 Plant material

The plant material was collected from Oromia Region, Arisi
zone; Shashemene area located 248km from Addis Ababa,
capital of Ethiopia. The collected plant specimen was
identified and authenticated by botanist Reta Regasa,
Department of Biology, Hawassa College of Teachers
Education. Specimen was deposited at the herbarium of
Hawassa College of Teacher Education, Hawassa, Ethiopia.

2.3 Extraction and Isolation

The collected specimens were dried and grounded into fine
powder with the help of mortar and pestle. The grounded roots
(500 g) were extracted by cold percolation with
CH,Cl,/CH30H (1:1) three times for 24 h while shaking at
speed of 230 r/min and temperature controlled at 28.0°C. The
marc left was further extracted with methanol as above. The
extract was concentrated using rotary evaporator (40°C) to
yield a brownish crude extract (46.8 g, 9.36%). The crude
extract obtained was screened for the presence of secondary
metabolites following the standard protocols given by
Harborne 'Y The dried root extract (46.8 g) was subjected to
column chromatography (260 g silica gel) with increasing
gradient of ethyl acetate in n-hexane as eluent.

2.4 Phytochemical Screening test

Phytochemical screening test was carried out on the crude
extract of CH,Cl,:CH30H (1:1) using standard procedures to
identify the type of secondary metabolites present in crude
extract.

2.4.1 Test for alkaloids

One mL of 1% HCI was added to 3 mL of the test extract in a
test tube. The mixture was heated for 20 min, cooled and
filtered. Then ImL of the filtrate was tested with 0.5 mL
Wagner’s, Hager’s and Mayer’s reagents. Formation of
reddish brown precipitate for Dragendorff’s and Wagner’s
reagents, yellow precipitate for Hager’s and cream precipitate
for Mayer’s indicated the presence of alkaloids [

2.4.2 Test for flavonoids

Flavonoids were determined by Mg-HCI reduction test. A
piece of magnesium ribbon (powder) and 3 drops of conc.
hydrochloric acid were added to 3mL of the test extract. A red
coloration indicated the presence of flavonoids. Five milliliters
of dilute ammonia solution was added to 5 mL of the aqueous
filtrate of extract followed by the addition of ImL
concentrated H,SO4. A yellow coloration indicated the
presence of flavonoids. The yellow color disappeared on
standing (161

2.4.3 Test for phenols

The extract was treated with 3-4 drops of ferric chloride
solution. Formation of bluish black color indicates the
presence of phenols.

2.4.4 Test for glycosides

To 2 mL of extract 2 drops of Molisch’s reagent was added
and shaken well. Two mL of conc. H,SO4 was added on the
sides of the test tube. A reddish violet ring appeared at the
junction of two layers immediately indicated the presence of
carbohydrates [}

2.4.5 Test for terpenoids (Salkowski test)
About 5 mL of the extract was mixed with 2 mL of chloroform
and 3 mL of concentrated H,SO4 was added. A reddish brown

coloration at the interface confirmed the presence of terpenes
[17].

2.4.6 Test for tannins

About 0.2 g of the dried powdered samples was boiled in 10
mL of distilled water in a test tube and then filtered. Addition
of 0.1% FeCls solution resulted in a characteristic blue, blue-
black, green or blue-green color which confirmed the presence
of tannins ['7)

2.4.7 Test for saponins

About 0.2 g of powdered sample extract was boiled in 2 mL of
distilled water on a water bath and filtered. A fraction of
aqueous filtrate about 1 mL was mixed with 2 mL of distilled
water and shaken vigorously to form a stable persistent froth.
The frothing was mixed with three drops of olive oil and
shaken vigorously. Formation of an emulsion confirms the
presence of saponins ['7

3. Results and Discussion

Preliminary screening tests of the crude CH,Cl,/CH3OH (1:1)
revealed the presence of flavonoids, glycosides, terpenes,
phenols, saponins, tannins and absence of alkaloids (Table 1).
Column chromatographic separation of the root extract
afforded two phenylpropanoid glycosides (1, 2).

