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ABSTRACT

Resins of Commiphoraspecies are known for their medicinal propertgther alone or in
combination with other medicinal plants to treati®as ailments in EthiopiaThe bioassay
guided antiproliferative screening showed that chloroform fraction of the re€irhabessinica
n-hexane ana@hloroform fraction ofC. africanaexhibited potency against A549, A2780, MIA
PaCa2, and SNWU638 cancecells, which prompted their chemical investigatiBredominantly,
the cytotoxicity of chloroform fraction against all cancer cell lines the highest arattributed
to further investigation such as isolation, characterization and screening of cormpound

In this study, wo groups of compounds were isolated and characterized by IR, MS, 1D
and 2D NMR. Cholestane type phytosterols: cholestd®)land lathostero{112) and a mixture
from C. habessinicaand two novel tricyclic triterpeneq3S4S14S,E,17E,217)-3,30
dihydroxypodiodar,17,2ktrien-4-carboxylic acid 113), (354S14S,E,17E,217)-3-
hydroxypodiodar,17,2ktrien-4-carboxylic acid(114) along with a known compound-amyrin
(56) a pentacyclic triterpene from resin @f africana In the cytotoxicity assay, the A549
(NSCLC) cell line was the most sensitive to tBemmiphoraspecies The antiproliferative
effect of commafric A against A549 (NSCLC) cells withsd& al ues of 4. 52 ¢egl
highest among thesolated compounds and a mixtwecholesterol 48) and lathosterol1(12)
showed more cytotoxicity withCso 13.77eg/ml due to synergism.

Compared to the other resessential oils C. sphaerocarpaesin EO demonstrated
significant dose response inhibition LIAse di at ed NO producti on by 26
62.26% at 20 ¢ g/ nmihe antanflaRmaidpy @ffect @ttributed td tise.presence
of oxygenated and hydrocarbon sesquiterpenes (94, 18&ilyb-caryophylleng83) (28.025%)
andb-caryophyllene oxidg€99) (13.891%) where both possess significant anticancer activities.
EO of C. sphaerocara resin inhibitedLPSmediated iINOS overexpression, phosphorylation of

ERK1/2, p38, ATF2, Nrf2 nuclear accumulation and-#H®xpression, ROS regulation.
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The n-BuOH fraction ofC. schimperishowed the most desirable antiviral profile for flu
A virus with high S.I. values ( > 5.2 for PR8 and > 13.2 for HK), to ribavirin (RBV) ( > 4.3 for
PR8 and > 4.5 for HK) the positive control. Towards DERI€erotype ten-BuOH fraction of
C. habessinicavas the highest with 100% and 44% inhibition at 100 andig2®l. The presence

of various bioactive compounds and fractigmevide more opportunities for the discovery of
new bioactive principles from the genus.
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CHAPTER ONE
INTRODUCTION

Medicinal plants are groups of plants with vital roles in alleviating human swffanidprovided

an endless source of medicirand are still used as a primary source of medical treatment in
developing countrie§l]. In addition to traditional medicinal purpes, medicinal plagthave
served as a common link between the traditional and modern medicinal sciences as moslern drug
contain bioactive plant derived constituef$. The plants are of most interest to researchers
becase of isolation and identification of bioactive compounds as lead compannthe
development and production of new drugs with efficacy and sdfetyodern medicine, drugs
developed from natural products have been used to treat infectious diseels@s cancer,
hypertension, and inflammatid3]. Secondarymetabolies exhibit a wide range of biological
functions, including antcancer, analgesic, astiflammation, and antinicrobial activities[1].

Plants have generated about 25% of chly usednoderndrugs[4]. About 80 % of the African
population hge beerreported to use traditional medicines to meet their health care needs due to
ecoromic and geographical constraif$.

In Ethiopia, plants have been reported to have a number of medicahats for thousands of
yearsandtraditional Ethiopian medicine have been the primary means for maintaining health as
well as preventing and treating human disea8esording to Endashaw (20DPT6], there are

6500 species of higher plants in Ethiopia making the country one of the most diverse floristic
regions in the world. There are large numbers of moderate to high valuarmakgiants, spices
existing in the wild in the country. The bulk of the plant matter used for medicinal purposes is
collected from natural vegetation stoc. However, of the existing edlicinal plants only
small percentagdave been subjected tdemical and pharmacological investigatiorhe
principle of traditional Ethiopian mediahtherapeutics is the synergism, that is, often multiple
components in traditional medicine play a sgmic role which is greater than that of the
individual drug. As a result, the active extracts and effective compounds responsible for the
biological effects are often unknowi]. Now a day, scientists including phytochemists and
pharmacologists continue to study the chemical componemtgedicinalplants hoping to find

new compounds with biological activities which can be used as lead compaunddsirther



developed them into therapeutic agen®verall, dugsderived from natural productsbtained
from natural products have played and still playaglominant role in pharmaceutical care.
Some successful examplegliude discovering antitumoand cancer chemgprotectiveagents
such agaclitaxel (), camptothecing), vinblastine 8), magnolol 4), and resveratrobj (Figure

1.1)which proved to be effective in the treatmeamd managemewf cance(8-10].

