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ABSTRACT

Searsia is the more recent name for the genus (Rhus) that contains over 250 individual species
of flowering plants in the family Anacardiaceae. Research conducted on Searsia extracts to
date indicates a promising potential for this plant group to provide renewable bioproducts with
the following reported desirable bioactivities; antimicrobial, antifungal, antiviral, antimalarial,
antioxidant, antifibrogenic, anti-inflammatory, antimutagenic, antithrombin, antitumorigenic,

cytotoxic, hypoglycaemic, and leukopenic (Rayne and Mazza, 2007, Salimi et al., 2015).

Searsia glauca, Searsia lucida and Searsia laevigata were selected for this study. The aim of
this study was to isolate, elucidate and evaluate the biological activity of natural products

occurring in the plants selected.

From the three Searsia species seven known terpenes were isolated and characterized using
chromatographic techniques and spectroscopic techniques: Moronic acid (C1 & C5), 21p-
hydroxylolean-12-en-3-one (C2), Lupeol (C11a), B-Amyrin (C11b & C10), a-amyrin (C11c)
and a mixture B-Amyrin (C12a) and a-amyrin (C12b) of fatty acid ester. Six known flavonoids
were isolated myricetin-3-O-/-galactopyranoside (C3), Rutin (C4), quercetin (C6), Apigenin

(C7), Amentoflavone (C8), quercetin-3-O-4-glucoside (C9).

The in vitro anti-diabetic activity of the extracts was investigated on selected carbohydrate
digestive enzymes. The enzyme inhibition effect was conducted at 2.0 mg/ml for both
carbohydrate digestive enzymes. The a-glucosidase inhibition effect percentage (%) results
from various crude extracts S. glauca (Hexane, 59,13; DCM, 85.22 ; EtOAc, 62.50 ; Butanol,
55.76), S. Lucida (Hexane, 91.85; DCM, 49.28; EtOAc, 93.54; Butanol, 67.74) and S.
Laevigata (Hexane,73.92; DCM,68.28 ; EtOAc,79.99 ; Butanol, 90.10) and a-amylase
inhibition effect percentage results are as follows S. glauca (Hexane, 41.24 ; DCM,50.08 ;

EtOAc, 39.85; Butanol, 47.71), S. lucida (Hexane,24.95 ; DCM,33.47 ; EtOAc,50.16 ;
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Butanol,60.88 ) and S. laevigata (Hexane, 41.81; DCM,40.99 ; EtOAc,52.31 ; Butanol,59.72.
Results exhibited from extracts inhibition effects indicate that extracts from these plants are

possible sources of compounds with anti-diabetic activity.

The isolated compounds were screened at 125.0 pg/ml and other compounds did not show any
activity against both digestive enzymes at that concentration. The pure compounds that showed
activity at 125.0 pg/ml were further screened to determine ICso values on both digestive
enzymes. The a-glucosidase and a-amylase results from Amentoflavone (C8) (1Cs0 5.57 £1.12

ug/ml and 19.84 + 1.33 ug/ml) and Moronic acid (C1) (ICso 10.62 + 0.89 and 20.08 £ 0.56).

The in vitro inhibition of oxidative stress by hexane, dichloromethane, ethyl acetate, methanol
and butanol extracts were investigated as total antioxidant capacity using (FRAP, ORAC,
TEAC). The results exhibited that methanol extract, ethyl acetate and butanol extracts of S.
lucida showed high FRAP values of 1038.39 + 80.41 pM AAE/g, 137.24 + 16.54 uM AAE/g
and 680.01 = 96.34 uM AAE/g and while hexane and dichloromethane extracts revealed less
FRAP values of 12.99 + 1.82 uM AAE/g and 40.69 + 2.11 uM AAE/g. The FRAP values
obtained from methanol, ethyl acetate and butanol extracts of S. laevigata showed significant
activity i.e; 411.58 + 79.73, 86.28 £ 9.16 and 977.88 + 71.24 respectively. It was observed that
butanol, ethyl acetate and dichloromethane extracts from S. glauca showed high FRAP values
i.e; 1008.67 + 41.65 pM AAE/g, 557.09 + 39.41 uM AAE/g and 431.62 + 39.34 uM AAE/g

respectively.

Ethyl acetate and butanol extracts of S. glauca exhibited the high ORAC values of 4574.93 +
109.12 and 5653.36 + 328.66 UM TE/g respectively. The results showed that ethyl acetate,
methanol and butanol extracts exhibited the highest ORAC values of 4010.56 + 73.52, 5793.45
+27.30, and 4198.42 + 166.53 respectively. Hexane and dichloromethane extracts showed the

lowest ORAC values of 1013.65 £ 12.26 and 1048.15 + 35.35 respectively.
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Methanolic extract of S. lucida exhibited the high TAEC value of 1512.08 = 0.06 (UM TE/qQ)
and butanol extract of S. glauca indicated the high TEAC activity of 1438.63 + 13.53 (uM
TE/g). Ethyl acetate of S. glauca showed the higher TEAC values of 1095.42 + 28.42 (UM
TE/g). Hexane and dichloromethane extracts of S. lucida showed the less TEAC values 20.26

+4.42 and 52.20 + 2.82 (UM TE/q) respectively.

Toxicity assay was conducted in brine shrimp lethality test. The hexane and dichloromethane
extracts exhibited less activity with an LC50 greater than a highest tested dosage (1000 pg/mL),
while S. glauca, S. lucida, and S. laevigata ethyl acetate extracts showed activity values of
966.74, 905.22, 855.79 pug/mL and butanol extracts showed an activity of 621.24, 676.68,

571.71 pg/mL respectively.
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CHAPTER ONE: GENERAL INTRODUCTION

1.1 Background
Medicinal plants, since time immemorial, have been used in virtually all cultures as a source of

medicine. They have been used as valuable medicines in India, China, Egypt and Greece and a
number of modern drugs have been developed from them. Currently, the World Health
Organization estimates that approximately 80% of the world's inhabitants rely on traditional
medicine for their primary health care; especially for developing countries where conventional
medicines are largely unaffordable. Secondary metabolites are naturally occurring plant-
derived substances with minimal or no industrial processing. However, given the current
scientific advancement, application of herbal medicines based on long-term empirical and
traditional uses is no longer sufficient. This hence calls for the need of up-to-date scientific
information on herbal medicines to assure their quality, safety and efficacy. Effects are
suspected to be due to their chemical constituents; hence chemical analysis facilitates
identification of such compounds. Analysis of secondary metabolites in plants is a challenging
task due to their chemical diversity, low abundance and high variability even within the same
species (Steinman & Ganzera, 2011). In fact, medicinal plants comprise of constituents that
belong to different compound classes with diverse chemical and physical properties (Zhou et
al., 2009). Medicinal plants are chemically complex and diverse. Their botanical compounds
elicit a wide range of biological and pharmacological properties (Patwardhan & Gautam, 2005).
Searching for active agents against diseases among natural products is a more effective drug
screening platform than random screening.

Natural products continue to be a major source of pharmaceuticals and for the discovery of new
molecular structures. Various plant products such as alkaloids, terpenes, sterols, flavonoids,

lignans, and saponins continue to be drug targets (Steinmann & Ganzera, 2011).
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These phytochemicals are non-nutritive plant chemicals that have protective properties. Natural
products, either as pure compounds, or standardized plant extracts, provide unlimited
opportunities for new drug leads due to their unmatched availability and chemical diversity
(Maregesi, 2008). Plants produce them to protect themselves but recent research shows that
they can also protect humans against both communicable and non-communicable diseases. The
multi-purpose nature of herbal medicine, from an ethnopharmacological point of view, may be
associated with the broad diversity of their natural product composition and hence it is

becoming imperative that they are tested against an ever-increasing range of bioassays.

1.2 Oxidative stress and human health

Oxidative stress is an imbalance between production of oxidants (free radicals) and antioxidant
such that the production of oxidants overcomes the antioxidant defense system. Free radical
species mediate damage to protein, lipids, mitochondria, and DNA and may activate the cell
cycle; overwhelm endogenous antioxidant defenses in the brain; and contribute to neuronal
damage (Lovell et al., 2007; Montine et al., 2002). Obesity and type 2 diabetes are associated
with an increase in oxidative stress. Therefore, it would be important to consider antioxidants
supplements in the management of diabetes and obesity (Abdali et al., 2015).

Free radicals are highly reactive molecules that can be classified as reactive oxygen species
(ROS) or nitrogen reactive species (NOS). ROS includes superoxide anion, hydrogen peroxide,
hydroxyl radical, singlet molecular oxygen and organic peroxide radicals. Under stress, the
body produces more ROS, such as superoxide anion and hydroxyl radical, which are highly

reactive and potentially damaging transient chemical species.
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Figure 1. 1: Destructive effects of free radical are neutralized by endogenous antioxidant

defence system in producing harmless-molecules.

The antioxidant defense system is made up of enzyme (Catalase, superoxide dismutase,
glutathione, peroxidases, and glutathione reductase) and non-enzymatic antioxidants
(Rebamang A. Mosa, 2014). Free radical formation in diabetes by non-enzymatic glycation of
proteins, glucose oxidation and increased lipid peroxidation leads to damage of enzymes,
cellular machinery and also increased insulin resistance due to oxidative stress (Maritim et al.,

2003).

Oxidative stress has been implicated in various pathophysiological disorders and diseases such
as inflammation, hyperlipidemia, cancer, obesity, atherosclerosis, diabetes, and
neurodegenerative diseases (Shibata and Kobayashi, 2008; Chang et al., 2010; Shalaby and
Hamouda, 2013). Oxidative stress has been reported to contribute in molecular and cellular
tissue damage mechanism in a wide spectrum of human diseases (Valko et al., 2007). Evidence
have been reported that proves the contribution of oxidative stress in the pathogenesis of both

type 1 and 2 diabetes. (Maritim et al., 2008).
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Development of new and naturally derived antioxidants for food and health applications, with
safety profile is a major goal in sustainable bio-products. Previous studies reported that extracts
from the stems, roots, bark, leaves, fruits, and seeds of many plants have antioxidant potential
(Kotebagilu et al., 2014). Natural antioxidants represent a potentially side-effect-free
alternative to synthetic antioxidants (Krishnaiah et al., 2011). A study conducted by
Asgarpanah and Saati, 2014 revealed that the Searsia species possess pharmacological
properties such as antibacterial, antifungal, antioxidant and hypoglycemic activities.

These diabetic complications are likely to be mediated by oxidative stress. The control of
postprandial hyperglycaemia, hyperlipidemia and reduction of oxidative stress is important in

preventing diabetes-associated complications (Santos et al., 2012).

1.3 Obesity

Obesity is a common chronic metabolic disorder of lipids and carbohydrate which is
characterized by excessive deposition of fats in adipose tissue and other internal organs. Little
et al, 2007, Ordovas et al., 2008, Mohamed et al., 2014 reported that physiological, genetical,
behavioral and environmental factors such as excessive intake of high caloric food, dietary
lifestyle, all contribute to the development of excessive weight and obesity. Obesity has reached
epidemic levels globally with about 300 million adults being clinically obese (WHO, 2009). It
has also been projected that if not controlled, the number will reach 1.12 billion by 2030 (Kelly
etal., 2008). Thus, obesity is a global concern and the major contributor to increased prevalence
of various pathophysiological disorders such as hyperlipidemia, diabetes mellitus, certain types
of cancer, inflammation, cardiovascular diseases and other atherothrombotic related diseases
(Gurevich- Panigrahi et al., 2009; Yun, 2010; Roberts et al., 2010).

A common type of pathogenesis in many obesity-associated diseases is oxidative stress
(Marsegliaetal., 2015). Oxidative stress has been reported as one of the mechanisms implicated

in vascular complications of diabetes and in pancreatic B-cell failure in diabetes, and obese
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people without diabetes also display increased level of systematic oxidative stress (Matsuda

and Shimomura, 2013).

1.4 Diabetes

Diabetes is rapidly emerging as a global health problem that threatens to reach epidemic levels
by 2030 (Shaw et al., 2010). It is another serious chronic metabolic disorder characterized by
chronic hyperglycaemia. Hyperglycaemia results from abnormal metabolism of carbohydrate,
lipids and protein. Diabetes mellitus is characterized by hyperglycemia resulting from defects
in insulin secretion, action or both (Mamun-or-Rashid, 2014). The condition is commonly
classified into type 1 and type 2. Type 1 is usually referred to as insulin-dependent since it
results from failure of the pancreatic cells to secrete insulin and its complications are managed
by injection of exogenous insulin. Contrary to Type | diabetes, where there is insufficient
insulin production, in Type |l diabetes the pancreas produces normal or greater than normal
quantities of insulin.

The management of the disease is an important step for its control which involves lowering the
postprandial increase in blood glucose levels by inhibiting the enzymes, a-amylase, and a-
glucosidase, responsible for hydrolysis of carbohydrates to simple sugars such as glucose (Zia-
Ul-Haq et al., 2011). Currently insulin and oral anti-diabetic chemical agents (glucosidase
inhibitor, biguanides, insulin sensitizer and sulfonylureas) are used in clinical practice as
therapies for Diabetes mellitus (Zhang et al., 2014). Many of these have limitations and side
effects such as liver and kidney failure, hypoglycaemia, diarrhoea and lactic acidosis which are
difficult to tolerate (Wang et al., 2007).

The hyperglycaemia and hyperlipidemia commonly observed in diabetes are considered the
main contributors to the development of micro and macro vascular complications of diabetes

(Ortiz-Andrade et al., 2007; Gutierrez, 2013). Natural products may be feasible alternative
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remedies for the treatment of diabetes or be complementary to currently used treatments

(Coman et al., 2012).

1.4.1 Enzyme inhibition

Diabetes type 2 is the most common type of diabetes, it is a metabolic disorder of multiple
aetiologies characterized by carbohydrate, lipid and protein metabolic disorders that include
defects in insulin secretion, with a major contribution of insulin resistance (Albert and Zimmet,
1998). Diabetes has been treated by decreasing post prandial hyperglycemia (Kumar et al.,
2012). This has been achieved by retarding and reducing the digestion and absorption of
glucose through the inhibition of carbohydrate hydrolyzing enzymes such as a-glucosidase and
a-amylase in the digestive tract (Tundis et al., 2010). Inhibition of alpha-glucosidase retard the
digestion of the carbohydrates, resulting to a reduction in the rate of glucose absorption.
Acarbose is being used as alpha glucosidase inhibitor but it has side effects such as bloating,
flatulence, and diarrhea (Chakrabarati and Rajagopalan, 2002). Medicinal plants have been

used worldwide for the therapy of Diabetes type 2 (Diabetes mellitus).

1.4.2 Drugs used for the treatment of diabetes

The choice of specific antihyperglycemic agents is prognosticated on the basis of their capacity
to reduce glucose, extraglycemic effects that may reduce long-term complications, safety
profiles, tolerability, and affordability (Nathan et al., 2009). The available anti-diabetic

interventions (Kemp, 2012; Patel et al., 2012) as summarized in Table 1.1.
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Table 1. 1 Glucose-lowering interventions in patients with type 2 diabetes (Kemp, 2012,
Golightly, et al., 2012, Nathan et al., 2009).

Drug class

Advantages

Disadvantages

Sulfonylurea

Metformin

Thiazoladinediones

o-Glucosidase inhibitors

DPP-4 inhibitors

GLP-1 agonist

Insulin

Rapidly effective
Weight neutral

More durable effect on

glycemic control

Weight neutral

Weight neutral

Weight loss

Rapidly effective, no dose

limit, improved lipid profile

Hypoglycemia, weight gain
Gl side

contraindicated with renal

effects,

insufficiency
Weight gain &  fluid
retention, with peripheral

edema & two-fold increased

risk for congestive heart
failure

Frequent Gl side effects,
three times per day dosing,
expensive

Long-term safety not
established

Frequent Gl side effects,

expensive, 2 injections daily,
Weight gain, hypoglycaemia,

analogues are expensive
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Table 1. 2: Plant flavonoids with hypoglycemic activity (R.M Perez et al., 1998)

Hypoglycemic agent Source Plant Properties
part
OH Pterocarpus Bark Extracts of P. marsupium have been
OH marsupium reported to be useful as hypoglycemic
Roxb. agents in the treatment of DM. It has been
HO 0 (Leguminosae reported that the active hypoglycemic
: ) principal of the bark is (-)-Epicathechin
\(;[J% (Sheehan and Zemaitis 1983). It also has
OH been reported that the hypoglycemic effect
OH of this compound is attributed to
regeneration of B cells in the pancreatic
(-)-Epicathechin islets of alloxan diabetic rats (Hii and
Howell 1984, Chakravarthy et al., 1981,
Kolbet et al., 1982).
OH Baubinia Leaf The effects of some flavonoids has been
Purpurea L. reported to possess antidiabetic activities
OH (Leguminosae on insulin release and 4Ca? handling, have
been studied in isolated rat islets of
HO 0 ) Langerhans. Insulin release was enhanced
by approximately 44 - 47% when islets
were exposed to quercetin, naringenin and
OH chrysin. The quercetin inhibited 4°Ca?*
OH O efflux in the presence and absence of
extracellular Ca?*. These findings suggestl
Quercetin that st.imulatory compounds such aTs
quercetin may, at least in partl, exert their
effects on insulin release via changes in
Ca?* metabolism (Hii and Howell 1985).
OH Zizipbus Leaf The flavonoids kaempferol-3-0-
HO O rugosa rhamnoside, quercetin3-0-rhamnoside
| Lam.(Ramna and myricetin-3-0-rhamnoside
ceae) isolated from Z, rugosa produced

o
OH (6] OH
(0]
OH
OH

Kaempferol-3-O-rhamnoside

OH

OH
OH

Quercetin-3-O-rhamnoside

hypoglycemia activity in rabbits

(Khosa et al., 1983).
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Table 1.2: Plant flavonoids with hypoglycemic activity (continued)

Leucocyanidin

Hypoglycemic agent Source Plant part | Properties
OH Garcinia Leaf Blood glucose level in normal and alloxan-
OH kola treated diabetic mice were measured after
Hook F. oral administration of various doses of the
HO (Gutiferae) Kolaflavanone. It was concluded that this
compound  produced a significant
hypoglycemic effect in normal and
OH alloxan-induced diabetes mice (Coterill et
al., 1976).
H3CO
Kolaflavanone
OCH3 Swertia Leaf Xanthone was isolated from the
0 OCH, chirayita hexane fraction of S.chirayita and
O O Roxb.(Genti identified as  1,8-dihydroxy-3,5-
anaceae) Dimethoxyxanthone (Swerchirin). It
has been reported to possess a very
OH 0 OH significant blood sugar lowering
S hiri effect in fasted, fed, glucose loaded,
werchirin and tolbutamide pretreated albino rat
models (Mukherjee and Mukherjee,
1987).
OH Swertia Leaf Fractionation led to the isolation of known
o OCH, japonica xanthones bellidifolin, methylbellidifolin,
Makino swertianin and methylswertianin of S.
O O (Gentianacea japonica; and their identification was
¢) based on  spectroscopic  methods.
Bellidifolin and methylbellidifolin showed
_O.H . ° oH a potent and dose-dependent
Bellidifolin hypoglycemic activity in streptozotocin
(STZ) induced diabetic rats after both i.p.
and p.o. administration but
methylswertianin and swertianin did not
show any activity (Basnet et al. 1994).
OH Ficus Leaf The leaf of F. bengalensis is used in
oH| bengalensis traditional medicine for the management
L. of diabetes mellitus. Leucocyanidin has
HO e) O (Moraceae) shown to have a hypoglycemic effect in
O fasted normal rats, it has shown to check
hyperglycemia induced by the effects of
alloxan (Brahmachari et al., 1964).
OH OH
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Table 1. 3: Steroids and triterpenoids

Fagasterol

(Euphorbiaceae)

Hypoglycemic agent Source Plant | Properties
part
Phyllanthus Leaf Hypoglycemic effects were
emblica seen in normal mice. A reduced
H.B. K. blood glucose level was also

observed when fagasterol was
injected to alloxan-induced
hyperglycemic mice (Cuellar et
al., 1980).

