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CHAPTER ONE
INTRODUCTION

1.1 Background of the study

Diabetes mellitus is a metabolic disorder characterized by chronic hyperglycemia or increased
blood glucose levels with disturbance in carbohydrate, fat and protein metabolism resulting
from abscolute or relative lack of insulin secretion and/or defective insulin action (W.H.O,
2016). Following different ways of manifestation in different individuals, the disease is
categorized as type 1, type 2 and gestational diabetes mellitus. Type-1 is characterized by
autoimmune or idiopathic B-cells destruction leading to lack of insulin (Eckel, Grundy, &
Zimmet, 2005; Schenk, Saberi, & Olefsky, 2008). Type-2 diabetes mellitus is multifaceted
metabolic disorder consisting of hyperglycemia and defective insulin actions and/or insulin
secretion (Lin & Sun, 2010). It ranges from predominantly insulin resistance to a total secretory
defect with or without insulin resistance, a progressive diminishing pancreatic function over
time (Eckel, Grundy, & Zimmet, 2005; Schenk, Saberi, & Olefsky, 2008). It is one of the
primary threats to human health globally due to increasing prevalence, and disabling
complications. Gestational diabetes mellitus a predisposing condition of high blood glucose
(intolerance) occur among expectant mothers associated with persistent metabolic dysfunction
in women (W.H.O, 2016; Whiting, Guariguata, Weil, & Shaw, 2011; Wild, Roglic, Green,
Sicree, & King, 2004). Generally, increase in diabetes mellitus has been occasioned by life
style changes including increased intake of processed food, food containing high sugar content
and sedentary life style (W.H.O, 2016; Whiting, Guariguata, Weil, & Shaw, 2011; Wild,
Roglic, Green, Sicree, & King, 2004). Efforts that promote the application and usage of
indigenous natural food resources and life style management is thus being encouraged

including consumption of indigenous food stuff and avoidance of sedentary lifestyles.



Diabetes mellitus manifest in different forms to different age groups despite several
drug interventions (Akhilesh, 2012). Available anti-hyperglycemic drugs include those that
stimulate endogenous insulin secretion, enhance action of insulin at the target tissues and
inhibitors of digestion of dietary starch (Eichler, Korn, Gasic, Prison, & Businger, 1984). One
of the management approaches proposed for hyperglycemia involves reduction of post-prandial
hyperglycemia by delaying absorption of glucose (Akhilesh, 2012). Retardation of starch
digestion and absorption by inhibition of enzymes play a key role in control of post-prandial
hyperglycemia by lowering serum glucose levels (Shai, Masoko, Mokgotho, Magano, Mogale,
Boaduo, et al., 2010; Tarling, Woods, Zhang, Brastianos, Brayer, Andersen, et al., 2008). An
array of therapeutic options capable of managing post-prandial blood glucose levels are
available (Tarling, et al., 2008). However, their modes of action are not clearly known while
those with known modes of inhibition have side limitations that are associated with them.

Natural a-amylase inhibitors from medicinal plants offer an alternative option to control
post-prandial hyperglycaemia (Shai, et al., 2010). Notably, several a-amylase inhibitors, such
as acarbose (Schmidt, Frommer, Muller, Junge, Wingender, & Truscheit, 1977), valiolamine
(Kameda, 1984), voglibose (Horii, 1986), nojirimycin (Eichler, Korn, Gasic, Prison, &
Businger, 1984; Niwa, Inoue, Tsuruoka, Koaze, & Niida, 1970), miglitol (Bischoff, 1994)
salacinol and kotalanol (Yoshikawa, Murakami, Shimada, Matsuda, Yamahara, Tanabe, et al.,
1997) have their origins from plants. These plants isolates have been evaluated as potent
inhibitors of a-amylases and a-glucosidases enzymes and confirmed in animal models as anti-
hyperglycemic (Gulati, Serena, & Gupta, 2017), and most of them are prescribed for
management of hyperglycemia (Yoshikawa, et al., 1997). This suggests that plant metabolites
could be ethnomedicinally relevant as complementary and alternative for management of
hyperglycemia as well as serving as lead sources for new anti-hyperglycemic drugs (Gulati,

Serena, & Gupta, 2017). However, many of synthetic analogues have shown certain limitations



including non-specificity, displaying serious side effects and failure to manage hyperglycemia
successfully. The scenario necessitates search for a-amylase inhibitors from natural materials,
regarded as promising option for management of hyperglycemia. However, anti-
hyperglycemic potential of Lannea schweinfurthii stem bark is not documented.

In recent times, medicinal plants have been noted to gain relevance in management of
diabetes with less side effects and less expensive relative to synthetic anti-hyperglycemic
agents (Mukherjee, Maiti, Mukherjee, & Houghton, 2006). Over 400 plant species elaborating
different classes of compounds such as alkenyl cyclohexenone derivatives (Marles, 1995;
Mukherjee, Pandey, & A.S., 2012), sterols, terpenoids, phenolic compounds and alkaloids
(Yeo, Lee, & Popovich, 2011), have received scientific evaluation for their efficacy as anti-
hyperglycemic agents (Marles, 1995; Mukherjee, Pandey, & A.S., 2012). A plant such as
Lannea schweinfurthii is a good example that has been reported for use by communities in East
Africa to manage hyperglycemia following case study reports from herbalists and traditional
healers in many East African communities for use of its stem bark to treat hyperglycemia
related ailments (Tshikalange, 2007). Some plants species from the genus Lannea have as well
been cited for management of hyperglycemia and so far, been evaluated (Allenki, Vasantha,
Chitturi, & K., 2014). For instance, the effect of ethanol leaf extract of Lannea coromandelica
(Houtt) tested against alloxan-induced hyperglycemia in male Wister rats, showed significant
hyperglycemic activity comparable to standard drug metformin (Allenki, Vasantha, Chitturi,
& K., 2014). Such results were indicative of potential of Lannea species against post-prandial
hyperglycemia (Deutschlinder, Lall, & van de Venter, 2009; Rahmatullah, Azam, Khatun,
Seraj, Islam, Rahman, et al., 2012) since plants of common genetic origin tend to have similar
phytochemical components. This 18 not necessarily as plant species may exhibit variation in

phytochemical constituents which ultimately may have influence on their biological properties.



However, phytochemical evaluation of Lannea schweinfurthii stem bark on post-prandial
hyperglycemia is not documented.

Previously, compounds including 3,5,3'.5'-tetrahydroxy-4'-methoxy-6,7-(2",2"-
dimethylchromene)-flavonol (1) trivialized as lanneaflavanol, (2R,3R)-3,5,3',5'-tetrahydroxy-
4'-methoxy-6,7-(2",2"-dimethylchromene)-dihydroflavonol ~ (2) trivialized as lannea
dihydroflavancl, sitosterol (3), lupenone (4), epicatechin (5), alcohols and hydrocarbons
(Kihagi, 2016 ) were isolated from Lannea schweinfurthii, majority of which were established
as good antioxidants. Antioxidants reduce oxidative stress induced as a result of excessive
generation of free radicals when actions of insulin are impaired (Johansen, 2005; Van Wyk,
Van Oudtshoom, & Gericke, 2005). Such results could link the plant to be helpful in managing
impairment caused by diabetes mellitus. It is also possible that there could be unknown
compounds from Lannea schweinfurthii stem bark responsible for a-amylase inhibitory effects
on carbohydrate hydrolysis beyond managing free radicals. However, scientific facts to

validate inhibition of a-amylase activities and modes of inhibition are not documented.
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Different plants extracts and isolates have been reported to show inhibitory activities
on g-amylase with different modes of inhibition such as mixed inhibition for majority of crude
extracts while few extracts exhibit competitive, uncompetitive or non-competitive modes
(Fatai, Anofi, & Ashafa, 2018; Priscilla, Roy, Suresh, & Kumar, 2014; Xu, 2010; Zhang,
Wang, & Dong, 2014). The modes of inhibition against enzymatic activities is always
established using Michaelis-Menten kinetic parameters based on double reciprocal plot of
reaction velocity, 1/v (mM/min)"' against substrate concentration 1/[S] (mM)"' which then
display dissociation constant (Ki) and maximum reaction velocity (Vmax) values, and inhibition
constants (K; and K;) which would reveal mode of inhibition. Most plants with potent anti-
hyperglycemic activities and active compounds identified, Michaelis-Menten Kinetic
parameters have been established to validate possible modes of action. Lannea schweinfurthii
is an ethnomedicinal plant used against diabetic conditions. However, active phytochemicals
and their modes of action have not been established, therefore efficacy of the plant remains

undocumented.

1.2 Statement of the problem

Natural a-amylase inhibitors from food-grade plants or medicinal plants such as Lannea
schweinfurthii may offer an alternative option to control post-prandial hyperglycaemia.
However, the extent to which the plant extracts may inhibit g-amylase and control glucose

absorption rate has not been established. Use of Lannea schweinfurthii has been reported in the



management of hyperglycemia widely by different communities in East Africa. This is without

scientific evidence relating bioassay results against hyperglycaemia and chemical components.

The inhibitory potential and mode of inhibition of compounds from Lannea schweinfurthii

stem bark on o-amylase activities are not known.

1.3 Objectives

1.3.1 General objectives

To characterize and establish a-amylase inhibitory compounds and their modes of inhibition

from Lannea schweinfuirthii stem bark.

1.3.2 Specific objectives

ii.

il

1v.

To determine in-vitro inhibitory effects of crude extracts from Lannea schweinfurthii
stem bark against o-amylase activities.

To determine structures of isolates from Lannea schweinfurthii stem bark using
chromatographic and spectroscopic techniques, respectively.

To determine in-vitro inhibitory effects of isolates from Lannea schweinfurthii stem
bark against a-amylase activities.

To determine in-vitro modes of inhibition of active isolates from Lannea schweinfurthii

stem bark against o-amylase activities based on Michaelis-Menten kinetic parameters.

1.4 Hypothesis

1.4.1 Null Hypothesis

il.

1il.

Crude extract from Lannea schweinfurthii stem bark do not possess activities against
a-amylase.

Compounds from Lannea schweinfurthii stem bark do not have activities against ¢-
amylase.

Compounds from Lannea schweinfurthii stem bark do not have clear modes of

inhibition on g-amylase.



1.5 Justification
The use of available anti-hyperglycemic drugs which have several drawbacks such as not safe
and ineffective for management of hyperglycemia. The use of Lannea schweinfurthii stem bark
by traditional practitioners may offer alternative and/or additional option, therefore its

therapeutic potential needs to be authenticated.



CHAPTER TWO
LITERATURE REVIEW

2.1 Epidemiological aspects of diabetes mellitus
Prevalence of diabetes mellitus has been on an upward trend over the past few decades,
ostensibly due to life style changes characterized by sedentary life style, certain dietary
component, smoking, and psychological stress (Jeon, 2007). Over 350 million and 88 million
people worldwide are estimated to suffer from type-2 and type-1 diabetes mellitus, respectively
(Spiller & Sawyer, 2006; W.H.O, 2003, 2016). Type-1 is characterized by autoimmune or
idiopathic p-cells destruction leading to insulin deficiency (Eckel, Grundy, & Zimmet, 2003;
Schenk, Saberi, & Olefsky, 2008). Type-2 diabetes mellitus is multifaceted metabolic disorder
consisting of hyperglycemia and defective insulin actions and/or insulin secretion (Lin & Sun,
2010). It ranges from predominantly insulin resistance to a total secretory defect with or
without insulin resistance, a progressive diminishing pancreatic function over time (Eckel,
Grundy, & Zimmet, 2005; Schenk, Saberi, & Olefsky, 2008). It is one of the primary threats to
human health globally due to increasing prevalence, and disabling complications. Insulin is the
principle hormone that regulates the uptake of glucose from the blood (Gardner & Shoback,
2011) and its deficiency or the insensitivity of its receptors play a crucial role in all forms of
diabetes mellitus. Gestational diabetes mellitus, a predisposing condition of high blood ghicose
(intolerance) occur among expectant mothers associated with persistent metabolic dysfunction
in women (Schenk, Saberi, & Olefsky, 2008). Following such variations in manifestation of
diabetic ailments, its management requires multifaceted approach of both chemotherapeutic
and non-chemotherapeutic interventions. However, it remains undocumented the best option
in management of diabetic conditions.

Impairment of insulin actions (insulin resistance), failure of which can induce oxidative

stress through excessive generation of free radical that may impair endogenous antioxidant



defense and in turn cause various secondary complications (Johansen, 2005). Diabetes mellitus
complications cause damage to organs like kidneys, liver, eyes, nerves, heart and blood vessels,
resulting in increased disability, reduced life expectancy and enormous health cost (Nathan,
Genuth, Lachin, Cleary, Crofford, Davis, et al., 2003) and can lead to death (Pari, Latha, &
Rao, 2004). Chronic occurrence of insulin resistance leads to hyperglycemia (Fernandez-Mej,
2013) of which post-prandial hyperglycemia is prominent and early defects of diabetes mellitus
(Johansen, 2005). Therefore, a prominent therapeutic approach is to manage post-prandial
hyperglycemia by delaying absorption of glucose.

A safe and more effective paradigm is yet to be achieved in management of
hyperglycemia despite numerous available synthetic and indigenous anti-hyperglycemic agents
(Spiller & Sawyer, 2006). Available anti-hyperglycemic management options include;
stimulation of endogenous insulin secretion, enhancements of action of insulin at the target
tissues, use of oral hypoglycemic agents such as biguanids and sulfonylureas and inhibition of
degradation of dietary starch by a-amylase (Eichler, Korn, Gasic, Prison, & Businger, 1984).
However, such management options have several limitations such as non-specificity, failure to
manage other diabetes mellitus complications and produce serious side effects (Cheng &
Fantus, 2005). For instance, a-amylase inhibitors and thiazolidines based drugs have been
reported to pose a significant risk of morbidity, mortality and secondary permanent damages
to organs as liver, kidney after prolonged period of administration (Scheen & Paquot, 2013;
Singh, Bhat, & Wang, 2013). Generally, several drugs present inadequate efficacy and adverse
side effects such as flatulence, digestive and liver function disorders (Nasri, Shirzad,
Baradaran, & Rafieian-kopaei, 2015). Due to these risks of synthetic anti-hyperglycemic
therapy, indigenous medicinal plant remedies may offer alternative and/or complimentary
management strategy. However, there are non-established efficacies across the broad spectrum

of plant-based remedies such as Lannea schweinfurthii.



One of the strategies adopted to treat hyperglycemia is inhibition of carbohydrate
hydrolytic enzymes such as a-amylase in the epithelial mucosa of small intestine which thus
retard intestinal glucose absorption and decrease post-prandial blood glucose levels (Shai, et
al., 2010). Pancreatic amylase is a key enzyme in the digestive system and catalyzes the initial
step in hydrolysis of starch to a mixture of smaller oligosaccharides consisting of maltose,
maltotriose and a number of a (1-6) and a (1-4) oligoglucans. These are then acted on by a-
glucosidases and further degraded to glucose which on absorption enters the blood-stream.
Inhibition of a-amylase would result in reduced levels of post-prandial hyperglycemia (Eichler,
Korn, Gasic, Prison, & Businger, 1984). However, the challenge is finding suitable medicinal
plant-based remedies i.e anti-hyperglycemic metabolites which would reduce degradation
levels of carbohydrates through a-amylase inhibition with less severe side effects.

Based on these facts, the search for effective, unique and safe inhibitors for
carbohydrate hydrolytic enzymes such as a-amylase from natural sources as plants has been
given priority, on the premise that nature has diverse chemical and biological entities.
Therefore, discovery of a-amylase inhibitors from natural materials such as plant and establish
their mode of enzymatic inhibition can be regarded as promising direction towards
management of diabetes mellitus. However, much is not documented about many of the natural
sources of ethnomedicinal plants such as Lannea schweinfurthii known for treatment of

diabetes mellitus.