Table 1: Phytochemical screening of the roots of C. myricoides

Chemical Present(+)/Absent
Reagent used

component ()
Alkaloids Dragendorff’s reagents -
Flavonoids Dilute ammonia solution +
Phenols FeCl3 +
Glycosides Conc HCI/ Molisch +
Terpenoids | Chloroform & conc H2SO4 +
Tannins FeCl3 +
Saponins Warring in water bath +

Key + = present - = absent

Compound 1 was obtained as a yellowish amorphous powder
(35mg) with Ry value of 0.42 (30% ethyl acetate in n-hexane
as eluent). The UV-Vis spectrum indicated absorbance peaks
Amax at 286 nm and 332 nm attributed to n-* transition of C=C
double bond and transitions of lone pair of electrons n-m*
respectively. The IR spectrum indicated vibrations at 3400cm!
(due to hydroxyl group), 2936 cm! (due to C-H stretching
vibrations), 1640cm™ and 1708cm'(due to o,B-unsaturated
ester), and 1518cm! (due to the presence of benzene ring).

The 'H NMR spectrum (DMSO-ds, Table 2) revealed the
presence six aromatic protons with two sets of aromatic ABX
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coupling system at 86.66 (d, J=2.0Hz), 66.63 (d, J=8.1Hz) and
86.52 (dd, J=8.1, 2.0 Hz) for the 3,4-dihydroxy-B-
phenylethoxyl moiety and 87.01 (d, J=2.0 Hz), § 6.73 (d,
J=8.1 Hz) and 66.90 (dd, J=8.1, 2.0Hz) for the caffeoyl
moiety. Vinyl protons of AB-type (trans-olefinic) were
observed at 87.59 (d, Jap=15.9Hz, H-8") and §6.26 (d,
Jas=15.9Hz, H-7"). Four characteristic anomeric protons of
sugar moieties observed at 64.38 (d, J=7.8 Hz), 65.28 (d, J=1.5
Hz), 85.17 (d, J=2.2 Hz) and 85.22 (d, J=2.7 Hz) are in
agreement with a [B-configuration of an anomeric proton.
Signal at §1.05 integrated for three protons is attributed to a
methyl group (H-6™) of rhamnose. The coupling constant
value for anomeric proton at 65.28 and that of 61.05 (d, J
=6Hz) is in conformity with the o-L-configuration of the
rhamnopyranoside moiety. The downfield chemical shift value
of H-3" (at 83.83) of glucose is due to glycosylation at the C-
3" carbon atom. The anomeric proton signals were consistent
with the B-configuration of glucose, a- configuration of a
rhamnose and f-configuration for both f-apioses.

The BC NMR spectrum revealed tetraglycosidic nature
exhibiting four anomeric carbon resonances at 6104.5 (B-
glucose), 102.7 (6-rthamnose), 111.5 (B-apiose) and109.6 (B-
apiose). Chemical shift values at §104.5, §102.7, 8111.5, and
8109.6 are attributed to anomeric sugar carbons of glucose (C-
1), rhamnose (C-1™) and apiose I and II (C-1"" and C-1"T),
respectively. The signals observed at 6146.9, 6148.0 and
5144.7 belong to C-3, C-1 and C-5 of aromatic nucleus.
Signals at 8115.2 and 6117.1 indicate the presence of ester
carbonyl carbon (6166.3) of a and P conjugated system.
Signals observed at §146.9, 6148.0, 6144.7 and 5146.2 are
attributed to oxygenated sp? quaternary carbons of a phenyl
group at C-3, C-4, C-3' and C-4', respectively. From the '"H-'H
COSY spectrum the two doublet protons coupling each other
at §7.59 (d, J=15.9,H-7") and 86.26 (d, J=15.9,H-8)) show

HMBC correlation to ester carbonyl carbon at §168.3 (C-9")
suggesting these two protons belong to o and B protons of a,p3-
conjugated system of ester moiety. The ester linkage observed
between C-4 of the glucopyranose unit with the ester
carbonyl carbon of the caffeoyl unit was confirmed on basis of
the downfield chemical shift value of H-4!" signal (6 4.93) of
glucose and HMBC cross-peak observed between H-4" and
the ester carbonyl carbon (5166.3). A prominent HMBC
correlation from the anomeric proton of glucose at 34.38 to C-
8 (872.3) of the 3,4-dihydroxy-p-phenylethoxyl moiety
suggest that the glucose moiety is linked to C-8. The upfield
chemical shift value of C-6" at §62.3 revealed the presence of
a second P-apiose in this position. The HMBC coupling
between H-1"" (85.22) of apiose and C-4™ of rhamnose
showed that the site of the glycosylation of apiose to be C-4™
position of rhamnose. This was further supported by COSY
correlation between H-1"™! of apiose with H-4"" of rhamnose
and correlation between the H-1""' of apiose with H-6" of
glucose.