Gymnemic acid

Gymnema Leaf
sylvestre

R. Br.
(Asclepiadaceae)

A mixture of triterpenoid
saponins extracted from the
leaves of Gymnema sylvestre
suppressed the sweet taste
sensation in man, but also
inhibited the glucose absorption
in the rat small intestine,
resulting to a reduction in
plasma glucose in the oral
glucose tolerance test
(Shigemasa, 1992). Serum
enzymes and histological
observations suggested reduced
tissue damage in diabetic
animals.  Glycogenesis and
protein anabolism were
improved and the activity of
insulin-dependent enzymes
such as hexokinase and
glycogen synthase was
increased (Shanmugasundaram
et al., 1983).

HO

j-sitosterol

CoHs

(Rubiaceae)

Coffea arabica Green
L. beans

The B-sitosterol exhibited
significant hypoglycemic activity in
normal and hyperglycemic mich
(Sampaio et al., 1979).
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Table 1.3: Steroids and triterpenoids (continued)

Hypoglycemic agent Source Plant | Properties
part
Phoenix Leaf Lupeol acetate exhibited
dactylifera L. hypoglycemic activity in
(Palmaceae) rabbits (Harborne and
Baxter, 1993).
Lupeol acetate
Momordica Seeds Oleanolic acid and ursolic
cochinchinensis acid  were isolated
Sprengg! together ~ from  C.
(Cucurbitaceae) officinalis, they decreased
Comus officinalis the amount of water
volume in diabetic rats
(Re-za-ul-jalil et al.,,
1986).
Oleanolic acid
Bumelia sartorum | Root Sapogenol elicited a
L. (Sapotaceae) hypoglycemic effect in
bark normal and alloxan
induced hyperglycemic
mice (Nobrega et
COOCH;z al.,1985).
HO
HO
HOH,C
Sapogenol
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Table 1.3: Steroids and triterpenoids (continued)

Hypoglycemic agent

Source

Plant part

Properties

Tormentic acid

Poterium
ancistroides
Desf.
(Rosaceae)

Leaf

The hypoglycemic
activity of tormentic acid
was  determined in
norrnoglycemic (Villar et
al.,1986),
Hyperglycemic and
streptozotocin  diabetic
rats.  This  principle
reduced the fasting
plasma glucose level
with a corresponding
increase in circulating
insulin levels. It
improved the glucose
tolerance test by
increasing insulin
secretory response to
glucose. Tormentic acid
did not change the insulin
and glucose levels in
streptozotocin  induced
diabetic rats. Effects
have been compared with
that of glibenclamide.
These findings suggest
that tormentic acid, like
glibenclamide, may act
by increasing insulin
secretion from islets of
Langerhans (Ivorra et al.,
1988.

Glycoside

Xanthium
strumarium
L. (Compositae)

Leaf

A glycoside from
Xanthium  strumarium
had hypoglycemic
activity at a dose of

1- 5mg/kg i.v. in la-
boratory animals
(Ogzewalla et al., 1974).
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Table 1.3: Steroids and triterpenoids (continued)

Ursolic acid

Hypoglycemic agent Source Plant Properties
part
!Eriobptrya Leaf The effect of the
JS%Z'C& polyhydroxylated triterpenoids
(Rosaceae) isolated from Eriobotrya
japonica by MeOH extraction
were studied in genetically
diabetic mice and
norrnoglycemic  rats.  They
exhibited a marked inhibition of
glycosuria and reduced blood
glucose levels in normogycemic
rats (Tommasi et al., 1991).
COOH
HO/,/I
HO - =
Z OH
Polyhydroxylated triterpenoids
Comus Seeds Ursolic acid produced hypoglycemic
officinalis activity in rats with diabetes induced
Sieb by STZ (Yamahara et al., 1981).
(Cornaceae)
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Table 1.3: Steroids and triterpenoids (continued)

Sitosterol D-glucoside

OH
5,25- Stigmastadienol-glucoside

HO
OH L. :
(Cucurbitacea
HO 2)
@]
HO (0]
OH

charantia

Hypoglycemic agent Source Plant Properties
part
Panax Leaf Ginseng  saponins had a
Ginseng hypoglycemic action in rats with
Meyer streptozotocin-induced diabetes.
(Araliaceae)
Momordica Fruit A range of compounds have been

isolated from M. charantia
(karela) fruit, seeds and vines:
saponins (sitosterol and
stigmastadienol glucosides),
proteins  (p-insulin), steroidal
glycosides (momordicines and

momordicosides) and pyrimidine
nucleoside (vicine) (Raman and
Lau, 1996). Sitosterol and
stigmastadienol glucosides when
administered to normal rabbits
produced a gradual but
significant fall in blood sugar.
Pancreatectomy was found to
reduce but not abolish the
hypoglycemic effect of charantin
(mixture of sitosterol and
stigmastadienol glucosides)
(Lotlikar and Rajarama, 1966).
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Table 1. 4: Alkaloids and other nitrogen compounds (R.M Perez G. et al., 1998)

Hypoglycemic agent

Source

Plant
part

Properties

Momordica
charantia

Linn
(Cucurbitaceae)

Fruit

The pyrimidine  nucleoside
vicine has been isolated from the
seeds of karela. Administration
caused a hypoglycemic response
in normal fasting albino rats.
Note: M. charantia shows
toxicity in animals to the liver
and reproductive system (Raman
and Lau, 1996).

Papaverine

HO\

/

NCH,

\

HO/\/

Papaver
somnirerum

L.
(Papaveraceae)

Fruit

The hypoglycemic effect of
morphine (40 mg) injected
intrathecally was studied and
compared with the effects of
other hypoglycemic agents. The
hypoglycemic effects of both
morphine and insulin appear to
be attributed largely to an
increased glucose uptake by
muscle (White et al., 1993). The
papaverine is an
phosphodiesterase inhibitor
which increases intracellular
CAMP by preventing its
breakdown (Hill et al., 1987).

COOH

Dioscoretine

Dioscorea
dumetorum

Pax
(Dioscoreaceae)

Tubers

Dioscoretine, the hypoglycemic
principle of D. dumetorum, was
isolated by bioassay-guided
fractionation of the methanolic
extract of the tuber of D.
dumetorum when administered
intra peritoneally to normal and
alloxan diabetic rabbits.
Dioscoretine produces
hypoglycemic effects at a dose of
20 mg/kg

(Iwu et al., 1990).
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Table 1. 5: Some medicinal plants with antioxidant activity used in hyperlipidemia
(Mahmoud Bahmani et al., 2015).

Scientific name of the plant

Therapeutic effect

Amirkabiria odorastissima
Mozaffarian

Rheum ribes L

Red yeast Rice

Pistacia atlantica

Juglans regia

Cynara Scolymus

Ginseng

Reduces blood lipids in hypercholesterolemic rabbit model

Stimulating liver and gall bladder, regulating the blood
cholesterol. In clinical studies, consumption of 27 g of
Rheum ribes L for four weeks caused the decrease in
cholesterol and LDL.

Stimulating blood cycle and digestion by thought-provoking
secretion-and-increase HDL and reduce triglycerides and
LDL

Feeding 20 % of Pistacia atlantica for 3 weeks led to
reduction in cholesterol-LDL

Anti-lipid effects of walnuts in humans has been
demonstrated

Stimulating the liver and gall bladder and bile secretion and
is prescribed to reduce cholesterol levels. Improves
digestion problems due to lack of bile secretion and
increased bile secretion to help digest fats. Inhibit
cholesterol synthesis in the liver cells and protects the liver
from chemical toxins damage.

Daily intake of 150 mg per kg body weight of ginseng

extract for 6 weeks in rats reduced 40% cholesterol
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Olea europaea

Citrus limetta

Cyamopsis tetragonoloba
(Guargum)

Trigonella foenum graeam L.

Allium Sativum L.

Olive oil consumption increased HDL, decreased LDL and
cholesterol, reducing triglycerides and LDL-cholesterol
ratio

Studies show that rats fed lemon peel have concluded the
lower level liver and plasma cholesterol, which suggested
this decrease is related to the flavonoids

Reduce intestinal absorption of fat in food and fecal steroid
excretion and bile production increased by using this plant
Consumption of a warm extraction of the plant for 2 months
caused the decrease in serum triglycerides

Consumption of garlic and garlic coated tablets caused the
decrease in cholesterol and LDL. Garlic caused the decrease

in formation of atherosclerosis
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1.5 Natural products as antioxidants

Alternative medicine is increasing by leaps and bounds as indicated by the increase in demand
of natural health products (Sahib et al., 2012). As per modern theory of free radical biology
and medicine, reactive oxygen species are involved in a number of disorders. The negative
implications of the free radicals can be blocked by antioxidant substances which scavenge the
free radicals and detoxify the organism (Maestri et al., 2006). Due to the toxicological concerns
of synthetic antioxidants, interests for identifying phenolic components from the plants to
reduce or retard lipid oxidation in lipid-based food products have increased. The majority of

these natural antioxidants come from fruits, vegetables, spices, grains and herbs.

Oxidative stress plays an important role in the development and progression of Alzheimer’s
disease (AD) pathology (V. Chauhan and A. Chauhan, 2006). Altered glutathione metabolism
in association with increased oxidative stress has been implicated in the pathogenesis of AD
(Reid and Jahoor, 2001). The Ginkgo biloba extract EGb 761 has been reported to exert
neuroprotective effects in several animal models, and to improve or maintain cognitive function
in AD patients.

Parkinson’s disease (PD) is a progressive neurodegenerative disease in the elderly, and no cure
or disease-modifying therapies. Oxidative stress has been implicated in the process of
neurodegeneration in PD pathogenesis. Reported evidence suggest that mitochondrial
dysfunction and oxidative stress have a key role in the dopaminergic neurodegeneration of
Parkinson’s disease (Jin et al., 2014). Mitochondrial dysfunction due to oxidative stress,
mitochondrial DNA deletions, altered mitochondrial morphology and the interaction of
pathogenic proteins with mitochondria all result in dopaminergic neurodegeneration.
Therefore, therapeutic strategies targeting mitochondrial dysfunction and oxidative stress may

provide a great promise for a cure for PD. Suppressing mitochondrial reactive oxygen species
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(ROS) generation with specific antioxidants can potential reduce complications arising from
PD.

Diabetes cardiomyopathy (DCM) is a common and severe complication of diabetes and results
in high mortality (Yan et al., 2017). Oxidative stress is a key mechanism by which diabetes
induces DCM. The improvement of the antioxidative mechanisms and the suppression of the
oxidative stress are considered as key targets in the treatment of DCM. Supplementation of
aged garlic extract in the diet reduced oxidative stress and improved endothelial dysfunction in
humans (Dillon et al., 2002, Weiss et al., 2006).

As conventional drugs fail to give desirable long-term results, more interest has been generated
towards the use of medicinal plants to prevent development of obesity. Several plant species
and natural products have been examined for their potential antiobesity effect both in vitro and
in vivo. There is increasing evidence that plants and their products can exert antiobesity effects
through various mechanisms such as antilipase, or anti adipogenesis effect, or suppression of
appetite. The potential of natural products for treating obesity continues to be under
exploration. This may present an excellent alternative strategy for developing future effective,
and safe anti-obesity drugs (Mohamed et al., 2014, Birari & Bhutani, 2007). Natural products,
including crude extracts and isolated pure natural compounds can induce body weight reduction

and prevent diet-induced obesity (Mohamed et al., 2014).

1.6 Brine shrimp Toxicity

It is important that medicinal plants cytotoxicity and microbial properties are well investigated.
The toxicity bioassay was conducted using the brine shrimp lethality method where the nauplii
of Artemia Salina were used in the analysis (Pelka et al., 2000; Chan-Bacab et al., 2003). The
(LDso) Lethality of substances to brine shrimp nauplii has been linked to the potential of such
compounds to Kill cancer cells (antitumor activity), possibly pesticidal and antimicrobial

activity (Mc Laughlin et al., 1991). This was achieved by looking at the ratio between dead
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larvae (no motility) and living larvae (high motility) in comparison to a control without any

toxic substances which was used in estimating the toxicity of the test solutions.

1.7 Rationale of the study

Species from the South African wild genus Searsia have been traditionally used for medicinal
purposes for years and even cultivated for the same purpose. Diabetes mellitus is one of the
major health problems in Africa. A number of synthetic medicines are available for the
management of the disease never the less drugs of natural origin have attracted a great interest.
The anti-diabetic activity demonstrated by the compounds isolated from S. mysorensis and a-
glucosidase activity exhibited by the compounds isolated from S. javanica have motivated the

choice of the three selected Searsia species.

A comprehensive investigation of the plant extracts exhibiting alpha glucosidase, a-amylase
inhibitory activities will be of great importance to health practitioners. Since poorer societies
depend mainly on traditional medicine for primary health care, analysis of these medicines need

to be vigorously examined to understand their mode of action, efficacy and safety.

1.8 The aim of the study
A chemical study on three Searsia species (Searsia glauca, Searsia lucida; and Searsia

laevigata), to isolate the chemical constituents, and perform the biological assays such as

enzyme inhibition and antioxidative stress on the extracts.

1.8.1 Specific objectives

i) To prepare crude extracts using various organic solvents and isolate pure compounds from
the selected plants using chromatographic techniques.

il) To characterize and elucidate the pure isolates using selected spectroscopic techniques

iii) To determine antioxidant capacity, anti-diabetic activity on extracts and selected

compounds and conduct toxicity using brine shrimp lethality assay on the crude extracts.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Searsia family

The special focus of this research is the Searsia genus. Searsia is the more recent name for the
genus (Rhus) that contains over 250 individual species of flowering plants in the family
Anacardiaceae. A number of the species grown in southern Africa, belonging to the Rhus
genus, have been placed in Searsia. Searsia was named after Paul B. Sears (1891-1990) who
was head of the Yale School of Botany, USA. The Anacardiaceae family includes plants that
produce gums, resins or latex from which antimicrobial compounds may be isolated. In this

study we are going to use Searsia instead of Rhus.

2.1.1 Searsia genus

These plants are found in temperate and tropical regions worldwide. In general, Searsia species
can grow in non-agriculturally viable regions without necessarily competing with food
production in terms of the land use and have been used by indigenous cultures for medicinal
and other purposes (Van Wyk et al., 2004). These are plants having trifoliate leaves with small
flowers that eventually produce fruits which are in the category of drupes.

Research conducted on Searsia extracts to date indicates a promising potential for this plant
group to provide renewable bioproducts with the following reported desirable bioactivities;
antimicrobial, antifungal, antiviral, antimalarial, antioxidant, antifibrogenic, anti-
inflammatory, antimutagenic, antithrombin, antitumorigenic, cytotoxic, hypoglycaemic, and
leukopenic (Rayne and Mazza, 2007, Salimi et al., 2015). Some compounds from the Searsia
species show anti-HIV-1 activities (Wang et al., 2008), antioxidant properties, anti-diabetic
activities and these plants can serve as sources for the development of novel anti-HIV agents
(Rayne and Mazza, 2007; Saleh Ibrahim Algasoumi et al., 2016). Previous studies reported
antibacterial and antifungal activity of extracts prepared from air dried branches of S. glabra
(McCutcheon et al., 1992, 1994). Furthermore, the bioactive components can be extracted from

the plant material using environmentally benign solvents that allow for both food and industrial
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end-uses. However, not all of the species known to date have been fully profiled for potential

bioactive components and biological activities.

2.2 Botanical information on Searsia species

2.2.1 Background Information on Searsia glauca

Searsia glauca is a small tree or bush that has bluish leaflets and up to 4.0 m high that is
commonly found along the coastline and the adjacent interior from Velddrif in the South
Western Cape to near Kentani, Transkei (Eastern Cape) (Bothalia et al., 1994).

Figure 2. 1: Searsia glauca

2.2.2 Background Information on Searsia Lucida
Searsia lucida, previously known as Searsia lucida (isiXhosa: intlokotshane ebomvu;

umchane; amapozi). The tree seldom reaches a height of more than 2 meters and has attractive
shiny leaves. It produces small, creamy-white flowers, which bear fruits 4 mm in diameter,
which are initially green and turn shiny brown as they mature. The fruits are eaten by birds. It

is found in scrub or forest areas from sea level to 2000 meters above.
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Figure 2. 2: Searsia lucida (Intlokoshane)

This small tree has a distribution along the West Coast of South Africa from Saldanha Bay
around the Cape and up the East Coast almost until the Mozambique border. Its distribution
area also encompasses the whole of Kwazulu-Natal and stretches in an arm past Swaziland,
right up the Lowveld areas of Mpumalanga and into Limpopo Province, almost to the

Zimbabwe border.
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2.2.3 Background Information on Searsia Laevigata

Searsia laevigata (or Dune Currant Rhus) is a small, bushy, evergreen tree that occurs in fynbos
and coastal shrub in South Africa. It looks very similar to its close relative Searsia glauca but

has larger leaflets.

Figure 2. 3: Searsia laevigata

2.3 Ethnomedicinal uses of Searsia species

Some species of the genus Searsia are used in traditional medicine either as antimicrobial
concoctions or for their cytotoxic properties, while others display insecticidal activities against
aphids (Saxena et al., 1994). Searsia species such as S. coriaria, S. chirindensis, and S.
verniciflua crude extracts have been reported to exhibit significant In vitro and In vivo
hypoglycemic activities (Giancarlo et al., 2006; Jung et al., 2006; Ojewole et al., 2007). Searsia
chinensis is a plant that has been used by traditional healers in Asia; it has been used in the
treatment of cold fever, malaria, and diarrhea. Searsia glabra has been used by native people
from North America in the treatment of bacterial disease such as syphilis, gonorrhea, dysentery
and gangrene (Erichsen-Brown, 1989). The leaves and fruits of S. coriaria have been reported
to possess defensive and beneficial effects on a wide set of diseases, including, but not limited
to, diabetes mellitus, cancer, stroke, oral-diseases, inflammation, diarrhea, and dysentery.

(Abu-Reidah et al., 2014). The leaves of Searsia semialata have been used as a folk medicine
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for the treatment of diarrhea, spermatorrhea and malaria. Some of the Searsia species that have

been traditionally used for medicinal purposes are listed in (Table 2.1).