2.2 Ethnobotanical management of diabetes mellitus

Over 1000 plant species have been reported for management of type-2 diabetes mellitus
worldwide (Trojan-Rodrigues, Alves, Soares, & M., 2012). W.H.O recommendations on the
use of plant products as anti-hyperglycemic agents is based on their ability to restore functions
of pancreatic tissues by causing an increase in insulin output or inhibit intestinal absorption of

glucose or facilitation of metabolites in insulin dependent process (W.H.O, 2016). However,
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the major hindrance in integration of herbal medicine into modern medical practice is lack of
scientific and clinical data giving efficacy thus, before any clinical research there is need for
metabolite identification and appropriate biological tests for standardization (W.H.O, 2016).
The current scientific evidence demonstrates that preventing onset of hyperglycemia using
dietary supplement and herbal medicines have attracted increasing attention (Gulati, Serena, &
Gupta, 2017). Consequently, many other plants have been reported in traditional system of
medicine of many cultures to have beneficial anti-hyperglycemic effects and herbal treatments
have been used in patients with insulin-dependent and non-insulin-dependent diabetes mellitus,
diabetic retinopathy and diabetic peripheral neuropathy (Gulati, Serena, & Gupta, 2017;
Marles, 1995; Mukherjee, Pandey, & A.S., 2012).

Plant isolates have been evaluated as potent inhibitors of a-amylase and a-glucosidases
enzymes and confirmed in animal models as anti-hyperglycemic (Gulati, Serena, & Gupta,
2017) and most of them are prescribed for management of hyperglycemia (Yoshikawa, et al,,
1997). This suggests that plant metabolites could be ethnomedicinally relevant as
complementary and alternative options for management as well as used as templates for drug
development (Gulati, Serena, & Gupta, 2017). For instance, the discovery of salacinol (12) and
kotalanol (13) from the Sri Lanka and Indian plant Salacia reficula (Yoshikawa, et al., 1997,
Yoshikawa, Murakami, Yashiro, & Matsuda, 1998) which have proved to be in the rank of
most potent inhibitors. Salacinol (12) exhibited inhibitory activities towards maltase and
sucrase nearly equal to those of acarbose (6) and towards isomaltase was much more potent
than acarbose (6) (Yoshikawa, et al., 1997; Yoshikawa, Murakami, Yashiro, & Matsuda, 1998).
Kotalanol (13) showed a more potent inhibitory activity than salacincl (12) and acarbose (6)
towards sucrase (Yoshikawa, et al., 1997; Yoshikawa, Murakami, Yashiro, & Matsuda, 1998).
Furthermore, salacinol (12) strongly inhibited increase of serum glucose levels in sucrose-

loaded rats than acarbose (6) (Yoshikawa, Murakami, Yashiro, & Matsuda, 199§).
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Plant and plant products have proved to have least associated side effects and more
effective in management of hyperglycemia compared to synthetic anti-hyperglycemic drugs
available in the market. Ethnomedicinal remedy thus provides an alternative research options,
since a lot remain unestablished regarding their underlying principle active compounds in
plants and their inhibitory kinetics. Traditional herbal medicines constitute a good basis for
new anti-hyperglycemic discovery and development of synthetic medicinal remedies.
However, o-amylase inhibitory compounds from traditional medicinal plants such as Lannea
schweinfurthii and their modes of inhibition remains undocumented as there is no study relating

metabolites with a-amylase inhibitory activities and modes of inhibition.

2.3 Common natural inhibitors of human intestinal glucosidases

Inhibition of all or some of the intestinal disaccharides and pancreatic amylase as a way of
regulating absorption of carbohydrates and using inhibitors as therapeutic option in oral
management of non-insulin-dependent diabetes mellitus was realized in 1970s (Asano, 2003).
The first and still a relevant inhibitor, acarbose (6) was discovered from actiniplanes strain of
bacteria as a potent inhibitor of pig intestinal sucrase with an ICso of 0.5 mM (Schmudt,
Frommer, Muller, Junge, Wingender, & Truscheit, 1977). Acarbose (6) was also effective in
carbohydrate loading tests in rats and healthy volunteers, where it reduced post-prandial blood
glucose and increasing insulin secretion (Puls, Keup, Krause, Thomas, & Hoffmeister, 1977).
Thus, it became the drug of choice for management of diabetes mellitus for nearly 40 years
(Asano, 2003). In 1984, N-substituted glucose-like compound valiolamine (7) isolated from
Streptomyces hygroscopicus var. limoneus was established to inhibit pig intestinal maltase and
sucrase with 1Cso of 2.2 and 0.049 mM, respectively (Kameda, 1984). Following such potent
activities, several other N-substituted valiolamine derivatives were synthesized, and one of the
derivatives, voglibose (8) was discovered as an oral anti-hyperglycemic agent with ICso values

of 0.015 and 0.0046 mM towards maltase and sucrase, respectively (Horii, 1986). The
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successful application of these natural compounds in management of post-prandial
hyperglycemia indicates that discovery of alternative options would help bridge the gap as less
toxic, readily available or effective.

In 1966, (Inoue, 1966) discovered a glucose analog with nitrogen atom in place of the
ring oxygen, nojirimycin (9) from Streptomyces roseochromogenes and S. lavendulae as
antibiotic but later was realized to inhibit ¢-amylase (Niwa, Inoue, Tsuruoka, Koaze, & Niida,
1970). However, this iminosugar with hydroxyl group at C-1 was quite unstable, so it was
reduced to 1-deoxynojirimycin (10). The compound was later isolated from roots of mulberry
trees and named as Molanoline (Yagi, Kouno, Aoyagi, & Murai, 1976) and many genera of
Bacillus and Streptomyces bacteria (Ezure, Murao, Miyazaki, & Kawamata, 1985; Murao &
Miyata, 1980; Schmidt, Frommer, Muller, & Truscheit, 1979). In all the natural sources, the
compound showed good a-glucosidase inhibitory activities in-vitro but failed in-vivo (Junge,
1996), an observation that led to synthesis of several other derivatives to enhance in-vivo
activities. The synthetic effort led to discovery of miglitol (11), which showed better inhibitory
potential and absorption ability across the intestinal walls than acarbose (6) (Joubert, 1990).
Following successful clinical trials, miglitol (11) was granted market clearance by U.S Food
and drug Administration (FDA) in 1999 as a second-generation o-glucosidase inhibitor (Asano,
2003).

Generally, Acarbose (6) was noted to inhibit primarily a-amylase activity and selected
inhibitory activity on glucoamylase (90%), sucrase (65%), maltase (60%) and isomaltase
(10%). In comparison, miglitol (11) and voglibose (8) preferentially inhibited intestinal
glucosidase activity rather than a-amylase activity (Bischoff, 1994). Despite their differential
targets, clinical effects of miglitol (11) and voglibose (8) were still comparable to those of

acarbose (6) (Chehade & Mooradian, 2000).
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Overall, the main side effects of this class of inhibitors were gastrointestinal discomfort
such as gas, bloating and loose stool although acarbose (6) was worse (A. J. Krentz, & Bailey,
C.J, 2005). This was thought to be due to higher starch loads that were processed and fermented
in colon (A. J. Krentz, Ferner, R.E., & Bailey, C.I, 1994). However, tolerance usually occurred
after continued administration for 3 months suggesting an adaptive response within intestinal
tract (Rabasa-Lhoret & Chiasson, 1998). These common inhibitors isclated from plants and
later synthesized as anti-hyperglycemic drugs have several side effects such as gastrointestinal
discomfort (gas), bloating and loose stool and also showed low inhibitory effects on a-amylase,
based on their low ICso (mM) values obtained. This prompted search for new plant-based o-
amylase inhibitors from Lannea schweinfurthii that could form anti-hyperglycemic drug

templates that have least side effects but more effective.
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2.4 Modes of enzymatic inhibition for human intestinal glucosidases

Different plants are reported to show o-amylase inhibition and varied modes of inhibition with
majority of crude extracts showing mixed mode of inhibition while few either competitive,
uncompetitive or non-competitive modes (Fatai, Anofi, & Ashafa, 2018; Priscilla, Roy, Suresh,

& Kumar, 2014; Xu, 2010; Zhang, Wang, & Dong, 2014). The specific modes of inhibition of
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some plant metabolites have been studied and established through double reciprocal plots of
reaction velocity, 1/v (mM/min) " against substrate concentration, 1/[S] (mM)™ as either mixed,
competitive, non-competitive or uncompetitive modes (Table 1). Furthermore, inhibition
constants (K; and Ky) can be established which would reveal either mixed, competitive, non-
competitive or uncompetitive modes of inhibition (Poongunran, Perera, Fernando, Jayasinghe,

& Sivakanesan, 2015).

Table 1: Summary different equations and graphs used for determination of modes of
enzymatic inhibition

Type of inhibition Graph of inhibition modes | Ky app V imax app
None 1V i Kn Vi
Competitive (Inhibitor ;‘__, [ Vinax
- Km(1l+
only binds to free enzyme) Ki
Y g —7"7""—1.{ ‘
Mixed (Inhibitor binds E % . a+bb V*LCEW]
TrI Iﬂf] I
and ES) ‘ T3 (1 + 25 1+450
Non-competitive v Km Vmax
(Inhibitor binds E and ES _ 1410
: . - f /5 Ki'
with equal affinity)
Uncompetitive  (Inhibitor UV 4 Km Vmax
only binds to ES complex ) e " 14 11 14001
ol 18 Ki’ Ki'

KEY: K = concentration of substrate at 1/2 Viax, Vmax = maximum reaction velocity, K =
free enzyme binding inhibition constant/competitive inhibition constant, Ki = enzyme-
substrate binding inhibition constant/uncompetitive inhibition constant, V = initial velocity in
absence and presence of inhibitor, S = concentration of substrate, I = concentration of inhibitor.

Normally, a decrease in apparent affinity of enzymes for substrate (K (apparent)>Kn),
would be indicated by a higher value of K apparent when inhibitor favors binding to free
enzyme, whereas an increase in apparent affinity (K., (apparent) <Ku), would be indicated by
a lower value of K apparent when inhibitor binds favorably to enzyme-substrate complex
(Zhang, Wang, & Dong, 2014). Following this principle, the ability of plant extracts to exhibit
different compounds with different binding characteristics to enzymes other than the active site

enables most plants crude extracts to act as mixed inhibitors compared to pure compounds like
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acarbose (6) (Zhang, Wang, & Dong, 2014). However, the pattern can never be assumed to be
same in all compounds. For instance, ethanol extract of Gazania krebsiana (Less) showed
uncompetitive inhibition of o-amylase characterized by reduction in Vmax and Km values
whereas flavonoid rich leaf extract showed competitive inhibition of o-glucosidase activity
characterized by increase in Ky, and constant Vyax values (Fatai, Anofi, & Ashafa, 2018). This
demonstrated that crude extracts bound at other sites aside the active site of the enzyme with
likelihood of adhering to either free enzyme or enzyme-substrate complex, thus modifying the
activity of substrate or enzyme or both (Fatai, Anofi, & Ashafa, 2018).

It is generally believed that carbohydrate analogs containing nitrogen such as acarbose
(6) and miglitol (11) are protonated in the active site and act as glycosidase inhibitors because
of their ability to mimic the shape and/or charge of the presumed transition state for enzymatic
glycoside hydrolysis (Stuttz, 1999). The mechanism of inhibition of acarbose (6) and 1-
deoxynojirimycin (10) have been studied in human pancreatic a-amylase and on intact maltase-
glucoamylase through structural and kinetic analysis indicated both as competitive inhibitors
(Breitmeier, Giinther, & Heymann, 1997).

The active compounds of Salacia reticulata, salacinol (12), kotalanol (13) and de-O-
sulfonated kotalanol (Muraoka, Xie, Tanabe, Amer, Minematsu, & Yoshikawa, 2008;
Yoshikawa, et al., 1997; Yoshikawa, Murakami, Yashiro, & Matsuda, 1998), whose structures
consist of 1, 4-anhydro-4-thio-D-arabinitol core and polyhydroxylated acyclic chain displayed
zwitterionic characteristics and positive charge was postulated to mimic the transition state
intermediate and bound in the same way as a protonated amine inhibitor in the active sites of
glucosidases thus showed competitive modes of inhibition (L. Sim, 2010a).

Following combined kinetic and molecular docking studies revealed that acarbose (6),
miglitol (11) and salacinol (12) all formed hydrogen bonds with two active-site water

molecules which were tightly bound via hydrogen bonding to enzymes maltase-glucoamylase
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sites. However, the three inhibitors showed marked difference in their abilities to inhibit
enzymes, acarbose (6) was realized as relatively poor inhibitor of a-glucosidase with a K; of
62 £ 13 uM, followed by miglitol (11) and salacinol (12) which displayed K; of 1.0 £ 0.1 uM,
and K; of 0.19 £ 0.02 uM, respectively (L. Sim, 2010a). These inhibition profiles were attributed
to differences in their chemical properties such as size, charge, and ring structure (L. Sim,
2010a). Acarbose (6) which is larger in size had the poorest inhibition potentials whereas
Miglitol (11), a selective inhibitor of intestinal a-glucosidases and considered a poor inhibitor
of a-amylases (Bischoff, 1994) and much smaller inhibitor compared to acarbose (6) was
stronger inhibitor. Although the two had similar hydrogen bonding interactions, miglitol (11)
exhibit additional side chain interactions (L. Sim, 2010). However, Salacinol (12) which is
slightly larger inhibitor than miglitol (11), appeared to have additional interaction due to ring
hydroxyl groups and additional electrostatic charge interaction between the sulfonium ion

center and the catalytic nucleophilic sites of the enzymes (L. Sim, 2010).
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There is limited biophysical knowledge on specific modes of action for most of other
plants metabolites used in management of hyperglycemia, although, several plants used have
been found to contain varied secondary metabolites like glycosides, sterols, flavonoids, alkenyl
cyclohexenone derivatives, terpenoids, phenolic compounds, alkaloids etc., that are frequently
implicated as inhibitors of a-amylase (Osadebe, Omeje, Uzor, David, & Obiorah, 2013;
Poongunran, Perera, Fernando, Jayasinghe, & Sivakanesan, 2015). Previously, it had been
reported in other plants that polar fractions with high levels of glycosides displayed potent

mhibitory effects against a-amylase due to structural similarities to carbohydrates thus
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competing with carbohydrates substrates (Elya, Basah, Munim, Yuliastuti, Bangung, &
Septriana, 2012). However, a-amylase inhibitory effects have not been done with different
forms of glycosidic compounds such as flavonoids and steroid glycosides expected in Lannea

schweinfurthii stem bark.

2.5 Ethnomedicinal uses of Lannea species
Several species of this genus have been noted with wide economic importance including being
source of edible fruits, medicine, dyes for clothes, and general-purpose timber used for making
doors (Okoth, Chenia, & Koorbandly, 2013). Moreover, many species of Lannea genus have
been reported for management of many diseases in humans and animals as listed in Table 2.
The plant parts used in management of hyperglycemia among Lannea species include
roots, stem bark and leaves, as cutlined by a study designed to evaluate effect of ethanol leaf
extract of Lannea coromandelica (Houtt) on alloxan-induced hyperglycemic male Wister rats,
that showed significant hyperglycemic activity at oral doses of 100 mg/kg and 200 mg/kg b.w
(p<0.001) comparable to standard drug metformin (Allenki, Vasantha, Chitturi, & K., 2014).
Herbalists and traditional healers in Venda also use Lannea edulis and Lannea
schweinfurthii stem barks to treat diabetes mellitus (Tshikalange, 2007). The plants Lannea
edulis and Lannea schweinfurthii are reported to contain sterols, alkenyl cyclohexenone
derivatives, flavonoids, terpenoids, phenolic compounds, saponins and tannins (Van Wyk, Van
Oudtshoom, & Gericke, 2005). These secondary metabolites like glycosides, sterols,
flavonoids, alkenyl cyclohexenone derivatives, terpenoids, phenolic compounds, alkaloids etc.,
are frequently implicated as inhibitors of a-amylases (Osadebe, Omeje, Uzor, David, &
Obiorah, 2013; Poongunran, Perera, Fernando, Jayasinghe, & Sivakanesan, 2015). However,
no study has been conducted to relate the secondary metabolites with o-amylase inhibition and

determine their modes of inhibition that would confirm the a-amylase inhibition potency.
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Table 2: List of ethnobotanical and biological uses of Lannea species

