CHAPTER |

GENERAL BACKGROUND

1. Introduction

Durian (Durio zibethinus Murr.), a tropical frut native to Southesst
Asia, 1s one of the most highly valued andl desired fruits amoung Southeast Asians
ol to its clstinct flavour and unicue test. The common nae ‘king of tropical fruit’
refers t two facets: the highly nutritional fresh and the big thoms on the skin
(reminisoent of those in jackfruit), which apparently resembles the thormy thrones of
the Asian kings of old. It belongs to the genous Durio, which is a member of the
family Bombacaceae in the orcer Malvales and consists of 28 species (Brown, 1997,
Sthhacrabenchu and Ketsa, 2001).  The family Bombacaceae is a strictly tropical
family of plarts native to both hemispheres.  This species is also knoan by the
Synonyime, D. accuminatissima VBT, Durian frut is a ouite large weighs 245 kg
The rind which usually weighs more than half of the total frutt weight. The anl of
curian is creamy yellow and emits an offensive ocor. In spite of the unplesant smell,
the soft, yellowwhite pulp is cherished & a luxury food and aphrodisiac by S
East Asia.  Its economic inrportance is increasing worlowick.

Thailand is major exporter of fresh and frozen curians.  Beginning in
May and extending through August, the curian seasonally announces its presence in
Thai market and massive amounts of the rinds IS dlisposed of & weste which could
leadl to environmental probles. It hes been estineted thet Up to 4.14 . 105tons of
cunan nngs is procuced In nature each year (Center of agricultural inforetion,
2004).  However, it is often clscarced as weste, which causes many environmental
problens. Hences, the cevelopment in using of curian rings are inportant issues,

A large amount of dunian ninds can be dlisposed by several technigues.
The most effective technique IS to treat this weste by processing it & a new proclt,
Which cepends on user’s puiposes. Inthe interest of the ervironment, attenpts have
recently leen mece to use this agricultural weste & a source of valuable meterial of
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commercial importance; for exanple, polysaccharice gel (PG) isolated from frut-
rinds of cunian have been found to be useful in preparation of food procict & jelly
and hes also Usedl & pharmceutical excipients in, tablet, suspension and euilsion
(Ponsamart et al., 1989). Further investigations have also shown thet weter-Soluiole
polysaccharice gel have antibecterial activities agginst certain strains of gram positive
and negative bactenia (Lipipun, et. al., 2002). Dressing fom can be prepared from the
Water-soluble polysaccharice andlin vivo Study demonstrated thet the dressing fills
enhance wound healing In pig and dog skin (Nekacht, et al, 2001 ad
Siripoksupkul, et al., 2004). Toxicity test of polysaccharice gel wes cetermined, a
high ordl dose (2g/kg) dd not incce severe toxicity In male mice and rais
(Pongsarmert, ¢t al., 2001a). No toxic effect hes been observed in subacute treatert
Inmale mice (Pongsanart et al., 1989 b.) and stbochronic studies in mele and fervele
mice confirmed the consumptive safety of polysaccharice gel (Pongsamart et al,
201 b).

Mestitis is cefined a an Inflammetory reaction of uoder tisste 1o
becterial, chemical, themvel or mechanical injury, which causes mejor financial losses
and milk westage throughout the world.  1t's usually caused by bacterial infections,
eventually dameges the uoier tissues (Yagi, et. al., 2002).  Until now; stucies have
focused on the economic aspects: from which perspective mestitis can generally ke
consicleredl &s the most Serious clisease In cairy cow, however, cost are not the only
negative consequence resulting from the infection. The environmental inpect is also
significant; milk 1s discarced, which means lower efficiency and hence grecter
environmental impact per procuced liter of milk. - Less milk is procluced, which leacs
to an increased need for calf feedl and meat procluction is also affected.

Searching new antibecterial agents from returdl plants to replace and
limit antibiotic Uses IS interesting. However, mestitis Is not only an economic etter
ut also affects the environmental performence of milk proclcts.  Besices involving
two types of milk losses (low-quality milk tht hes to be ciscarded because it is urfit
for humen consumption and milk thet is never procuced dle to recuction in the
proclctive ield), each mstitis case influences a nuber of flows a the diary fam
tet are involved in the environnental performance of milk proclction
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Organic cairy procliction s drawing increasing attention because of
public concers about food safety, animel welefare and the environmental impects of
Intensive livestock systems. In organic dairy farming, a goal about improved aningl
Welfare and avoidance of the use of chemicals hs introouced restrictions in the use of
antimicrobial for treatrrent of infectious diseases.  In orcer to improve and minimize
tre use of antimicrobials and risk of antimicrobial resistance in organic famng,

World Health Organization hes recommended all member countries to
actively promote native medlicines of their respective courtry (Kamb, et. a1, 2003).
Tre use of conventional plant proclicts cescribed in ancient iterature In mocem
medicine suffer from the fact that scientific evicence and explanation are lacking in
the most cases.  The present study, therefore, is an effort to Investigate the
artibecterial activity of polysacharice gel (PG) from dunan nnds against bovine
mestitis. - Accordingly, the antibecterial efficacy of PG & well s its antibecterial
activity inbovine mestitis wes stucied.

The purpose of this study wes to cetermine the infibitory activity of
polysaccharick gel against bectena isolated from cairy cow metitis. - Since mestitis
causing becteria affect dameging not only ceiry cows but also cairy inclstry,
Extracellular susceptibility test by methocs of agar dliffusion susceptibility testing,
broth microdilution testing and time kill analysis wes investigated and varieties of
several environmental factors with PG wes Usedl & a screening test on all becteria
Isolates from cow mestitis. The factors examined in this study incluced pH, fonic
strength, metal ion andl tenperature to broaden their application. PG prepared from
different cuitivars of cunan fruthulls wes also tested  The potential of
polysaccharice gel serves as a returdl antibecterial agent.  In the present study, we
aimed to investigate the artimicrobial activity of the polysaccharice gel using cow
mestitis bacterial isolates OfStaphoncoccus 00, Escherichia coli, Klebsiella J00,
pseudomonas 0. AWstreptococcus S, & the test microorganisis.



2. Review of literature
1. Carbohydrates

Carbonyorrates are one the besis of mass the most abundant class of
biological molecules on Earth  The bulk of planet’s carbonyarrate is procuced by
photosynthesis, the process by which certain organisis, including plarts, algee and
some becteria, assimilate atmospheric carbon clioxice and convert solar energy to
chemical energy.  The mmain sources of carbohydrates are plants.  D-glucose IS the
major carbohydrate proctioed by photosynthesis. It is utilized by plants to built
polymers sch as cellulose and starch  Cellulose, the most abundant organic
substance on earth is a structurdl component of plants (Sznaidman, et. al,
1999).  Carbohydrates are alohyce or ketone compounds with multiple hydroxy
groups.