Table 2. 1 traditional medicinal use of Searsia genus

Searsia species

Medicinal indication

Reference

S. toxicodendron
S. verniciflua

S. semialata

S. Chinensis
Searsia. javanica
Searsia pentheri

Searsia chirindensis

Searsia dentata
Searsia longipes

For fever, swollen glands, and
other diseases

For gastritis stomach cancer and
arteriosclerosis

For treating diarrhea & dysentery
For HIV, Cold fever, malaria

Antidiarrhoeal activities

For epilepsy
Used to strengthen the body,
Stimulate circulation and for
Rheumatism
For epilepsy

For asthma and malaria infection

Donald, 2008

Choi etal., 2014

Gaire & Subedi, 2011
Wang et al., 2008
Vareinshang and Yadav,
2004

Svenningsen et al., 2006
Pujol, 1990

Pedersen et al., 2010.
Olorunnisola, et al., 2017

2.4 Chemistry of Searsia Genus

The chemistry of the Searsia genus is complex with occurrence of different secondary

metabolites identified as terpenoids, and flavonoids. Examination of Searsia pyroides Burch

(Anacardiaceae) led to the identification of rhuschalcone and traces of biflavonoids which were

not identified (Masesane et al., 2000). Essential oils as natural products have a great potential

to be an alternative raw material in food, perfume and pharmaceutical industries (Webber et

al., 1999). Some of these oils have exhibited antibacterial, antifungal or antioxidant activity

(Gundidza, 1993; Lee et al., 2003). In the latter study, essential oil was prepared from fresh

leaves of S. lancea and the chemical profile was analyzed by GC-MS (Subhash and Mathela,

2014). The essential oil of the aerial parts of Searsia cotinus, which is dominated by

monoterpenes, was reported to exhibit significant antioxidant activity by inhibiting R-carotene
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bleaching, ferric reducing antioxidant power and by scavenging DPPH free radical (Subhash
and Mathela, 2014). A number of aldehydes, fatty acids, long chain alcohols, terpenes,
terpenoids and waxes of commercial or bioactive potential in essential oils and non-polar
extracts have been reported from selected Searsia species (Sierra Rayne, 2011). S. coriaria
plant is known as an abundant source of tannins (condensed and hydrolysable), phenolic acids,
anthocyanins, gallic acid derivatives, flavonoid glycosides, and organic acids (Abu-Reidah et
al., 2014). Selected compounds isolated from Searsia species are reported in table 2.2 along
with their biological activities where such information is available, some structures of

biologically active isolates are presented in figures 2 and 3.

2.4.1 Chemical constituents isolated and detected from Searsia species

Phytochemical examination of several Searsia species led to the isolation and identification of
many biological active compounds. GC and GC-MS analysis of the volatile oil from the aerial
parts of S. cotinus from Kumaon Himalaya exhibited the major and minor chemical
constituents. Selected constituents are from these classes are listed in table 2.1.2. Major
monoterpenes were constituted of B-pinene (30.6%), camphene (13.6%), limonene (12.4%), a-
pinene (5.2%), and p-cymene (4.6%). Oxygenated monoterpenes were composed of 1.8-cineole
(1.8%), a-terpenol (0.3%), linalool (0.2%), terpin-4-ol (2.8%). Major sesquiterpene
hydrocarbons were composed of B-caryophyllene (4.4%), germacrene D (2.0%) and
bicyclogermacrene (12.6%). Oxygenated sesquiterpene constituted of relatively less amount
with the minor presence of epi-a-cardinol (1.0%) and p-eudesmol (1.0%). The following
minor constituents were identified y-gurjurene, epi-cubebol, y-cadinene, germacren D-4-ol,
spathulenol, caryophyllene oxide, cubebol, hummulene epoxide, a-hummulene,a-cadinol, a-
terpinene, a-thujene, a-terpineol, bornyl acetate, 6-elemene, a-copaene (Subhash and Mathela,

2014). The composition of the essential oil was dominated by monoterpene hydrocarbons
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(65.9%), followed by the sesquiterpene hydrocarbons (20.6%). Oxygenated monoterpenes

(5.8%) and oxygenated sesquiterpenes (4.7%) (Subhash and Mathela, 2014).

GC-MS analysis of S. coriaria fruit from three different geographic origin led to the
identification of a number volatile constituents categorized in ten different classes such as
alcohols, aromatics, esters, aldehydes, hydrocarbons, ketons, monoterpene hydrocarbons, oxide
and sesquiterpene hydrocarbons, these constituents are indicated from figure 3.1 to figure 3.9
(Morshedloo et al., 2018). Phytochemical screening of S. coriaria using HPLC-DAD/QTOF-
MS led to the detection and characterization of a number of phenolic compounds (Abu-Reidah

et al., 2015). These phenolic compounds are listed in table 2.2 (from 93 — 162).

VP

Figure 3. 1: Monoterpenes hydrocarbons

B-Pinene B-myrcene
y-Terpinene Cimonene

Figure 3. 2: Sesquiterpene
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Figure 3. 7: Alcohols
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Figure 3. 8: Aromatics
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Figure 3. 10: Structures of some reported pentacyclic and tetracyclic terpenoids with
biological activities.

Moronic acid B-Amyrin

Lupeol Betulinic acid

B-Sitosterol Stigmasterol
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Figure 4. 1: Flavonoids; Structures of some reported compounds with biological activities in
the Searsia genus

Figure 4.1. 1: Flavonol
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Figure 4.1. 3: Flavonol glycosides
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Figure 4.1. 4: Biflavonoids
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Table 2. 2 Selected compounds isolated and detected from Searsia species and their

biological activities.

s/n Compound Plant source  Biological activity = Reference
1 Moronic acid S. Chinensis, Anti-HIV-1 activity Gu et al., 2007;
S. Javanica Soler et al.,
1996;
Pengsuparp et
al.,1994;
Kashiwada et
al., 1998,
Kurokawa et al.,
1998, Leeetal.,
2005
2 4°,5,7-trihydroxyflavanone S. javanica Lee et al., 2005
3 Betulin S. Chinensis Gu et al., 2007
4 Betulonic acid S. javanica Selective growth Kurokawa et al.,
inhibitor of human 1998, Lee et al.,
melanoma, and 2005,
malignant, triggers
apoptosis in
chemoselective
cells
5 Betulinic acid S. javanica Lee et al., 2005
6 Lantabetulinic acid S. javanica Lee et al., 2005
7 3B-hydroxyolean-18-en-28-oic S. javanica Lee et al., 2005
acid
8 3-0x0-6B-hydroxyolean-18-en-28-  S. javanica Lee et al., 2005
oic acid
9 methyl gallate S. glabra antimicrobial Saxen, 1994
activity
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10

11

12

13

14

15

16

17

18

19

20

21

22

4-methoxy-3,5-dihydroxybenzoic

acid

gallic acid

Semimoronic acid
3-O-methyl semimoronic acid
3-oxoolean-18-en-28-oic acid
Oleanolic acid

7-O-methylnaringenim

7.3’-O-dimethylquercetin

7-O-methylapigenin

7-O-methylluteolin

Robustaflavanone

Amentoflavone

Agathisflavanone

S. glabra

S. glabra

S. javanica
S. javanica
S. javanica
S. javanica

S. retinorrhea

S. retinorrhea

S. retinorrhea

S. retinorrhea

S. succedanea

S. succedanea;

S. retinorrhea,

S. pyroides

S. succedanea,

S. pyroides

antimicrobial

activity

antimicrobial

activity

Antimicrobial
activity

antimalarial activity

antimalarial activity

antimalarial activity

antimalarial
activity, Anti-HSV-
I and Anti-HSV-2

Inhibition of
growth of leukemia
cell, affinity for
GABA

Saxen, 1994

Saxen, 1994

Lee et al., 2005
Lee et al., 2005
Lee et al., 2005
Lee et al., 2005

Ahmed et al.,
2001

Rayne and
Mazza, 2007

Rayne and
Mazza, 2007

Rayne and
Mazza, 2007

Kosar et al.,
2006

Kosar et al.,
2006 ; Ahmed et
al, 2001;
Svenningsen et
al., 2006; Lin et
al., 1991

Kosar et al.,
2006;
Svenningsen et
al., 2006;
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A/benzodiazepine

receptor
23 volkensiflavanone, . succedanea Kosar et al.,
2006
24 succedaneaflavanone . succedanea Kosar et al.,
2006
25 Rhuschromone . hatalensis Antimicrobial Mwangi et al.,
activity 2013
26 2’,4’-dihydroxychalcone-(4-O- . Natalensis Mwangi et al.,
5”’)_4”,2”7’4577_ 2013
trihydroxychalcone
27 Garbazol . verniciflua  Antimutagenic Lee et al., 2004
28 Sulfuretin .verniciflua ~ Antimutagenic Lee et al., 2004,
Park et al., 2004
29 Fisten .verniciflua = Antimutagenic Lee et al., 2004,
Park et al., 2004
30 Fustin .verniciflua-  Antimutagenic Lee et al., 2004,
Park et al., 2004
31 Mollisacasidin .verniciflua  Antimutagenic Lee et al., 2004,
Park et al., 2004
32 Butein .verniciflua  Antifibrogenic Lee et al., 2003
33 Chrysoeriol-7-O-B-D- . parviflora Shrestha et al.,
glucopyranoside 2012
34 Luteolin-7-O-B-D- . parviflora Shrestha et al.,
glucopyranoside 2012
35 Quercetin-3-0O-p-D- . parviflora Diuretic, Shrestha et al.,
glucopyranoside antioxidant, 2012

antifungal activity
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36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Quercetin-3-0O-a-L-

rhamnopyranoside
Lantanolic acid

3-oxotirucalla-7,24-dien-21-oic
acid

Dipterocapol

3B-hydroxy-22,23,24,25,26,27-

hexanordammaran-20-one
B-sitosterol
Stigmastane-4-3-one
Stigmast-4-ene-3,6-dione
Stigmast-7-en-3-ol

Pinoresinol

4-oxopino-resinol
trans-3,4°,7-trihydroxyflavanone
Methyl ferulate

B-Amyrin

[-sitosterol-glucose

S. parviflora

S. javanica

S. javanica

S. javanica

S. javanica

S. javanica
S. javanica
S. javanica
S. javanica

S. javanica

S. javanica
S. javanica
S. javanica

S. natalensis

S. natalensis

Has a potential to

be used as natural

and safe food

preservative.

antifungal activity

against A.rabiei

Shrestha et al.,
2012

Lee et al., 2005

Lee et al., 2005

Lee et al., 2005

Lee et al., 2005

Lee et al., 2005
Lee et al., 2005
Lee et al., 2005
Lee et al., 2005

Lee et al., 2005,
Zhou et al.,
2017

Lee et al., 2005
Lee et al., 2005
Lee et al., 2005

Saleh Ibrahim
Algasoumi et
al., 2016;
Jabeen et al.,
2011

Saleh Ibrahim
Algasoumi et
al., 2016
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o1

52

53

54

55

Diosmetin

Diosmin

Hesperidin

Rutin

Quercetin

S. natalensis

S. natalensis

S. natalensis

S. natalensis

S. tripartita

Antimicrobial,

anti-inflammatory,

&

Chemopreventive

Deactivation of
NF-kB targets;
Suppression of
monocyte
chemoattractant
protein-1 (MCP),

tumor necrosis

factor (TNF-a), and
interleukins (IL-1pB

and 6)

Inducer for the
production of

naringinase

antidiabetic
activity by
inhibiting
inflammatory

cytokines

has potential
anticancer
properties,
antiproliferative

& antioxidant

Saleh Ibrahim
Algasoumi et
al., 2016,
Pinzon et al.,
2011

Saleh Ibrahim
Algasoumi et
al., 2016; Gotha
et al., 2016; Jain
etal., 2014

Saleh Ibrahim
Algasoumi et
al., 2016;
Fukumoto et
al.,1979

Saleh  Ibrahim
Algasoumi et

al., 2016, Niture

etal., 2014

Mohammed,
2015; Lamson
and Brignall,
2000
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56

57

58

59

60

61

62

63

64

65

66

Myricetin

Kampferol-3-O-a-L-

rhamnopyranoside

Kampferol-7-O-a-L-
rhamnopyranoside

B- sitosteryl-3-O-f-
glucopyranoside

Gallocatechin

2-(3,4-dihydroxyphenyl)-hydroxy-

4H-chromen-4-one

5,6,7-trihydroxy-2-phenyl-4H-

chromen-4one

2-(3,4-dihydroxyphenyl)-3,5,7-

trihydroxy-4H-chromen-4-one

2-(3,4-dihydroxyphenyl)-3,7-
dihydroxy-4H-chromen-4-one

Apigenin

Kampferol

S. tripartita

S. tripartita

S. tripartita

S. tripartita

S. tripartita

S. Mysorensis

S. Mysorensis

S. Mysorensis

S. Mysorensis

S. typhina

S. typhina

Antidiabetic
activity at 150

mg/ml

Antidiabetic
activity at 150

mg/ml

Activates
ERK1/2,
Attenuates the

production of pro-

inflammatory

cytokines

AMPK activation;

Reduce the
fasting blood

glucose, and

Mohammed ,
2015

Mohammed,
2015

Mohammed,
2015

Mohammed,
2015

Mohammed,
2015

Ganji et al.,
2017

Ganji et al.,
2017

Ganji et al.,
2017

Ganji et al.,
2017

Qiu etal.,
2016; Gotha et
al., 2016

Qiu etal.,
2016; abo-
Salem, 2014;
Zang et al, 2015
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improved insulin

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

resistance
Daidzein S. typhina Qiu etal., 2016
Orobol S. typhina Qiu etal., 2016
3°,5,5°,7-tetrahydroxyflavanone S. typhina Qiu etal., 2016
Naringenin S. typhina Activation of Qiu etal., 2016

; Tsai etal.,

AMPK and 2011; Choi et

suppression of al., 1991

NF-kB pathways;

Increases the

glucose tolerance

and insulin

sensitivity
(-)-catechin acid S. typhina Qiu etal., 2016
Quercetin-3-0-a-L-(37-O-galloy)-  S. typhina Qiu etal., 2016
rhamnoside
2-hydroxybenzoic acid S. typhina Qiu etal., 2016
4-hydroxybenzaldehyde S. typhina Qiu etal., 2016
Vanillin S. typhina Qiu etal., 2016
Methyl 3,4-dihydroxybenzoate S. typhina Qiu etal., 2016
3,5-dihydroxybenzamide S. typhina Qiu etal., 2016
Tyrosol S. typhina Qiu etal., 2016
Caffeic acid S. typhina Qiu etal., 2016
3-(2,4,6-trinydoxyphenyl)-1-(4- S. typhina Qiu etal., 2016
hydroxyphenyl)-propan-1-one
Phlorizin S. typhina Qiu etal., 2016
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82 Friedelin S. typhina Qiu etal., 2016

83 4,4-dimethyl-heptanedioic acid S. typhina Qiu etal., 2016

84 Anthranilic acid S. typhina Qiu etal., 2016

85 Lumichrome S. typhina Qiu etal., 2016

86 scoparone S. typhina Qiu etal., 2016

87 Uracil S. typhina Qiu etal., 2016

88 Phlorizin S. javanica Choetal., 2013

89 Scopoletin S. javanica Choetal., 2013

90 5-methylresorcinol S.javanica Choetal., 2013

91 3-hydroxy-5-methylphenol 1-O-b- S. javanica Choetal., 2013

D-(6-galloy)glucopyranoside
92 3,4,5-trihydroxy-acephenone 4-D- = S. javanica Choetal., 2013
B-D-glucopyranoside

93 Quinic acid S. coriaria Abu-Reidah et
al., 2015.

94 Malic acid S. coriaria Abu-Reidah et
al., 2015.

95 Malic acid hexoside S. coriaria Ley et al., 2006

96 Oxydisuccinic acid S. coriaria Abu-Reidah et
al., 2015.

97 Galloylhexose S. coriaria Frohlich et al.,
2002

98 Caftaric acid S. coriaria Abu-Reidah et
al., 2015.

99 Levoglucosan gallate S. coriaria Abu-Reidah et
al., 2015.

100 O-galloylnorbergenin S. coriaria Abu-Reidah et

al., 2015.
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101

102

103

104

105

106

107

108

109

110

111

112

113

Digalloyl-hexoside S. coriaria
Protocatechuic acid hexoside S. coriaria
Gallic acid dihexose S. coriaria
Protocatechoic acid S. coriaria
Galloylshikimic acid | S. coriaria
Syringic acid hexoside S. coriaria
Galloylquinic acid | S. coriaria
Coumaryl-hexoside S. coriaria
Trigalloyllevoglucosan | S. coriaria
Tri-galloyl-hexoside | S. coriaria
Penstemide S. coriaria
Isorhamnetin hexoside Il S. coriaria
Apigenin glucoside | S. coriaria

Abu-Reidah et
al., 2015.

Abu-Reidah et
al., 2015.

Abu-Reidah et
al., 2015.

Shabana et al.,

2011

Abu-Reidah et
al., 2015.

Abu-Reidah et
al., 2015.

Abu-Reidah et

al., 2015.

Abu-Reidah et

al., 2015.

Chen &

Bergmeier, 2011

Regazzoni et al.,

2013

Rodriguez-Perez

etal., 2013

Abu-Reidah et

al., 2013

Shabana et al.,

2011
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114

115

116

117

118

119

120

121

122

123

124

125

126

Kaempferol-hexose malic acid |

Hydroxymethoxyphenyl-O-

(Ogalloyl)-hexose

Apigenin-7-0O-(6-Ogalloyl)-B-D-
glucopyranoside

7-O-Methyldelphinidin-3-O-(2
galloyl)-galactoside |

Methyl-dihydroquercetin
hexoside

Myricetin galloylhexoside

Myricetin-hexose malic
acid |

Eriodictyol xyloyl-deoxyhexase

Tetra-O-galloylhexoside

Di-O-galloyl-3,4 - (S)-
hexahydroxydiphenoyl
Protoquercitol |

O-Galloyl-arbutin

Umbelliferone

Trigalloyllevoglucosan VI

S.

S.

S.

coriaria

coriaria

coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

Perestrelo et al.,

2012

Abu-Reidah et

al., 2015.

Tian et al., 2010

Kirby et al.,
2013
Abu-Reidah et
al., 2013

Abu-Reidah et
al., 2013

Abu-Reidah et
al., 2013

Abu-Reidah et
al., 2013

Regazzoni et al.,

2013

Nishimura,
Nonaka, &

Nishioka, 1984

Shi & Zou,

1992

Chen &

Bergmeier, 2011
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127

128

129

130

131

132

133

134

135

136

137

138

Tetra-O-galloyl-scyllo-quercitol

Glycitein 7-O - glucoside

Ampelopsin glucoside

Myricetin-3-O-glucuronide

Trigallic acid

Apiin |

Mingjinianuronide B

Apigenin neohesperidoside |

Spicoside E

Myricetin-rhamnose malic acid

Dihydroxybenzoic acetate-

digallate |

Kaempferol rutinoside |

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

Nishimura et al.,

1984

Abu-Reidah et

al., 2013

Yeom et al.,

2003

Regazzoni et al.,

2013

Nishimura et al.,

1983

Abu-Reidah et

al., 2013

Tan & Zuo,

1994

Matsuda, 1966

Albach et al.,

2005

Abu-Reidah et

al., 2013

Hahn & Fekete,

1954

Ding et al., 2009
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139

140

141

142

143

144

145

146

147

148

149

150

151

Methyl digallate

Kaempferol 3-glucuronide

Quercetin arabinoside

Myricitrin O-gallate

Genistein-hexose malic acid

Galloyl-valoneic acid bilactone

Hexagalloyl-hexoside

Camellianin A

Isorhamentin hexosemalic
acid

Kaempferol rhamnose malic
acid

Homoprotocatechuic
acid

Quercetin dimer

Ascorbyl monomyristate

S.

