
Abstract
!

With reference to the ethnopharmacological sig-
nificance of Vitex doniana Sweet (Lamiaceae)
leaves in the treatment of stomach and rheumatic
pains as well as inflammatory disorders, biologi-
cal studies on its stem bark extracts have also re-
ported anti-inflammatory and analgesic activ-
ities, with no attempt to identify the active com-
ponents. Chromatographic and spectroscopic
procedures identified three new phytoecdyste-
roids: 21-hydroxyshidasterone (1), 11β-hydroxy-
20-deoxyshidasterone (2), and 2,3-acetonide-24-
hydroxyecdysone (3) from the stem bark metha-
nol extracts along with known ecdysteroids shi-
dasterone (4), ajugasterone C (5), 24-hydroxyec-
dysone (6), and 11β,24-hydroxyecdysone (7). The
compounds (1–7) showed significant (p ≤ 0.05)
inhibitory effect at 100mg/kg dose on rat paw oe-

dema development due to carrageenan-induced
inflammation in Sprague Dawley rats. These re-
sults suggest a possible contribution of ecdyste-
roids to the anti-inflammatory effect of some
V. doniana stem bark extracts.

Abbreviations
!

m.a. s. l.: metres above sea level
b.w.: body weight
p.o.: per oral
i.p.: intraperitoneal
rel.: relative
LD50: lethal dose for half the population
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Introduction
!

A number of Vitex species have been investigated
as a source of potential bioactive compounds such
as ecdysteroids [1], diterpenoids [2], iridoids [3],
flavonoids, and phenolic compounds [4] demon-
strating antioxidant, anti-inflammatory, antimi-
crobial, hepatoprotective, analgesic, antihista-
minic, anti-implantation, and antiasthmatic ac-
tivities [5,6]. Generally, ecdysteroids and iridoids
have been explored as chemotaxonomic markers
for the plants in the family Lamiaceae including
Vitex species [7]. Vitex doniana Sweet (Lamiaceae)
is a small to medium sized tree growing up to
25m tall with no phytochemical report in spite
of the available ethnopharmacological signifi-
cance among different African communities [8],
including use of water decoctions of different
parts for treatment of stomach and rheumatic
pains as well as inflammatory disorders [9,10].
Antidepressant effects and potentiation of sodi-
from the… Planta Med 2013; 79: 52–59
um thiopental sleeping time, muscle relaxant
[11], anti-inflammatory, and analgesic activities
[8] of V. doniana leaf extracts have been reported
as well as antihypertensive effects on normative
and hypertensive rats, trypanocidal and anti-
diarrheal activities of the stem bark [12]. Recent
indication of anti-inflammatory, anticonvulsant,
and antipyretic properties of ethanol extracts
[13] of V. doniana stem bark prompted a phyto-
chemical analysis of the plantʼs stem bark for po-
tential anti-inflammatory compounds. As a result
of this study, isolation of three new phytoecdyste-
roids [21-hydroxyshidasterone (1), 11β-hydroxy-
20-deoxyshidasterone (2), and 2,3-acetonide-24-
hydroxyecdysone (3)] and four known phytoec-
dysteroids [shidasterone (4), ajugasterone C (5),
24-hydroxyecdysone (6), and 11β,24-dihydroxy-
ecdysone (7)] with comparable anti-inflamma-
tory activities as diclofenac are reported.
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Materials and Methods
!

Plant materials
The stem bark of Vitex doniana Sweet was collected from theMau
Forest, Kenya (0°29′07.70′′S; 34°44′ 02.28′′E; elevation 4815m
a.s. l.). A voucher specimen (COO‑VD-2010–02) was deposited at
the University of Nairobi Herbarium, Department of Botany.
Identification of the plant material was done by Mr. Patrick C.
Mutiso of the Department of Botany, School of Biological Science
of the University of Nairobi, Kenya.

General instrumentation and chemicals
Optical rotations were measured with a Perkin-Elmer 341 polar-
imeter, and UV spectra recorded with a Shimadzu UV 2101 PC
spectrophotometer. NMR spectra were recorded on a Bruker
Avance DRX-500 apparatus (500MHz, 125MHz) using either
CH3OH‑d4 or DMSO‑d6 and TMS as a reference for both carbon
and proton. Mass spectra were performed with a Bruker Apex II
mass spectrometer, while HRESIMS were recorded on a PEG-
STAR ESI‑MS/MS spectrometer. IR was performed using Perkin
Elmer FTIR 600 series. Silica gel 60 F254 TLC plates (E. Merck) were
used. Silica gel (Merck 60–120 Mesh ASTM) and MPLC [column:
Spherisorb ODS 2–5 pm, 250 × 4.6mm; detector: 254 nm] were
used in chromatographic separation. A plethysmometer (Ugo-
Basile) was used for measuring the paw volume in experimental
rats. Diclofenac (Total Heathcare), carrageenan (Sigma Chemicals
Company), and standard rodent pellet (Livestock Feed PLC) were
used in the anti-inflammatory experiment.