Carbonydrates can easily be diviced into three mein groups called
rmonosaccharices, disaccharices and polysaocharicks.  The general properties of these
grouping are found below.

11 Monosaccharides  Monosaccharices are the  Smallest units of
carbonyolrate structure. These are crystalline compounds; solulole in viater, sweet to
teste, andl o ot need dligestion in orckr to be absorted into the blood stream D
olucose is the most abundant innature. D-glucose is an alcose or alolosugar because it
hes a carbonyl group & the end of the carbon chain meking it an aldenyce. I,
however, the carbonyl is & any position ather than the terminal position, then the
Sugars are ketoses or ketosugars,

1.2 Oligosaccharides Oligosaccharices are polymer of 2 to about 20
monosaccharice resicues connected by a glycosidic linkage.  The most commmon
oligosaccharices are disaccharicks, which consist of two linked monosaccharice
resices. - Oligosaocharickes are crystalline compounds, weter-soluble, sweet to the
teste, andl must e digested to monosaccharices before they can be asorbed and used
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for energy. Some of the more common dlisaocharices are maltose, lactose, sucrose
cellobiose andl gentiobiose.

Maltose, Which is apolyrmer of glucose residues. It is present in alt

Lactose, amajor carbonydrate in milk, is acisaccharick synthesized
only in lactating mammeary glancs.

Sucrose, the most abundart disaccharic foundl in neture, is synthesized
only in plarts

H OH H OH
(a) Mhltose (0) Galactose
atoH
. o, ato:i )
OH L CH2OH
rL OH o H
() Sucrose

Foure 1: Disaocharickes () maltose () galactose (c) sucrose

13 Polysaccharides Polysaccharices are polymer that contain meny (Usually
more than 20) monosaccharick resicues. They are frequently dericed into two broad
classes: - homoglycans or homopolysaocharicks, which are polymers: containing
resices of only one type of monosaccharice, and heteroglycans o
heteropolysaccharices, which are polymers containing resices of more than one type
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of monosaccharice.  They are found in the higher plants, in fems and mosses;, in
seaweed, Infungi, inboacteria, and inanimels, where they serve &s a structural support
ad a food reserves.  Many of the polysaccharides are hydrolyzed by specific
olycosicases.  Thus, cellulose Is hydrolyzed by cellulase, and the starches ad
olycogens by the amylases and clastases. They are not sweet and must be cigestad
hefore being absorbed

The main storage forms of polysaccharices are glycogen inaninel cells
and starch in plant cells. Both are deposited as granules in cells. Starch can be found
Inone of two fons: a-amylose or amylopectin.

Amylose consists of long unbranched chairs of glucose attached to each ather
ina (1-4) linkages & shown in Fgure 3 These chains may ke from 3,000 kDa to
500,000 kDa molecular weight, a-Amylose reacily fors hydrated micelles, and tre
chains formhelical coils.

Amylopectin 1S highly branched with 24-30 residuesloranch. The chains have
a (1) linkages but the branch points consist of a (I-»6) linkages & shown In
Foure 6. Amylopectin forms colloicl o micellar suspensions, and its molecular
Weight can ke as high s 100 million.

Glycogen IS found to some extent in all animal cells but it is found in the
largest quartities in skeletal muscle (1-2 %bof the muscle wet) and in liver (Up to 10
%%0f the liver wet weight Uncer some conaitions). On a fat-free basis, adippose tissLe
also hes a relatively high glycooen content (about 199, Glyoogen is structurally
similar to amylpectin but is more highly branched with only 8-12 resicues ina linear
sequence between branches.  Therefore, it is a rmore compact molecule than
amylopectin,

pectin IS @ linear chain of L4inked a D-galacturonic aoid unis,
although almost all pectins contain @ nuber of reutral sugars suh & L
rammose, D-galactose and L-arabinose. Normlly some of the galacturonic acid
carboxyl groups are esterified with methyl aloonal.
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Figure 2: Polysaccharides: (a) Amylose (b) Cellulose (c) Amylopectin (d) Pectin
and (e) Glycogen



2. Durian

Dunian (purio zibethinus MUIT,) IS @ member of Bombacaceae famly.
The family Bommbacaceag 1s best knoan for showy flowers and woody or thin-shelled
pocs filled with smell seeck and silky or cottonlike fier. Durian is one menber thet
cltfers racically in having large seeds surrouncied by fleshy arils. They are large trees
able to grow up to 40 rmeters in height. The leaves are evergreen, apposite, elliptic to
oblong and 10+18 om long.  Apart from vanants of the word “dran” in native
dlialects, there are few other vemacular naimes, though the notorious odor hes given
rise to the urflattering tems, “civet cat tree”, a0l “civetfruit™In Incia “stinkvrucht
in Dutch and "Trunan™ in Thailand. Nevertheless the clurian s the most inportan
netive frut of Southeastern Asia and neighboring islancs.

The famly Bomoacaceae also incluces some other economically
importart plants, such & those belonging to the geera: ceiba, Bombax, A
salmalia, WhICh produce kapok (Silk cotton); ochroma, Which is the source of balsa,
the lightest wood:; Adansonia, Which procices ecible fruit and wood fiber for paper
making; and e achira, Which procuces avaluable seed ail (Stanton, et. a1, 19%)

There are estimated to be 28 Species in the genus ourio In Thailand
Only 5 species in aodition to the clrian bear edible fruits. These areo. aulcis Bace,
D. grandiflorus KOS[., D. graveolens Becc., D. kutejensis Bece. and ranked seoond to
the durianin ed|b|||ty, Ao, oxleyanus Grff

2.1 Edible Species

Inacdition too. zibethinus, SeveN other species inthe o urio (eneraare

][eﬁorted 0 be ecilble. Descriptions of these species, Including o. zibethinus, &® &
Ollows.



Table 1 Descriptions ofD. zibethinus Species

Species Vernacular name Distribution

D. griffithii Thurian nok Yala

D. lowianus Chaarian, Thurian nok Ranong, Trang

D. malaccensis Due-yae- buu-kong, Thurian don  Yala, Narathiwat

D. monsoni Thurian thuean, Thurian paa Chumphon, Phangnga
D. pinangianus Thurian Yala, Narathiwat

D. zibethinus Thurian General

D. zibethinus Murr: This is the common cunan thet bears frut of very
high quelity and economically is the most inportant species.  Because it IS
heterogenous, It exhibits awide range of characteristic In tree formy fruit form and anl
quality amongst apopulation of seedling trees

D. lowianus: This species is found in the swanp forests of southem
Thailand, Peninsular Melaysia and on the island of Sumetra. 1t is known in Thailand
& ‘Creanan’ (inRanong prownce) ad Thurian nok (In Trang pl’O\/IﬂCQ) The trees
are occasionally cultivated because of thair edible frut.  However, the round frut
only heve athin layer of fresh which is of inferior eating ouelity.