S

X

. coriaria

coriaria

. coriaria

. coriaria

coriaria

coriaria

. coriaria

.coriaria

. coriaria

. coriaria

. coriaria

. coriaria

. coriaria

Shabana et al.,

2011

Al Sayed et al.,
2010
Buziashvili et
al., 1970

Moharram et al.,

2006

Abu-Reidah et

al., 2013

Sanz et al., 2010

Regazzoni et al.,
2013
Abu-Reidah et
al., 2013

Abu-Reidah et
al., 2013

Abu-Reidah et
al., 2013

Abu-Reidah et
al., 2013

Abu-Reidah et
al., 2013

Abu-Reidah et
al., 2013
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152 Dihydroxypalmitic acid S. coriaria Abu-Reidah et

al., 2013

153 Hexadecadienoic acid S. coriaria Abu-Reidah et
al., 2013

154 Deacetylforskolin S. coriaria Zhang et al.,
2009

155 Rhamnetin | S. coriaria Abu-Reidah et
al., 2013

156 Vapiprost S. coriaria Abu-Reidah et
al., 2013

157 Sespondelo S. coriaria Abu-Reidah et
al., 2013

158 Linoleic acid amide S. coriaria Abu-Reidah et
al., 2013

159 Moroctic acid S. coriaria Abu-Reidah et
al., 2013

160 Linoleylhydroxamate | S. coriaria Abu-Reidah et
al., 2013

161 Isovitexin S. coriaria Abu-Reidah et
al., 2013

162 Homoprotocatechuic S. coriaria Abu-Reidah et

Acid al., 2013

2.5 Biological activity of Searsia extracts

Plant species from Searsia genus in the Anacardiaceae family such as Searsia lancea, Searsia
incisa (Van der Merwe et al, 2001; McGaw et al., 2008), S. javanica (Vareinshang and Yadav,
2004), S. natalensis (John et al., 1995), S gueinzii (Elgorashi et al., 2003), S. leptodictya diels
(Sebothoma, 2010), S. rogersii Schonland (Samie et al., 2010), and S. pendulina (Coates-
Palgrave, 2002) are used by traditional medicine practitioners in South Africa and other African

countries for treating intestinal disorders, including diarrhea. Searsia extracts have been shown
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to exhibit a wide range of biological activities in relation to antioxidant, antidiabetic,
antimicrobial and antiviral activities.

Searsia species traditionally used in South Africa to treat microbial infections and
gastrointestinal disorders were selected for in vitro examination of biological activities and
cytotoxicity. Searsia extracts are most acknowledged for their antibacterial activities, although
not much information is available on their antifungal and antiviral activities. Extracts from S.
chinensis showed that extracts from this plant have promising potential as antiviral,

antidiarrheal, anticancer, antidiabetic and hepatoprotective (Djakpo and Yao, 2010).

2.5.1 Antioxidants from the Searsia genus

Previous studies conducted on Searsia extracts have investigated antioxidant activity, and there
is a potential for commercial development of the products from a number of species (Rayne
and Mazza, 2007). Villa-Ruano et al., 2013 reported that R. chondroloma showed high levels
of flavonoids and tannins as well as terpenes and steroids. The antioxidant activity of R.
chondroloma ethanolic extract is probably linked to the high flavonoid and phenolic content
whereas the anti-lipase effects could be associated with the latter compounds but possibly with
other metabolites such as steroids. The essential oil from R. lancea exhibited antioxidant
activity by showing a mean zone of colour of 19.2 mm, which is almost the same as that noted

from ascorbic acid used as positive control in this study (20 mm) (Gundidza et al., 2008).

2.5.2 Antidiabetic activity of Searsia genus

The fruits could improve the life of type 2 diabetic patients by exerting mild antihyperglycemic
and potent antioxidant properties. Searsia coriaria is more often recommended for the blood
lipids adjustment in diabetic patients. The hypoglycemic efficacy of the plant extracts has
been investigated through inhibiting the a-amylase enzyme. Anwer et al., 2013 suggested that
the methanol extract of S. coriaria can largely delay the onset of hyperinsulinemia and glucose

intolerance, and it can also improve insulin sensitivity in rats.

Swathi et al., 2005 investigated the anti-diabetic effect of Searsia mysorensis against

streptozotocin induced diabetes in Wistar rats, using hydroethanolic root extracts of Searsia
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mysorensis. The findings exhibited significant anti-diabetic activity, which provide some

scientific evidence for its traditional claims (Swathi et al., 2005).

2.5.3 Other biological activities of the Searsia genus

Phytochemical investigation conducted from Searsia chinensis led to the isolation of
compounds with anti-HIV-1 activity (Gu et al., 2007, Wang et al., 2008). Among the isolated
compounds 5-hydroxy-3-(propan-2-ylidene)-7-(3, 7, 11, 15-tetramethylhexadeca2, 6, 10, 11-
tetraenyl)-2(3H)-benzofuranone and 5-hydroxy-7-(3, 7, 11, 15-tetramethylhexadeca-2, 6, 10,
11-tetraenyl)-2(3H)-benzofuranone exhibited significant results in suppressing HIV-1
replication (Gu et al., 2007). Moronic acid, 3-0x0-6b-hydroxyolean-12-en-28-oic acid and 3-
0x0-6b-hydroxyolean-18-en-28-oic acid have been reported to possess anti-HIV activity
(Pengsuparp et al., 1994, Soler et al., 1996, Kashiwada et al., 1998). Antimutagenic flavonoids
such as Garbanzol, Sulfuretin, Fisten, Fustin and Mollisacasidin (Table 2.2) were reported from
the ethyl acetate extract of S. verniciflura (Lee et al., 2004, Park et al., 2004). When these
compounds were put to the Ames test, Sulfuretin exhibited a potential to effectively prevent
the metabolic activation, or scavenge the electrophilic intermediates, capable of causing
mutation (Sierra and Mazza, 2007). A chemical investigation conducted on S. natalensis led to
the isolation of rhuschromone which showed significant activity against S. aureus ATCC 25923
(Mwangi et al., 2013). Monavari et al., 2007 reported that S. coriacoria, amongst twenty-five
species investigated, showed significant activity against HSV-1 and adenovirus type 5 at non-

toxic concentrations.
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CHAPTER THREE: EXPERIMENTAL PRECEDURE

3. Methodology

3.1 General Experimental Procedure

3.2 Reagents and solvents

Hexane, Dichloromethane, Ethyl acetate, Methanol and Butanol were of analytical grade
(supplied by Merck, South Africa). Acetonitrile, Dimethyl sulfoxide (DMSO), formic Acid,
and methanol were of HPLC grade (supplied by fisher, South Africa).

3.3 Chromatography

3.3.1 Thin Layer Chromatography (TLC)
Pre-coated plates of silica gel 60 F254 (Merck, Germany) were used for TLC profiling. TLC

spots were viewed under UV at 254nm and 366nm using UV lamp followed by spraying with
vanillin/sulphuric acid reagent and heating (Wagner, 1984). TLC development was chosen
from the following TLC systems: (hexane: ethyl acetate, (9:1); (7:3), DCM-methanol, (95:5),
(90:10).

3.3.2 Column chromatography (CC)

Glass columns (20-25 mm diameter) wet packed with silica gel 60 (0.040-0.063mm) (230-400

Mesh ASTM, Merck) were used for column chromatography.
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3.3.3 High Pressure Liquid Chromatography (HPLC)
3.3.3.1 Analytical System:
System: waters HPLC System with MS Quattro micro API detector

Column: Waters Symmetry, C18, 3.5 micron, 4.6 x 100 mm

Preparative System: Waters PLC 2020

Mobile Phase: Acetonitrile/Methanol: H20 solvent gradient with 0.1% formic acid. Sample
purification was performed using Waters preparative HPLC ESI-MS equipped with MS

Quattro micro API detector automated fraction collector, injector, and quaternary pump.

3.3.3.2 Preparative HPLC-MS parameters:

The chromatographic separation of secondary metabolites was carried out using reverse phase
C-18 (RP C-18) column. The mobile phase consisted of solvent A: water-formic acid (99.9 %:
0.1%) and solvent B: Acetonitrile/methanol. The HPLC binary pump with a flow rate of 20

ml/min was programmed to run the mobile phase over ten minutes.

3.3.3.3 Electrospray ionization mass spectroscopy (ESI-MS)
High resolution mass spectroscopy (HRMS) analysis was performed on waters Quattro micro

API with electrospray ionization (ESI) interface working in the positive mode.
3.4 Spectroscopy

3.4.1 Nuclear magnetic resonance (NMR) spectroscopy

NMR spectra were recorded at 25° C, using deuterated methanol (CD3OD), DMSO
(CD3SOCDg3), Pyridine (CsDsN) and chloroform (CDCIs) as solvents, on a Bruker Avance 400
MHz NMR spectrometer. Chemical shifts of 13C and *H were measured relative to tetramethyl

silane as internal reference.
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3.4.2 Mass spectroscopy (MS)
Mass spectroscopy (MS) analysis was performed on waters Quattro micro APl with

electrospray ionization (ESI) interface working in the positive and or negative mode.

3.4.3 Infrared (IR) spectroscopy
Attenuated total internal reflectance FTIR measurements were performed using Spectrum 100

(Perkin Elmer Corporation). Spectra recording were achieved using the interface “Spectrum”.

Samples were dissolved using Dichloromethane (DCM).

3.5 Plant material

3.5.1 Collection and identification of plant material

The aerial parts of Searsia glauca, Searsia lucida and Searsia laevigata were collected in
February 2013 from the Cape Nature Reserve at UWC in Cape Town, South Africa. Species
were identified and confirmed by Mr Fransz Wertz from University of Western Cape
Herbarium, Samples were dried and powdered. Powdered samples were stored in dark until
further use.

3.6 Extraction and fraction of plants

3.6.1. Extraction and isolation of compounds from S. glauca

Leaves, flowers of Searsia glauca (300.05g) were air dried at room temperature, blended and
extracted (2.5L x 2) with 80% methanol for 48 hours. Methanol extract was evaporated at 40°C
using rotary vapour. Methanol extract was partitioned with hexane (15.42g), dichloromethane
(10.14q), ethyl acetate (8.25g) and butanol (6.12g) respectively. The extracts were loaded on
the column chromatography with silica gel and eluted with hexane: EtOAc (100:0; 95:05,
90:10; 80:20; 70:30; 60:40; 5050; 40:60; 20:80; 0:100). The collected fractions (1-40) were
concentrated using rotary vapour, and profiled using TLC. All the fractions with similar profiles

were combined and labelled alphabetical (A-E) as shown in Table 3.1.
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Table 3. 1: Main fractions obtained after fractionation of Hexane extract of S. glauca

Fraction number

Combine fractions

Elution mixture

1-4

6-11

12-18

19-27

28-40

A

(9:1)
(7:3)
(9.5: 0.5)
(9:1)

(9:1)

3.6.1.1 Isolation of compound C1, C2, &C10 Column chromatography of main

fraction B

Fraction B (1.27g) was reloaded column chromatography silica gel (0.063-0.2 mm (70-230

mesh ASTM) and eluted with (Hex: EtOAc) (9:1), & (7:3). 100 mL of each fraction was

collected, and evaporated using rotary vapour. Fractions with similar profiles were combined

as indicated on Table 3.2.

Table 3. 2: Sub fractions from Fraction B

Fraction Weight Designated code
4-7 340 mg Al
8-14 273 mg A2
15-18 110 mg A3
19-23 80 mg Ad

http://etd Hwe.ac.zal



The chromatography of sub fraction Al (340.23g) on silica gel (hex/EtOAc, 7:3) resulted on
the isolation of pure compound C1 (82 mg) and C10 (11 mg). The compound was crystalized

by using methanol.

3.6.1.2 Isolation of compound C2, C3 and C10 from dichloromethane and ethyl acetate
extracts of S. glauca
The TLC profiles of dichloromethane and ethyl acetate were similar, hence they were combined

and loaded on column chromatography with silica gel. The collected fractions (1-40) were
concentrated and evaporated using rotary vapour. The fractions with similar profiles were

combined and coded alphabetical (F-J).

Table 3. 3: Main fractions obtained from the combined extracts of DCM/EtOAc of S. glauca

Fraction number Combined fractions Elution mixture
1-3 3 DIl

4-6 G 91

7-14 H 8:2

15-29 I e

30-40 J (1:1)

The main fraction H (350 mg) was further chromatography on preparative HPLC/MS waters

system and afforded compounds C2 (09 mg), C10 (11.0mg) and C3 (12 mg).

3.6.1.3 Isolation of compound C4 from butanol extract
The main fractions from butanol extract were profiled and those with similar profiles were
combined and the total mass of the combined fractions was 250 mg. The combined fraction

further purified in a prep-HPLC-MS and afforded compound C4 (12.90 mg).
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3.6.2 Extraction and fractionation of S. Lucida
Leaves, flowers of Searsia Lucida (280.12g) were air dried at room temperature, blended and

extracted (2.5L x 2) with 80% methanol for 48 hours. Methanol extract was evaporated at 40°C
using rotary vapour. Methanol extract was partitioned with hexane (16.42g), dichloromethane
(12.149), ethyl acetate (10.25g) and butanol (6.129) respectively. The crude extracts were each
subjected to column chromatography (CC) for the isolation of pure compounds. Crude extracts
were eluted with Hexane: ethyl acetate; dichloromethane: ethyl acetate (100: 0; 80:20; 60:40;
50:50; 20:80; 0:100) and washed with 100 %. Fractions with the similar profile after TLC

profiles were combined and further purified on (CC) or Preparative HPLC-MS.

3.6.2.1 Isolation of the pure compounds from Searsia lucida

3.6.2.2. Isolation of compound C5 (moronic acid) from hexane extract

Main fraction FH6 (250.36 mg) was loaded on the silica column and eluted with hexane/ethyl
acetate (8:2). After profiling the fractions with TLC plate a pure compound C9 (40.52 mg) was

obtained.

3.6.2.3 Isolation of Compound C6 (Quercetin) column chromatography
During fractionation dichloromethane and ethyl extracts were combined due to their similar
TLC profiles. Main fraction FDE-24 (150.12 mg) was chromatographed on silica gel and eluted

with mobile phase of dcm/ethyl acetate (7:3) and afforded pure quercetin (15.81 mg).

3.6.2.4 Isolation of compound C7 and C8 column chromatography
Main fraction FDE-34 (300.56 mg) was chromatographed on silica gel eluted with dcm/ethyl

acetate (1:1). Subfractions from 12-17 precipitated and yellow porous powder was observed.
The yellow powder was further rinsed with methanol. FDE-34 afforded two compounds C8

and C9 compound of 6.12 mg and 110.21 mg respectively.
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3.6.3.1 Extraction and fractionation of Searsia Laevigata

Leaves, flowers of Searsia Laevigata (200.10g) were air dried at room temperature, blended
and extracted (2.5L x 2) with 80% methanol for 48 hours. Methanol extract was evaporated at
40°C using rotary vapour. Methanol extract was partitioned with hexane (10.54g),
dichloromethane (7.22 g), ethyl acetate (5.18 g) and butanol (4.12 g) respectively. All the crude
extracts were profiled using TLC. Crude extracts were subjected to column chromatography
(CC) respectively and eluted with Hexane: ethyl acetate; DCM; and EtOAc: MeoH depending

on the polarity of the extract.

3.6.3.2 Isolation of compounds C11a, C11b and C11c (mixture) from S. laevigata
Fraction A from a DCM extract was subjected to column chromatography over silica gel. The

eluting mobile phase was (8:2) hexane: EtOAc. The sub-fractions with similar profiles were
combined and re-chromatography over flash chromatography silica gel, eluting with 100%

DCM and the TLC showed one spot. The amount of the mixture-1 was 22.23 mg.

3.6.3.3 Isolation of an inseparable mixture of a-amyrin fatty acid ester C12a and f-amyrin
fatty acid ester C12b from S. laevigata
Fraction B from DCM extract was subjected over flash chromatography on silica gel, eluted

with 100 % DCM and afforded mixture-2 (5.32 mg).
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3.6.3.4 Isolation of compound C9 from S. laevigata (quercetin-3-O-£-glucoside)
Fraction A from butanol extract was subjected over chromatography silica gel and eluted with
EtOAc/MeOH (8:2). After five repeated runs over the silica gel sub-fractions with similar

profiles were further purified on preparative HPLC-MS, and afforded compound C9 (8.03 mg).

3.7 General experimental procedure for biological assays

3.7.1. Reagents
Standards (purity > 99.0%) for antioxidant, trolox (6-Hydroxyl-2, 5,7,8-tetramethylchroman-

2-carboxylic acid, Saarchem Catnr.: 23883 1), and other reagents including ABTS (2,2’-Azino-
bis (3-ethylbenzo thiazoline-6-sulfonic acid) Diammonium salt (Sigma Cat nr.: A1888),
Potassium-peroxodisulphate (Merck Cat nr.: 105091), Ethanol (Saarchem Cat nr 2233540LP),
fluorescein sodium salt (Sigma Cat nr F6377), AAPH (2, 2’-Azobis (2-methylpropionamidine)
dihydrochloride (Aldrich Cat nr.: 440914), Sodium dihydrogen orthophosphate-1-hydrated
(Na2HPO4.2H20, Merck Cat nr.: 5822880EM), PCA (Perchloric acid , Saarchem Cat nr.:
494612), TPTZ (2,4,6-tri[2-pyridyl]-s-triazine, Iron (I1lI) chloride hexahydrate, copper
sulphate, were purchased from Sigma-Aldrich, Inc. (St. Louis, MO, USA). L-Ascorbic acid
was procured from Sigma Aldrich, South Africa. Antioxidant assvylujb89yhays including
FRAP, TEAC, were measured using Multiskan spectrum plate reader, whilst automated ORAC

assay was examined by Floroskan spectrum plate reader.
3.8 Antioxidant

3.8.1 Ferric-ion reducing antioxidant power (FRAP) assay
FRAP is established on the rapid reduction in Ferric-tripyridyltriazine (Fe**-TPTZ) by

antioxidant present in the samples forming ferrous-tripydyltriazine (Fe?*-TPTZ), a blue-
coloured product (Benzie & Strain, 1996). A standard curve was prepared as per method
described by Benzie & Strain, 1996. L-Ascorbic acid (Sigma Aldrich, South Africa) was used
as a standard with concentrations varying between 0 and 1000 pM. The results were expressed

as UM L-Ascorbic acid equivalents per milligram dry weight (UM AAE/Qg) of the test samples.
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3.8.1.1 Preparation of reagents

Preparation of the FRAP reagent in a 50 mL conical flask was composed of 30 mL Acetate
buffer 300 mM pH 3.6 (1.627 g Sodium acetate + 16 mL Glacial acetic acid and made up to 1L
with distilled water) + 3 mL TPTZ 10 mM solution (0.0093g TPTZ and 3 mL of 40 mM HCI
in 15 mL flask) + 3 mL FeClz solution (0.054 g FeCl3.6H20 and 10 mL distilled water) and 6.6
mL of distilled water. A control solution was prepared by dissolving 0.00352 g of Ascorbic

acid in a 50 mL and diluted to the mark with distilled water.

