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Dlab?tesis a metabolic disorder, which when aggravated li.y
to premature death, Medicinal plants .have played a key role

'

of diabetes. Here, plants previously reported .to have anti-di
using gene expression profiling technique. Chromolaena odoratti
a good glucagon-likepeptide I (GLP-1) agonist. Molecular doêlditg
enhancing mechanism of C. odorata to its flavonoid-enriched fraction, actírig:
protein receptor 5 (TGR5) activation and GLP-1 release. Streptozotocin C

diabetes and its associated complications, were challenged by Chromolµei1q
flavonoids (CoF) to validate molecular docking studies.

,

Twenty-one Wistar rats were divided into control (n=7), STZ (n=7) (40 mg/kg body weigi)t
(b.w.)) and STZ+CoF (n=7) (CoF=30 mg/kg b.w.) groups. Blood glucose levels ofth¢atfün/4_$-
were monitored once weekly for fourty-two days. At the end of the experiment, blood uteá
nitrogen (BUN) and serum creatinine (SC) levels were quantified using standard methods,
Kidney and liver functions were assayed using standard kits. Gene expression levels were also
evaluated using reverse-transcription and polymerase chain reaction protocols. Hístologic;u
assessment was performed using haematoxylin and eosin staining protocols. No observed
adverse effect level (NOAEL) experiments were also carried out.
The results showed that CoF up-regulated the expression of insulin and pancreatic duodenal
homeobox-1 genes in the pancreas, and GLP-1 in the intestine. In the kidney, BUN/SC levels
were restored to pre-STZ treatment states following CoF treatment. Inflammatory and kidney
injury molecule -1 genes were equally significantly down-regulated (p<0.05) in STZ-CoF
treated group in comparison with STZ-only group. In the aorta, the significant increase of
inflammatory genes as a result of STZ treatment, were down-regulated by CoF intervention.
CoF also significantly increased antioxidant genes that were down-regulated in the STZ-only
group. Histo-structural alterations associated with STZ treatment were completely reversed in
STZ-CoF group in the pancreas, kidney and aorta. NOAEL experiments revealed that CoF is

relatively safe up to doses of 100 mg/kg b.w. Moleculardynamics simulation confirmed TGR5
as the putative target, where it evolved active state conformation from a starting intermediate
state conformation when bound to CoF. Further studies revealed that the performance ofCoF
was highly comparable with metformin (an anti-diabetic drug).
The outcome of this study showed that CoF reversed hyperglycemia and its· associated
comorbidities, as well as modulated the expression of GLP-1 and its release via TGR5. This
finding may underscore its anti-diabetic potency.

Keywords: Chromolaena odorata, flavonoid, TGR5, GLP-1, molecular docking, gene
expression _¡
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1.11 JNntonQbrtoN

Diabet¡,s is a meta'bolie disõrder éhatactêrized •b)í·

amounts of glucose in the blood stream leads to life-ihrea ..
.

. ..... Ill] I

I ,1

II
1111111111

:;, "?
(Baena-Diez et al., 2016). ·, ,r;,tg,,:

Type 1 diabetes (TID) and Type-2 diabetes (T2D) are the most common forms Or'??Mi,
Patbophysiologically, lack of insulin secretion due to autoimmune-mediated dysf\íhéfiltñ?f:.?r{
pancreatic ?-cell loss (Atkinson, 2012) and dysfunctional metabolism-induced ins_µlin

'e;
'Í--

complications, responsible for high risk of morbidity and morW1? !iii'

resistance (Scheen, 2003) explain TIO and T2D, respectively. TIO is managed with

insulinotropic drugs (Atkinson, 2012) while T2D relies chiefly on the improved metabolic

status of the patient (Scheen, 2003, Scheen and Paquot, 2015). Nephropathy, retinopathj/;

cardiomyopathy and peripheral neuropathy are all recognized as major complications

associated with 50% of diabetic patients, mostly due to poor glycemic control or to írnproper

management of the pathology (Ghaed et al., 2012; Baharvand-Ahrnadi et al., 2016).

The prevalence of diabetes in adults, according to International Diabetes Federation, w?

estimated to be 8.4% in 2017 with a projected rise to 9.9% in 2045 (Cho et al., 2018); tliis.

means that one in every ten (1 O) adults will be diagnosed with diabetes by 2030 (Wfilting,

et al., 201 !). These predictions, indicate a growing burden of diabetes, particularly i.1J.,-f

developing countries.
,\,.-,¡:;:'{

cc;-,

Africa and Asia are said to experience diabetes at an estimated two.- to.?¡f:::__ 1

than in other regions (Eidi et al., 2007), The global prevaletle? pm??-?":"¡
related deaths occurs in low- and medium-h1come eoimtm.???fff

•

,.zti~
where access to quality health care is rare à11d the costróf:'?/!f?



The use of plants and plant products for medicinal purpÚe$t

in traditional communities which is regainingglobal relevance.

metabolites found in medicinal plants are said to betbekey driversofth?Jilüi

actions (Hussein and El-Anssary, 2019). It has been estiml!ted tbat 80"4, of?.l?lii(?-
population use herbal regimen for treatment and control of diseases (Mabo.moocll!lly"?(!?: .'·:\f_

this is due to the belief that these products are of natural origin, and so may be qUilé d <}t;
•"ii

and potent. Most plants and plant products are probably safe when normal doses ,liri:I

taken/administered; however, some of them are known to be toxic at high doses, while mally

others can cause undesirable adverse side effects (Frantisek, 1991). Plant-derived

compounds, mainly their secondary metabolites, have been used for the treatment of

diabetes, as they have a wide range of anti-diabetic effects (Oh, 2015, Ebrahimiet al., 2017).

Indigenous solutions to diabetes may depend on tapping the vast heterogeneous

phytochemical deposit in plants, microbes and natural bio-resources. An increasing number

of reports now establish that some secondary metabolites of plant origin PQSSe?s

insul inotropic activities and may represent a new therapeutic strategy for managing diab??

(Lokman et al., 2013, Shen et al., 2012, Oh, 2015, Ebrahimi et al., 2017}. Recetftl:Y1:tb'?

World Health Organization recommended the use of medicinal plants for themanag¢fliêtl,tfJ•
'

-

? •:·??'•

of diabetes and further encouraged the expansion of the frontiers ofséientifiê.e'vâluií?;·._
.·.·•º;'j?

the hypoglycaemic properties of diverse plant species. Consequently, ?J•f'#'"°¡f-1 I

.... "'\!/i'f11'
show that over 70% of the global population applies resowc.?!t ?+IÍ?l 1

.• ?, :,j
medicine for the management and alleviation of diabetes â'íldllí¡êi#i(?-· ""'l'

Remuzzi et al., 2007; Abdel-Azim et al., 2011). Stil41.f'.4i?F
:.ri·

-

constituents of natural resources, such as

medi?fj

?ti
,?.:'!

:)·

,.i-



inelude alkaloids, flavonoids, terpênes and phmóll/lÍ. ,

Flavonoids, a phenomenal group of plant secondaiy metabob
·

•
.. . ••. ••

•.
,

I

diverse key functions in plant growth and development, IIillll)' of which
_ .,

-? ?F
survival. Atthe molecular level, they interact with multiple biological targets mvêíM .?i ;:,g _

·:.¡j:.,•?.,?
different physiological activities (Andersen and Markham, 2005). They possess!!Jl?? ,c¡'l??-
anti-diabetic, antioxidant properties. More than 5000 naturally occurring flavonpids ?;?. :_tJ
been reported in various plants; these flavonoids show many beneficial effects with

advantages over some conventional drugs (Hossain et al., 2016). Several studies have

shown the potential health benefits of natural flavonoids against obesity and diabetes (Zeka

et al., 2017, Hossain et al., 2016). They may also influence the synthesis and release of

insulin from ?-cells (ElLatif et al., 2014).

Chromo/eana odorata is one plant that recently gained research attention as a result ofits

ability to reverse hyperglycemia (Onkaramurthy et al., 2013; Adedapo et al., 2016a). It fa

said to have a wide spectrum of activities (Vijayaraghavan et al., 2017). Reportsoftheus¢

of C. odorata as an effective therapy against diarrhea, malarial, toothache, diabetes, slêíh

diseases, dysentery, and colitis are also available (Odugbemi, and Akillsulire, 20'06t

Akinmoladun et al., 2007).

Takeda-G-protein-receptor-5 (TGR5), a member of G protein côupled r?ê
· i"

family plays an important role in energy metabolism, It tespqá?s t?',
..... ,.

et al., 2002) stimulating glucagon-likepeptide-I (GLP-i) l"lllc;?,?f
.

1· d 'I
.

111" (B. h
·. ·•· ·

-?m-
the proxunal 1gate I eum or its ce mes ng ton itf.: , • I- _

_ ;.,; ii

the pancreatic beta-cells via an adenylyl cyc1i\?j'7:
11

I

(Maczewsky et al., 2019), The central roles cit(ff 1

3i
,?

':¡ii



f

'Obesiey,atherosclerosis, t111d fatty lívet díllêllSl,I (hi
previously characteriZ(ld include: pentacycljc triterpen<!l¡)

6u-ethyl-23(S)-methyl-cholic acid (6-EMCA, INT-177) (Gtiolfllí(
and 3-aryl-4-isoxazolecarboxamides (Duboc et al., 2014). Bâsed on Ille·.

which strongly suggests that CoF-induced GLP-1 gene expression ánd rtíl••

experimental rats (Omotuyi et al., 2018) may also proceed via TORS activationbi¡t'l'ÍIÍM: : .

any evidence for biophysical interaction, this research has the following obji:,ctivçg:

• Isolate the total flavonoid content of C. odora/a (CoF).

• Monitor GLP-1 expression of the intestinal crypt, in response to flave>noid

treatment.

• Monitor lnsulin/PDX-1expressions in the pancreas of diabetic Wistarrats treated

with flavonoids isolated from C. odora/a.

r.

• Assess the gene expression levels of inflammatory and antioxidant genes

associated with diabetes in the aorta and kidney as well as investigate 1.he

insulinotropic mechanisms of C. odora/a in STZ-treated Wistar rats. ·

• Evaluate the histopathological changes in the Pancreas, IGdney, 811!1: _;

associated with flavonoid treatment in diabetic Wistar rats.

?· ••
_,

I

• Compare the performance ofCoF with that ofMetfç,i,:njp..11'.'
<;''

-.,-:..-l

techniques.



*
Investigate TORS í11teractionand @tivâtitjli?' ·

molecular dynamics simulation technique,.
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OVERVIEWOF INSULINSIGNALIMUt,-
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1 ·

,·. ·_ '\;.J;
U.I INSULINSECRETION \

.-''·-·_ .?\:·\·
Insulin plays an important role in regulatingblood glueoae. Tri?lJilft ! _ =•'' ,,, .... ,tt

glucose, this hormone is secreted into blood circulation by thepancteatiel'?-??J,
-·

..
,

_-:,,;,

Glucose enters PBCs via the glucose transporter type 2 (GLUT-2), and once wííliitl:liif ·

·

gets phosphorylated by glucokinase, the first step of glycolysis. Furthermore; glyeôlytib1ijij?\t.
·"!;?-.;;;.:

],s-,y.i.-oxidative metabolism of glucose eventually leads to an increase in the cytosolic ATP.(ÃQl!

2.1

ratio, and binding to ATP-dependent-K+-channels, determines the closure of'these chamlels,

which in tum causes cells depolarization. This event provokes the activation of voltagç-

sensitive calcium channels, triggering a calcium influx, followed by insulin secretion

(Kennedy et al., 1999). Insulin facilitates the uptake of glucose, fatty acids and amino acids

into the liver, adipose tissue and muscles, promoting the storage of these nutrients in the

form of glycogen, lipids and protein, respectively. Failure to take up and store nutrients

results in diabetes and its complications.

Insulin secretion is a complex mechanism with multiple points of regulation (Rorsman tit

al., 2000). After insulin enters the bloodstream, it binds to a membrane-spanning

glycoprotein receptor. The glycoprotein is embedded in the cellular membrane and lí?c'¡¡í¡,.
',,

extracellular receptor domain, made of two a-subunits, and an intraêellu.lâi' 'líl:: ·.
,.r1·1

domain, made up of two ?-subunits. The a-subunits acts as insulin tecêptortrâñJ,?
. I

'1molecule acts as a ligand, together forming a rec?ptor-lígandcomp!?,???'
·>•·-:--,.-·.?--?-1.

to the o:-subunit results in conformational changes in the m?Qõl!FJ -11

'?-
which activates tyrosine kinase domains on each P-subt).!fit;1! ,,?

causes an autophosphorylation of several ?sifi?f?I ?



proteins, also called Insulin receptor substrates (IR$' 1-4)

pathway of Phosphatidylinositol-3-Kinase (PI3K). Activâti011 of:p13 ·
,

metabolic functions such as synthesis of lipids, proteins and glycogen.
':.

the PI3K pathway is responsible for the distribution of glucose fQr important cell??/
The activation of Pl3K pathway leads to the activation of protein lánase B (P?•W?/;.?
induces the impact of insulin on the liver. Hence, PKB possessesa crucial role in the linkl!¡w

of glucose transporter (GLUT4) to the insulin signaling pathway (Fig 2.1) to the eeU

membrane and promotes the transportation of glucose into the intracellular medium (Saini,

2010).

The loss of glucose-stimulated insulin secretion is accompanied by marked alterations in

beta cell phenotype and changes in gene and protein expressions (Laybutt et al., 2002). As

beta-cell function deteriorates over time, this creates a vicious cycle by which mejabolic

abnormalities impair insulin secretion, which further aggravates metabolic perturbations

1.i

(Cnop et al., 2007, Poitout et al., 2010). As expected, the diabetic environment is enriched
•:?-?

with high levels of glucose, advanced glycation end-products (AGEs), proinflammatdry ;?'át-
f'<-4"-

cytokines, free fatty acids, and other lipid intermediates (Robertson et al., 2007; Robeñs\lt(?,.,j-"'""

2009). These factors are toxic for beta-cells and might activate several stress ?í;
pathways, including oxidative and endoplasmic reticulum (ER) stress, ?tr>J};7t1J ,?

-?;-_¡¡,· I

dysfunction, apoptosis, and necrosis (Eizirik et al., 2008).
.

L ;,;/f.--

«-:;;- '-·'. ct





Di•betes mi:ttitus (DM), commonly refi:ti'êd •• • '

characterized by hyperglycemia as a re&l!lt of
·

endogenous insulin by the PBCs (Maritim et al., 2003), •,

carbohydrate, fat, and protein metabolisms, leading to severe mpr:
2003). Persistent hyperglycemia is associated with significant morbidity on&

to microvascular (retinopathy, neuropathy, and nephropathy) and

(atherosclerosis) complications (Fowler, 2008).

Diabetes is considered one of the major problems and greatest challenges facing the health

care system (Williams, 2009). The prevalence of diabetes in adults, according' to

International Diabetes Federation, was estimated to be 8.4% in 2017 with a projected ri$e

to 9.9% in 2045 (Cho et al., 2018) where majority (80%) live in low- and middle- income

countries (Mendenhall el al., 2014). This implies that an estimated 425 million people

currently have diabetes worldwide; 5.5 million of this total population are Africans. Thes,::

predictions, based on a larger number of studies than previous estimates, indicate a grQWing

burden of diabetes, particularly in developing countries (Shaw et al., 201 O).

Nephropathy, retinopathy, cardiomyopathy and peripheral neuropathy are all recognizedas

major complications associated with 50% of diabetes mellitus (DM) patients, mostly dâêXfíi

a poor glycemic control or to an improper management of the pathology (Ghaedet,t7.1'2J}ílji ,'<

Baharvand-Ahmadi et al., 2016). The exponential increase in the prevalence of"II?fi'
'·'trif¡

mellitus has been linked to obesity and increasing sedentary behavill,l!!;ll¡,,,?trJt"r
I

':-ir-'í;
1J.ali.1

I -? --
.-.di·

consumption of high energy, fat and cholesterol rich
die1$,a:¢i®J/:

'-¡-

al., 2012).

modernization, genetics and family history as well as nutriti\JJAAl,
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·

'l'h?e atê two major types of cliabetês, thliJle.jniil?:??lL 1

... :_?·:t ·- '.

They are both associated with loss of pancreatic b¢ta.dt·'@ii:
·

al., 2005; Eizirik et al., 2009). Thus, halting thê lô!ls of m$dlltt-

tactic for contending with both types of the disease.