Mon thong and Chanee trees can be found in all center of durian
cultivation in Thailand, ie in central Thailand (Nonthabur province and its enviror),
estem Thailand (Rayong, Crantaoun, Tret, Prachin Bunt province and its environs),
and nortrem Thailand (Uktaradit province and its envirors). - The agro-climate in
cantral and estem Thailandl is ciry, so Mon thong and Chianee cutivars and particularly
dominant In those regions. Kan Yao and Kraoum Thong cultivars are wickly groan
In Uttaradit, a province situated between Bangkok and Chiangmai. The agro-Climete
of Utaracit is relatively more humid then thet of central and eastem Thailand
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2.2 Medicinal Uses

The flesh is said to serve & a vermifuge. In Malaya, a decoction of the
leaves and roots is prescribed as a febrifuge. The leafjuice is applied on the head of
fever patient. The leaves are employed in meglicinal beths for people with jaundice.
Decoctions of the leaves and fruits are applied to swellings and skin dliseases. The ash
of the bumed rindlis taken after chilchirth The seeds are believed to possess a toxic
property that causes shortness of breath The frut is believed to have mecicinal
properties, restoring health to humans and domestic animels. Leaf, frut and root
extracts are used to recuce fever, and in treatrrent of jaundice, swelling and skin
cliseases.

2.3 Polysaccharide gel from Durio zibethinus Murr,

In the interest of environment, attens have recently been mace to use this
agnicuitural weste & a source of valuaole natenals of commercial importance.
A polysaccharice gel (PG) hes been isolated from dried fruit-hulls of curian (Durio
zibethinus MUIT.). A process of PG isolation was performed based on the method
previously cescribed by Pongsamart and Pannuang (1999).  Previous studlies
ceclicatedl by Pongsamart and co-workers have isolated the water insoluble and weter
soluble - polysaccharices from nngs, which have been found potential &
parmeceutical exipients.  Their application such & @ tablet bincer,  tablet
d|3|ntegrator and gelling agent have been well reported (Pongsarmert and PaneLng
198, 'prayn, Charpeparp, et ai, 19908, b). Further investigations have also
shown thet the wter soluble polysaccharices have antibecterial activities against
certain strains gram positive and gram negative bacteria (Lipipun, et ai, 2002)
Dressing film can be prepared from the water soluble polysaccharices and in vivo
stucly demonstrated thet the dressing fillms enhanced wound healing in pig and dog
skin (Nakehat, 0., 2003 and Siripoksuipkul R, 2004).



2.4 Sugar composition and properties of polysaccharide gel

Qruce pharmaceutically useful polysaccharice gel (PG) extractad
fromthe ninds of Durio zibethinus, are composed of pectin as the principal component
and starch & a contaminant. PG is a weter soluble polysaccharice, composes of
SUgars such & glucose (20.9%), rmhammose (4.8%), galactose (4.9%), xylose (04%),
rhanmose (4.8%), arabinose (1299 and galacturonic acid (67.9%) (Hokputsaet. al,
2004). The cruce polysaccharices dermonstrated a high viscosity enhancer.,

3. Cow mastitis

Mestitis i cefined & an irflammatory reaction of udder tisste to
becterial, chemical, themdl o mechanical injury (Philpot WN.,, 1980). The word
mestitis s cerived from the Greek words masos, meaning “oreast” and itis, meaning
“Inflarmation o inflammation of the mammary gland resuts front

(1) traurma.or injury to the Loer
(2) chemical imitation or
(3) microorganisims

The cegree of inflammation varies wickly, from sutclinical to various
forms of clinical diesease, depending on how severely the uoder reacts to the source
of imiation

In economic tems, mestitis can generally be consickred the most
serious clisease of cairy cow.  There are too many different bacteria involved and
many of these are continually present.  Antibiotic treatient hes variety cegrees of
effectiveness and, for a variety of reasons, vaccination can only ever proctice a partia
reclction in incicence. - Mastitis is commonly referved to under the four following
cataories:

1 clinical mastitis (CM): an uoder infection which can be seen (clfferent stages

are peracute mestitis, acute mestitis and suloacute mestitis), e, by clots in the milk
hardhness, swelling, etc.
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2. subclinical mestitis (SOM): an uccer infection which show no - extermdl
changes charactenzed by a change In milk composition but no sign of gross
inflarmmation or milk abnormalities.

3. Chronic metitis: exists for along tine and may continue fromone lactation
to another, but not severe,

3.1 Microorganisms causing mastitis

Over 140 cifferent microorganisms can cause mestitis, and they live on
the cow and in her environment. Thus, mastts is the result of the interaction between
cows, her environment and microorganisns (Hgure 4).  These microorganisivs are
microscopic fors of life andlincluck bacteria, myooplasimes, yeasts, algee, fungl and
ON rare occasions iruses.  However, becteria are the major cause of inflanmetory
Infections in obirycovw

!~ Environment

Foure 3: Mestitis results from Interactions between the cow; her environment and
microorganisms (Philpot WN, 1980)

The microorganisis that most frequently cases metitis can e grouped
In four categories of pathogens as follows
(1) contagous
2) environnmental
3 opportumstlc
4) otre

A/‘\/‘\
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A pathogen is a microorganism thet: causes an inverse: reaction in the
animl 1t IS infecting. - Some pathogens infected very strong inflammetory reaction in
the uccer, which results in a very high sometic cell count (SCC).  Other
microorganisiTs are referred to as minor pathogens because they calse only a dlight
elevation in SCC

3.1.1 Contagious microoganisms: Contagious pathogens are spreed from
Infected to uninfected cuaters and cows.  The mejor sources of contagious
microorganisiTs in milk from infected quarters.  These microorganisiTs are spreed
from cow to cow ounng the milking process via milking mechine clusters, milker’s
hancs, and udcer wesh cloths.  The most important contagious: mastitis-casing
m'crooganisrm arEtrEb&fteriaStreptococcus agalactiae al’dStaphylococcus aueus
& Well & the less pathogenic corynebacterium bovis.  Mycoplasma bovis A
Intermedliate in size between bacteria and viruses, and are contagious pathogens but
far less prevalent than Staphylococcus aueus, Streptococcus agalactiae an

Cotynebacterium bovis.