3.8.1.2 Sample analysis
Preparation of standard series six (6) Eppendorf tubes marked from A-F. Added the amount of

standard stock solution and diluents to each tube as described in the Table 3.2. Diluted the stock
solution as per Table 3.2 to make a series of standards. Dilutions were made to the extracts that
were highly concentrated and dilution factors were noted and considered in calculations of the
affected extracts. In a 96-well clear microplate, 10 pL of the stock solution of the extracts
(Hexane, DCM, ethyl acetate, Methanol, and Butanol of three plants were mixed with 300 pL
FRAP reagent. The plate was read at a wavelength of 593 nm in a Multiskan Spectrum plate

reader.
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Table 3. 4: Ascorbic standard wells

Tube Ascorbic acid stock Distilled Standard Well number
solution water concentration
pL pl uM

A 0 1000 0 Al-A3

B 50 950 50 A4-A6

C 100 900 100 A7-A9

D 200 800 200 A10-A12

E 500 500 500 B1-3

F 1000 0 1000 B4-6

3.9.1 Trolox equivalent absorbance capacity (TEAC) assay

The total antioxidant activity of the extracts was determined by previously described methods

(Pellegrini, et al., 1999; Re, et al., 1999).

3.9.2.1 Preparation of reagents

ABTS (2, 2’-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) Diammonium salt 7 mM
solution was prepared by dissolving 0.0192 g with 5 mL distilled water. Potassium-
peroxodisulphate 140 mM solution was prepared by dissolving 0.1892 g with 5 mL distilled
water. The ABTS mix solution was prepared by adding 88 pl K2S,Og solution to 5 mL ABTS
solution. The ABTS mix solution was allowed stay in the dark for 24 hours at room temperature
before use. Trolox (6-hydrox-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid) 1.0 mM was
prepared by dissolving 0.0125 g of Trolox in 50 mL of ethanol and used as the standard with
concentrations ranging between 0 and 500 pM. The stock control (Trolox) 200 puM was
prepared by dissolving 0.0025 g of Trolox in 50 mL ethanol. The ABTS mix solution was
diluted with ethanol to read a start-up absorbance of approximately 2.0 (+ 0.1). The test extracts
were prepared by dissolving 1 mg of an extract in 1mL of methanol and allowed to react with

300 pL ABTS solution in the dark at room temperature for 30 min.
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3.9.2.2 Sample analysis
Standard series were prepared in tubes marked A-F, an amount of standard stock solution was

diluted as per Table 3.2. The absorbance was measured at 734 nm at 25 °C in the plate reader.
The results were expressed as UM Trolox equivalents per milligram dry weight (uM TE/g) of

the test samples.

Table 3. 5: Preparation of standard series

Tube Trolox Ethanol Trolox conc. Well number
standard ul puM
ul

A 0 1000 0 Al-A3

B 50 950 50 A4-Ab

C 100 900 100 A7-A9

D 150 850 150 Al0-Al2

E 250 750 250 B1-3

F 500 500 500 B4-6

3.10. Automated oxygen radicals absorbance capacity (ORAC) assay

ORAC was determined according to the previously described method (Prior, et al., 2003) with
some modifications (Cao et al, 1997; 1998). Fluorescein was used as the fluorescent probe. The
loss of fluorescence of fluorescein was an indication of the extent of its oxidation through
reaction with the peroxyl or the hydroxyl radical. The protective effect of an antioxidant was
measured by assessing the fluorescence area under the curve plot relative to that of a blank in
which no antioxidant was present. The ORAC value is calculated by dividing the area under
the sample curve by the area under the Trolox curve with both areas being corrected by
subtracting the area under the blank curve.

3.10.1 Preparation of reagents

Phosphate buffer: 75mM, pH 7.4 was prepared by dissolving 1.035g of sodium di-hydrogen

orthophosphate-1-hydrate (NaH2PO4.H20) with 100mL of distilled water. Second solution was
prepared by dissolving 1.335g of di-sodium hydrogen orthophosphate dehydrate
(NaH2P0O4.2H20) with 100mL of distilled water. Mixed 18 ml of the first solution with 82 ml

of the second solution. Fluorescein sodium salt was prepared by dissolving 0.0225g of
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C20H1woNa20s in 50 mL Phosphate buffer. Peroxyl radical: AAPH (2.2°-Azobis (2-
methylpropionamidine) dihydrochloride 25 mg/mL was prepared by dissolving 150 mg into a
15 ml screw cap tube. PCA (70% Perchloric acid) 0.5 M was prepared by diluting 15 ml of 70
% perchloric acid with 195 ml of distilled water into a 250 ml bottle. Trolox standard of 500
MM was prepared by dissolving 0.00625g 6-Hydroxy-2, 5, 7, 8-tetra-methylchroman-2-
carboxylic acid with 50 ml phosphate buffer. Trolox control of 250 uM stock solution was
prepared by dissolving 0.00312g of 6-Hydroxy-2, 5, 7, 8-tetra-methylchroman-2-carboxylic
acid with 50 ml phosphate buffer.

3.10.2 Sample analysis

The Trolox standard series were prepared in tubes marked A-F, an amount of standard stock
solution and was diluted as per Table 3.3. The fluorescein solution and sample were added in
the wells of an illuminated 96 well plate, 12 L of each of our sample (in stock solution of 1
mg/mL) was combined with 138 pL of a fluorescein working solution followed by addition of
50 pL of 150 mg of AAPH prepared in-situ in 6 mL Phosphate buffer. Absorbance was
measured with Fluoroskan spectrum plate reader with the excitation wavelength set at 485 nm
and the emission wavelength at 530 nm. Extracts without perfect curve were further diluted and
the dilution factors were used in the calculations of ORAC values. Results were expressed as
micromoles of Trolox (TE) equivalents per milligram of sample (UM TE/g). Trolox was used
as a control in the experiment.

Table 3. 6: Trolox standard series

Tube Standard Trolox stock Phosphate Well number
concentration solution Buffer
uM uL uL

A 0 0 750 Al-A3

B 83 125 625 A4-Ab6

C 167 250 500 A7-A9

D 250 375 375 Al10-Al12

E 333 500 250 B1-3
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F 417 625 125 B4-6

3.11 Brine shrimp lethality assay

The method was done following Solis protocol with some modification, (Solis et al., 1993).
Brine shrimp eggs (Artemia salina) were obtained and hatched by placing 1 g of these eggs in
1L of artificial sea water prepared using 40.23 gm of sea salt in a large conical flask. A constant
supply of oxygen was carried was carried out throughout the hatching period. Incubation of the
Brine shrimp eggs was kept for 48 hours in continuous illuminated tank. The larvae (nauplii)
were attracted to one side of the vessel towards the light source. Extracts were prepared by
dissolving them in dimethylsulfoxide (DMSO) and diluted with artificial sea water so that final
concentration did not exceed 0.05 %. Different stock solutions of the test extracts were prepared
at 1000 pl and from this; 100 pl and 10 pl of the solutions were prepared. Each dosage was
tested in triplicate. After 48 hours ten (10) nauplii were placed in each of a series of the test
tubes containing the test extracts at different concentrations. After 24 hours surviving nauplii
were inspected using magnifying glass and counted to determine the percentage mortality. A
control experiment was prepared in the same manner as that of the extracts but the test extract
was excluded. Regression equations of concentration versus percentage mortality were used to

estimate LC50 from Microsoft Excel Plus 2013 (Persoone et al., (1979).

3.12 In vitro enzyme inhibition

3.12.1 Reagents

a-glucosidase (Saccharomyces cerevisiae), a-amylase (procaine pancreas) and 3, 5, di-nitro
salicylic acid (DNS), P-nitro-phenyl-a-D-glucopyranoside (p-NPG), sodium carbonate
(Na2 CO3), Soluble starch, sodium dihydrogen phosphate, di-sodium hydrogen phosphate

purchased from Sigma-Aldrich, South Africa.
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3.12.2 In-vitro Assay: a-amylase inhibitory activity

a-amylase inhibitory activity of extracts was carried out according to the standard method with
minor modification (Ademuluyi & Oboh, 2013). In a 96-well plate, reaction mixture containing
50 ul phosphate buffer (100 mM, pH = 6.8), 10 ul a—amylase (2 U/ml), and 20 pl of plant
extracts at 2.0 mg/ml and was preincubated at 37°C for 20 min. Then, the 20 pl of 1% soluble
starch (100 mM phosphate buffer pH 6.8) was added as a substrate and incubated further at
37°C for 30 min; 100 pl of the DNS colour reagent was then added and boiled for 10 min. The
absorbance of the resulting mixture was measured at 540 nm using Multiplate Reader (Multiska
thermo scientific, version 1.00.40). Acarbose was used as a control. The extracts or isolated
compounds were measured in triplicates. The results for both a-amylase and a-glucosidase

were expressed as percentage inhibition, which was calculated using the formula,

Inhibitory activity (%) = (1 — As/Ac) x100
Where,
As is the absorbance in the presence of test substance and Ac is the absorbance of control.

3.12.3. In vitro assay: a-glucosidase inhibitory activity
a-glucosidase inhibitory activity of extract was carried out according to the standard method

with minor modification (Shai et al., 2011). In a 96-well plate, reaction mixture containing 50
ul phosphate buffer (100 mM, pH = 6. 8), 10 ul a-glucosidase (1 U/ml), and 20 pl of extract at
2.0 mg/ml was pre-incubated at 37°C for 15 min. Then, 20 ul P-NPG (5 mM) was added as a
substrate and incubated further at 37°C for 20 min. The reaction was stopped by adding 50 pl
Na.COz (0.1 M). The absorbance of the released p-nitrophenol was measured at 405 nm using

Multiplate Reader. Quercetin was used as a control. Each extract was tested in triplicates.
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CHAPTER FOUR: RESULTS AND DISCUSSION
4. SECTION A: PHYTOCHEMISTRY

4.1. Chemical constituents isolated from Searsia glauca

Figure 5. 1: moronic acid (C1)

4.1.1 Characterization of compound (C1)
Compound C1 was isolated as white needle crystals. The chemical structures of compound C1

showed the pseudo molecular ion of m/z 455.21 ESI-MS [M+H]*. The 'H NMR spectrum of
compound C1 showed seven methyl groups resonating at 0.81 (3H, s), 0.96 (3H, s), 0.99 (3H,
s), 1.02 (3H, s), 1.03 (3H, s), 1.04 (3H, s), and 1.09 (3H, s). The proton signals from 1.24 —
2.54 ppm were an indication of saturated cyclic and or acyclic methylene and methine protons
and accounts for twenty four (24) protons. ~An olefinic proton was observed at 5.19 (1H, s, H-

19) ppm and correlated with 133.3 (C-19) in the HSQC.

The HMBC correlation between proton Hs 2.19 (2H, t) and 181.3 confirmed that the carboxyl
group is allocated at C-28.

The 3C NMR and DEPT 135 spectra exhibited a keto-carbonyl carbon at ¢ 218.3 (C-3), seven
primary carbons, ten secondary carbons, three tertiary carbons, seven quaternary carbons, an
olefinic carbon at 6c 136.6 (C-19) and a carboxylic group at 6c 181.3, (C-28).

The chemical structure of compound C1 was determined by comparing (*H and *3C) spectral

data with that of moronic acid, reported on the literature (Majumder et al., 1979; Gonalez et
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al., 1983; Ahsan et al., 1995). Compound C1 was previously isolated from S. Javanica
(Kurokawa, et al., 1998). Moronic acid has been reported as a major anti-HSV compound from
S. javanica, and it exhibited novel anti-HSV activity that was different from that of ACV

(Kurokawa et al., 1999).

29 30
7,

S
N
<
3

24

2
Figure 5. 2 : 21-B-hydroxylolean-12-en-3-one (C2)
4.1.2 Characterization of 21f-hydoxylolean-12-en-3-one (C2)
Compound C2 was isolated as a white amorphous powder. The HRESI-MS exhibited a pseudo

molecular peak at m/z 441.39 [M+H]" corresponding to CsoHsO2. The THNMR spectrum
showed characteristic signals of eight methyl groups, a proton attached to an oxygenated carbon
atom (0n 3.22, dd, J = 11.2, 5.3 Hz), and an olefinic proton at (61 5.33,t,J = 7.08 Hz). The
13C NMR spectrum showed eight primary carbons, nine secondary carbons, three tertiary
carbons, an oxygenated carbon (6c 78.9), seven quaternary carbons, an olefinic carbon at (8¢
122.4, C-12), a carbonyl group at (5c 217.7). From the 'H NMR and 3C NMR spectra
compound C2 was proposed to be a 12-oleanene type triterpene with a secondary hydroxyl

group and keto group.

In the HMBC spectrum correlations between the hydroxymethine signal and two methyl
carbons signals at 6 28.0 C-29 and & 15.3 C-30, methylene signal at 6 45.2 C-22, and a
quaternary carbons signal at 6 36.7 C-20 exhibited that the secondary hydroxyl group is at C-

21 .Further HMBC spectrum, showed a correlation between proton methyl peaks at 6 0.98 H-
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29 and 0.78 H-30 exhibited a long range correlations with the methine carbon signal at 6 78.9
(C-21), a methylene signal at & 45.8 (C-19), and the quaternary carbon at & 36.7 (C-20). The
methyl proton signal at 6n 0.98 (H-29) indicated correlation with the methyl signal at 6 15.3
(C-30), and the methyl signal at 64 0.78 (H-30) indicated correlation with the methyl signal at
6 28.0 (C-29).The configuration at C-21 was substantiated by the coupling constant of H-21,
which exhibited axial-axial and axial-equatorial coupling values (3.22 dd, J = 11.2, 5.3 Hz)
with C-22 protons, indicating that the hydroxyl group must be equatorial (B-oriented).
Confirmation of the keto group at C-3 and allocation of C-23 and C-24 gem-dimethyl group
signals was justified by the long range coupling between the carbonyl signal at & 217.7 and
both methyl signals at 64 0.96 and 0.86 (H-23 and H-24) respectively. The assignment of the
13C NMR spectrum is shown in Table 4.1. After comparing the entire experimental
spectroscopic data with previously reported data, compound C2 was identified as 21p-
hydroxylolean-12-en-3-one and this compound has been isolated from Hippocratea excelsa

(Mena-Rejon, et al., 2007).
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Table 4. 1: *H (400 MHZ, m J Hz) and *3C (100 MHz) NMR spectral data of C1, and C2 in
CDCls

No C1 (moronic acid) C2 (21p-hydroxylolean-12-en-3-one)
13C 1H 13C 1H

H

1 39.8 1.98 (m) 39.9 1.90 (m)

2 33.8 2.40 (m) 342 241 (m)

3 218.3 217.8

4 47.3 47.6

5 55.3 1.39(m) 55.3  1.33(m)

6 19.6 1.38 (m) 196 151 (m)

7 339 2.49 (m) 338 2.37(m)

8 40.6 41.3

9 50.5 1.39 (m) 50.6  1.34(m)

10 36.8 Sl

11 21.4 1.33 (m) 201 1.46(m)

12 26.0 1.28 (m) 1224+ 533t,J=7.08 Hz

13 416 2.27(m) 143.6

14 42.6 417

15 29.3 1.27 (m) 29.7  1.27(m)

16 33.7 1.48 (m) 29.6  1.36 (m)

17 47.9 36.7

18 136.6 46.8 0.78

19 132.4 5.19 (s) 458 - -1.19(m)

20 32.1 36.7

21 334 2.22 () 78.9 3.22dd,J=112;53Hz)

22 33.3 2.19 (t) 452 119 (m)

23 20.9 1.05 (3H, s) 236  0.963H, (s)

24 26.8 1.09 (3H, s) 26.4  0.86 (3H,s)

25 15.8 1.04 (3H,s) 154 0.79 (3H,9)

26 16.7 0.97 (3H,s) 16.8  0.84 (3H,s)

27 14.8 0.81 (3H, s) 258  1.10(3H,s)

28 181.3 278 0.99 (3H,s)

29 29.1 0.99 (3H, s) 280  0.98(3H,5s)

30 30.4 1.02 (3H, ) 153  0.79 (3H,5s)

C=0
CH;
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Figure 5. 3 : myricetin-3-O-f-galactopyranoside (C3)
4.1.3 Characterization of myricetin-3-O-g-galactopyranoside (C3)
The butanol extract afforded one compound C3 and its formula was suggested to be C12H20013,

by the NMR data and ESI-MS m/z 574.10 [M+H] *. The *HNMR spectrum of compound C3
exhibited two meta-coupled aromatic protons at 6.2 (d, J =2.08 Hz) and 6.39 (d, J = 1.92 Hz).
These are the characteristics of flavonoids with oxygen substituents at positions 5 and 7. The
'H NMR spectrum exhibited a proton signal at 7.38 ppm which confirms symmetry at positions

(s, H-2"and H-6").

The *C NMR spectrum compound C3 showed carbon signals at 5¢c 156.9 (C-2), 134.5 (C-3),
161.6 (C-5), 98.4 (C-6), 164.6 (C-7), 93.2 (C-8), 157.2 (C-9), 105.7 (C-10), 120.2 (C-1'), 108.5
(C-2'and C-6"), 136.7 (C-4"), 144.9 (C-3' and C-5"), and a carbonyl carbon signal at 6c 178.0
(C-4; C=0). The high intensity signals at dc 108.5 and 144.9, exhibited the presence of two
pairs of equivalent carbons i.e., C-2' with C-6', and C-3' with C-5', respectively. The sugar
carbon atoms were observed to resonate at 6c 60.5 (C-6"), 68.6 (C-4"), 71.8 (C-2"), 73.7 (C-3"),
75.8 (C-5"), and the anomeric carbon was observed at dc 104.1 (C-1"). The sugar moiety was
identified as galactopyranose with chemical shifts for H-1" and C-1" at (61 5.21, J = 7.8 Hz, 6c
104.1). The coupling constant of 7.8 Hz on the anomeric proton confirmed the 3-orientation of

sugar moiety.
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The glycosyl linkage at C-3 was confirmed by the HMBC long range correlation between
anomeric proton (6w 5.45) and carbon C-3 (6¢ 134.5). Correlations between H-8/H-6, C-9, C-6
and C-10 confirmed the presence of a benzopyran ring system. H-2' showed a long range
correlation to C-2, which confirmed the substitution of the B-ring to C-2. HMBC spectrum also
showed a correlation between H-1" and C-3. This proved that the sugar moiety was connected
to C-3 of the flavonol. The configuration of the anomeric proton was proposed to be f-form
based on larger coupling constant (H-1", J = 7.8 Hz). The proposed structure for this compound

C3 was in agreement with the literature data previously reported (Giirbiuz et al., 2015).