Extraction and isolation
Pulverised, dry stem bark (3 kg) was extracted successively with
n-hexane andMeOH (5 L) in a cold extraction apparatus. The con-
centrated MeOH extract (120 g) was diluted with H2O (1 L), and
the filtered dark brownish solution extracted successively with
CHCl3, EtOAc, and BuOH (1 L each), using a continuous liquid-liq-
uid extraction apparatus. Chromatographic separation on n-hex-
ane extract was not successful and thus was not followed. CHCl3
extract (30 g) was subjected to column chromatography (CC,
5 × 100 cm column dimension) on silica gel (900 g, 0.063–
0.2mm) using CHCl3-MeOH as the eluent, with increasing MeOH
content (100mL fraction volumes each), and eight fractions col-
lected were pooled into two main fractions according to TLC ex-
amination of the eluates (p-anisaldehyde-H2SO4-MeOH; 1:1:5).
The further purification of the first fraction (12 g) failed to yield
pure isolates, while the second fraction (10 g) on repeated chro-
matography yielded 70mg of shidasterone (4); (Rf 4: 0.63 CHCl3:
MeOH 4:1).
The EtOAc fraction (47 g) was subjected to CC (5 × 100 cm) on sil-
ica gel (1.2 kg, 0.063–0.2mm) using CHCl3-MeOH as the eluent,
with increasing MeOH content to obtain fifteen fractions
(150mL) which were pooled into three major fractions according
to their TLC profiles. Fraction 1 (21 g), eluted with CHCl3-MeOH
(19:1 to 9:1), was rechromatographed on silica gel CC (0.063–
0.2mm, 5 × 50 cm, 50mL fractions) to afford two major fractions
(1a and 1b; 160mg and 10 g, respectively) indicating two distinct
TLC profiles up on spray with p-anisaldehyde reagent. The frac-
tion 1a (150mg) was further purified by MPLC [column: Spheri-
sorb ODS 2–5 pm, 250 × 4.6mm; mobile phase: MeOH‑H2O
(1:1); flow rate: 1.0mL/min; 50–60mL fraction volume; detec-
tor: 254 nm] to furnish 32mg of 11β-hydroxy-20-deoxyshidas-
terone (2) (tR: 45–50min) and 41mg of 2,3-acetonide-24-hy-
droxyecdysone (3) (tR: 60–65min). About 84mg of 3 was ob-
tained from fraction 1b through fractional precipitation as a
white amorphous solid. Fraction 2 (432mg), eluted with CHCl3-
MeOH (17:3 to 4:1), crystallised in MeOH-EtOAc to afford
102mg of 24-hydroxyecdysone (6) (Rf: 0.52 CHCl3: MeOH, 4:1)
as colourless needle-like crystals. The mother liquor afforded
61mg 21-hydroxyshidasterone (1) (tR: 60–70min) after MPLC
(same conditions described earlier) purification and crystallisa-
tion in MeOH-EtOAc. A white amorphous solid precipitated from
fraction 3 eluted with CHCl3-MeOH (4:1 to 7:3), which was then
triturated using hotMeOH several times to afford 43mg as amix-
ture of 6 and ajugasterone (5) (Rf: 0.44 CHCl3:MeOH 4:1). The n-
BuOH extract (34 g) was chromatographed on silica gel CC (900 g,
0.063–0.2mm, 5 × 100 cm) using CHCl3-MeOH as the eluent and
adjusting the polarity with MeOH to obtain twenty fractions
which were pooled into three major fractions according to their
TLC profile visualised using p-anisaldehyde reagent. The first
fractions contained the previously isolated compounds from the
EtOAc extracts, 1 (102mg), 5 (59mg), and 6 (67mg), while the
second fractions (361mg) were subjected to reverse-phase MPLC
(same conditions as described earlier) to yield 5 (153mg) and
11β,24-dihydroxyecdysone (7) [Rt: 65–70min; (86mg)].
Compound 1 (21-hydroxyshidasterone {(rel. 2β,3β,5β,22R)-22,25-
epoxy-2,3,14,20,21-pentahydroxycholest-7-en-6-one}): white
crystalline solid (MeOH: EtOAc); m.p. 232–234°C (uncorrected);
Rf 0.42 silica gel 60 F254 (CHCl3/MeOH, 4:1); [α]D25= + 13 (c = 0.1
MeOH); UV (MeOH) λmax (log ε) 249 (2.34); IR (KBr) νmax 3448,
2968, 1652, 1514, 1057 cm−1; 1H and 13C NMR (CD3OD, 500,
125MHz), see l" Table 1; ESI‑MS (rel. int): 479 (50 [M + H]+) 461
(40 [M + H–H2O]+), 443 (40, [M + H–2H2O]+), 425 (35, [M+H–
3H2O]+), 407 (100, [M+H–4H2O]+), 380 (60, [M + H–C6H11O,C20/
C22]+), 362 (30, [M + H‑C6H11O‑H2O]+), 344 (65, [M +
H‑C6H11O‑2H2O]+), 326 (35, [M + H‑C6H11O‑3H2O]+), 308 (30, [M
+ H‑C6H11O‑4H2O]+); HR‑ESI‑MS (ToF) m/z: 501.2096 (calcd.
501.2189 [M + Na]+).
Compound 2 (11β-hydroxy-20-deoxyshidasterone {(rel.
2β,3β,5β,11β,22R) 22,25-epoxy-2,3,11,14-tetrahydroxycholest-
7-en-6-one}): white powder (CHCl3/MeOH); m.p. 258–262°C
(uncorrected); Rf 0.65 silica gel 60 F254 (CHCl3/MeOH, 4:1);
[α]D25 = + 7 (c = 0.01 MeOH); UV (MeOH) λmax (log ε) 241 (3.54);
IR (KBr) νmax 3427, 2832, 1654, 1059 cm−1; 1H and 13C NMR
(CD3OD, 500, 125MHz), see l" Table 1; ESI‑MS (rel. int) 463 (60,
[M + H]+), 445 (100, [M + H–H2O]+), 427 (30, [M + H–2H2O]+),
409 (60, [M + H–3H2O]+); HR‑ESI‑MS (ToF) m/z: 463.3591 (calcd.
463.3454 [M + H]+), 485.2651 (calcd. 485.2636 [M + Na]+).
Compound 3 (2,3-acetonide-24-hydroxyecdysone {rel. 2β,3β-ace-
tonide-14α,22R,24,25-tetrahydroxycholest-7-en-6-one}): white
needles crystals (MeOH); m.p 158–160°C (uncorrected); Rf 0.78
silica gel 60 F254 (CHCl3/MeOH, 4:1); [α]D25= + 56.4 (c = 0.9 MeOH);
UV (MeOH) λmax (log ε) 244 (3.95) nm; IR (KBr) νmax 3423, 2937,
1653, 1462, 1376, 1050 cm−1. 1H and 13C NMR (CD3OD, 500,
125MHz), see l" Table 1; ESI‑MS (rel. int): 520.7 (20, [M]+), 502
(5, [M –H2O]+), 484 (25, [M – 2H2O]+), 466 (5, [M – 3H2O]+), 448
(2, [M – 4H2O]+), 360 (50, [M + H–C20-C29 C8H17O3]+), 342 (80,
[M + H-(C8H17O3 +H2O)]+), 300 (100, [M + H-(C8H17O3 +CH3C-
+H2O)]+), 282 (20, [M + H–(C8H17O3 +CH3C-+2H2O)]+), 161 (40,
[C8H17O3]+), 125 (30, [C8H17O3 − 2H2O]+); HR‑ESI‑MS (ToF) m/z:
543.4561 (calcd. 543.4560 [M + Na]+).