These bectenia establish subclinial infections of long duration, often
called chronic infection, and the microorganisims are shed in milk in large nuters,

L Streptococcus agalactiae: a chain of speres thet recies mik yield
The onIy resenoir of Streptococcus agalactiae is milk of infected
mammary quaters.  But they can be found on surfaces having recent
contact with contaminated milk, including miking equiprent, milker's
hancs, and bedoling mateials

These becteria are shed in very high numoers in milk from infected
Querters. It has been documented thet one infected cuarter of one cow in a 100 cow

herd can elevate the bactena count of bulk tank milk to more tham 100,000,
Sprem of Steptococcus agalactiae 10 uninfected (LBIT@I'S OCCUIS rmlnly dJI'Il'g
miking. In the asence of good udcer hygiene and effective control measures,
streptococcus agalactiae GBI Spread rapicly throughout a herd.  Incomplete milking



14

of infected cparters ey Increase the severlty of Streptococcus agalactiae lTBStitiS,
because large numbers of becteria remain in infectedl cuarters for spread to others

COWS.
QHTEI'S Infected with Streptococcus agalactiae typlcally have a hlgh
See thet can markedly elevate the bulk tank cell count.  Inciviual uerter SEC ey

range between 2 million and 10 million /ml. - Clinical signs incluce slighly off -

colored milk. - This microorganism is sensitive to penicillin and can be eracicatad
from incliviclual ceiry herck. Suclinial infections can become chronic if not treated
successfully with artibiotics resulting in non functional or blind ouarters

2 Staphylococcus aureus: These becteria are not commonly found on
healthy teat skin, but they readily colonize or grow in teat canel keratin  Teat skin
chapping, resulting in lesions or sores, promotes colonization. staphylococcus aureus
growing in this sites are in an ickal location for infecting the uocer, and ae
transmitted to uninfected querter by milking mechine teat cup liners, Uoider wash
cloths, and milkers’ hanck.

Bacteria from infecteal uerter can be introduced to uninfected quarters
t0 droplet impected created by liner slios or other vacuum dros.  Onoes
Staphylococcus aureus establishes an infection, a chronic inflammation results along
with anelevated S€€. Hm fibrotic aereas of scar tissue may e found upon
(Infections caused by staphylococeus aureus a® suclinical) in neture with periocic
flare-ups of clinical synptoms.  Such clinically Infected cuarters usually extihibit
mockrate swelling and obvious clots upon forestripping.  Chronic infections are
extrenely difficult to cure with antibiotic therapy becauise the cevelopment of scar
tissue at rmultiple sites. These arees Impeck the distribution of antiblotics within the
affectecl querter after infusion and protect the staphylococdt. As a resut, antibiotic co
not come in contact with the bectenia, the infection remains established, and the
affencéled cow must ke culled from the herd to prevent spread of the disease other
animal 3

3 Mycoplasma bovis: Myooplasma are intenmeclate in size between
becteria and viruses and do not have a cell wall.  Mstitis caused by mycoplasma
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should be suspected when milk saple from cows with clinical symptorrs, often
multiple quarters, are negative after repeated culture using stancerd microbiologie
methods.  In ackition, mycoplasma: mestitis is characterized by (1) a suoden onset;
(2) formation of purulent secretion I affected querters; (3) rapid transmission
throughout the herd; (4) merked reduction in milk ield; and (5) resistance o
antibiotic therapy.

4 Corynebacterium hovis: mammary gland infections with these bectena
are usually mild with a slight elevation in SE€, ranging from 200,000 to 400,000/,

Vstitis out bresk caused by Corynebacterium bovis have been reported, most
commonly in herd that o not practice postmilking teat clipping and dry cow therapy.
Quarters infected With corynebacterium bovis a® less susceptible to infections by
Staphylococcus aureus hut are more susceptlble {0 streptococcus agalactiae an
environment streptococd.

3.1.2 Environmental microorganisms

Environmental pathogens anse from the environment in which the cow
lives. They ertter the ucer between milking when teats are exposed to mud, manure
and dirty beading meterials. The three prinery groups of environental mestitis-
causing becteria are

(1) Sreptococcus species, also know s environment streptococat (other then
Streptococcus agalactiae) ﬂ‘EStreptococcus species ofgreaiest concem
im|Ud98tretococcus uberis a'dStreptococcus dysgalactiae.

(2) Conforrrs; the three coliforms InclUck e scherichia coli, K lebsiella
pneumoniae, AEnterobacter aerogenes.

(3) Enterococci; the most commonly isolate enterococot B e nterococeus

faecalis amEnterococcusfaecium

The prevalence of environnmental mestitis 1S usually less than 5% thus
environmental mestitis often hes very little effect on the bulk tank SE€. More over a
high percentage of such infection become clinical and the milk is withheld from the
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bulk tank. Environental bectena are abuncant in the: surrouncling in which the cow
lives, inclucling manure, soil, beading, feedstuffs, water and plant meterials. Cows
thet are housed are a greater nisk of infection with environmental than cows on
pesture. - The incicent of clinical case may increase curing winter months when
animals are confined), but may also increase curing summer months when exposure to
the organisms is high.  The recluction in prevalence of mestitis cause by contagious
microorganiss, and the trend towardl increasedl use of confinement housing. Ve be
responsible for an increase In the proportion of new infections caused by the
environmental microorganiss.  Because bacteria are S0 wicespread in the cows’
surrounding, eracication is not possible on apractical basis.

1. Environmental Streptococci: Within @ herd, the percentage of cuarters
Infected with environmental Streptocooat i Usual cuite low, and most infection last
less than 30 ciays. Approximately 18%0f these infections become chronic and persist
oreater then 100 diays, and 60 to 0% infection percent ounng lactation wall resut in
clinical mastitis. - About 40% of infections caused by environmental Streptococt

[resent ouring lactation are cure sportaneously.

Streptococcus dysagalactiae S usually classified & an environmental
streptococcl, but it mey also be have & a contagious pathogen.  For exanple, this
microorganism is readily controlledl by teat cipping and oy cow therapy suggesting
thet transmission is sometime from cow to cow.

2. Coliforms: coliforms bectena incluce the genera escherichia, Klebsiella,
and enterobacter.  These microorganisns live in mannure, beading meterials, soll,
and poluted weter.  The most common causes of coliform mestitis are escherichia
coli, Which are of aninsl origin, A Kiebsiella pneumoniae, WHICh are found
neturally in the soil and the bedding neterial sch as sadust, wood shavings, and
straw. The nuter of coliforms i beadling meterial is usually lowest in the cold
wanter months and highest in the warm summer montfs,

Some coliform infections result front (1) careless treatrrent procecure
a drying off; (2) maintaining cows in a moist, dirty environment cnng the cry
period; (3) calving in @ contaminated ares; and (4) not milking soon enough after
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calving. - Stuclies have shown thet aout S0%of coliform infection exist for less tren
10 days and appear to cure spontaneously.  Others studlies have inclicated thet about
T%0f infections persist less than 3) days, but some infection may persist more then
100 cays, and can cause flare-ups of aoute clinical mestitis

3.1.3 Opportunistic microorganisms

Cpoortunistic microorganisms are the most prevalent microorganisims
Isolated from infected cuaters ut they cause only mld inflammetion in ucder tissues,
and are referred to & minor pathogens. They live on the surface of the Uoder and
teats in large numbers and are consequently a constant source of inflamatory
Infection. Cther less common microorganisis also cause mestitis and incluce fung,

yeest, and algge

This group of becteria incluces over 20 species of staphylocooa other
than Staphylococcus aureus. They ey commnly referred 0 & Staphylococcus
Species or coagulase-negative stapylococat (CNS). These becteria are of special
Interest because they are the most frequently isolated microorganisms in every herdt
however, infections are usually mid. Clinical symptom are rare, and when they
ooour, Such cases are mildl, and local changes to the ucder are limited to clots and
flakes inmilk.