Figure 5. 4: Key HMBC correlations in compound myricetin-3-O-4-galactopyranoside (C3)

Flavonoids and their glycosides derivatives are reported to possess biological activity such as
antioxidants, anti-inflammatory and anticancer (Antunes-Ricardo et al., 2014, Veitch and
Grayer, 2011). Fractionation of the methanol extract resulted in the isolation of myricetin-3-O-
p-galactopyranoside which has been reported to contribute for the antinociceptive effect of
Davilla elliptica extract, a secondary metabolite significantly more potent than diclofenac, used

as reference drug (Camposa et al., 2013).
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Figure 5. 5: Rutin (C4)
4.1.4 Characterization of Rutin (C4)

Compound C4 was obtained as a yellow solid material, ESI-MS showed a pseudo molecular

ions at m/z 632.23 [M+Na*] suggesting an elemental composition of C27H3001s. In the *H NMR
spectrum of compound C4, two meta-coupled aromatic protons were observed at 6n 6.23 (d, J
= 2.04 Hz) and 6.42 (d, J = 2.04 Hz) assigned to H-6 and H-8 protons of 5, 7 dihydroxylated
ring A from a flavonoid skeleton. The *H NIMR spectrum exhibited three signals corresponding
to an ABX aromatic spin system at d4 6.89 (d, J = 8.48 Hz), 7.65 (dd, J = 8.4, 2.12 Hz) and
7.69 (d,J =2.12 Hz) suggesting a 3°, 4’substitued B-ring of a flavonoid derivative. The H NMR
spectrum also supported the presence of rhamnose and glucose moieties with the rhamnose
anomeric proton signal at 6n 4.54 and glucose H-1"" peak at 6n 5.09. The presence of L-
rhamnose unit was confirmed by a doublet of methyl group at high field 61 1.15 ppm (3H, J =

6.16 Hz). The rest of the proton peaks were observed between 3.30 ppm and 3.55 ppm.

Inthe C NMR spectrum of compound C4, twelve aromatic carbons were observed at 5¢c 93.5
(C-8), 98.6 (C-6), 104.2 (C-10), 114.7 (C-2'), 116.3 (C-5'), 121.7 (C-6"), 122.2 (C-1'), 144.4 (C-
3", 148.4 (C-4"), 158.0 (C-9), 161.5 (C-5), and 164.6 (C-7) and are attributed to ring A and B
of the parental structure. Two quaternary carbons at 6c 134.3 (C-3), and 157.1 (C-2), and
carbonyl carbon at d¢c 178.0 (C-4, C=0) were observed and are attributed to ring C of the

flavonoid moiety. From the *C NMR spectrum two anomeric carbons at 5c 103.6 (C-1"’) and
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dc 101.6 (C-1") were observed suggesting that a flavonoid skeleton is attached to two sugar
moieties. Signals attributed to the glucose moiety were observed to resonate at 6c 67.1 (C-6"),
69.9 (C-4"), 74.2 (C-2"), 75.7 (C-5"), 76.7 (C-3"). While those which indicated L-rhamnose

moiety were observed at 17.0 (C-6™), 68.3 (C-4"), 70.6 (C-2"), 70.8 (C-3"), 72.0 (C-5").

The DEPT spectrum of compound C3 exhibited the presence of one methyl carbon at 6¢c 17.0
ppm of rhamnose, one methylene carbon at 6¢c 67.1 ppm, 15 methine carbons and 10 quaternary

carbons.

In the HMBC spectrum correlations were observed between H-6 at 64 6.23 with C-5 at oc
161.5, C-7 at &¢c 164.6, C-8 at ¢ 93.5, and C-10 at d¢c 104.2, H-8 at 61 6.42 connected with C-
7 at 5c 164.6 and C-10 at 5¢ 104.2, H-1"" at 61 5.09 correlated with C-3 at 6c 134.3, H-1""" at
on 4.54 correlated with C-6" of the glucose at 6c 67.1 ppm confirming that the glycosylation
of the glucose unit by the rhamnose occurred on C-6" - hydroxyl. Confirmation of the position
of attachment of the sugar moiety was abtained from the HMBC spectrum of C4 in which key
3] correlations was observed between the anomeric proton signal of glucose at ¢ 5.09 ppm and
C-3 resonance of the aglycone at 6c 134.3 ppm indicating that C-3 is the site of glucosilation.
The chemical structure of compound C4 was proposed to be Rutin by comparison with the
previously reported data (Quispe et al., 2013). This compound was reported from R. natalensis

by Saleh Ibrahim Algasoumi et al., 2016.
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Figure 5. 6: Key HMBC correlations of Rutin (C4)

Rutin is reported to have antimicrobial, antifungal, antithrombotic, antioxidant,
anticarcinogenic, cytoprotective, hepatoprotective, vasoprotective, smooth muscle relaxing,
anti-allergic activities and tissue protein glycation inhibiting activities (Kamalakkannan &
Prince, 2006, Srinivasan, 2005, Yidizoglu-Ari et al., 1991. Rutin reported to possess significant
antidiabetic activity by inhibiting inflammatory cytokines, and improved the antioxidant and
plasma lipid profiles in high fat and streptozotocin-induced type 2 diabetic model (Niture et al.,

2014).
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Table 4. 2: *H (400 MHZ, m J Hz) and *3C (100 MHz) NMR spectral data of C3 and C4 in

CDOD3
Position Compound C3 Compound C4
13C 1H 13C 1H

2 157.2 157.1

3 134.5 134.3

4 177.9 178.0

5 161.6 161.5

6 98.4 6.2 (d,J=2.08 Hz) 98.6 6.23 (d, J =2.04
Hz)

7 164.6 164.6

8 93.2 6.39 (d,J=1.92 93.5 6.42 (d,J=2.04

Hz) Hz)

9 156.9 158.0

10 105.7 104.2

I 120.2 121.7

2’ 108.5 7.38 () 114.7 6.89 (d,J= 8.5
Hz)

3’ 144.9 144.3

4 136.7 148.4

5’ 144.9 e 3 7.69(d,J=21
Hz)

6’ 108.5 7.38 () 1P 2 7.65(dd,J= 8.4
,2.1Hz)

galactopyranoside glucose

1” 104.1 521(d,J=78Hz) 103.6 509(,J=176
Hz)

2” 71.2 3.82 74.2 3.52

3” 73.2 (Lo 3.44

4’ 68.6 3.87.(d,.J =3.36 69.9 3.29

Hz)
5” 75.8 3.49 75.7
6” 60.5 67.1
rhamnose

1’ 101.0 454(d,J=12
Hz)

27 70.6

3 70.8 3.55(,J=23
Hz)

4> 72.5 3.30

57 68.3 3.46(d,J=24
Hz)

6"’ 17.0 1.15(d,J=6.2
Hz)
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Figure 5. 7: f-amyrin (C10)
4.1.5 Characterization of f-amyrin (C10)
The carbon multiplicities of compound C10 (Table 4.3) were confirmed by *3C NMR spectrum

and HSQC correlations. Compound C10 exhibited major carbon signals, eight primary carbons
at 8¢ 27.99 (C-23), 15.02 (C-24), 15.36 (C-25), 16.93 (C-26), 23.49 (C-27), 18.27 (C-28), 29.65
(C-29), 22.98 (C-30), seven quaternary carbons, three tertiary carbons and a secondary
hydroxyl bearing carbon 78.98 ppm at C-3. It also exhibited an olefinic carbon atom at dc-12
122.41. The C NMR spectrum showed.the chemical shifts of olefinic carbons C-12 at &c.
12 122.41 and C-13 at dc-13 143.63 ppm which confirmed the presence of g-amyrin. The ESI-
MS spectrum indicated a pseudomolecular ion of m/z 426.69. The NMR data of C10 (see table

4.3) has been compared with previously reported data of f-amyrin (Zhang et al., 2012).

http://etd {iwc.ac.zal



Table 4. 3: *H (400 MHZ, m J Hz) and *3C (100 MHz) NMR spectral data of C10 in CDCls

Position C10 Lit (Vazquez et al., 2012)

o3 C o'H 8B C
1 38.97 38.7
2 27.68 27.2
3 78.98 3.24 (dd,J=5.3,11.2 Hz) 79.3
4 39.01 38.5
5 55.33 0.76 (d, J =11.7 Hz) 55.1
6 19.57 18.6
7 32.19 324
8 39.12 39.8
9 47.77 47.6
10 36.78 36.9
11 22.98 23.6
12 122.41 533(t,J=35Hz) 121.7
13 143.63 145.2
14 41.16 41.7
15 26.44 26.2
16 25.80 26.1
17 32.38 32.6
18 47.45 47.2
19 46.52 46.8
20 30.68 31.0
21 34.16 34.7
22 37.12 i /A4 37.1
23 27.99 0.84 28.0
24 15.02 0.96 15.4
25 15.36 0.79 15.4
26 16.93 0.89 16.8
27 23.49 0.95 25.9
28 28.5 0.99 28.4
29 32.6 0.93 33.8
30 21.46 1.06 23.7
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Figure 5. 8 : moronic acid (C5)

4.1.6 Characterization of moronic acid (C5)

Compound C5 was obtained as a white amorphous solid. The molecular formula of compound
C5 was determined to be CsoH4s03, based on the *H and **C-NMR data. The *H-NMR spectrum
showed characteristic signals of seven methyl groups (0.80 (3H, s), 0.96 (3H, s), 0.99 (3H, s),
1.02 (3H, s), 1.03 (3H, s), 104 (3H, s), and 1.09 (3H, s), an olefinic proton at (6w 5.18, s). The
signals in the 33C NMR spectrum of compound C6 exhibited a carbonyl carbon at 5c 218.3, C-
3 (C=0), a double bond at 6c (133.2 C-19, 136.6 C-18) and carboxylic group at 6c 182.3 (C-
28). The rest of assignments were compared with the literature data (Junko, et al., 2001, David
Salinas et al., 2001). Moronic acid was isolated previously from R. Chinensis, Gu et al., 2007,

R. javanica, Kurokawa et al., 1998).
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Figure 5. 9: quercetin (C6)

4.1.7 Characterization of quercetin (C6)

Compound C6 was obtained as yellow powder. The HRES-MS showed a pseudo molecular
peak at m/z 303.2 [M+H]* confirming the molecular formula C1sH1007. The *H NMR spectrum
showed the characteristic 5-OH signal at 12.18, and a pair of meta-coupled doublets signals of
an AB spin-system at 6.08 (d, J = 2.04 Hz, H-6) and 6.29 (d, J = 2.12 Hz, H-8) in agreement
with a 5, 7-disubstituted ring A. An ABC spin-system suggesting a flavonol with 3, 4'-
disubstituted ring B was supported by the three aromatic signals at 6.79 (1H, d, J = 8.48 Hz, H-
5%), 7.54 (1H, dd, J = 2.16 and 8.48 Hz, H-6") and 7.63 (1H, d, J = 2.16 Hz, H-2"). The 13C
NMR spectrum of C7 showed 15 signals, with the characteristic C-3 signal of a flavonol at &
135.8 and carbonyl carbon at 175.9 (C-4), the rest of chemical shifts of carbon nucleus are

indicated in Table 4.4.

The HMBC correlations between H-6 to C-5, C-7, C-8, C-10, H-8 to C-6, C-7, C-9, C-10, H-
2’ to C-6’, C-4’, H-6’ to C-2’, H-5’, C-1, and C-3’ were observed confirming the quercetin
aglycone structure. The *C NMR data of C7 was compared with the published 3C NMR data
of quercetin (Mohammed, 2015). This compound has been isolated from R. tripartita

(Mohammed, 2015).
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Figure 5. 10 : Key HMBC correlations in quercetin (C6)

Quercetin is known for its anti-inflammatory, antihypertensive, vasodilator effects, antiobesity,
antihypercholesterolemic and antiatherosclerotic activities (David, et al., 2016). Quercetin has
been reported to show antibacterial effects against almost all strains of bacteria, particularly
affecting gastrointestinal, respiratory, urinary, and dermal system. Viruses which respond to
flavonoids are adenovirus, herpes simplex virus, Japanese encephalitis virus, and respiratory
syncytial virus (Johari J, et al., 2012, Ramos FA, et al., 2006, Cushinie TP, et al., 2005).
Quercetin is reported to inhibit the uptake of glucose from the blood, blocks the fat cell
production, and enhances fat cell necrosis (Strobel P, et al., 2005, Yang JY, et al., 2008).
Quercetin has potential anticancer properties which include antiproliferative, growth factor

suppression, and antioxidant (Lamson and Brignall, 2000).
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Table 4. 4: *H (400 MHz: m, J Hz) and *C (100 MHz) NMR spectral data of isolated

compounds C6 in CD30D

POSITION Quercetin (C6)
13C 1H
2 147.4
3 135.8
4 175.9
5 161.1
6 97.8 6.08 (d, J = 2.04 Hz, H-6)
7 164.2
8 92.9 6.29 (d, J =2.12 Hz, H-8)
9 156.8
10 1084
I 122.7
2’ 114.8 7.63 (1H,d,J=2.16 Hz, H-2")
3 144.8
4 146.6
5 114.6 6.79 (1H, d, J =8.48 Hz, H-5")
6’ 120.2 7.54 (1H, dd, J =2.16 & 8.48 Hz, H-6)
5-OH 12.18, brs

http://etd Bwe.ac.zal



Figure 5. 11 : apigenin (C7)

4.1.8 Characterization of apigenin (C7)

Compound C7 was obtained as yellow amorphous powder. The EI-MS indicated a pseudo
molecular ion of m/z 269.9 [M+H]*, this matched with the molecular formula C15H100s. The
'H NMR spectrum of compound C7 indicated an apigenin skeleton which was suggested by
the presence of a hydroxyl at 8y 12.6 (s, 5-OH). Two doublets observed at 6n 6.1 (H-6, d, J =
1.72 Hz) and 6.2 (H-8, d, J = 1.8 Hz) which were an indication of 5, 7 disubstituted A ring. An
AA’BB’ spin-system was exhibited by two doublets at o1 7.6 (d, J = 8.84 Hz) and on 7.32 (d, J
= 8.56 Hz) which were assigned to H-2°, 6” and H-3’, 5’ of the flavone chromophore,

respectively.

The ¥C NMR spectrum of compound C7 exhibited the presence of 5¢c [155.2, 99.8, 165.9, and
94.4] for the A- ring, 6c [162.0, 104.5, 183.4, 109.5, and 161.7] for the C-ring, and 6¢c [121.1,
129.1, 116.4 and 154.5] for the B-ring. The structure of compound C7 was proposed in
accordance with the data of apigenin found in the literature (Yang et al., 2007, Liu et al., 2012,
Alwahsh et al., 2015).

Apigenin is abundant in various fruits, vegetables, and medicinal plants, such as parsley, onion,
orange, paper mulberry, Veronica linariifolia, and Rhizoma Polygoni Cuspidati and is reported
to be useful as pharmaceutical agents (Miean et al., 2001). In addition to its anti-inflammatory
and antioxidation activities, apigenin has been used as a dietary supplement because of its

anticancer properties (Fotsis et al., 1997). Apigenin has been reported to exhibit anticancer
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activity in numerous human cancer cells, such as prostate cancer, colon carcinoma, and breast
cancer, with low cytotoxicity and no mutagenic activity (Lin et al., 2012).

Table 4. 5: *H (400 MHz: m, J Hz) and *3C (100 MHz) NMR spectral data of isolated
compound C7 Apigenin) in DMSO.

C7 Lit (Owen et al., 2003)

Position 13C H

2 162.0 165.30
3 104.5 103.78
4 183.4 183.07
5 165.9 166.46
6 99.8 6.1(d,J=1.72 Hz) 99.71
7 155.2 159.6
8 94.4 6.2 (d, J = 1.8 Hz) 93.99
9 154.5 157.33
10 109.5 103.6
I 1211 121.17
2 129.1 7.6 (d,J=8.84 Hz) 128.48
3 116.4 7.2 (d,J=8.60 Hz) 115.97
4 161.7 162.9
5 116.4 7.2 (d, J = 8.60 Hz) 115.97
6 129.1 7.6 (d, J=8.84 Hz) 128.48
5-OH 12.6 (1H, s)
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Figure 5. 12 : amentoflavone (C8)

4.1.9 Characterization of amentoflavone (C8)
The elemental composition of compound C8 was found to be Cz0H1sO010 as determined from

ESI-MS, m/z 538.43 [M+H] " and 1D and 2D NMR data. The *H-NMR spectrum of compound
C8 exhibited two singlets at 6 13.88 (s, H-5"") and 13.37 (s, H-5), of OH-5 of flavone indicating
the presence of two flavonoids linked together as biflavonoid. The two doublets at 6 6.65 (d, J
=2.04 Hz, H-6) and at 6 6.54 (d, ] = 2.04 Hz, H-8) were due to a pair of meta-coupling protons
of an AB spin-system. An AA’XX’ spin-system was exhibited by two doublets at & 7.66 (d, J
=8.84 Hz, 2H) and & 7.32 (d, J = 8.56 Hz, 2H) which were assigned to H-2""’, 6°*” and H-3"’,

5°>” of the flavanone moiety, respectively.

The HMBC spectrum exhibited correlations from H-6 (5 6.53) to C-5, C-7, C-8 and C-10, H-8
(6.63) to C-6, C-7, C-9, and C-10 accounting for the tetra-substituted aromatic A-ring. The
correlation from a proton signal 5°-H (6 7.32) to C1 and C3, and the proton signal 2’-H (& 7.88)
showed correlations to C-4°, C-6’, and C-8”’ established the B-ring, and correlations from 3-H
to C-2, C-4, and C-1 were observed. Further HMBC spectrum analysis exhibited correlations
6’’-H to C-5"’, and C-8’’. Additional HMBC examination showed correlations from 5°°’-H to

C-1"’, and C-3""’. Further HMBC correlations from 2’’-H to C-2, C-1, C-8’* and 6°’-H to C-
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5”’, C-7"" and C-8’’ indicated that two flavonol units were linked at C-3 and C-8’’ positions.
The interflavonoid linkage between two apigenin units corresponding to flavone series (3°— 8’
linkage) was confirmed by the HMBC correlation between H-2* and C- 8°°. The 3C-NMR
spectra of C8 showed two conjugated ketones at §183.80 and & 183.28. The 3C NMR spectrum
of compound C8 was compared with those of an amentoflavone isolated from Podocarpus
nakaii (Yeh et al., 2012). This compound was isolated from S. succedanea, S. retinorrhea, S.

pyroides (Ahmed et al., 2001, Kosar et al., 2006, Svenningsen et al., 2006).

Figure 5. 13 : Selected HMBC correlations in compound C8

Bioflavonoids belonging in this group of flavonoids are known for a variety of biological
activities of high importance such as anti-inflammatory (Kim et al., 2008, Zhou et al., 2011),
anticancer (Silva et al., 1995, Li et al., 2014), antibacterial (Kaikabo and Eloff, 2011), antiviral

(Coulerie et al., 2013) activity.
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Table 4. 6: *H (400 MHz: m, J Hz) and *C (100 MHz) NMR spectral data of isolated

compounds C8 (Amentoflavone) in Pyridine

Position 13C H
Unity | Unity 11 Unity | Unity 11
2 166.1 162.7
3 102.4 102.4
4 183.2 183.5
5 163.02 162.7
6 100.3 99.8 6.65(d,J=2.04Hz)  6.89 (d,J=8.8 Hz)
7 165.6 165.4
8 94.6 103.9 6.54 (d, J = 2.04 Hz)
9 155.7 1545
10 109.4 109.4
I 121.4 120.5
2’ 129.1 129.1 7.88 (d, J=8.8 Hz)
3 116.8 116.2 7.14/(d, J= 8.8 H2) 7.32 (d, J = 8.56 Hz)
4’ 161.2 159.1
5 120.1 116.2 7.32 (d, J=8.65 Hz)
6’ 132.4 129.1 7.65(d, J=856 Hz)  7.88(d,J=8.8 Hz)
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Figure 5. 14 : quercetin-3-O-f-glucoside (C9)

4.1.10 Characterization of quercetin-3-O-g-glucoside (C9)
Compound C9 was isolated as a yellow solid material. In the HRESI-MS [M+H] * spectrum a

molecular ion signal at m/z 486.37 was observed [M+Na']", suggesting the elemental
composition of Cj1H19012. In the *H NMR spectrum two meta-coupling aromatic proton
signals were observed at 61 6.42 (H-8, d, J = 2.04 Hz) and 6.23 (H-6, d, J = 2.04 Hz), indicating
a 5, 7 disubstituted A ring. The AMX spin-system suggesting a flavonol with 3’, 4'-
disubstituted ring B was confirmed by the three aromatic signals at 6.89 (1H, d, J = 8.52 Hz,
H-5"), 7.86 (1H, dd, J = 2.16 and 8.48 Hz, H-6") and 7.63 (1H, d, J = 2.16 Hz, H-2’). The °C
NMR spectrum exhibited 21 carbon signals. The linkage of sugar moiety to quercetin was
supported by HMBC correlation between H-1"" (5.17) and C-3 at ¢ 134.36. The anomeric
proton at 6n 5.17 (d) had a coupling constant of 7.76 Hz confirming the S-orientation of sugar

moiety.

