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CHAPTER |
INTRODUCTION

Macrophages play import roles in initiation, maintenance and resolution of
inflammation. Macrophages have 3 major functions. They are antigen presentation,
phagocytosis and immunomodulation.

Macrophage is antigen presentation ior Jrcell to recognized antigen, these
antigen must be processedrand presented onthesurface of an antigen-presenting cells
such as dendritic cell, magrophage and B cells. Macrophage does its function by
engulfing the antigen, thea'protessing it into small pieces and combining the antigen
fragment with special membrane proteins. The antigen complexes are then displayed on
the cell surfaces where T lymphocytes (_T‘ helper cells) are recognized and become
activated by them. . J v

Phagocytosis oceurs wherr)ii_ inflarﬁj@%git;)w process is triggered by injurious
stimulus (e.g. infection, antibodies, phys"iéa.’ll} injuries).  Macrophages are early
responders to an acute inflammation. They‘,%fe;phagocytes that engulf and degrade

microorganism. Maerephages are covered with a variety.of/receptors protein on their

cell surfaces. Fc receptor help macrophages locate antig—e"ﬁ that have been coated by
antibodies, integrins and selectins receptor help macrophages stick to capillary wall
and move to tissue;

Apart fram their phagocytic function, macrophages possess important secretory
functiops, They secret NO .and-various ,cytokines, includings k-4, JL-64 1L-12 and tumor
necrosis factor alpha (TNF-a). These cytokines promote inflammation and the activity of
other white blood cells e.g. neutrophil and lymphocytes. Macrophages also secret a
number of proteins which are important in inflammation and wound healing e.g. COX,
collagenase, elastase, and fibroblast- growth factor (Copsted lee-Ellen C, 2005).

At present, most of new anti-inflammatory drugs are focussing on the
macrophages function since they are involved and play key roles in inflammation

process. Glycosmis parva, a Thai herbal plants found in all parts of Thailand, is the plant



of our interest since the constituents in which mostly found have been investigated for
their pharmacological effects e.g. antimalarial effect, anti-proliferative effect, and anti-
infammatory effect. The potential of this plant on the secretory function of the

macrophages in key inflammatory cytokines and proteins are performed in this study.

Objectives of the study

To investigate the e

production, expressions o-inflammato nes, iINOS and COX-2 in LPS

!% E rva solvent extraction on NO
stimulated—macrophage/ ' '
Expected benefits

The results obtai uld clarify the effect of G. parva on
LPS - stimulated macr ich ‘ma : =fit for scientists to do further
researches on its potenti lamy actions. In addition, investigation of

pport development of drugs from

natural substances which is one of the nati

ST g development policy.

Research design

Experimental rﬂaroh

comee UEANENTNGINS

SFIE NI UM INYIAY

q
IL-1B

IL-6
iNOS
COX-2



CHAPTER I

Review of Literature

Inflammation is fundamentally a protective response, the goal of which is to get
rid the organism of both the initial cause of cell injury (e.g., microbes, toxins) and the
consequences of such injury (e.g. necroticicells and tissues). Cell injury induces
releases of pro-inflammatory. cytokines including tumor necrosis factor alpha(TNF-QU),
interleukin-1 (IL-1) from leukoeytes, monhocytes; and macrophages. These cytokines
further trigger other pro-inflammatory. cytokines and increase the expression of many
cellular adhesion molecules (CAMS), seléctins, integrins, and immunoglobulins. On the
other hand, phagocytosis of bacteria or foreign particles is occurred. During this phase,
high amounts of reactive oxygen‘..sr;ecie} (ROS) suchas superoxide anion (-O, -),
hydroxyl radical(HO-), and hydrog_en peros{ifq!ej(_HpZ) are produced and an increase in
the expression of phospholipasé A2_ 5—|ipé’>§¥9ienase (5-LOX), and cyclooxygenase -2
(COX-2), inducible nitric oxide synthase (iNC@!{Huang et al., 2004; Kumar et al. 2007).

Function of Ieukocyte_s_-(rr_eutrophﬂ;?éﬁd-macrophages) are to deliver to the

site of injury and to_{activate the feukocytes o —pberformtheir normal functions in

inflammatory in host defense. Leukocytes ingest oﬁending’-géents, kill bacteria and other
microbes, and get rid of necrotic tissue and foreign substances. A pitfall of the
defensive potencyrof leukecytesiisithat they may inducedtissie damage and prolong
inflammation, since leukocyte products that destroy microbes and necrotic tissues can
also injure nermal host tissues:

The'" process "that 'host*to elimination” microbes that'is functional responses of
phagocytes in host defense consist of sequential steps-active recruitment of the cells to
the sites of infection, recognition of microbes, phagocytosis, and destruction of ingested

microbes.



Recruitment of the cells to the sites of infection

The recruitment of leukocytes to sites of injury and infection is a multistep
process involving attachment of circulating leukocytes to endothelial cells and migration
through the endothelium (Figure 1). The first events are the induction of adhesion
molecules on endothelial cells, by a number of mechanisms. Mediators such as
histamine, thrombin, and platelet activating factor (PAF) stimulate the redistribution of P-
selectin from its normal intracellular storessindgranules to the cell surface. Resident
tissue macrophages, mast-eells, and egdothelial eells respond to injurious agents by
secreting the cytokines TNRFy#IE=1,.and chemokines (ehemoattractant cytokines). Within 1
to 2 hours, the endothelial’Celis'which are activated by TNE and IL-1 begin to express E-
selectin. Leukocytes express at caerhyéra}t_e ligands for the selectins, and bind to the
endothelial selectins. Then the pbound Ieul;olcytes detach and bind again, and begin to
roll along the endothelialisurface. TNF anli':l IL1 also induce endothelial expression of
ligands for integrins, mainly VCAM-1 {the Ilgahd for the VLA-4 integrin) and ICAM-1 (the
ligand for the LFA-1 and Mag-1 mtegrms I\/f‘éanwhﬂe chemokines that are produced at

sLhd

the site of injury enter the blood vessel —-b_nd to endothelial cell heparan sulfate

glycosaminoglycans “and are dlsplayed at hlgh concentrations on the endothelial

surface. These Cherﬁg;jki—nes act on the roliiﬁg Iéukocyteé and activate the leukocytes.
The combination of in@_uced expression of integrin Iigqhds on the endothelium and
activation of integrins on the-leukocytes causes the firm integrin-mediated binding of the
leukocytes to the endothelium at the site of dinfectian. The|leukecytes stop rolling, their
cytoskeleton is reorganized, and they spread out.on the endothelial, surface. The next
step indithe fprocess’ is migration of the leukocytes through theiendothelium, called
transmigration or diapedesis. Chemokines act on the adherent leukocytes and stimulate
the cells to migrate through inter endothelial to the site of injury or infection. The net
result of this process is that leukocytes, neutrophils and monocytes, rapidly accumulate
around the infectious microbes. This reaction is typically elicited by microbes, but it may

be seen in response to a variety of noninfectious stimuli as well. Figure 1
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neutrophil integrins 'a}ij stimulate the m gration |IS.through the endothelium to
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osi
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mlcrobes and some mediators that are produced in response to infections and tissue

that recognize illing of the microbes.

injury. These receptors are found on neutrophils, macrophages, and most other types of
leukocytes; and are specific for diverse ligands. Receptors of this class recognize short
peptides containing N-formylmethionyl residues, as well as chemokines, chemotactic
breakdown products of complement such as Cba, and lipid mediators of inflammation,

including platelet-activating factor, prostaglandin E, and leukotriene B, (LTB,). Since all



bacterial proteins are initiated by N-formylmethionine, this receptor allows neutrophils to
detect and respond to bacterial proteins. Binding of ligands, such as microbial products
and chemokines, to the G-protein-coupled receptors induces migration of the cells from
the blood through the endothelium and production of microbicidal substances by
activation of the respiratory burst. In a resting cell, the receptor-associated G-proteins
form a stable inactive complex containing guanosine diphosphate (GDP) bound to GOl
subunits. Occupancy of the receptor by ligandresults in an exchange of GTP for GDP.
The GTP-bound form of the G=proiein activates-numerous cellular enzymes, including an
isoform of phosphatidylinesitol-speeific phospholipase € which functions to degrade
inositol phospholipids~and ultimately /to Llncrease intracellular Ca”'and activate protein
kinase C. The G-proteins also stimulate C;(tq§keletal changes, resulting in increased cell
motility (Abul et al., 2008; Kumar et al; 20é¥).

2. Mannose receptors and séavengé_r erceptors function are to bind and ingest
microbes. The mannose receptor”isfa macj_';r-i'j;pﬁage lectin that binds terminal mannose
and fucose residues of glycoprqteih'_é'and gijé.é_]iﬁid& Macrophage scavenger receptors

bind a variety of microbes as WeH_ as modﬁd- LDL particles. Macrophage integrins,

el

notably Mac-1 (CD11bCD18), rﬁay also bind- microbes far phagocytosis ( Linehan et

al.,2000; Kumar et ak, 2004). 7

3. Phagocytes express receptors for cytokines that are produced during immune
responses. One of the mostimportant of these cytokines is IFN-Y, which is secreted by
natural killer (NK) eells_during innate immune responses. andiby antigen-activated T
lymphocytes during adaptive immune responsesa, |FN-Y is the major macrophage-
activating cytokine.

4. Receptors for opsonins promote phagocytosis of microbes coated with various
proteins and deliver signals that activate the phagocytes. The process of coating a
particle, such as a microbe, to target it for phagocytosis is called opsonization, and
substances that do this are opsonins. These substances are antibodies, complement
proteins, and lectins. One of the most efficient systems for opsonizing particles is

coating the particles with IgG antibodies, which are termed specific opsonins and are



recognized by the high-affinity Fc'Y receptor of phagocytes, called FcYRI. Components
of the complement system, especially fragments of the complement protein C3, are also
potent opsonins, because these fragments bind to microbes and phagocytes express a
receptor, named the type 1 complement receptor (CR1), which recognizes breakdown
products of C3. These complement fragments are produced when complement is

activated by either the classical (

independent) pathway. A num%
(MBL), fibronectin, f|br|nog%

recognized by recept

dependent) or the alternative (antibody-

ns, including mannose-binding lectin
in, can coat microbes and are

\x!'l'ﬁps, a macrophage cell surface

receptor called the C nized with plasma MBL, and

integrins bind fibrinog Kumar et al., 2007).
5. Toll-like recep a Drosophila protein called
Toll, are function to activ rent types and components of
microbes. There are 10

essential roles in cellular re es 10 I llipopolysaccharide (LPS, or endotoxin),

other bacterial proteoglycansﬁauéfgrl@ 'i’_,_, ted CpG nucleotides, all of which are
found only in bactqﬂa as well as doubles_tm which is produced only by
some viruses. The Ceptors functi ough receptor-associated

kinases to stimulate tg production of microbicidal su@ances and cytokines in the

leukocytes (Han et al., 2005¢kee et al., 2008)./

ﬂumwﬂmwmm
amaﬂnmwnwmaa
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macrophages are rq‘shon&ble for ehmmé”Emg_thg‘?ents Phagocytosis involves

three interrelated st 7 Figure 4 ). (1) r hment of the particle to be

ingested by the Ieukoo& (2)itse subsedﬂent formation of a phagocytic

vacuole; and killingesor degradations of the ingested material. Bacterial

ipopolysacchdl eMpEJ &R N ELAE begreria procuct that i

mixture of fragments of the outer celliwalls of gram-negative bacteriaszand contains both
lipid capwq Mﬂ?@@%%‘q ,L}Sw Elpgq;rast&lxlator of innate
immune ?esponses that enhance killing of the bacteria, but it may also cause significant
pathologic changes in the host. In innate immunity LPS is a potent activator of
macrophages which lead to release cytokines such as IL-1 and TNF (called
endogenous pyrogens) result in increase the enzymes, especially inducible nitric oxide
synthase, cyclooxygenase-2 and initiate inflammation (Abul et al., 2005; Kumar et al.,

2007).
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Macrophages

Macrophages are mononuclear phagocytes originate in the bone marrow from a
common haematopoietic stem cells (HSC). In response to macrophage colony-
stimulating factor, they divide and differentiate into monoblasts and pro-monocytes
before becoming monocytes, which exit from the bone marrow then enter the

bloodstream. Monocytes undergo f change to become a macrophage in the

body tissue. Macrophage is

fixed macrophages. Fixed eﬂorgans and connective tissues.