The most common species of ONS are Staphylococcus chromogenes,
Staphylococcus hyics, Staphylococcus epidermidis, Staphylococcus simulans Hd
Staphylococcus waarneri e NOMMA teat ki flora, While staphylococcus xylosus
amStaphylococcus sciuri aqmrtoaﬂ%frantheemﬂronnﬁnt.

3.1.4 Other microorganisms

A wildl variety of other microorganisms mey also case mstits and
Incluck pseudomonas S[ZECIES Arcanoacterium pyogenes, Norccirclia SFECIES
Mycobacterium SPECIES, and various bacilli, yeasts, molds, and algee.  Infections with
some of them are often e to poor treaent procecuures when infusing antibiotics.
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Qoourrence of infection is usually low;, but outireaks may occur when condition
cevelop that increase exposure to them

3.2 Isolation and identification of pathogens from milk

Microbiological examination of mstitic milk is cone from aseptically
taken quarter milk saple. A summary of examinations done in Thailand milk
Inspection laboratories in 2002-2003 is presented in Table2

Table 2 Subclinical investigation in smallholder dairyfam of Chiang Mai province
curing 2002-2003 (Boonyayatra . and Chaisn' )
Hrd

it sl %5 9?%0 %4 9%5
E%%o | nrecuo'ﬁ?& 50, (23 WD 4714 483

hylococcus aure
oAl et Saptyfoooce 0 3 8 1l
Bl St 4 /5

Klebsiella

EnterobactSeH]S[]J 300

Escherichia coll

Gt s ) 5%? §j
D growth 1 g) 0 3

%@% of pathogens isolated fromall subaclinical mestitic milk sanples from

L streptococcus CGenUs., Gramkpositive. Cocel, typically about Jpmin
ciameter; often in pairs or chains. Non sporing. Capsulation common. Facultatively
aneerobic (the strictly aneerobic Grampositive coccl are found in genera sch
Peptococcus, Peptostreptococcus H’dSarcina). TyplcaIIy femEntaIive, Sugar's belng
metabolized usually without ges. Found eg. & commensals and pathogens of men
and other animels. Typespecies: .pyogenes.
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2. staphylococcus GENLS. Gl’am-[IEItIVG OOCCI, ot Ipm n
diarreter, often in clusters, some containing orange or Yellow carotenoid pigrrents;
norHmotile.  Facultatively aneeronic. Chemoorganoheterotrophic.  Carbon Sources
Incluce various sugars.  Commonly halotolerant.  Found eg. & commensals and
pathogens of man and other aninels. Type Species: . aureus.

3 escherichia CGenUS (family Enterobactenaceae).  The following
refers t0 e, coii. CRlls: single or inpairs, typically motile (peritrichously flagellate)
and fimonate, optimum 37°. Respiratory under aeronic conditions; fermentation or
eq. nitrate respiration carmied out anaeronically. Glucose is fermented (usually with
0gs) via the mix acidl fermentation. Found eg, apart of the normal microflora of the
Intestine in man andl ther aninels; some strains can e pathogenic. Type Species

E. coli.

1. Klebsiella. GeNLS (family Enterobacteniacese). Cells; single, pairs,
short chains; capsulated.  Non-motile. - Found eg. in sail, weter and parasites/
pathogens in en and other aninals, TY[ESpECieSKIebsieIIapneumoniae.5

B, pseudomonas GENLS. Gramnegative. Roas, 0.5-Ix1.55 pnt most
species have one/several unsheathed, typically polar flagella per cell, thoughp. maltei
Is non motile (1.¢. 1t lacks fiagella) and some species have sheathed flagella. Anercbic
or facultatively anaerobic. Respiratory; many Species can carmy out nitrate respiration.
Typically chemoorgancheterotrophic and nutritionally highly versatile; meny strairs
will grow on organic salts with an organic carbon source, while some can grow
chemolithoautotrophiccally. Found eg. in soil and water, and & pethogens in man,
otrer animals and plants. Type SPecies: . aeruginosa

3.3 Therapy and prognosis: Antimicrobial drugs

Antimicronial therapy of coliform mestitis is problemetic because the
symptons are caused in response to endotoxin.  As the inflammatory response itself
often eliminate the colifors, the value of antibecterial therapy is questionable. Many
renorts have shown thet there is no dlifference in cure rate whether one uses artibiotics
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which are effective in vitro agairst gramnegative becteria, or penicillin-G which
should ke infective. Coliform bectena are eliminated & the same rate with or without
“effective” artibecterial therapy actually comes a the stage when the encogenous
factors are in the progress of eliminating the organism At least 80%0f mestitis case
caused by E. coli recover sportaneously.  Kebsiella mestitis hes a consiceraly poorer

[rognosis

It is clfficult to find an antimicrobial dug for gram negative mestitis
which hes flavorable prarmecokinetics. IMostE. coli strains isolated from mestitis are
sensitive to trimethoprim:sulpnonamick combination andl enrofloxacin when tested in
vitro on artificial media, such a Mueller-Hinton o 1SB broth or corresponding agar
plates; Klebsiella strains are susceptible in vitro to enrofloxacin. - Using the intra
vescular route, acoeptable milk enrofloxacin concentration can be obtained
Enrofloxacin is also ressorbed from the milk compartment.  The metabolite
ciprofloxacin accuulate gractelly in milk - There is evidence thet the antibecterial
effect of fluoroquinolone mey somehow be suppressed by milk. Confons are often
susoeptible in vitro to aminoglycosioes, out these drugs cannot be recommenced e
{0 long withorawal times, poor tissue penetration and unfavorable phamecokinetics in
lactating cos.

As a whole, the use of antibectenials in coliform mestits is
controversial.  Antibactenials are often reccommenced to be used in puerperal
coliforns mastitis, as the cow’s oan cefense mechaniss are weak & thet time. On
the other hand, experience from laboratory rocents and hurers suggest thet efective
antibectial theapy might actually cause a sucen release of messive avounts of
enciotoxin. This can be cetrental to the host. There is no evicence on this therapy
of bovine coliform nrstitis.