Figure 1.1 Examples of drugs for treatment of cancer obtained from medicinal plants

Many of these plantlerived anticancer agents have been discovered through-stzaltge
screening programfil1l]. The most efficient method of discovering drugs such as these were
done by bioactivityguided fractionation, isolation amtharacterizatiofil2].

The genusCommiphoraJacq., comprising more than 200 species, is one of the 20 genera

belonging to the Burseraceae family, of which more tharCBthmiphoraspeciesexists in



Ethiopia[13]. Indigenous communities have for @ time incorporated the use of traditional
medicines, mainly from plant source in the cure or lessening of impact of common ailments. In
Ethiopia, some of the plants used in folkloric medicine have been identified and application of
their crude extractdocumented an€ommiphoraspecies are one of thefh4]. Even though
Commiphoraspecies have a lot of traditional uses there is insufficient studies on chemical and
biological activities studies on the plant resins of Ethiopian origin. The chemical and biological
investigation of some of thEommiphoa species native to Ethiopia resulted in the isolation of

different secondary metabolites that include terpenes, lignafEsett6]

1.1 Statement of theresearch problem

Even though identification of phytochemicals and traditional medicinal claims of most
Commiphoraplants resin documented, the chemistry and pharmacological activigsiot of

these plant resins of Ethiopian origin is not yet fully known due to lack of screening to active
principles This encouraged us to undertake extraction, fractionation and isolation of compounds
on the selecteommiphoraspecies This might helpto proof whether there is a correlation
between traditional use in combination with other medicinal plants or.aRloassay guided
isolation is the foundation forhé isolation and identification of natural products for new

biological active compound & serve as a lead compound and drug candidates.

1.2 Significance of the Study

Natural products serve as a rich source of lead compounds for the development and production
of modern chemotherapeutic agents. ResinS.ddfricang C. habessinica, C. schpari and C.
sphaerocarpdrom the familyof Burseraceae have been used alone or in combination with other
medicinal plants to treat various ailments in the area of collection. The resinous exudates of the
genusCommiphoraare commonly used as perfume, inse, or embalming ointment and their
medicinal values have been gradually recognized by humafkmdThe resinis alsoused to

treat various ailments such as wound, pain, fracture, calming nerves, inflammation, stomach
disorders and antiseptic. Due to the absence of modern scientific studies, the indigenous
knowledge related t&€ommiphoraresins has not baaealized and not well documented. Thus,

this studyintended to answesome of the major questions in sor@®@mmiphoraspecies

Ethiopian origin including pharmacological activity and structural identificatadrcompounds



to ascertain credibility of theitraditional medicinal use The results (findings) of the study

would

1 used to establish base line information on compositiddasimiphoraresins indigenous
to Ethiopia
lay the foundation for identification of bioactigelvent fractions andompounds.
benefit market providers which generate their income by supplying resins of

Commiphorafor domestic consumption and internationally

1.3Scope of the research

In this study, the methanol extract and related solvent fractionsGr@iricana, C. habessing

C. sphaerocarpaand C. schimperiwere screened on four human cancer cell lines, three viral
strains and a dengue virus serotype 2 (DENVThe fraction with the highest cytotoxicityasv
subjected to chromatographic separation and spectroscopic an@lystoxic effects of the
isolated compounds were tested on the four human cancer cell lines. Strudtugesofated
compounds were elucidated using different spectroscopic techniques to provide further insight
and understanding on the structural dees$ that could influence the activity of a compound. In
addition, constituents of hydrodistillate of resin essential oils were identified usinjI$C
technique and antnflammatory effect were studied. Compariseith literature reported data
was made othe major constituents of the essential oils to justify for its/theiriafidimmatory

effect.

1.4 Objective of thestudy
1.4.1 Generalobjective
This investigationwas designed to conduct bioassgyidedidentificationof compoundsrom

some resins dommiphoraspeciesative to Ethiopidor biological principles



1.4.2 Specificobjectives

1 To estabilish the profilof the composition of the essential oils ©f habessinicaC.
africang, C. sphaerocarpaand C. schimperiusing GGMS, and evaluate its anti
inflammatory activities

1 Investigatein vitro cytotoxicity, antiviral and antidengue activity of the crude extracts
and solvent fractions of different polarity using SRB (sulformaide B), CPE (cytopatheic
effect) and IFA (immunofluorescence assay).