2.3.1 TYPE 1 DIABETES

Type 1 Diabetes (T ID), also called insulin dependent diabetes mellitus (IDDM), isca.••·,
-??

by lack of insulin secretion by pancreatic beta cells. It is an autoimmune CO!i.ffi.t4m
.,,?ft,

(Wilkinson et al., 2011) characterized by the expansion of pathogenic T effecton:c:lb 'Whíeh

cause the irreparable destruction of insulin producing p cells and thus limits iñsulin

_production and glucose homeostasis. Several features characterize TIO mellitus as an

autoimmune disease. These include presence of immuno-competent and accessory cells in

infiltrated pancreatic islets; association of susceptibility to disease with the class II (immune

response) genes of the major histocompatibility complex (MHC; human leucocyte antigens

HLA); presence of islet cell specific autoantibodies alterations of T cell mediated

immunoregulation, in particular in CD4+ T cell compartment; the involvement nf•

monokines and T-helper I (THI) cells producing interleukins in the disease process;•

response to immunotherapy and; frequent occurrence of other organ speéifié aufo-iriirñüñ1\.

diseases in affected individuals or in their family members (Hussain, 2007). Thís ?\:"
due to genetic predisposition or a result of faulty beta cells in the pancr¡,a? tf¡at n?liíl,.

.

. •ifríij
produce insulin. A number of medical risks are associated wjth T1D

m@X!Í!'íiiÍlt·l:l.
11 I

from damage to the tiny blood vessels in the eyes (diabetic r????i{? I

.:s,"1ffjf
neuropathy) and kidneys (diabetic nephropathy), heatt ,j¡.,?ffi

!); ,(;:?
T ID involves taking insulin.

· " ¦
,:?·i"
.'ti



autoimmune response against altered pancreatic be!ll, ?ll, ·.: .

that resemble a viral protein. Approxmately 85% of T!Dpllliêlltl
'·

antibodies, and the majority of patients al? have detectable anti:•til:iñll!llt,?il'll

islet cell antibodies are directed against glutamic acid decarboxylase

pancreatic beta cells (Van belle el al., 2011).

Several scenarios for development of TID have been put forth. In one moqêl, llÍi'

environmental trigger induces islet autoimmunity and beta-cell death in genetically

susceptible individuals, leading to a sequence of prediabetic stages and eventually clinical

onset of Tl D (Eisenbarth, 2007). Other scenarios have been proposed to account for wide

variations in the time between initiation of autoimmunity and clinical onset of TID. For

example, interactions between genetic factors and environmental challenges s?ch as viral

infections might contribute to fluctuations in beta-cell mass observed before onset of TtD

(Chatenoud and Bluestone, 2007). Alternatively, TIO could be a relapsing-remitting

disease, dependent on cyclical disruption and restoration of the balance between effector

and regulatory T cells (Gomez-Taurinoet al., 2016).

2.3.2 TYPE 2 DIABETES

Type 2 diabetes (T2D), also called non-insulin dependent diabetes mellitus (NIDll.

caused by decreased sensitivity of target tissues (liver, muscle and lldipose,!??r
insulin. This is the most prevalent form of diabetes accounting for 90%óf??'ílr I I

::if¡1
(Gonzalez, 2009), resulting from a combination of genetic stíscíí?'!f if¡r,'.:.l,,

·

b h
.

( I

. .

ak d h
· •• , .?,1•..,.;:,f?¡fll2014), env1ronment, e av1our ca one mt e an p ys1¡,a:a¡;?»• --

·"'·''i'
•···· ,:· Ir-

risk factors. Unlike patients with TlD, Individuals

?rfl'-
circulating insulin. Development of T2D is chai;tf?f'?·



resistance or lack of sensitivity to insulin, happens p
·

Reduced sensitivity is caused by obesity (especially excess vi?-
"

glucorticoids (cushing's syndrome or steroid therapy), excc:$8 gt\}'

(acromegaly), pregnancy (gestational diabetes), polycystic ovary di$Ca$C,. lipo ;
.. . .

(acquired or genetic, associated with lipid accumulation in liver), auto antibodies·•tt,•• :i

insulin receptor, mutations of insulin receptor, mutations of the peroxisome ptofifet4f!11$"•

activator receptor y (PPAR y), mutations that cause genetic obesity (e.g., melanoêôrtin

receptor mutations), hemochromatosis (a hereditary disease that causes tissue fron

accumulation) (Guyton and Hall, 2006). Obesity, sedentary lifestyle, stress, as well as aging

are known risk factors for T2D (Kaku, 20 I O).

Older adults are at high risk for the development of T2D due to the combined effects of

genetic, lifestyle, and aging factors. These factors contribute to hyperglycemia thro¡¡gh

effects on both ?-cell insulin secretory capacity and on tissue sensitivity to insulin. The

occurrence of T2D in an older person is complicated by the comorbidities and functional

impairments associated with aging (Lee and Halter, 2017).
;:fl;'?

Hyperglycemia develops in type 2 diabetics when there is an imbalance of gJt1??'-,;?-
. ,·'(".

production (i.e., hepatic glucose production during fasting) and glucose intllke (i:e¡,?J§/f

ingestion) as opposed to insulin-stimulated glucose uptake in target tissu.e.s,ll)?j?¡'f
·: ,?.

muscle (Bajaj and OeFronzo, 2003). 1 ·.·?¡;II
-,,?,i--:r¡¡·

Adipocytes are implicated in the link between obesity ã:íi:df:

,,,,

+-
'?I'

Macrophage infiltration is especially notable in the adiít??Êr,--'--
_.1t:

l 003) T ad. -?j'
1111(Weisberg et al., 2.003; Xu et a., 2 . he • m9?I,-¡, 1

attractant protein- I (MCP-1 ), a P-chemokine. ?-#.·??·



to non-obese mice, and the levels are distinctly iMteased

with macrophages (Fain et al., 2004; Bruun et al., 2QOS; Yu ei di,,?

macrophage infiltration into adipose tissue and the. subsequent rêÍciâílf'

mediator tumor necrosis factor-alpha (TNF-a) (Yu et al., 2006), Which Ii

signaling and stimulates fatty acid lipolysis in adipocytes. TNF-a and

inflammatory cytokines including interleukin-6 (IL-6), interleukin-I P (IL-IP), ª1!' ($;,

·

reactive protein are involved in low-grade chronic inflammation and insulin resistance (Fll!lI

et al., 2004; Maury et al., 2007). The inflammatory cytokines inhibit triglyceride syrithêsis

by downregulating peroxisome proliferator-associated receptor y and its target gene, plaslllll

lipoprotein lipase, as well as the glucose transporter, glucose transport type 4 (Fain et al.,

2004; Maury et al., 2007). TNF-a, on the other hand, simultaneously downregu]ates the

lipid droplet-associated protein perilipin, and enhances the cAMP pool, which increase free

fatty acid (FFA) release (Guilherme el al., 2008). Increased FFA reduces the expression of

IRS-I, impairs the activation of Pl3K-AKT (Khorami et al., 2015) signaling in the liver and

skeletal muscles, and increases the expression of e-Jun N-terminal kinase (JNK) signalip.g

in the pancreas (Cheon et al., 201 O). Ultimately, the reduced expression of PI3K-AKT ,e;_{

causes insulin resistance in the liver and skeletal muscles, and the increased exptessiôn/õfL:
' ;2

JNK aggravates apoptosis in the pancreas. Insulin resistance causes an increase in·sl?I
;fl\

Production and a decrease in glucose uptake, leading to hyper-insulinam.•. eia. Ln1?•¡¡¡¡¡;rll
. '·""<5>}1

\,t+T111
apoptosis of pancreatic beta cells results in a decrease of ins.u.Jin seçret.iQ.l!,Í:

,,
.

· .. ·
•' .;ff

insulin resistance and beta cell apoptosis lead to diabetes (Quil!l;!:?Jjfli,;'J · ·

··•.JÊ--,ir
. -?,;.!'?

>.·

J
·,

,c,•-,¿?if\
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Oxidative stress ocCIU'S w)len the ptoduction élf· ·

· >
·

capabilíty of internal cellular antioxidant system ? :'.

(Halliwell, 2011 ). Involvement of oxidative stress in the patl,Q

suggested not only by the generation of free radicals, especially reaçi!ive

(ROS) but also because of non-enzymatic protein glycosylation, àuto-oiâdatiôJi.i
'"".'.,.

impaired glutathione metabolism, modification in antioxidant enzymes and lipid jle!'ojjfi¡êf-i
,·'·1 ·?

-'-:·"?f.'
formation (Moghaddam et al., 2015). On the other hand, oxidative stre? ind;?· .; ) ',

. •.?
,? .".': \,

overproduction of ROS, which activates several inflammatory signaling cascades thatwill

contribute to inflammation (Samarghandian et al., 2015).

Elevated levels of reactive oxygen species (ROS) in diabetes may be due to decrease in

destruction and/or increase in the production by catalase (CAT-enzymatic/non-enzymatic),

superoxide dismutase (SOD) and glutathione peroxidase (GPx-1). The variation in the levels

of these enzymes makes the tissues susceptible to oxidative stress leading to the

development of diabetic complications (Lipinski, 2001). Owing to their ability to directly

oxidize and damage DNA, proteins, and lipids, free radicals are believed to play a key role

in the onset and progression of diabetic complications (Rõsen et al,, 2001). Where

appropriate condensation by antioxidant defense networks are absent, increased oitidative

- .:l'

·_.\vitf
In diabetes, ROS is thought to be generated through increased polyol pathWJ'L}ll'í!di?f

1

. fp,•
al., 2003), increased formation of advanced-glycation end prodúctli'_,,III

--

Thorpe, 1999) and activation of protein kinase C (PKC)(Irfügj'fülµi?rffr-,,
. .

..

·· ,i.lJlj'Í?
stress can also accelerate AGE formatton while AO:!t!f¡ilt, I

- );:.I
production of more ROS resulting in a vicious cycle ¡¡¡f,:1-1

I

,·1

of gene products that harm cells and contribute to diabetic complications.



Advanced Glycation End products (RAGE) is the mosl ?

al., 2005). Evidence from several studies suggest that AOEs iµ:e ?(ir
inflammation, generation of ROS and increased prod11ction of ,\GÊ!I.

interaction results in activation of pathways such as p2 lras, erkl/2 (p44/p42),

p38 and SAPK/JNK MAP kinases (Yan et al.,1994; Lander eta/., 1997; Ooldinet11l.,jt?l

A consequence of the activation of these pathways is the translocation ofNuclellI' F.,
Kappa B (NF-KB) to the nucleus, which in tum activates and increases the transcriptton of

other proteins such as, vascular endothelial growth factor (VEGF), monocyte

chemoattractant protein-I (MCP-1), vascular cell adhesion molecule-I (VCAM-1) and

intracellular adhesion molecule-I (!CAM-I) and pro-inflammatory cytokines such as

interleukin (IL)-lP, IL-6, lL-18 and tumour necrosis factor (TNF)-a (Schiekofer et al.,

2003).

Both type I and type li diabetes are powe1ful and independent risk factors for coronary

artery disease, stroke, and peripheral arterial disease (Schwartz et al., 1992, American

Diabetes Association, 1993, Orchard et al., 2006). Diabetics are said to have a 2- to 4-fold

•. cJ

higher risk for cardiovascular events (Ding and Triggle, 2005) and nearly 80% of diabc:?s• ¡<;
¡¡.?l

associated deaths are caused by cardiovascular disease (CVD) (Winer and Sowers, i904),,.,,.5; •

¡ ,¿¡¡

Atherosclerosis, (excessive accumulation of lipids, cholesterol, inflámmatory
ce)?l,1-connective tissue in the vessel wall) accounts for more than 80% of the C, i

·

: -??

death and disability (Epstein, and Ross, 1999,

Libby.e.'ªl}!fJltt+•11-
atherosclerotic plaques can result in occlusion of the vessel)\ú;í!,?1??-I

?

,,:._.:1¡1

blood flow to the target tissue (Funk et al., 2012). Hyperg\yffiÍ·¡;..¡, ?
-:•.1

and insulin resistance induces a large number of .al{f•;· 1

1

-?
•'I

HrJ



tli'llitribútefrí 'Vâíêulat dysfunction anq ?ctlím1tJri:''.

increased oxidative str.ess, decreased bioiwailabifüy o ,

signal transduction and increased productíon of se?eral pt •

·.
•·•

•··
.... ·.·.·· .·

2012; Creager et al., 2003).

It has been suggested that both conduit and resistance arteries such a.s llot'tal!m

in diabetes and impairment of endothelial function underlies both micro and maê

complications of diabetes (Sena et al., 2013; Fowler, 2008). Chang¡;s in

responsiveness to vasoconstrictors and vasodilators are mainly responsible for develQPmll!l!'

of some vascular complications of diabetics (Nasri et al., 2011), most of which are due to

increased serum glucose and augmented generation of reactive oxygen species .that lead to

endothelial dysfunction (Naito et al., 2011). An interplay between higb ROS generation and

increased formation of advanced-glycation end products (AGEs) exists (Baynes and

Thorpe, 1999), however, the underlying mechanisms between diabetes and atherosclerosis

still remain unclear. Hence, it was suggested AGEs interact with receptor for advanced

glycation end products (RAGE) and the oxidative stress results in the increased production

of free-radicals (ROS). Oxidative stress can accelerate AGE formation while AGE

formation in turn, can also amplify the production of more ROS resulting in a vicious cycle

of AGE formation and oxidative stress (Ayepola et al., 2014). AGEs can promote thQ

atherosclerotic process by enhancing the oxidation of low0density lipoprotein (LI>l.;j

trapping LDL in the subendothelium and decreasing the recognition of AGE-mOdified.;?li'·--
, .,·;

by LDL receptor; the process mediated by RAGE (Bucala et al., 1994). AGE'\lii.?f·
involved in a vicious cycle of inflammation, generation of

RO.
S andili.cr??.;;?J:?

,,,
...

?1r•of AGE's with the activation of pathways such as ?2lras, erkl/:
· •

·:
¡

_

p38 and SAPKIJNK MAP kinases (Goldin et al., 20061,.,çQ??,4";
·-í,1í/

Factor Kappa B (NF-KB). Translocation ofNF-KB to thl}'lijiliJ;:_
•

__

-

·

.. i,J¡
of proteins such as, MCP-1, and

pro-inflamrnato5:Y ?t&)
,·fi1·

'f1



rteútrophil .and subsequent devi,lop¡nentarp¡-dgt,I\·

a/., 2006, Schiekofer et al., 2003).

2.S MANAGEMENTOF DIABETESMELLITUS

The main goal of diabetes management is to mail\tain the blood glu®?«!

pressure in order to prevent or delay microvascular and macrovascular çp¡µp

et al., 2000). Till date, there is no knowncure for the disease; however, treatmentni??:
including lifestyle modifications, treatment of obesity, oral hypoglycemic agents and illSiWil

sensitizers have been used to manage the disease (Olokoba et al., 2012). Other gpals õf

diabetes management are to prevent or treat the many complications that can result from the

disease itself and from its treatment.

2.6 PHARMACOLOGICALINTERVENTIONS

People with Tl D are solely dependent on insulin injections given alone, or in combination

with oral hypoglycemic agents. The general consensus on treatment ofT2D is that lifestyle

management is at the forefront of therapy options. In addition to exercise, weight control,

and medical nutrition therapy, oral glucose-lowering drugs and injections of insulin are the

conventional therapies. Since the most impor,tant pathological process dµring fu?

development of diabetes involves three key organs, i.e., pancreatic islets, liver, and $k.¢1ll\W
..

muscle (Lin and Sun, 2010), almost all anti-diabetic therapies are aimed atthese1f

Pharmacological treatment is indicated when fasting glucose level exceedsl40

postprandial glucose level exceeds 160 mg/dL. .:

Current drugs used in diabetes management can be categorizêd.
·'

,-:_;.;

? Drugs used to increase endogenous insulin a'
' '

:

·'''

insulin analogues, sulfonylureas, incretins).

'·

-? ºc,.;41
.

.¿,;,'i-rl



which are agonists of the petoxisome 'l!fólifé'ffl.,:s
..

(PPARy) and the biguanide metformin. Insulin s?ífílil,{'
in T2D insulin resistance.

?•? .. ?

? Drugs that reduce the digestion of polysaccharides and their bioaváililti?

comprise the u- glucosidase inhibitors such as acarbose (Chehade an4 M\1<11'., ;
•·t<

2000; Sheehan, 2003).

2.6.1 lNSULINTHERAPIES

Insulin, a peptide hormone secreted by the pancreatic beta cells, is essential for glucose

homeostasis. Patients who suffer from TID are solely dependent on exogenous insulin

therapies to maintain their blood glucose levels. The discovery of insulin as a therapeutic

agent in 1922 marked a major breakthrough in medicine and therapy in patients with

diabetes (Quianzon and Cheikh, 2012) where the goal is to achieve glycemic status as near

to normal as possible. Insulin therapy helps regulate glucose metabolism and is the most

effective method of reducing hyperglycemia.