The connectivity between the sugars was further established
by the HMBC correlation between H-1"' (85.28) of the
rhamnose and C-3" (880.5) of the glucose indicating an
interglycosidic between C-1" (rha) and C-3" (glu). Both
isomers showed a correlation between H-1T of the
glucopyranose unit with C-a of the phenylethyl aglycone in
the respective HMBCs confirming the position of the aglycone
in the structure. The complete assignment of all proton and
carbon resonances was based on the COSY, gHSQC, and
gHMBC experiments. The compound was found to be a
derivative of a known phenylpropanoid glycoside (Fig. 2),
verbascoside, and the spectral data is in agreement with other
related phenylpropanoid glycosides available in literature %
21,

Table 2: Complete NMR (DMSO-ds, 400MHz) data of compound 1

Position Sc(ppm) Su(ppm) COSY Z;IMBC Correlat;;n
1 129.7 - - -
2 116.2 6.66 (d, J=2.0) - C-1,3 C-4,6,7
3 146.9 - -
4 144.7 - -
5 116. 8 6.63 (d, J=8.1) 6 C-4,6 C-13
6 120.0 6.52 (dd, J=2,8.0) 5 C-1,5 C-24,7
a 35.5 2.75 (¢, J=1.3) 8 C-8,1 C-2,6
B 723 3.96/3.7 (m) 7 c-7 C-1,11
Glucose
1 104.5 4.38(J=7.8) 21 c-2n C-8
2t 73.3 3.41 (dd, J=7.96/9.3) 11, 31 C-1130 c-41
3t 80.5 3.83 (£, J=9.1) 21, 41t C-2l4tt C-51
41 69.2 4.93 (¢, J=9.5) 31, 5t C-3t C-6'L, 9!
st 72.1 3.59 (m) 41 6!l C-6" C-1m 31
6! 62.3 3.54/3.66 (dd, J=12.0/5.5) 5t C-5t C-411, 1
Rhamnose
1 102.7 5.28 (d, J=1.5) 2 c-2u C-34, st
21ll 70.8 3.9 (S‘) llll, 3lll C_IIII’ 3lll C_4III
3u 70.0 3.67 (dd, 9.5/3.3) UL 41T | C-2IIL 41 C-11
410 76 4 3.41 (1, J=9.3) 315t C-31 s C-21 @ {1
Sl 67.6 3.55 (m) 4III’ el C-4HI, el C-1
ol 18.6 1.05 (d, J=6.0) st C-s5M C-41
Apiose [
um 111.5 5.17 (d, J:ZZ) 2 C_zllll C_3IIII, 41111, 4
21111 74.7 39 (d, le.g) 1IHI C-IHH, 3IIII C_4IIH’ 5HII
3 74.8 - _
410 70.8 | 3.97(d,9.9),3.70 (d,9.9) - c-3m [
51 63.6 3.55 (S) _ C-31m C-ZHH, 4

~3~
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Apiose 11
11 109.6 5.22 (d, J:27) il C-pm C_3IIIII’ A @l
ZIIIII 73.9 3.65 llIIIl C_llIIIl’ 3IlIII C_4IIIII’ SIIIII
ke 793 - -
41 71.0 3.39/3.27 (d, J=11.6) - C-3it C- UL oI St
S 62.5 327 (d, 116) _ C-3im C_ZIIIII, A1
Acyl moiety

1! 125.9 - - -

2! 115.2 7.01 (d, J=2.0) - C-14, 3! c4L 6, 7!

3! 148.0 - - - -

4! 146.2 - - - -

5! 115.9 6.73 (d, J=8.1) 6! c-A4! C-11, 3!

o' 122.0 6.90 (dd, J=2.8/8.1) 5! C-1! C-2L,4L 7!

a 113.8 6.26 (d, J=15.9) 8! C-11, 8! C-21 6!, 9!

