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Abstract

Three pentacyclic triterpenoids; oleanolic acid 1, 3, 22, 28- trihydroxyolean-12-ene 2,
B-Amyrin acetate 3were isolated from the plant Pittosporum viridiflorum (pittosporaceae),
and the in vitro larvicidal activities of these compounds against East Coast Fever vector
Rhipicephalus appendiculatus investigated. The mortalities of the larvae were determined
after 72 h post treatment. The finding demonstrated that compound 2 was the most
pronounced on the larvae with LCsggo values of 53.0(49.75-56.64)/81.84(74.23-74.39)
mg/mL followed by compound 3 with LCs000 values of
56.22(52.60-60.45)/90.51(80.63-108.00) mg/mL and finally, compound 1 was the least
pronounced on the larvae with LCjs 99 values of 64.03(59.41-70.37)/106.42(91.67-136.24)
mg/mL at 72 h respectively. The results collected bring to limelight alternative sources of
more selective, biodegradable and natural larvicidal compounds which can be integrated
into new acaricide formulations.

1. Introduction

Ticks have become a primary concern in East Africa since they are vectors of several
disease-causing pathogens afflicting livestock [1]. It is also known as the brown ear tick as
it majorly feeds on the ear of its hosts [2].The tick R. appendiculatus is amongst the
principle vectors of Theileria parva a causative agent of East Coast Fever [3]. The use of
synthetic acaricides against these acari has faced a lot of shortcomings including
continuous growing resistance to these acaricides, residues in food, environmental
pollution and other effects on non-target organisms. Henceforth there is a need to focus our
attention towards medicinal plants extracts from tropical and subtropical regions
especially in Africa that are environmental friendly and biodegradable in nature
[4].Traditionally, the communities have been using some plants to curb the problems
brought about by this ticks. Among the mentioned occasionally used plants included the
Pittosporum viridiflorum also known as the Cheesewood in English although little
research has been done on this plant’s pesticidal or acaricidal activity. Previously, infusion
of P. viridiflorum’s leaves has been used to treat cryptococcal meningitis in the Eastern
Cape Province of South Africa [5].
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According to previous literature, the P. viridiflorum plant
has been found to be rich in Pentacyclic triterpenoids (PCTs).
PCTs are widely disseminated in the kingdom plantae. They
are a class of C-30 isoprenoid compounds known to possess
some biological effects [6]. The pharmacological relevance of
PCTs has increased during the last two decades. They have
demonstrated multi-target properties including; wound
healing, anti-inflammatory, anti-bacterial, antiviral,
hepatoprotective, anti-tumoral effects and low toxicity [7].

2. Experimental
2.1. Plant Material

Fresh leaves of P. viridiflorum were collected in August
2013 from Kakamega rain forest (0° 10°-0° 21> N 34° 58" E) in
Kenya. A taxonomist identified the leaves at the Department
of Biological Sciences, Egerton University. They were placed
in polyethene bags and quickly transported to the laboratory to
avoid metabolic transformations. P. viridiflorum materials
were then taken to the center for Herbal Research in Egerton
University where they were dried under shade to a constant
weight for three weeks.

2.2. Extraction and Isolation of Active
Acaricidal Principles

The total acquired 1Kg of the air-dried powder of P
viridiflorum was soaked in 5 liters of methanol. Extraction of
the methanol crude was done exhaustively at room
temperature and concentrated in vacuo at 40°C.The
concentrated crude methanol extract was divided into two
portions where one portion was suspended in distilled water to
remove carbohydrates and other water soluble substances.
Sequential liquid-liquid partitioning was performed starting
with hexane followed by ethyl acetate. Both hexane and ethyl
acetate extracts were also concentrated to dryness under
reduced pressure using rotary evaporator to afford 37.0g and
65.4¢g of hexane and ethyl acetate crude extracts respectively.