They have special name designate = Cifi n for instance in pulmonary

ajor groups: free macrophages and

airways, they are calle af macrophage connective tissue are histiocytes, in

neural tissue are microglia i are kupffe granulomas are epithelioid cells,

| Activated
macrophages

Stem cel| =5 | Morioblst "‘ Monocyt]=> Mac“’phage Mitoga ONS)

AUEINENS T Ve

Osteoc@ﬁ (bong)

VBN RN EREE

Figure4®: Mononuclear phagocytes develop in the bone marrow, circulate in the blood

as monocytes, and are resident in all tissues of the body as macrophages. They may

differentiate into specialized forms in particular tissues. (Abul et al., 2005)
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Macrophages play central role in innate and adaptive immunity and play a key
role in host defence against parasitic bateria, pathogenic protozoa, fungi and
helminthes as well as against tumers. In innate immunity, macrophages response to
microbes by secreting cytokines that activate phagocyte and stimulate cellular
reaction of innate immunity leading to inflammation ( Ma et al., 2003; Mosser 2003;

Gorden et al., 2005; Zhang et al., 2008).

Cytokines

Cytokines are protein produced _and secreted by cells of the immunity system
(activated macrophage and lymphecytes). They are produced in response to antigens
and microbes which ‘stimulate [diverse responses of cells involved in immunity and
inflammation. Some “€ytokines promote_L inflammation “are called pro-inflammatory
cytokines. They are proeduced by, qctivatqd Enacrophages and are involved in the up-

regulation of inflammatogy reactions. These'j_cytokines are tumor necrosis factor (TNF-a),

interleukin-1B (IL-1 B) and jfteledkin-6 (1L-6) (Dinarello €A. 2000; Stow et al., 2009).
sl % ol

Tumor necrosis factor-a (TNF-aj —

TNF-a is a major Cytolii—n"é' fhat mediates inflammation. It is produced mainly by

activated macrophages: The secretion of TNF=6 ¢an be g{imulated by endotoxin and
other microbial produt_:ts, immune complexes, physicél injury, and a variety of
inflammatory stimuli. The principal physiologic functiontof TNF-a is to stimulate the
recruitment of peutrophils and monodcytes to sites ofiinfection)and to activate these cells
to eradicate microbes. These effects.are mediated through several actions on vascular
endothelial| cells| and+leukacytes: |It induces the expression of=adhesion molecules
(selectins and ligands for leukocyte integrins) that make the endothelial surface
adhesive for leukocytes, initially for neutrophils and subsequently for monocytes and
lymphocytes which is the most important event in the recruitment of leukocytes to sites
of infection. It also stimulates endothelial cells and macrophages to secrete chemokines,
cytokines (IL-6. IL-1p), eicosanoids, and nitric oxide (NO).

In infections, TNF-a is produced in large amounts and causes systemic and

pathologic abnormalities as show in Fig. 5.
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- TNF-a induces fever by increase synthesis of prostaglandins (PGE,) then it acts
on the hypothalamus, which generates a systemic response back to the rest of the
body, causing heat-creating effects to match a new temperature level.

- TNF-a increases synthesis of certain serum proteins, such as serum amyloid A
protein and fibrinogen that effect on hepatocytes and induce systemic acute-phase

reactions.

- When serum concenire chs 10 M or more, it results in a

marked fall in blood pressu ease myocardial contractility and
vascular smooth mus ermore TNF-0eauses intravascular thrombosis,

antice \ » ant p s orties of the endothelium and

3 blood glucose (Abul et al.,
N \
ﬂldd

tr{ J "J i
P
o ‘_. ¢ -'

mainly as a result of |
causes severe meta

2005; Kumar et al., 20

._y
ﬂUEl’JVIEJVIiWEI']ﬂ?
’il’mﬁNﬂiﬁlJ UA1INYNAY
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Interleukin-1 (IL-1)

IL-1 is produced by macrophages, neutrophils, epithelial cells and endothelial
cells which are induced by bacterial products (such as LPS) or some cytokines (such as
TNF-a). There are two forms of IL-1: IL-1a and IL-1B. IL-1B is most found in circulation.
IL-1 possesses biologic effects quite similar to TNF as shown in Figure 6.

- It increases the expressio hesion factors on endothelial cells to enable

transmigration of leukocytes, athogens in sites of infection and

reset the hypothalamus le emperature which expresses as

fever.

- It stimulates 5to secrete |L-6 and nitric oxide

(NO) and causes infla

Bacterial products

immune complexes,

toxins, physical injury,
other cytokines

l

MACROPHAGE
(and other galt
ACTIVATIQh s

l

IL-1/ TNF —‘

A
AR89

——

EFﬁﬁS f]

tCollagen synthesis
tCollagenase
tProtease

| tPGE synthesis

LEUKOCYTE EFFECTS
#Cytokine secretion (IL-1, IL-6)

Figure 6: Major effect of interleukin-1 (IL-1) and tumor necrosis factor (TNF) in

inflammation (Kumar et al., 2007).
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Interleukin-6 (IL-6)

IL-6 is produce by a variety of cell in immune system the most important sources
are macrophages and monocytes at inflammatory site. IL-6 stimulates production of
acute phase response This response consists of increased production of leukocytes;
fever, which increases resistance to infection and changes in the levels of several
plasma proteins, complement proteins, /fibrinogen, C-reactive protein, and serum
amyloid A protein. All these proteins play direcirole in host defense. In extreme cases of
severe infection, leads to shock; disseminated-eoagulation with multiorgan failure, and
even death. IL-6 has biolegi¢ effects similar to TNF and lL-1. (Abul et al., 2005; Kumar
et al., 2007)

.

Nitric oxide (NO) r .

NO is a soluble gas released.from %e endothelial cells and macrophages. It is
synthesized from L-arginine ca-tal_ysed byfnltrlc oxide synthase enzyme (NOS). In
mammals, three isoforms of NOS arlé discovza;f-ég;ﬂand named according to the activity or
tissue types : endothelial NQ_S_(eNOS), n@fo_r]e}l NOS (nNOS) and inducible NOS

el

(iNOS), eNOS and nNOS are cohstitutively eXpressed, Ca’l = dependent and low output.
In contrast, inducible:l\vJVOS (INOS) is induced when maérophages and other cells are
activated by cytokines+{e.g. TNF, IFN-Y) or LPS and the enzyme is ca’ - independent.

NO plays importantreles.in body. functions, including host defense, nonspecific
immune response o linfection (innaté iminunity),—~cytotoxicity and tissue damage,
vasodilatation of smooth muscle cells’( Figure 7 anditabel 1) (Kumakét al., 2007).

In thelinflammatory reactionstNOxis ‘an impartant inflammatory mediator working
together with other pro-inflammatory cytokines such as tumor necrosis factor-alpha
(TNF-a), interleukin-1 (IL-1) and interleukin-6 (IL-6) lead to expression of iINOS in
monocytes, macrophages and neutrophil. Over production Of NO by iNOS has been
implicated in various pathophysiology of human diseases such as multiple sclerosis,

septic shock, tumor development, asthma and neurodegenerative diseases (Clancy et

al., 1998; Bogdan 2001; Kleinert et al., 2004; Sharma et al., 2007; Toda et al., 2009).
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Figure 7: Functions o d macrophages, produced

by two nitric oxide syn NO causes vasodilation, and

NO free radicals are toxic robi ' d alian cells (Kumar et al., 2007).
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Table 1: Function of NO in immune system (Kumar et al., 2007)

Category Producers of NO (examples)  Phenotypic effect of NO  Examples of underlying molecular mechanisms

Effector functions
Antimicrobial activity Macrophages, microglia, neutrophils, ~ Killing or reduced replication +Direct ettect of NO on the pathogen
eosinaphils, fibroblasts, endothelial ~ of infectious agents (viruses, *Indirect effects of the NOS pathway
cells, epithelial cells, astroglia bacteria, protozoa, tungi, helminths)  (e.g. reaction of NO with other effector
molecules, arginine depletion; see text)

Anti-tumor activity ~ Macrophages, eosinophils

grewth inhibition *Inhibition of enzymes essential for tumor

j growth (e.g., enzymes of the respiratory
chain, cis-aconitase, ribonucleotide reductase
arginase, ornithine decarboxylase)

*Growth inhibition via iNOS-dependent
depletion of arginine

*Cell-cycle arrest (downrequlation of cyclin D1)
*Induction of apoptosis (by activation

of caspases and accumulation of ph3)
*Sensitization of tumor cells for
TNF-induced cytotoxicity

+Apoptosis of parenchymal cells
+Degradation of extracellular matrix
+Deposition of matrix, proliferation
of mesenchymal cells

*Influx of inflammatory cells

via chemokine regulation

Tissue-damaging effect Macrophages, mi
(immunapatholagy)  keratinacyte

tory
+Apoptosis o T cells or APCs
*Downregulation of MHC class II,
costimulatory molecules or cytokines
J“Disruption of signaling cascades
mid transcription factors