B 149.0 7.59 (d, J=15.9) 71 C-7, 9! C-1!
Cc=0 166.3 - - -

OH

H
0 ( >§ﬁ

HO K\H ° oH ©H

\H) o o}

o o OH

HO H3Cw OHH\)/\Qi

o)

OH OH
OH
HO

-0

OH
OH

Fig 2: Important HMBC correlation of compound 1

Compound 2 was obtained as a yellowish amorphous powder
(27mg) with Ry value of 0.68 under 30% ethyl acetate/n-
hexane solvent system. The UV-Vis spectrum showed a
similar pattern to that of compound 1 with A mx at 286 nm and
332nm attributed to presence of II-IT* transition of C=C
double bond and transitions of lone pair electrons n-m*
respectively. The IR spectrum indicated broad vibration at
3400cm™ (due to hydroxyl group), vibrations at 2936 c¢m'!
(due to C-H stretching),vibrations at 1640cm™ (due to C=C),
vibrations at 1708cm'(due to C=0) and vibrations at 1604cm
1,1518cm™! and 1447cm'suggest the presence of benzene ring.
The 'H NMR spectrum (Table 3) exhibited characteristic
signals arising from (E)-caffeic acid and 3, 4-
dihydroxyphenethyl alcohol moiety together with signals for
two trans-olefinic protons (AB system, J43 = 15.9 Hz), a
benzylic methylene proton (8 2.79, 2H, ¢, J = 7.5Hz) and two
non-equivalent protons (64.05, 1H, m and 3.70, 1H, m).

Additional, three anomeric proton resonances were observed at
84.38 (d, J=7.9 Hz), 4.60 (d, J/=1.5 Hz) and 5.17 (d, J/=2.7 Hz),
suggesting the presence of three sugar moiety. The anomeric
proton signals were consistent with the f-configuration of
glucose, a-configuration of rhamnose and f-configuration of
an apiose. The *C NMR data of compound 2 confirmed
triglycosidic nature exhibiting three anomeric carbon
resonances at 6104.4 (f-glucose), 101.7 (a-rhamnose) and
109.6 (B-apiose). The up field chemical shift value of C-6" at
862.5 suggests the presence of a free OH group. The position
of the caffeoyl group was confirmed to be at C-4" of the
glucose unit on the basis of the downfield chemical shift value
of H-4" (54.97) and its gHMBC correlation with that of ester
carbonyl carbon. HMBC correlation of the anomeric proton of
glucose H-1" at 64.38 to that of C-a atom of the 3, 4-
dihydroxyphenethyl moiety (872.3) also supports the 3, 4-
dihydroxyphenthyl moiety is linked to C-1" position. On the
other hand, the downfield chemical shift value of H-3" (53.81)
of glucose coupled with the HMBC correlation of H-1™
(85.28) of rhamnose and C-3" (880.5) of glucose support that
the rhamnose unit is linked to C-3" position of glucose.
Furthermore, the downfield chemical shift value of C-41!
(680.0) of the rhamnose unit coupled with the gHMBC
correlation between H-1"' (85.17) of apiose and C-4"' of
rhamnose showed that the site of the glycosidation of apiose is
at C-4™" position of rthamnose. Consequently, the structure of
compound 2 was determined to be 1-O-3,4-(dihydoxyphenyl)-
ethyl-f-D-apiofuranosyl-(1—4)-a-L-rhamnopyranosyl-(1—3)-
4-O-caffeoyl-f-D-glucopyranoside isolated previously from
the aerial parts of Phlomis samia, P. monocephala and P.
carica 181