3.4 Supportive therapy

The supportive therqpy should be tarceted a preventing these
cerangerrents.  Survival largely cepends on the cegree of cardiovascular and
metabolic derangement and on how well the therapy can cormect these. - Coliform
mastits is largely empirical. There are few pulisned resuits from controlled thergry
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tnals. As the symptons in peracute and acute coliform mestitis are triggered by
enciotoxin, elimination or neutralisation of the toxin is crucial.  Frequert stripping
comrbined with oxytocin-injections removes bectenia and horfully much of the
endotoxin from the woder.  As the disease culminates in fluid- and acid- base
disturbance, diffuse coaglopethy, multiple organ disfunction, and shock.

1 The cruck agueows extract of o. sanctum (leal) Possesses some
biologically active principles thet are antibecterial and immunomodulatory in bovine
sulo-Clinical mestitis. The aoueous extract of o. sanctum treatiment recuced the tota
becterial count and increased neutrophil and lymphocyte counts with enhanced

phecocytic activity and pregoeytic index (VUKterjee R et 21, 2006),

2. An extract from the root of panax ginseng WaS found to have
stimulatory effects on neutrophils and lymphocytes from bovine peripheral blood and
MmiK in vitro (HU et ai, 19%; Concha et a1, 19%).  More over, sulocutaneous
Injection of apanax ginseng activated the innate immunity of cows with suloclinical
Intramammary infection of . aureus (Huet al, 2001a)

4, Composition and function of bacterial cell wall

4.1 Flagella

The surface filaments known & fagella are responsible for the motility
of most becteria.  Some other bacteria Use different structures for moverment,
inclucling axial filaments.  In acdition to being observed under the: microscope,
motility can be cemorstrated in various semisolid agar-containing meclia.  Mbtile
organiss are recognized by the visible spread of their growth pettem throughout the
megium

Motility can ke significant in icentifying a becterial species.  However
care must be taken to distinguish true movement from the quivering to-and from
motion know as Brownian moverment. The latter is caused by a bombarcivent of the
bactena by molecules of the fiuid inwhich they are Suspenced.

S { a0
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The present of flagella and their associated activity do not necessary
correlate with other bacterial physiological properties.  However, it appears tht
flagellation cloes bear a direct relationship to growth rate. Several factors mey affect
flagellation, among them the chemical composition of the medium, the pH and the
liouic or solidl state of the mecium  More flagellation ooours in liquid preparations

Function: Bacteria cells beefit from fiagella in the followang ways:

(1) They can migrate toaard environnents favorable for groath and away from
growth that might be harmul,

(2) They can increase the concentration of nutrients or cecrease the
concentration of poisonous rraterials near the bactenal surface by causing a
change inthe flow rate of e-vironrental fluics.

(3) They can move flagellated organisis to uninnibited areas for colony
formation. it hes also been suggested that flagellated pathogens may more
easily penetrate certain host efense barmier, such as mucous Secretions,

42 Pili (Fimbriag)

Pill are surface filaments of varying diaeters and lengths.  In generdl,
il ciiffer frombecterial flagella in several properties, including
(1) Treir sraller clameter
(2) Tre ahsence of the wave like ppearance so charactenistic of fiagella
(3) Tre aoparent lack of association with an organism’s true motility.

Chemical analysis of pili show them to be mainly protein. - Specific
homogenous protein suounits called pilin interfock and form the ngid, helical,
tubelike pilus. The proauction of pill is under genetic control,

These filamentous surface structures have been found primartly in
oramnegetive bectena  Incluced in this group are members of the genera

Branhamella, Escherichia, Klebsiella, Neisseria, Pseudomonas, Shigella and Vibrio.
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Trere have been reports of pili in nuerous strains of the: gram positive organism
Cornebacterium renale.

Function: The functions of type I pili incluce
(1) attacnment to most surfaces, cellular or otherwise
(2) formation of surface filims of organisms (pellicles), which could enhance
microbial growth in stifl-culture situations as inortant aic to establishing
2 (lISease [rocess,

Inthis case certain pilliated becteria attach to mammelian cell sufaces
where they reproclce and prooce toxins. Pili are also Used as receptor sites by some
becteriophages (becterial viruses) to inject their genetic meterial into a susoeptible
becterial cell

Another type of pilus, called the F or sex pilus, while similar inform to
otrer pili, is cifferent chemically.  The sex pili are formed by corer bectena
containing plasmids for conjugative transfer of genetics meterial. - Conjugative pili
have been found among several bacterial Species.

4.3 Cell walls

The need for some type of structure that would not only presenve a
becteriun’'s shape out would also hold its cellular content toggther.

Tre rigid cell well is the main structural component of most procaryotes.
Its presence wes first demonstrated by placing becterial cells in very concentrated
sucrose solution.  The cellular membrane andl its contents were seen to shrnk aney
from an outer, enclosing rigid envelope & water from the insick of the cell diffused
Out into the sucrose under the influence of osmotic pressure. Thus, the becterial cell’s
Outer structural limit wes cefined.

Some of the functions of the cell wall are (1) to prevent rupture of
becteria caused by osmotic pressure differences between intracellular and
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extracellular environments, (2) to provide a solid support for flagella, (3) to raintain
the characteristic shape of the microorganisims, and (4) to requlate, to a certain degree,
the passage of molecules into and out of the cell (molecular seiving).  The sites of
attachrrent of most bacterial viruses (becteriopnages) are on the cell wall. At distinct
location, the well IS also modified to acoommodate the surface appencages such &
pill and spire.

The cell wall accounts for 209 to 40% of bacterum dry weight
Several factors affect this percentage, including the organism’s stage of groath andits
nutritional ceficiencies.  The strength of the cell wall is besed on chemical and
physical properties of conplex molecular layer found only In bectenia, the
pepticlogiycan layer. However, not all bacteia cell wall contain pepticoglycan.

Variows types of equipment and technie for isolating and
characterizing becterial cell wells have proviced much informetion on their chemical
composition and ultrastructure. The properties of becterial cell walls is

L Call walls contain two simple sugars related to glucose, N-
acetylolucosamine (NAG) and Avacetylmuramic acid (NAM). NAM
occurs only in bacteria, inclucing the cyancbacteria and the rickettsiae
NAG and NAM are connected by bridoes of amino acics to form the
mucopeptice or pepticoglycan layer of the wall.  This backbone [ayer
inparts mechanical strength to both gram: positive and gramnegative
cell walls. It is the Iner most peth of the cell wall next to the cell
membrane, and has been named the murein sacculus

2. Cell walls may contain a variety of retural or common amino acick thet
are Used to build the necessary cross-linkages or bridges binding the
pepticloglycan polymers (units) of the cell well together. Incluced inthis
oroup are alaning, glycine, glutamic acid and fysine. - Differences exist
between the amino acid composition of gram-positive and gram
negative cell walls

3 Bacterial cell walls also corttain certain unquie amino acics, the atomts of
which are arrange differently in space then those of most retural amino
acick,
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4 Certain organisirs cortain a molecule called diaminpimelic acid. I IS
found only in these becteria inwalls lacking lysine.