1 To Isolae and characterizeompounds from the most cytotoxic fractsounsing flash
column chromatogiphy (FCC)and column chromatography (C@nd spectroscopic
techniques, such 4R, MS, 1D and 2D NMR and computatedranalysis

1 Evaluate cytotoxicity of isolatedompounds against human tumor cell lines, namely the
A549 (nonsmall Cell Lung Cancer), A2780 (Ovarian cancer), MACa2 (Pancreatic
cancer) and SNU638 (Stomach Cancer) using SRB assay.

1 Determine antiviral potentials of crude extract and solvent fnagton influenza viral
strains ofPR8, A/Puerto Rico/8/34 (H1N1); HK, A/Hong Kong/8/68 (H3N2); Lee,
B/Lee/40againgdby in vitro assays.

1 DetermineS.I a ratio ofCCso (cytotaxicity) and EGo (effective concentratiom)f selected

solvent fractionshatshowed potential antiviral activity



CHAPTER TWO

LITERATURE REVIEW
2.1 Biological activity

Traditionally in different parts of the worldommiphoraspecies used to treat various ailments to
heal wound, pain, arthritis, fractures, obesity, parasititection, amenorrhea, tumour and
gastrointestinal disease§l8]. Pharmacological studies reveale@ntiproliferative antk
inflammatory antimicrobial hypolipidemicandanesthetigroperties of the purified metabolites

and crude extracts of som@®mmiphoraspecies have been investigaf&€]

2.1.1 Inflammation

Inflammation is a physiological immune response process by various immune cells including
macrophages for the protection agithe harmful stimuli such as virus and bact¢?@].
Macrophages play an important role in inflammatory response by producing inflammatory
mediators such asitric oxide (NO) [21, 22] Overproduction of inflammatory mediaters
induced chronic inflammation is considered toabeause of numerous human diseases including
cancer, atherosclerosis, arthritis and septic si@8#5]. Among inflammatory mediators NO,

an important molecule produced in the process of oxidative stress,hesyed by the enzyme
inducible NO synthase (iINOS) and results in many disease processes such as carcinogenesis,
obesity and diabetd26, 27] Therefore, INOSnediated NO is a common mediator of a wide
range of inflammatory conditions and reflects degree of inflammation, thus providing a marker
(measure) of the inflamatory proces§28]. It has been reported that development of cancer is

associated with inflammatidas, 29]

2.1.2 Cancer

Cancer is a major public health problem worldwide and is the second leading cause of death in
the United Statef30]. Cancer, a cellular malignancyatiresults in the loss of normal ceijcle

control, such as unregulated growth and the lack of differentiation, can develop in any tissue of
any organ at any time and unlimited proliferation which can result in ¢@athUnlike normal

cells, cancerous cells lose their ability to respond to death signals that initiate apoptosis

(programmed cell deathRespite the therapeutic advances made in understanding the processes



involved in carcinogenesis, cancer has become one ofdkegarious medical problems today.

It is the second leading cause of mortality around the world with an incident rate of more than
2.6 million cases per yefiB2, 33] Literaturereportindicatal that most cancers are caused by a
dysfunction of many genes coding for proteins such as growth factors, growth factor receptors,
antiapoptotic proteins, transcription factors, and tumor suppressors, all of which constitute a
target for caner treatmeng34, 35] The increase in the incidence of cancer along with the
undesirable side effects observed with chemotherapgsuttte discovery of new agents from
natural sources. In fact, the concept of chemoprevention by naturally derived compounds has
gained increasing attention especially that prevailing cancer treatments have shown limited
therapeutic succe$86]. By their original locationgancersare classified into various types of

cancer, such as lung, colon, breast, or prostate cancer.

Cancers of the lung, wittwo broad histological subtypes of lung cancer i,e., secelll lung

cancer (SCLC), which is the cause of 15% of cases, angmatftcell lung cancer (NSCLC),

which accounts for 85% of cases is one of thethoge cancer types in terms of incidence, and is
ranked the first in terms of mortality. Ovarian cancer (A2780) is the sewsrgh common
cancer among women and the eightbst common cause of death from cancer. Pancreatic
cancer (MIAPaca2) is the seventh highest and responsible for 6% of cancer d=athsyear

[30]. Globally, stomach cancer (SN&8B8) is the fifth commonly diagnosed cancer and the third
leading cause of death from cancer making up 7% of cases and 9% of tattos.now,
numerous clinical trials have investigated potential cures for cancer via radiation, chemotherapy,
antibody treatment, and immunotheraf®r]. Radiation and chemotherapy have severe side
effects due to their cytotoxicity to normal cells. Additionally, many types of cancer tend to
relapse and acquire resistance after treatn@mnrently, combination therapies involving several
drugs or therapies are being used to attempt to overcome the limitations and the drawbacks of
individual therapie$37]. Nowadays, dueto advancement of technolagglized tumors can be
removed by surgery or irradiation with high survival r48%.