Anti-inflammatory activity
Sprague Dawley rats (140–170 g) of either sex used in this study
were obtained from the Laboratory Animals Centre of the College
of Medicine, University of Lagos, Nigeria. The animals were kept
Ochieng CO et al. Phytoecdysteroids from the… Planta Med 2013; 79: 52–59



Table 1 Effect of crude fractions from Vitex doniana stem bark on carrageenan-induced paw oedema.

Treatment Increase in paw circumference (cm) and percent inhibitions of paw oedema

T1h T2 h T3 h T4 h T5 h T6 h

n-Saline H2O 0.62 ± 0.08 0.80 ± 0.10 0.90 ± 0.11 0.98 ± 0.19 1.04 ± 0.15 0.72 ± 0.14

CHCl3-
extract

0.34 ± 0.01a

(45.16%)
0.37 ± 0.06a

(53.75%)
0.35 ± 0.05b

(61.11%)
0.41 ± 0.04aα

(58.16%)
0.38 ± 0.05bα

(63.46%)
0.23 ± 0.05a

(68.06%)

EtOAc
extract

0.33 ± 0.07a

(46.77%)
0.39 ± 0.03a

(51.25%)
0.45 ± 0.03aα

(50.00%)
0.35 ± 0.04a

(64.29%)
0.37 ± 0.05bα

(64.42%)
0.21 ± 0.05a

(70.83%)

n-BuOH
extract

0.34 ± 0.07a

(45.16%)
0.49 ± 0.08a

(38.75%)
0.44 ± 0.10a

(51.11%)
0.45 ± 0.03aβ

(54.08%)
0.33 ± 0.09b

(68.27%)
0.20 ± 0.01a

(72.22%)

Diclofenac 0.33 ± 0.02a

(46.77%)
0.45 ± 0.11a

(43.75%)
0.31 ± 0.02b

(65.56%)
0.26 ± 0.01b

(73.47%)
0.21 ± 0.01b

(79.81%)
0.13 ± 0.01b

(81.94%)

Values are mean ± SEM (n = 5); a p < 0.05, b p < 0.01 vs. control; α p < 0.05, β p < 0.01 (two-way ANOVA followed by Bonferroni multiple comparison tests). Figures in parenthesis

indicate inhibition (%) of oedema development. Extractsʼ dosage = 100mg/kg; 0.9% normal saline water = 10mL/kg
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in well-ventilated and hygienic compartments maintained under
standard environmental conditions and fed with standard rodent
pellet and water ad libitum. The experimental protocol CM/COM/
8/Vol. XXI used in this study was approved by the Research
Grants and Experimentation Ethics Committee of the College of
Medicine, University of Lagos, Nigeria on the 12th December,
2011. All the procedures conformed to the guide for the care
and use of animals in research and teaching published by the
University of Lagos, Nigeria.

Acute toxicity and lethality test
The acute toxicity and lethality (LD50) of V. doniana extracts in
rats (n = 15) were estimated using themethod described by Lorke
[14]. In the first trial, animals received oral administration of 10,
100, and 1000 mg/kg (n = 5) of V. doniana extracts and were ob-
served for 24 h. Since no death occurred in any of the groups in
the first stage of the test, 1500, 2500, and 5000mg/kg doses of
the extract were administered to a fresh batch of animals (n = 5),
and no lethality or behaviour changes were observedwithin 24 h.
A repeat of the test with a fresh batch of animals using the intra-
peritoneal (i.p.) route also indicated no lethality. Thus, the oral
and i.p. LD50 values in rats were found to be greater than
5000mg/kg, indicating a lack of acute toxicity.

Carrageenan-induced rat paw oedema
Sprague Dawley rats (140–170 g) of either sex were randomly di-
vided into groups of 5 animals each and were used after a 12-h
fast but allowed free access to water except during the experi-
ment. The crude fractions (100mg/kg) and compounds [1-7]
(90% pure analytical TLC conditions) from V. doniana stem bark
(100mg/kg/bw. p.o.), diclofenac 50mg/kg, p.o. (reference drug,
99% pure ISO 9001:2000), and 0.05% DMSO in normal saline
10mL/kg, p.o. (control) were administered one hour before sub-
cutaneous injection of 100 µL of carrageenan (1%w/v in 0.9% nor-
mal saline) into the callus of the right hind paw of the animal
[15]. The linear paw circumference was measured using the cot-
ton thread method immediately before injection of the phlogistic
agent and at 1 h intervals for 6 h [15].

Inhibitionð%Þ ¼ Increase in paw oedema ½control��Increase in paw oedema ½treated�
Increase in paw oedema ½control� � 100

Statistical analysis
Results obtained were expressed as mean ± standard error of
mean (SEM). The data were analysed using one-way analysis of
variance (ANOVA) followed by Bonferroni post-tests.
Ochieng CO et al. Phytoecdysteroids from the… Planta Med 2013; 79: 52–59
Supporting information
1H NMR, 13C NMR, and ESIMS spectra of compounds 1–3, HSQC,
HMBC, and NOE spectra of compounds 1 and 2, as well as IR spec-
tra of compounds 1 and 3 are shown as Supporting Information.
Results and Discussion
!