Insulin is usually administered to diabetic patients through subcutaneous injection. This

mode of therapy has certain inherent disadvantages such as local pain, itching and insulin

lipodystrophy around the injection site. Hence, pharmaceutical scientists have been tryiirg

to design an oral delivery system for insulin. Many challenges are associated with

delivery of insulin, relating to the physical and chemical stability of the h()mI!I
.'·•·,

absorption and metabolism in the human body (G<;>wthamarajanan!f.ltµJ f. '·

2.6.2 SULFONYLUREAS _
._ .

,·•d":'
h fi 'di d ·th I .,.,..,,:ilf::•f,!

Sulfonylureas were t e rrst w1 e y use ora ypog ycemfoo"""!f''t ·

'
.

' ,_J:;c-J
widely used drugs for the treatment of T2D. They at?(ll'iiiii;I. ?:-

·:.'J,

insulin release by direct action on the KA TP
channÇ'(¡íf. ,I

1))';;



In rçcent times, incretin•based therapies have sbóWn

treatment strategies for diabetes (Brubaker, 2007; Lovsbin illtdc

demonstrated that the O-protein coupled receptor, TGRS (alse kiwwnAA

or GPBAR!) signaling improves glucose homeostasis by inducing in?
._

-s

;--:_,J'-?·-·,_;
as GLP-1 (Katsuma el al., 2005; Thomas et al., 2009). Activation oftransment!n'i!il¢;?J&ii\·

acid receptor TGR5 stimulates insulin secretion in pancreatic cells (Kumare/di., 2012); via

GLP-l activation. GLP-1 is a gut peptide hormone derived from the precursor, proglucag-Oli¡

which is synthesized in the enteroendocrine L-cells of the intestinal epithelium (BaggiQ ®d

Drucker, 2007; Nauck, 2009). GLP-1 has been shown to be a potent anti-hyperglycemic

hormone, inducing glucose-dependent stimulation of insulin secretion while suppressing

glucagon secretion (Holst, 2007). In addition to its insulinotropic effects, it inhibits gastric

emptying, decreases food intake (Tang-Christensen et al., 1998), inhibits glucagon secretion

(Chelikani et a/.,2005), and slows the rate of endogenous glucose production (Prigeon et

al., 2003), all of which help to lower blood glucose in T2DM. GLP-1 has been shown to

protect P-cells from apoptosis (Thomas et al., 2008) as well as stimulate P-cell proliferation

by up-regulation of the P-cell transcription factor pancreatic duodenal homeobox-1 protein

(POX-I) (Perfetti et al., 2000), known to augment insulin gene transcription and up-regulate
-I??

glucokinase and glucose transporter 2 (GLUT2) (Wang el al., 2011). Continuous GlJ>•Í '·
,¡t?

treatment in T2D is believed to normalize blood glucose, improve P-cell funf:ti_on,.1111d.,,,ir
-'-

-4:/?-c:;

restore first-phase insulin secretion and

_"gl?cosecompel.enc?"
to

_Pcells(Z?d?f:£{,?
2002); hence, It 1s anticipated that therapies directly targeting mtestmal L,ce!l?•tói?Jll! f 1 I_

GLP-1 secretion will have certain advantages (Zheng el al.,
201S);,_.·

.

,._ ·.\.i?z:tfI-c, ?·??t7'?
.. ?·-./l'.T1hl

Pancreas duodenum homeobox-1 (POX-I) is a transcriptiôñi•i lttf¡n 111 •_

,,,,)?1111
and differentiation of the pancreas, as well as the h!ii#!lf,e?F

· ·

-'?¡·r
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.I

?#,,âbd ptp?¢(1 necrosa (Kil'ãtnurà¡ 21l'l? ?h1'?J?uiI

on lhe Pllllereas, triggers intracellular ATP accumulatfull:; '
· " a,

. . .... -
' .

through the improved expression of PDX-1 gene (Zheng et tJ(.,

this factor to the insulin promoter, restores glucose homeostasis (Perfetti

2.6.4 BIGUANIDES

These reduce hepatic glucose output and increase uptake of glucose by the peri})hé!Yi

including skeletal muscle. Metformin, an example of this class of drug, is approved by jhe

U.S. Food and Drug Administration as a prescription medication to treat diabetes. This

medication is used to decrease hepatic (liver) glucose production, to decrease

gastrointestinal glucose absorption and to increase target cell insulin sensitivity. Metfonnin

is mainly used in the treatment of T2D, especially in overweight people. In addition to

suppressing hepatic glucose production, metformin increases insulin sensitivity, enhances

peripheral glucose uptake (by phosphorylating GLUT-4 enhancer factor), increases fatty

acid oxidation and decreases absoq,tion of glucose from the gastrointestinal tract. lllcreased

peripheral utilization of glucose may be due to improved insulin binding to insulin receptors
.'[i:i

(Collier et al., 2006). ·:Í,;?

'._f-4c
Metformin, a biguanide derivate, is mainly used as the first-line oral drug to treat pati?t" ,,

with type T2D (Nathan et al., 2009). Metformin works by decreasing j¡¡te11,;?,,?..,--
absorption, improving peripheral glucose uptake,

lowedng
fasting

pl:::!:,??
increasing insulin sens1t1v1ty,which result ma reduction of bl®?.,?t· - -=.

' ·ê•"-¡J---
without causing overt hypoglycemia (Grzybowska et al., 20Lt_ :,J.11'?

?_11•
....

I

'

.:?ti
? :i-.::::.



the thlazõti?"'n,es {pioglitazone, tosíglitazoife" •mÍi.;

.

glitazon?, are a class of drugs used in the treatment oft;Z-)l, ??
group of nuclear receptors peroxisome proliferator-activatlld Rli',&111?/

greatest specificity for PPAR y (Spiegelman, 1998). After activation, ·tbésb

DNA in complex with the retinoid X receptor, thus regulating transcription of',

specific genes. The major clinical effect of thiazolidinediones is to improve •'!iii•
sensitivity of muscle and fat cells to exogenous and endogenous insulin, thereby ín?j¡¡g
glucose uptake and reducing hepatic glucose output (Bell, 2003).

2.6.6 ALPHA-GLUCOSIDASE INHIBITORS

These agents slow down the digestion of starch in the small intestines, so that glucose from

starchy meal enters the blood stream more slowly, and can be matched more effectively by

an impaired insulin response or insensitivity. Miglitol and acarbose are examples of alpha-

glucosidase inhibitors and they are very effective in the treatment of T2D (Haffner et al.,

2007).

2. 7 MEDICINALPLANTS

The search for natural products to cure diseases has received considerable attentions in

which medicinal plants have been the most important source (Okwu, 2001). They &ri)

believed to be an essential source of new chemical substances with potential 1,her1100?.-
Z:-

effects (Kuhn and Winston, 2000), and due to the crucial role that plant-derivç4•C!l?J!? ?I

:,?·1
have played in drug discovery and development for the treatment ofsêv¢tiíliit"'ftii I

d fr d.
.

I I basêd'füt;¡',j,?;a .1r1i'JI 11

isolation of new bioactive compoun s om me 1cma pants ·

·

'.:7;"','¡-J,;l'l'lºJ

appears to be a very promising approach (Newman, 2008): ,:':_GP/-":-'-'
-

It has been estimated that about 80-85 % of people, ?Jfl'
countries rely on traditional medicine for theír priuuii,y}t.:¡

1
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ll(i,Y,, <iftbe World population$till rely 011 tnediêinâl ¡,lab?M,t'
2008),

2.9 Chromoiaenaodorata (L.)

Chromolaena odora/a (L.) is a tropical species

sunflower family, Asteraceae (Chakraborty et al., 2011). It is a fast-growingp?hAtt
invasive weed native to America, but has also been dispersed to tropical regions: ofAllbl,

Africa and other parts of the world. It is an aggressive competitor that occupies different

types of lands where it forms dense strands that prevent the establishment of other flora

(Akinmoladun et al .. 2007). The plant is hairy and glandular and the leave; give off a

pungent scent when crushed. The leaves are opposite, triangular to elliptical

with serrated edges. Leaves are 4-10 cm long by 1-5 cm wide (up to 4 x 2 inches). They

possess one-seeded fruits called achenes and are somewhat hairy. They are mostly spread

by the wind, but can also cling to fur, clothes and machinery, enabling long distance

dispersal. Seed production is about 80,000 to 90,000 per plant. Seeds need light to

germinate. The plant can regenerate from the roots. In favorable conditions the plant can

grow more than 3 cm per day (Lalith, 2009). It was earlier taxonomically classified under

the genus Eupatorium, but is now considered more closely related to other genera.

C. odora/a also goes by the common names Siam weed, Christmas bush, devil wee?

camphor grass, and common floss flower (Lalith, 2009). In Nigeria, C. odora/a is êclIP)lf
.

•
··:•-'¡-1.

called "EweAkintola" in Yoruba, "trif.fi weecf' in Hausa and "Obiraohu",.. inig_?'\ ,.,-'j/J'

e odora/a can reproduce apomictically (Rambuda and Johnson, 2004)_;?1!lréf"?
-¿?II

producer of light, wind dispersed seeds. A single shrub can produce f?fj , 1

bl. h d I ~,,..,,aiifi -

I• n one season. At the start of the wet season, esta 1s e p 31!? ,.-
, _'jJ

d ·1· b ds ·"""'l? I

the crown or from higher, undamage aux1 1ary u , ·?!+_
1-

. y¡:.-J



, swe • me s

C. odorata does not tolerate shade and flourish wt:U in

stands and suppress the growth of other plants. This is di:tex ti:!, t!l!!

allelopathic effects.
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.
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,,..,'•es

1-ii.,:inT :i:.J: ( '/rr111110/ac1111 odora/a (I..) kan•s collected from Akungba .. Akoko
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:t(lpg¡h¡b{f Pl?i.,
Subkingdom: Tracheobionta

Superdivlslon: Spermatophyta

Division: Magnoliophyta

Class: Magnoliopsida

Subclass: Asteridae

Order: Asterales

Family: Asteraceae

Genus: Chromolaena

?•-,-?I.-
•

?i;:_?_i:
,_,,;,

Species: Chromolaena odorara

2.9.1 PHYTOCHEMICAL CONSTITUENTS OF Chromo/aena odorata (L.)

LEAVES

Analyses of C. odorara have identified chemical constituents such as mono-terpenes,

sesquiterpenes hydrocarbons, triterpenes/steroids, saponins, alkaloids and flavonoids

(Akinmoladun el al., 2007, Zhang et al., 2012, Heiss et al., 2014). The leaves, containing

the highest concentration of allelochemicals isolated from a plant, are reported to be a tjch

source of flavonoids including quercetin, sinensetin, sakuranetin, padmatin, kaempferol11n!).

salvagenin (Torrenegra and Rodríguez, 2011, Akinmoladun et al., 2007). bnp¡:,g'!!ltf-,

bioactivc compounds present in C. odora/a, are stigmasterol, scutellareinte?J¡<?ff1ft!'?
1;:-:ifé11/I

(Seu· 4' 5 6 7-tetramethoxy-flavone), flavonoids (Zhang et al
..

,

20·1·2••.??.·'
i¡?'ij I

'! ,,
·. ·.· ._

.

.;-?-:?111
and the phytoprostane compound chromomoric acid C-1 (Heiss et àf¡;iíjf!?f¡-

.

h Ii
. .,;,,,,--"ctJI-

The crude ethanol extract of C. odora ta contams p eno
cac1"';'J!!

1 I

benzoic, p-coumaric, ferulic and vanillic acid?} 11nd i\"}tli¡'1 _

-

{

' ' ,._, _-_,,?11

flavonoid aglycones ( flavanones, flavonols, flavones. :li?' _

28



leaves

sakuranetin, isosakuranetin, kaempfetide, betulênol, 2•i•7?3
·

tamarixetin, two chalcones and odoratin and its atco'holíc compo?.
bomyl acetate and ?-eubeden), saponin triterpenoids, tannins, Otg@iç.
trace substances (Zhang et al., 2012). The presence of saponíns justifiéli tht l'li0Íl!1tdit\

. ,_:rc..t':t.'¡/:?

lowering properties of C. odorata. Saponins are ·known to inhibit Na+ efflux leàdltíjftô
• ·.·,; :·.•

.. ?,

higher Na+ concentration in cells, thereby activating a Na•. Ca2+ antiport, this eff'edt

produces elevated cytosolic Ca2+ which strengthens the contraction of the heart muscl¡¡,

reducing congestive heart failure (Anyasor et al., 2011).

Other compounds isolated from this plant include 5aa,6,9,9ap, l 0-pentahydro-l0P-hydroxy-

7-methylanthra[ 1,2-d] [ I ,3]dioxol-5-one, 1,2-methylenedioxy-6-methylanthraquinone, 3-

hydroxy-1,2,4-trimethoxy-6-methyl

methylanthraquinone, 7-methoxy-7-epi-medioresinol, 3P-acetyloleanolic acid, ursolic acid,

ombuin, 4,2'-dihydroxy-4',5',6'-trimethoxyclmlcone, (-)-pinoresinol, austrocortinin, tianshic

acid, cleomiscosin D, (-)-medioresinol, (-)-syringaresinol, and cleomiscosin A (Zhang el

al., 2012)

anthraquinone, 3-hydroxy-1,2-dimethoxy-6-

2.9.2 BIOLOGICALACTIVITIESOF Chromolaena odorata (L.)

c. odora/a is used as a source of medicine in traditional medicinal practice in West Afri.ea
.: ??

and countries in Asia. The plant is known for its medicinal properties especially in?- ..,?., kl',c:.
treatment of wounds (Phan el al., 2001 ). Leaf extracts of C. odora/a added witl:i)saj,ti¡¡?.;_

le for sore throat and colds. C. odorata is used extensively in Ni?etfafôt®'il;,?ti1as garg ·

·.· , .·,,._!?I
improvement as well as for medicinal and ornamental p

·

??ff¡
'I

Decoctions of this plant are popularly used for wound hea
•

properties (Odungbemi, 2006). Concentrations of

0.25•·''-fi'?
....

-

ethanolic extract of c. odora/a exhibited antimicrobiíJ}i -
-

",,¡29



? .. •-lmil ?hers have re¡,? U)e;

tbe¡-¡¡py agaírult dill!'l'hea, malarial fever, tooth ache, diâ?ciküfi°
colitis (Odungbemi, 2006, Akinmoladun, 2007), It is also repo,nec{fit?-
activity (Mishra et al., 2010, Patel et al,, 2010), analgesic activity {JeJl!l'd,
20IO), anti-inflammatory, antipyretic and antispasmodic properties (Taiwo et w.;·t'

• -?1-
anti-cancer (Adedapo et al., 2016b), anti-inflammatory activity (Owoyele et ál,, 200?,

··

diuretic activity (Rejitha et al., 2009), Cardioprotective effects (Ikewuchi and Ikêwuc:Jit

2011 ), anti-oxidant effects on human dermal fibroblasts and epidermal keratinocytes. (Thang

etal.,2001).

2.10 FLAVONOIDS

Flavonoids (FLVs) or bioflavonoids get their name from the Latin wordjlavus, meanmg

yellow. They are ubiquitous in plants and are the most abundant polyphenolic compounds

in human diet (Prasad et al., 20 I O; Castellarin and Gaspero, 2007). They are a diverse group

of polyphenols (phenyl bcnzopyrans) which function as phytochemicals (Corradini et al.,

201 1) possessing a 15-carbon skeleton containing two phenyl rings and a heterocyclic ring,

FL Vs are commonly found in fruits, vegetables, grains, bark, roots, stems, flowers, tea and

wine. These natural products are well known for their beneficial effects on health, with

multi-directional biological activities including anti-diabetic efficacy.

Experimental evidence has shown that flavonoids exhibit anti-inflammatory (Míddletoa'ii( __

;.,

al., 2000), anticarcinogenic (Batra and Sharma, 2013), antiviral (Selway, ???,
antiallergic properties. These

e?fects
are generally

associa?ed
with ?ll'::•j'?

1

activity of flavonoids, The an1tox1dant effects of flavono¡ds tile ??t{{:'V:
. -.'."}.

and position of hydroxy I groups in the molecule. The êli?,\?.. "

unsaturation and 4-oxo function in the C-ring also éoritri.bí1{1Ít?
-

i?
I,.'30



tl;¡e· trlllllidon metal iom, which play à role i11 ·g1yeo•··
··•

catalysed formation of hydroxyl radicals or ,elated species m>ns

and Rauen, 1998). FL Vs are now considered an indispensable CO!tlPOll?Jlf?·?

nutraceutical, phannaceutical, medicinal and cosmetic applications,

Based on several animal and some human studies, FL Vs may play a role in many mefllb??

processes. They can modulate carbohydrate and lipid metabolism, hypogly«1mía,

dyslipidemia and insulin resistance, improve adipose tissue metabolism, and alleviate

oxidative stress and stress-sensitive signaling pathways and inflammatory processes

(Johnston et al., 2005; Jung et al., 2004). A number of studies have been carried out on

properties of antioxidant in relation to different flavonoids and these studies emphasized

that flavonoids can be used as potential drugs to prevent oxidative stresses (Hollman and

Katan, 1998) caused by imbalance between oxidant antioxidant systems, which could result

from elevated free radical generation and decreased activity of antioxidants. In addition to

their specific pharmacological effect, the antioxidant potential of flavonoids renders tbem

interesting molecular targets to induce therapeutic benefits while Fighting oxidative stress

(Nicolle el al .. 2011).