Table 3: NMR (DMSO-ds, 400MHz) data of compound 2

. Reference data '®
Position dc(ppm) Oon(ppm) Su(ppm) Sc(ppm)
Aglycone

1 129.7 - - 131.4

2 116.2 6.66 (d, J=2.0) 6.69 (d, J=2.0) 116.6

3 145.4 - - 146.0

4 144.0 - - 142.0

5 116. 8 6.63 (d, J=8.1) 6.68 (d, J=8.1) 117.1

6 120.0 6.52 (dd, J=2,8.0) 6.56 (dd, J=8.1/2.0) 121.2

o 36.0 2.75 (t, J=1.3) 2.79 (t, J=1.5) 36.5

B 72.5 3.96/3.7(m) 4.05m, 3.07m 72.3
Glucose |

1" 104.4 4.28(J=7.9) 4.38 (d, J=7.9) 104.1

21 77.0 3.31 (dd, J=7.96/9.3) 3.41 (dd, J=7.9/9.3) 76.4

31 79.3 3.81 (t,J=9.1) 3.83 (t,J=9.1) 80.5

~g~
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40 70.2 491 (t, /=9.5) 4.93 (t, /=9.5) 70.4
51 743 3.59(m) 3.55@ 75.9
6! 62.5 3.54/3.66 (dd, J=12.0/5.5) 3.65@3.55® 62.3
Rhamnose
[ 101.7 5.22(d, J=7.9) 5.28 (d, J=1.5) 102.1
21 73.3 3.16 (dd, J=7.9, 9.0) 3.90-3.85@ 72.4
30 71.5 3.35 (t, J=9.0) 3.67 (dd, J=9.5/3.3) 723
4l 32.8 3.37 (1, J=9.0) 3.41 (t,J=9.3) 80.0
st 69.7 3.32(m) 3.55m 68.8
61 24.6 1.87 (d, J=6.0) 1.12 (d, /=6.2) 18.7
Acyl moiety
1! 125.9 - 127.6
2! 115.2 7.18 (d, J=2.0) 7.08 (d, /=2.0) 115.2
3! 146.3 - - 146.9
4! 146.2 - - 149.4
St 115.9 6.79 (d, J=8.0) 6.81 (d, J=8.2) 116.3
6! 122.0 6.52 (dd, J=2.0/8.2) 6.98 (dd, J=8.2/2.0) 123.4
o 115.1 6.06 (d, J=15.9) 6.26 (d, J=15.9) 114.6
B 149.0 738 (d, /= 15.9) 7.59 (d, /=15.9) 148.0
C=0 168.3 - - 168.2
Apiose moiety
i 109.6 5.17(d, J=2.2) 5.22(d, J=2.7) 1114
21 77.0 3.90(d, J=1.8) 3.65@ 78.5
3 82.3 - - 79.9
41 74.8 337(d, J=11.3) 3.39 (d, J=11.6) 74.8
SI 63.5 3.55 (d, /=10.9) 3.27 (d, J=11.6) 65.7
Q oH 6. References
HO, 1. Ramamurthy V, Maria RD, Gowri R, Vadivazhagl MK,
AN o o Jayanthi G, Raveendran S. Study of the phytochemical
O 0 OH analysis and antimicrobial activity of dodonaea viscose,
oH India. J Pure Appl. Zool. 2013; 1(2):178-184.
HO' H.C o 2. Mathewos A, Sebsebe D, Zemede A. Ethnobotany of
O OH OH Medicinal Plants in Loma and Gena Bosa Districts
OH (Woredas) of Dawro Zone, Southern Ethiopia. J Herb.
HO Med. 2013; 2(9):195.
© 3. Desta B. Ethiopian traditional herbal drugs. Part III: anti-
fertility activity of 70 medicinal plants. Journal of Ethno
OH pharmacology. 1994; 3:199-209.
OH 4. Persson E. Clerodendrum. Flora of Ethiopia and Eritrea.
In: Hedberg. I, Emsermu. K, Edwards. S and Sebsebe. D
Fig 3: Structure of Verbascoside-6"!-apiose (2) (eds.), Gentianaceae to cyclocheilaceae. Addis Ababa,
Ethiopia; Uppsala, Sweden, 2006, 525-526.
4. Conclusion 5. Getahun A. Some common medicinal and poisonous
This work is the first attempt to phytochemically analyze the plants used in Ethiopia folk Medicine. Addis Ababa
roots of C. myricoides from Ethiopian flora. Phytochemical University, 1976, 62-63.
screening of the roots revealed that the presence of glycosides, 6. Dibaba A. Phytochemical investigation on the leaves of
terpenoids, flavonoids, phenolics and tannins. laggera Tomentosa, MSc Thesis, Department of
Chromatographic separation of the CH,Cl,/CH;0OH (1:1) Chemistry, Faculity of Science, Addis Ababa, Ethiopia,
yielded two phenylpropanoid glycosides. This is the first 2006, 1-4.
report on the presence of such kind of phenylpropanoid 7. Abebe D, Debella A, Urga K. Medicinal plants and other
derivatives from the genus Clerodendrum indigenous to useful plants of Ethiopia. Ethiopian Health and Research
Ethiopian flora. Phenylethanoid glycosides commonly occur in Institute, 2003; 262-265.
the order Lamiales, to which the Verbenaceae family belongs. 8. a. Chae S, Kang KA, Kim JS, Hyun JW, Kang SS. A new
The presence of these pharmacologically important secondary antioxidative phenylpropanoid glycoside from
metabolites from root extracts sheds more light on the Clerodendron trichotomum. Chem. Biodiversity 2006;
medicinal uses of the plant. The finding of this work is 3:41-48.
encouraging and indicates that the herb should be studied more b. Chae S, Kang KA, Kim JS, Kim HK, Lee EJ, Hyun JW
extensively for its therapeutic benefits. et al. Antioxidant activities of acetylmartynosides from
clerondendron trichotomum. J Appl. Biol. Chem. 2007,
5. Acknowledgements 50:270-274.
We are grateful to Department of Chemistry, Addis Ababa 9. Lee JY, Lee JG, Sim SS, Whang WK, Kim CJ. Anti-