More than 60% of drugs with artancer activity originated from plan{88]. Plantderived
metabolites are good sources of new-aaticer drugs with reduced cytotoxicity and increased
activity [39]. Additionally, the combination of phytochemicals with existing aathcer drugs or

7



other chemical compounds represent alternative approaches to -patghattbased drug
development. Several secondary metabolites have been discovered to have inhibitory activity
aganst cancerFor instanceEpigallocatechin gallate (EGCG), a major component of green tea

from Camellia sinensishas been reported to have preventive effects on carcinoggtysis

A study of cancer incidence on a populatimased cacer registry data revealed that in Ethiopia
cancer has become the secoradieg cause of death in the adult populatiéh]. The most
common adult cancergported so far @& cancers of the breast and cervix, colorectal cancer,
nontHodgkin lymphoma, leukemia, and cancers of the prostate, thyroid, lung, stomach and liver.
The most common cancer in men age O 15 -years
Hodgkin lymphoma (NHL), prostate cancer (CaP), leukemia, and lung cahtdemales 15

years and older, the most common caraes been found to bdeeast cancer (BC), followed by

cervical cancer (CC), ovarian cancer, CRC, and leukpgttia

2.1.3 Influenza virus

Influenza virus remains to pose a direct threat to human beings and society for causing severe
epidemics of respiratory illnesshis highlights an urgent need for new amifluenza drugs. The
influenza virus is one ohe major pathogens leading to seasonal outbreaks and even pandemics
and annual influenza epidemics such as avian H5N1 and pandemic HIN1 (swan flu). Influenza
outbreaks result in morbidity and mortality in human population and commonly occur during
winter, or the rainy season in tropical countr[ég, 43] Due to its high mutation rate, currently
available drugs like Tamiflu and Amantadine have alreadylted in drug resistance virus.
Therefore, there is an urge to develop novel and effective antivirals for influenza virus associated
infections. The lack of effective therapies and/or vaccines for several viral infections, and the
rapid emergence of newdyresistant viruses have necessitated the need for developing new

and effective antiviral agents.

2.1.4 Dengue virus
Dengue is a viral disease caused by Flavivirus and belongs to family Flaviviridae, are the
causative agents of dengue fever and it®@aged complications, dengue haemorrhagic fever



(DHF) and dengue shock syndrome (D$%3]. There are four distinct serotypes DENY
DENV-2, DENV-3, and DENV4 [45-47]. DENV-2 is known to be more lethal than other
serotypeg48]. Dengue feve regardless of its serotypeas transmitted from person to person by
Aedes aegyptind Aedes albopictumosquitoes in the domestic environmgfl]. In the recent
decade, dengue hasemerged and with it being endemic in more than 110 counitriess been

the most prevalent arthropdubrne viral diseases in terms of morbidity and mort§i8]. Two

fifths of the world populations are at risk, estimating around 100 million of dengue fever

infections, 2.1 million cases of dengue hemorrhagic fever andit@and deaths worldwide

are caused by dengue every year. Despite extremely high rates of dengue for decades, Southeast

Asia region still recorded an increase of 67% from 19889 to 2002006 [51]. Similarly, a
total of 4.6fold increase in dengue caskas also been reported in America over the three
decaded51]. There is currently no trément or vaccine available for dengue infect{62].
Therefore, the development of a pHmatsed antiviral mparation promises a more potential

alternative in combating dengue disease.

2.2The family Burseraceae

The family Burseraceae, with twenty genera and over 500 species, is widespread in tropical
and subtropical regions, and is often a dominant constitfahe vegetation in dry lowland
areas ofEastern Africa[53]. The AcaciaCommiplora woodlands ofNorthern Kenya,
Southern Ethiopia and Somaligarticularly are dominated by species of the genéw@acia
(Leguminosae). The species produce gum resins, such as frankincer@enaméhorahave

been used as incense in religious and cultoceaemonies since the beginning of written
history[54].