2,10.1 STRUCTURE AND CLASSES OF FLAVONOIDS , -.',
,--·,,.-f!:;

Flavonoids can occur as aglycones, glycosides and methylated derivatives.
A.glycoñ.ê¡it_f'

·.:.:'_,"-t

consists of a benzene ring (A) condensed with a six- membered ring (C), whicli,fü!l\jil·*?l\(jµ

b
.

(F' I) Th '

·b·
' ;,dfff¡ct_..

2-position carries a phenyl ring (B) as a su st1tuent 1g . e SIX•!Ile¡:J:l
,?1:1'?'1/'?'P

·

I

¦

with the benzene ring is either a a -pyrone (flavp,n.ols.. AA.li) ??fe':
.

;:;·¡í\'T
1

dihydroderivative (flavanols and flavanones). The position,.l)?(:i'
I

,,
. ····· .ur?¡

divides the flavonoid class into flavonoids (2-positioij:)·.,'l<'JJ.,![:S-

'1,?
,,-¡

31



.·.·

?.5fciJtbflavôDlln?.by·?·
bônda;

·

Fía.V®i>!dt ate often hydroxy fated át poíitiott3; ?,
and acetylesters of fue. aleohol grou¡, lll'e known to occur ln

fonned, the glycosidic linkage is normally located.in positions.3.or'7

can be L-rharnnose, D-glucose, glucor-harrinose, galactose or lll'abini,e.

2001)

Flavonoids are classified based on functional groups on the rings, generic structure Qftililf
C, and connection position of ring B in relation to ring C, into: Flavones, Flav<jrtól/1¡

Flavanones, Flavonols, Anthocyanidins and Isoflavonones

"'
I

o
tlavoncs

flnvanoncs

o
-

/;
o

isollnvones

CÇO,,;;

o

o
llanmoh

flavnnonol::;

o
-

/;
o

nntbocyanidins

ouronc-s

R

flnvnnols

¾
,,o o

furan chromones

O OH

HO

OH

HO

isoflnvflnancs

xonthones chaocones

',',

c..: ,·
biflavones

OH
-

.. ·.-.\/:_..,
I

">
? •.··.· ·-·•.:•;'·

/,, ..

o
. .-

..

·

dihydroêh?!ii:_.

OCH3

,-"·¡

•
2 4. Structures of various flavonoid classes

li.n:_·?1"·Figure . ,

. ·?II I
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·•· i.?i??[$t)F?¥VQ)li?
Flavonl;'.l(da lltle ?nth?/? via the J)hénylpropanoid

Phenylalanine to 4-coumaroyl-CoA (Ferreyra et al.,

continues through a series of enzymatic modHieations to

dihydrof!avonols-+ anthocyanins. Although the ce:tral pathway for tla:Vóllôiit!!I¿

is conserved in plants, depending on the species, a group of enzymes, sueih as isa
·

reductases, hydroxylases, and several Fe2+/2-oxoglutarate-dependent dioxygenasescnilldliV'
·

the basic flavonoid skeleton, leading to the different flavonoid subclasses (Martens et ¡;¡J;,

201 O). Lastly, tranferases modify the flavonoid backbone with sugars, methyl groups @d/Ql'

acyl moieties, modulating the physiological activity of the resulting flavonoid by altering

their solubility, reactivity and interaction with cellular targets (Bowles el al., 2005; Ferrer

el al., 2008).

2.11 ROLES OF FLAVONOIDS IN DISEASES

2. I I.I Anti-oxidant Properties

The adverse effects of oxidative processes on organic molecules like carbohydrates, lipids,

DNA and proteins in biological systems are reduced by a wide range of substances found

in flavonoids. Flavonoids are present in fruits and vegetables as phytonutrients, containing. i)

- -J;1·

flavones and catechins, which are important sources of antioxidants. Antioxidantactivity·pfé ,J
·

.c;;.,i.:-:ii:·?

flavonoids exhibit double action by scavenging ROS and by inhibiting oxidas?, OJJ,e'!:ill?/¡)W.

. .

.

. ' .. ·' .-<??I
important antioxidants is quercetm, winch scavenges highly reactive.

?!??1?T
I

1

peroxynitrite and the hydroxyl radicals (Unnikrishnan, 2014).
Thei.l'í:).

-;¡,·.:'¡I
-

quercetin works to reduce oxidative injury included in the
,e.?.Ji/1,t..i••

injury is induced by a number of oxidizing agents such j,'Pl?·
t:t:L
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. ···.

··. ?' '?:?1!.?-?t;:fil,?????va el al., ZOll). Diffetentdiseaw tll4,,be.,¡¡ti?í\li11 I

- -

. '·''',<,·q;]_
th11-t are present in our food in the form offlavonoíifs ln

ftúi1ll,W?il--,::;--2,ll.2 Antimicrobial Properties
.·

,;..:,:.J;?,r1·

In several pharmaceuticals, plant parts and their extracts are used to ímprove?IM?'.1:';ivi;:,illlilrnmH

system against diseases (Atoui et al, 2005). The antimicrobial propérties Ofj!Ulfll'/ ''7°)?
compounds and polyphenols of different wines against pathogens were ínvestigated.ânlUti.

'
?-'

was observed that bacterial species exhibited different sensitivities towards tl;ie different

concentrations of phenolic compounds. (Vaquero et al., 2007). Additionally, the

antimicrobial activity of naringin and quercetin has also been established. Plants from

different species rich in flavonoid are found exhibiting enhanced antibacterial activity

(Mishra, 2009). Numerous flavonoids such as apigenin, galangin, glycosides, flavones,

isoflavones, chalcones, flavanones, flavonol have shown effective antibacterial activity (Xu

and Lee, 200 I). Flavonoids that act as antibacterial agents possess different cell targets, as

opposed to one particular site of activity. It has also been investigated that flavonoids which

are lipophilic in nature may also disturb microbial membranes. Thus, such antimicrobial

functions can be correlated to minimizing microbial adhesions, intracellular transport

proteins etc. Study has depicted the use of flavonoids to Fight antibiotic resistant bacteria.

(Xu and Lee, 2001 ).

2.11.3 Role in Cardiovascular Diseases i
.

·

.. &
Cardiovascular diseases are a major cause of mortality worldwide. Studies have suppotw4_ ,, ,.-

•.:..,.. ,

the view that flavonoids and flavonoid-rich foods, contain cardiovascular prçt??,·-
properties (McCullough et al., 2012; Feliciano et al., 2015). Te.a contar;rJift11;v,???It1?
reduce levels of cholesterol in blood, damage caused by oxidâtlv??.;i?

·[
'ds f .•1 _,-?I ?

pressure and inflammation. Studies suggest that flavonm o

":?'Y¡"''
1·

-

the endothelial cell (McCullough et al., 2012), Simil,!!f?f
"'

flavonoids such as non-caloric, non-nutrient secondary m?1¡ii!
1

-

I
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... ??\.?'.,
...)r?tif···· :·

..

nil!l.íll)t in êó'ó0&,. wine, tear vegetables, nu? ami. :lruiti,.'?_

" •
· ··

11

cholesterol and regulate ánti-ihflamm11tory and antioxidMt?'il?.?iI

.
. •···1-.

good source of · · .-.
· T--- ·

quercetm 1s cranberries, which can help lower the-blboit?;_,?
2·11·4 Anti-Inflammatory Properties

-
-

•-

:_

Flavonoids are present in various plant parts and reportedly possess anti'.i11?ffll'üiiaW•1;?.:_..•

.
.

--
__

-. -- --,
··'t? -:'!YI

properties (Ginwala et al., 2019). Apigenin, luteolin and fisetin are some of the f)avoMifi

reported to have good anti-inflammatory properties (Funakoshi-Tago et al., 201 I).

2.11.5 Anti-diabetic Properties

Several lines of evidence suggest that flavonoids of plant origin such as shamimin, diadzéin,

epicatechin, myricetin, epigallocatechin, hesperidin, naringenin, hesperitin, chrysin,

apigenin, genistein, kaempferol, luteolin, quercetin and rutin, have beneficial effects

on diabetes by improving glycaemic control, lipid profile, and antioxidant status (Ghorbani,

2017). Flavonoids can restrain aldose reductase that converts sugars to sugar alcohols and

are involved in diabetic intricacies, for example, neuropathy, cardiac disorder and

retinopathy (Tadera er al., 2006). Another mechanism, by which flavonoids are known to

help reduce hyperglycemia, is by interrupting absorption of glucose from the intestine. The

transport activity of sodium-dependent glucose transporter was markedly inhibited by green

tea polyphenols (Kobayashi el al., 2000).

2.12 FLAVONOIDS AND DIABETES

Several studies have demonstrated the likely protective potential of flavonbids in.thê

treatment of diabetes and they indicate the hypoglycaemic actions offlavonoids li!. diff?_-·

experimental models and treatments (Sabu el al., 2002; Tsuneki et al., 2
·

•

·

··

2005; MacKenzieet al., 2007). Flavonoids have been shown to ex:i::#

effects on hyperglycaemia and prevent diabetic complications•I¡y:ci:,if[\1 1

:-e"'¡

oxidattve and lipid metabolisms of diabetic states (Pinent,?,
··

1

I

al., 2006). Some flavonols, such as kaempferol,
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.

quetdlf, ,ihów ilyp¡,gly¢em:ic 11ctivity (Jang,arut ? ..

·
. , . --·· J._,

l006, BhathenaandVelasquez,2002), In partictilll!', oraf.ÍJlíi¡??Íll11,

.,·¡,
rats results in a 1

1

. . . •3:·
P asma g ucose levels reduction (Kam•l<tl<.klltll111ri.at1dP.iiiffllli'i ..

studies indicate that some flavonoids compete with glucose in severã1 ,-

mechanisms signifying that intestinal absorption reduction may represent one!lyffeogi?Iíí«ti':1:f>
effect. ln fact, this action was observed in the intestinal brush border membrane vesic'-8 Qt':

.

rabbits with a soybean extract which contains the two isoflavones genisteín and daidzl;in

(Bhathena and Velasquez, 2002).

Flavonoids have the ability to scavenge free radicals and chelate metals. Given the

hypothesized relation between diabetes and inflammation and the potential offlavonoids to

protect the body against free radicals and other pro-oxidative compounds (Duncan et al.,

2003; Rice-Evans el al., 1996), it is biologically plausible that consumption of flavonoids

or flavonoid-rich foods may reduce the risk of diabetes (Bahadoran el al., 2013). New

concepts have appeared with this trend, such as nutraceuticals, nutritional therapy,

phytonutrients and phytotherapy. These functional foods and phytomedicines play positive

roles in maintaining blood glucose levels, glucose uptake and insulin secretion and

modulating immune function to prevent specific OM (Hanhineva et al., 2010;

Hajiaghaalipouret al .. 2015). Naturally occurring Flavonoids such as Diosmin, Fisetin,

Morin, Isoílavones, Tangeretin, Quercetin and hesperedin have been repo*4 to

significantly lower plasma glucose levels (Prasath et al., 2014), increased plasm1dns11)#!

levels in diabetic rats by ameliorating oxidative stress (Srinivasan and Pari, 2012),,jm

diabetic associated complications (Jain et al., 2014) decrease adipoc
·

adiponectm, Ieptin, res1stln, mterleukin-6, and monocyte chemoattra?,¡r'
-

,.?-1
et al, 201 l; Kim et al., 2012), stimulate P-cell proliferation aríi¡e¡??_'f:'_

-

secretion (Qin et al., 2013; Sundaram etal., 2014),
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STZ,. a we!U,nown toxic agent (Weiss, 198f) with Jll'l",!fi(l.?;":lfl¡J?í_

hyPerglycemia as a result of damaged PBC (Najáf1an et al., 201Ó),'Í,:,????,?_,_,JL-
the kidney (Wang et al., 2015) and inflicts injury ;o epithelial cells of1hiltiétlá??S=t
ZO 16), PBCs function primarily in the transcription of the gene encoding úi?;<jj_.,iil-?lt!'.ê->ô:1,1!!.:

secretion of insulin, in response to high glucose concentrations (Rorsman, 1991), li\suJm.

production is dependent on the functionality of PBCs. TIO results, due to autoiJillllunll'-

mediated destruction of PBCs and so little or no insulin is available to mop up excess

glucose circulating in the blood. Similarly, in the case of T2D, increased glucotoxicity,

lipotoxicity, endoplasmic reticulum•Índuced stress, and apoptosis lead to the progressive

loss of beta cells (Petersen et al., 2017).

The study by EILatif et al. (2014) reported that oral administration of genistein to STZ-

diabetic rats, increased insulin secretion from mouse pancreatic islets. The mechanism

underlying this biological effect may have involved a rise in intracellular cAMP through the

increase of adenylale cyclase activity and the activation of protein kinase A (PKA). Another

study on the same tlavonoid, genistein, suggests that it exerts its insulinotropic action

through the activation of the cAMPIPKA signaling cascade (Liu et al., 2006).

Q.linked+N•acetylglucosamine (O-GlcNAc) glycosylation (O•GlcNAcylation), which

involves the covalent attachment of N•acetylglucosamine to serine or threonine residues of

proteins, is a distinct post-translational modification (Vosseller et al., 2002), whichsel'V!=Si

as a key regulator of nutrient and stress.induced signal transduction p11-thwayi.??-
other biological processes (Zeidan and Hart, 2010; Ma and Hart, 2011l),AAtiffi1#it>J¡;_:_.'.'f{

. fl t' f li I
· · '

'il'm1
: .. :,?(, ?Ji!within an optimal zone in the vanous uctua ions o ce U ar ,ellYlt'.Q? _

•

· ·

·I

J/•"ii
-

normal cellular functions (Yang and Qian, 2017). Protein '0•€1lñ1'1ií_i!.Ílr
·¡

regulated by 2 enzymes - O•GlcNAc transferase (OGT};jj¡.?'@1\

(ºGA) which catalyze the addition ofa single UDP-Gl•'.f
..

.·.1 r

31



-

? .. lffllul· ., ...._ __ ?, . .
·

· · ·
· u """'1ml? residues and the hyíhôlytic d.is(?

from lbe. proteU1, respectively. Aberrant O-(HcNAcytli!ion hat\, .... , F •. <;
progression of diseases such as diabetes mellitus, cancer, and.n?"f!i , ·•;:.,•

·

et al., 2016). Diabetes significantly elevates global O-GlcNAc levels in ti
heart (Fricovsky et al., 2012). The inhibitory effect of flavonoids on glycatiôÍI, hií,v:.,•.
said in part to be due to their antioxidant properties (Wu andYen, 2005),

Z.!3 TAKEDA G-PROTEIN RECEPTOR5/ GLUCAGON-LIKEPEPTIDE•l

(TGRS/GLP-1) SIGNALING

TGR5 (also known as GPR131, M-BAR or GPBARI) is a G-protein coupled receptor

expressed in different body organs such as the pancreas, intestine, brain, skeletal muscle,

brown and white adipose tissues and gallbladder, which is responsive by bile acids (BA).

BAs can improve glycemic control so, they play an important role in glucose homeostasis

(Zarrinpar and Loomba, 2012). When activated by BAs and potent TGR5 agonists

(Pellicciari el al., 2009, Wang el al,, 2017), TGR5 has been shown to promote GLP-1

secretion in murine enterocndocrine cell line STC-1 (Katsuma el al., 2005). Activation of

TOR5 by bile acids and TGR5 agonists in murine intestinal L-cells, elicit the release of

OLP-I, an incretin with beneficial effects on glucose homeostasis, such as increased insulin

secretion and thus improved glucose tolerance. (Katsuma el al., 2005, Thomas él al., 2009).

Activated TORS also increases cyclic adenosine monophosphate (cAMP) (Lee and Jµn,

2018) that may activate protein kinase A (PKA) and downstream signaling (Kawamata#

al., 2003, Lefkowitz, 2007). Olucagon-Like Peptide I (GLP-1), an incretin, !YPi? . .;

augments glucose-stimulated insulin secretion in PBCs (MacDonaldeta/.,Z0.0?);$.Q?,?â'].
. . . . .

.
• < ..

,. -,:1u?
functions ofGLP-1 related to PBCs mclude- actmg synerg1stu::ally\•t1Jl1;;'l®. _,'•

? ,, ..
..