University for allowing us to use their NMR (400 MHz), UV-
Vis and IR facilities. This research was partly supported by
School of Graduate Studies, Hawassa University grant.

asthmatic effects of phenylpropanoid glycosides from
clerodendron trichotomum leaves and Rumex gmelini
herbes in conscious guinea pigs challenged with
aerosolized ovalbumin. Phytomedicine, 2011; 18:134-142.



American Journal of Essential Oils and Natural Products

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Min YS, Yim SH, Bai KL, Choi HJ, Jeong JH, Song HJ et
al. The effect  of  apigenin -7-O-beta-D-
glucuronopyranoside on reflux Oesophagitis and gastritis
in rats. Aut. Autacoid Pharmacol 2005; 25:85-91.

Wang WX, Xiong J, Tang Y, Zhu JJ, Li M, Zhao Y et al.
Rearranged abietane diterpenoids from the root of
clerodendrum trichotomum and their cytotoxicities against
human tumor cells. Phytochemistry, 2013; 89:89-95.

Choi JW, Cho EJ, Lee DG, Choi K, Ku J, Park KW et al.
Antibacterial activity of triterpenoids from clerodendrum.
J Appl. Biol. Chem. 2012; 55:169-172.

Xu RL, Wang R, Ding L, Shi YP. New cytotoxic steroids
from the leaves of Clerodendrum trichotomum. Steroids.
2013; 78:711-716.

Abinet H. Phytochemical investigation on the leaves of
Laggera tomentosa (Ethanol extract), Msc Thesis, Addis
Ababa University, Ethiopia, 2007, 10-14.

Katagiri M, Ohtani K, Kasai R, Yamasaki K, Yang CR,
Tanaka O. Diterpenoid glucosyl esters from Phlomis
younghusbandii and P. medicinalis roots. Phytochemistry,
1994; 35(2):439-42.

Regassa R. Assessment of indigenous knowledge of
medicinal plant practice and mode of service delivery in
Hawassa city, Southern Ethiopia. Journal of Medicinal
Plants Research. 2013; 7(9):517-535.

Mirutse G. An ethnobotanical study of medicinal plants
used by the Zay people in Ethiopia. CBM: s Skriftserie,
2001; 3:81-99.

Funda NY, Tayfun E, Pnar A, Ihsan CA. Iridoid and
Phenylpropanoid Glycosides from Phlomis Samia,
P.monocephala and P.carica, Ankara-TURKEY. Turk J
Chem. 2013; 27:295-305.

Kanchanapoom T, Kasai R, Yamasaki K. Lignan and
phenylpropanoid glycosides from Fernandoa
adenophylla, Thailand. Phytochemistry 2001; 57:1245-
1248.

Liu SS, Zhu HL, Zhang SW, Zhang XH, Yu Q, Xuan LJ.
Abietane diterpenoids from Clerodendrum bungei. J Nat.
Prod. 2008; 71:755-759.

Kanchanapoom T, Kasai R, Yamasaki K. Phenolic
glycosides from Markhamia stipulata. Phytochemistry,
2002; 59:557-563.