# nibition of DNA synthesis

™ +Downregulation of adhesion
m molecules or chemokines

Anti-intlammatory-  Macrophages (‘suppressor
immunosuppressive  phenotype’)
effect

nhibition of leukocyte
recruitment (adhesion,
extravasationchemotaxis

o ehemotai|
Modulation of the ‘p% H q w H;W @rﬂmﬁ,ﬂ ﬂ‘ugn of
production and «|L-1, IL-6, [E=8, IL-10; Signaling cascades (e.g. G-proteins, lak,
function of cytokines, endothelial cells ‘-II.A'IZ,ILJS,IFN!Y,TNF MAP kinases, caspases, protein phosphatases)
chemokines,and ibroblas +TGF-8, G-CSF, M-CS f *Transcripti s (e.g. NF-xB, Sp1, AP-1)
=T SIS S

(pro- or anti- mR la

inflammatory effects) *Latent cytokine precursor complaxes
+Enzymes that process cytokine precursors

T helper cell £.g., macrophages *Induction and differentiation 1. Possible stimulation of IL-12-
deviation ot Tyl cells mediated signaling
+Suppression of T1 (and T,2) 2. Suppression of IL-12 production
cell respanses

+Suppression of tolerogenic
T cell respanses
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Prostaglandins

Prostaglandins are potent bioactive lipid messengers derived from arachidonic
acid (AA). Arachidonic acid (AA) is a 20-carbon polyunsaturated fatty acid (5, 8, 11, 14-
eicosatetraenoic acid) which is derived from dietary sources or by conversion from the
essential fatty acid linoleic acid. It is released from membrane phospholipids through
the action of cellular phospholipases: (e.g: phospholipase A,) AA metabolites, also
called eicosanoids, are synthesized by two majoirclasses of enzymes: cyclooxygenases
or COX results in production of prostaglandins and thromboxanes and lipoxygenases or
LOX which results in production oi*leukotrienes. COX "have two isoforms ; COX-1 and
COX-2. COX-1 is constitutively expressqd in all cell types and is involved in normal
kidney, gastrointestinal"and reproductive:kfu.nctions whereas COX-2 is inducible by a
wide variety of mitogens, hormones_‘, cytok,fh@ and other stimuli and is thus associated

/

with inflammation and dis€ases.

Prostaglandins are dividéd f'into SGK‘I?S pased on their structural features as
PGD, PGE, PGF, PGG, and PGVH.V'-_F’He mo‘sz;i:rgr;]pprtant ones in inflammation are PGE,,
PGD,, PGF,q, PCl, (prostacyc}lih}! and TXAE\;rgrpboxaneAg (table 2). Prostaglandins

are also involved in.the pathogenesis of pain and fever: In inflammation, PGE, is

hyperalgesic that ma#;ers the skin hypersensitive to painfer stimuli. PGD, is the major
metabolite of the cycleaxygenase pathway in mast cellsi“along with PGE, and PGF,q,
they cause vasodilation ‘and. increase. the  permeability. of._postcapillary venules,
potentiating edema“™formation.” Ferver lis induced=by pyrogens which subsequently
stimulate the,k production of PGE,"and increases body temperature through heat
regulating centerlinihypothalamusi Bacterial LPSifrom infecting arganisms, or circulating
IL-1, stimulate the expression of COX-2 and of PGE synthase in endothelial cells or
macrophages that constitute the blood-brain PGE, which is generated by PGE synthase
diffuses out of the endothelial cells or macrophages into the organum vasculosum
lamina terminalis (OVLT) region of the hypothalamus which is responsible for controlling
fever.(Vane et al., 1998; Hinz and Brune 2002;Turini and Dubois. 2002; Marco et al.,
2002)
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Table2: Inflammatory actions of eicosanoids (Kumar et al., 2007)

Action Metabolite
Vasoconstriction Thromboxane A, , leukotrienes C,, D,, E,
Vasodilation PGl,, PGE,, PGE,, PGD,
Increased vascular permeability Leukotrienes C,, D, E,
Chemotaxis, leukocyte adhesion Leukotriene B,, HETE, lipoxins

In state of over stimulation of theimacrophags lead to over expression of mMRNA
of cytokines including TNF-CL, lL-Tﬁ , IL-6 and over expression iNOS, COX-2. All these
cytokines and enzymes arednvelved in the inflammatory diseases such as rheumatoid
arthritis, atherosclerosis, lung fibrosis, sep{ic shock and tissues damage. At present
there are two general glasses of drugs cojrﬁrqonly used in the treatment of inflammatory

)
diseases. They are steroid and nonsteroidalanti-inflammatory agents (NSAIDs)

£y
X/

Steroid il

el

Steroidal compound structure and eﬁfié_agy are similar to glucocorticoid hormone

from adrenal cortex.cTheir effects are on entire-body systéms including carbohydrate,

protein and lipid metabolism, electrolyte and water balance, cardiovascular system,
skeletal muscle, central nervous system, forming elements of blood, anti-inflammatory
and immunosuppressive action.; »n Example j of ; ~drugs .~in this group are

dexamethasong; betamethasone, fludrocortisone, triamcinolone ‘and prednisolone.

Mechanism ‘of action ‘of steroid for ‘anti-inflammatory‘effect

Steroid is present in the blood in bound form on the corticosteroid-binding
globulin (CBG). The intracellular receptor is bound to stabilizing proteins, including two
molecules of heat shock protein 90 (Hsp90) and others. When the complex binds a
molecule of cortisol, an unstable complex is created and the Hsp90 and associated
molecules are released. The steroid-receptor complex is dimerize, enter the nucleus,

bind to a glucocorticoid response element (GRE) on the regulatory region of the gene,
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and regulate transcription by RNA polymerase Il and associated transcription factors.
The resulting mRNA is edited and exported to the cytoplasm for the production of
protein that brings about the corresponding hormone response. The steroid-receptor
complex interaction with a GRE is an interaction with and altering the function of other
transcription factors, such as NF-KB in the nucleus of cells which result to reduce

expression of pro-inflammatory Cytok X-2 and iNOS.

In the nucleus Gluco ) can bind as a dimer onto the

(

ulate steroid-responsive genes
lolo) nlz_mfunc‘uon of activated GR is the

kKines that are in inflammatory

glucocorticoid response
regulating metabolic ho
inhibition of transcripti

diseases. Another

receptor (GR) activate to

a

5 e
produce lipocortin whi iDits A vity ?& e A, that results in reducing
-3
the prostaglandins and ugetio the-‘ﬁti‘er 0 ytes, monocytes, eosinophils,

Steroid-receptor
| dimer (activated)

20— 0
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Figure 8: Mechanism of action of steroid (Schimmer et al., 2006)
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Adverse effects of steroid

Steroid is valued for its therapeutic application but it also causes many systemic
side effects in long term administration. Since it suppresses the hypothalamic - pituitary
—adrenal (HPA) axis and bring about iatrogenic Cushing’s Syndrome. Fat tends to be
redistributed from the extremities to the trunk, the back of the neck, and the
supraclavicular fossae. There is an increase growth of fine hair over the face, thighs and
trunk. Steroid-induced punctaie acne may appear. Furthermore it causes insomnia,
increased appetite, bone loss; peptic_ulcers;-myopathy, psychoses and glaucoma,
increased susceptibility«terinfeciion and a risk for reactivation of latent tuberculosis
(Chrousos et al., 2007Schimmeretf al., 2906).
Nonsteroidal anti-inflammation-drugs (NSAIDs)

Nonsteroidal antisinflammatory. drujg_s ?are drugs with anti-inflammatory effects.
Two major groups of NSAIDs afe élassifiéﬁi on the basic of their selectivity on COX

v ol
enzyme. There are non-sglective -~ COX inhipitors ( e.g. indometacin, ibuprofen,

naproxen, piroxicam) and the selective COX?Z_i_ph[bitors (celecoxib, etoricoxib,).

Mechanism of actio;\ of NSAIDs

NSAIDs are inhibitors of the enzyme cyclooxygenase (COX-1 and COX-2) which
catalyze arachidenic acid to-form prostaglandins and thromboxanes. Prostaglandins act
as messenger ' molecules i the ‘process’ of inflammation eSpecially PGE,, PGI,and
PGF,y. Suppression of these inflammatory prostaglandins result in-alleviation of pain,
fever, and inflammation’

- Non-selective COX inhibitors

Non-selective COX inhibitors inhibit both the cyclooxygenase-1 (COX-1) and

cyclooxygenase-2 COX-2) enzymes. COX-1 is primarily constitutive isoform

found in most normal cell and tissue while COX-2 production is induced by

inflammation, shock, tumor etc.
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- Selective COX-2 inhibitors

Selective COX-2 inhibitors selectively inhibit COX-2 enzyme and prostaglandins

production. While COX-1 but not COX-2 is expressed predominantly in gastric

epithelial cells and is the major source of cytoprotective prostaglandins

formation. Inhibition of COX-1 at this site is account for gastric adverse events.

NSAIDs are also known to reduce production of superoxide radicals, inhibit the

expression of adhesion. molecules, decrease nitric oxide synthase and decrease

pro-inflammatory cytokines.

Adverse effects of NSAIDs ,

1.

]
Gastrointestinal system: G| side effect is the most common symptoms

associated with ihese drugs. The adverse effect is account for inhibition of
cytoprotective prostaglandins (fPGE2 and PGl,)) which result in abdominal

pain, nausea, /didrrhea, anorexia, gastric erosions/ulcers, anemia, Gl
' oy

hemorrhage and perforation. =

#eid Jd
el

Central nervous systen: Headaches,tinnitus, dizziness, confusion,

depression, Iowering- of seizure thkréshold, hypeiventilation (salicylates).

Renal system: Salt and water retention, edema;;"vvorsening of renal function
in renal/cardiac and cirrhotic patients, “decreased effectiveness of
antihypertensive-. ' medications, .. decreased. _effectiveness of diuretic
medicationsy« decreased ‘urate ‘excretion' ' (éspecially with aspirin),

hyperkalemia.

Platelets: Inhibited platelet activation.

Uterus : Prolongation of gestation, inhibit labo.

Cardiovascular system: Fluid retention, hypertension, congestive heart
failure, risk of myocardial infarction are associated with COX-2 inhibitors
more frequently than non selective COX inhibitors.

Hematologic system: Rare thrombocytopenia, neutropenia, or even aplastic

anemia (Furst et al., 2006; Barke et al., 2007).
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Although a variety of nonsteroidal anti-inflammatory drugs (NSAIDs) are
employed for the treatment of inflammatory diseases, the adverse effects of these drugs
limited their therapeutic use both for non selective COX inhibitor and selective COX-2
inhibitors.