Indeed, frankincese and myrrh were describedBible: AWhen they saw the
with exceeding great joyAnd when they were come into the house, they saw the young child
with Mary his mother, and fell down, and worshipped him: and when they had opened their
treasur es, they presented wunto him gifts;
According to St. Matthew 2: 101). They were also the most prized aromatic gums of the
ancient world and a significant source of wealth in southern Arfid Their common

medicinal properties are recognized in the treatment of inflaorgnabnditions, some cancerous

s



diseases, and wound healing in the traditional medicines of India, China, Rome, Greece, Babylon
and elsewherfb4].

The gener&Commiphorgproduce resins, which have considerable commercial, medicinal and
cultural uses. Most of these species were little known until recently because of poor botanical
descriptions which were based on insufficient matefa#§. In Ethiopia there are only 2

genera, namelhBoswelliaandCommphorathat belong to the family Burseracg&é]. These

genera produce resins, which have comsille commercial, medicinal and cultural uses.
Although the history of resins from the Burseraceae family dates as far back as the times of
the pharaohs of ancient Egypt, it is quite surpgsto note that the chemistry and
pharmacological activity of #se resins is not yet fully known.

2.21 The genusCommiphora

The nameCommiphoraoriginates from the Greek wordommi(me ans 6 g pherd ) and
( me ans d&Themajoriggyaof tite)species yield a fragrant oleogesin following damage

to the bark eitbr naturally or intentionallyThese trees or shrubs are characterized by an outer
bark often paperyral peeling, an inner bark usually greenish, containing ducts which form large
interconnecting cavities from which the gussin, usually aromatic, flowsdely on wounding

or from natural fissures. Many species are leafless most of the year and usually set flower and
fruit when leafless, making the collection of fertile botanical specimens diffiilt According

to Soromessa (2013), Soutlast lowland of Ethiopia is characterized by its high diversity of
Acaciaand Commiphoraspecied57]. The report indicatethat out of total species in the genus
Commiphoraabout half of themra endemic to the small area of southeastern Ethiopia, north
eastern Kenya and Somal&/]. Over 50Commiphoraspecies are known to occur in Ethiopia,
several of which 14 (25%) of the species andemid56]. C. myrrha(Nees) Englis the most
well-known member of the gen@ommiphorayielding one of the most important resins of all
times, commonly known as myrrRlyrrh, a culturally and commercially important resin product,

is derived fromC. myrrha(Nees) Engl, a tree found in abundance in the dry and arid regions of
Ethiopia and Somidia and to some extent Morthern Kenyd13]. The chiefCommiphoragum of

highly economic importance is myrrh, produced ®y myrrha (Nees) Engl. (synonunt.
molmo). This is an important commodity of commerce in Southern and South EBgtéspia

[56]. Myrrh has also been used in the Ayurvedic medical system due to its therabieats for
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treatment of inflammatory diseases, some cancerous diseases, coronary artery diseases,
gynecological disease, obesity, §8]. Other oleegum resins resembling yrh are produced

by various species aTommiphorasuch asC. africana(A. Rich) Engl, C. habessinicdBerq)

Engl, C. kua (.F Royal) VollesenC. schimper{Berg) Engl, C. sphaerocarpaThese resins are
sometimes found in true myrrh as adulteralitghis genus, species &f. myrrha, C. mukul, C.
molmol, C. erlangarina, C. kuand C. confusaare the one that have received more

phytochemicahlnd bioactivityattention[19] .

Previous studies on the genus have showed the presceacsedes of metabolites including
terpenoids, steroids, flavonoids, lignans, carbohydrates, and long chain aliphatic alcohol
derivativeg[59, 60] Thesesecondary metabolites and crude extracts oCibvamiphoraspecies
exhibited diverse biolgical activities, such as cytotoxic, anesthetic, antiinfammatory, and

antimicrobial effects, and so ¢h9, 61}

2.2.2 Ethnobotany of Commiphoraspecies

Ethnobotany is concerned with the use of plants within traditional medical sy[&2n&3]

The gumresins of Commiphoraare heavily used in international trade but, a few of the

species are known to pracke guraresins[56, 64] Ethnobotanical information was gathered

by interviewing te local people and through observation. Tdenmiphoraplant is widely

grown in Borena lowlands, southern Oromia, Ethioptae gumresins ofC. africanaandC.
habessinicaBerg) Engl. are used by Borana peopleSofithern Ethiopia to heal burn (in
humanbeings), wound, and to eradicate cattle ti@&]. In addition to the abovenentioned

uses, the gurmesins fromCommiphoraare also used by followers of bothetl©rthodox

Christian (in church and at home) andud\em religions during their prayers, essentially to
6calm and collecté their nerves. 't i &,m al so wu
Eeastern Ethiopia, the gumsaaheo.al Slome cheaeds t
used in the treatment of lymphadenopdiB§]. In different pars of the world Commiphora

species are used in indigenous medicines for the treatment of waaindarthritis, fractures,

obesity, parasitic infection and gastrointestinal diseds:$7]