Species Plant part | Ethnobotanical uses Biological activity Reference
L. Stem and Stomachache, diarrhea, swelling of Antibacterial, antifungal, (Adewusi, 2011; Gathirwa,
schweinfurthii | root bark, | abdomen, skin rashes, oral infection, antiviral (Semliki forest virus, | Rukunga, Njagi, Omar, Mwitari,
Engl. leaves boils, febrifuge, malaria, syphilis, HIV type I and II), Guantai, et al., 2008; Geissler,
cellulitis, abscesses, oral candidiasis, antiplasmodial, antimalarial, Harris, Prince, Olsen, Achieng’,
gingivitis, nasal ulcers, asthma, toxicity, antigiardial, Oketch, et al., 2002; Johns,
neurological disorders, anaemia, inhibition of 1995)
coughs, diabetes mellitus acetylcholinesterase,
antioxidant
L. humilis Oliv | Roots Anaemia, stomach pains, nausea, Cytotoxicity, (Maregesi, 2007; Nibret, Ashour,
general body weakness Anti-trypanosomal Rubanza, & Wink, 2010)
L. rivae Bark colds, chewed for its sweet taste Antibacterial, antioxidant, (Kokwaro, 2009; Okoth, Chenia,
and as a source of water anti-plasmodial, cytotoxicity | & Koorbandly, 2013)
L.alata Bark, roots | fever, malaria, snake bites, fractures Antibacterial and antioxidant | (Maundu, 2005; Okoth, Chenia,
and injuries & Koorbandly, 2013)
L.triphylla Bark Coughs, constipation, colds None (Kokwaro, 2009),
L. stuhlmanii Root Tonic, antifungal, pain relief, Cytotoxicity, (Chinsembu & Hedimbi, 2010;
Engl herpes zoster, herpes simplex, skin Anti-trypanosomal, antifungal | Nibret, Ashour, Rubanza, &
infections, oral candidiasis, anaemia Wink, 2010; Runyoro, Matee,
Ngassapa, Joseph, & Mbwambo,
2006)
L. microcarpa | Leaves, Conjunctivitis, stomatitis, gingivitis, Anti-inflammatory effect, (Bationo, Hilou, Savadogo, &
bark, dressing wounds, skin eruptions, antidiarrheoic activity, Nacoulma, 2012; Lamien-Meda,
Root stomachache, beriberi, schistosomiasis | antioxidant 2008; Marquet, 2005; L.

and haemorroids; mouth blisters,
rheumatism, sore throat, dysentery, as a
cathartic and as a dressing on boils

QOuattara, Koudou, Karou, Giaco,
Capelli, Simpore, et al., 2011a;
Picerno, Mencherini, Della
Loggia, Meloni, Sanogo, &
Aquino, 2006; Tapsoba &
Deschamps, 2006)
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Table 2 contd’: List of ethnobotanical and biological uses of Lannea species

L. schimperi
(A. Rich) Engl

Bark

Chronic diarrhea, pain, stomach and chest
problems, tuberculosis, skin problems,
herpes zoster, herpes simplex

Antrulcer, antibacterial,
cytotoxicity, antifungal

(Chinsembu & Hedimbi, 2010;
Haule, 2012; Jeruto, 2008; D. P.
Kisangau, Hosea, K.M., Lyaruu,
H.V.M., Joseph, C.C., Mbwambo,
Z.H., Masimba, P.J., ... Sewald,
N, 2009; D. P. Kisangau, Lyaruu,
H.V.M., Hosea, K.M., & Joseph,
C.C, 2007)

L. velutina

roots
and
bark

diarrhoea, rachitic children, wounds
and strained muscles, respiratory diseases,
oedema, paralysis, epilepsy and insanity

Antioxidant and radical
scavenging activities,
larvicidal, molluscicidal,
lipoxygenase inhibition

(Diallo, Eklu-hachegkeku,
Agbonon, Aklikokou, Creppy, &
Gbeasser, 2010; Maiga, 2007; L.
Quattara, Koudou, I., Karou, D.S.,
Giaco, L., Capelli, G., Simpore, J.,
... Traore, A. S, 2011a)

L. acida

Stem
bark,
Root

Diarrhea, stomach ache, gonorrhea,
rheumatism, oral diseases, malaria

Antibacterial, antioxidant,
vibriocidal, cytotoxicity

(Akinsinde & Olukoya, 1995;
Etuk, Ugwah, Jagbonna, &
Onyeyili, 2009; W. M. Kone,
Atindehou, K.K., Terreaux, C.,
Hostettmann, K., Traore, D., &
Dosso, M, 2004 ; L. Quattara, et
al., 2011a; Sowemimo, van de
Venter, Baatjies, & Koekemoer,
2009; Tapsoba & Deschamps,
2006)

L.edulis

Root
bark

Diarrhea, sore eyes, boils, abscesses,
diabetes, schistosomiasis (bilhazia),
gonorrhea, pre-hepatic jaundice

Mutagenic effects,
antioxidant

(Deutschlinder, Lall, & van de
Venter, 2009; Maroyi, 2011;
Segawa & Kasenene, 2007; Sohni,
Davis, Deschamps, & Kale, 1995;
Van Wyk, van Oudtshoorn, &
Gericke, 1997)
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Table 2 contd’: List of ethnobotanical and biological uses of Lannea species

L. Malaria, fever, constipation, Antimalarial (Clarkson, Maharaj, Crouch, Grace, Pillay,
discolor menorrhagia, infertility Matsabisa, et al., 2010; Kazembe, 2012;
Maroyi, 2011)
L. Bark, Diarrhea, haemorroids, menstrual Cytotoxicity, (Groweiss, Cardellina, Pannell, Uyakul,
welwitschi | seeds problems, abdominal pains, pain after antibacterial, Kashman, & Boyd, 1997; A. K. Nyarko, Okine,
i birth, epilepsy, oedema, gout, swelling, anti-diarrheal, Wedzi, Addo, & Ofosuhene, 2005; A. K.
palpitation, skin infections and ulcers, antidiabetic, Nyarko, Okine, L.K.N., Wedzi, R.K., Addo,
snake bites, wounds, diabetes anti-sickling activity P.A., & Ofosuhene, M, 2005; Olatokunboh,
Mofomosara, & Ekene, 2010; Olukoya, Idika,
& Odugbemi, 1993)
L. Bark, Bark used for treatment of diabetes, Antioxidant, analgesic, (Abdul, Hirak, Mohibur, Jerin, Aziza,
coromand | leaves diarrhea, toothache, astringent, lotion for | cytotoxicity, Mahabuba, et al., 2010; Akter, Uddin, Grice, &
elica leprous and ulcers, impetigenious hypotensive Tiralongo, 2013; Alam, A.B., Moniruzzaman,
(Houtt) eruptions from contagious disease. activity, hyperglycemic, | A., R.U.H., M.R,, et al., 2012; Rahmatullah, et
Merril Leaves are used for pain relief anti-atherothrombosis, al., 2012; Reddy, Joy, & Kumar, 2011;
antibacterial, antifungal, | Saravanam, Dhasarathan, Indira, &
anti-inflammatory Venkataraman, 2010; Sathish, 2010)
L. barteri | Bark Wounds, rheumatic, diarrhea, gastritis, Antibacterial, (Adoum, 2009; Allabi, Busia, Ekanmian, &
sterility, intestinal helminthes, oedema, acetylcholinesterase Bakiono, 2011; W. M. Kone, Koffi, A.G.,
scurvy, epilepsy, malaria, anaemia inhibitor, antioxidant Bomisso, E.L.., & Bi, FH.T, 2012)
L. Bark, Haemostatic for wounds, abrasion and Anticancer, antioxidant, | (Mothana, Lindequist, Gruenert, & Bednarski,
transuta flowers | sores Antimicrobial 2009)
, leaves (Adoum, 2009; Allabi, Busia, Ekanmian, &
Bakiono, 2011; W. M. Kone, Koffi, A.G.,
Bomisso, E.L., & Bi, F.H.T, 2012)
L. Stem, diarrhea, dysentery; pain-killers, Cytotoxic, anticancer (Burkill, 1985; Fadeyi, Fadeyi, Adejumo,
nigritana | root, pulmonary troubles; skin, mucosae, Okoro, & Myles, 2(13; Kapche, 2007,
leaves | paralysis, epilepsy, convulsions, Magassouba)
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2.6 Phytochemistry of Lannea species

Phytochemical analysis of genus Lannea indicated presence of alkenyl cyclohexenone derivatives,
flavonoids, sterols, triterpenoids, coumarins, saponins and carotenoids (Van Wyk, Van
Oudtshoom, & Gericke, 2005). Specifically, triterpenoids from Lannea species included sitosterol
(3), lupenone (4), lupeol (14), sitosterol-glycoside (15), taraxerol (16), taraxerone (17), and lutein
(18), which were attributed to antibacterial, immune-stimulant, antioxidant, anti-trypanosidal, anti-
arthritic, antimalarial and anti-inflammatory activities (Okoth, Chenia, & Koorbandly, 2013).
Other compounds Lannea species are known for prenylated flavonoids; 3,5,3",5'-tetrahydroxy-4'-
methoxy-6,7-(2",2"-dimethylchromene)-flavonol (1) trivialized as lanneaflavanol and (2R,3R)-
3,5,3",5'-tetrahydroxy-4'-methoxy-6,7-(2",2"-dimethylchromene)-dihydroflavonol (2) trivialized
as lanneadihydroflavanol (Okoth, Akala, Jonson, & Koorbanally, 2016), together with epicatechin
(3), epicatechin gallate (19), myricetin (20), myricetin-3-O-a-rhamnopyranoside (21), myricetin-
3-0O-a-arabinofuranoside (22), myricetin-3-0-f-galactopyranoside (23), catechin (24) and rutin
(25), which are associated with antibacterial, antioxidant, radical scavenging activity, anti-
plasmodial, lipoxygenase, anti-inflammatory, analgesic, antiviral, antifungal and anti-HIV, have
been isolated (Okoth, Chenia, & Koorbandly, 2013). However, efficacy of such compounds from
Lannea species on g-amylase inhibition is not established and remains undocumented.

Mixtures of phenolic lipids (cardanols), alkenyl cyclohexanols and alkenyl cyclohexenone
derivatives have similarly been isolated from Lannea schimperi, Lannea rivae and Lannea
schweinfurthii (Okoth, Akala, Jonson, & Koorbanally, 2016). For instance, furanocyclohex-2-
enone (26), and 2,4,5-trihydroxycyclohexanone (27) were the latest compounds established from
Lannea schweinfurthii (Okoth, Akala, Jonson, & Koorbanally, 2016). The non-isoprenyl aliphatic

side chains of these compounds varied in length with odd carbon chains of between 13 to 23
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carbons and either fully saturated or contained one or two double bonds (Okoth, Chenia, &
Koorbandly, 2013; Yaouba, Andreas, Erick, Solomon, Beatrice, Matthias, et al., 2017). The
specific compounds isolated from Lannea species included (3, 4, 5, 15, 24, 26 and 27) from Lannea
Schweinfurthii, (1, 2, 3, 14, 18, 22 and 25) from Lannea alata, (3, 15, 16,17, 19, 20 and 23) from
Lannea rivae and (3, 16 and 17) from Lannea schimperi.

These secondary metabolites like glycosides, terpenoids, flavonoids, alkenyl
cyclohexenone derivatives are frequently implicated as inhibitors of @-amylases (Osadebe, Omeje,
Uzor, David, & Obiorah, 2013; Poongunran, Perera, Fernando, Jayasinghe, & Sivakanesan, 2015).
Despite the isolation of a number of compounds with molecular diversities, there has been no any
attempt to evaluate these molecules towards o-amylase inhibition and determine the modes of
inhibition of compounds isolated against a-amylase that would confirm o-amylase inhibition
potency. There could be unknown compounds from stem bark of Lannea schweinfurthii

responsible for a-amylase inhibitory effects.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 General experimental procedures, instrumentation, solvents and fine consumables

Grinding was done using kika, M-20 electric pulverizer, weighed using a Shimadzu UX, top-
loading analytical balance. Organic solvents; r-hexane, dichloromethane, ethyl acetate and
methanol, reagents; glacial acetic acid, p-anisaldehyde, concentrated sulphuric acid and ammonia
and fine chemicals; silica gel (Merck 60 G, 70-230 mesh) and sephadex LH-20 were sourced from
Kobian, Kenya and Sigma Chemical Company, St. Louis, USA. The a-amylase, starch, DNS and
standard drug metformin were purchased from Sigma-Aldrich. The 1D (‘H, '*C and DEPT) and
2D (COSY, NOESY, HSQC and HMBC) NMR spectroscopy were recorded using CDCls, CD2Clz
or CD30D on a Bruker Avance 111 500 MHz spectrometer for 'H and 125 MHz for '*C. The 'H
and 'C NMR chemical shifts (3) were measured in ppm and coupling constants (J) in Hz relative
to chemical shifts of the deuterated solvent and TMS. EIMS spectra were recorded on a direct
inlet, 70 eV, on SSq 710, Finnigan MAT mass spectrometer. The melting points were determined
on an Ernst Leitz Wetziar micro-hot stage melting point apparatus and were uncorrected. EYELA,
N-100 rotary evaporator was used to concentrate the samples under reduced pressure. Merck 60
G, 70-230 mesh silica gel was used for column chromatography and pre-coated Merck 60,
Kieselgel 254 aluminum silica gel plates were used for thin layer chromatography. The spots were
visualized using p-anisaldehyde: concentrated sulphuric acid: methanol: glacial acetic acid spray
reagent [1:2:96:1] (Krishnaswamy, 2003), followed by heating at 100°C using heat gun for two
minutes. The standards for a-amylase inhibitory assay tests and kinetic analysis were incubated in

the oven, gallenkamp INC 200, and the absorbances were measured using the SpectraMax 190,
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UV-Visible light spectrophotometer (molecular device, Sunnyvale, USA) at the instrument room,

Department of Chemistry, Maseno University.

3.2 Collection of plant material

The stem bark of Lannea schweinfurthii was collected in October 2017, from Kisumu County,
Kisumu Karateng (34°45°0°°, 0°6°0°"), Kenya and the specimen identified and authenticated by
Dr. Philip Onyango, Maseno University, Botany Department and deposited at Maseno University,

Botanic Garden Herbarium in Kenya, voucher number MOO/MSN/01/2017.

3.3 Extraction of plant material

The 4 kg stem bark of Lannea schweinfurthii was chopped into small pieces, air dried under a
shade at room temperature, then ground into fine powder using electric pulverizer. The 4 kg
powdered plant material was sequentially extracted at room temperature in 5 litres of each solvents
of increasing polarity in the order n-hexane, dichloromethane, ethyl acetate and methanol. The
respective solvent was added to the material, vigorously shaken on an orbital shaker, then set aside
for 24 hours after which it was filtered with Whatman No. 1 filter paper using Buchner filter funnel.
Filtrate was concentrated in vacuo, using rotary evaporator, under reduced pressure at 45°C. The
procedure was repeated thrice to ensure maximum yield of extracts. The extracts were split into
two portions, 2 g for bioassay tests and the remaining for isolation and elucidation. Before isolation
of the compounds, TLC analysis was carried out using part of the isolation portion to establish the
composition of each crude extracts. The extract was spotted on silica gel pre-coated TLC plates
with p-anisaldehyde as visualizing agent. The concentrated crude n-hexane (12.0 g),
dichloromethane (15.0 g), ethyl acetate (57.0 g) and methanol (150.7 g) extracts were then
carefully sealed, labeled and stored in sample bottles at -20 °C in a deep freezer. The 2 g portion

of each crude extracts were then set aside for a-amylase inhibition assays.
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3.4 Isolation of compounds from Lannea schweinfurthii stem bark

The n-hexane, dichloromethane, ethyl acetate and methanol extracts were spotted on silica gel
pre-coated aluminium TLC plates and sprayed with p-anisaldehyde: sulphuric acid: methanol:
glacial acetic acid mixture followed by heating at 100°C using heat gun for 2 minutes to detect the
spots. The n-hexane and dichloromethane extracts had overlapping spots on the TLC plates
suggesting they were homogeneous and were combined to form one extract. Part of the crude
extracts from n-hexane/dichloromethane, ethyl acetate and methanol after extraction process were

subjected to chromatographic methods of separation in order to obtain pure isolates.