Injection of carrageenan into the sub-plantar tissue of the right
hind paw of rats in the control group caused oedema develop-
ment which peaked (1.04 ± 0.15, increase in paw circumference)
at 5 h post-phlogistic injection (l" Table 1). The effect of
V. doniana extracts (100mg/kg) was observed from the 3rd to
the 6th h with peak effects (68.06, 70.83, and 72.22% inhibition)
produced by all three extracts, chloroform, ethyl acetate, and n-
butanol, respectively at the 6th hour. These effects were less than
but not significantly different (p ≤ 0.05) from that produced by
20mg/kg diclofenac (81.94%). In the course of this study, the en-
tire partitioned fractions from the methanol extracts of
V. doniana stem bark exhibited comparable reduction in carra-
geenan-induced paw oedema formation in rats, suggesting simi-
lar bioactive components in the fractions. As an effort to identify
the bioactive substances, chromatographic separation and purifi-
cations resulted in the isolation of three new ecdysteroids, 21-
hydroxyshidasterone (1), 11-hydroxy-20-deoxyshidasterone (2),
and 2,3-acetonide-24-hydroxyecdysone (3) together with four
known ecdysteroids identified as shidasterone (4) [16], ajugas-
terone C (5) [1], 24-hydroxyecdysone (6) [17], and 11β,24-dihy-
droxyecdysone (7) [1] based on their spectral data (MS and
NMR) that corresponded to the previously published data
(l" Fig. 1). These seven ecdysteroids were identified as the major
components from the stem bark of V. doniana among other minor
components not identified in this study. Analysis of phytoecdys-
teroids among Vitex species has shown the occurrence of the
three common (C-27, C-28, and C-29) ecdysteroids skeletal types
[7].
Compounds 1 and 2, both white crystalline solids, displayed
greenish grey spots upon spraying with p-anisaldehyde on a TLC
plate comparable to the spot for 6 signifying structural similar-
ities. Compound 1 gave an ESI‑MS molecular ion peak at m/z 479
consistent with the molecular formula C27H42O7, confirmed by
the HR‑ESI‑MS pseudomolecular ion at m/z 501.2197 [M + Na]+

(calcd. 501. 2189 [M + Na]+ C27H42O7). The characteristic frag-
ment ions were formed from the intact parent compound by the
loss of water:m/z 461 [M + H–H2O]+, 443 [M + H–2H2O]+, and 425