:iÍ,
·

¡· ene transcription improve PBC proliferation (BtU.l!íiltbY·¡¡{i?-{i,J_·/msu tn g
'

·

,-;-.i,

improved glucose homeostasis (Thomas el al., 2009), and cg\¡?ffii;_
1 = -

:fil

of AGEs on PBCs, preserving both function and survival,?1'
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and Roohi, 2018, l3aggio a:nd Dr11c1ter, 20&7). GLf·ll\!fgtlil•?,k;c,--kglucose administration and so plays a key role in diabtt¢ii tr?DJ!t.{·{?11
GLP .,,.ir• 1, when secreted in the intestines, binds to its receptor on the pai:ít?:"tfü? .1

::sulin
production.

Activation.
of the GLP-1 receptor (GLP-IR) signalúiJ :fl¡????levan! strategy to repair deficient beta-cell mass and preserve beta-cell function (Pffl,í?t:_-::, .

-,y?/?al., 2011).

GLP-1 has been shown to stimulates insulin gene transcription and biosynthesis (Drucker

et al., 1987) via the insulin transcription factor pancreatic duodenal homeobox-1 (PDX'.-1),

a key effector for the GLP-1 R signaling pathway (Le Lay and Stein, 2006). GLP-1 causes

POX-I protein trans location from the cytoplasm to the nucleus of pancreatic P-cells cyclic

adenosine monophosphate/protein kinase A-dependent (cAMP/PKA) signaling, which

activates insulin gene transcription and biosynthesis, as well as differentiation, proliferation,

and survival of the beta cell (Wang et al., 2001, Le Lay and Stein, 2006).
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Figure 2.5: TGR-5-stimulated GLP-1 production in improved glycemlc control (Kim

and Fang, 2018)
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3.0

3.1

CHAPTERTHDE
MATERIALSAND METHODS
PLANTMATERIAL

,i?-:::t?
, ?)

.. ,

Fresh C. odorata leaves were collected from Akungba-Akoko (7"28''58i64i?-.
5º45' l.98"E) Th ,

· ey were washed with clean tap water and macerated using a mortat ,llffd

pestle,

J.1.1. PREPARATIONOF PLANT EXTRACT AND FLAVONOID ISOLATION
Total Flavonoid content (TFC) from fresh C odora/a leaves was extracted as previou$ly

documented (Omotuyi et al., 2013), Briefly, the leaves were soaked in HCL (1%, v/v)

overnight, filtered and concentrated with a rotary evaporator. TFC was purified using

DOWEX-50 column (Raman et al., 2004), resulting in C odorara Flavonoid (CoF).

3,2 EXPERIMENTALANIMALS

Thirty (30) male Wistar albino rats, weighing between 100- 120 grams were purchased and

maintained with a 12-hour light/12-hour dark cycle in the experimental animal unit of the

Centre for Bio-Computing and Drug Development, Adekunle Ajasin University, Akungba-

Akoko. They were allowed to acclimatize for two weeks and fed with commercial pelletized

rat feed and water ad libitwn. Protocols related to animal studies were approved by tbe

Animal Ethics Committee of Cenlre for Research and Development (CRD), Adekunle

Ajasin University, Akungba-Akoko,

INDUCTIONAND CONFIRMATIONOF DIABETES IN EXPERIMENTAL
?"- ?-:·;

-!'.t.??? -?
·

I
sed for experiments were of analytical grade. Streptozotqcfu_.._;._?l'.f);:ij-

Í'f
All chem1ca s u

.
,

.

·••

.

.

,

'
·•

;:!
i,f?il

.
,

¡· di'abetes was prepared by dissolving in sodiuro. <:tffi!1.?¿?\¡f;l!'.the mduct10n o
,

. ,_
·

,.,,qrll

1 t ere first divided into two groups. Group'G(n?J
Healthy ma e ra s w

. ·.,.',

3.2,l
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"'' from the taíl vein bl d
,

.

-'--?JIEl 00 USmg an AccuChek Compact glucomelm' c-.,i?ftt?JII 1¡_

r Indianapolis IN
.

--? ?c. ·-·1tl
;,

'
• USA). After an overnight fast, animals in group S ? ttill¾J.imt ,, •

.

freshly prepared STZ l
. .· ?c,Í;::l??·so ution (Furman, 2015) (40 mg/kg b.w., i.p.) Ollilt evm-•::?·fJf,:

for a total of three (3) f S
.. - . ?::,d',;:,unes. even (7) days after the termination ofSTZ treatment, imit®.I

-?
'·"''

blood samples were d f . .rawn rom the tail vem as previously described (Zou et al., 2017}fót
BG determination A ·

¡ h 1

.

· n amma s ou d have the BG value ofc:300 mg/dL cons1stently for 14

days post STZ treatment, which confirms diabetes, to be used for the next experiment.

3.3 EXPERIMENTALDESIGN

Fourteen (14) animals which were confirmed diabetic from group S above were further

grouped into B (STZ, n=7) and C (STZ+CoF, n=7). CoF treatment (30 mg/kg b.w. oral) was

performed once daily, for 60 days. Fasting Blood Glucose (FBG) was measured after fasting

rats for 9 hours, once every seven (7) days after treatment commenced. At the end of the

experiment, animals were sacrificed under light anesthesia and blood samples were drawn

using venepuncture from each animal into properly labelled tubes for biochemical analysis,

while the Pancreas. Kidneys and Aortas of the animals were harvested and immediately

fixed in 10% neutral buffered formalin for histological studies. lOOµg of Pancreas, Kidney,

Aorta and the proximal end of the ileum, were also collected and immediately placed in

t OOµl TR!zol for gene expression analysis (Kakhki, 2014).

3,4 GENE EXPRESSION STUDIES

RNA was isolated from the Pancreas, Kidney, Aorta and the proximal end oft)\?µ?µ?:,/?
,.,., :-.r1

·, ..
-

·'
_., ;,:_\-,.•

TRlzol Reagent (ThermoFisher Scientific), following mall1.1J11R?r{s:.??
m:"r:?i

- 1
using

·r· d RNA was quantified and converted to cDNA usifig l't»t?°';" .'Pun? -,?

'--¡
11111

·

h
· Kit (NEB) PCR amplification was done uiíiñl·?"· •

cDNA Synt es1s ·

-? ·j•

(NEB) using the following primer set:
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t? Cene

" INSULIN

PDX-1

GLP-1

OGT

OGA

MCP-1

TNF-a

IL-6

IL-Ip
CAT

GPx-1

KIM-I

'-:-;:·-f1{0f_{;l,1
-?.
" '

Prlnteneqeencea for primera 1t1? tb l'JíliM :.-

·

ei! •

.. ,?.
Forward Primer (5'. 3')

_ Rev- r??t-fi
·

0•
.?'--

AACCCTAAGTGACCAGCTACAATCA AAACCACGTTCCCCACACAÇ

GGAATTCCGGGGCGC GGGTCCTTGTAGAGCTGT

TCCCAAAGGAGCTCCACCTG TTCTCCTCCGTGTCTrOAOGG ;_.
.

GCGGGGCACTTGATTGTAAC TTCCCGATGTGCCAACTCAG

CAGTGGAAGAAGCTGAGCAAC TGTGCATGTGCAAAAGAACTOA

TGCCAAGTAGCCACATCCAG CACAGTGTGAGCAACTGGGA

CTCAAAACTCGAGTGACAAGC CCGTGATGTCTAAGTACTTGG

CATTCTGTCTCGAGCCCACC GCTGGAAAGTCTCTTGCGGAG

TTGAGTCTGCACAGTTCCCC TCCTGGGGAAGGCATT AGGA

CACAGTGTGAGCAACTGGGA GAGGCCATAATCCGGATCTTC

CCGACCAGGGCATCAAAA GAGGCCATAATCCGGATCTTC

GGTGCCTGTGAGTAAATAGATCA TAAACTTCAACTACCTTAAACACAATAAGATG

CYCLOPHILIN TGGAGAGCACCAAGACAGACA TGCCGGAGTCGACAATGAT
(control}

B-ACTIN
(control):

GTCGAGTCCGCGTCCAC AAACATGATCTGGGTCATCTTTTCACG

Source: Primer synthesis report (Jnquaba biatee)

3.4.1 PCR CONDITIONS

lnitial denaturation - 94°C for 5mins

Denaturation _ 94ºC for 30 secs

Annealing_ 55ºC for 30 secs

Elongation - 74ºC for 30 secs

Tennination - 74ºC for I O mins

43



f '"Tj?7C"f""'f.
.

'.:'".':1;,,
iiií,'.-.

r·.
3,5 BLOOD UREA NITROGENAND SERUM CU:Ai?!l!l>;

-; Blood samples were d .
.rawn as described earher for blood urea nítrdgliã

creatine (SC) estima!' .
.

s;i ?si' ?::htons usmg commercial assay kits, following manufacturet't·p?: '??
"'"

----?;?:
- r-.a?

·¡,,r·
3.6 NOAEL EXPERIMENTS
3.6,1 EXPERIMENTAL DESIGN

Group 1 served as the control, Groups 2, 3, 4 and 5, were given (1 O, 30, 100 and 300) m?g
body weight (bwt), CoF, respectively. Body weight was taken every 3 days, blood was

drawn from the tail vein, every 7 days for a period of 28 days.

3.6.2 LIVER FUNCTIONTEST

in vitro test for the quantitative determination of aspartate amino-transferase (AST) and

alanine amino-transferase (ALT) in blood plasma were carried out using standard

commercial assay kits, following manufacturer's protocols.

3.6.3 KIDNEY FUNCTIONTEST

Enzymatic in vi/ro test for the quantitative detennination of urea in blood plasma was

carried out using standard kit.

3.7 HISTOLOGICALEXAMINATION

Slide preparation protocol

For histology specimens, the tissue pieces were first immersed in freshly prepared 10%

formal saline solution, routinely processed and subsequently embedded in melted paraffin

wax. The wax block was then cut on a microtome to yield thin 5 µm slice sectionso{pl!II!?-
.

J
,.

· · the ti'ssue The specimen slice was then applied to a microscopeslid.e;.llit .. dii¡;¡l(:-,r·
contam mg •

·
·

· · · · ·· ''
.'l'f?4

d h d t ause the specimen to adhere to the glass slide. ?st<!í:l!!ltt!'tfl.,?i'.))tian eate o e , .
-

.,. _,,.,?-?-

.

d
O

11
d by rinsing with an acid-alcohol followed by- ;:::·•'

·· ,,:,,_:__¡ 1

..

dissolve , ,o owe ·

:-.·(-ª'
'd I ·oho! The slide was introduced into a côriê?''1

•ít
remove the aCJ -a e ·

·;.:?

. bt
·

a pH between 4 and 5 to turn the HemalPm'/TIÍ
solutrnn to o am ..

·
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,:::-·.tr, ftt1J?
'::???=-

;

. -.
.

.-·::\_•,':'?-rt?
j:--

waa

?o? by rinsing with water. 0th? ily'tbpWllíifl s?£??'?cohobo solution of · y .
.

.
·" · ,..eosm

,
a red stain, and light green or f11$f ? __ ·::;· . .,;/}!IL-it.

removed and water by
.

.
•

·,., .
,

'

a senes of sequential washes in a dehyd,;alillS<?-? d-=

was introduced int .
. . ····.·

· .

-? -----:-

·

·
?

-?Ji.-;:··.0 a chem1cal-cleanng agent (toluene, xylene, or t-bull!!lD1) (IM'ffl!l!?t...... ?,l-,
residual dehydrating t

. .
... :',,¡; 5.:?:.reagen remammg from the washing step. A cover-slip m?'l!ffl!';.·. >•·-?:.

a cover-slip were ap r d ? .

·

P te a.ter first removmg the slide from the chemical-clearing ag¡,tü:;

The clearing agent ev t d h
. . .

apora es an t e mountant hardens leavmg a stamed and mounted slidé

(Slaoui and Fiette, 2011)

Photomicrographs were taken at x I 00 and x400 magnifications with a Digital Microscope,

VJ-2005 DN MODEL BIO-MICROSCOPE®. The morphometrical analyses was done

using TS View CX Image® Software, File version 6.2.4.3 and Motic Image 2000 (China).

3.8 STATISTICALANALYSIS

Gel electrophoresis images, Bowman's space thickness and Bowman's capsule diameter

were quantified using Image J. and the values were plotted as mean± SEM as representative

bar graphs. Statistical analysis was done by comparing differences between groups using

one-way ANOY A nonparametric test (p<0.05) with GraphPad Prism Software, version 7.0a

on a Mac OSX: 2015.

3.9 STARTING TGRS MODELFOR MOLECULAR DOCKINGSTIJDIES

Molecular simulations starting from active-state Beta-2 adrenergic receptor have been.used

to investigate structural ensembles preferentially sampled in activated receptor states and

h
·

.111 of activation in human adenosine A2A receptor bound to agonists starting·ft¡¡iri'. . 1,Jl
mee anis · · ·· ·

,
.. fj•-'="'

intermediate state con- formation. Here, active-state evolution of TGR5

is•int¡:n?•??"·
·

t rrnedi'ate state con- formation therefore, the starting 'l'Cí'?r t?t .:::C

from an me
_

·

_ ··•sJ!f1'.@1
08879.1) model was built on human adenosine A2A reçc;pt,C!!!!Í?••··-':· i?I

_

NP_OOl3
, . . '4'rl _

.

I t (PDE ID: 2YDO, Sequence tdentity=19,I?'íl
-

adenosme) temp a e
. ,,.:'°

•

Adenosine receptor/TGR5 alignment using Biologics !5;\J!Ti
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Schr!ldín PT, LLC, New York, NY, 2017), Ram!lítcbifflifnm 1Iij ·,-,

RAM-PAGEweb ·

- .,_.
·service(http://www•cryst.bioc,cam.ac,uklrlll!lm?? ,_'.:, ..

was used for mod ¡ I'

·

.__

.·

-:,.,.,.,,e qua ity assessment, where only 1.8% oftheteaidueJU'lê?:
? ,_

'::?:3.10 !D COORDINATESOF LIGANDS AND DOCKINGPROTOCOLS
The 2D t

·
· ."a omic coordinates of TRX (CIO 5546), CoF (CID 5320438) and INT-777 (CID'

45483949)were retrieved from PubChem repository and prepared using LigPrep scripts as·

implemented in Small-MoleculeDrug Discovery Suite of Schrõdinger. The ligands were

docked into TGR5 model using Glide (Schrõdinger Suite 2017-4 Induced Fit Docking

protocol; Glide, Schrõdinger, LLC, New York, NY, 2016; Prime, Schrõdinger, LLC, New

York, NY, 201 7) extra-precisiàn methods taking adenosine coordinate as the reference

point.

3.11 BIOSYSTEMS SETUP AND MOLECULAR DYNAMICS (MD)

SIMULATION

Hydrogen and semi-empirical AM I -bee charges were added to the ligands using the UCSF

Chimera tool (Lovell et al., 2003) and parameterized using ParamChem web-service

(https://cgenff.paramchem. org).

TORS (APO) and three complexes (TGRS+CoF, TGRS+INT-777 and TGR5+TRX) were

prepared for simulation, For each complex, insertion into pre-equilibrated lipid (l·

•

¡ 2 l yl-sn-glycero-3-phosphocholine, POPC, 68 lipids per leaflet) an.d?mrt?- ?? ?
---?:

.

'

i
?

. f l gy files following CHARMM36 force field parameters (Lovell ,et:-áfo, :>-'

generation o topo o ',
,:.-:, :?

·

High-ThroughputMolecular Dynamics for MolêcularDiit??¡0I
2003) were done using ··•:·?

-

h Crlpts (Pettersen et al., 2004). The b1osystems were·???.M, 1

(HTMD) pyt on s
.

, 'ji¡:f>

+ - M' ,
-;.;¡¡:¡ ?15111

. d I and neutralized with 0.1 SM Na /CL , miffl1,,11:
exphc1t water mo e

_ _
_ ,.-¡-1

h Id was performed on each complex usi_\!g.,ri\
I

convergence thres o
,

-
.

,-
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?- ?ílibration mol I . ·',;•.·-..,_ ·Ileu lll' dynanucs símuiation was at 2fs tm:to 1ifí1!. Sl,ilJ¡? l1
.

bonded interactio
·

. . . .

?
-:

·

""5t 1

•ns m ª three-stage protocol. First, NVT ensemblcMlVilllll--.'1-i'¾!
..

1

lipid, water ?nd
·

. .

· · ·· ·
·

f'i•\"i\l q.,
-

mns as the fixed protein-ligand complex (heavy ato?,) for51)'lJt,l!ttf<fiÉ/:?,;.I
Next, a 10 ns eq Tb •

.
. .· J!?ui I ration usmg NPT ensemble at 3 !OK was perfonned withresltliih'Ullmli' '-- ,i_l

protein-ligand as des ·b d b
.