3.4.1 Fractionation of m-hexane/dichloromethane extract
The n-hexane/DCM extract (23.0 g) was loaded onto n-hexane slurry of silica gel column and
eluted stepwise with n-hexane: ethyl acetate gradient mixture starting with 100% n-hexane and
increasing the polarity stepwise by 10% ethyl acetate after collection of every 1000 mL of eluent.
The column was finally washed with 100% ethyl acetate. A total of 85 fractions each of volume
50 mL. were collected. The 50 mL each, collected fractions were monitored by TLC using »n-
hexane: ethyl acetate (9:1, 4:1, 3:2, 1:1) solvent system and visualization was done using p-
anisaldehyde reagent followed by heating at 100°C using heat gun for 2 minutes. Fractions
collected were combined into three fractions based on the TLC spots and were pooled as fractions
A (10-19), B (25-43) and C (43-65). The fractions combined were concentrated in vacuo using
rotary evaporator. Fractions A (10-19; 1.00 g), B (25-43; 1.84 g) and C (43-65; 1.21 g) were loaded
in three, 40 mm diameter columns separately and eluted with 500 ml portions of n-hexane: ethyl
acetate solvent system, starting with 100% n-hexane and gradually introducing 15% ethyl acetate
to increase the polarity then finally 100% ethyl acetate. Fraction B (25-43; 1.84 g), yielded 100

fractions of 20 mL each. Purification of fraction 70-85 with 15% ethyl acetate in n-hexane, yielded
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a white amorphous substance, serialized as 28 (50 mg). The compound had a single spot on TLC
with an Rr of .60 (15% ethyl acetate in n-hexane). Fraction C (43-65; 1.21 g) yielded 60 fractions
collected in 20 mL each. Purification of fraction 6-13 with 15% ethyl acetate in #-hexane led to
the isolation of a white powder, serialized as 29 (30 mg) which had a single spot on TLC with an
Rrof 0.57 (15% ethyl acetate in n-hexane). Fraction A (10-19; 1.00 g) yielded 50 fractions of 20
mL each. Purification of fraction 30-45 with 25% ethyl acetate in n-hexane gave a white
amorphous solid, serialized as 30 (40 mg) and had a single spot on TLC with an Rt of 0.56 (25%
ethyl acetate in n-hexane). Compounds 28 and 29 were purified using 15% ethyl acetate in »n-
hexane, while 30 using 25% ethyl acetate in n#-hexane on 40 mm diameter column, warmed and

crystallized in dichloromethane.

3.4.2 Fractionation of ethyl acetate extract
The EtOAc extract (55.00 g) was loaded into a column and eluted with 1000 ml portions of solvent
system, starting with 100% n-hexane and polarity was varied gradually by incremental addition
of 10% ethyl acetate until 100% ethyl acetate had been added. The column was finally washed
with 10% methanol in ethyl acetate. A total of 100 fractions, each of 50 mL were obtained. The
50 mL each, collected fractions were monitored on TLC using n-hexane: ethyl acetate (4:1, 3:2,
1:1, 2:3,1:4) solvent system and visualization done using p-anisaldehyde reagent followed by
heating at 100°C for 2 minutes using heat gun. Fractions 30-63 had similar TLC profiles and were
combined into one fraction pooled as D (30-63), concentrated under vacuum using a rotary
evaporator. The fraction D (30-63; 1.50 g) was loaded into a 40 mm diameter column for further
separation and eluted with 500 mL of n-hexane: ethyl acetate solvent systems of varying polarity
starting with 4:1 ratio then finally adding up to 100% ethyl acetate. A total of 40 fractions each of

20 mL were collected. Purification of fractions 9-29 with 75% of ethyl acetate in n-hexane yielded
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a pale yellow solid, serialized as 31 (30 mg) which showed a single spot on TLC with an Ry of
0.54 (75% of ethyl acetate in n-hexane). Purification of fraction 32-40 with 75% of ethyl acetate
in n-hexane yielded a light yellow solid, serialized as 32 (20 mg) which showed a single spot on

TLC with an Rr of 0.56 (75% of ethyl acetate in n-hexane).

3.4.3 Fractionation of methanol extract
A portion of aqueous MeOH extract (100.5 g) was adsorbed on silica gel, then loaded onto n-
hexane slurry of silica gel column and eluted with 1000 mL portions of solvent system whose
polarity was varied gradually by incremental addition of 20% of ethyl acetate, starting with 80%
n-hexane in ethyl acetate. Ethyl acetate was introduced until 100% had been added and the polarity
was further varied by incremental addition of 5% methanol in ethyl acetate which was added up
to 100% methanol. The 50 mL each, collected fractions were monitored on TLC using n-hexane:
ethyl acetate (2:1 and 1:1) and ethyl acetate: methanol (4:1 and 2:1) solvent system and
visualization was done using p-anisaldehyde reagent followed by heating at 100°C for 2 minutes.
A total of 120 fractions, each of 50 mL were obtained and they were spotted on TLC plates for
combination of the fractions with similar profiles. Fractions 38-67 had similar TLC profiles and
were pooled into one fraction as E (38-67), concentrated under vacuum using a rotary evaporator.
The fraction E (38-67; 2.45 g) was further chromatographed over 40 mm diameter column using
dichloromethane: methanol solvent system starting with 1:4 ratio then finally 1:9 collecting 20 mL
each. A total of 30 fractions each of 20 mL were collected. Fractions 17-25 readily precipitated
out and was further purified on sephadex LH-20 using methanol: dichloromethane (9:1) to yield a
white amorphous solid, serialized as 33 (15 mg), that had one spot on TLC with Rr of 0.63 (9:1

methanol: dichloromethane).
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3.5 Physical and spectroscopic data of isolated compounds

The physical data obtained for compounds 28, 29, 30, 31, 32 and 33 included the uncorrected
melting points for the solids, appearance and retention factor. Spectrometric data determined were
MS spectra while spectroscopic data determined for compounds were 1D (*H, '*C, DEPT) and 2D

(COSY, NOESY, HSQC, HMBC) NMR spectra, attached in the Appendices (1.0-6.0) section.

3.5.1 Compound 28

White amorphous substance (#-hexane/DCM extract); yield (50 mg); single spot on TLC at Rt of
0.60 (15% EtOAc in n-hexane); m.p of 132-134°C; 'H NMR (CDCls, 8 (ppm), 500 MHz) 8y 0.92
(m, H-19°), 1.74 (2H, m, H-1"), 2.21 (2H. dd, J = 14.2, 5.4 Hz, H-5), 4.70 (1H, m, 4-OH), 5.34
(2H, t, J=4.8 Hz, H-14", 157), 6.09 (1H, d, / = 10.1 Hz, H-2), 6.90 (1H, dd, J = 10.1, 3.6 Hz, H-
3); *C NMR (CDCl, 8¢ (ppm), 125 MHz), 8¢ 14.0 (C-19°), 22.4 (C-18"), 22.9 (C-2"), 26.9 (C-
167), 27.2 (C-13), 29.9 (C-3°-127), 32.0 (C-177), 39.1 (C-17), 41.1 (C-5), 64.1 (C-4), 74.6 (C-6),
129.7 (C-157), 129.8 (C-14"), 149.9 (C-3), 201.0 (C-1); EIMS m/z: 393 [M+H]", 375 [M-H>O]*.

Appendices 1.0.

3.5.2 Compound 29

White powder (n-hexane/DCM extract); yield (30 mg); Rrof 0.57 (15% EtOAc in n-hexane); m.p
of 136-138°C; 'H NMR (CD:Cl, 8 (ppm), 500 MHz) 850.92 (3H, t, J = 7.1 Hz, H-19"), 1.70
(2H, dd, J = 14.8, 3.5 Hz, H-6), 1.76 (2H, d, /= 4.4 Hz, H-1’B), 2.97 (2H, dd, J=12.3, 11.2 Hz,
H-3), 3.99 (1H, m, 5-OH), 4.21 (1H, ddd, J =11.0, 4.4, 3.1 Hz, 4-OH), 5.38 (2H, t, J = 4.7 Hz, H-
14°, H-15"); *C NMR (CD2Cls, 8¢ (ppm), 125 MHz), 8¢ 13.8 (C-19°), 22.4 (C-18’), 23.1 (C-2"),
26.9 (C-16°),27.2 (C-137),29.9 (C-3°-127), 32.0 (C-17°), 39.5 (C-17), 40.3 (C-6), 41.9 (C-3), 68.4
(C-4), 72.0 (C-5), 77.3 (C-2), 129.8 (C-157), 129.9 (C-14"), 210.9 (C-1); EIMS m/z: 410 [M]", 392
[M-H20]". Appendices 2.0.
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3.5.3 Compound 30
White amorphous solid (nz-hexane/DCM extract); yield (40 mg); single spot on TLC at Rrof 0.56
(25% EtOAc in n-hexane); m.p 142-144°C;'H NMR (CDCls, 8y (ppm), 500 MHz) 8y 0.71 (3H,
s, H-19), 0.85 (3H, d, J = 6.6 Hz, H-26), 0.97 (3H, d, /= 6.6 Hz, H-27), 1.04 3H, t, /= 7.1 Hz,
H-29), 1.21 (3H, d, J = 6.2 Hz, H-21), 1.27 (3H, s, H-18), 3.51 (1H, m, H-3), 5.08 (1H, dd, J =
18.0, 4.2 Hz, H-22), 5.18 (1H, m, H-23), 5.31 (1H, m, H-6); *C NMR CDCl;, 8¢ (ppm), 125
MHz) 3¢ 12.2 (C-18, 29), 19.4 (C-19), 21.2 (C-26), 23.0 (C-21, 27), 24.4 (C-11, 15), 25.3 (C-28),
28.0 (C-16),29.8 (C-2), 31.9 (C-7), 34.1 (C-25), 35.0 (C-10), 36.4 (C-1), 39.8 (C-12, 20), 42.0 (C-
13), 42.0 (C-4), 51.1 (C-9, 24), 56.1 (C-17), 57.0 (C-14), 71.9 (C-3), 121.9 (C-6), 129.4 (C-23),

138.6 (C-22), 141.1 (C-5). Appendices 3.0.

3.5.4 Compound 31

Pale yellow solid (EtOAc extract); yield (30 mg); Rr of 0.54 (75% of EtOAc in n-hexane); m.p
200-201°C; '"H NMR (CDCls, 8y (ppm), 500 MHz) 8y 1.42 (3H, s, H-5""), 1.43 (3H, s, H-6""),
2.83(dd, J=17.1, 3.3 Hz, H-3eq), 3.06 (dd, /= 17.1, 12.9 Hz, H-3ax), 5.44 (dd, J = 12.9, 3.3 Hz,
H-2), 5.49 (1H, d, J = 10.0 Hz, H-37"), 6.01 (1H, s, H-6), 6.57 (1H, d, / = 10.0 Hz, H-4""), 7.46
(m, 2°-67), 12.09 (s, 5-OH); ?C NMR (CDCls, 8¢ (ppm), 125 MHz) 8¢ 28.2 (C-5"), 8¢ 28.5 (C-
677),43.3 (C-3), 78.1 (C-2), 79.1 (C-277), 97.6 (C-8), 102.9 (C-6, 10), 115.5 (C-47"), 125.9 (C-37"),
126.4 (C-27, 67), 128.7 (C-3°, 57), 138.5 (C-1"), 156.7 (C-5), 162.3 (C-9), 163.8 (C-7), 195.6 (C-

4). Appendices 4.0.

3.5.5 Compound 32
Light yellow solid (EtOAc extract); yield (20 mg); Rt of 0.56 (75% of EtOAc 1n r-hexane); m.p
204-205°C; 'H NMR (CDCl, 8 (ppm), 500 MHz) 811 1.37 (3H, s, H-5""), 1.40 (3H, s, H-6""), 2.83
(dd, J=17.1, 3.3 Hz, H-3eq), 3.06 (dd, /= 17.1, 12.9 Hz, H-3ax), 3.97 (s, 5-OCHs), 5.29 (dd, J =
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12.9, 3.3 Hz, H-2), 5.48 (1H, d, / = 10.0 Hz, H-3""), 6.01 (1H, s, H-6), 6.62 (1H, d, J = 10.0 Hz,
H-47),7.50 (m, H-2’-6"); *C NMR (CDCls, 8¢ (ppm), 125 MHz) 8¢ 28.1 (C-57), 8¢28.4 (C-67"),
45.6 (C-3), 77.2 (C-2), 77.9 (C-27"), 93.7 (C-8), 105.6 (C-6, 10), 115.9 (C-4""), 125.8 (C-37"),
1262 (C-2°,67), 128.4 (C-3°, 57), 128.6 (C-4°), 138.9 (C-17), 156.7 (C-5), 159.9 (C-9), 162.1 (C-

7), 189.1 (C-4). Appendices 5.0.

3.5.6 Compound 33
White amorphous solid (MeOH extract); yield (15 mg); Rrof 0.60 (9:1 MeOH/DCM); m.p 147-
149°C; 'H NMR (CD30D, 8y (ppm), 500 MHz) 810.77 (3H, d, J = 7.0 Hz, H-27), 0.79 (3H, d, J
= 7.0 Hz, H-26), 0.83 (3H, t, /= 7.0 Hz, H-29) ,0.90 (I1H, d, J = 6.5 Hz, H-21), 0.98 (1H, m, H-
17), 3.40 (1H, m, 4’-OH), 3.62 (1H, m, 3’-OH), 3.83 (1H, m, H-2"), 4.05 (1H, d, J = 6.5 Hz, H-
21), 4.46 (1H, dd, J = 12.3, 5.5 Hz) 3.13 (1H, m, H-5"), 4.46 (1H, dd. / = 12.3, 3.0 Hz, 6’’-OH),
4.49 (1H, d, /= 8.8 Hz, H-1"), 449 (1H, dd, /=123, 3.0 Hz, 6"°-OH), 4.78 (1H, d, J = 8.8 Hz,
47-OH), 4.89 (1H, d, J = 8.8 Hz, 4’-OH), 5.13 (1H, dd, J = 18.0, 8.1 Hz, H-23), 525 (1H, dd, J
= 18.0, 4.2 Hz , H-22); *C NMR CDsOD, 8¢ (ppm), 125 MHz) 8c 18.7 (C-29), 20.2 (C-27), 20.3
(C-18), 20.5 (C-19), 20.8 (C-21), 21.0 (C-26), 22.5 (C-11), 25.3 (C-15), 27.7 (C-28), 28.6 (C-16),
29.2 (C-25), 31.3 (C-2), 31.7 (C-8), 35.4 (C-7), 38.2 (C-1), 38.3 (C-10), 39.7 (C-12), 40.0 (C-20),
41.6 (C-13), 42.7 (C-4), 49.4 (C-9), 50.4 (C-17), 55.3 (C-24), 56.1 (C-14), 63.8 (C-67"), 65.3 (C-
57), 68.0 (C-57), 69.6 (C-4°), 70.3 (C-27"), 73.4 (C-47"), 74.9 (C-27), 76.6 (C-37"), 77.7 (C-3"),
82.3 (C-3), 101.3 (C-17"), 106.4 (C-1"), 121.1 (C-6), 128.2 (C-23), 137.9 (C-22), 140.3 (C-5);

ESIMS m/z: 707.4 [M]*. Appendices 6.0
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3.6 In-vitro inhibition and kinetic analysis of modes of ¢-amylase inhibition

3.6.1 a.-Amylase inhibition assay
The o.-amylase inhibitory activity was determined using a modified assay of (McCue, 2004). The
o-amylase was assayed using 500 pL of each sample extracts (0.0625, 0.125, 0.25, 0.5, 1.0
mg/mL), sample isolates (0.0625, 0.125, 0.25, 0.5, 1.0 mM) and standard drug metformin (0.05-
1.0 mM) and a total of 500 pL of 0.02 M sodium phosphate buffer (pH 6.9) containing 0.5 mg/mL
of a-amylase was pre-incubated at 25°C for 10 min. After the pre-incubation, 250 pL of a 1%
starch solution in 0.02 M sodium phosphate buffer (pH 6.9) was added to each tube at timed
intervals. The reaction was stopped using 500 uL of DNS acid colour reagent. The test tubes were
incubated in a boiling water bath for 5 min and then cooled to room temperature. The reaction
mixture was diluted by adding 5 mL distilled water and the absorbances measured at 540 nm using
UV-Visible light spectrophotometer. The absorbance readings were compared with the negative
controls that contained distilled water instead of sample. The percentage a-amylase inhibitory

activity was calculated using the equation;

% inhibiti Absorbance negative control (540) — Absorbance sample (540) 100
_ X
o inhibition Absorbance negative control (540)

Concentration of samples resulting in 50% inhibition of enzyme activity (1Cso) was determined on
probit plot of the % inhibition against the concentrations of the samples. The layout of experiment

was completely randomized block design.