Fig. 1 Phytoecdysteroids from Vitex doniana stem
bark.
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[M + H–3H2O]+, which is a common feature in ecdysteroids mass
spectra [18]. In the IR spectrum, it showed a strong absorption of
hydroxyl groups at 3448 cm−1 and characteristic absorption of an
α,β-unsaturated carbonyl moiety at 1652 cm−1. Compound 2
showed UV absorption maxima at λmax 241 nm, which was in ac-
cordance with the presence of the 7-en-6-one chromophore of
ecdysteroids. A molecular ion peak at m/z 463.6188 ([M + H]+,
calcd. 463. 2981 [M + H]+) and pseudomolecular ion peaks at
485.2652 [M + Na]+ (calcd. 485.2635 [M + Na]+) of the compound
indicated a molecular formula of C27H42O6, in accordance with
the 1H- and 13C‑NMR data (l" Table 2). In the IR spectrum, it
showed strong absorption of hydroxyl groups at 3427 and
1059 cm−1 and characteristic absorption of the α,β-unsaturated
keto group at 1654 cm−1. Compound 3, isolated as white needles,
displayed a UV spectrum λmax 244 nm) and IR spectrum with
prominent absorption bands at 3423 cm−1 and 1653 cm−1, con-
firming the presence of a 7-en-6-keto group on the hydroxylated
steroid nucleus. The ESIMS of 3 revealed a peak at m/z 520.7 for
[M]+, which is consistent with the molecular formula C30H48O7,
confirmed by an HR‑ESI‑MS peak at m/z 543.4561 (calcd.
543.4566 [M + Na]+). In the ESI mass spectrum, the peaks at m/z
502, 484, 466, 448 corresponded to successive loss of four mole-
cules of water from the parent molecular ion.
For the signal assignment, four methyl signals appearing as sin-
glets were indentified in the 1H NMR (l" Table 2) spectrum of
compound 1 contrary to the expected five methyl groups for the
majority of the ecdysteroids. Such an observation implied an
oxygenation of one of the side chain methyl groups (C-26/C-27
or C-21). The characteristic HMBC correlations (l" Fig. 2) of the
methyl groups through two and three bonds were utilised in the
assignments of the germinal Me-26 (δH 1.28, 2H, s) and Me-27
(δH 1.28, 2H, s) groups owing to their mutual HMBC correlation,
indicating a lack of oxygenation on C-26/C-27. The differentiation
between Me-19 (δH 1.05, 3H, s) and Me-18 (δH 0.98, 3H, s) atoms
of the angular methyl groups was achieved by considering the 3J
correlation of the latter with C-17. Appearance of a doublet signal
at δH 3.54 (1H, J = 12Hz) coupling to another doublet overlapping
with a solvent signal at δH 3.41 (1H, J = 12Hz) in the 1H NMR
spectrum and HMBC cross-peaks detected between the same sig-
nal and 13C NMR signal (δC 50.8) ascribed for C-17 suggested an
oxymethylene proton on C-21. The 13C NMR chemical shift values
(l" Table 2) of C-22 (84.0) and C-25 (82.5) and the H-22/Me-26
NOE correlation (l" Fig. 2) proved the presence of OR (R≠H) and
a five-membered ring unit in the side chain [19]. Further support
of this structurewas achieved from the comparison of its spectral
data with those of shidasterone [16,18] except for the absence of
one methyl (Me-21) instead of the oxymethylene signals ob-
served in 1. Analysis of 1H NMR spectral features and relative po-
sitions of H-2, H-3, H-5, H-7, H-9, and H-17, as well as those of
Me-18 and Me-19 of 1 and 2 were almost identical. However, a
notable difference was observed with the presence of a methyl
doublet [δH 0.92 d (3H, J = 6.5 Hz, H-21)] and an additional oxy-
methine proton [δH 3.76m (1H, H-11)] in the 1H NMR spectrum.
Assuming the structure of compound 2, the methyl doublet could
possibly exist at C-21, implying 20-deoxyshidasterone. C-11 has
been observed to be a biosynthetically labile hydroxylation point
in ecdysteroids [19–21], with cyclisation of the side chain to the
tetrahydrofuran; attachment of a hydroxyl group at C-11 was the