·en e a ove. Finally, 40 ns equilibration simulations were perfotmíd.
on full y unrestrained b

·

t
.

10sys ems usmg NPT protocols. NPT conditions were maíntainedtiy

Berendsen equation ¡: t . . . .or emperature and pressure couplmg algonthms as 1mplernented m

GROMACS (ver. 5.0) (Huang and MacKerell, 2013). Two randomly selected biosysterns

were retrieved from fully unrestrained equilibration step for production MD simulations.

Production MD simulations were run on ACEMD software (Doerr et al., 2016) using

parameters previously described (Van Der Spoel et al., 2005) for 1000 ns each with

snapshots saved every I ns. All MD simulation softwares were compiled on HPZ800

workstations with GPU (GTX-980,GTX680) cards.

3.12 POST-SIMULA TIO;\' TRAJECTORY QUALITY ASSESSMENT

Prior to data analysis, convergence of the biosystems was confirmed using the stability of

the protein e-alpha-backbone and lipid bilayer parameters. Root-mean-square deviation

(RMSD) values (protein) and area-per-lipid/lipid bilayer thickness (Lipid bilayer)

parameters were computed. At <200 ns, the protein C (-backbone had stabilized around

~0.5 nm. The area-per-lipid represents an important parameter for assessing whether the

lipid bilayer systems has achieved convergence in molecular simulations (Harvey er e¡/,,

2009). Area-per-lipid of the POPC bilayer used in this study was maíntained at an aver11g11;.
_ ,. __

ofS2 A2 iipíd bilayer thickness was maintained between 3-4 nm
through91.1,tthesin!µj.\\ti??ilf

and the values remained consistent with previous studies.

. ...,j,;i,ia·r
1

Jf?"
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Atomic representations in this study Were ;têâtedusing ·)y?
visu¡¡J molecular dynamics (VMD) (Petrache ei al,, 200()}, Alh
using the

Ballesteros-Weinstein numbering system as reviewed, \'MD
Analysis Tools) and in-built GROMACS analysis (gmx rms, gmx diatartc? 8

··

dihedral, gmx sham) tools were used for post MD simulation analyses, MATHEMATICJM. ·

was used to draw the 3D surface plots; Volmap plugin (VMD) was used to generate intra-

helical water density. Dynamical networks and community interaction between TMDI•
TMVI during each trajectory was calculated using Network Analysis Tools in VMD. Line

graphs were plotted using GraphPad prism (ver 6.0e, 2014) as the mean oftwô independent

simulations
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I'• 4.0 RESULTS
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?-

?:

.,-?J-?_-f.:>)?-.:..
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·r
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?

·,'-

4.1 ?ot., .,i;i¡¡-1(!!1!"1
-:,i::?:?t???Blood glucose levels of ?O-g .

. •. .

·

:/,';;.-?.}¡E9 mg/di are said to be normal for non-diabetic subj-? ·

.,?•·
fasting blood glue 1

1

. .
.

·

•.
-

• .tiose eves m diabetic state is given as 80-130 mg/di. Healthyfwlêtil!l!IIÍ'
islets of the pancreas blare a e to produce insulin capable of maintaitting blood ghn.füâi:
levels. The blood gl I I

.ucose eve s of the ammals were monitored by measuring fasting blood

sugar levels once eve d
. .

' ry seven ays, for the treatment penod. STZ treatment evidently

destroyed PBCs as recorded by high glucose levels in STZ-alone treated group. This is

however reversed by CoF treatment (Fig 4.1 see pg 51 ).

4.2 CoF REVERSES PAN CREATIC BETA CELL DAMAGE IN STZ-INDUCED

HYPERGLYCEMIA

It has been established that STZ treatment causes damage to PBCs. Damaged beta cells are

unable to produce sufficient insulin to maintain glucose homeostasis. The results showed

significant decreased insulin expression in the STZ-alone group (Fig 4.2 see pg. 52) and

decreased islet cell density (Fig 4.4 see pg. 54), compared to control. CoF treated group

however, shows increased (not significant, p<0.05) insulin production and islet cell density.

PDX-1 (Fig 4.3 see pg. 53) and OLP-! (Fig 4.6 see pg. 56) gene expressions in the CoF-

treated group also show increased expression.

4.3 STZ TREATMENT JS ASSOCIATED WITH ORGAN HISTO-

STRUCTURAL DAMAGES IN THE PANCREAS; REVERSIBLE WITJ{ !':;? ?(=

.... :::jt
:::·?:?::truiceof the pancreas are groups of specializ<:d

,ç?(t?'
..J;;;i 1

·-•l
.

. h. h form the endocrine part of the gland-íitld.?r,F--' -?
connective t1ssue, w te

.-:;..-·

th Islet of Langerhans, which ate lê-::'.·'
and glucagon. These are e

<"
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J,..:Jf1??1?e.:}:?1-:fr.·_'
. .

/,_.;;li{:·}.--lhl!?••p?c:hYtttá,'fhe??-•?fl.. -, . ..

from which sopta pass into the gland, subdividíhgit ittlo111?;???il_composed of rounded or tubular groups of pancreatic cell,- tllet¢?il.,t'._ ,.?¡?
1.,¡

important feature observed are the intercalated ducts (cuboídal ?tlit!lllfflll'?I1

secretions from the acini. The plate also showed the inter and intra!Obulllnl1?_,j· .1
.

. . ··- _···.::l\, -between and within the lobules, respectively, which represents the nornlal
physíolO$Y-i!!f{f¡j·.,t

•

pancreas (Plate 4.5 A see pg 55). In contrast, hyalinized islets, fatty droplets (FD) itt-tltl "t:?
lntralobular ducts, hype11,lasia of intercalated duct cells was detected in the STZ group

·

(Plate 4.5 B see pg 55). As seen in the CoF-treated group (Plate 4.5 C see pg 55), there is

reduced FD, and regeneration of islet cells.
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Figure 4. l: f;snng t,luud glucose levels of treatment and control groups.
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Figure 4.2: Expres,ion pattern of insulin gene in the pancreas of treatment and control

groups. Bar graph represented mean and SEM values of quantified band from control and

treatment groups. The gel image is the representative snapshot of the pooled samples. Each

bar represented control normalized relative expression (gene/cyclophillin). Statistical

comparison between groups was done at ip<0.05), the calculated p values are displayed.

* means significant difference compared to control, ns means not significant.
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Figure 4.3: Expressrnn pattern of pancreatic duodenal box -
I (PDX-1)gene in the pancreas

of treatment and control groups. Bar graph represented mean and SEM values of quantified

band from control and treatment groups. The gel image is the representative snapshot of the

pooled samples. Each bar represented control normalized relative expression

(gcne/cyclophillin). Statistical comparison between groups was done at (p<0.05), the

calculated p values are displayed.
* means significant difference compared to control, ns

means not significant.
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Figure 4.4: Islet cell density of pancreas. Bar graph represented mean and SEM values.

Statistical comparison between groups was done at (p<0.05), the calculated p values are

displayed.** signilícant difference compared to control, ns means not significant.
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Plate 4.5: Representative Hematoxylin and Eosin stained photomicrograph (x400 objective)

sections of pancreas. A-Control group; B-STZ group; C-STZ+CoF group. IntraLD:

[ntralobular duct; A: Acini; lnterLD: Interlobular duct; lnterCD: Intercalated duct; FD:

Fatty droplets in the !ntralobular ducts; HI: Hyalinized islets.
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Figure 4.6: Fxprcssion p.ittern of glucagon-like peptide -
I (GLP-1) gene in the intestinal

crypt of treatment anJ control groups. Bar graph represented mean and SEM values of

quantitied banJ from control and treatment groups. The gel image is the representative

snapshot ofthe pooled samples. Each bar represented control normalized relative expression

(gene/cyclophillin). Statistical comparison between groups was done at (p<0.05), the

calculated p values are displayed.
* means significant difference compared to control, ns

means not significant.
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4.4 CoF USTORES STZ-INDUCED LoSS ()f' ,?·

f EXPERIMENTALNEPRROPATHY
.

:
.; \i.

Routinely, kidney funcf .
. .

'

. . .

,· '-,
ion 1s chmcally examined by monitoring t:he serumtevels , _-_ i

urea nitrogen (BUN) ªnd serum creatinine (SC). An animal should have the 130/Sê,?-
of ?300 mg/dL ¡ > 80 I/ .

-

- mmo L consistently for 14 days post STZ treatment to be used fo,

the next experiment. Fig. 4.7 (see pg. 59) shows that STZ treatment is associated with

increased (not significant, p<0.05) serum BUN which is reduced to control levels with CoF

intervention. Similarly, SC is statistically (p<0,05) increased following STZ treatment but

not with CoF treatment. There is no significant difference between the control and STZ-

CoF group.

4.5 STZ TREATMENT IS ASSOCIATED WITH UP REGULATION OF

ANTIOXIDANT AND PRO-INFLAMMATORY GENES IN THE KIDNEY;

REVERSAL BY CoF

Figures 4.9, 4.12 (see pgs. 61, 64) show significantly upregulated TNF-o. and MCP-1,

respectively in STZ group which is reversed by CoF treatment. TNF-R (Fig. 4.10 see pg.

62) and IL-I o (Fig. 4.11 see pg. 63) were both upregulated in STZ and STZ-CoF groups in

·

·th basal control Figures 4.13 4.14 and 4.15 (see pgs. 65, 66, 67) show
cornpanson w1 · 1

significantly upregulated GPx-1, CAT, and OCC-1, respectively, in STZ group. CoF

h ffects KIM-I (Fig. 4.16 see pg. 68) gene upregulation by STZ,
treatment reverses t eses e .

h d
.

mpletely reversed following CoF intervention.
on the other an 15 co
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4.(i STZ TRE-. ATMENT IS A$S0ClATE-D •?•-._ •~;• ? .. ' ._

STRUCTURAL DAMAGES IN THE KIDNEY; ?--. : .. , .. ·'
TREATMENT -

· ? ·

This kidney section (Pl t 4 8 _
__ --·

, -

a e , A see pg 60) of the control group showed ntlmlâl DisflllO#" ,

the cortical part of th 1 'd . .
. . . _ .

.

:·
e <1 ney, constsltng the renal corpuscle, which 1s perhaps tlié tt!llif

distinctive rnicroscop· ,. t f . _ ,tc ,ea ure o the kidney; each of the renal corpuscle has Bowman· s

Capsule (BC) - the outer epithelial wall of the corpuscle, the Bowman's Space (BS) also.

called urinary space found lying within the BC, the Glomerulus (G), comprising Olomerular

capillaries, Podocytes (P), and Mesangial cells (M). The Proximal Convoluted Tubules

(PCT), which reabsorbs most minerals and other nutrients from the tubular fluid and passes

them to the blood in the Peritubular Capillaries (PC), are also identified in this section. The

PCT and corresponding Distal Convoluted Tubules are lined by simple cuboidal epithelium.

Also, shown is the Macula densa (MD), a patch of densely-packed epithelial cell nuclei

along the DCT, adjacent to the BC. which fünctions as a sensor for sodium and/or chlorine

concentration as well as regulate blood pressure and the filtration rate of the glomerulus.

The kidney ultrastructure depicts various abnormal manifestations in the STZ-alone treated

group (Plate 4.8B see pg 60), such as enlarged Bowman's space to thickened basement

membrane to atrophied distal tubular epithelial cells and glomerulosclerosis, which are

reversed in STZ-CoF group (Plate 4.SC see pg 60).
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Figure 4.7: Kidney function tests: Bar graph representing mean and SEM values of Blood

Urea Nitrogen and Serum Creatinine in control, STZ and STZ+CoF treatment groups.

Statistical companson between groups was done at (p<0.05). Calculated p values are

displayed. ••• means significant difference compared to control, ** means significant

difference compared to STZ group, ns means not significant.
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,
-

, ,_;en ,-,'ilmcd photornicrographs of kidney histomorphological

presentations (x-1110! ,a Adult ;i1ale Wistar rats across the various groups: A-Control; B-

STZ; C-STZ+CoF, (BC - Bowman's capsule, BS - Bowman's Space, PCT - Proximal

Convoluted Tubules, DCT - Distal Convoluted Tubules, G - Glomerulus, E - Erythrocytes

in glomerular capillaries, MD - Macula densa, P - Podocytes, M - Mesengial cells, C -

Capillaries, PC - Peri tubular Capillaries, BM - Basement Membrane, I - Interstitial space

between tubules, Atrophy - A, NGS - Nodules of Glomerular Scar, LD - Lipid deposits,
-

Blue arrows - FSGS tip variant, TLD - Tubular Lipid Deposits, V - Vacoular

modifications)-
•"* means significant difference compared to control and STZ group, ns

means not significant
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Figure 4.9: Expression pattern of inilammatory gene, tumor necrosis factor - alpha (TNF-

u), in kidney of treatment and control groups. Bar graph represented mean and SEM values

of quantified band from each sample for specified inilammatory gene in control and

treatment groups. The gel image is the representative snapshot of the pooled samples. Each

bar represented control normalized relative expression (gene/?-actin). Statistical

comparison between groups was done at (p<0.05), the calculated p values are displayed. •

significant compared to control;*** means significant difference compared to STZ group.
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Figure 4.111: Expression pattern of inílammatory gene, tumor necrosis factor receptor

(TNF-R), in kidney of treatment and control groups. Bar graph represented mean and SEM

values of quantified band from each sample for specified inflammatory gene in control and

treatment groups. The gel image is the representative snapshot of the pooled samples. Each

bar represented control normalized relative expression (gcne/!3-actin). Statistical

comparison between groups was done at (p<0.05), the calculated p values are displayed.

* means significant difference compared to control.
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Figure .u I: Expression pattern of inflammatory gene, interleukin-JO (IL-10), in kidney of

treatment and control groups. Bar graph represented mean and SEM values of quantified

band from each sample for specified inflammatory gene in control and treatment groups.

The gel image is the representative snapshot of the pooled samples. Each bar represented

control normalized relative expression (gene/?-actin). Statistical comparison between

groups was done at (p<0.05), the calculated P values are displayed.
•••• means significant

difference compared to control, ns means not significant.
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Fig u re 4.12: Fxpressiun p;,1ltern uf' lnflarr1matory gene, monocyte chcmoattractant protdn -

¡ (\1('P-l J.
in k1dllL'Y of tr...:atmentand control groups. Bar graph represented mean and

SEM values of c¡uan1i tíed band from each sample for specified inflammatory gene in control

anJ treatment group?. The gel irnag? is the representative snapshot of the pooled samples.

Each bar represented C[llllrol normalized relative expression (gene/?-actin). Statistical

comparison between ¡;roups was done al (p<0.05), lhe calculated p values are displayed.**

me.ins significanL difference compared to control, *** means significant difference

coinpareJ to STZ group, ns means not significant.
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Figure 4. I 3: Expression pattern of antioxidant gene, glu!athione peroxidase - I (GPx-1), in

kidney of treatment and control groups. Bar graph represented mean and SEM values of

quantified band from each sample for specified inflammatory gene in control and treatment

groups. The gel image is the representative snapshot of the pooled samples. Each bar

represented control normalized relative expression (gene!p-actin). Statistical comparison

between groups was done at (p<0.05), the calculated p values are displayed. ••• means

significant difference compared to control, ns means not significant.
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Figure 4. 14: Fxpress10n pattern of antioxidant gene, catalase (CAT), in kidney of treatment

and control groups. Bar graph represented mean and SEM values of quantified band from

each sample for specified inflammatory gene in control and treatment groups. The gel image

is the representative snapshot of the pooled samples. Each bar represented control

normalized relative expression (gene/D-actin). Statistical comparison between groups was

done at (p<0.05), the calculated p values are displayed.
••• means significant difference

compared to control. ns means not significant.
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Figure 4.15: Expression pattern uf oeclu<l1n (OCC) in kidney of treatment and control

groups. Bar graph represented mean and SEM vallleS of quantified band from each sample

for specitíed inflammatory gene in control and treatment groups. The gel image is the

repn:sentntive snapshot of the pooled stimples Each bar represented control normalized

relative expression (genc,p-actin)
Statistical comparison between groups was done at

(p<O.OS). the c,iiculllted p values are displayed.•• means significant difference compared

to control and STZ, ns me,111s not significant.

67



r

1111 CTR

113 STZ

El STZ+CoF

i
QI
>

·.p ....
n¡

ãi o
o:: e

.,, .2 ?VI
QI VI

.!::! QI S2,._
-¡ij a.
E X
,._ w
o
z

2.0-

1.0-

I

0.2236 ns

<O.ooo,I
r---i

0.0002

KIM-I

?-actin

Figure 4.16: Expression pattern of kidney injury molecule -
1 (KIM-1) in kidney of

treatment and control groups. Bar graph represented mean and SEM values of quantified

band from each sample for specified inflammatory gene in control and treatment groups.