Myrrh has many medicinal powers and has been used to treat various diseaseas such

amenorrhea, ache, dysmenorhhea, tumors, fever, stomach complaints (for example, for
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stimulating the appetite and the flow of digestive juices), diseases of gall bladder, chest ailments,
snake and scorpion bites, and skin infections in India, China, RGreece and Babylof60,

68]. Traditionally, C. africana is used to treat measles, hyperlipidemia and cardiovascular
disorders[69, 70] Additionally, the leaves are used as sedative and sopf@#]cthe resin is

used to prepare antiseptic washes and baths for skin infections, sores and [épfosy
Antiproliferative, antiinflammatory, antimicrobial, hepatoprotective and cardiovascular
properties of the purified metabolitasd the crude extractd the plant have been also recorded

[19, 60]

Table 2.1  List of some commoR&ommiphoraesin bearing species and their traditional
medicinal uses

No Name ofCommiphora species Resin traditional uses Reference
used as incense, snake and fly repellent, as remedy for [72, 73]
1 C.myrrha(Nee$ Engl. problems and against stomachache.astringent, antisept

emmenagogue, carminative, expectorant and stimulant

> ¢ molmol Used as antimicrobial agent, remedy for sore throats,

carker sores, gingivitis [68]
Anti-obesity, antinflammatory, atibacterial,

3 C. mukul anticoagulant, antarthroscleroticreduce symptoms of
osteoarthritis [74, 75]
Hedge plant, root edible; stem to make utensils and gur

4  C.africana(A. Rich.) Engl. chewed t o e aBak, rdsihandlealfito teeath
tumour, stomach ache, expelling tapeworms [76, 77]

- As soap substitute and for cleansing (disinfectant) new

5  C. habessinic{Berg) Ergl. born babyTo treat eye infection [78]

6 C. boranensis/ollesen heal burn and wound and to eradicate cattlestick

7 C. guidottii Chiov. used _a_gamst_stomach complaints in particular diarrhea,
to facilitate withdrawal of placenta.

8 C. schimperi(Berg) Engl. for smoothening of skin. [79]

9  C.sphaerocarpa Against cough, diarrhea and headache, against ticks of
cattle.

10 C. erythraea(Ehrenb) Engl. As incense, repels insects [80]

as incense, for healing wounds, to reduce the swelling ¢

11 C.kua(R. Br. Ex. Royle) Vollesen udder;stomach disorder§tem: to make home utensils. [15, 81]

fluid resin: to treat eye diseases, perfume; branches: toc

12 C.rostrata stick; resin: poisonous, incense to repel mosquitoes anc
flies. [15]
13 C.tenuisVollesen to treat itching, wound [82]

2.3 Chemical constituents and pharmacological activity of som€ommiphoraspecies
Many plants belonging to th€ommiphoraspecies (family Burseraceae), have adnis of
medicinal use in systems of traditional medicine. Best kn@ammiphoraspeciessuch asC.
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myrrha C. mukul and C. molmol have been the subject of substantial phytochemical,
pharmacological and clinical investigations over the fast decadeq19], but many lesser
known species are also used, mostly in East Arica (Ethiopia, Kenya, Somalia and Sudan), where

the majoriy are nativg53].

2.3.1 Commiphoramyrrha

C. myrrha(Nees) Englis the most well known member of the ge@@smmiphorait is found

in the dry ad arid regions of Ethiopia and Somalia (the largest producers and exporters of
myrrh) and to some extent in northern Kef8@] yielding one of the mosinportant resins of

all times, commonly known as myrrithese plants yield economically important gum
exudateghathave been collected for centuries as medicinal and perfumery subgg]cés
comprises 8% essential oil, 360% water soluble and 28% dcohol soluble components

[85]. Internally, myrrh is used as cure for indigestion, Wcand bronchial congestiqa6].