Certain structural and chemical cifferences exist between the walls of
gramHpositive and gramnegative becteria.  The walls of grampositive bectena are
relatively thick (15 to 18 nm). Moreover, they are uniformly dense and exhibit a
cklicate ocering of chemicals throughout their structure.  In several gram positive
Species special polysaccharices are present in significant amounts, are bound 1o
pepticlogiycan fayers, and contrioute to cell wall structure.  This sustances incluce
teichoic and teichuuronic acidk, which also contribute to the wall’s ability to bind
heavy metals and control the autolytic (cell-digesting) actions of enzymes in certain
cell walls

The wall of gram negative cells are multilayered membranous structures
and are chemically and structurally more complex than those of gram positive cells.
They contain a wider range of amno aoids and significant amounts of lipidl
polysaccharic, and protein constituents. Combinations of these components froman
outer [ayer or envelope that surrounc a thin pepticogiycan layer.  The envelope is
firmly attached to the murein layer and is connected to it by lipoproteins.
Lipopolysaccharides (LPS) prevent the penetration of antibacteria suiostance, such &
penicilin, tret interfere with the formetion of the peptidoglycan and are also known
for their toxic (rarmful) and antigenic (antibody forming) properties.  The lipid
portion of the LPS, refer to & lipid A, is an endotoxin thet is known to cause the
destruction of blood cells and fever dunng the course of certain infections.  The
polysaccharice portion of the LPS from envelope-associated antigens, which are of
valte in the immunological icentification of some clisease-causing grarm-neggtive
becteria,

Several specialized functions and/ or activities of the outer menbrane of

oramnegative cells are reflected in its cemical composition. The structure cortains
nuber of charactenistic and unusual mejor proteins. Among these ae the porins,
Which act & pores by forming wetery channels to allowed the pessive passage of
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various-Sizedl molecules.  Although most becteria have igid cell walls, ore |
oroup of organisms, mycoplasime, lack them Because of the alsence of a cell wall.

4.4 The plasma membrane

The plasma mermorane ies just beneath the cell well andl separates it
from the bacternum’s cytoplasm - This structure, which is also called the cytoplasmic
membrane OF cell membrane, 1S & integral and indisensable functional part of all

types of cells.

Tre eucaryotic cell, membranes partition the cellular space into
compartvents in which biochemical reactions ooour. Structure similar, if ot
identicl to the cytoplasmic memorane also sumound intracellular eucaryotic
organelles. The plasma merrorane of the eucaryote IS continuous or interconnected
with the cell’s intemal membrane systens.

Chemically, the plasma nembrane of bacteria consist of both proteins
and lipics.  Sterols, highmolcular weight lipics, are not found in the bactenial
menoranes with the exception of the mycoplasime, but they are common constituents
of eucaryotic structures. The cell merorane contains several types of protein such &
the cytochromes, Ironksulfur proteirs, and the component of the electron transport
chain I acdition, several types of enzymes are localized in the cell membrane and
Incluce the permease, mentioned earlier, and the biosynthetic enzymes tret requlate
the last steps in the formration of various cell wall macromolecules (pepticoglycans,
teichoic acids, simple polysaccharices, andl lipopolysaccharices) and mebrane lpick.
Tre lipids provice strength and other structural properties for the mermtrane
Memorare lipics are phospholipics. These molecule are ampnipathic; they consist of
region thet are specially separated, with one endl repelled by weter (nyarophobic) and
the opposite end attracted to it (hydrophilic). The hydrophilic end, which carmes an
lonic change andl is polar, consists of glycerol attached to phosphate and other
chemical groups. The non polar, hydropnobic end consists of hydrocaron chains of
fatty aoics.  \Mth respect to the positive an arrangeent of proteins on the
phospholipios bilayer, it appears thet proteins molecules are not arranged  anorcerty
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fashion, but actually penetrate the phospholipid region and may extend through it
completely. Further, the protein molecules continually move and change thelr shape.
The dynamic arrangement of the mebrane molecules is refered to s the fluid
mosaic mMockl

Membranes differ chemically in cifferent cell types.  Analysis have
clearly shown differences in the types of lipids and in the protein: lipid ratios of
menoranes obtained from different kins of cells.  The enzyme conpositions also
vary consicerably. In general, bacterid cell memboranes comprise 10%to 209 of
cell” cryweight

Cell Structure
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Foure 4: Type of flagella and bacterial cell structure (Brock, T.D, 19%4)
5. Antimicrobial susceptibility tests

The primary purpose of antimicroial susceptibility tests is to guice the
clinician the choice of appropriate agents for therapy.  The test is also provided
accumulating cgta from which informetion for the suitable agents for enpirical use
can be cenved.  Antimicrobid susceptibility tests are Used to evauate an in vitro
activity of new agents (Collin et al., 1995)

In vitro antimicrobial susceptibility tests are depended on two roles,
diffusion and dilution. Laboratory procedures involving diffusion susceptibility tests
are common performed in agar media cdled agar diffusion technique.
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5.1 Agar diffusion susceptibility tests

In general, Agar dliffusion susceptibility tests are performed by inoculating a
nutrient agar medium in a standarcize manner and then applying the drug to e
stuclied to the agar surface in some type of resenvair. The drug is allowed to diffuse
Into the surrouncing medium  This expose the test organism to a continuous gradient
of anug concentrations, with congertration climinishing as dlistance from the reservoir
Increase.  After an gopropriate period of inculoation, there should ke a zone of
inhibited groath around the resenvair,  The size of zone may be measured to
cetermine the cegree of susoeptibility of test organisivs (Lorian, 1991).

These tests cepend on the ahility of the artimicrobial agents to diffuse a
precictable rates through the agr gl The experiment work of Cooper (1964)
provicd a nurmoer of theoretical concepts thet have led to a better understanding of
variables thet influence the formation of azone inhibition in an agar mecium

Selective action
Foure 5: Antibiotic-sensitivity testing (clisc dirffusion test): types of zone
Which may cevelop around the disc (Lonian, 1991)
1 Resistance No Zone: growth ooours right up to the isc
2. Intermediate A narrow growth+ree zone surrounds the isc
3 Sensitive Awick growthHree zone surrouncs the disc.
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4. Enzyme inactivation A narrow growth-free zone surround the disc. Unlike
the intermediate zone, the edge of the zone is sharply defined and it contains
somewhat heavier growth with some normal-sized or relatively large
colonies.

. Selective action This result can be obtained e.g. when the inoculum consists of
two different strains which differ in their degree of susceptibility to the given
antibiotic. Close to the disc, the concentration of antibiotic is high enough, to
inhibit both strains (narrow growth-free zone). Further from the disc (lower
concentration of antibiotic) one strain is still inhibited while the other can

grow.