Research and development of the new drugs in these classes are still in need.
The goal for development of new anti-inflammatory drugs are to lessen the adverse
effect and to maximize the therapeutic effecis New drugs from plants are interesting

source for the scientists. 2

Glycosmis parvagra plant.in Thailand, are eemposed of different kinds of
alkaloids and steroidal” compounds . | At present there is no report up on its
]

pharmacological actiens. #However there are several reports are found in the

compounds related to,€onstituents feund-G. parva espegially  B-sitosterol. Thus it is

our interest to investigate the chemical Cl{')lns?tituents of this plant for its effect on the

macrophage, which are tageted cells resp_&'jh‘éible for inflammatory process.
\ A
. ’ Fllda
Glycosmis parva Craib =/,
G. parva Craib are plant befonged to_fhe family Rutaceae. It is commonly know

i el

as Som-chuen, Praydn—kluean for its local name in Thaila}‘hd. This plants is evergreen

shrubs or undertrees_; Leaves alternate, 1-5 foliate. FI(;Wers usually small, axillary
panicles, calyx 4 or 5-partial imbricate. Petals 4 or 5 imbricate, stamen 8 to 10 free,
filaments dilated, below. Ovary 2 to 5 celled,“the style very short, not jointed ovule 1 in
each cell. Fruits globose,freshy, berry. Seed 1 to'3loblong, testa membranous.

At least two major groups®of compounds are identified/from the hexane
extraction offthe branches and leaves~of this plant. ;They are acridone alkaloids (N-
methylataphilline and 5-hydroxy-N-methylseverifoline) and steroidal compounds (B-
sitosterol and stigmasterol) (Kongsubsopa 2000). Several new compounds are identified
from G. parva extracts as demonstrated in Appendix B-31 (Reungrungsi N. and

Chansriniyom C.)
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Pharmacological effect of compounds related to the chemical constituents
found in G. parva

1. Antimalarial effect

5-hydroxy-N-methylseverifoline isolated from Citrus, Glycosmis, or Severinia
plants (members of the family Rutaceae) have shown antimalarial activities in vitro and in
vivo.  5-hydroxy-N-methylseverifoline | suppressed 92% of Plasmodium yoelii at a
concentration of 10 ug/ml in vitro(Fujioka et al.,#1989).

2. Antiproliferative effect 3

5-hydroxy-N-methyiseveriioline possesses wantiproliferative activity toward
monolayers and suspension of several types of cancer eell lines including :human lung
carcinoma (A-549), melanin pigment prlpqucing mouse melanoma (B-16 melanoma
4A5), T-cell leukemia (CCRF-HSB-2); htgurl]an gastric cancer cell, and lymph-node
metastasized (TGBC11TKB) (Kawaii-‘ etfal, 4‘1999)

3. Anti-inflammatory effect”

B-sitosterol isolated from 'n"—'hexané‘r";t’_e_:xt_ract of Euphorbia hirta reduced ear

oy

edema when test in TPA-inducerd‘ ear modelinmice (Vazquez et al., 1999).

o

B-sitosterol iselated from the ro6t of Dystaehiia. takeshimona showed inhibitory

activity of COX-2 'b;y—98.2%and 5-LOX by 77.3% and reduced production of
protaglandinD,(PGD,) | V_IeukotrienC4 (LTC,) in mouse bohe marrow- derived mast cells
(Kim et al., 2006).

B-sitosterol has been . shown ta inhibit the eedemain axazolone-induced contact-
delayed-type hypersensitivity model (Prieto et al.,2006).

PB-sitosterol isolated from Radix Adénophorae feduced ainvay inflammatory and
airway hyperresponsiveness (AHR) in murine model of asthma through suppression of
IL-13, IL-5, IgE, eosinophils, CCR3 expression (Roh et al., 2008).

B-sitosterol isolated from Rhus sylvestris has been reduced secretion of IL-6
and TNF-a in RAW 264.7 macrophage cell line stimulated with LPS (Ding et al., 2009).

Fractionation of the acetone extract of Sideritis foetens composed of

campesterol 7.6%, stigmasterol 28.4%, B-sitosterol 61.1% decreased carrageenan paw
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oedema, inhibition of mouse ear oedema induced by TPA and decreased neutrophil
infiltration into inflamed tissue (Navarro et al., 2001).

A mixture of B-sitosterol and stigmasterol were isolated from Buddlleja globosa
reduced TPA - induced inflammatory in mice by 78.2% at the concentration of 1

mg/20ul/ear (Backhouse et al., 2008).

AULINENINYINS
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CHAPTER 1l
MATERIALS AND METHODS

1.Materials
1.1 Extracts of Glycosmis parva

The hexane, ethyl acetate, butanol and water extracts of branches and leafs
from Glycosmis parva were prepared and identified by Associate Professor Dr. Nijsiri
Ruangrungsi and Mr. Chaisak Chansriniyom «Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok, Thailand. . The TLC fingerprints of the extracts used
in study are in AppendixX’A-1 whichrepresent G1, G2, G5 and G6 respectively.

All extracts, except ine waier extracts, were dissolved in DMSO at 50 mg/ml as
the stock solutions. ThEse solutions were stored at ~20°C until use. When they were
used, they were diluted'in a' sterile _doubleffdi§tilled water to 2% DMSO solutions before
treating cells at 1:10 ratio. These made tj]_e ?final solution of the extracts, at required
concentrations, to be in 0.2% DMéOi * '

The stock solutions of th,e_‘ Wé%er extréggé:)fyere prepared in double distilled water,
sterilized through 0.22 um filters, _a_nd stored a?%OOC until use.

1.2 Macrophages | P

The murine maErophage cells J774A.1, were purchésed from the American Type

Culture Collection (ATCC). The cells were grown in the completed Dulbecco’s modified
Eagle’s medium (DMEM) ‘conitaining 10% fetalbovine serum, 100 U/ml penicillin and 100
ug/ml streptomycin«in fa.CQ; incubator at 87°C! They were subcultured by scraping
when the cells were 80% confluence. They weregtised in this study with their viability

more than 85%.

1.3 Chemicals and reagents

The following reagents were used in this study:Chloroform (Sigma, USA), DEPC
(Molekula, UK), disposable cell scraper (Greiner bio-one, USA), dimethyl sulfloxide
(DMSO) (Sigma, USA), Dulbecco’s modified eagle’s medium (DMEM) (Gibco, USA),

fetal bovine serum (Gibco, USA), hydrochloric acid (Merck,Germany), ImProm-IITM
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Reverse Transcription system (Promega, USA), lipopolysaccharide (Sigma, USA), nitric
oxide assay kit (Promega, USA), penicillin/streptomycin (Gibco, USA), primer (Bio Basic,
Canada), Taqg polymerase (Invitrogen, UK) , trypan blue dye (Sigma, USA), TRiZol
reagent (Invitrogen, UK)
1.4 Equipment and Instruments

The followings equipments and instruments were used in this study; analytical
balance (GMPH, Satorius, Germany and UMT2; Mettler Toledo, Switzerland), autoclave
(Hiclave ™ , HVE-50, Hirayama, Japan )J autepipette (Gilson, USA), biohazard laminar
flow hood (ESSCO, USA),.eentrifuge machine (Hettieh, USA), ELISA microplate reader
(Labsystems multiskang®USA), gel - electrophoresis (Bio-Rad, USA), hemacytometer
(Brand, Germany), lightfmiciosgope (Niklﬁ_)n;_ USA), 96 and 24 muti-well plate (Corning,
USA), spectrophotometer (Shimadzu, Japénl), thermocyele machine (Eppendorf, USA) ,

vortex mixer (Scientific industries, USA) y

. ‘!|

2 Methods N
: - = ;!J-l'll
2.1 Effect of Glycosmis prava solvent extracts, on NO production in LPS-stimulated

J774A.1 cells L

J774A1 cells,-ata density of 2 x 10~ cells/ml were grown in a 96 well plate at 37
°C for 24 h. The cells rw'ere pre-treated with the hexane, ethyl acetate, butanol and water
extracts of branches ana leaves from G. prava, at concentrration 3.125-100 pg/mL, for 24
h before being@stimulated with 100-ng /ml LPS for the next|241h. The non pre-treated
LPS —stimulatedicells and the 0.2% DMSO-treated cells were used as the control and
the untreated contrel, respectively.| The supernatants ‘of the treated! cells was collected
for nitric*oxide content determination and the cells were assessed for cytotoxic of the
extracts.

The assay for nitric oxide content was perform in the dark at room temperature
by using Griess reagents as in the following procedures. In 96-well plate, 100 pl of
supernatants were reacted with 20 pl of sulfanilamide reagent for 10 min, then 20 pl of

N-1-napthylenediamine dihydrochloride (NED) reagent was added. The plate was

incubate further for 10 min and measured by microplate reader at 540 nm. The nitric
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oxide content in each well was determined as nitrite content (UM) by using nitrite
standard curve. The percentages of nitric oxide inhibition of the extracts were calculated

by comparing with the non pre-treated LPS-stimulated condition.

NO conc. of Negative Control - NO conc. of Treatmenﬂ X 100
NO conc. of Negative Control J

% NO inhibition =

The 50% inhibitory cencentration (I€4) 0a*NO production of the extracts was
also calculated. These coneentrations of the extracts Were used in the next experiments.
The cytotoxicity of the'exiractes was performed by incubating the treated cells in
96 wells plate with 50 ug/ml resazurin at 37°C for 2 h. The amount of resorufin, the
product from resazurin redugtion/in viable cells, was determined using microplate

reader by subtracting thet OD at. 570 fr'?ma;the OD at 600 nm. The percentage of

cytotoxicity of the extraets was galculated Bngsii_ng the following formular ;

, delta OD (negat—i}}e éontrol) - delta OD (sample)
% cytotoxic = — - X 100
- delta OD (negative control)

tif
[ el

The extracts thatinhibit NO production at the non.- €ytotoxic concentrations (2 or

3 Concentrations/extréqt) were assessed for their effecffs on mRNA expression of

interested genes involved in macrophage stimulation.

2.2 Effects of the [extracts fon mRNA expression| of cytokines, iINOS and COX-2 in
LPS-stimulated J774A.1 cells

JT74A.1 cells, at the density of 2 x 10 ° cells/ml, were grown in a 24 well plate at
37°C for 24 h. The cells were pretreated with the extracts (2 or 3 concentrations) at 37°C
for 24 h, then treated with LPS 100 ng/ml at 37°C for 4 h for assessing cytokine
expression. The same procedure was performed as above but the cells were stimulated
with LPS for 24 h for INOS and COX-2 expression. The non pre-treated LPS-stimulated
cells and the 0.2% DMSO-treated cells were used as the control and the untreated

control, respectively.
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The treated cells were collected for total RNA preparation, cDNA production,

and TNF-QL, 11-1 B IL-6, INOS and COX-2 expression determination.