From the HMBC data, correlations (Figure 4.9.5) between H-6 (6.23) to C5, C8, C10; H-8
(6.42) to C4, C6, C7, C9, and C10; H-2’ (7.86) to C1’, C3’ and C4’; H-5" (6.89) to C3’, C4’,
and C6’; H-6" (7.59) to C2, C2’ and C4’ were observed. The results presented here were
compared with the literature data from Zhang et al, 2014, compound C9 was proposed to be

quercetin 3-O- g-glucoside.
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Figure 5. 15 : Key HMBC correlations of quercetin 3-O-p-glucoside (C9).

Quercetin-3-O-p-glucoside showed high antioxidant activity that makes it potent for defense
against oxidative stress and free radical scavenging activities in plants (Razavi et al., 2009).
Quercetin and its glycosilated derivatives has been reportedly shown to have a capacity to
inhibit several key enzymes e.g. phospholipase A2 and C, tyrosin protein kinases, lipoxygenase,
cyclooxygenase, cyclic nucleotide phosphodiesterase and cytochrome Paso systems (Razavi et
al., 2009). Quercetin3-O-f4-glucoside has been reported to exhibit antihistamine, anti-
inflammatory, and anticarcinogenic properties and may help to lower symptoms such as
fatigue, depression, anxiety, coronary heart disease and cancer (Wolffram et al., 2002,

Yamamoto et al., 1999).
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Table 4. 7: *H (400 MHz: m, J Hz) and *C (100 MHz) NMR spectral data of isolated
compounds C9 (quercetin-3-O-4-glucoside) in CDs0OD

Compound C9

Atom 13C H d iit (Zhang et al.,2014)
2 157.05 156.79
3 134.36 133.99
4 178.14 177.97
5 161.61 161.71
6 98.53 6.23 (d, J = 2.04 Hz) 99.16
7 164.74 164.66
8 93.34 6.42 (d, ] = 2.04 Hz) 93.98
9 157.40 156.79
10 104.22 104.39
1’ 121.46 121.59
2’ 116.39 7.86 (d, J = 2.16 H2) 115.67
3 144.42 145.30
4 148.56 148.95
5 114.69 6.89 (d, J =8.52 Hz) 116.44
6’ 121.53 7.62 (dd, J = 2.16/8.52 122.46
Hz)

1” 103.99 517 (d,J= 7.76 Hz) 102.33
27 7177 3.58 (1H, m) 71.70
3” 73.68 3.84 (1H, m) 73.69
4” 68.60 3.87 (1H, m) 68.41
5” 75.77 3.49 (1H, m) 76.32
6 60.52 3.65 1H, (m) 60.62
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Figure 5. 16 : Lupeol (C11la)

2!
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Figure 517 p-amyrin (C11b)

Figure 5. 18 : ¢-amyrin (Cl1lc)
4.1.11 Characterization of an inseparable mixture of compound Lupeol (Cl1a), a-amyrin
(C11c) and (p-Amyrin (C11b)
An inseparable mixture of three isomeric triterpenoids (C11la, C11b and C11c) was isolated

from dichloromethane extract. It showed a pseudo-molecular ion peak at m/z 426.31 [M+H] *
in the HRESI-MS spectrum which is in agreement with C3oHs0O. The sp2 carbons at 6¢c 109.8
and 6c 150.9 (Table 4.8) were an indication of a lupane type triterpene, pentacyclic terpenoids.
The deshielded signal at 6c 79.0 was attributed to C-3 with a hydroxyl group attached to it. The
HSQC correlation of compound (C11a) showed 2 terminal olefinic protons at én 4.56 and at

oH 4.68 ppm attached on the same carbon resonance at 109.8 ppm that confirmed the terminal
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methylene structure. In the HSQC spectrum, one methine carbon at 6¢c 79.01 ppm coupled with

a proton at 3.17 ppm (H-3). Compound (C11a) was established to be Lupeol.

In the *H NMR spectrum of the mixture eight methyl signals were observed. From the *3C NMR
spectrum of the mixture the following signals were observed for oxygenated carbon (8¢ 79.03),
an olefinic and quaternary carbons at 6c 121.5 (C-12) and at 6c 145.8 (C-13) respectively.
HSQC correlation indicated an olefinic proton at 6 5.18 (H-12) attached on d¢ 121.5 ppm and
OH 3.22 attached at ¢ 79.03. In accordance with previously reported data (Dias et al., 2011).

'H NMR and 3C NMR of the mixture indicated the presence of g-Amyrin (C11b).

The 3C NMR spectrum of the mixture showed a quaternary and methine carbon signals at 8¢ -
13 139.6, and dc-12 124.4 respectively. HSQC correlations indicated an olefinic proton 5.12
attached on dc 124.4 ppm, and proton signal 6n 3.21 attached at 6c 79.06 ppm C-3 and there
was a carbon signal at 5¢ 59.1 which corresponds to C-18 of a-amyrin moiety. The downfield
shift of one of the methyl group at o4 1.32, compared with 3 hydroxyurs-12-ene (Galgon et al.,
1999) assisted in assigning one of the methyl groups to C-19. After comparing the experimental
data of the mixture (C11c) with the reported data from Vazquez et al., 2012 we confirmed the

presence of the a-amyrin in the mixture.

a and S-Amyrin have been previously reported to have anti-microbial, anti-inflammatory and
analegisic properties (Vazquez et al., 2012; Recio et al., 1995; Madeiros et al., 2007; Okoye et
al., 2014; Otuki et al., 2005; Soldi et al., 2008). f-amyrin exhibited antifungal activity against
A rabiei with an MIC value of 0.0156 mg/mL (Jabeen et al., 2011). Lupeol has been reported
to induce differentiation and inhibits the cell growth of mouse melanoma and human leukemia
cells (Aratanechemuge et al., 2004; Hata et al., 2002). The morphological observations of

leukemia nuclei and the gel electrophoresis analysis of DNA extract from leukemia cells treated
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with Lupeol and its derivatives exhibited that Lupeol induces apopotosis in these cells (Wal et

al., 2011).

Table 4. 8: *H NMR (400 MHz) and **C NMR (100MHz) data of the mixture-1 (C11a, C11b
and C11c) in CDCls, 6 in ppm, J in Hz

Position a-amyrin (C11c) p-amyrin (C11b) Lupeol (Clla)
1H 13C 1H 13C 1H ISC
1 38.8 38.7 38.6
2 28.7 27.2 27.5
3 3.22(dd,J  79.06 3.21(dd,J= 79.03 3.17(d,J=  79.0
=5.2;10.8 4.8; 105 5.1 Hz)
Hz) Hz)
4 38.7 38.5 39.8
5 0.76 55.3 0.72 55.3 0.69 55.1
6 18.4 18.6 19.0
7 32.2 32.4 34.3
8 40.7 39.8 41.7
9 47.7 47.6 50.7
10 36.6 36.9 37.2
11 23.3 23.6 21.2
12 513 (,J= 1244 5.19 (t, J= 121.7 25.3
3.6 Hz) 3.5 Hz)
13 139.6 145.2 38.6
14 42.1 41.7 42.8
15 21.2 26.2 27.2
16 26.6 26.1 35.9
17 33.7 32.6 43.0
18 1.31 59.1 1.54 47.8 2.39 48.3
19 39.6 1.92 47.3 47.7
20 39.6 31.0 150.9
21 31.2 34.7 30.1
22 1.85 415 37.1 40.8
23 0.83 28.1 0.77 28.0 0.80 28.7
24 0.76 15.6 0.90 155 0.77 15.7
25 0.73 15.6 0.73 154 0.84 16.2
26 0.83 16.9 0.93 16.1 1.04 16.1
27 1.01 23.2 1.19 25.9 0.96 14.5
28 0.94 28.1 1.07 28.4 0.80 18.1
29 0.79 17.9 0.87 33.8 4.69s 109.3
4.56 s
30 0.86 19.4 0.80 23.7 1.70 19.8
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Cl2a & C12b R = Long chain fatty acid ester

Figure 5. 19 : a-amyrin and g-amyrin fatty acid ester

4.1.12 Characterization of inseparable mixture of a-amyrin fatty acid ester (C12a) and
p-amyrin fatty acid ester (C12b)
The *H NMR spectrum of an inseparable mixture showed olefinic protons at 5.18 (t, J = 3.6

Hz) ppm attached to 6c-12 121.6 and at 5.12 (t, J] = 3.5 Hz) attached to dc-12 124.3. Further
analysis of the mixture exhibited a broad signal at 1.25 ppm attributed to the hydrocarbon chain,
a deshielded proton signal at 6n-3 4.5 (1H, dd J = 6.2; 10.6 Hz), a proton signal at dx->> 2.25
attached to C-2’ methylene of the carbonyl group, and a triplet at dn-n (0.87 3H, t, J = 7.5 Hz)

attributed to the terminal methyl group of the hydrocarbon.

The BC NMR spectrum of an inseparable mixture showed the methine (5c-12121.6, 124.3) and
quaternary (dc-13 145.2, 139.) carbons signals corresponding to that of f-amyrin and a-amyrin.
Further analysis of the *C NMR spectrum indicated that the mixture is esterified with a fatty

acid. This was substantiated by the presence of an added methyl signal (6c 14.13) attributed to

http://etd Hwe.ac.zal



the terminal Sp2carbon (CHs) of the hydrocarbon chain, many methylenes (5c 29.18-31.93)
and acyl group (dc 173.69). An oxymethine resonated at a higher chemical shift (6c 80.58)
relative to the chemical shift of f-amyrin and a-amyrin that normally resonates at 79.0 ppm.
Comparing the data of the mixture with previously reported data Cl2a and C12b were
proposed to be a-amyrin fatty acid ester and f-amyrin fatty acid ester respectively (Consolacio
Y. Ragasa et al., 2013). Due to an amount of the mixture we could not do transesterification to

establish the length and the nature of the hydrocarbon chain of the natural ester.
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Table 4. 9: *H NMR (400 MHz) and **C NMR (100MHz) data of the mixture-2 (C12a and
C12b) in CDCls, & in ppm, J in Hz

Position C12a a-amyrin fatty acid ester C12b p-amyrin fatty acid ester
13C 1H 13C 1H
1 384 38.2
2 28.1 27.9
3 80.6 4.50 (dd, J =6.2; 80.6 4.50 (dd, J=6.2; 10.6
10.6 Hz) Hz)
4 37.8 37.1
5 55.1 0.86 55.5 0.83
6 18.2 17.5
7 325 324
8 40.0 39.8
9 47.6 47.5
10 36.8 36.7
11 23.3 23.5
12 124.2 5:12.(t; 1 =3.5H2) 121.6 5.18 (t, J = 3.6 Hz)
13 139.6 145.2
14 42.0 41.7
15 27.2 26.1
16 27.1 26.6
17 32.8 324
18 59.1 1.29 47.5
19 39.8 47.2
20 39.7 31.0
21 31.2 34.7
22 41.2 36.7
23 28.0 0.87 28.7 0.86
24 15.7 0.97 5. 0.97
25 15.5 0.96 16.8 0.98
26 16.9 0.99 16.7 0.96
27 23.2 0.87 25.2 0.97
28 28.1 0.83 27.8 0.79
29 17.8 0.79 33.2 0.87
30 214 0.91 23.5 0.87
I 173.6 173.6
2’ 34.8 2.29 (t,J=7.5Hz) 34.8 2.29 (t, J=7.5Hz)
3’(CHz)n 29.1-31.9 1.25 29.1-31.9 1.25
(CHa) 14.13 0.87(t, 7.5Hz) 14.13 0.87 (t, J = 7.5Hz
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4.2 Physico-chemical properties of isolated compounds

4.2.1 Physico-chemical data of isolated compounds from S. glauca
4.2.1.1 Moronic acid (C1)

Molecular formula C30H4603 MW 454.32
Description: needle white crystals

Mass spectrum: ESI- MS m/z (ES+) 455.21 [M+H] *
NMR spectrum: 'H and 13C see Table 4.4

4.2.1.2 21-p- hydroxylolean-12-en-3-one (C2)

Molecular formula C3oH4s02 MW 440.70
Description: white amorphous powder

Mass spectrum: ESI-MS m/z (ES+) 441.39 [M+H] *
NMR spectrum: 4 and 13C see Table 4.4

4.2.1.3 Myricetin 3-O-f-galactopyranoside (C3)

Molecular formula: C2s5H26014 MW 573.12
Description: yellow solid material

Mass spectrum: ESI-MS m/z (ES+) 574.10 [M+H] *
NMR spectrum: 'H and 3C see Table 4.5

4.2.1.4 Rutin (C4)

Molecular formula Ca7H30016 MW 610.15
Description: yellow solid material

Mass spectrum: ESI-MS m/z (ES+) 632.28 [M+Na] *
NMR spectrum: 'H and 13C see Table 4.5
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4.3 Physico-chemical data of isolated compounds from S. lucida

4.3.1.1 Quercetin (C6)

Molecular formula:  CisH1007 MW 302.26
Description . yellow powder
Mass spectrum  : ESI-MS m/z 303.2 [M+H] *

NMR spectrum: 'H and 3C NMR see Table 4.4

4.3.1.2 Apigenin (C7)

Molecular formula:  CisH1005 MW 270.05
Description . yellow powder
Mass spectrum : ESI-MS m/z (ES+) 269.9 [M+H] *

NMR spectrum: 'H and **C NMR see Table 4.5

4.3.1.3 Amentoflavone (C8)

Molecular formula:  C30H18010 MW 538.46
Description: yellow powder

Mass spectrum: ESI-MS m/z (ES+) 538.12 [M+H]*
NMR spectrum: 'H and *C NMR see Table 4.6

4.4 Physico-chemical data of isolated compounds from S. laevigata

4.4.1 Quercetin-3-O-g#-glucoside (C9)

Molecular formula: C21H19012 MW 463.31
Description: yellow solid material

Mass spectrum: ESI-MS (ES+) m/z 486.37 [M+Na']
NMR spectrum: !H and *C NMR data see Table 4.7
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4.4.1.2 Lupeol (Cl1a)

Molecular formula:
Description:

Mass spectrum:

NMR spectrum:

4.4.1.3 p-Amyrin (C11b)

Molecular formula:
Description:

Mass spectrum:

NMR spectrum:

4.4.1.4 a-amyrin (C11c)

Molecular formula:
Description:
Mass spectrum:

NMR spectrum:

CsoH40 MW 426.78

white powder

ESI-MS (ES+) m/z 424.69 [M+H]*
'H and 3C NMR data see Table 4.8

C30Hs00 MW 426.7

white powder

ESI-MS (ES+) m/z 426.69 [M+H]*
'H and 3C NMR data see Table 4.8

CzoHs00 MW 426.7
white powder
ESI-MS (ES+) m/z 426.69 [M+H] *

H and C NMR data see Table 4.8
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CHAPTER FOUR: BIOLOGICAL ASSAYS

4.5 Section B: biological evaluations
4.5.1 General experimental procedure

4.5.1.1 Reagents and solvents
All the reagents and solvents used are stated in section 3.7.1.

4.5.2 Antioxidant

All experimental procedure for the various antioxidant capacity assays (FRAP, ORAC, and

TEAC), were followed as stated in chapter three section 3.8 to 3.10.2.

4.5.2.1 Evaluating ORAC activity of Rhus extracts of glauca, lucida and laevigata species

The oxygen radical absorbance (ORAC) assay has emerged as a robust method to measure the
peroxyl radical absorbing capacity (with AAPH) of antioxidants and serum or other biological
fluids. The ORAC assay is derived on free radical damage to a fluorescent probe, most
commonly fluorescein, caused by an oxidizing reagent resulting in a loss of fluorescent
intensity over time (Ou et al., 2001). The amount of the oxidant present in the sample test is
correlated with the resultant damage. Conversely inhibition of oxidative damage to the
fluorescent probe can be coordinated with the antioxidant capacity of a compound acting as a
free radical scavenger (Brescia, 2012). The results were reported as the ORAC values which
refers to the net protection area under the quenching curve of -PE (fluorescein) in the presence
of an antioxidant. As indicated from Table 4.10 to Table 4.12 the extracts from three Rhus
species which were prepared by sequential extraction with hexane, dichloromethane, ethyl
acetate, methanol and butanol and their ORAC values were measured. Calibration solutions of
Trolox standard solutions were tested to establish a standard curve. Samples were analyzed in
triplicate. The area under the curve (AUC) was determined for each extract by integrating the
relative fluorescene curve. The regression equation between net AUC and Trolox concentration
was established and ORAC values were reported as M TE/g of plant extract using the standard

curve determined previously.
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The results presented in Table 4.10 showed that ethyl acetate and butanol extracts of S. glauca
exhibited the high ORAC values of 4574.93 + 109.12 and 5653.36 + 328.66 uM TE/g
respectively. The results in Table 5.4 showed that ethyl acetate, methanol and butanol exhibited
the highest ORAC values of 4010.56 + 73.52, 5793.45 + 27.30, and 4198.42 + 166.53
respectively. Hexane and dichloromethane extracts showed the lowest ORAC values of

1013.65 + 12.26 and 1048.15 + 35.35 respectively.
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Figure 6. 1: Bar chart of ORAC values of extracts from R. lucida, R. laevigata and R. glauca
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Table 4. 10: Oxygen radical absorbance capacity (ORAC) of S. glauca extracts

Sample UM TE/g
dichloromethane 3207.09 £ 79.34
Ethyl acetate 4574.93 + 109.12
Butanol 5653.36 + 328.66

Data presented as mean + SD (standard deviation)

Table 4. 11: ORAC activity of S. lucida extracts

Sample MM TE/g
Hexane 1013.65 + 12.26
Dichloromethane 1048.15 + 35.35
Ethyl acetate 4010.56 = 73.52
Methanol 5793.45 + 27.30
Butanol 4198.42 + 166.53

Data presented as mean + SD (standard deviation)

Table 4. 12: ORAC activity of S. laevigata extracts

Sample UM TE/g
Hexane 924.25 + 17.77
Dichloromethane 1067.17 + 38.95
Ethyl acetate 1363.86 £ 72.80
Methanol 3033.18 £ 222.16
Butanol 7475.11 +73.23

Data presented as mean + SD (standard deviation)
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4.5.2.2 Evaluating FRAP activity of the S. glauca, S. lucida, and S. laevigata extracts.
The FRAP assay uses an oxidation/reduction reaction to measure the ability of a sample to

reduce Fe3* to Fe?*. The method is derived from the reduction of a ferric tripyridyltriazine (Fe3*-
TPTZ) colourless complex to Fe?* ferrous form, which has an intense blue colour formed by
the action of electron donating antioxidant at low pH. The reaction is monitored by measuring
the change in absorption at 593nm. The change in absorbance, therefore, is directly related to
the reducing power of the electron donating antioxidants present in the reaction mixture. An
antioxidant donates electrons as a reductant in an oxidation/reductions, so it is assumed that the
FRAP assay is a method for evaluating antioxidant capacity. However, it does not directly
determine the antioxidant capacity of a potential antioxidant. The FRAP values were generated
by comparing the absorbance change in the test mixture with those obtained from increasing

concentrations of Fe** and expressed as uM AAE/g of the sample.