Thin layer chromatography was carried out on the ethyl
acetate crude extract to determine the profile and the perfect
solvent system for separation. A mixture of EtOAc: CHCl; ata
ratio of 2:3 was selected as the best system since it had the
right profile. Column chromatography was then performed
using the determined solvent system yielding four fractions
(from PF, toPF,). A preliminary screening of the four fraction
lead to the selection of PF, and PF;for further purification over
silica gel preparative TLC. Fractions PF, yielded oleanolic
acid 1(37mg) and3, 22, 28-Trihydroxyolean-12-ene 2(105mg)
while PF; afforded B-Amyrin acetate 3 (71mg).

The NMR spectra were recorded on the Burker Advance
500MHz NMR spectrometer at the Technical University of
Berlin, Germany. Readings were done in deuterated
chloroform (CDCl;) while the chemical shifts of the peaks
were assigned by comparison with the residue proton and
carbon resonance of the solvent. The internal standard used
was tetramethylsilane (TMS) and the chemical shifts were

measured in 6 (ppm). Elucidation of the structures was done
using ACD NMR manager program to get the chemical shift
of both carbon and proton atoms. Recording of the mass
spectra of the compounds was done on Finnigan Triple Stage
Quadrupol Spectrometer (TSQ-70) with electron spray
ionization (ESI) method. Analysis of the mass chromatograms
was achieved by using the XcaliburQual computer software.
The compounds’ mass spectra were recorded on Finnigan
Tripple Stage Quadrupol Spectrometer (TSQ-70) with electron
spray ionization (ESI) method. Thermo XcaliburQual computer
software was used in the analysis of the mass chromatograms.

2.3. Structure Elucidation

The isolated PCTs showed strong fluorescence both under
UV (254-365nm) on silica gel TLC plates. Compoundlwas
obtained as a white amorphous powder with anRf value of 0.72
[8]. It was found to have pseudomolecular formula C3;yHyg05.
The positive high resolution electron impact mass spectrometry
(HREIMS) of this compound at 16.97 minutes retention time
showed ion peaks at m/z 457, 479 and 495 that corresponded to
[C3oHusO5+H]", [C3oHysO5+Na]" and [C3HygOs+K]". The PC
NMR showed a total of 30 carbon atom signals; of which two of
them resonating at 8¢.1,-122.6 and dc.13-143.6 were as a result
of a pair of sp® hybridized carbons [9]. A hydroxyl methine
resonating at 8c.3-79.1and a carboxylic carbon at d¢5-182.7
were observed [8].The most downfield signal resonated at
8¢c182.7was attributed to the carboxylic carbon (C-28). DEPT
NMR spectrum showed the presence of five methine (CH)
carbon atoms signals at 6-79.1, 55.2, 47.6, 122.6 and 41.1. A
total of 10 methylene (CH,) carbon atoms signals at 6- 38.4,
27.1, 18.3, 32.6, 22.9, 27.7, 23.4, 45.9, 33.8 and 32.4 were
identified. Seven methyl (CH;) carbon atoms signals were
identified at 8- 28.1, 15.6, 15.3, 17.1, 25.9, 33.3, and 23.6. The
other missing eight signals were found to be quaternary carbons.
The combined spectra data analysis using 'H-, C-NMR,
DEPT, COSY, and HSQC shows that olean-12-ene type
compound is a pentacyclic triterpene [10], [11]. By comparison
of these spectral data (Table 1) and that in the literature [9] led
to the conclusion that compound 1 is Oleanolic acid and
reported here for the first time from P, viridiflorum.

The "C-NMR spectrum of compound2 (Table 1) showed
thirty signals, consisting of seven quaternary carbons, six
methines, ten methylenes and seven methyls deduced from the
DEPT experiments [12]. This gave molecular formulae of
C;30Hs0O3. Three methine protons at 8y-3.0, m, J;=4.88 Hz, 3.8,
d, and 3.5/3.2 dd, J;=3.85Hz, J,=3.60Hz showed that the
compound had carbon atoms C-3, C-22 and C-28 hydroxylated.
The appearance of signals at 8¢.1,122.0and ¢.13144.3 indicated
the presence of a double bond in olean-12-ene triterpenoid. 'H-,
BC-NMR, DEPT, COSY and HSQC spectral data shows that
compound C is a pentacyclic triterpene [11]. This was further
confirmed by the negative HREIMS of this compound at 11.14
minutes retention time showed an ion peaks at m/z 457.37 that
corresponded to [C3Hs50O3-H]" By comparison of this spectral
data and that in literature [13] led to the conclusion that



American Journal of Chemistry and Application 2015; 2(6): 95-100 97

compound 2 is 3, 22, 28-Trihydroxyolean-12-ene reported here
for the first time from P. viridiflorum.