Total RNA preparation

The cells were lysed and homogenized in 1 ml of TRIzol® Reagent at room
temperature sample for 5 min. The homogenized samples were transfer to eppendorf
tube. Two hundred pl chloroform was added into_each tube. The tubes were vigorously
shaked by hand for 15 seconds., inoubjted further~at room temperature for 2-3 min,
and separated for supecinatant by centrifugation 42,000g for 15 min. at 4 °C. The
supernatants were careftlly eollecied into fresh eppendorf tubes. 0.5 ml of isopropyl
alcohol was added inte'each tube. The tUbes were incubated at room temperature for
10 min. The RNA pellets'were separated b.y centrifugation 12,000g for 10 min. at 4 °C.
The supernatant were dis¢arded. The peIIeI{S :/vere washed with 75% ethanol. Each wash
the pellets were separated by centrn‘ugatlonxét 7,500g for 5 min. at 4°C. After washing,

F

the pellets were air-dried and dlssolved m RNase free-water. The RNA content was
A

determined by spectrophotometer at 260 nm—and calculated by the following formular

RNA(pg) Absorbance at 260 nm X 40, X/ dllut|on factor

The RNA sample were. store at -70 °C until use.

cDNA synthesis by reverse transcription

For each sample tubg, 1.5 pg total RNA was' pre-heat with Oligo dT,, primer in
Nuclerse — Free Water at 5 pl final valume at 70 °C for 5 min. The tube were immediately
chilled ron "ice for 5! min.; Fifteen” yll reverse; transcription=mixturé'containing; 25 mM
MgCl,, mixed dNTP, ribonuclease inhibitor and reverse transcriptase were added into
each tubes. The tubes were incubated at 25 °C for 5 min, then 42 °C for 1 hour 30 min.

and finally at 70 °C for 15 min. The samples were stored at -20 °C until use.
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Amplification of interested cytokines, INOS and COX-2 cDNA by polymerase Chain
Reaction (PCR)

For each PCR tube, 1 yl of cDNA sample was mixed with PCR reaction mixture
containing primer, mixed dNTP, Taqg polymerase in PCR buffer. The PCR was performed
by the following conditions; denaturation for 30 sec at 94 °C, annealing for 45 sec at

55°C, extension for 1 min at 72 °C and

inal.extension for 7 min at 72 °C at the end of 25"
cycles. The PCR products were 1

/ﬁr se gel electrophoresis at 100 volt for
I &e for each sample. The gel was

45 min in TBE buffer , usi s 2
stained with ethidium bromi in and destained with TBE buffer for 30 min. The

PCR products were an 2 gel documentation.

7. Statistical analysis

All data were pre d deviation or standard error of

means. Data analysis the test of homogeneity of

3 fl “o |
variances showed that there as th sant deviation of variances in the data, the

analysis of variance (ANOVA) iestly Significant Difference (HSD) post

hoc test was used. The p-ve onsidered statistically significant.
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CHAPTER IV
RESULTS

1. Effect of Glycosmis parva solvent extracts on LPS stimulated-macrophages

All solvent extracts from branches and leaves of G. pava were identified for their
inhibitory activities on LPS-stimulated d774A.1. Inhibition of nitric oxide synthesis from
the stimulated cells was used to evaluate thesg extracts. J774A.1 cells were pretreated
with 10 - 100 pg/ml of eacheextract for Zfl; h and thentreated with 100 ng/ml LPS for the
next 24 h. The supernatani=from-the treated cellsswas collected for determining NO
content by Griess reaetion «fhe hexane and the ethyl acetate extracts from both
branches (G1 and G2) and Ieaves_ (Gé gnd G6) of G. pava clearly inhibited NO
production in LPS-stimulated J774A.,1 :cellé,(lFig.Qa). However, all these extracts, except
the hexane extract from brancheé: (@) ét J;100 pg/ml concentration also had highly
cytotoxic effect on the treated cells (Fig.9_b).‘-’ These extracts were employed in the
subsequent studies. The butanolra’h.d the Wéftér _@xtracts of branches (G3 and G4) and
leaves (G7 and G8) didn’t have-‘;botﬁ the thb{tc;r;/ and the cytotoxic effects to the cells.

These extracts were nat studied further in the subsequent sjudies.

The hexane and the ethyl acetate extracts from braiﬁ_l_c-;hes and leaves of G. pava
(G1, G2, G5, and GG respectively) were determin’éd for their 50% inhibitory
concentrations (IC,,’s) on'NQ production fram LPS-stimulated J774A.1. The cells were
pretreated with G1 (6.25-100 ug/ml), G2 (3.13-50 'ug/ml), G5 and G6 (1.56-50 pg/ml) for
24 h and then treated with 100 ng/ml LPS for 24_h. The supernatant from the treated
cells was collected. for.determining NO_content by, Gfiess reaction and the cells were
used to ‘determine the cytotoxicity of the extracts by resazurin staining assay. All
extracts inhibited NO production in LPS-stimulated cells in a concentration-dependent
manner (Fig.10a-13c). Their IC,, values for the NO production were 44.70, 16.70, 11.76
and 11.19 pg/ml in G1, G2, G5 and G6, respectively. The potencies of these extract

were in the following order; G5 = G6 > G2 > G1. These IC,, values were used for
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selecting concentrations of the extracts to study their molecular activities in the following

studies.
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Figure 9: (A) Inhibition effect G. parva on NO production in LPS stimulated-macrophage J774A.1 at

dose 10 -100 pg/ml of extracts. (B) Cytotoxic effect of G. parva in LPS stimulated-macrophage

J774AN

at dose 10 -100 pg/ml of extracts [The extracts from branches: G1: hexane, G2: ethyl

acetate, G3: butanol, G4: water; The extracts from leaves: G5: hexane, G6: ethyl acetate, G7:

butanol, G8: water]. Results are means = S.D. (N=2).
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Figure 10: (A) Inhibition effect of G1 on NO production in LPS stimulated-macrophage J774A.1 at

dose 6.25-100 ug/ml of extracts. (B) IC,, of G1 (44.69 ug/ml). ** significantly different between 0.2%

DMSO and test compounds (p<0.001). Results are means + S.D. (N=8).
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Figure 11: (A) Inhibition effect of G2 on NO production in LPS stimulated-macrophage J774A.1 at
dose 3.13 - 50 pg/ml of extracts. (B) IC,, of G2 (16.69 pg/ml). * significantly different between 0.2%
DMSO and test compounds (p<0.01), ** significantly different between 0.2% DMSO and test

compounds (p<0.001). Results are means + S.D. (N=8).
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Figure 12: (A) Inhibition effect of G5 on NO production in LPS stimulated-macrophage J774A.1 at

dose 1.56- 50 pg/ml of extracts. (B) IC,, of G5 (11.57 ug/ml). * significantly different between 0.2%
DMSO and test compounds (p<0.01), ** significantly different between 0.2% DMSO and test

compounds (p<0.001) Results are means + S.D. (N=3).
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Figure 13: (A) Inhibition effect of G6 on NO production in LPS stimulated-macrophage J774A.1 at
dose 1.56 - 50 ug/ml of extracts. (B) IC, of G6 (11.12 ug/ml). * significantly different between 0.2%
DMSO and test compounds (p<0.01), ** significantly different between 0.2% DMSO and test

compounds (p<0.001). Results are means + S.D. (N=3).
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2. Effect of Glycosmis parva extracts on the expressions of pro-inflammatory cytokines

in LPS stimulated-macrophages.

The effects of the hexane and the ethyl acetate extracts from branches (G1 and
G2) and leaves (G5 and G6) of G. parva on TNF-q, IL-1B, and IL-6 in LPS-stimulated
J774A.1 were evaluated. The cells were pretreated with 2- or 3 concentrations of the
extracts for 24 h and then treated with 100 ng/miLPS for 4 h. The total RNA was isolated
from the treated cells and used to determine thesexpression of TNF-a, IL-13, and IL-6 by
RT-PCR. All extracts were used-at the IC—:IO for NO.inhibition from the previous study plus
one or two concentrationsswhich'were 2-folds lower and higher than the ICy,.

G1 at the concentrations/Of 25 anl{j 50 yg/ml was used in these experiments. Its
IC,, was 44.70 pg/ml. It iahibited the'.—e‘xpre-zs:éion of the pro-inflammatory cytokines, TNF-

a (23.4, 54.3% respectively), IE-1B (13, O%:§15;9%) and IL-6 (9.4, 56.1%) ( Appendix B-
12) in LPS-stimulated J774A:1 . It had |nh|b|tony effect on the expression of TNF-a and IL-
6 expression higher than on the expressmn ofLL 1B at 50 pg/ml (Fig. 14).

Ten and 20 pg/mi G2 “was-used m_the study. Its IC,, was 11.70 pg/ml. It
significantly inhibited the expressmn -of TNF- ol (57' 8%)and = 1B (69.85%) ( Appendix B-
14) at 20 pg/ml, but ItUTdTT'T"h'aVE_foe'Ct_Oﬂ_Th'e_GXDFGSS'I'OH of IL-6 at this concentration
(Fig.15).

The IC,, of NO i;hibition of G5 was 11.76 ug/ml. It‘was used in this study at 6.25,
12.5 and 25 pg/ml. It prefoundly inhibited the expression of TNF=a (91.1, 93.02, 94.27%)
( Appendix B-16)-in all concentrations, used (Fig.16). The inhibition effect of G5 on IL-1

was found ‘onlyat highiconcentration (26 pg/ml). It'didn’t have ‘effeciion IL-6 expression.
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The IC,, of NO inhibition of G6 was 11.20 pg/ml. It was used in this study at
6.25, 12.5 and 25 pg/ml. The results in Fig.17 demonstrated that it significantly
decreased the expression of the pro-inflammatory cytokines at its IC,,. At 25 pg/ml, it
greatly reduced the expression of TNF-a by 30.2- 98.6 %. For IL-1B only the
concentration at 25 pg/ml of G6 significantly inhibited its expression by 35.2%. While the

concentration of G6 at 12.5, 25 pg/ml significantly inhibited IL-6 by 55.48 and 97.94%.

ﬂUEI’JVIEWliWEHﬂ‘i
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Figure 14 © Effect of G1 on mRNA expressions of cytokines (TNF-QL, IL—1B and IL-6) in LPS
stimulated-macrophage J774A.1 cells. * significantly different between 0.2% DMSO+LPS and
test compounds (p<0.01), ** significantly different between 0.2% DMSO+LPS and test compounds
(p<0.001). Results are means = S.D. (N=2). B 02% bDmso, M 0.2%DMso+LPS, M Dexa-

methasone 10uM+LPS , EH G125 ug/ml +LPS, G150 pg/ml + LPS.
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Figure 15% Effect of G2 on mMRNA expressions of cytokines (TNF-QL, IL-1B and IL-6) in LPS
stimulated-macrophage J774A.1 cells. * significantly different between 0.2% DMSO+LPS and test
compounds (p<0.01), **significantly different between 0.2% DMSO + LPS and test
compounds(p<0.001). Results are means + S.D. (N=2). Il 0.2% DMsO, [l 0.2%DMSO+LPS, [ |
Dexamethasone 10 uM+LPS, B G2 10 ug/ml +LPS, G2 20 pg/ml +LPS.
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Figure 16 . Effect of G5 on mRNA expressions of cytokines (TNF-QL, |L—1[3 and IL-6) in LPS
stimulated-macrophage J774A.1 cells. * significantly different between 0.2% DMSO+LPS and test
compounds (p<0.01), ** significantly different between 0.2% DMSO+LPS and test compounds
(p<0.001). Results are means * S.D. (N=2). |} 0.2% DMSO,[[]0.2%DMSO+LPS, [ll Dexamethasone
10 uM+LPS , B G5 6.25 pug/ml +LPS, A4 G5 12.5 pg/ml +LPS, []G5 25 ug/ml +LPS.