The gel image is the representative snapshot of the pooled samples. Each bar represented

control nonnalized relative expression (gene/P-actin). Statistical comparison between

groups was done at (p<0.05), the calculated P values are displayed.
••• means significant

difference compared to control and•••• means significant difference compared to STZ, ns

means not significant.
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CoF RES'FORES PR.OTE·
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IN
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GLYCOS¥LATJ8N .

·

AORTA TO NORMA
.

.,,::}'.\.<
L LEVELS IN STZ-INDUCED. RATS

· ·;:i, ·:

The results show th t O GI

.
·

··1,a;•,,
a • cNAc transferase (OO'r) was significantly tip?? : '. _

STZ group (Fig 4 IS
, ',.

· · see pg. 71), while ?-N-Nacetylglucosarninidase (OGA}?'
was upregulated (not 5- "fi )

.

.

•gm 1cant m STZ group (Fig. 4.19 see pg. 72) compared "IQ•

control. CoF treatme I bln was a e to reverse the expression of OGA and OGT to nôtmlll

levels.

4.7

4.s STZ TREATMENT JS ASSOCIATED WITH UP REGULATION OF

ANTIOXIDANT AND PRO-INFLAMMATORY GENES IN THE AORTA;

REVERSAL BY CoF

Pro-inflammatory genes, IL-6 (Fig. 4.20 pg. 73), IL-1 ? (Fig. 4.21 pg. 74), TNF-a (Fig. 4,22

pg. 75) and MCP-1 (Fig. 4.23 pg. 76) were significantly upregulated in STZ group which

was reversed by CoF treatment. Antioxidant genes, CAT (Fig. 4.24 pg. 77) and GPx-l(Fig.

4.25 pg. 78) which were downregulated as a result of STZ were restored to control levels

with CoF treatment

4.9 STZ TREATMENT IS ASSOCIATED WITH ORGAN IDSTO-

STRUCTURAL DAMAGES IN THE AORTA; REVERSIBLE WITH CoF

TREATMENT
.

.

¡ I gical presentations of the aorta (Plate 4.26 see pg. 79), the contrql

From the h1stomorp 1o 0

1
d normal aorta consisting of tunica intima, tunica meQ.ia, ??;J'.1

group (Al s ,owe a
.

•
. ,,. ..

, •• ''. ,·,;:

.

·

ti bers The diabetic section (B) showed a signifi:çiij"JfÍIJ.ÇÇ/1??lilt="

adventitta, and elashc 1
.

.• .
, ,,-,..,.. ,,- ,,?_,Iliff

. a· I aracterized mainly by compactmn
..

º

... f.·.•.pr<ílii..
-. -.1 rJt:_?t

-

thickness of tum ca me ,a, e 1

_ ,..
, ,. :;\Ji ·•lllii _

d th rosclerotic lesions (ASL). The CoF-treat?cl.;?
(myocytes) an a e _.•
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of the abnormalities
induce y
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Figure 4.17: Aorta Diameter (mm) in treatment and control groups. Bar graph represented

mean and SEM values or measured aorta diameters. Statistical comparison between groups

was done at (p<0.05), the calculated p values are displayed. ns means not significant.

70

?.==-i?
STZ+CoF



• CTR

113 STZ

El STZ+CoF

1001
Q,j

E-<;...
'.C c.,? o?
? ._

o
"O =

Q,j .s
.!::! "'
-; "'

c.;

ê l.,
l., Q.
o ?
z. ?

ns(D.0786)

¡--- -

r"(OOílOH)
7

¡1'"(0092)

50-
1

I

I

I

oJ mim

I
?
?

OGT

Cyclophilin

Figure 4.18: Expression pattern of protein glycosylation enzyme, 0-GlcNAc transferase

(OGTJ gene in the aorta of treatment and control groups. Bar graph represented mean and

SEM values of quantified band from control and treatment groups. The gel image is the

representative snapshot of the pooled samples. Each bar represented control normalized

relative expression (genelcyclophillin).
Statistical comparison between groups was done at

(p<0.05), the calculated p values arc displayed.••• means significant difference compared

to control and STZ.



mcTR
ID STZ

ns(0,99) El STZ+CoF

IU(0,17)

1201
ns(O.ll)

II> ?>
-,e c.,

I

ell

?
o so- ?s.,.
o

"O =
II>

-?.!::l
.a "'

OJ

a ... 40-
... Q.
o ..
z ¡.¡

OJ
OGA

Cyclophilin

Figure 4.19: Expression pattern of protein g\ycosylation enzyme, ?-N-

Nacety!glucosarninidase
(OGA) gene in the aorta of treatment and control groups. Bar graph

represented mean and SEM values of quantified band from control and treatment groups.

The gel image is the representative snapshot of the pooled samples. Each bar represented

control normalizedrelative expression (gene/cyclophi!\in).
Statistical comparison between

groups was done at (p<0.05), the calculated p values are displayed. ns means not significant
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Figure 4.20: Expression pattern of inflammatory gene, interleukin 6 (lL-6), in the aorta of

treatment and control groups. Bar graph represented mean and SEM values of quantified

band from control and treatment groups. The gel image is the representative snapshot of the

pooled samples. Each bar represented control normalized relative expression

(gene/cyclophillin).
Statistical comparison between groups was done at (p<0.05), the

calculated p values are displayed.
•• means significant difference compared to control and

STZ.
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Figure 4.21: Expression patlern of inflammatory gene, interleukin -1 beta (IL-1?). in the

aorta of treatment and control groups. Bar graph represented mean and SEM values of

quantified
band from control and treatment groups. The gel image is the representative

snapshot of the pooled samples. Each bar represented control normalized relative expression

(gene/cyclophillin).
Statistical comparison between groups was done at (p<0.05), the

calculated p values are displayed.
•• means significant difference compared to control and

• means significant
difference compared to STZ.
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Figure 4.22: Expression pattern of inílammatory gene, tumor necrosis factor - alpha (TNF-

o.), in the aorta of treatment and control groups. Bar graph represented mean and SEM values

of quantified
band from control and treatment groups. The gel image is the representative

snapshot of the pooled samples. Each bar represented control normalized relative expression

(genclcyclophillin).
Statistical comparison between groups was done at (p<0.05), the

calculated p values arc displayed.
•••• means significant difference compared to control

and STZ.
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Figure 4.23: Expression pattern of int1ammatory gene, monocyte chemoattractant protein.

¡ (MCP-1 ). in the aorta of treatment and control groups. Bar graph represented mean and

SEM values of quantified
band from control and treatment groups. The gel image is the

representative
snapshot of the pooled samples. Each bar represented control normalized

relative expression (gene/cyclophillin).
Statistical comparison between groups was done at

(p<0.05), the ca\cu\ated p values are displayed.* means significant difference .
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Figure 4.24: Expression pattern of antioxidant gene, catalase (CAT), in the aorta of

treatmen( and control groups. Bar graph represented mean and SEM values of quantified

band from control and treatment groups. The gel image is the representative snapshot of the

pooled samples. Each bar represented control normalized relative ex.pression

(gene/cyclophillin).
Statistical comparison between groups was done at (p<0.05), the

calculated p values are displayed.
• means significant difference compared to control and

STZ.
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Figure 4.25: Expression pattern of antioxidant gene. glutathione peroxidase
- I (GPx-l ), in

the aorta of treatment and control groups. Bar graph represented mean and SEM values of

quantified band from control and treatment groups. The gel image is the representative

snapshot of the pooled samples. Each bar representedcontrol normalized relative expression

(gcneicyc\ophillin).
Statistical comparison between groups was done at (p<0.05), the

calculated p values are displayed.•
means significant difference compared to STZ, ns means

not significant.
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Plate 4.26: Photomicrographs showing panoramic views of aorta general

histomorphological presentations (x I 00) in Adult male Wistar rats across the various

groups: A-Control; 8-STZ; C-STZ+CoF. Tl - Tunica intima, TM - Tunica media, TA_

Tunica adventitia, EF - Elastic fibers, FD - Fatty droplets, ASL - Artherosclerotic lesion,

ULL _ Ulcer-like lesion, H - Haemorrhage, M-Macrophages

79



?
- ·:_'.':_.:t-? ...

?? -
- I

4.10 NO OBSER . •
. ? )íie •-

NOAEL results sho:
ADVERst

Eh'EerLlftl,?•-??i •at the body weight of lhe animals?' ?[Ii
1J1,1i11

•

different group (F' 4
. .. · .

·

.
:-;:-5, •s ig. -27 pg. 8 I). Urea concentrations (Fig. 4.28 pg. "2)?-t.¡ •J

Gt 1

minimal ranges. Evaluation of serum Pnnnn al
.

. --_..
(F"

,..?... ?.•-•--,?es amne ammouawmm,... lg, ... ? --
and aspartate aminotransferase {Fig. 4.29 pg. 83) levels, which is a bíomllrlcer ot'li,v¢r

toxicity, showed that the trend was maintained across the groups. FtQin lhe

histomorphological presentation, the islet cells (Fig. 4.31 see pg 85) did not pres?t

observable lesions. ln the kidney, no ,·isible lesions were seen across groups one to four;

group five. however, showed mild interstitial oedema (Fig. 4.32 see pg 86). The liver

sections (Fig 4.33 see pg 87) showed mild diffuse vacuolar degeneration ofhepatocytes in

group I. mild portal congestion ilong arrow). with moderate diffuse vacuolar degeneration

.

2 3 d 4 did not present any notableof the hepatocytes (short arrows) m group . groups an

lesions, while, ery mild portal congestion (long arrows), with diffuse vacuolardegeneration

of hepatocytes ( short arrows¡ was obsen ed in group 5.
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Figure 4.27: Graph of Mean Body Weight of control and treated groups for NOAEL
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Figure 4.28: Graph of Urea Concentration in blood plasma of control and treated groups

for NOAEL Experiment
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Figure 4.30: Graph of aspartate aminotransferase (AST) levels in blood plasma of control

and treated groups for NOAEL E_xperiment
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Plate 4.31: Plwtomicrographs showing panoramic views of pancreas for NOAEL

experiment (x400). Group 1 served as the control; Group 2: !Omg/kg bwt.; Group 3:

30rng/kg bwt.; Group 4: !00mg/kg bwt.: Group 5: JO0mg/kg bwt. The islets did not present_

observable lesions
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Plate 4.32: Plwil ,micrographs showing kidney sections for NOAEL experiment (x400).

Group I SCI"\ ed a? the control: Group 2: I0mglkg bwt.; Group 3: 30mglkg bwt.; Group 4:

I OOmg/kg bwt. Group 5: 300mg/kg bwt. The arrows indicated in group 5 shows pink

staining oedema fluid in the interstitial space of the renal cortex (arrows), all other groups

did not have lesions
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Plate 4.33: l'h<>l<>lll ,erographs showing liver sections for NOAEL experiment (x400),

Group I served as 1he control; Group 2: I0mglkg bwt.; Group 3: 30mg/kg bwt.; Group 4:

I OOmg/kg bwt. (iniup 5: 300mg/kg, bwt. The arrows indicated in the Figure show group I-

mild diffuse vacmilar degeneration of hepatocytes; group 2-mild portal congestion (long

arrow), with moderate diffuse vacuolar degeneration of the hepatocytes (short arrows);

groups 3 and 4 did not present any notable lesions while group 5-very mild portal congestion

(long arrows). with diffuse vacuolar degeneratton ofhepatocytes (short arrows}.
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4.11 CoF ELICITS SIM ILAR TGRS I

MOLECULAR DO
NTERACTION AS KNOWN AG0NIST IN

CKfNG STUDIES
The lack of 3 D structure .

constitutes a m
.

actingat TORS .

ªJor drawback to the development of novel drugs
. To circumvent th· h

(.
.

18 e allenge, TGRS model built on rhodopsin template
mact1ve state) has b een used to identif ke ..

·
.

. .

Y Y I es,dues mvolved in ligand binding. This model

explicnly expia· d 1
' me tie roles of y391" 3 33 . . . .and N93 ·

m agomst bmdmg but not E 1695·43,

whose roles have been established from mutagenesis studies. The apparent inability of

rhodopsin-hasedmudei to acco, 1_

. .

.
,mt 01 all mteract1onsmay have instructed the choice of an

active state moue! built O íP. d
.

n - " rencrg1c receptor-Gs protein complex. Another model built

on human auenosinc A2A receptor I intermediate state) in adenosine (agonist)-bound state

?liso ac1...·ounll'd for lhe role:-; or \{t-;9-1 :'\ N9J3 13 and E 169?--n when bound to 6a-ethyl-3u,7a-

J1hydro,,-ê4-nur-'li-L'irnl,m-D-yl-2)•tnethylammonium sulfate (TNT-767) after taking

!'ui! aLh·an1;1gL· uf li?c111d nwhilíty ,md side chain ílexíbility associatedwith MD simulation,

In this study. r;1thL·r than .... tartin? l"r1.ll11 the fully acti\1e confonnation, an intennediate

conformal ii in \\';1-., preferred ln urder to study the evolution associated with interrnediate-

acti,c state· tr,msitiun Therefore, the starting model was built on human adenosine A2A

¡[). '''f)O) t 'mplate. This model revealed that only Y893·" and N93JJ3

rcceptoriPDB .-' '

__ 7 d 1
·droxvl-6 4-dimethoxyl ílavanone (CoF) but not El695A3

interacted with atoms ot :,, ,
-

i 1y
,

.

.

_ sno'" as reported for bile acids (Fig. 4.34 B sec pg. 89) in

(fig. 4.34 A "'e I'!!·
:N) ªnd -

previous mutagencsis studies.
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Figure 4.34: Binding pose ofligand within TGR5 orthosteric site. The docking pose ofCof

(A) and INT-777 (B) within the orthosteric site ofTGR'.5 showing proximity toresidues

3.33 3.29

(N93 and Y89 ) previously
identified in mutageoesis studies. (C): Molcculardynarics

l.44

simulation shows the flipping of E\ 69 into
,'?e

helical core during the simulation. ·(D}:

Line graph showing the distance between S270 hydroxyl side clwn and the atoma ofCof:.

· and INT- 777 during the simulation.
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4.12 TGRs IN CoF BOUND STATE ELICITS CONTINUOUS JN'fflRN:AtWATER PATHWAY THAT SINKS IN THE(E)-DRY MOTIF
Several G-protein-coupled receptors (GPCRs), whose 3D structures have been determilled

(crystallography) in ago ..
bnist ound states, have shown highly ordered internal water

molecules within the transmemb h
.rane ehces. The functional role of the waters has been

pinned to receptor activat' •mn usmg molecular dynamics simulations. NPxx Y motifis shown

to play a significant role in the water tunneling mechanism by Yuan et al. (2014) which is

required for breaking the ionic lock contributed by the DRY-motif. In this study, TGRS was

investigated for such internal water pathways in the presence of CoF, INT-777 in

comparison to an antagonist and apo state. In all the four complexes studied, no internal

water tunnel was observed within the first 20 ns post equilibration (Fig. 4.35A see pg. 90).

TGR5-bound CoF began tu evolve continuous internal water patterns starting from 140 ns

with an interesting pattern at 150 ns (Fig. 4.35B, i)
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Figure 4.35: TGR5 evolves continuous internal water pathway in CoF and INT-777 bound

states. (A) The average structure between O and 20ns showed no internal water Jlllthway in

representative INT-777- and Cof-bound states. (B, r). A representative snapshot ofCoF-

bound TGR5 showing highly ordered water pathway connecting the Hgand to the TMilt-

TMVI interface at 150 ns; (B, iz) Volumetric analysis of the water túllllCl during thé

simulation. (C, í). A representative s?apshot
of INT-777-boun?

TORS showing highly

ordered water pathway
connecting the ligand t?

the TMill-? interface ?t 278 m; (B, h)-

Volometric analysis of the water runnel dunng the s1mulatton: (TORS 1s presented 85

cartoon, water is represented
as VMD, or surface plot). .
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4.13
LIGAND-SENSITIVET

. .
.

OGGLE SWITCHES IN TGR$Aromatic Ammo acids I'
.

mmg the crev·ice of the orthosteric site have been shown to p(ay ·a

key role in receptor activatio _

·

n. These aromat .

'd
.

I 'h .

1c ammo ac1 clusters form a togg e sw1tc via
rotameric mechanisms. The rota .

.
.

.mene mechamsm has been well reported m adrenerg1c
receptor-catecholamine bou d .n state. Aromatic catechol ring in this complex influences the
rotameric angles adoptabl b We Y 286'.4' and F290'·52 which ultimately promote a large

conformational change ar d h
.oun t e transmembrane (TM) III and TMVI and rupturing of the

ionic lock which keeps the receptor in the inactive state (Humphrey et al., 1996). Agonist

bound rhodopsin is another classical example of highlighting the key role of rotameric

toggle switch in agonist-mediated activation. The side chain of W2656•48 (TMVI) of

rhodopsin protrudes into the ligand binding space in the apostate but retracts in the presence

of an agonist; this movement significantly contributes to the disruption of the ionic lock

formed between El ¡3118 (TMIII) and 1(296741 (TMVII) thus, resulting in receptor

activation {Fig. 4.36 sec pg. 93).