other possible difference between the two compounds. More-
over, the downfield shift observed for many signals in the 1H
NMR spectrum was attributed to the introduction of an 11-hy-
droxyl group to the ecdysteroid molecule [21]. Significant and di-
agnostic shifts were observed by the presence of a carbinol pro-
ton signal around δH 4.32 and downfield shifts of H-9 and H-12ax
of ca. 0.10 and 0.22, respectively (l" Table 2). Further downfield
shifts of the remote protons by ca. + 0.32 and + 0.4 were also ob-
served for H-1eq and H-12eq, respectively, as compared to those of
compound 1. It was noted that the presence of an 11-hydroxyl
group caused a + 2.1 downfield shift of the C-1 resonance, in ad-
dition to the expected downfield shift of the C-11 resonance in
the 13C NMR spectrum. Significant downfield shifts were also ob-
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Fig. 2 Significant HMBC and NOE correlations of
compounds 1 and 2.
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served for C-9 and C-12 signals (ca. + 3.3 and 10.6, respectively) in
the 13C NMR spectrum as compared to those of compound 1.
Further support of these structures was achieved from the com-
parison of their spectral data with those of 4 [18], except for an
oxymethylene signals observed in 1 instead of a methyl group
(Me-21) whereas 2 was a 20-deoxyshidaterone with a hydroxyl
group on C-11. The chemical shift δH 85.3 for C-14 established
an OH substitution on 1 and 2, which is in accordance with a 7-
en-6-one moiety, showing an HMBC cross-peak with the olefinic
H-7 which in turn correlated with two CH units, C-5 and C-9. The
HMBC 2J coupling of the latter methine H-atoms (H-9) with the C-
atom of the oxo group and the quaternary C-atom in the sp2 hy-
brid state (δC 122.6) justified the assignments of the two com-
pounds. The Hα-9/Hα-2 and Me-19/Hβ-5 correlations in the NEO
spectra of 1 and 2 established a cis-type junction of rings A and B
(l" Fig. 2). Moreover, the presence of Hβ-12/Me-18, Hβ-12/
CH2OH‑21 (1) or Me-21 (2) and Hα-12/Hα-17 cross-peaks and
the absence of an Hα-9/Hα-15 correlation verified the trans-type
junction of rings C and D. The NOESY plots were sufficient to
identify the configuration at C-20, but insufficient to identify
the configuration at C-22. Fortunately, the absolute configuration
(22R) of 4 has been established [22]. Based on the biogenetic con-
siderations, the intermolecular closure of the furanyl ring from
the known precursor 20-hydroxyecdysone followed by oxidation
of Me-21 further implied that the stereochemical arrangement of
1 and 2must be similar to shidasterone. The structures of 1 and 2
were thus established as rel. 22R,25-epoxy-2β,3β,14α,20R,21-
pentahydroxycholest-7-en-6-one (named 21 hydroxyshidaster-
one) and rel. 22R,25-epoxy-2β,3β,11β,14α-tetrahydroycholest-7-
en-6-one (named 11β-hydroxy-20-deoxyshidasterone), respec-
tively.
The 13C NMR spectrum of 3 (l" Table 2) displayed six signals for
oxygenated carbons, besides that of the unsaturated ketone.
Analysis of mass fragmentation and 13C NMR data of 3 suggested
the location of three hydroxyl groups at the side chain of this ec-
dysteroid. The peak at m/z 360 in the mass spectrum of 3 corre-
sponded to the loss of the side chain moiety to give a fragment
ion bearing the ecdysteroid rings and a methyl ketal unit. The
fragments ions at m/z 342 and 300 were due to ions produced
by fission between C-17 and C-20 with a loss of one molecule of
water and an isopropyl unit, respectively. The assignment of the
side chain hydroxyl groups at C-22, C-24, and C-25 was evident
from the side chain ions m/z 161 and 125 derived from cleavage
between C-17 and C-20 corresponding to C8H17O3 and C8H17O3–