LPS (100 ng/ml) - + + + + +
0.2 % DMSO + + - = - -
Dexa (10 mM) - - + - - -
G6 (ug/ml) - - - (S 2> 12.5 25
100 - T T
80 | /
§ i ** E éi
g =
3 7 .
A /
QoINS )
5 7
%
20 - é
0, = A
TNF-a IL-18 L6

Figure 17 © Effect of G6 on mRNA expressions of cytokines (TNF-QL, IL—1B and IL-6) in
LPS stimulated-macrophage J774A.1 cells. ** significantly different between 0.2% DMSO+LPS
and test compounds (p<0.001). Results are means + S.D. (N=2). Il 0.2% DMSO, [l 0.2%DMSO
+LPS, Il Dexamethasone 10 uM+LPS, B G6 6.25 ug/ml +LPS, G6 12.5 pg/ml +LPS, G6

25 pg/ml +LPS.
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3. Effect of Glycosmis prava extracts on the expressions of iINOS in LPS stimulated-

macrophages.

The inhibitory effects of G1, G2, G5 and G6 of G. parva on the activity of INOS
enzyme in J774A.1 were examined whether they correlated with their activity on NO
production. All extracts were used at their IC,, for NO inhibition from the previous study

plus one or two concentrations in 2-fol
A

’dilution. The cells were pretreated with the

extracts for 24 h and then tre /ml LPS for 24 h. The total RNA was
isolated from the treated & the expression of iINOS by RT-
-

PCR. The results in Fig. (hat the extracts inhibited INOS expression
in a concentration-dep ion of G6 (25 ug/ml) seemed
to produce most pron %) (Fig. 21, Af pendix B-25 and B-30). Only
high concentration of G _ & si nifice '\g ibit the mMRNA expression of
iNOS(Fig. 19, Appendix ,7 e e results correlated with the effects of

these extracts on NO prod
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Figure 18 : Effect of G1 on mRNA expressions of iNOS in LPS stimulated-macrophage J774A.1

cells. * significantly different between 0.2% DMSO+LPS and test compounds (p<0.01), **
significantly different between 0.2% DMSO+LPS and test compounds (p<0.001). Results are means
+ S.D. (N=2).
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Figure 19 : Effect of G2 on mRNA expressions of iINOS in LPS stimulated-macrophage J774A.1
cells. ** significantly different between 0.2% DMSO+LPS and test compounds (p<0.001). Results are

means * S.D. (N=2).
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Figure 20 : Effect of G5 on mRNA expressions of iINOS in LPS stimulated-macrophage J774A.1
cells. ** significantly different between 0.2% DMSO+LPS and test compounds (p<0.001). Results are

means * S.D. (N=2).
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Figure 21 : Effect of G6 on mRNA expressions of iINOS in LPS stimulated-macrophage J774A.1
cells. ** significantly different between 0.2% DMSO+LPS and test compounds (p<0.001). Results are

means + S.D. (N=2).
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4. Effect of Glycosmis parva extracts on the expressions of COX-2 in LPS stimulated-

macrophages.

The inhibitory effects of the extracts on inflammatory mediator, prostaglandins,
were also indirectly investigated by determining the expression of COX-2. J774A.1 cells
were treated in the same way as the above study for iINOS expression. The total RNA

was isolated from the treated cells and

ed tQ determine the expression of COX-2 by
RT-PCR. All extracts significantly i hibite -2 expression except for the low
- The prominent inhibition effect on
acetate extracts from the leaves of
G. parva (G5 and (82.1% and 93% respectively,

Appendix B-29 and t from branches (G1) at
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Figure 22 : Effect of G1 on mRNA expressions of COX-2 in LPS stimulated-macrophage J774A.1
cells. ** significantly different between 0.2% DMSO+LPS and test compounds (p<0.001). Results are
means + S.D. (N=2).
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Figure 23 : Effect of G2 on mRNA expressions of COX-2 in LPS stimulated-macrophage J774A.1
cells . * significantly different between 0.2% DMSO+LPS and test compounds (p<0.01), **
significantly different between 0.2% DMSO+LPS and test compounds (p<0.001). Results are means
+ S.D. (N=2).
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Figure 24 . Effect of G5 on mRNA expressions of COX-2 in LPS stimulated-macrophage J774A.1
cells ; ** significantly different between 0.2% DMSO+LPS and test compounds (p<0.001). Results

are means + S.D. (N=2).
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Figure 25 : Effect of G6 on mRNA expressions of COX-2 in LPS stimulated-macrophage J774A.1
cells. * significantly different between 0.2% DMSO+LPS and test compounds (p<0.01), **
significantly different between 0.2% DMSO+LPS and test compounds (p<0.001) Results are means *

S.D. (N=2).



CHAPTER V
DISCUSSION CONCLUSION AND SUGGESTION

Discussion and conclusion

Macrophage and monocyte are activated in response to component of
pathogenic bacteria invading the host and ja cascade intracellular response or tissue
injury are initiated. Immune cells are stimulated.py adhesion molecule activation signal
in order to enhance the migration capacity to inflamed tissue. Lipopolysaccharide is one
of the inflammatory stimuliwhichaetivated immune cells'to up-regulate the inflammatory
state. Nitric oxide, IL-1B, -6, TNF-a and other pro-inflammatory cytokines are
produced by immune cellsidusring the inﬂ@mmatory process .They possess a variety of
biological activities in" regponse o the’l' i[nmunopathology of acute and chronic
inflammatory diseases for examples osteogﬁr;ritis, rheumatoid arthritis, Crohn’s disease
The hexane, ethyl aoetat_e, bttanol apg;_y:/,ater extracts (G1-G8) from leaves and

branches of G.parva, a Thai herbal plant \(v.é__l_’_e', investigated ( G1-hexane extract from

branches, G2-ethyl acetate extract from branches, G8-butanol extract from branches,

G-4water extract fror; branches, Gb5-hexane extract fréfn leaves, G6-ethyl acetate
extract from leaves, G7-butanol extract from leaves, G8-water extract from leaves).
Since their effects have not:been investigated for, the immunopathological view point in
response to anti-inflammatory process.!G.parva in difference fractions of solvent extract
demonstrated a magnitude responses in cytokines secretory “effect of the LPS-
stimulated macrophage! J774A1cellsiused| in (this study..Among [the fractions that
produced nitric oxide inhibition, (G1, G2, G5 and G6). G6 demonstrated the most potent
effect (IC,, = 11.12 pyg/ml) while cytotoxic effect occured at dose of 50 pg/ml. G5, G2
and G1 were less potent than G6 ,their IC,; for NO inhibition were 11.76, 16.70 and
4496 pg/ml respectively. G3, G4, G7 and G8 exhibited minimal NO production in
macrophage J 774A.1 stimulated with LPS, so they got no further investigation in this

study. NO generation is stimulated during nitric oxide synthase ( NOS ) catalyse the
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conversion of L-arginine to citrulline. The excess production of NO especially in
macrophage can bring about inflammation , cytotoxicity, carcinogenicity and
autoimmune diseases.(Liu RH, 1995Nguyen et al 1992) Thus suppression of NO
production is important for anti-inflammatory action. The extraction of G parva, G1, G2,
G5 and G6 inhibited NO generation in dose dependence manner ( Figure 10a, 11a,
12a, 13a) which are related to their capability on INOS mRNA expression. ( Figure 18,
19, 20, 21)

In this present study; fraction from branches and leaves of G.parva extracted by
different polarity of solvents vary from hexane, ethylacetate (G1, G2, G5, G6)
demonstrated inhibitory“effecionthe expglession of the pro-inflammatory cytokines, TNF-
a, IL-1B and IL-6 in difference magnitude.,_Their inhibitory activity didn’t correlate with
their activity on NO production; for exampJe the hexane extract of G.parva branches
(G1) at near IC,, conceniration of NO productlon 50 pg/ml) exhibited 54.3% inhibition
of TNF-a expression by the LPS-treated macrophage while the hexane extract from the
leaves of G.parva (G5) at the near ltS ICs, for NO production(12.5 ug/ml) demonstrated

much more potent inhibition of the expressxon of TNF-a. (95% inhibition). The inhibition

effect on TNF-a, IL- TB and IL 6 might be assomated with the reduction in pain and

inflammation. In addmon all G.parva extract used in th|s study also significantly
inhibited the expression of COX-2 and INOS mRNA in LPS-treated macrophage for 24 h
except for G5 and G6 at 6-25.pg/ml. The makimum inhibition effect of COX-2 expression
was found in G6|at.high concentration (25ug/ml) (93%, Appendix B-30). Both NO and
prostaglandin (PGs) are known to be'important mediators involve in acute and chronic
inflammation. They-areyproduced, by nitric 0xide synthase (NOS).and" ¢yclooxygenase
enzyme (COX) activation of their corresponding precursor , L-arginine and arachidonic
acid (AA) respectively. Increase generation of NO is known to activate COX exzyme
which in turn converts arachidonic acid to prostaglandins leading to pain and
inflammation. In consideration of each G. parva extract ,it was found that G6 which was
the leaves extracts with ethyl acetate at the concentration of 25 pg/ml predominantly

inhibited the expression of TNF-a for about 98.6%( Appendix B-30) and its inhibitory
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effect was greater than dexamethasone 10pM which caused only about 21% inhibition.
The same results also obtained when the hexane extract from the leaves (G5) was
tested for it's inhibitory effect on TNF-a generation in the LPS-stimulated macrophages
(Appendix B-29). Dexamethasone, a steroidal anti-inflammatory drugs, showed 88.6%
inhibition of IL-1 mRNA expression. Only 69.8% inhibition of IL-1B was demonstrated
in G2, the branch extract with ethyl acetate and it was found at the concentration of 20
pg/ml. Surprisingly, the ethyl acetate extragt ffom branches (G2) and hexane extract
from leaves (G5) failed to demenstrate the inhibition”effect on IL-6 expression (Fig. 15
and Fig.16) As mentioned Dbefore, acridone alkaloids and mixture of B -
sitosterol/stigmasterol are among .the mr;lajor compounds found in hexane extract of G.
parva. The results obtained from this study were in accordance with the previous study
which demonstrated that «Sltosterol posses |nh|b|tory activity of COX-2, IL-6 and TNF-
a in macrophages treated with LPS (Dlng"ez‘ a/ 2009). The down regulation of the
expression of TNF-a, [E-1p “and - 6 mRNA expression may be useful for
improvement of inflammatary disdfder However other constituents of the G. parva

4ok
extract e.g. acridone aIkaI0|ds (N methylatap’nlllme and 5-hydroxy-N methylseverifoline)

-

might  participate, in immune regula’uon of these inflammatory cells. Difference

constituents in each.G. prava extract mié-ﬁtr pdssess diﬁérence role in modulation of

inflammatory cytokines expression. Although the molecular mechanism associated with
the inhibition of LPS-inddced. macrophage 4774A.1 expression of TNF-a, IL-1pB, IL-6,
COX-2 and iNQOS Lby| the ¢fractions! of | Gii parnva _extracts in this study were not
investigated, it is well established that several common pathwaysgare known to linked
the transcripton factar, ‘nuclearfactor (NE)-kB|,because it gontrols/the expression of pro-
inflammatory genes such as adhesion molecule and cytotoxic molecular generating
enzyme including iNOS and COX-2 (Harmut et al 2004., Hong et al 2002.) The
association of NF-kB and inhibitory effect of G.parva extract are needed to be
elucidated. At present, investigators are focussing on the development of potent

inhibitor of NF-kB for a novel anti-inflammatory drugs.
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In summary , production of NO and the expression of INOS and COX-2 mRNA as
well as TNF-a , IL-1B and IL-6 by LPS-stimulated macrophage J774A.1 were measured
in response to G.parva extracts (G1, G2, G5, G6). All different fractions of the extract
were found to significantly inhibit COX-2 and iINOS gene expression in different
magnitude and subsequent decrease production of prostaglandins and NO.