Compound 3 was isolated as a white solid and was found to
have molecular formulae Cs,Hs,0, with an Rf value of 0.43
The positive HREIMS of this compound at 16.97 minutes
retention time showed an ion peaks at m/z 507.33, 491.30, and
469.33 corresponding to [C3,Hs,0,+K]" [C3,Hs,0,+Na] and
to [C3,Hs,0,+H] . The BC NMR spectrum revealed a thirty
two carbon atom compound. From the DEPT NMR, spectrum
the substituent had two carbons, one quaternary
acetoxycarbon (C;-6¢170.1) and one methyl carbon
(C5:-8¢21.3).The proton-proton COSY showed correlations
between protons H, and Hj absorbing at dy1.44 and &y 3.00,
Hi; and H,, absorbing at 8;;1.80 and &y 5.17 and H;g and Hyy
absorbing at dy 2.76 and oy 1.60 respectively. These
correlations helped in the confirmation of the acetate
functional group at carbon C;. 'H-, "C-NMR, DEPT, COSY
and HSQC spectral data of this compared favorably with that
of compound 1 and 2. The comparison of this spectral data
(Table 1) and that in literature led to the conclusion that
compound 3 is B- Amyrin acetate reported here for the first
time from P, viridiflorum.

2.4. Larvae Rearing

The larvae of R. appendiculatus were reared according to
the method adopted from [14] with slight modifications.

2.5. Larvicidal Assay

The bioassays were performed in the Center for Herbal
Research at Egerton University. 10-day old larvae were
collected from ICIPE and were subjected to contact toxicity
according to [15] assay using the P. viridiflorum extracts.
Larval mortality data was collected after 72 hrs post treatment.

Serial dilution done on compound 1, 2 and 3 stock solutions
resulted in 15 concentrations ranging from 80 mg/ml to 10
mg/mL. The concentrations were sprinkled using a pasture
pipette on the petri dishes that had whatman No. 1 filter paper
(15 cm) attached to the bottom using double sided cellophane
tape, and containing 20 larvae each. It was ensured that all the
larvae were exposed to the solutions during sprinkling. The
experiment was replicated thrice and petri dishes held at 75 %
relative humidity at 25°C.The larvae were considered dead if
they could not move their appendages when prodded with a
pin or exhibit their normal behavior when breathed upon. A set
of two 20 larvae was also treated with a positive and a
negative control which consisting of 0.2% v/v of Amitraz®
and 2% DMSO + distilled water respectively. IBM SPSS 20.0
software was used to calculate the LCsy and LCy, using log
probit regression analysis for the data collected at 95%
confidence level.

3. Discussion

The compounds 1, 2 and 3 were confirmed to be PCTs;
Oleanolic acids, 3, 22, 28-Trihydroxyolean-12-ene and
B-Amyrin acetate respectively. These compounds were

confirmed to be actual compounds (As shown in Figure 1 and
Table 1) by comparison of their spectroscopic data and their
mass spectrometric data with that from literature. Oleanolic
acid has also been isolated from Eriope blanchetti [16] and
Saturejamutica [8]. P-amyrin acetate has been previously
isolated from Euphorbia maculate [17], Ipomoea pes-caprae
[18]and Cryptocarya moschata [18]. These compounds have
also been isolated from other plants families. Generally PCTs
have been isolated and tested for their insecticidal and
acaricidal activities. The compounds O -Amyrin and
B-Amyrin are commonly found in medicinal plants leaves
species in the Burseraceae family such as Bursera or Protium.
Both in vitro and in vivo studies have shown that B-amyrin
acetate also has important biological functions. B-amyrin
acetate derivatives proved to be the most potent [19].
a-Amyrin acetate have been extracted from the stem bark of
Ficus palmata [20], 3, 22, 28-Trihydroxyolean-12-ene
structure has been reviewed by [21],[11],[22].