3.6.2 Modes of a-amylase inhibition
The kinetic analysis of modes of inhibition of a-amylase by active isolates was conducted using

the isolates with lowest 1Cso according to the modified method described (Ali, Houghton, &
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Soumyanath, 2006). This was done in triplicates using completely randomized design. Amount of
250 pL of the isolate (5.0 mM) was pre-incubated with 250 L of a-amylase solution for 10 min
at 25°C in one set of six test tubes and in another set of six test tubes, a-amylase with (0.0 mM of
isolate) was pre-incubated with 250 pL of phosphate buffer (pH 6.9). Amount of 250 uL of starch
solution at increasing concentrations (0.3, 1.24, 2.18, 3.12, 4.06, 5.0 mg/mL) was added to both
sets of test tubes to start the reaction. The mixture was then incubated for 10 min at 25°C and then
boiled for 5 min after the addition of 500 uL. of DNS to stop the reaction. The reactions were
conducted for interval of 2 min for a particular substrate concentration [S] within 10 min in which
the absorbances for each time interval was measured at 540 nm. The absorbances for different
substrate concentration [S], for same reaction time of 10 min was also measured at 540 nm. The
amount of reducing sugars (absorbance against time) released for different substrate concentration
was determined spectrophotometrically using maltose standard curve and converted to reaction
velocities. The mode of inhibition (i.e. competitive, mixed, non-competitive or uncompetitive) of
the screened isolates was determined on the basis of the inhibitory effects on Km (dissociation
constant/Michaelis-Menten constant) and Vupax (maximum reaction velocity, determined as
reciprocal of y-intercept value) of the enzyme (Kakadiya, 2010), K, is concentration of substrate
at 1/2Vpmax, determined as reciprocal of x-intercept value. A double reciprocal plot of 1/v
(mM/min)™! versus 1/[S] (mM)™" where v is reaction velocity (mM/min) and [S] (mM) is substrate
concentration was plotted. The modes of inhibition of the isolates on a-amylase activity were
determined by analysis of the Lineweaver-Burk plot based on Michaelis-Menten Kinetic
parameters. The inhibition constants were calculated using the following equation (Segel, 1993):

Where v is the initial velocity in absence and presence of inhibitor; S and [ are concentration of

substrate and inhibitor, respectively; K; is the free enzyme binding inhibition constant (competitive
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inhibition constant) and K;' is the enzyme-substrate binding inhibition constant (uncompetitive

inhibition constant).

3.7 Statistical analysis

Enzyme activities in the presence of inhibitors were expressed as a percentage of the uninhibited
enzyme activity. Concentration of samples resulting in 50% inhibition of enzyme activity (I1Cso)
was determined on probit plot of the % inhibition against the concentrations of the samples from
the mean inhibitory values. The data on a-amylase inhibitory activities (ICso) was subjected to a
one —way analysis of variance (ANOV A) and results was expressed as mean * standard deviation.
Differences between means of samples and that of the control tests for the close dependency was
compared using Tukey-Kramer Multiple Comparison range tests at p<0.05 and LSD values

obtained.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Crude extract yields
The amount of crude extracts obtained and percentage yields for n-hexane, dichloromethane, ethyl
acetate and methanol extracts were recorded as in Table 3.

Table 3: Masses of sequential extraction of Lannea schweinfurthii stem bark and percentage yields

Extraction Solvent Mass in grams % yield
n-Hexane 12.0 0.300
Dichloromethane 15.0 0.375
Ethyl acetate 57.0 1.425
Methanol 150.7 3.768

Methanol extract had the highest percentage yield while n-hexane extract had the least. The results
showed that the percentage yield increased with increase in polarity of the solvent used. This could
be attributed to the fact that most metabolites were very polar.

4.2 Bioassay results of crude extracts

4.2.1 In-vitro a-amylase inhibition ICso by the crude extracts
The n-hexane/dichloromethane, ethyl acetate and methanol extracts were tested against a-amylase
to determine their inhibitory activities and ICso results presented as in Figure 1. Methanol extract
showed high inhibitory activity against a-amylase (ICso = 0.497 mg/mL) which showed no
significant difference (p>0.053) relative to the positive control (metformin; ICso = 0.468 mg/mL).
The inhibition by the ethyl acetate extract was moderate (ICsp = 0.578 mg/mL) and had no
significant difference (p>0.05) relative to positive control (metformin; ICso= 0.468 mg/mL.). The
methanol extract and ethyl acetate extract showed no significant difference (p>0.05) to each other
whereas n-hexane/dichloromethane extract (ICso= 1.024 mg/mL) showed low inhibitory activities

(p<0.05) relative to metformin (ICso= 0.468 mg/mL).

36



1 T0.04
g 0.8
£06
g 04
0.2
0

N-hexane/DCM EtOAc MeOH Positive control
EXTRACTS

Figure 1: Mean ICsq of different extracts of Lannea schweinfurthii stem bark on o-amylase.
Positive control = Metformin; LSD value = 0.04 at P<0.05.

The fact that methanol and ethyl acetate extracts showed activity against a-amylase indicated
ingredient of these fractions were closely related except that concentration of highly potent
compounds were more in methanol extract. Following the observations of inhibitory effects on a-
amylase, it was considered that one or a combination of the polar compounds of Lannea
schweinfurthii stem bark had high in-vitro inhibitory effects against hydrolytic activities of o-
amylase. The implication of such results was that suppose these extracts could reduce the rate of
starch breakdown to glucose consequently, reducing glucose level in the blood stream. Drugs such
as metformin, voglibose, acarbose miglitol and many other plants extracts had been established to
control post-prandial hyperglycemia by suppressing the hydrolysis of carbohydrates (Tarling, et
al., 2008) and so anticipated for Lannea schweinfurthii stem bark extracts as indicated by the
results of the study.

4.3 Structure elucidations

4.3.1 (4R,65)-4,6-dihydroxy-6-((Z)-nonadec-14’-en-1-yl)cyclohex-2-en-1-one (28)
Compound 28 was isolated as a white amorphous substance from n-hexane/DCM extract; yield

(50 mg); single spot on TLC, Rrof 0.60 (15% EtOAc in n-hexane); m.p of 132-134°C. The 'H and
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BC NMR spectral data (Table 4; Appendices 1.1 and 1.2) were used to deduce the structure of
compound 28. The signals at &g 6.09 (1H, d, J=10.1 Hz), ¢ 126.7; 61 6.90 (1H, dd, J = 10.1, 3.6
Hz), 8¢ 149.9 and dn 5.34 (1H, t, J = 4.8 Hz), d¢c 129.8, d¢ 129.7 were observed. Based on the
previous studies (Kapche, 2007; Okoth, Akala, Jonson, & Koorbanally, 2016; Yaouba, et al., 2017)
, these NMR data indicated the presence of two alkenyl functionalities which were supported by
3C NMR signals at 8¢ 126.7, 8¢ 129.8, 8¢ 129.7, ¢ 149.9 and HSQC (Appendix 1.4) spectra
showing correlation of signals at 6c 201.0 for a keto carbon, &¢ 74.6 for hydroxylated carbon and
du 4.70 (1H, m), 6c 64.1 for hydroxylated carbon.

Further analysis of HMBC spectrum (Appendix 1.5) revealed the connectivity between
one of the alkenic protons at 8y 6.09 (d, H-2, J = 10.1 Hz) to the keto carbon at d¢c 201.0 (C-1)
which in turn showed two HMBC correlations (°J) to the two hydroxylated carbons at 8¢ 64.1 (C-
4) and 8¢ 74.6 (C-6). The hydroxymethine proton at du 4.70 (m, H-4) on the carbon at 8¢ 64.1 (C-
4) showed 27 and *J correlation with the alkenic carbon at 8¢ 149.9 (C-3) and 3¢ 126.7 (C-2),
respectively. Furthermore, the other alkenic proton at dy 6.90 (dd, H-3, J = 10.1, 3.6 Hz) on &c
149.9 carbon displayed *J correlation with the keto carbon at 8¢ 201.0 (C-1) and a methylene
carbon at d¢ 41.1 (C-5), that had proton at 6y 2.21 (dd, H-50, J = 5.4, 14.2 Hz) and oy 2.18 (dd,
H-5pB, J = 5.4, 14.2 Hz) which in turn showed similar correlation to the alkenic carbon at dc 149.9
(C-3) and the keto carbon at ¢ 201.0 (C-1). Such correlation depicted a CH:(OHYHCHC=HC-
C(0)-C(OH) arrangement which indicated a six membered cyclic system with an o, 3-unsaturated
carbonyl group. The EIMS (Appendix 1.7) showed a quasimolecular ion peak [M+H]* at m/z 393
of a long chain alkenyl cyclohexenone, an alkenyl cyclohexenone derivative, together with NMR
spectral data (Table 4; Appendix 1.0), molecular formula was established as C»sH4403 and a

characteristic fragment ion [M-H>O]" at m/z 374 indicative of hydroxyl substituents.
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The other alkene group appeared to be on a straight chain alkenyl type due to the
multiplicity pattern and its presence was confirmed from the fragment ion peak at #/z 97 [C;H,3]"
resulting from allylic cleavage of hept-2-en-1-ylium in agreement with placement of the double
bond at C-14’. The close '*C NMR chemical shift values (3¢ 129.8 and 3¢ 129.7) for the olefinic
carbons C-14" and C-15 of compound 28 was consistent with assignment of Z-configuration to
the double bond at C-14" of the alkenyl chain (Kapche, 2007; Okoth, Akala, Jonson, &
Koorbanally, 2016; Okoth & Koorbanally, 2015). The orientation of the alkene substituent was
assigned as 14°-(Z)-nonadecenyl based on the observed small coupling constant of J = 4.8 Hz
(Kapche, 2007; Okoth, Akala, Jonson, & Koorbanally, 2016). The position of the double bond and
its Z-configuration indicated that it is biosynthetically derived from fatty acid [ Sw]-hexadecenoic-
cis-hexadecenoic acid, through a similar mechanism as proposed for related compounds

The substitution pattern in the cyclohexenone ring was established from the 'H-"H
COSY (Appendix 1.3) and HMBC (Appendix 1.5) experiment, where >J correlation of signal at 8y
6.09 (d, H-2, J = 10.1 Hz) with signal at 5c 64.1 (C-4) and 3¢ 74.6 (C-6); signal at 3u 6.90 (dd, H-
3,J=10.1, 3.6 Hz) with signals at c 201.0 (C-1) and 3¢ 41.1 (C-5) and signal at i 2.21 (dd, H-
Sa, J=5.4, 14.2 Hz) and 8y 2.18 (dd, H-5B, J = 5.4, 14.2 Hz) with signals at 3¢ 201.0 (C-1) and
dc 149.9 (C-3) were observed. The placement of the alkenyl group at C-6 was also supported by
the HMBC correlation of signal at &y 1.74 (2H, m, H-1") with signals at 3¢ 201.0 (C-1) and 8¢ 41.1
(C-5) as observed in related compounds (Okoth, Akala, Jonson, & Koorbanally, 2016).

The planar structure of compound 28 was the same as the ones reported by (De Jesus
Correa, David, David, Chai, Pezzuto, & Cordelll, 2001; Okoth, Akala, Jonson, & Koorbanally,
2016; Yaouba, et al., 2017) and also based on the comparable NMR spectral data and the coupling

patterns, it followed then that from the configurational assignment compound 28 was (4R,65). The
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compound 28 was characterized as (4R,65)-4,6-dihydroxy-6-((Z)-nonadec-14"-en-1-yl)cyclohex-

2-en-1-one, reported from Lannea schweinfurthii for the first time.

Table 4:'H (500 MHz) and '*C (125 MHz) NMR spectral data of compound 28 in CDCl;

Compound 28 (Yaouba, et al., 2017) Compou | (Yaouba, et

nd 28 al., 2017)

Position | 8u(Jin Hz) Ou(J in Hz) dc (ppm) S¢c (ppm)

1 201.0 200.9

2 6.09 (d, /= 10.1 Hz) 5.96 (d, J=10.1 Hz) 126.7 126.6

3 6.90 (dd, /= 10.1, 3.6 Hz) 6.80(dd, /=10.1,3.6 Hz) | 149.9 149.4

4 4.70 (m) 4.62 (m) 64.1 64.0

5 2.21(dd, J=54, 142 Hz, H-5a) | 2.20(dd, J=5.4,14.2Hz) | 41.1 41.0

2.18 (dd, /= 5.4, 14.2 Hz, H-50) | 2.15(dd, J=5.4,14.2 Hz)

6 74.6 74.5

1’ 1.74 (m) 1.72 (m) 39.2 39.0

2’ 1.24 (m) 1.25 (m) 22.9 22.9

3-12° 1.20 (br, s) 1.17 (br, s) 29.9-26.2 | 29.8-29.2

13’ 2.01 (m) 1.95 (m) 27.2 27.1

147,15 | 5.34 (t,J=4.8 Hz, H-14°, H-15") | 5.28 (t, /= 4.8 Hz) 129.8 129.8
129.7 129.7

16’ 2.01 (m) 1.95 (m) 26.9 26.8

17 1.24 (m) 1.25 (m) 32.0 31.8

18’ 1.24 (m) 1.25 (m) 22.4 22.2

19° 0.92 (m) 0.83 (m) 14.0 13.9

4.3.2 (25,4R,55)-2,4,5-trihydroxy-2-((Z)-nonadec-14’-en-1-yl)cyclohexan-1-one (29)
Compound 29 was isolated as a white powder from n-hexane/DCM extract; yield (30 mg); Rt of
0.57 (15% EtOAc in n-hexane); m.p of 136-138°C. EIMS spectrum (Appendix 2.6) analysis
showed a weak molecular ion peak [M]* at m/z 410 and a more stable fragment ion [M-H,O]" at
m/7 392.Comparison of the MS and NMR spectral data of this compound 29 (Table 5; Appendices
2.1 and 2.2) with those of compound 28 (Table 4; Appendices 1.1 and 1.2) indicated that the

compound could be a hydroxylated-derivative of 28 with a molecular formula of CasH4604. The
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EIMS data showed a close similarity between compound 28 and 29, although NMR spectral data
(Table 5; Appendices 2.1 and 2.2) of compound 29 indicated lack of one alkenyl functionality

except an additional hydroxyl group.

14' 15 17 19'

29

The NMR spectral data showed three hydroxylated carbons; one quaternary which
appeared at d¢ 77.3 and two oxymethines at ¢ 68.4, du 4.21(1H, ddd, J = 11.0, 4.5, 3.1 Hz) and
dc 72.0, 6u 3.99 (1H, m,) which were deduced based on the HSQC results (Appendix 2.4). The
substitution pattern in the cyclohexanone ring was established from the HMBC spectrum
(Appendix 2.5) correlation of signal at éx 2.97 (dd, H-3ax, /= 12.3, 11.2 Hz) and 6x 2.71 (m, H-
3eq) with signal at 8¢ 210.9 (C-1) and 8¢ 72.0 (C-5); signal at 6y 4.21 (ddd, H-4, /=11.0,4.5,3.1
Hz) with signal at 5c 77.3 (C-2) and ¢ 40.3 (C-6); signal at 8u 3.99 (2H, m, H-5) with signal at 8c
210.9 (C-1) and 8¢ 41.9 (C-3); signals at 6y 2.41 (dd, H-6ax, J = 14.8, 4.1 Hz) and 3y 1.70 (dd, H-
6eq, J = 14.8, 3.5 Hz) with signals at 8¢ 77.3 (C-2) and 6¢ 68.4 (C-4) and signals at y 1.76 (d, H-
1’B, /= 4.4 Hz) and 6x 2.05 (m, H-1"a) with signals at 6c 210.9 (C-1) and 6¢ 41.94 (C-3). This
substitution was further supported by '"H-'"H COSY correlation (Appendix 2.3) that depicted a
CH»-3<>H-4<>H-5«<>CH»-6 connectivity and proved a trisubstituted cyclohexanone. The
observation indicated that two of the hydroxyl groups were located on adjacent carbon atoms,

signals at 6c 68.4 (C-4) and &¢ 72.0 (C-5). The side chain at ¢ 77.3 (C-2) in compound 29 was
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established to be nonadec-14’-en-1-yl (Okoth & Koorbanally, 2015; Quieroz, Kuhl, Terreaux,
Mavi, & Hostettmann, 2003) group based on the EIMS, molecular ion [M]* at #/z 410 and the
fragment ion [C7H13]* at m/z 97 formed as a result of allylic cleavage of hept-2-en-1-ylium group
consistent with the placement of the double bond at d¢c 129.9 (C-14°). The HMBC spectrum
showed correlation of signal at 8y 0.92 (3H, t, H-19°, J = 7.1 Hz) with a sp? carbon atoms signals
at 8¢ 22.4 (C-187) and 8¢ 32.0 (C-177), showing that the double bond was not located two bonds
away from the terminal methyl group as found in some other alkenyl cyclohexanone derivatives
The HMBC correlation of signal at 8y 2.05 (m, H-13") and 8u 2.05 (m, H-16") with signal at 3¢
129.8 (C-157) and 6¢ 129.9 (C-14"), confirmed the location of the double bond at ¢ 129.9 (C-14").
Comparison of the 'H and '3C NMR spectral data with those of compound 28 and related
compounds having similar long alkenyl chain suggested Z-configuration at C-14" (Groweiss,
Cardellina, Pannell, Uyakul, Kashman, & Boyd, 1997; Kapche, 2007; Okoth, Akala, Jonson, &
Koorbanally, 2016). The two olefinic protons on the side chain, H-14" and H-15", appeared
overlapping at ou 5.38 (t, J = 4.7 Hz) showed HMBC correlations with the signals at ¢ 27.2 (C-
13) and 8¢ 26.9 (C-16") of allylic carbon. These '*C NMR chemical shift values were consistent
with a Z-configuration for the double bond on the side chain, as a double bond with E-configuration
was expected to appear at higher signal values (d¢ 32.0) for the allylic carbon atoms (Roumy,
Fabre, Portet, Bourdy, Acebey, Vigor, et al., 2009).