Furthermore TNF-a, IL-1p and IL-6 rease in their MRNA expression due to the

inhibitory effect of G.prava ex

inflammatory effects were

Four fractions y 1S " 3ONE d G6) are screened on their

activity toward pro-i . s | jenerations on the LPS-stimulated
macrophage J774A.1. F need : 5 ; mechanism of action of their
inhibiting effect on these pro-i i 7 " S& duction and enzyme generation.
The in vivo anti-inflammatory the .\- s should be confirmed.
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Appendix B-3: The effect of G1 on nitric oxide production | "#}—macrophage J774A.1 (as nitrite concentration)

AN TUNM NN Y

e

- ntration o
Test Compounds Mean % S.D.
1 2 7 8
0.2% DMSO 29.068 | 29.449 .6 373 4 | 24.959 | 22.756 25.008 + 2.736
Dexa (10pM) 23.347 | 21.568 4 . '-_‘ 12, k 4 | 23.554 | 13.681 17.969 + 5.266
6.25 26.186 | 30.127 4 22@% 1 %78 24.752 | 20.866 23.914 + 3.081
12.5 23.178 | 26.992 | 20.68 % : Jé‘. 19 231 | 23.802 | 19.941 22.392 + 2.261
25 19.280 | 21.356 | 15. J 5% 6| 18.099 | 20.372 | 18.597 18.795 £1.699
50 9.025 | 12.458 | 6.70 fwf‘l 10.992 | 11.488 | 10.613 10.453 +1.796
100 0.000 | 0.42 0.744 0.000 0.936 + 1.125
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Appendix B-4: The effect of G2 on nitric oxide producti

st|

Crophage J774A.1 (as nitrite concentration)

ﬂumwﬂmwmni
Q’mﬂﬂﬂ‘iﬁu UAIINYAY

Test Compounds 1 27 k7 : 6 7 8 Mean + S.D.
0.2% DMSO 29.068 | 29.449 4 2 54 | 24.959 | 22.756 25.008 £ 2.736
Dexa (10uM) 23.347 | 21.568 4 2."‘; 934 | 23.554 | 13.681 17.969 £ 5.266

3.15 28.941 | 29.237 | 2 : J‘ 1.777 | 23.678 | 16.034 23.166 + 4.298

6.25 24.958 | 25.339 | 18.229 9%; 1 18.843 | 21.322 | 11.328 19.803 £ 4.408

12.5 21.017 | 20.127 12.76%% 15.413 | 16.157 8.555 15.760 £ 3.945

25 5.424 8.94 = 5.868 6.832 6.129 + 2.638

50 0.720 0.805 7 0.537 0.000 0.642 + 0.454
=
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-macrophage J774A.1 (as nitrite concentration)

Test Compound ’l‘fm \ "N\ \

'///JEM\\\\

Mean + S.D.

2%DMSO 9\\\\“

16.479 + 2.520

Dexa (10uM) "l m\\\‘\

5.395 + 2.520

13.486 + 2.264

;- ','. 7 1 ‘
056 1 13868 5535
= - L}

12.241 + 2.032

/ $EZ 3 3 553

11.477 + 1.845

9.514 + 3.225

0.367 £ 0.348

0.000 0. 031

0.094 + 0.137
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Test Compo

0.2% DMSE

Dexa (10
1.56

3.13

A j

6.25

o5

50

12,5

_—--Il.'__..._i——---'.“i |

v_

w2

centration of nitrite (UM
i )

Z/INSS
(L AR
ﬁ \

-macrophage J774A.1 (as nitrite concentration)

Mean = S.D.

«\\

16.479 £ 2.520

5.395 £ 2.520

13.747 £ 2.557

12.501 £ 2174

11.216 £ 2.155

7.606 = 1.807

0.249 = 0.330

0.042 £ 0.073
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Appendix B-7: Cytotoxicity of G1 (ug/ml) in LPS stimula pha
Test Compounds
1 2 2 4=
- i
0.2% DMSO 0.000 | 0.000 0.
Dexa (10uM) 0.000 | 0.000 .0 & '_.
6.25 1.979 | 1.809 0 0
125 0.427 | 0.000 | 0.000 40000 .
25 1.732 | 1.146 0.000. 1 %
50 0.000 | 0.00
100 29.487 | 28.427

Mean £ S.D.
7 8

00 0.000 0.000 0.000 + 0.000

000 0.000 0.000 0.000 + 0.000

1.140 0.000 0.000 0.616 + 0.883

0 0.000 0.000 0.000 0.053 + 0.151
2.371 1.130 0.000 0.797 + 0.935
0.000 0.000 0.086 + 0.242
56 | 16.275 | 18.000 23.892 £ 6.748
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Appendix B-8: Cytotoxicity of G2 (ug/ml) in LPS shm@h%

\\:m

Test Compounds
i 'A’?&lﬁ\\\\ T | e

Mean + S.D.

0.2% DMSO 0.000 | 0.000 Il an: 1’\ H\ k 000 0.000 0.000 0.000 £ 0.000

Dexa (10uM) 0.000 | 0.000 w .. 1 .\‘l\\. 000 0.000 0.000 0.000 + 0.000

1 r["r
3.15 3.711 4.303 i #’ &-\\ 5.267 3.711 0.000 3.253 £ 1.825

6.25 1.462 1.989 ; j'. , 00 h 5.381 3.504 0.000 2070+ 1.772

3.757 0.000 1.961 £ 1.905

125 0.922 | 1. . ,1 |00 | 5.381

25 2.969 . u 518 | 35 | 3317 2.5 0.738 0.000 1.999 £ 1.187

LY

50 10.456 | 24.258- © 595 33.933 | 11.271 | 32.693 + 16.109

ﬂumwﬂmwmm
QW%‘Nﬂ‘iﬂJ UAIINYAY
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Mean + S.D.

0.000 + 0.000

0.602 + 1.042

0.000 + 0.000

0.000 + 0.000

0.317 £ 0.550

4/ 1153+ 1.997

0.760 £ 1.317

100.000 | 100. OOO 100. OOO 100.000 + 0.000
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Appendix B-10: Cytotoxicity of G6 (ug/ml) in LPS stim la €

/& 3\\‘\\
Test Compoufds AN Mean + S.D.
A= SN
0.2% DMSO "I 0. 0 0.000 + 0.000
Dexa (10uM) e 0.602 £ 1.042
0.000 £ 0.000
0.284 £ 0.492
0.819 £ 1.418
0.000 £ 0.000
0.000 0.000 0.000 . 0.000 £ 0.000
ﬁ388 +2.793
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LPS (100 ng/ml) - + + + £

0.2 % DMSO + + - - - + +
Dexa (10 mM) - - + - - - -
G1(ug/ml) - - - 25 50 - -

Appendix B-11 : Effect of branches extracted with hexane (G1) from Glzéosmis parva on

and IL-6) in LPS stimulated-macrophage J774A:1 cells:

IL-6

B-actin

mRNA expressions of cytokines (TNF-QOL, IL—1B
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I,

— . .
fro G/y@a on mRNA expressions of cytokines (TNF-QL, IL—1B and

\\

Appendix B-12: Effect of branches extracted with hex

IL-6) in LPS stimulated-macrophage J774A.1 Cely

% Of control f_ ; \ i % Of control
Test Compounds TNF-O \ Mean + S.D. IL-6 Mean + S.D.
] / %!w ]

0.2% DMSO 4.095 5.469 0.000 £ 0.000 0.000 | 0.000 0.000 £ .000
0.2% DMSO+LPS | 100.026 | 100.032 | 100.029 = _.'=':'-" 99.986 £ 0.006 | 99.923 | 99.997 | 99.960 + 0.052
Dexa (10uM)+LPS | 81.218 76.763 %§:633 +0.909 | 25.158 | 38.557 | 31.857 +9.475

25(ug/ml)+LPS 77.900 74.647 | [Fe:273+2:300—1-96:823~ -:’E;' 11 +£1.007 | 89.889 | 91.213 | 90.551 + 0.936
50(pug/ml)+LPS 46.285 45.107 4.129 +0.074 | 45495 | 42.371 | 43.933 +2.209

ﬂﬂﬂ’ﬂﬂﬂﬂ‘ﬁﬂﬂ?ﬂ‘i
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LPS (100 ng/ml) - + + + + - + + + +
0.2 % DMSO + + - - = = + - - -
Dexa (10 mM) - - + - = - - + - -
G2(pug/ml) - - - 10 20 - - - 10 20

Appendix B-13: Effect of branches extractedwitmethyl acetate (G2) from-Glycosmistparva en, mRNA expressions of cytokines (TNF-QL, IL-

1B and IL-6) in LPS stimulated-macrophage J774A.1 cells.
~
O



% Of control

80

% Of control

Test Compounds TNF-O ean + S.D IL-6 Mean + S.D.
1 2 1 2
0.2% DMSO 4.095 5.469 4,782 + 0.97, 0.000 £ 0.000 0.000 0.000 0.000 = 0.000
Jifea
0.2% DMSO+LPS | 100.026 | 100.032 | 100.029 + 0.004 -9 99.986 + 0.006 99.923 | 99.997 99.960 + 0.052
Dexa (10uM)+LPS | 81.218 76.763 78.991 + i 95,633 + 0.909 25.158 | 38.557 31.857 +9.475
10(pg/ml)+LPS 98.135 | 101.643 99.889 + 2.481 | t\; +0.202 | 100.643 | 102.672 101.657 £ 1.435
el | ]