29 3
HaC 30

3 24

Figure 1. A skeleton of PCTs.

Table 1. Substituents represented by R values for the three PCT5.

R1 R2 R3
(o}
1 OH H g
AN
/ OH
2 OH OH OH
(0]
3 g H H
/
\O \OH

PCTs are produced biosynthetically by the transformation
of squalene leading to the dammarenyl ring system [23].
Biosynthetically, dammarenyl undergoes ring expansion and
additional cyclization to form the characteristic fifth ring
found in lupeol, a-amyrin, and B-amyrin skeletons. Oleanolic
acid contains the B-Amyrin skeleton. Review of scientific
literature dealing with triterpenoids’ isolation and
identification from natural sources has been reported [24].

No previous studies in literature indicating the evaluation of
acaricidal properties of this pentacyclic olean-12-ene type
triterpenoids1-3 against R. appendiculatus larvae has been
found. In the present paper, these triterpenes isolated from the
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leaves of P. viridiflorum induced lethal effects against the
larvae of R. appendiculatus. The percentage mortality, LCs,
and LCy, values after 72 h of exposure for the PCTs are
summarized in tablel, 2 and 3.The finding demonstrated that
compound 2 was the most pronounced on the larvae with
LCspo0 values of 53.0(49.75-56.64)/81.84(74.23-74.39)
mg/mL followed by compound 3 with LCsygg values of
56.22(52.60-60.45)/90.51(80.63-108.00) mg/mL and finally,
compound 1 was the least pronounced on the larvae with
LCspp0 values of 64.03(59.41-70.37)/106.42(91.67-136.24)
mg/mL at 72 h respectively. The difference can be explained
by the difference in polarity of these purified compounds.
Compound 2 is the most polar due to the three substituted
hydroxyl groups. Polarity affects a compound's physical
properties by giving a compound its cohesion and adhesion
characteristics. A polar compound can stick itself to the cells
of the ectoparasites due to the hydrogen bonds caused by its
polarity [25]. The bonds formed are weak [26] and the slightly
positive hydrogen atoms formed with the electronegative

oxygen atoms in the cytoplasm of the cell, making the
compound more cohesive. This factor enhances the potency of
the molecule [26]. Studies on the structure—activity on
terpenes advocate that molecules with free alcoholic, phenolic
or potential olefinic modifications had the best acaricidal
activity [27], [28]. The observation [27] that alcohols are the
best acaricides against ticks, and that hydrocarbons are least
effective, is consistent with the toxicity results obtained
against this isolated compounds.

The larvae mortality of the compounds had a
dose-dependent effect that is; the activity was proportional to
concentration. However, other few studies on acaricidal
isolated pure compounds against different stages of R.
appendiculatus have been reported. PCTs both synthetic and
from natural sources have shown to be excellent acaricides
[29]. For example, Oleanolic acid has also been isolated from
Eriope blanchetti [16] and Satureja mutica [8]. Oleanolic acid
and its derivatives have been reported in non-berry fruits
including apple (Malus pumila).

Table 2. 'H-NMR (400 MHz, in CDCls) and > C-NMR (100 MHz in CDCls) spectral data of compounds I-3.