2H2O, respectively. The 13C NMR spectrum (l" Table 1) showed
that the compound was quite similar to 24-hydroxyecdysone (4)
except for three more peaks corresponding to ketal groups ob-
served at δC 108.6, 28.6, and 27.1 and signals for C-2 and C-3
shifted downfield to δC 75.1 and 72.6, respectively. The molecular
mass observed at m/z 520 was 42 a.m.u. higher than the mole-
cular weight of 4, indicating the additional isopropyl unit to have
adjacent diol functionality. For the signal assignment, six of seven
methyl signals appearing as singlets were identified in the 1H
NMR spectrum (l" Table 2). The characteristic 2JH‑C and 3JH‑C
HMBC correlations of the methyl groups (isopropyl moiety) were
utilised in the assignment. The identification of the germinal
methyl Me-26 and Me-27 groups were straightforward owing to
their mutual HMBC correlation. A doublet peak [δH 1.41 (3H, d,
J = 6Hz)] indicated the presence of a secondarymethyl group cor-
responding to 20-deoxyecdysteroid. A fact corroborated by the
MS side chain fragment ions (m/z 161, [C8H17O3]) and an HMBC
correlation between Me-21 to C-20 (δC 40.6), C-17 (δC 51.5), and
in turn to C-22 (δC 77.82). Differentiation of Me-18 and Me-19
atoms of the angular methyl groups was achieved considering
the coupling of the former with C-17 and in turn with C-14 (δC
85.7). As predicted by the MS fragment ions, the additional two
methyl signals (δH 1.19 and 1.45 both s) were assigned to the iso-
propyl protons confirmed by their mutual HMBC correlation and
in turn their 2JH‑C correlation to a quaternary carbon at δC 108.6. A
series of proton signals at 1.41–2.5 were attributed to resonances
of overlapping methylenes and methines of the steroid frame-
work. All of the protonated carbons were assigned by the HSQC
experiment. From the foregoing discussion, the structure of 3
was therefore deduced to be 2,3-acetonide-24-hydroxyecdysone.
Following the previously established anti-inflammatory activ-
ities of the crude extracts from V. doniana [8] and preliminary
Ochieng CO et al. Phytoecdysteroids from the… Planta Med 2013; 79: 52–59



Table 3 Effect of ecdysteroids from Vitex doniana stem bark on carrageenan-induced paw oedema.

Treatment Increase in paw circumference (cm) and percent inhibition of paw oedema

T1h T2 h T3 h T4 h T5 h T6 h
n-Saline H2O 0.35 ± 0.02 0.49 ± 0.09 0.65 ± 0.09 0.85 ± 0.06 0.77 ± 0.07 0.67 ± 0.08

Cpd 1 0.32 ± 0.03
(8.57%)

0.41 ± 0.03
(16.32%)

0.36 ± 0.04a

(44.61%)
0.31 ± 0.02c

(63.52%)
0.25 ± 0.01c

(67.53%)
0.21 ± 0.01c

(68.66%)

Cpd 2 0.27 ± 0.02
(22.86%)

0.33 ± 0.07
(32.65%)

0.37 ± 0.05a

(43.08%)
0.49 ± 0.04a

(42.35%)
0.35 ± 0.03b

(54.55%)
0.26 ± 0.04c

(61.19%)

Cpd 3 0.35 ± 0.03
(0%)

0.55 ± 0.02β

(32.65%)
0.37 ± 0.05a

(43.08%)
0.49 ± 0.04a

(42.35%)
0.35 ± 0.03b

(54.55%)
0.26 ± 0.04c

(61.19%)

Cpd 4 0.24 ± 0.06
(31.43%)

0.39 ± 0.03
(20.41%)

0.45 ± 0.03a,α

(30.77%)
0.39 ± 0.05c

(54.11%)
0.30 ± 0.04c

(61.03%)
0.23 ± 0.05c

(65.68%)

Cpd 5 0.25 ± 0.01
(28.57%)

0.27 ± 0.06a

(45.91%)
0.33 ± 0.05c

(50.64%)
0.41 ± 0.04c

(55.76%)
0.34 ± 0.05c

(55.76%)
0.25 ± 0.05c

(62.68%)

Cpd 6 0.31 ± 0.06
(11.43%)

0.39 ± 0.07
(20.41%)

0.47 ± 0.04α

(27.69%)
0.38 ± 0.03c

(55.29%)
0.26 ± 0.04c

(66.23%)
0.19 ± 0.05c

(71.64%)