The large coupling constant between H-3ax oy 2.97 (1H, dd, J = 12.3, 11.2 Hz) and
H-4 6y 4.21 (ddd, J = 11.0, 4.5, 3.1 Hz) required that H-4 was axial and hence OH-4 should be
equatorial. On the other hand, the small coupling constant between H-4 and H-5 required that H-
5 be equatorial while OH-5 to be axially oriented. These observations were consistent with the two

hydroxy groups being cis-oriented. The relative stereochemical co-occurrence of compound 29
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with 28 indicated that they were biogenetically related, and it was likely that the configurations at
C-2 (C-6 in compound 28) and C-4 in compound 29 were same as in 28. In compound 29 (where
the cyclohexanone ring was rigid, stabilized by hydrogen bonding between C=0 and OH-2, OH-
4 must be equatorial (a-oriented), OH-5 should be axial (3-oriented). Thus, relative configuration
of 29 was likely to be (25,4R,5S) from the literature studies as described by (Yaouba, et al., 2017).
Hence the compound 29 was characterized as (25,4R,55)-2,4,5-trihydroxy-2-((Z)-nonadec-14’-en-
l-yDcyclohexan-1-one, reported for the first time from Lannea schweinfurthii.

Table 5:'H (S00MHz) and !3C (125MHz) NMR spectral data of compound 29 in CD-Cl

Compound 29 (Yaouba, et al., 2017) Compou | (Yaouba, ct
nd 29 al., 2017)

Position | &y(Jin Hz) Su(J in Hz) S¢c (ppm) | ¢ (ppm)
1 210.9 210.9
2 713 77.3
3 2.97(dd, /=12.3,11.2 Hz, H-3ax) | 2.98 (dd, /=12.3,11.2Hz) | 41.9 41.8

2.71 (m, H-3eq) 2.70 (m)
4 4.21 (ddd, J=11.0,4.4, 3.1 Hz) 4.20(ddd, J=11.0,4.4,3.1) | 68.4 68.5
5 3.99 (m) 4.00 (m) 72.0 71.9
6 2.41 (dd, J = 14.8, 4.1 Hz, H-6ax) | 2.40 (dd, J=14.8,4.1 Hz) | 40.3 40.4

1.70 (dd, J = 14.8, 3.5 Hz, H-6eq) | 1.71 (dd, J= 14.8, 3.5 Hz)
1 2.05 (m, H-1"a) 2.06 (m, H-1"w) 39.5 39.5

1.76 (d, J= 4.4 Hz, H-1"P) 1.77 (d, J= 4.4 Hz, H-1"p)
2’ 1.36 (m) 1.36 (m) 23.1 23.1
3°-12° 1.29 (br, s) 1.29 (br, s) 29.9-29.3 | 29.8-29.3
13° 2.05 (m) 2.06 (m) 27.2 27.2
14°, 15 | 5.38 (t, J=4.7Hz, H-14°, H-15") | 5.36(t, /=4.7 Hz) 129.9 129.8

129.8 129.7

16° 2.05 (m) 2.06 (m) 269 26.9
17 1.36 (m) 1.36 (m) 32.0 32.0
18° 2.05 (m) 2.06 (m) 224 22.4
19° 0.92 (t,J=7.1 Hz) 0.94 (t, /=7.1 Hz) 13.8 13.7

4.3.3 Stigmasterol (30)
Compound 30 was isolated as a white amorphous solid from n-hexane/dichloromethane extract;
vield (40 mg); single spot on TLC, R¢ of 0.56 (25% EtOAc in n-hexane); m.p 142-144°C. The 'H

and '*C NMR spectral data (Table 6) were used to deduce the structure of compound 30. The 'H
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NMR spectrum (Appendix 3.1) showed signals between on 0.71 and ou 5.1, consisting of six high
intensity peaks which indicated the presence of six methyl groups at o 0.71, 0.85, 0.97, 1.04, 1.21
and 1.53. Three signals appeared as doublets at ox 0.85 (3H, d, J = 6.6 Hz), 0.97 (3H, d, J = 6.6
Hz) and 64 1.21 (3H, d, J = 6.2 Hz) were ascribed to H-26, H-27 and H-21, respectively, while the
signal at on 1.04 (3H, t, / = 7.1 Hz) appeared as a triplet was assigned to H-29. In addition, the
spectrum revealed the existence of three signals that appeared downfield at 6u 5.08, 5.18 and 5.31,
this suggested the presence of olefinic protons of a sterol structure (Habib, Nikkon, Rahman,
Haque, & Karim, 2007). The signals at 6u 5.18 (1H, m) and dn 35.31 (1H, m) appeared as a
multiplet, suggested the presence of two alkenic methine protons. Two signals appeared as singlets
at op 1.27, and 0.71 for angular methyl protons were assigned to C-18 and C-19, respectively.
Furthermore, the spectrum showed a signal that appeared as a multiplet at ou 3.51 (1H, m) that
corresponded to protons of H-3 of sterol moiety and OH-3.

13C NMR spectrum (Appendix 3.2) of compound 30 showed recognizable signals at &¢
141.1 and 121.9 which were assigned to C-5 double bonded to C-6 (C5=C6) as in A3 spirostene.
Two signals at on 138.6 and 129.4 assigned for C-22 double bonded to C-23 (C22=C23). The C-
5, C-6, C-22 and C-23 appeared as alkene carbons based on the spectrum. The signal at 6c 71.9 of
an oxymethine group for C-3 observed from the spectrum, indicated a B-hydroxyl (Habib er al.,
2007). In addition, signals at oc 19.4 and 12.2 corresponded to angular methyl carbon atoms for
C-19 and C-18, respectively. The spectrum showed twenty-nine carbon signals consisting of six
methyls, nine methylenes, eleven methines and three quaternary carbons. Based on the spectral

data, compound 30 was identified as stigmasterol.
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Table 6:'H (500 MHz) and '*C (125 MHz) NMR spectral data of compound 30 in CDCl;

Compound 30 (Habib, Nikkon, | Compou | (Habib, Nikkon,
Rahman, Haque, & |nd30 Rahman, Haque,
Karim, 2007) & Karim, 2007)

Position | éy(J in Hz) du(J in Hz) Sc (ppm) | dc (ppm)
1 36.4 36.7

2 29.8 31.6

3 3.51 (m, 1H) 3.53 (m, 1H) 71.9 71.8

4 42.0 422

5 141.1 141.0

6 5.31 (m, 1H) 5.38 (m, 1H) 121.9 121.6

7 31.9 31.8

8 29.8 30.9

9 51.1 50.1

10 35.0 36.5

11 24.4 24.3

12 398 39.7

13 42.0 40.4

14 57.0 56.9

15 24.4 24.3

16 28.0 28.9

17 56.1 56.0

18 1.27 (s, 3H) 1.29 (s, 3H) 12.2 12.0

19 0.71 (s, 3H) 0.74 (s, 3H) 19.4 19.0

20 39.8 39.8

21 1.21 (d, 3H, J= 6.2 Hz) 1.20 (d, 3H, /= 6.2 Hz) 23.0 23.1

22 5.08 (dd, 1H, J=18.0,4.2) | 5.07 (dd, 1H, J=18.0,4.2) | 138.6 138.4
23 5.18 (1H, m) 5.20 (1H, m) 129.4 129.3
24 51.1 51.2

25 34.1 34.0

26 0.85(d, 3H, J= 6.6 Hz) 0.84 (d, 3H, /= 6.6 Hz) 212 21.1

27 0.97 (d, 3H, J= 6.6 Hz) 0.97 (d, 3H, /= 6.6 Hz) 23.0 22.8

28 25.3 25.3

29 1.04 (t,3H, J=7.1 Hz) 1.04 (t, 3H, J=7.1 Hz) 12.2 12.0
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4.3.4 5-hydroxy-7,8-(2”°,2”’-dimethylchromene)-flavanone (31)

Compound 31 was isolated as a pale yellow solid from EtOAc extract; yield (30 mg); Ry of 0.54
(75% of EtOAc in n-hexane); m.p of 200-201°C. The EIMS spectrum (Appendix 4.6) of the
compound indicated a peak [M+CHz]* at m/z 335.1949 together with 'H, '>*C NMR spectral data
(Table 7), exact molecular structure and molecular formula of CaoH1804 was established.

The 'H NMR spectrum (Appendix 4.1) showed signals at du 5.44 (1H, dd, J = 12.9, 3.3
Hz), 8u 3.06 (1H, dd, J = 17.1, 12.9 Hz) and &u 2.83 (1H, dd, J = 17.1, 3.3 Hz). From the 'H-'H
COSY (Appendix 4.3), there was a correlation of signal at éu 5.44 (1H, dd, J = 12.9, 3.3 Hz) to
signal at 8y 3.06 (1H, dd, /= 17.1, 12.9 Hz) and 61 2.83 (1H, dd, J = 17.1, 3.3 Hz), a spin system
indicative of a flavanone structure (Rocio, Maria, Peter, & Luis, 2005). The HMBC correlation
(Appendix 4.4) of signals at gy 5.44 (1H, dd, /= 12.9, 3.3 Hz), &4 3.06 (1H, dd, /= 17.1, 12.9 Hz)
and 8y 2.83 (1H, dd, J = 17.1, 3.3 Hz) with *C NMR signals at 6c 78.1 and 8c 125.9, further
confirmed the presence of the flavanone structure. The '"H NMR spectrum showed a five protons
multiplet signal at 6u 7.46 (SH, m) of an aromatic group, a characteristic of phenyl moiety and
signals at &y 5.49 (d, J = 10.0 Hz), 8y 6.57 (1H, dd, J = 10.0 Hz) of benzopyran aromatic ring
protons together with a signal at &u 12.09 (s) ascribed to a chelated phenolic proton. These
observations were predictive of flavanone skeleton with trisubstituted benzopyran ring and non-
substituted ring C. Moreover, there was a pair of signals for alkenic protons at du 5.49 (1H, dd, J
= 10.0 Hz) and &y 6.57 (1H, dd, J = 10.0 Hz), with coupling constant of J = 10.0 Hz, the coupling
constant lower than 12.0 Hz indicative of a cis-configuration. The '"H NMR spectrum showed two
methyl protons signals at 3y 1.42 and du 1.43 (2 xCH3) that showed HMBC correlation to signal
8¢ 125.9 of the alkene moiety and 'H -'"H COSY correlation to the alkene proton. Such connectivity

displayed the existence of prenylated O-pyran group possibly cyclized on the aryl ring A.

46



The '*C NMR spectrum (Appendix 4.2) consisted of eighteen carbon signals with fourteen
signals being in aromatic or double bond region and a chelated carbonyl signal at 6c 195.6
consistent with the structure of flavonoid. Four signals out of the fourteen signals were between
dc 146.5 and 5¢ 195.6 attributed to the four oxygenated carbon atoms at d¢ 146.5, 8¢ 156.7, 8¢
163.8 and 3¢ 162.3. Nine signals in the olefinic and aromatic region between 8¢ 97.6 and d¢ 138.8
were attributed to 8¢ 138.5, 8¢ 102.8, 8¢ 97.6, 8¢ 125.9, 8¢ 126.4, ¢ 128.7, 8¢ 128.8, 6¢ 115.5 and

&c 125.9. The germinal dimethyl signals occurred at dc 28.2 and 6c 28.5.

The proton signal at éu 5.49 (d, H-3"", J = 10.0 Hz) showed HMBC correlations to the
methyl carbon signal at 8¢ 28.2 (C-577), d¢ 28.5 (C-67") and the oxygenated carbon of the
prenylated pyran group signal at 5¢c 79.1 (C-27"). The proton signal at du 6.01 (s, H-6) showed
HMBC correlations to the aromatic carbon signal at 8¢ 102.9 (C-6). The fact that this signal was
seen also coupled to the chelated hydroxyl proton of OH-5 indicated a connectivity between C-
4 C-8 and C-7 rather than C-4 and C-6. This confirmed the connectivity of 2°°,27-
dimethylpyran/chromene at C-7 and C-8. The signal at 5 6.57 (H-4"") showed HMBC correlations
to signals at 8¢ 163.8 (C-7), 3¢ 97.6 (C-8) and d¢ 162.3 (C-9). The signal at dy 6.01 (H-6) showed
HMBC correlation to signals at 8¢ 163.8 (C-7) and 6¢ 156.7 (C-5). It followed from the spectral

data that compound 31 was identified as 5-hydroxy-7,8-(2"",2" -dimethylchromene)-flavanone.
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Table 7:'H (500MHz) and 3C (125MHz) NMR spectral data of compound 31 in CDCl

Compound 31 (Rocio, Maria, Peter, | Compou | (Rocio, Maria,
& Luis, 2005) nd 31 Peter, & Luis, 2005)

Position | 8y (Jin Hz) du(J in Hz) 8c (ppm) | 8¢ (ppm)
2 544 (dd, /=129, 3.3 Hz) 541 (dd, J=13.0,3.0) | 78.1 794

3 3.06 (dd, J=17.1, 12.9 Hz, H-3ax) | 3.08 (dd, J=17.0,13.0) | 43.3 43.6

2.83 (dd, /= 17.1, 3.3 Hz, H-3eq) | 2.83 (dd, J = 17.0, 3.0)

4 195.6 196.0

5 12.09 (s, OH) 12.28 (s, OH) 156.7 158.7

o 6.01 (s) 5.90 (s) 102.9 105.0

7 163.8 162.4

8 97.6 96.5

9 162.3 162.6

10 102.8 105.0

1’ 138.5 138.7

2’ 7.46 (m) 7.45 (m) 126.4 126.3

3’ 7.46 (m) 7.45 (m) 128.7 129.8

4° 7.46 (m) 7.45 (m) 128.8 129.8

&7 7.46 (m) 7.45 (m) 128.7 129.8

6’ 7.46 (m) 7.45 (m) 126.4 126.3
27 79.1 79.10
3 549 (d, /= 10.0 Hz) 5.51 (d, J=10.0 Hz) 125.9 126.5
4 6.57 (d, /= 10.0 Hz) 6.63 (d, /= 10.0 Hz) 115.5 115.5

57 1.42 (s) 1.45 (s) 28.2 28.6

6’ 1.43 (s) 1.46 (s) 28.5 28.7

4.3.5 5-methoxy-7,8-(2"°,2”’-dimethylchromene)-flavanone (32)

Compound 32 was isolated as a light yellow solid from EtOAc extract; yield (20 mg); Rt of 0.56

(75% of EtOAc in n-hexane); m.p of 204-205°C. The EIMS (Appendix 5.7) indicated molecular

ion [M]* at m/z of 336.1181 corresponding to C21H2004 showing addition of 12 a.m.u, which

implied compound 32 was a derivative of compound 31 except for additional methyl group. The

additional methyl group was supported by the appearance of an intense singlet signal at on 3.97 on

'H NMR (Table 8) which showed the presence of a methoxy group. The absence of a highly

deshielded proton signal at 8y 12.09 as observed in compound 31 and ascribed to chelated proton

OH-5 signified methylation of the 5-OH in compound 32. This assertion was confirmed by the

HMBC (Appendix 5.3) correlation between the methoxy proton signal at 6n 3.97 and carbon signal

at 8¢ 156.7 (C-5).
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The 'H NMR spectrum (Appendix 5.1) showed signals at 8y 5.29 (1H, dd, J = 12.9, 3.3
Hz), 81 3.06 (1H, dd, /= 17.1, 12.9 Hz) and du 2.83 (1H, dd, J = 17.1, 3.3 Hz). From the 'H-'H
COSY (Appendix 5.4), there was a correlation of signal at g 5.29 (1H, dd, J = 12.9, 3.3 Hz) to
signal at dx 3.06 (1H, dd, J =17.1, 12.9 Hz) and 6x 2.83 (1H, dd, J = 17.1, 3.3 Hz), showing a
flavanone structure (Rocio, Maria, Peter, & Luis, 2005). The HMBC correlation of signals at dn
5.29 (1H, dd, J =12.9,3.3 Hz), 65 3.06 (1H, dd, J=17.1, 12.9 Hz) and 6u 2.83 (1H, dd, J = 17.1,
3.3 Hz) with '*C NMR signal at 3¢ 138.9, further confirmed the presence of the flavanone structure.
The 'H NMR spectrum of compound 32 was very similar to that of compound 31 with the proton
signals and splitting patterns of the five protons multiplet signals at 8x 7.50 (5H, m) of aromatic
group, a characteristic of phenyl protons were observed on the 'H NMR spectrum. Two additional
doublet signals at oy 6.62 (1H, d, /= 10.0 Hz), 65 5.48 (1H, d, /= 10.0 Hz) and two singlet signals
at 8u 1.37 (3H, s) and 8n 1.40 (3H, s) were also observed in the '"H NMR spectrum, all being very
close to those signals of compound 31. The 'H NMR spectrum showed a pair of doublet signals at
ou 5.48 (1H, d, J=10.0 Hz) and o1 6.62 (1H, d, J = 10.0 Hz) indicating a cyclized prenylated O-
pyran group and two methyl protons signals at 6y 1.37 and 6u 1.40 (2 xCHj3), with two methyl
carbon signals at &¢ 28.1 and 8¢ 28.4. In addition, a multiplet signal at &u 7.50 (5H, m) of a five-
proton aromatic group characteristic of phenyl protons and signals at oy 5.48, &y 6.62 of a
benzopyran ring were observed. The °C NMR spectrum (Appendix 5.2) showed nineteen carbon
signals with fourteen signals being in aromatic or double bond region and a carbonyl signal at 8¢
189.1, which showed no chelation as in compound 31, this was consistent with the structure of
flavonoid.