6. Control comparison The half-zone obtained with a control strain (one side
ofthe disc) is opposite the half-zone obtained with the test strain (other side of
the disc). To make this comparison, the test and control strains are inoculated
onto separate halves of the plate and the disc is placed between them.

1. Resistant mutants The inoculum contained a small proportion of mutant cell
which were able to form colonies under conditions which inhibited non-
mutants. The mutants are usually antibiotic-resistant cells. There is, however,
another type of mutant which grows only in the presence of a given antibiotic
and such mutants would also form colonies in an otherwise growth-free zong;
for example, streptomycin dependent mutants contain non functional ribosomes
which in the presence of streptomycin appear to be distorted in such a way that
they become functional.

8. Contamination The inoculum contained a mixture of organisms, at least one of

which is resistant to the antibiotic.

9. Synergism The two discs contain different antibiotics. The zone shows an
inhibitory effect which is greater than the sum of the effects of each antibiotic

acting alone; that is the antibiotics are acting synergistically.

5.2 Dilution method

Dilution antimicrobial susceptibility test methods are used to determine
quantitatively in term of the minimum inhibitory concentration (MIC), the lowest
concentration of antimicrobial agent required to inhibit the growth of an organism
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Isolate or that which kill it, the minimum bactericidal concentration (MBC) (Mahon et
al, 2000). The NCCLS 1997 document described the details of performing MIC and
MBC tests by broth microdilution.

5.3 Broth mierodilution susceptibility test

Recently, microdilution method commonly used in the susceptibility test
as recommended in many studies (Nakajima Y., et al., 2003, Chakraborty A and
Bratner A. H. 1999 and Giacometti A, Cirioni O. and Kamysz . 2005). The broth
microdilution test has been adapted to multi-well microdilution trays. Polystrylene
trays containing between 80 and 100 wells are filled with small volumes (usually 0.1
ml) of two-fold dilution concentrations of antimicrobial agent in broth. Because of
the large number of wells, several dilution as many as 12 to 15 antimicrobial agents
can be contained on a single tray, that will be subsequently inoculated with one
organism isolate. In the microdilution method mutiple plates may be conveniently
produce by the use of apparatus for automatically diluting and dispensing solutions.
The actual dilution factor used for preparation of the intermediate dilutions depends
on the volume of inoculum derived to each well by the inoculating device. A growth
control well is included on each tray. Growth may note as turbidity, a haze, or a pellet
in the bottom of the well. After incubation, the tray is placed on one of several types
of tray-reading devices (Mahon et al, 2000). The end point of MIC, as note by
Lorian (1991), MIC is the lowest concentration of drug at which the microorganism
test does not demonstrate visible growth,

Several factors influence the outcome and reproducibility of broth
susceptibility results. Most factors, media supplements, pH, incubation and inoculum
size are likely affected as described in agar diffusion test.

5.4 Time-kill analysis
Time-kill analysis 1s methods which measures of the rate of the killing

of microorganism by an antimcrobial agent as determine by examining the number of
viahle of organisms remaining at various intervals after exposure to the agent. It is an
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extension of the MBC or MIC test. Test organism in mid-logarithmic growth phase is
inoculated into several tubes of broth containing varying concentrations of
antimicrobial agent and a growth control tube without drug. Most experiments are
performed with a final inoculum of 105to 107 CFU/ml. 1t is usually convenient first

to adjust the overnight culture to match the 05 McFarland standard (NCCLS, 1997).
These tubes are incubated. Then small aliquots are removed at specific time intervals
(e.g. at 0, 4, 8 12 and 24 hours) diluted to obtain countable number of colonies, and
plate to agar for colony count determination. The number of organisms remaining in
each sample is plotted over time to determine the rate of antimicrobial agent killing
(Bartizal et. al., 1997). Generally, a three or more logio reduction in organism count
and the antimicrobial suspension as compared with growth control indicates and
adequate bactericidal or fungicidal response (Floelloman et al, 1998).

5.5 The assay of bactericidal activity

The MIC determination estimates the bacteriostatic or inhibitory
activity of antimicrobial agents. The MIC, when performed according to the
standards and references detailed, is reproducible parameter for a given antimicrobial
agent against a variety of rapidly growing pathogens. In clinical practice, the MIC
usually suffics for guilding chemotherapy. The success of in vivo antimicrobial action
depends to a large extent on the host’s defense mechanisms which ultimately
sequester and Kill the microorganisms that have been reduced by the bacteriostatic
action of the chemoterapeutic agent. The main body of medical microbiology,
clinical pharmacology, and infecious disease literature utilizers MIC data in studying
the effect of antimicrobials and in establishing criteria for application in therapy.

For antimicrobial agents that possess the bactericidal action (mainly,
aminoglycosides and /i-lactams), it is sometime necessary to perform additional
quantitative assessments of the killing effect on a given offending microorganism.
The parameter termed the minimum bactericidal concentration (MBC) can he
accomplished in several ways:
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1 By estimating the MBC as a resultant of the MIC for an infecting
organism;
2 By estimating the titer of serum of a patient receiving

antimicrobial therapy that kills the infecting organism; ie., the
serum hactericidal titer or test (SBT)

3 By determining the number of surviving bacteria in a fixed
concentration of the drug using the average obtainable blood
level at the defined time intervals, i.e.1the killing curve,

The assessment of bactericidal activity, although methodologically feasible,

Is fraught with microbiological-bacteriological phenomena and technical problems
which require consummate understanding on the part of those who consider their
application and individual who execute the assay.

5.6 Killing curve

The determination of the killing curve or killing rate is represented by aplot
of a number of survivour in the host after administration of typical therapeutic
regimen. It has ben used to evaluate and compare new drugs and study differences
and changes in the antimicrobial susceptibilty of clinical important hacterial isolates.
These determinations are used rarely for guilding chemotherapy and are mainly
applied to experimental situlations in animal models, and apply more generally to
classes of drugs. One concentration of antimicrobic is tested, usually that which is
representative of an average obtainable level during therapy. At priodic intervals,
usually at 0, 4, 12, and 24 hr of incubation, colony counts are perfonned and charted
on semilog paper with the survivor colony count on the ordinate (logarithmic scale)
and time on the ahscissa in an arithmic scale. For example, when one compares the B
lactam antimicrobial agents with the aminoglycosides, the former are characterized by
a Slower dose-dependent initial bactericidal activity. The extent of the cidal action is
related to the duration that serum level exceed the MIC. I levels fall below the MIC,
there is immediate regrowth of microorganisms.  Incontrast, amnoglycosides
demonstrate rapid dose-dependent initial bactericidal activity, followed by a
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bacteriostatic phase that can last several hours after serum concentration fall below
the MIC.
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