Based on the theory of Chinese traditional medicine, myrrh possesses variety of curative
effects, and was primarily applied for the treatment of blood stagnationnfiathmatory
diseases, as well as for relief from swelling and pdihe alcoholic solution when
concentrated after filtratigryields the sec al | ed fAabsoluted while the
Aresi noi dogum @sink eesembding engrrh are prodiidey various species of
Commiphorasuch asC. africana(A.Rich.) Engl, C. habessinicgBerg) Engl, C. kua (.F

Royal) Vollesen,C. schimperi(Berg) Engl, etc. These resins are sometimes found in true
myrrh as adulterants. A study Bhu, (2003) fom the ethyl acetate extract of. myrrha
subjected to column chromatography over silica gel eluted with chlorefeethanol mixture

with increasing methanol content, furanogermddd0(15)dien6-one @), 2-
methoxyfuranogermacid(10),4diene {7), 3a-eudesr(15)enel b -d®la(8) and Tcadinol

(9), (Figure 2.1)some new compounds have been isol @&l

Moreover, a bioassay guided fractionation amdaigon of a peteroleum ether fraction fo Ge
myrrhaafforeded compounds belonging to the class of sesquiterpene and diterpene acid type of
compounds10, 11, 12, 13and 15 [88]. It has been reported thatcgtotoxicity study based on

bioassayguidedshowed the petroleum ether fraction@ myrrhawas active in the cytotoxicity
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assays againdtuman gynecologic cancer cellgyarian cancer cell lines A2780, SBV-3,
cervical carcinoma cell line SiHa, and endometrial carcinoma cell line Shikawa using MTT
assay. Among the compounds isolafesin petroleum ether, 2 methoxy- 5 - acetoxy-
furanogermacr 1(10) - en- 6 i one (1), abietic acid 14), dehydroabietic acid1f) and
sandaracopimaric acidl§) (Figure 2.1)antiproliferative activity has been studied. Results
indicated that dehydedietic acid {4) (Figure 2.1)inhibited SKVO-3 cell growth with 1Go of

26. 93 ¢ M, whi | d4) sighicantly bnhilgteédi AR780acelli gdowtlf with Kg of

46 . 8988lc M

6 7 8 9

o
o

Figure 2.1 The chemical structures of compoundlsl ) isolatedfrom C. myrrha

MeO

@)
I

I n Indian traditional system of meGmukul ne @A Ay L
has been used for thousands of years in the treatment oitigrtinflammation, gout,
rheumatism, obesity, and disorders of lipids metabol&®h C. muku) because of its wider

application against different ailments in India Ayruvediaditional medicine, is the most
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well-known gum resin and highly investigated by different scholdise bioactive
constituents are mainly steroids with the most prominent being 4,1(f(@03%)-pregnadiene
3,16dione - guggulusterones) (17), 4,17(20)(cis)-pregnadiens,16dione E-
guggulsterones)1@), guggulsteroel (19), guggulsterall (20), guggulsterclll (21) [89],
20a-hydroxy-4-pregnen3-one @2) , -Rydrdxy-4-pregnenr3-one  @3) -Hydg dxy
4,17(20¢-pregnadierB-one @4) and 1@-hydroxy4-pregner3-one @5 [90]. The
diterpenoids cembreng (26) and nukulol (27) also occur irguggulu[89] (Figure 2.2) The
chemical structures of compounds1@) obtained fronC. myrrha Two new polypodane
type triterpenesmyrrhanol A (28) and myrrhanone A @9), were isolated from the 50 %

agueus methanolic extract of gugggim resin91].

H
‘\\O H
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28 R=CH,0OH
29 R=COOH

30 31 32

AcO

O
33 34

Figure 2.2 The chemical structures of compoundi$-84) obtained fromC. mukul

The steroids/Z- guggulsterong17) and E-guggulsterone 18) induces apoptosis using FC

human prostate cancer cells. The viability of these cells was significantly rechamedreatment

with guggulsterones, in a concentratidependent manng¢®92]. Among thebioactive molecules

of Commiphora mukubicyclic triterpenes such as myrrhanol 28] and myrrhanbB (29),

myrrhanone A 30), (Figure 2.2)were reported to exhibit significant amtiflammatory and

anticancer activitief93, 94]

A study by Matsud$§93, 95] shoved thatthe methanol extract &. mukulwas found to inhibit

NO production in LPS activated mouse peritoneal macrophages wjthvéiie of about 15

€ g/ ndn the other handhe isolates from the gum resin &. mukul,two pregnane type
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steroids,Z- and E-guggulsteronesl{ and 18), three polypodane type tritrpenes, myrrhanol A

(28), myrrhanol B 29) and myrrhanone A30Q) were found to preverlO production with IGo

values of 1.1, 3.3, 25, 61 and 8M, respectively{95]. A pregnane type sterols, progesterone