20(ug/ml)+LPS 42.014 42.343 42.17éﬂ 0.232 9.990 0.433 iu.212 +0.313 | 100.740 | 103.028 101.884 + 1.618
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LPS (100 ng/ml) - + + + + + - + + + + +
0.2 % DMSO + + - 2 - - + + - - - -
Dexa (10 mM) - - + - - 2 - - + - - -
G5 (pg/ml) - - - 6.25 12.5 25 - - - 6.25 12.5 25

Appendix B-15: Effect of leaves extracted'with hexane (G5) from Glycosmis parva on mRNA expressions of cytokines (TNF-QL, IL—1B and

IL-6) in LPS stimulated-macrophage J774A.1 eglls:
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Appendix B-16 : Effect of leaves extracted with hexane (G

#/}}/s parva on mMRNA expressions of cytokines (TNF-QL, I1L-1 B and
N /

IL-6) in LPS stimulated-macrophage J774A.1 cells. &

L

_‘!
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T ———
% Of control Of cor (140, " % Of control
" l;':\ - :"r'
Test Compounds TNF-O Mean + SiD. Ly \ ‘Mean + S.D IL-6 Mean + S.D.
1 2 - ¥ " 1 2
0.2% DMSO 4.095 5.469 4,782 + 0.971 "$O(‘);j§ dO .000 + 0.000 0.000 0.000 0.000 = 0.000
0.2% DMSO+LPS 100.020 | 99.998 | 100.009 = 0.015 Q‘OQgﬂgh 1 00.010 £ 0.002 | 100.009 | 100.024 100.016 + 0.010
Flaia
Dexa (10uM)+LPS 79.826 | 78.323 | 79.074 +1.06 ﬂﬁ@‘_ﬂ 68 91.193 £ 2.511 11.340 11.467 11.403 + 0.090
AT AT T
6.25(ug/ml)+LPS 9.572 8.214 8.893 + 0.960 Tiﬁ{% 9 99.561 + 0.003 99.207 99.247 99.227 + 0.060
i i el a
e
12.5(ug/ml)+LPS 8.047 5.906 6.97..7’§ 1.514 92.254 + 0.480 99.623 99.707 99.665 + 0.028
v
25(ug/ml)+LPS 6.464 4.990 5.727£1.042 8 - +3.168 | 101.090 | 101.166 101.628 + 0.690
v U
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1 2

TNF-0
-1
IL-6
B-actin

LPS (100 ng/ml) - + + + + + | + + + + +

0.2 % DMSO + + - - - - + + - - - -

Dexa (10 mM) - - + . = = ~ - + - - -

G6 (ug/ml) - - - 6.25 12.5 25 - - - 6.25 12.5 25

Appendix B-17: Effect of leaves extracted with ethyl acetate (G6) from-Glycosmis_parva on mRNA expressions of cytokines (TNF-QL, IL—1[3

and IL-6) in LPS stimulated-macrophage J774A: icells
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Appendix B-18: Effect of leaves extracted with ethyl aceta

H////cosmis parva on mRNA expressions of cytokines (TNF-QL, IL-1B
)

and IL-6) in LPS stimulated-macrophage J774A.1 cells
— '!

% Of control

ZZ

O
R,

-

B

84

% Of control

Test Compounds TNF-O Mean + Ly \ an+S.D IL-6 Mean + S.D.
1 2 F=2M o\ 1 2

0.2% DMSO 4.095 5.469 4,782 £ 0.971 "509;3‘;; 0.0 .000 £ 0.000 0.000 0.000 0.000 = 0.000
0.2% DMSO+LPS | 100.020 | 99.998 | 100.009 = 0.015 @Qg@él 1 00.010 £ 0.002 | 100.009 | 100.024 100.016 = 0.010
Dexa (10uM)+LPS 79.826 | 78.323 | 79.074 £1.06 h;‘i;ﬁj@'—i; 68 91.193 £ 2.511 11.340 11.467 11.403 = 0.090
6.25(ug/ml)+LPS 70.319 | 69.266 | 69.793 £ 0.745 e.‘.j:.;_; ! 87 | 100.251 £0.052 | 105.650 | 106.089 105.870 £ 0.310
12.5(ug/ml)+LPS 9.1562 | 11.331 10.2%2_'2: 1.541 ---8#-(:3l.r21‘2-4;_~“l + 0.692 41.548 47.491 44.520 + 4.202

25(ug/ml)+LPS 0.888 1.928 1.408+0.736 6 +1.874 1.103 3.025 2.064 + 1.359
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LPS (100 ng/ml) - + + + ¥ &y 4 \ +
0.2 % DMSO + + - - L + +
Dexa (10 mM) - - + - - = - -
G1(ug/ml) - - - 25 50 e -

Appendix B-19: Effect of branches extracted with hexane (G1) from Glycosmis parva on

stimulated-macrophage J774A.1 cells.

mRNA expressions of INOS and COX-2 in LPS
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Appendix B-20 : Effect of branches extracted with hexan

stimulated-macrophage J774A.1 cells

Test Compounds

% Of contro
A

% Of control

0.2% DMSO 0.000

0.2% DMSO+LPS 100.047

Dexa (10pM)+LPS 85.753
25(jg/ml)+LPS 93.894
50(pg/mi)+LPS 31.921

COX-2 Mean £ S.D.
2
0.000 0.000 = 0.000
100.000 99.992 £ 0.010
36.109 36.022 +0.123
35.524 35.061 £ 0.655
15.643 15.958 + 0.445
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RINNINUNINYAY

86

98



87

LPS (100 ng/ml) - + + - + 3 + + + +
0.2 % DMSO + + - - - i\ + - - -
Dexa (10 mM) - - + 4 . L - + - -
G2(ug/ml) - - - 10 20 - - - 10 20

Appendix B-21: Effect of branches extracted with-ethyl acetate (C2)from-Clycosmis parva on mRNA expressions of INOS and COX-2 in

LPS stimulated-macrophage J774A.1 cells
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Appendix B-22 : Effect of branches extracted with ethyl a

LPS stimulated-macrophage J774A.1 cells.

lycosmis parva on mMRNA expressions of INOS and COX-2 in

% Of control
Test Compounds COX-2 Mean + S.D.
2

0.2% DMSO 0.000 0.000 £ 0.000
0.2% DMSO+LPS 100.000 99.992 + 0.010
Dexa (10uM)+LPS 36.109 36.022 £ 0.123
10(ug/mi)+LPS 97.040 | 95.657 + 1.956
20(ug/mi)+LPS 79.134 78.206 £ 1.312
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LPS (100 ng/ml) - + + + + + \ + + + + +
0.2 % DMSO + + - - - : + + - - - -
Dexa (10 mM) - - + - 4 - h - + - - -
G5 (pg/ml) - - - 6.25 12.5 L3 - - - 6.25 12.5 25

Appendix B-23: Effect of leaves extracted with hexane (G5) from Clycosmis parva on-mRNA expressions of INOS and COX-2 in LPS

stimulated-macrophage J774A.1 cells

68



Appendix B-24 :  Effect of leaves extracted with hexan %awa on MRNA expressions of INOS and COX-2 in LPS

stimulated-macrophage J774A.1 cells

Test Compounds

%

Of control

COX-2

Mean + S.D.
2

0.2% DMSO 0.000 0.000 + 0.000
0.2% DMSO+LPS 100.047 100.000 + 0.066
Dexa (10uM)+LPS 39.613 37.936 + 2.371
6.25(ug/ml)+LPS 94.706 95.346 + 0.905
125(ugim+LPS | 57.947 | 61211 | 595332574 ] 76.563 78.263 + 2.404
25(ug/ml)+LPS 34.375 :“ 36.737 6+ 1.670 J 7.808 | 18.012 17.910 £ 0.145
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LPS (100 ng/ml) - + + + + + A + + + + +
0.2 % DMSO + + - - - - + + - - - -
Dexa (10 mM) - - + - - z ' - + - - -
G6 (ug/ml) - - - 6.25 12.5 28 - - - 6.25 12.5 25

Appendix B-25 :  Effect of leaves extracted with ethyl acetate (G6) from Glycosmis parva on mRNA expressions of iINOS and COX-2 in LPS

stimulated-macrophage J774A.1 cells
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Appendix B-26 : Effect of leaves extracted with ethylaceiate | om Glycosmis parva on mRNA expressions of iNOS and COX-2 in LPS

stimulated-macrophage J774A.1 cells.

{ r \‘ % Of control
Test Compounds Me D\, 1 COX-2 Mean + S.D.
1 1 2
0.2% DMSO 0.000 0.000 | 0.000 | 0.000 +0.000
0.2% DMSO+LPS | 99.979 99.931 | 100.018 | 99.975 + 0.061
Dexa (10uM)+LPS ’*i;_——;::" 541 | 31.546 | 32.544 +1.410
6.25(ug/ml)+LPS 99.704 | 98.22¢ 98.966 + 1.043 || 99.786 | 98.664 | 99.225% 0.793
12.5(ug/m)+LPS | 81.332 8104320409 | 86.069 | 90.608 | 83.338 +3.209
25(ug/ml)+LPS 17. lesar | 7200 | 7.018+0270
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Appendix B-27 : % inhibition of branches extracted with hex

Test Compound .
J | b, N0 iINOS | COX-2

0.000 0.000

0.000 0.000

15.215 | 15.215

1250(pg/ml)+LP 7.380 7.380

69.921 | 69.921

50(ug/ml)+LPS
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Appendix B-28 : % inhibition of branches extracted with ethy!

IL-6, iNOS and COX-2 in LPS stimulated-macrophage J774,

’ m nﬁ:ﬂzx;{'“ RNA expression
| JV/E h \; iNOS | COX-2
/ L ~ 00 | \' 0.000 0.000
0.000 0.008

156.215 | 63.978

1.113 4.343

10(pg/ml)+LP

23.330 | 21.794

20(pug/ml)+LPS
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COX-2

0.000

0.000

62.064

4.654

21.737

82.090

ﬂuﬁl’l‘l’lﬂﬂﬁwmﬂi
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Appendix B-30 : % Inhibition of leaves extracted with ethyl &
iINOS and COX-2 in LPS stimulated-macrophage J774 ..‘~~:~

(7 ton o
Test Compou :‘{*1;/;‘!“»\ \\ iNOS COX-2
0.2% DMSO "// 00-{- '&t\\m 0.000 |  0.000

0.013 0.025

19.092 | 67.456

1.034 0.775

6.25(ug/ml)+LP

12.5(ug/ml)+LPS 8 14 . 18.957 | 11.662

> | 82.524 | 92.982

ﬂuﬁl’l‘l’lﬂﬂﬁwmﬂi
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Appendix B-31:

Compounds are identified from G. prava

‘:R|-“.R=8R3-R‘- f:'“.

5: Ry = Ry =OCH,, R; =Ry

L]
N7
U

6; Ry = R; = OCHy, Ry = R, = sla.‘r,-
ﬂumwﬂm. ’mmm

Qﬁﬁﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ
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