The signals at oy 6.62 (1H, d, H-4”", /= 10.0 Hz) and oy 5.48 (1H, dd, H-3"", J = 10.0 Hz),

both olefinic protons of the cyclized prenylated pyran group were seen coupled in the '"H-'H COSY
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spectrum. The signal at on 6.62 (H-4"") showed HMBC correlations to signals at d¢c 162.1 (C-7),

Oc 93.7 (C-8) and d¢ 159.9 (C-9). The signal at 6 6.01 (H-6) showed HMBC correlation to signal

at 8¢ 105.6 (C-6) indicated a connectivity between C-4°°, C-8 and C-7 rather than C-4"" and C-6.

This confirmed the connectivity of 2°°,2""-dimethylpyran/chromene at C-7 and C-8. Based on the

spectral data and literature comparison, compound 32 was identified as 5-methoxy-7,8-(27,2"’-

dimethylchromene)-flavanone, reported for the first from Lannea schweinfurthii.

OCH o
32

Table 8:'H (S00MHz) and '3C (125MHz) NMR spectral data of compound 32 in CDCls

Compound 32 (Rocio, Maria, Peter, | Compou | (Rocio, Maria,
& Luis, 2005) nd 32 Peter, & Luis, 2005)

Position du(J in Hz) du(J in Hz) dc (ppm) | dc (ppm)
2 5.29 (dd, J = 12.9, 3.3 Hz) 5.03(d, /=12.0,3.3) [ 77.2 83.3

3 3.06(dd, /J=17.1,12.9 Hz,H-3ax) | 446 (dd, /=17.1,12.0) | 45.6 72.8

2.83 (dd, J=17.1,3.3 Hz,H-3eq) | 2.83(dd, J=17.1,3.3)

4 189.1 190.4

5 156.7 161.3

6 6.01 (s) 6.08 (s) 105.6 105.2

7 162.1 155.6

8 937 92.0

9 159.9 163.6

10 105.6 102.9

1 138.9 136.5

2’ 7.50 (m) 7.57 (m) 126.2 127.5

3’ 7.50 (m) 7.48 (m) 128.4 128.7

4’ 7.50 (m) 7.48 (m) 128.6 129.2

5 7.50 (m) 7.48 (m) 128.4 128.7

6’ 7.50 (m) 7.57 (m) 126.2 127.5
27 77.9 77.2

3 548 (d, J=10.0 Hz) 5.52 (d, J=10.0 Hz) 125.8 126.6
4> 6.62 (d, J=10.0 Hz) 6.55 (d, J=10.0 Hz) 1159 115.8
52 1.37 (s) 1.38 (s) 28.1 27.8

6 1.40 (s) 1.40 (s) 28.4 28.1
OCH- 3.97 (s) 3.84 (s) 56.1 55.6
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4.3.6 3-0O-|B-Glucopyranosyl-(1’’—2)-O-p-xylopyranosyl]-f-stigmasterol (33)

Compound 33 was isolated as a white amorphous solid from MeOH extract; yield (15 mg); Rr of
0.60 (9:1 MeOH/DCM); m.p 147-149°C. The 'H NMR spectrum of compound 33 (Table 9;
Appendix 6.1) displayed three regions, characteristic of hydroxymethines, alkenic and aliphatic
protons signals (Rai, Adhikari, Paudel, Masuda, Mckelvey, & Manandhar, 2006). The 'H-'H
COSY showed a correlation between the hydroxymethine signal at 6y 3.62 (1H, m) and
hydroxymethine signal at éu 3.40 (1H, m) which strongly suggested a glucopyranosyl moiety. The
signals at op 5.25 (1H, dd, J = 18.0, 4.2 Hz) and oi 5.13 (1H, dd, J = 18.0, 8.1 Hz) suggested the
presence of a trans/E oriented alkene system. The other alkene signal appeared as multiplet at on
5.33 (1H, m) and showed a '"H-'"H COSY correlation to methylene proton signals at 3 1.47 (2H,
m) and 6u 1.67 (2H, m). This suggested a cyclic allylic system. Signals for six methyl groups
consisting of two tertiary methyls at du 0.96 (3H, s), du 0.65 (3H, s), three secondary methyls at
ou 0.90 (1H, d, J=6.5Hz7), 61 0.79 (3H, d, /=7.0 Hz), 64 0.77 (3H, d, /= 7.0 Hz) and one primary
methyl at &u 0.83 (3H, t, /= 7.0 Hz) together with two alkenic signals at du 5.25 (1H, dd, J = 18.0,
4.2 Hz) and du 5.13 (1H, dd, J = 18.0, 8.1 Hz) signified characteristic peaks for stigmastane
triterpenoid (Rai, Adhikari, Paudel, Masuda, Mckelvey, & Manandhar, 2006). A combination of
such a set of six methyl groups and two alkenes moieties as confirmed by '*C NMR spectra (Table
9; Appendix 6.2) that showed 8¢ 140.3 and 8¢ 121.1 undoubtedly indicated compound 33 to have

stigmasterol aglycone.

A stigmastane triterpenoid would be expected to have a hydroxyl group at C-3, with a
proton signal at du 3.50 to 3.65, however, for compound 33, this was not the case, and instead it

showed a series of hydroxymethine protons. The signal for the proton at C-3 was at 6y 3.92 (1H,
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m) which was shifted downfield instead of 6nx 3.50 to 3.63, indicated presence of a different
functional group other than the expected hydroxyl group. The downfield shift was similarly
observed on '*C NMR for the carbon that showed HSQC correlation to the proton at 8i 3.92 as 3¢
82.3, the possible explanation to this occurrence was the existence of sugar moiety confirmed by

the additional twelve hydroxymethine protons.

The appearance of two signals at 8¢ 106.4 and ¢ 101.3 signified two anomeric carbons,
one oxymethylene signal at 6c 63.8 and eight oxymethine signals at 6c 69.6, 6c 68.0, 6c 74.9, oc
76.6, 6c 65.3, &c 73.4, 6c 70.3 and 6c 77.7 implied more than one simple sugar moiety but a di-
sugar groups. Existence of eleven sugar carbons suggested a pentose and hexose sugar moieties
identified by comparing their '*C and 'H NMR spectra with those of the literature (Orsini,
Pelizzoni, & Verotta, 1991; Tapondjou, Miyamoto, Mirjolet, Guilbaud, & Lacaille-Dubois, 20053;
Toukam, Maurice, Lauve, Gakul, Nabin, Alembert, et al., 2018). Based on the aforementioned 'H
NMR and '*C NMR spectral data (Table 9) and the ESIMS spectrum (Appendix 6.5) analysis

which showed a stable quasimolecular ion [M+H]* at m/z 707.4450 alongside fragment ions at m/z
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413.2356 and 411.4105 that corresponded to loss of a pentose and hexose units, respectively, that
corresponded to a molecular formula of C4HssO10. Both sugar units connected to aglycone were
predicted to be B-oriented based on the fact that the anomeric protons H-1" showed coupling
constants J = 8.8 Hz consistent with -orientation and not a-orientation which was characterized
with J = 2.5-4.0 Hz (Altona & Haasnoot, 1980). The predictions were based on cyclohexane ring
orientation placed all the proton substituents axial, implied the anomeric H-1" and H-2" were both
anti-oriented, thus experienced the 180° dihedral angle and displayed larger coupling constant as
opposed to H-2" axial coupling to H-1equatorial.

The HMBC (Appendix 6.4) showed correlation of signal at on 4.49 (1H, d, H-1", J = 8.8
Hz) with signal at 6¢ 82.3 (C-3), 6¢ 74.9 (C-2), 6¢ 76.6 (C-3") which confirmed the connectivity
of the pentose unit to the stigmasterol at C-3. The other anomeric proton signal at ox 4.89 (1H, d,
H-1"", J = 8.8 Hz) showed HMBC correlation with signals at 6c 77.7 (C-37), ¢ 70.3 (C-2"") and
oc 76.6 (C-37") which confirmed the linkage between hexose unit to pentose unit was at C-2°.
Moreover, HMBC correlations observed between signal at 6u 4.89 (1H, d, H-1"", /7 = 8.8 Hz) and
signal at 5c 74.9 (C-2’), in turn signal at éu 3.83 (1H, m, H-2") correlated to signal at 6¢ 101.3 (C-
1°") confirmed the linkage between the two sugars to be possibly at 1°’—2’. The two proton signals
at 8 4.46 (1H, dd, H-6"a, J = 12.3, 3.0 Hz); éu 4.49 (1H, dd, H-6""B, J = 12.3, 3.0 Hz) both
attached to 8¢ 63.8 (C-6"") on HSQC (Appendix 6.3) showed hydroxylated methylene was
attached to hexose moiety which that represented glucopyranosyl group and the pentose moiety
was xylose unit. Based on these spectral data, the compound 33 was identified as 3-O-[p-
glucopyranosyl-(1""—2")-0-B-xylopyranosyl]-B-stigmasterol, reported for the first time from

Lannea schweinfurthii.
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Table 9:'H (500 MHz) and '3C (125 MHz) NMR spectral data of compound 33 in CD;0OD

4.49 (1H, dd, J = 12.3, 3.0 Hz)

367 (1H, dd, /= 11.9, 5.9 Hz)

Compound 33 (Toukam, et al., 2018) Compoun (Toukam, et
d33 al., 2018)
Position | 3y (Jin Hz) S (J in Hz) d¢ (ppm) Sc (ppm)
1 1.14 (2H, m) 1.59 (2H, m) 38.2 26.7
1.20 (2H, m) 1.08 (2H, m)
2 1.80 (2H, m) 1.94 (2H, m) 31.3 31.9
1.78 (2H, m) 1.64 (2H, m)
3 3.92 (1H, m) 3.62 (1H, m) 82.3 81.4
4 2.92 (2H, m) 2.92 (2H, m) 42.7 41.0
5 140.3 142.8
6 5.33 (1H, m) 5.38 (1H, m) 121.1 124.3
7 1.47 (2H, m) 1.99 (2H, m) 35.4 34.3
1.67 (2H, m) 1.58 (2H, m)
8 2.50 (1H, m) 1.47 (1H, m) 31.7 34.4
9 2.38 (1H, m) 0.93 (1H, m) 49.4 52.7
10 38.3 39.2
11 1.49 (2H, m) 1.44 (2H, m) 22.5 27.8
1.74 (2H, m) 1.18 (2H, m)
12 2.10 (2H, m) 2.02 (2H, m) 39.7 42.2
1.96 (2H, m) 1.19 (2H, m)
13 41.6 44.6
14 1.23 (1H, m) 0.94 (1H, m) 56.1 48.3
15 1.15 (2H, m) 1.88 (2H, m) 25.3 39.7
2.23 (2H, m) 1.09 (2H, m)
16 1.02 (2H, m) 1.73 (2H, m) 28.6 31.4
2.20 (2H, m) 1.30 (2H, m)
17 0.98 (1H, m) 1.03 (1H, m) 50.4 59.4
18 0.65 (3H, s) 0.71 (3H, s) 20.3 14.2
19 0.96 (3H, s) 1.06 (3H, s) 20.5 21.5
20 1.51 (1H, m) 2.05 (1H, m) 40.0 43.0
21 0.90 (1H, d, J=6.5 Hz) 1.04 (1H, d, 3.4 Hz) 20.8 234
22 5.25(1H,dd, /J=18.0,42Hz) | 5.17(1H,dd, J=15.1,6.1 Hz) | 137.9 140.9
23 5.13(1H,dd, J=18.0,81Hz) | 5.04(1H,dd,/=15.1,63Hz) | 128.2 131.7
24 1.45 (1H, m) 1.55 (1H, m) 55.3 53.8
25 1.43 (1H, m) 1.15(1H, m) 29.2 584
20 0.79 (3H, d, J=7.0 Hz) 0.85 (3H, m) 21.0 23.2
27 0.77 (3H,d,J=7.0 Hz) 0.79 (3H, m) 20.2 21.1
28 1.23-1.34 (2H, m) 1.24-1.52 (2H, m) 27.7 23.5
29 0.83 (3H, t,J=7.0Hz) 0.82 (3H, m) 18.7 14.2
1’ 449 (1H, d, J= 8.8 Hz) 445 (1H, d, J =7.8 Hz) 106.4 103.1
2’ 3.83 (1H, m) 3.40 (1H, m) 74.9 75.3
3’ 3.62 (1H, m) 3.53 (1H, m) 777 89.9
4’ 3.40 (1H, m) 3.48 (1H, m) 69.6 71.3
5 446 (1H, dd, J=123,55Hz) | 3.73(1H,dd, J=119,52Hz) | 65.3 64.1
3.13 (1H, m) 3.89 (1H, m)
17 4.89(1H, d, /= 8.8 Hz) 4.53(1H,d,J=7.8 Hz) 101.3 106.6
27 422 (1H, d, J= 8.8 Hz) 3.36 (1H, m) 70.3 79.2
37 4.05 (1H, d, J= 8.8 Hz) 3.35(1H, m) 76.6 76.5
4 4.78 (1H, d, J = 8.8 Hz) 343 (1H, m) 73.4 78.9
5 3.48 (1H, m) 3.34 (1H, m) 68.0 72.6
6"’ 446 (1H, dd, J=123,30Hz) | 3.91(1H, m) 63.8 63.9

54




4.4 Bioassay of isolated compounds
4.4.1 In-vitro a-amylase inhibition ICsp by the compounds

Compounds 28, 29, 30, 31, 32 and 33 were subjected to in-vitro o-amylase inhibition assay. The
results obtained on inz-vitro inhibitory activities were as plotted in the Figure 2. The dose dependent
in-vitro a-amylase inhibitory activities of these compounds were processed on long probit analysis
to establish the ICso values. Compounds 31 and 33 showed high inhibitory activities on a-amylase
(p>0.05) (ICs0= 0.665 mM and 0.580 mM, respectively) relative to metformin (ICso= 0.468 mM).
Compound 33 had a significantly higher inhibitory activity on a-amylase, followed with
compound 31, whereas compounds 28, 30 and 29 showed a significant difference (p<0.05) in their
low inhibitory activities on a-amylase (ICso= 1.245 mM, 1.125 mM and 1.037 mM, respectively)
relative to metformin (1Cso = 0.468 mM). Compound 32 showed moderate inhibitory activity on

a-amylase (ICso= 0.826 mM) relative to metformin (ICs0= 0.468 mM).
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Figure 2: ICso of isolated compounds 28, 29, 30, 31, 32 and 33 of Lannea schweinfurthii stem bark
on o-amylase. Positive control = Metformin; (4R,65)-4,6-dihydroxy-6-((Z)-nonadec-14’-en-1-
yhcyclohex-2-en-1-one(28); (25,4R,55)-2,4,5-trihydroxy-2-((Z)-nonadec-14"-en-1-
ylDecyclohexan-1-one  (29); stigmasterol (30); 5-hydroxy-7,8-(27°,27"-dimethylchromene}-
flavanone  (31);  5-methoxy-7,8-(2°",2" -dimethylchromene)-flavanone  (32);  3-O-[p-
glucopyranosyl-(1°"—2")-0-B-xylopyranosyl]-B-stigmasterol (33); LSD value = 0.05 at P<0.05.
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The relative inhibitory potential of 3-O-[B-glucopyranosyl-(17°—2")-O-B-xylopyranosyl]-j-
stigmasterol (33) isolated from Lannea schweinfurthii stem bark could be attributed to presence of
hydroxyl groups which might have interacted with active site of enzyme via hydrogen bonding as
had previously been postulated that hydrogen bonding between the residues of the active sites of
a-amylase with the hydroxyl groups based on molecular docking studies (Bahadoran, Golzarand,
Mirmiran, Saadati, & Azizi, 2013; Perera, Premadasa, & Poongunran, 2016). The same assertion
could still be inferred on compounds 28, 29, 30, 31 and 32 which have more structural potential to
hydrophilicity. These compounds could possibly reduce post-prandial hyperglycemia by
suppressing hydrolysis of carbohydrates through modulating the a-amylase functions (Kazeem,
2013b; Tundis, Loizzo, & Menichini, 2010). The results indicated high inhibitory activity of
compound 33 from Lannea schweinfurthii stem bark on o-amylase. Compound 33 could be
relevant for use in management of post-prandial hyperglycemia and as template for anti-

hyperglycemic drug based on its high inhibitory activity comparable to metformin on a-amylase.