92



-?

Figure 4.36: Dyn?mic
network and free-?nergy

surface plots, (A, 1) Dynamic network

between cytoplasmic ends ofTMIII-TMVIin apostate and its free energy surface plots.(')

projected along TMlll-TMVI distance and NPxxY rmsd parameters. (B, í) Dynan:Ic

network between cytoplasmic
ends ofTMIII-TMVlin COF-bound state and its free energy

surface plots (ii) projected along TMil!-TMVI
distance and?xY rmsd parameters. (C, í)

Dynamic network betwe_en cytopla?•c
ends ofTMIII-TMVIm ?-777-bound

state and

its free energy surface plots (ii) proJected along TMIII-?Idistance and NPxxY nnsd

parameters. (D, ¡J oynaroic network be(Ween_ cyto?lasI11Jc
ends of TMIII-TMVIin TRX-·

bound state and its free energy surface plots (ri) pro¡ected along TMlll-TMVl dillance and,

NPxxY nnsd parameters.

_¡
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Figure 4.37: Rotameric Switch candidates in the orthosteric site ofTGR5. (A,,) CoF (pink

stick, without hydrogen) in TGR5 bound state showing proximal aromatic amino acids

(Y893·29, Y\655·40, Y2406·51 and W2376.48) (A, ii) Line graph of +2-dihedral angle of.

yg93·29, Yi655·40, and y2406·51 along the trajectories. (8, i) Line graph of +2-di'hcdral

angle wz376·48 along the trajectories (B. lí) Superposition ?f
100 ns (?éen cartoon)

snapshot ofTGR5 and 850 ns (cyan cartoon) showing W237 (stick) and the
ligands

{stick).



4.14 p ANCREATICRESPONSETO CoF AND METFO?Insulin (Fig 4.38 see pg. 96) and PDX-l(Fig 4.39 see pg. 97) g?,w?-??
•;,.decreased in the STZ group, compared to the control. This effect was rev?.d¡n·??•::treated group, where insulin and PDX-1 gene expressions were significantly Í11QI'?

,

compared to control and STZ groups. Metformin restored insulin gene expression 10 control

levels, however, it did not have any effect on the PDX-1 gene.
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• Control

11!13 STZ (35mg/kg bwt)

El COF (30mg/kg bwt)

IIDl MET (30mg/kg bwt)

35•

º.I
Insulin

---- ?-actin

Figure 4.38: E.xpression pattern of insulin gene in the pancreas of treatment and control

groups. Bar graph represented mean and SEM values of quantified band from control and

treatmenl groups. The gel image is the representative snapshotof the pooled samples. Each

bar represented control normalized relative expression (gene/?-actin). Statistical

comp<1rison between groups was done at (p<0.05), a is significant, compared to control group;

bis significant, compared to STZ group: e is significant, comparedto MET group.

96



20°1

150-

100·
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• Control

133 STZ (35mg/kg bwt)

151 COF (30mg/kg bwt}

llIII MET (3Dmg/l<g bwt)

I--- +STZ
a,b,c

----I
...-

a, b

o-I

PDX-1

---- ¡3-actin

Fig u re 4.39: Expression pattern of pancreatic duodenal box-! gene in the pancreas of

treatment and control groups, Bar graph represented mean and SEM values of quantified

band from control and treatment groups. The gel image is the representative snapshot of the

pooled samples. Each bar represented control normalized relative expression (gene/?-actin).

Statistical comparison between groups was done at (p<0.05), a is significant, compared to

control group; b is significant, compared to STZ group; e is significant, compared to MET

group.
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4,15 CoF, BUTNOT
METFORMJN,MOl>ULATES Cll{ClJ't,;i/GLP-2 IN INTESTINAL CRYPT

";:;-?
. ·

.

·.

·

. êoF,?W J.{:?13:'

GLP-1 and GLP-2 gene expressions were significantly upregulated m the. · ·· · ·

·

:\\§;?
.

s 99 ái\li 100),, :\ {
group, compared to all other groups (Fig 4.40 and 4.41, respectively see.pg·
Metformin treatment showed significant expression of GLP-1 and GLP-2 gene compared
to the control and STZ groups,
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• Control

l!S:il STZ (35mg/kg bwt)

Eãi COF (30mg/kg bwt)

11111
MET (30mg/kg bwt)

a,b,c
...

• nm
a, b

GLP-1

---- ?-actin

Figure 4.40: Expression pattern of glucagon-like peptide-! gene in the intestinal crypt of

treatment and control groups. Bar graph representedmean and SEM values of quantified

band from control and treatment groups. The gel image is the representative snapshot of the

pooled samples. Each bar represented control normalized relative expression (gene/?-actin).

Statistical comparison between groups was done at (p<0.05), a is significant, compared to

control group; b is significant,
compared to STZ group; e is significant, compared to MET

group.
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• Control

11!3 STZ (35m¡vkg bwt)

Eal COF (30mglkg bwt)

IIIIJ MET (30mglkg bwt)

12-

6-

o-1

GLP-2

---- ?-actin

Figure 4.41: Expression pattern of glucagon-like peptide-2 gene in the intestinal crypt of

treatment and control groups. Bar b,raph represented mean and SEM values of quantified

band from control and treatment groups. The gel image is the representative snapshotof the

pooled samples. Each bar represented control normalized relative expression (gene/?-actin).

Statistical comparison between groups was done at (p<0.05), a is significant, compared to

control group; b is significant,
compared to STZ group; c is significant, compared to MET

group.

100



4.16 ACTION OF CoF AND
EXPERIMENTAL ANIMALS
OGT gene was significant! . •e

Y upreguJated · ·

hm t e STZ, CoF and melformin treatm\lll?significantly reduced the expressio f ,

,

·
·

n ° this gene (Fig 4.42 see pg. 102), On the other bani!,OGA gene which was significant! ,

Y decreased m STZ group (Fig 4.43 see pg, !OJ),compared to control was signifi 1

' cant Y upregulated in the CoF-treated group, Melformindid
not have any effect on the expression of this gene,

GPx-1 (Fig. 4.44 sec pg, 104) and CAT (4.45 see pg. 105) genes which were significantly

downregulatcd in STZ group were upregulated in CoF group, Metformin upregulated GPx-

1 but not CAT gene. Significantly upregulated TNF-a (Fig 4.46 see pg. 106), MCP-1 (Fig

4.47 see rg. I 07) and IL-I? (Fig 4.48 see pg, 108) genes in STZ group were fully reversed

with CoF and met form in trcatmenls. CoF restored IL-6 (Fig 4.49 see pg, 109) even beyond

control levels, but mctformin trealment had no effect on IL-6 gene expression.
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60-

• Control

ll!lli STZ (351nglkg bwt)
Ea COF (301ng/kg bwt)

111!1 MET (30mg/kg bwl)

- --.-

o- 1111111111

----

Figure 4.42: Expression pattern of O-GlcNAc transferase gene in the aorta of treatment and

control groups. Bar graph represented mean and SEM values of quantified band from

control and treatment groups. The gel image is the representative snapshot of the pooled

samples. Each b,u represented
control normalized relative expression (gene/?-actin).

Statistical comparison between groups was done at (p<0.05), a is significant, compared to

control group; b is significant,
compared to STZ group; e is significant, compared to MET

group.
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113a STZ (JSmg/kg b

so,

Ea
wt)

COF (30m!Vkg bwt}

llilD MET (30m!Vkg bwt}

I- +STZ
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40-
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Figure 4.43: Expression 1n1ttern
of 0-N-Nacetylglucosaminidase

gene in the aorta of

treatment and control groups. Bar graph represented mean and SEM values of quantified

band from control and treatment groups. The gel image is the representative snapshot of the

pooled samples. Each bar represented
control normalized relative expression (gene/?-actin).

Statistical comparison between groups was done at (p<0.05), a is significant, compared to

control group; b is significant,
compared to STZ group; c is sib,ruficant, compared to MET

group.
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• Control

11:!13 STZ (35mglkg bwtJ

el COF (30mglkg bwt)

11!11 MET (30mglkg bwt)

100-
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GPx-1

---- ?-actin

Figure 4.44: Expression pattern of glutathione peroxidase-I in the aorta of treatment and

control groups. Bar graph represented mean and SEM values of quantified band from

control and treatment groups. The gel image is the representative snapshot of the pooled

samples. Each bar represented
control normalized relative expression (gene/p-actin).

Statistical comparison between groups was done at (p<0.05), a is significant, compared to

co tr I
b

·
·

·r, 311t compared to STZ group; e is significant, compared to MET

n o group; 1s s1gm
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group.
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Figure 4.45: Expres,ion pattern of catalase gene in the aorta of treatment and control

groups. Bar graph represented mean and SEM values of quantified band from control and

treatment groups. The gel image is the representative snapshotof the pooled samples.Each

bar represented control normalized relative expression (genelP-actin). Statistical

comparison between groups was done at (p<0.05),
a is significant, comparedto control group;

b is significant, compared to STZ group; e is significant, comparedto METgroup.
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Figure 4.46: Expression pattern of tumor necrosis factor-alpha gene in the aorta of

treatment and control groups, Bar graph represented mean and SEM values of quantified

band from control and treatment groups. The gel image is the representative snapshotof the

pooled samples, Each bar represented
control nonnalized relative expression (genel?-actin).

Statistical comparison between groups
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Figure 4.47: Expression pattern ofmonocyte chemoattractant protein-I gene in the aorta of

treatment and control groups. Bar graph represented mean and SEM values of quantified

band from control and treatment groups. The gel image is the representative snapshotof the

pooled samples. Each bar represented
control normalized relative expression (gene/p-actin).

Statistical comparison between groups was done at (p<0.05), a is sigrúficant, compared to

e 1 ¡
b

•
·

·¡· t compared to STZ group; e is significant, compared to MET

on ro group; ¡s s1gn1
1can .

group.
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Figure 4.48: Expression pauern of Interleukin-I beta gene in the aorta of treatment and

control groups. Bar graph represented
mean and SEM values of quantified band from

control and treatment groups. The gel image is the representative snapshot of the pooled

samples. Each bar represented
control normalized relative expression (genel?-actin).

Statistical comparison between groups
was done al (p<0.05), a is significant, comparedto

control group; b is significant,
compared to STZ group;

e is significant, compared to MET

group.
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Figure 4.49: Expression pattern of Jnterleukin-6 gene in the aorta of treatment and control

groups. Bar graph represented mean and SEM values of quantified band from control and

treatment groups. The gel image is the representative snapshot of the pooled samples. Each

bar represented control normalized relative expression (gene/?-actin). Statistical

comparison between groups was done at (p<0.05),
a is significant, comparedto control group;
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ACTION OF CoF AND
EXPERIMENT AL ANIMALS

1'1ETFORMIN ON THE Kll>NEY OF

As expected, STZ caused damage t k' .0 idney which resulted to upregulated KIM-I gene
expression (Fig. 4.50 pg. I II) e F· 0 and MET however, downregulated KIM-I.expression
to normal control levels STZ t t

·
•· rea ment is associatedwith decreasedantioxidant activity as

well as upregulation of
pro-inflammatory genes in the kidney. GPx-1 (Fig. 4.51 pg. 112)

gene expression was signifícantly decreased in STZ group, however, this is reversed in CoF

and MET treated groups. Treatment with METand CoF signifícantly decreasedTNF-a (Fig.

4.52 pg. 113) and TNF-R (Fig. 4.53 pg. 114) genes. CoF also significantly decreasedthe

expression of MCP-1 (Fig. 4.54 pg. 115) gene. MET however did not have any effect on

. . . IL I o was significantly decreasedMCP-1 gene. The expression of ant1-1111lammatorygene
-

,

h s CoF and MET treatmentsupregulated the
in STZ group, compared to the control, w erea.'

expression levels of IL- I O (Fig. 4.5 5 pg. I I 6).
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Figure 4.50: Expression pattern of kidney injury molecule-I gene in kidney of treatment

and control groups. Bar graph represented mean and SEM values of quantified band from

control and treatrncnt groups. The gel image is the representative snapshot of the pooled

samples. Each bar represented
control normalized relative expression (gene/?-actin).

Statistical comparison between groups
was done at (p<0.05), a is significant, compared to

e 1

b
.

• •fi 1 compared to STZ group; e is significant, compared to MET

ontro group; 1s s1gn1
,can ,

'

group.
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Figure 4.51: Expression pattern of glutathione peroxidase-I gene in kidney of treatment

and control groups. Bar graph represented
mean and SEM values of quantified band from

control and treatment groups.
The gel image is the representative snapshot of the pooled

samples. Each bar represented
control normalized relative expression (gene/?-actin).

Statistical comparison between groups
was done at (p<0.05), a is significant, compared to

co tr I

b
.

• ·r, .
1

compared
to STZ group;

e is significant, compared to MET

n o group; 1s s1gni
1can ,

group.
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Figure 4.52: Expression pattern of tumor necrosis factor-alpha gene in kidney of treatment

and ¡;on trol groups. Bar graph represented
mean and SEM values of quantified band from

control and treatment groups.
The gel image is the representative snapshot of the pooled

samples. Each bar represented
control normalized relative expression (gene/?-actin).

Statistical compurison between groups
was done at (p<0.05), a is significan? compared to
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Fig u re 4.53: Expression pattern or tumor necrosis factor receptor gene in kidney of

trcatrncn( and control groups. Bar graph representedmean and SEM values of quantified

band from control and treatment groups. The gel image is the representativesnapshotof the

pooled samples. Each bar represented
control normalized relative expression (genelP-actin).

Statisticul comparison between groups
was done at (p<0.05), a is significant, compared to

control group; b is significant,
compared to STZ group;

c is significant, compared to MET

group.
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Figure 4.54: l'xprcsswn pattern of monocyte chemoattractant protcin-lgene in kidney of

treatment and control groups. Bar graph represented mean and SEM values of quantified

band from control and treatment groups. The gel image is the representativesnapshotof the

pooled samples. Each bar represented
control nonnalized relative expression (gene/?-actin).

Statistical comparison between groups was done at (p<0.05), a is significant, compared to

b
•

· 'fí t cornp·ired to STZ group; e is significant, compared to MET
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Figure 4.55: Expression pattern
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mean and SEM values of quantified band from control and

treatment groups.
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expression rmght have been responsible for increased PDX-1 expression (Fig 4.3) in the

pancreas. PDX-1, in turn. might have acted to prevent PBC apoptosisand restore PBC mass,

improving insulin production ultimately ameliorating the effects of STZ-induced diabetes.
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serious economic implication thus, requiring urgent attention.

The effect of STZ treatment resulted in elevated serum levels of creatine and blood urea
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(Baum el al., \ 975). Therefore, histological assessment of the renal tissues was done to
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(Lee el al., 2017) Oxidative st .

1
· · ress, on t 1e other hand, results from damage to biological

macromolecules due to overproduction of ROS, which activates several inflammatory

signaling cascades that will contribute to inflammation (Samarghandian et al., 2015) and

overwhelms the detoxification capacity of intercellular antioxidant system (Halliwell,
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reported agonist 6-alpha-ethy!-23-(S)-methyl-
cholic acid (S-EMCA, also known as INT-

777). The results were compared with those evolved in antagonist(triarnterene, TRX)bound

and apo-states in ¡ microsecond trajectories.
The results obtained strongly indicate CoF as

.

• ·t I consistent signatures
evolved its trajectories, The TGR5

a TGR5 agon1st as acuve-s a e

1
d that the El6954l side chain carboxylic functional grbUP

starting model in this study revea e

r 1
ore without the possibility

of making Cl?nt®tifWÍlh

is orientated outwards from the he ,ca e

.

,
.. ,

.,

. ; :

.
,·

•
..

;·, \:

.

. wed E\695.43
side cnain flipped mtõ,ffllê);:.,, ..?t,J.'

'

t nes were vie '

·, e _
••• ,.,.,,.1?11

the ligands. When the trajee O ·.

'.;;;..fi:,:1\/i?-,,.
I

.

d "thin approxirnately
5.2 A from Co .

-

. 4 34C í) and reside
w1

.... ,

.

•
.

core (Ftg. ·
,

, b' t to mulâf?'l¥t-?Jl'-'
.,..,..,_

s.4J in TORS activauoo_
su Jee

: /,"'l

the importance
of E169 'd

·

hin carboXtJi\;¡,fH-
5 E I 69 st e e a ' ;,:

777 bound
TOR , ... ;1¡1 -

Similarly, in INT- .
, <:SÀfrollltheIN'Ey'-

-

d resides
w1thtO ?

.

,
. h 1, ¡ core an

flipped mto the e ica 124
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