The FRAP activity of the extracts from S. glauca, S. lucida and S. laevigata is presented in
Table 4.13. The results presented in Table 4.13 exhibited that methanol extract, ethyl acetate
and butanol extracts of S. lucida exhibited high FRAP values of 1038.39 + 80.41 uM AAE/qg,
137.24 + 16.54 pM AAE/g and 680.01 £ 96.34 pM AAE/g and while hexane and
dichloromethane extracts revealed low FRAP values of 12.99 + 1.82 uM AAE/g and 40.69 +
2.11 pM AAE/g. The FRAP values obtained from methanol, ethyl acetate and butanol extracts
of S. laevigata showed significant activity i.e; 411.58 £ 79.73, 86.28 £ 9.16 and 977.88 + 71.24
respectively. It was observed that butanol, ethyl acetate and dichloromethane extracts from S.
glauca showed high FRAP values i.e; 1008.67 + 41.65 uM AAE/g, 557.09 + 39.41 uM AAE/g
and 431.62 + 39.34 uM AAE/g respectively. The good antioxidant activity from these results
can be attributed to more phenols and flavonoids normally found in these extracts. The low
FRAP values showed from hexane extracts from R. lucida and R. laevigata can be due to the

absence of phenols and flavonoids.
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Figure 6. 2 : Bar chart of FRAP values of extracts from S. lucida, S. laevigata and S. glauca
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Table 4. 13: Ferric ion reducing (FRAP) and trolox equivalent antioxidant capacities (TEAC)

of S. lucida, S. Laevigata and S. glauca extracts

Sample FRAP (UM AAE/qg) TEAC (uM TE/qg)
S. lucida
Hexane 12.99 +1.82 20.26 + 4.42
Dichloromethane 40.69 £ 2.11 52.20+2.82
Ethyl acetate 137.24 £ 16.54 543.24 +9.34
Methanol 1038.39 + 80.41 1512.08 + 0.06
Butanol 680.01 + 96.34 1075.2 + 114.89
S. laevigata
Hexane 20.52 £ 4.27 0.00
Dichloromethane 39.34+6.94 35.77 £4.01
Ethyl acetate 86.28 + 9.16 150.50 + 12.68
Methanol A1 LSERE 28 UR 715.66 £ 6.76
Butanol 977.88 + 71.24 1104.67 + 24.61
S. glauca
Dichloromethane 431.62 + 39.34 900.44 +49.14
Ethyl acetate 557.09 + 39.41 1095.42 + 28.42
Butanol 1008.67 + 41.65 1438.63 + 13.53

Data presented as mean + SD (standard deviation)

4.5.2.3 Evaluating ABTS/ TEAC activity of the S.glauca, S. lucida, and S. laevigata
extracts.

The antioxidant power of the extracts was examined by using ABTS radical decolorisation
assay, which measures the relative antioxidant ability to scavenge the radical ABTS* (2.2°-
azinobis (3-ethylbenzothiazoline-6-sulfonic acid)), a blue-green chromophore with a maximum
absorption at 734 nm that decreases in its intensity in the presence of antioxidant. Antioxidant
can neutralize the radical cation ABTS", generated from ABTS, by either direct reduction via

electron donation, and the balance of these two mechanism is determined by antioxidant
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structure and pH of the medium (Prior et al., 2005). The TEAC values of various extracts of S.
lucida, S. laevigata and S. glauca are shown in Table 4.13. Methanolic extract of S. lucida
exhibited the highest TAEC value of 1512.08 £ 0.06 (LM TE/g) and butanol extract of S. glauca
indicated the highest TEAC activity of 1438.63 = 13.53 (UM TE/qg). Ethyl acetate of S. glauca
showed the highest TEAC values of 1095.42 + 28.42 (uM TE/g). Hexane and dichloromethane
extracts of S. lucida showed the low TEAC values 20.26 + 4.42 and 52.20 + 2.82 (uM TE/Q)
respectively. Generally, extracts with high content of phenolics exhibited high radical
scavenging and antioxidant activity (Lu and Foo, 2001; Miliauskas et al., 2004; Murthy et al.,

2002; Madhavi et al., 1996).
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Figure 6. 3 : Bar chart of ABTS/TEAC values of extracts from S. lucida, S. laevigata and S.

glauca.

http://etd%a‘i’/vc.ac.za/



4.5.3 Toxicity

4.5.3.1 Brine Shrimp lethality test
Brine shrimp assay is considered as an important tool for preliminary screening of toxicity and

it has been used for the detection of plant extracts toxicity (McLaughlin et al., 1998), toxicity
of heavy metals (Martinez et al., 1999), pesticides (Barahona and Sanchez-Fortun, 1999) and
toxicity testing of dental materials (Pelka et al., 2000), toxicity of nanoparticles (Maurer-Jones
et al., 2013), as well as screening of marine natural products (Carballo et al., 2002).The brine
shrimp lethality assay was performed in all extracts of S. glauca, S. lucida and S. laevigata.
The brine shrimp lethality assay of hexane, dichloromethane, EtOAc, and BuOH extracts was
conducted at 10, 100 and 1000 pg/ml concentration. Triplicate of test tubes were each filled
with ten nauplii at different concentrations of plant extracts (10, 100, and 1000 pg/ml). Control
was prepared by adding 10 nauplii in three test tubes with simulated sea water, and no mortality
rate was observed. The number of surviving nauplii counted after 24 hours were used to
calculate percentage mortality. The results shown in Table 4.14 indicated that ethyl acetate and

butanol extracts were regarded as active due to their high percentage mortality.
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Table 4. 14: Number of dead nauplii after 24 hours

Sample Vials at Vials at 100 | Vials at 10 Control
1000 pg/ml | pg/ml ug/mi
1 2 3 1 2 31 2 3
R. glauca
Hexane 1 1 1 1 1 1 0 0 O 0
DCM 2 2 2 1 1 1 0 0 1 0
EtOAC 5 4 6 1 2 2 1 1 0 0
Butanol 7 7 8 2 3 1 1 1 1 0
R. lucida
Hexane 1 1 O 1 1 0 1 0 1 0
DCM 2 2 1 1 1 1 4 1 1 0
EtOAC 6 5 5 y—_— 2 1 o, 0
Butanol 7 6 8 28 8 3 3 in_2 0
R. laevigata
Hexane 1 2 1 11 1 1 0 4] O 0
DCM 2 2 1 2 1 1 1 0 0 0
EtOAC 5 6 6 N R 2 0 g & 0
Butanol 7 8 7 353 2 1 Puod 0
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Table 4. 15: Brine shrimp lethality assay for three extracts (S. glauca, S, lucida and S.

laevigata) percentage mortality after 24 hours.

Sample 1000 100 10 pg/ml LC50 Remarks
pg/mi pug/mi
S. glauca
Hexane 10 10 0 >1000 Inactive
DCM 20 10 3.3 >1000 Inactive
EtOAC 50 13.3 6.6 996.74 Active
Butanol 73.3 20 10 621.24 Active
S. lucida
Hexane 6.7 3.3 3.3 >1000 Inactive
DCM 16.7 10 10 >1000 Inactive
EtOAC 53.3 23.3 10 905.22 Active
Butanol 70.0 26.7 $5=5 676.68 Active
S. laevigata

Hexane 13.3 10 0 >1000 Inactive
DCM 16.7 13.3 B3 >1000 Inactive
EtOAC 56.7 16.7 6.7 855.79 Active
Butanol 73.3 26.7 16.7 5711 Active

Values are mean of three replicates
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4.5.4 Enzyme inhibition

4.5.4.1 In vitro activity on carbohydrate digestive enzymes
The extracts of Searsia species were screened to determine their inhibition activity to enzymes

relevant to the management of diabetes. A therapeutic approached used in managing non-
insulin dependent hyperglycaemia is through inhibition of glucosidase and amylase that control
the breakdown and absorption of glucose and its precursors in the small intestine (Deol et al.,
2016). The extracts were tested at 2.0 mg/ml. The results for both enzymes are shown in Table
4.16. The extracts with 25-50 % inhibitory effect on the a-glucosidase (low potent), extracts
with 50-75 % (moderate potency), 75 -100 % (high potency) (Ahmad et al., 2008). The enzyme
inhibition from S. glauca extracts were between 41.2 to 50.08 % for a-amylase and between
55.76 to 85 % for a-glucosidase; S. lucida extracts were between 24.95 to 60.88 % for a-
amylase and between 49.28 to 93.54 % for a-glucosidase; S. laevigata extracts showed an
enzyme inhibition between 40.99 to 59.72 % for a-amylase and for a-glucosidase between

68.28 t0 90.10 %.

Table 4. 16: Inhibitory activity (%) of Searsia extracts on some carbohydrate digestive

enzymes
a-amylase a- glucosidase
S.glauca |S.lucida |S. laevigata | S.glauca | S.lucida |S.
laevigata

Hexane |41.2+ 24.95 + 41.81 + 59.13+1.02 | 91.85+1.30 | 73.92+2.30
1.23 2.12 1.04

DCM 50.08 3347 + 40.99 + 85.22+2.07 | 49.28+1.19 | 68.28+1.12
+1.06 1.21 2.12

EtOAc |39.85% 50.16 + 5231+ 62.50+1.05 | 93.54+2.01 | 79.99+1.23
1.41 1.71 1.01

Butanol | 47.71 % 60.88+2.21 | 59.72 + 55.76+1.45 | 67.74+1.27 | 90.10+2.06
2.54 2.14

Data expressed as mean + SD.
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The isolated compounds from the three plants were screened against a-glucosidase and a-
amylase at 125.0 pg/ml to determine their inhibitory activity. The compounds that showed
activity during screening were tested further to determine their 1Cso values from various
concentrations from (125.0; 62.5; 31.25; 15.63; 7.82; 3.91; 1.95 pg/ml). It was only compound
C1 and C8 that showed activity at 125.0 pg/ml, and were tested against the two digestive
enzymes to examine their 1Cso values. Compound C1 and C8 showed more potent inhibition
values for a-glucosidase and a-amylase (ICso 10.57 + 2.02; 20.08 £ 0.98) and (ICs0 5.57 £ 1.17;
19.84 + 1.03) respectively. Compound C1 showed high potency on a-glucosidase compared
with the positive control (Quercetin) with an 1Cso value of 105.41 + 2.30 pg/ml and C8 showed
the highest potency with an ICsp value of 5.57 pg/ml.

Table 4. 17: ICsp values of tested compounds on a-glucosidase and a-amylase

I1Cso (pg/ml)
Compound a-glucosidase a-amylase
Amentoflavone (C8) 5.57+1.17 19.84 +1.03
Moronic acid (C1) 10:57-4+ 202 20.08 £ 0.98
Quercetin 105.41 +£2.30 -
Acarbose - 10.25+£1.23
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5. CONCLUSION

This thesis explores the phytochemistry of S. glauca, S. lucida and S. laevigata and the
biological activities of extracts from the selected Searsia species. The phytochemistry of the
aerial parts of these plants has not been investigated before.

After the preparation of the crude extracts using different solvents such as Hexane, DCM, Ethyl

acetate, Butanol and Methanol, eleven (11) pure compounds were isolated.

The pure compounds were structural characterized and elucidated using chromatographic and
spectroscopic techniques. The pure compounds isolated from Searsia glauca were identified
as, Moronic acid (C1), 21-B-hydroxylolean-12-en-3-one (C2), B-amyrin (C10) and two

flavonoids, Myricetin 3-O-B-galactopyranoside (C3), and Rutin (C4).

The phytochemical investigation of the extracts from the aerial parts of Searsia lucida led to
the isolation of four known compounds; one triterpene, Moronic acid (C5), and three flavonoids

quercetin (C6), Apigenin (C7), and Amentoflavone (C8).

The phytochemical investigation of Searsia laevigata led to the isolation of six known
compounds namely, quercetin-3-O-f-glucoside (C9), and a mixture of Lupeol (Clla), B-
amyrin (C11b) and a-amyrin (C11c) and a mixture of B-amyrin fatty acid ester (C12b) and a-

amyrin fatty acid ester (C12a).

The crude extracts from the plants were screened for FRAP, TEAC and ORAC activities. S.
lucida showed FRAP values for Hexane 12.99 + 1.82, DCM 40.69 £ 2.11, EtOAc 137.24 +
16.54, Butanol 680.01 + 96.34, and MeOH 1038.39 + 80.41; TEAC values were (Hexane 20.26
+4.42, DCM 52.20 + 2.82, EtOAC 543.24 £ 9.34, Butanol 1075.2 + 114.89, and MeOH 1512.08
+ 0.06); ORAC values were (Hexane 1013.65 + 12.26, DCM 1048.15 + 35.35, EtOAc 4010.56
+ 73.52, and Butanol 4198.42 + 166.53, MeOH 5793.45 + 27.30). S. laevigata showed FRA

values (Hexane 20.52 + 4.27 , DCM 39.34 + 6.94 , EtOAc 86.28 + 9.16 , Butanol 977.88 +
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71.24, and MeOH 411.58 + 79.73; TEAC values were (Hexane 0.00 , DCM 35.77 £ 4.01 ,
EtOAc 150.50 + 12.68 , Butanol 1104.67 + 24.61, MeOH 715.66 + 6.76); ORAC values were
(Hexane 924.25 + 17.77 , DCM 1067.17 + 38.95 , EtOAc 1363.86 + 72.80 , Butanol 7475.11
+ 73.23, MeOH 3033.18 £ 222.16 ); S. glauca : FRAP values (DCM 431.62 + 39.34, EtOAc
557.09 + 39.41, Butanol 1008.67 + 41.65), TEAC values were (DCM 900.44 £ 49.14, EtOAC
1095.42 + 28.42, Butanol 1438.63 + 13.53); ORAC values were (DCM 3207.09 = 79.34 ,
EtOAc 4574.93 + 109.12, Butanol 5653.36 = 328.66). Extracts shown from ethyl acetate,
methanol and butanol extracts showed that these extracts have a large amount of phenolics.
Some of the secondary metabolites isolated from these extracts are reported to exhibit high
radical scavenging, antiviral activity and antioxidant activity. The antioxidant activity of the
methanol, and butanol extracts of the aerial parts of these selected Searsia species showed that
these plants have a potential to be used as sources of antioxidant agents due to the compounds
isolated from these extracts. The isolated compounds and mixtures, each with their own
biological activity could play a key role in the bioactivity of the extracts and the medicinal

value of the plant extracts administered as traditional medicine.

The brine shrimp lethality assay results from extracts showed the following LCso for all the
selected plants; S. glauca (Hexane > 1000, DCM >1000, EtOAc 996.74, Butanol 621.24); S.
lucida (Hexane >1000, DCM >1000, EtOAc 905.22, Butanol 676.68); S. laevigata (Hexane
>1000, DCM >1000, EtOAc 855.79, Butanol 571.1). The extracts ethyl acetate and butanol
extracts showed the highest percentage mortality while hexane and dichloromethane extracts

exhibited less percentage mortality.

Enzyme inhibition of the extracts from these Searsia species plants exhibited strong inhibition
activity of more than 90 % against a-glucosidase and some indicated more than 50 % against
a-amylase. The enzyme inhibition from S. glauca extracts were between 41.2 to 50.08 % for

a-amylase and between 55.76 to 85 % for a-glucosidase; S. lucida extracts were between 24.95
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t0 60.88 % for a-amylase and between 49.28 to 93.54 % for a-glucosidase; S. laevigata extracts
showed an enzyme inhibition between 40.99 to 59.72 % for a-amylase and for a-glucosidase
between 68.28 to 90.10 %. Selected compounds isolated from these plants showed good 1C-50.
The enzyme inhibitory effects indicated by the plants extracts and compounds isolated afford

these plants an opportunity to be used as agents for antidiabetic management.

This research has contributed to the knowledge relative to the photochemistry and biological

activities of the Searsia species.
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ANNEXURE ONE: NMR SPECTRUM OF COMPOUNDS ISOLATED FROM RHUS
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Figure 7. 2 : The 3C NMR of moronic acid (C5) in CDCls
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Figure 7. 3: The HSQC of moronic acid (C5) in CDCls
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Figure 7. 6 : The 13C NMR of quercetin C6 in CDsOD
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ANNEXURE TWO: NMR SPECTRUM OF COMPOUNDS ISOLATED FROM RHUS
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Figure 7. 16 : The HMBC of moronic acid (C1) in CDCls
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Figure 7. 18 : The *C NMR spectrum of 21-4-
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Figure 7. 19 : The HSQC spectrum-of 21-g-hydroxylolean-12-en-3-one (C2) in CDCl3z
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Figure 7. 20 : The HMBC of 21-4- hydroxylolean-12-en-3-one (C2) in CDCl3

http://etd%ﬁ%vc.ac.za/

F1[ppm]

120 100 80 60 40

140

F1[ppm]

20

100

120



[ppm]

50 0

http://etd%l‘cj(\)/vc.ac.za/

150

Figure 7. 22 : The *C-NMR of myricetin 3-O-8-galactopyranoside (C3) in CDs0D
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Figure 7. 23 : The HSQC of myricetin 3-O-f-galactopyranoside (C3) in CD30D
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Figure 7. 24 : The HMBC of myricetin 3-O-f-galactopyranoside (C3) in CDsOD
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Figure 7.25 : The *H NMR of Rut
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Figure 7. 27 : The HSQC of Rutin (C4) in CD30D

Jﬂl MAJPULLJU b JULQ Mm

F2 [ppm]

T i i i T 1
120 100 8 ) Q0 2 F1 [ppm]

T
140

T
F1[ppm]

100

Figure 7. 28 : The HMBC of Rutin (C4) in CDs0OD
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ANNEXURE THREE: NMR spectrum of compounds isolated from R. laevigata
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Figure 7. 29: The *HNMR of a-amyrin (C11a), B-Amyrin (C11b) and Lupeol (C11c) in

CDCls
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Figure 7. 30: The
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Figure 7. 31 : The HSQC of a-amyrin (C11c), and 3-Amyrin (C11b) and Lupeol (C11a) in
CDCl3
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Figure 7. 32: The HMBC of a-amyrin (C11c), and B-Amyrin (C11b) and (Lupeol) (C11a) in
CDCls
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Figure 7. 33 : The *H NMR of Quercetin-3-O-4-glucoside (C9) in CDs0D
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Figure 7. 34 : The
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Figure 7. 35 : The HSQC of Quercetin-3-O-4-glucoside (C9) in CD30D
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Figure 7. 36 : The HMBC of Quercetin-3-O-4-glucoside (C9) in CDsOD
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Figure 7. 37 : The *H NMR spectrum of s-amyrin (C10) in CDCls
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Figure 7. 38 : The *C NMR spectrum of s-amyrin (C10) in CDCls
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Figure 7. 39 : The HSQC spectrum of f-amyrin (C10) in CDCls
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Figure 7. 40 : The HMBC spectrum of g-amyrin (C10) in CDCls
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