(31, 4-pregnene3,16dione (32), 20Sacetyloxyd-pregnened,16-dione B3) showed anti
inflammatory effect withlgg1 1, 40, and 56 €M respecti€ely. O
mukul like a cholestangype steroid, 2R, 22R-dihydroxycholes#d-en-3-one(34) andcembrane

type diterpene, mukulol2Q) resulted an 162 0 e M amnpd raesZpdect i vel y. T
compounds were found to prevent overproductions of NO and inhibited the induction of
inducible ntricoxide synthaseillOS) in LPSactivated mouse peritoneal macrophages in a
concentration dependent manngf5, 93] Furthermore,Z- guggulsterone 17) and E
guggulsterone 18) steroids (Figure 2.2)have been fouh to exert their artinflammatory

properties by suppressing activation of-KIE and expression of NkB-regulated gene products

[96, 97]that indicate their potency towards inflammation. iBes these, other signal path ways

such as ROS, TNR, PGE2, and MAPK have been verified as potential-iaflimmatory

targets

2.33 Commiphoraerlangeriana

The resin ofC. erlangeriana [Syn: Dhunkal in Ethiopia and Somalia] was known to be
poisonousto humans and animals and had traditionally been used as an arrow poison.
Phytochemical studies dyekebo et.al 2002 othis plant material identified four polygamain

type lignans named erlangerin 35} and erlangerin B3g), anderlangerin C 7) and erhngerin

D (38) related to podophyllotoxin3Q) (Figure 2.3)from the resin ofC. erlangerianafrom the
MeOH-EtOAc (1:1) extract of the resin @. erlangerianga a plant occurring in Ethiopia and
Somalia[98].
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Figure 2.3 The chemical structures of compound@5s-89) obtained fronC. erlangarine

The effects of erlangerin GB7) and D B8) were reported to belosely related to the activity

profile of podophylotoxin 39): they induced a concentratialependent ytotoxicity in the

murine macrophage cells (RAW 264.7) and a cytostatic effect in HeLa, EAhy926 and L929

cells. On the other hand, erlangerins 35)(and B @6) suppressed cell viability at relatively

higher concentrations (k&v al ues hi gher than 3 €M as compar
for erlangerins C37) and D 38 and podophyllotoxin 39) (Figure 2.3)and their activity

appears to be consistent with a cytotoxic mode of action in all cell lines sf@€éjed

2.34 Commiphorakua
Chromatographic separation of the resirC. kua affordedmansumbinonedQ), mansumbinoic
acid @1) and picrepolygamain 42) [100] (Figure 2.4) mansumbinol 43), and (16S, 20R)

dihydroxydamma#4-en-3-one @4) andtwo new octanordammarane triterpenesmely 13-
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hydroxymansumbinonetb) and 28acetoxyl5a-hydroxymansumbinonetf) (Figure 2.4)[15].
Among the isolate compundgrom the gum resin of. kug mansumbinol43) (Figure 2.4)was
found to inhibit the overproduction of NO stimulated by LPS in macrophages with strong anti

inflammatory activitywith7 4 €z con[68 nt r at i on

46
Figure 2.4 The chemical structures of compound8-46) obtained fronC. kua

2.35 Commiphora africana and C. habessinica

The resin ofC. africanawas observed toontains betulin47), [101] which showedan antitumor
activity, especially in combination with cholesterdB) [102]. Betullinic acid 49) derivatives
were found to be inhibitors of HAL [103]. Bioassayguided fractionation of a crude extract
from Commiphora africanded to the isolation of the dihydroflavonol glucoside, phellamurin

(50) [104]. The resin obiaed from C. habessinicavas reported to contain 6.5% of steroids.
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Further fractionation by column chromatography followed by mass spectrum analysis revealed
the presence of choleSten3 kol (48), D5-campestarB fol (51) a ssitbstefol §2) (Figure
2.5) [105].

50 51 52

Figure 2.5 The chemical structures of compound$-52) obtained fronC. africanaand C.
habessinica

2.36 C. confusa, C. molmqlC. sphaerocarpaC. holtzianaand C. kataf

A study by Dekebo(2002) [15] on the resin ofC. confusaafforded two new dammarane
triterpenes, (3R,20S),20dihydroxydamma®4-ene 63) and (3R,20SB-acetoxy20-
hydroxydamma®4-ene 64) along with two known triterpees, cabraleadiol-8cetatg(55) and

a- amyrin (56) (Figure 26). After chromatography over silica,dm thepetrolether extract of.
sphaerocarpaesin sixcompounds were obtained, whelgromatographic separation yielded a
novel terpene, which showedetlpresence of a trisubstituted furan ring'tNMR and was
characterized as (1#)12epoxygermacrd,7,10,11tetraer6-one 67) [16]. The nonrpolar
fraction of hexane extract of the nesiof Commiphora molmolEngl, gave, the new
furanoeudesman®8) and furanoeudesryih 3-diene 69) by column chromatograpH$06]. Not

only the Commiphoraspecies mentioned above but also Otl@mmiphoraspecieshave
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