4.4.2 In-vitro modes of a-amylase inhibition by the active compounds
Compounds 31, 32, and 33 showed relatively high inhibitory activities on a-amylase and were
subjected to in-vitro inhibitory kinetic analysis test on a-amylase to determine their modes of
inhibition based on Michaelis-Menten parameters. The Lineweaver-Burk plots (1/V [mM/min]™!
against 1/S [mM]™), obtained from inhibitory kinetic analysis on a-amylase for compounds 31, 32
and 33 (Figure 3, 4 and 5) were used to establish the possible modes of inhibition. Figure 3,
depicted two inhibition constants, K; = 1.186 mM (R?=0.9965) and K; = 4.184 mM (R?=0.9918)
for compound 33, determined from the slope and y-intercept of the Lineweaver-Burk plot which
indicated that the inhibitor interacted with both the free enzyme and enzyme-substrate complex

implying mixed inhibition, common among natural products (Priscilla, Roy, Suresh, & Kumar,
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2014; Xu, 2010). The smaller inhibition constant K;= 1.186 mM signified a stronger binding
affinity on the active site of the free enzyme. The results showed a decrease in the apparent affinity
of enzyme to substrate (K, apparent > Kp), meaning that dissociation constant (Kp) value
increased so the inhibitor was able to bind favorably to the free enzyme (Zhang, Wang, & Dong,
2014) . It was also noted that Vimax value changed, because the inhibitor was capable of preventing

catalysis regardless of whether the substrate was bound to the enzyme or not (Figure 3).
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Figure 3: 1/v [mM/min]™" verses 1/S [mM]™! of negative control (no inhibitor) and compound 33
of Lannea schweinfurthii on a-amylase. 3-O-[B-glucopyranosyl-(17’—2")-O-B-xylopyranosyl]-j-
stigmasterol (33). Mixed mode of inhibition observed with inhibition constants K; = 1.186 mM
and Ki- = 4.184 mM; K, apparent > K and Vimax apparent< Vpax.

From the Lineweaver-Burk plot in Figure 4, the apparent Ky, (1.667 mM) increased in the
presence of compound 31 relative to K (0.7143 mM) in the absence of compound 31, which
implied it raised the concentration of the substrate required for the reaction velocity. However, the
apparent Vimax (0.1543 mM/min) was unchanged in the presence of compound 31 relative t0 Vax
(0.1543 mM/min) in the absence of compound 31, which indicated that once substrate bound to
the enzyme, the reaction proceeded normally, and therefore Vax depended only on the maximum

possible enzyme-substrate complex. The inhibition constant of compound 31 was determined as
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Ki = 24.29 mM (R? = 0.9516) which together with a constant Vmax qualified its binding to be a
competitive inhibitor of o-amylase towards hydrolysis of starch. The results implied that o-

amylase had lower affinity for substrate carbohydrate in the presence of compound 31.
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Figure 4: 1/v [mM/min]" verses 1/S [mM]™' of negative control (no inhibitor) and compound 31
of Lannea schweinfurthii on a-amylase. 5-hydroxy-7,8-(2°°,27"-dimethylchromene)-flavanone
(31). Competitive mode of inhibition observed with inhibition constant K; = 24.29 mM; Kn
apparent > Ky and Vmax apparent = V.

From Figure 5, the apparent Ky, value of 3.333 mM was higher in the presence of compound
32 compared to Ky, value of 0.7143 mM in the absence of compound 32, however, the apparent
Vinax value of 0.1606 mM/min was unchanged in the presence of compound 32 relative t0 Vmax
value of 0.1606 mM/min in the absence of compound 32. From the Lineweaver-Burk plot, one
inhibition constant, Ki = 37.9 mM (R” = 0.9909) was determined from the slope of the Lineweaver-
Burk plot and this revealed compound 32 bound to free enzyme only, thus confirming a
competitive mode of inhibition on a-amylase towards hydrolysis of starch. The results implied that
a-amylase had lower affinity for the substrate carbohydrate in the presence of compound 32 and

thus the compound displayed competitive mode of inhibition on ¢-amylase towards hydrolysis of

starch.
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Figure 5: 1/v [mM/min]™" verses 1/S [mM]! of negative control (no inhibitor) and compound 32
of Lannea schweinfurthii on u-amylase. 5-methoxy-7,8-(2°,2”"-dimethylchromene)-flavanone
(32). Competitive mode of inhibition observed with inhibition constant K; = 37.9 mM; K, apparent
> Km and Vmax apparent = Viax.

The mixed mode of inhibition by compound 33, implied that the compound bound on both
free enzyme and enzyme-substrate complex, thus delayed breakdown of starch to smaller sugars.
Compounds 31 and 32 competitively inhibited a-amylase activity, which indicated they contested
with the substrate for the active site of the enzyme. Inhibitory action of all these three compounds
therefore both diminished the substrate up take and prevented enzyme-substrate complex
formation which ultimately slowed down rate of breakdown of polysaccharides to disaccharides
by a-amylase (Breitmeier, Glinther, & Heymann, 1997). The competitive and mixed inhibitors
from Lannea schweinfurthii just like had been observed in other plant isolates (Fatai, Anofi, &

Ashafa, 2018; Shai, et al., 2010) had therefore been noted to be capable of modifying the activity

of the free enzyme and enzyme-substrate complex.
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CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMENDATIONS

Phytochemicals are useful in effective control of hyperglycemia thus currently receiving more
attention due to their effectiveness in the management of the blood glucose level as well as
mitigating many of the side effects caused by conventional anti-hyperglycemic agents. This study
focused on evaluation of phytochemicals from Lannea schweinfurthii stem bark on o-amylase
inhibition and their modes of inhibition. The following summary, conclusion, recommendations,

significance of the study, limitations of the study and suggestions for further studies were made.

5.1 Summary

The n-hexane/dichloromethane, ethyl acetate and methanol extracts from Lannea schweinfurthii
stem bark showed in-vitro inhibitory activities against a-amylase, with ICso values of 1.024
mg/mL, 0.578 mg/mL and 0.497 mg/mL, respectively relative to standard drug metformin (ICso=
0.468 mg/mL). Two alkenyl cyclohexenone derivatives; (4R,65)-4,6-dihydroxy-6-((Z)-nonadec-
14°-en-1-yl)cyclohex-2-en-1-one (28) and (25,4R,55)-2,4,5-trihydroxy-2-((Z)-nonadec-14’-en-1-
yl)cyclohexan-1-one (29), two flavonoids; 5-hydroxy-7,8-(2°°,2”"-dimethylchromene)-flavanone
(31) and 5-methoxy-7,8-(27",2"’-dimethylchromene)-flavanone (32) and two sterols; stigmasterol
(30) and 3-0-[B-glucopyranosyl-(1”"—27)-O-B-xylopyranosyl]-p-stigmasterol (33) were isolated
from Lannea schweinfurthii stem bark. The compounds 3-O-[B-glucopyranosyl-(1"—27)-O-p-
xylopyranosyl]-p-stigmasterol (33) and 5-hydroxy-7,8-(2°°,2’-dimethylchromene)-flavanone
(31) showed high inhibitory activities on a-amylase (ICso = 0.580 mM and 0.665 mM,
respectively) while (4R,6S5)-4,6-dihydroxy-6-((Z)-nonadec- 14" -en-1-yl)cyclohex-2-en-1-one (28),
5-methoxy-7,8-(2°,2""-dimethylchromene)-flavanone (32), stigmasterol (30) and (25,4R,55)-
2.,4,5-trihydroxy-2-((Z)-nonadec-14"-en-1-yl)cyclohexan-1-one (29) showed moderate to mild
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inhibitory activities relative to standard drug metformin. The compound 3-O-[B-glucopyranosyl-

(177 —27)-0-P-xylopyranosyl]-p-stigmasterol (33) showed mixed inhibition (K; = 1.186 mM and

Ki = 4.1846 mM) on a-amylase while 5-hydroxy-7,8-(2°",2”’-dimethylchromene)-flavanone (31)

and 5-methoxy-7,8-(2°°.2" -dimethylchromene)-flavanone (32) showed competitive inhibition (K

=24.29 mM and K; = 37.9 mM, respectively) on a-amylase.

5.2 Conclusion

il.

iii.

Methanol extract of Lannea schweinfurthii stem bark showed high in-vitro inhibitory
activities (1Cso = 0.497 mg/mL.), ethyl acetate extract showed moderate inhibitory activity
while n-hexane/dichloromethane extract had low inhibitory activity (ICso= 1.024 mg/mL)
on o-amylase relative to standard drug metformin (ICso = .468 mg/mL). Methanol extract
was the most active against a-amylase due to more polar metabolites.

The compounds isolated from Lannea schweinfurthii stem bark were two alkenyl
cyclohexenone derivatives; (4R,6S5)-4,6-dihydroxy-6-((Z)-nonadec-14’-en-1-yl)cyclohex-
2-en-1-one (28) and (2S5,4R,55)-2,4,5-trihydroxy-2-((£)-nonadec-14’-en-1-yl)cyclohexan-
1-one (29), two flavonoids; 5-hydroxy-7,8-(27°,2"’-dimethylchromene)-flavanone (31) and
5-methoxy-7,8-(27",2" -dimethylchromene)-flavanone (32) and two sterols; stigmasterol
(30) and 3-O-[p-glucopyranosyl-(1°"—2")-O-B-xylopyranosyl]-p-stigmasterol (33). The
compounds isolated were known compounds.

The compounds 3-O-[B-glucopyranosyl-(1°°—2")-O-B-xylopyranosyl]-B-stigmasterol (33)
from methanol extract and 5-hydroxy-7,8-(2°",2" -dimethylchromene)-flavanone (31) from
ethyl acetate extract showed high inhibitory activities on a-amylase (ICso= 0.580 mM and
0.665 mM, respectively) relative to standard drug metformin (ICso = (.468 mM).

Compound 33 was the most active against a-amylase shown by its least 1Csg value.
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1v.

The compound 3-0-[B-glucopyranosyl-(1°°—2)-0O-B-xylopyranosyl]-B-stigmasterol (33)
showed mixed inhibition (K; = 1.186 mM and K; = 4.184 mM) on a-amylase while 5-
hydroxy-7,8-(2”°,2”"-dimethylchromene)-flavanone (31) and 35-methoxy-7,8-(27°,27’-
dimethylchromene)-flavanone (32) showed competitive inhibition (K; = 24.29 mM and K;
= 37.9 mM, respectively) on a-amylase. The compounds had inhibitory activity against o-
amylase, compound 33 was the most active against a-amylase due to its small calculated
inhibition constants (K; = 1.186 mM and Kj = 4.184 mM) relative to compounds 31 and

32 (Ki =24.29 mM and K; = 37.9 mM, respectively).

5.3 Recommendations

i.

ii.

iii.

The observed in-vitro inhibitory activity against a-amylase by the crude extracts from
Lannea schweinfurthii stem bark indicated the potential of the extracts to manage post-
prandial hyperglycemia and the plant stem bark may be used as herbal formulation to
manage high blood glucose level is supported subject to safety and efficacy considerations.
The extracts from Lannea schweinfurthii stem bark contain bioactive compounds
particularly, 5-hydroxy-7,8-(2°",2” -dimethylchromene)-flavanone (31), 5-methoxy-7,8-
(27,27’ -dimethylchromene)-flavanone (32) and 3-O-[B-glucopyranosyl-(17"—27)-0--
xylopyranosyl]-p-stigmasterol (33) which may be used in medicinal application of the
plant subject to pharmacological establishment of their efficacies.

The molecular information of the compounds may serve as templates for development of
molecular scaffolds that are earmarked for anti-hyperglycemic alternatives, upon irn-vivo

verification of the potential of isolates.
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5.4 Significance of the study

The anti-hyperglycemic activity of crude extracts and identified active compounds from Lannea
schweinfuithii supports use of the plant in management of diabetes. The established molecular
structures of active compounds against a-amylase generated compounds against post-prandial
hyperglycaemia that provides a basic inference for the activities and templates for future drug

development.

5.5 Limitations of the study
Though crude extracts and isolated compounds from Lannea schweinfurthii showed in-vitro
inhibitory activities against a-amylase and the modes of inhibition of the isolated active

compounds established, it remained unknown if they have in-vive activitics against a-amylase.

5.6 Suggestions for further studies
i. A sequential inhibition study of extracts and compounds from Lannea schweinfurthii stem
bark against carbohydrate hydrolytic enzymes such as maltase, glucosidases and sucrase is
necessary to determine inhibitory activities and modes of action for the phytochemicals.
11 Structural mechanism and molecular interaction (docking) studies on 5-hydroxy-7,8-
(27,27’ -dimethylchromene)-flavanone (31), 5-methoxy-7,8-(27°,2" -dimethylchromene)-
flavanone (32), 3-O-[B-glucopyranosyl-(1°°—2")-O-B-xylopyranosyl]-B-stigmasterol (33)
and their analogues on enzymes protein active sites 1S necessary to establish their affinity
for a-amylase thereby mechanism and molecular interaction between enzyme-inhibitor-
substrate complex.
ii.  Im-vivo and toxicological cytotoxicity tests to be done to ascertain the efficacy and toxicity

of the isolated compounds.
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APPENDICES

1.0: Spectra for compound 28; (4R,65)-4,6-dihydroxy-6-((Z)-nonadec-14’-en-1-yl)cyclohex-2-en-1-one
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1.1: 'H NMR spectrum of compound 28
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1.3: COSY spectrum of compound 28

83



_— J A M

20

“ll“l

I

80
90
100
110

L120

130

|

140

L

150

70 6.5 6.0 55 5.0 15 40 35 3.0 .5 20 15 1.0
(ppm)

1.4: HSQC spectrum of compound 28
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1.6: NOESY spectrum of compound 28
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1.7: EIMS spectrum of compound 28
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2.0: Spectra for compound 29; (25,4R,55)-2,4,5-trihydroxy-2-((Z)-nonadec- 14’ -en-1-yl)cyclohexan-1-one
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2.1: 'H NMR spectrum of compound 29
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3.0: Spectra for compound 30; stigmasterol
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4.0: Spectra for compound 31; 5-hydroxy-7,8-(2°",2""-dimethylchromene)-flavanone
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5.0: Spectra of compound 32; 5-methoxy-7,8-(2°,2"-dimethylchromene)-flavanone
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5.1: 'H NMR spectrum of compound 32
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6.0: Spectra for compound 33; 3-O-[B-glucopyranosyl-(1~°—27)-O-B-xylopyranosyl]-p-stigmasterol
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