Cpd 7 0.31 ± 0.03
(11.43%)

0.27 ± 0.05a

(44.90%)
0.30 ± 0.05c

(53.85%)
0.34 ± 0.05c

(60.00%)
0.32 ± 0.05c

(58.44%)
0.28 ± 0.04c

(58.21%)

Diclofenac 0.32 ± 0.03
(34.29%)

0.22 ± 0.06b

(55.51%)
0.25 ± 0.06c

(62.15%)
0.36 ± 0.05c

(58.11%)
0.32 ± 0.06c

(58.96%)
0.20 ± 0.06c

(70.14%)

Values are mean ± SEM (n = 5); a p < 0.05, b p < 0.01, c p < 0.001 vs. control; α p < 0.05, β p < 0.01 vs. diclofenac 50mg/kg (two-way ANOVA followed by Bonferroni multiple com-

parison tests). Figures in parenthesis indicate inhibition (%) of oedema development. Cpd means compound (100mg/kg); 0.9% normal saline water 10mL/kg
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finding of the fractions, the anti-inflammatory activities of the
isolates were investigated and the results presented in l" Table 3.
Injection of carrageenan into the subplantar tissue of the right
hind paws of rats in the control group caused oedema develop-
ment which peaked (0.85 ± 0.06ml increase in paw volume) at
4 h post-phlogistic agent injection. The effect of compounds 5
and 7was significant from the 2nd to the 6th h with a peak effect
of up to 62.68 and 60.00% inhibitions observed at the 6th and the
4th h, respectively (l" Table 3). The effect of compounds 3 and 6
was significant from the 4th to the 6th h with a peak effect of up
to 47.76 and 71.64% inhibitions observed at the 6th h, respective-
ly (l" Table 3). The effects of compounds 1, 2, and 4 were signifi-
cant from the 3rd to the 6th h, with a peak effect of up to 68.66,
61.19, and 65.67% inhibitions observed at the 6th h, respectively
(l" Table 3). The peak effects for all the compounds were lesser
than, except for 6 (71.64%), but not significantly different
(p ≤ 0.05) from that produced by 50mg/kg diclofenac (70.14% in-
hibition). The effects of these compounds (1–7) at 100mg/kg and
diclofenac were all time-dependent all through to the 6th h
(l" Table 3).
The anti-inflammatory effects of the stem bark of V. doniana ex-
tracts against carrageenan-induced paw oedema noted in this
study, coupled with the previously reported anti-inflammatory
activities of V. doniana stem bark extracts against egg albumen-
induced inflammation [13] and leaf extracts against formation
of paw oedema inflammation induced by agar in rats [8], may
lead to hypothesise potential anti-inflammatory effects of
V. doniana extracts. Compounds 1–7, the major isolates from the
stem bark, showed inhibitory effects comparable to the effects of
diclofenac, a commercially available anti-inflammatory drug.
Considering the fact that carrageenan-induced inflammation
consists of three distinct phases including an initial release of his-
tamine and serotonin, a second phase mediated by kinins, and a
third phase involving prostaglandins [23], the ecdysteroids (1–7)
could be inhibiting rat paw oedema development in the middle
phase and on the late phase of carrageenan-induced inflamma-
tion, which was indicated by the reaction peak mainly after the
Ochieng CO et al. Phytoecdysteroids from the… Planta Med 2013; 79: 52–59
4th h. However, doubts exist about the structural requirement
for ecdysteroids anti-inflammatory actions, since ecdysteroids
with a furan ring side chain (1, 2, and 4) used in this study
showed comparable (p ≤ 0.05) peak effects to ecdysteroids with
a non-cyclised side chain (3, 5, 6, and 7). These results differ from
anti-inflammatory results reported previously, where ecdyste-
roids with a cyclised side chain (polyporoid A and B) exhibited
low anti-inflammatory activity, while ecdysteroids a with OH an
group on the side chain had potent anti-inflammatory actions on
TPA-induced inflammation [24]. Non-specified ecdysteroids
from Pfaffia iresinoids roots did not show appreciable anti-in-
flammatory activities [25]. A series of ecdysteroids including aju-
gasterone (5), studied against production of nitric oxide by im-
mune-activated mammalian macrophages, showed a lack of in-
terference in the immunobiological activities of the cells [26].
Such discrepancies in biological activities can be attributed to
the fact that minor structural differences could result into major
changes in biological activities. Different assay models with dif-
ferent limitations may also cause different trends in bioactivities.
Data indicating the effect of these ecdysteroids on prostaglandins
release could be valuable in future studies to indicate their bioac-
tivities against inflammation mediators.
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