Carbon 1 2 3
BC(d) 'H(3) BC@®) 'H(3) BC(®) 'H(3)

1 38.4 1.59(t) 38.7 1.47(t) 39.5 1.49(t)

2 27.1 1.58(m) 274 1.46,1.48(m) 27.7 1.44(m)

3 79.1 3.23(t) 77.3 3.00(t) 80.5 3.15(t)

4 38.7 - 38.9 - 39.4 -

5 55.2 3.95(t) 55.2 0.65,0.69(t) 55.3 0.69(t)

6 18.3 1.83(m) 18.5 1.35,1.53(m) 18.5 1.49(m)

7 32.6 0.57(t) 32.6 1.25,1.50(t) 33.9 0.87(t)

8 39.3 - 40.5 - 38.6 -

9 47.6 1.15(t) 47.5 1.5(t) 47.5 1.49(t)

10 37.1 - 36.9 - 35.1 -

11 22.9 1.60(t) 23.5 1.81(t) 23.1 1.80(t)

12 122.6 5.28(t) 1223 5.12J=3.80Hz(t) 122.0 5.17(t)

13 143.7 - 143.9 - 145.0 -

14 41.6 - 413 - 41.8 -

15 27.7 0.95(t) 252 0.87(t) 284 1.80(t)

16 234 0.91(t) 15.6 0.90(t) 27.4 0.99(t)

17 46.5 - 42.0 - 32.8 -

18 41.1 2.81(t) 41.9 2.0(t) 58.9 2.76,dd, J=3.56(t)

19 459 1.13(d) 46.1 1.72,1.69(d) 40.0 1.60,1.05(d)

20 30.7 - 31.5 - 40.9 -

21 33.8 2.34(t) 42.7 1.23(d) 313 0.87,1.41(t)

22 324 1.43(t) 71.4 3.8(t) 41.8 0.87(t)

23 28.1 1.64(s) 28.7 0.93(s) 29.7 0.93,0.86(s)

24 15.6 0.78(s) 16.5 0.87,0.89(s) 15.5 0.64,0.70(s)

25 15.3 0.92(s) 15.8 0.83,0.90(s) 15.7 0.85(s)

26 17.1 1.57(s) 16.9 0.68(s) 16.3 1.50(s)

27 25.9 1.18(s) 26.4 1.12(s) 232 1.14,1.10(s)

28 182.7 - 66.9 3.5J=3.85Hz(s) 28.5 0.68(s)

29 33.1 0.86(s) 33.7 0.85(s) 17.5 0.87(s)

30 23.6 0.88(s) 25.1 0.86(s) 214 0.87(s)

- - - - - 170.4 -

0Ac - - - - 213 1.93(s)
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Table 3. Larvicidal activity of compounds 1, 2 and 3.

o >
Concentration in mg/mL 1/0 mortality + SE 2 3

80 86.67+7.64 88.33+2.89 78.33+£5.77

75 61.67+7.64 83.33+5.77 75.00+5.00

70 50.00+2.89 85.00+5.00 70.00+2.89

65 46.00+2.89 78.33£10.41 65.00+8.67

60 40.00+5.00 61.67+7.64 58.33+£10.41

55 31.67+7.64 50.00+£5.00 53.33+£10.41

50 25.00+0.00 38.33+2.89 40.00+5.00

45 23.33£10.41 36.67+7.64 33.33+2.89

40 11.67+£10.41 20.00+5.00 16.67+2.89

35 10.00+5.00 13.334£5.77 11.67+7.64

30 3.33+£2.89 5.00+5.00 1.67+2.89

25 0.00:£0.00 0.00:£0.00 0.00+0.00
Amitraz®(0.2%v/v)* 100.00+0.00 100.00+0.00 100.00-0.00
H,0+2%DMSO” 0.00:£0.00 0.00:£0.00 0.00+0.00

LCso 64.03(59.41-70.37) 53.09(49.75-56.64) 56.22(52.50-60.45)
LCo 106.42(91.67-136.24) 81.84(74.23-94.39) 90.51(80.63-108.00)

*Positive control, *Negative control

4. Conclusion

Our results have ascertained that the PCTs 1-3 from P.
viridiflorum have acaricidal actions against the larvae of R.
appendiculatus However, their effectiveness as acaricides are
lower than Amitraz®, a commonly known commercial
acaricide. The work supports the ethnobotanical use of P,
viridiflorum extract as alternative acaricide; that are safer,
cheaper, and environmentally benign.
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