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ABSTRACT
The gastrointestinal tract is constant!y cxposed to vanous protective and aggressive factors fiom
food Recent studies have shown that factors, including heavy metal cxposure and dict may alter
gastiointestinal mucosal inicgnty, Chromium (Cr). 8 natunally occumng polyralent clement
found n rocks, soil and gases is known to be present in whole gramns, wheat, cereal. leituce,
onions, potoioes, geen beans. raw tomatoes and many other food items. The role of Cr In
gastrointesttinal mucosa prolection or crosion 1s nol well studied. In this study, the cflects of

cxposurc to tn- and hexavalent Cr on gastnc ulcer werce investigated in ruts.

Sixty mole Wistar rats (100.120g) were randomly assigned 1o X groups of 10 antmals each.
Four groups were treated with € Chromium HI-10 ppm (Crlll-10), Chronnum (11-100 ppm
(Crlil-100), Chromium VI-10 ppm (CrVI-10) and Ciomium VI-100 ppm (CrVI-100) while the
rcmaining two groups were non-ulccraled control {(nConl) and ulcerated control (uCont). Twelve
weeks ofter Cr administration, cxpenmental gasine ulcers were induced via pylorus ligation (PL)

lecchnique (n=S per group). In the remaming five ammals, ulcer was induced by oral

sdminsstrotion of indomctlucin (40 mig/kg). la both ulcer models, animals wore sacnficed four
hours aftcr ulcer induction. Blood and stomach biopsies were collecicdl and analysed- Ulcer was
asscsscd based on macroscopic sppearance of the stomach using standard ulcer score scale. Lipid
peroxsdation, catalesc and Superoxide Dismutasc {SOD) activities of the stomoch homogenates
were asscssed by specirophotometty, Histology of the stomach tissues were assessed to determine
the degrec of Lissuc damage using mictoscopy. Blood Cr fevel was estimated using the otomic

absorption spectrophotomcter. Data were subjected to desenptive statistics and analysed using

ANOVA a1 ag os

will
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The blood Cr level was sigiificantly incrcased 1 the Cr reated groups (Crlll-10: 0.1220.01 ppm,

0: 0.22:0,03 ppm) compared

Cr!i1-100; 0.12:001 ppm: CrVI-10: 0.13£0:01 ppm and CrVI-10

with nCont (0.08+0.01 ppm). Ulcer scores were nCont (0.020.0; 0.0£0.0), uCont (4.040.5;

12.6£0.5), Crlil-10 (1.640.2, 10.3£0.5), Crlll-100 (2.8£0.1; 10.80.2), CrVI-10 (1.820.3,

11 4£05) and CrVI-100 (2.8£0.3; 12.120.5) for PL and indomcthacin. respectivety- Vanous

degrees of gastric protcction were obscerved in the two ulcer modecls on cxposusc 10 Crill-10

(59.4%; 18.7%), Crlil-100 (31.3%: 14.5%), CeVI-10 (56.3%: 9.7%) and CcVi-100 (31.3%:

4.0%). There were significant decreasces in gastnc acidity in Cr- wented groups (Crill-

10:12.0£1.0; Crll1-100: 26.9£2.3 mEq/L/100g; CrV1-10: 16.0:1.5. CrVvI-100: 26:8£1.5

mEq/1/100g) compared with uCont (34.0£1.0 mEq/l1./100g} for PL modcl. Lipid peroxidation

levels tn both PL and indomcthacin ulcer models were sigoilscantly higher in uCont (11.9+0.1;

6.320.1 nmol/mg) than Cr- treatcd @oOUPS (Call-10: 8220.1 4.9£0.0; Crlt1-100: 9.0£0.3

53:0.1 nmol/mg, CrVI-10: 89+0.3; 5.640.0; CrViI-100: 9.7£0.2; I6.‘&%0.0 nmol‘mg). The

achivitics 0 FSOD and catalase were clevaied in Cr- treated groups ofboth ulcer modecls relabveto

uCont. Ulcer socore fesulls werc further corroborated by histological cvaluation which reviealed

mild erosion of surface epithelium in theCr- trcated groups against visiblc lessons 1n uCont.

Boith 1 and hexavalent Chromium olfers prolcction against gastric ulcer induced by pylorus

ligation and indosncthacin via reduction of gastiic oxidalive strcss.

Keywords: Chromium and gastsic ulcer, Pylorus ligation, 1ndomethacin-tnduced ulcer. Gastnc

oxtdattve stress

Word count: 493
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CHAPTER ONE

INTRODUCTION

The gostroiniesiinal (13el 1s a conttnuous tube stretclung (rom the mouth to the anus;
providing waler, clecusvlytes and nulrients (or the body (Guyton and Hal}, 2005)- The
gastrointestinal teact 1s exposed o dilferent environmental pollutants such as merals and
chemicals (rom difTesent sndustncs, vehieles, os well as everyday basie human activities such
as cooking thal contamenates food and watcr (Uprels ¢ al, 2004). These poilutants aflect the
air we breathe, our water and soil (JCEPR, 2013). Most of these {bemicals have no known

biological funclion though some of them ate capable of disiupung essential physiological

processes withun the body. Examples of such chemucals inelude Arseme, Cadmium, Lead,

Mercury nod Chuomium (Upscu et al., 200.4).

The gastroinicstinal tract is allecied with many disosders which inctude Peptie Ulcer Discase
(PUD), Ulcesative coliis (UC), Gastruls, Pylonc stenosis e.Le. Pepie Ulcer Discase (PUD) 1s

a chronie disease and a worldwide problewn afliccting 5-10% of the people dunng their

VESSITY LIBRAR ¥

fifcume (Sabiha ¢ nf. 2011; Sakat et el, 2012). It usually occurs m the stomach and the

=

=

duodenum (Mahajan and Sanghas, 2009). The ulcer (osmed in the stomach is called gostric x
e T,

ulcer and that of the duodenum is known as duodenal ulcer. 1t inipairs the quality of life and 1~
.

has a high mosbidity nnd monality rate (Sae ¢f af., 2011). Pcptie ulcer disease {(PUD) oecurs
as o resuit of imbalance between aggraasive faetors such as Helicoebacicr ppior (Yamaguchi
and Kakizoe, 2001; Ololeye and Ajelgbe, 2009), Hydrochlorie acid, pegisin, rcfiuxcd bile,
leukotrienes, Reaclive Oxygen Species (ROS), cthanol, non-siciowdal anti-inflammatory
drugs (NSAIDs) (Wallace, 1992; Pcskar and Manci, 1998, Rostom et ol., 2000; Olaleye and
Ajeigbe. 2009; Tulasway and FHerszényr, 2010, Sulvn and de Sousa, 201t1) and defensive

(actors such as acid-Pepsin secretion, bicarbouste production, parictal cell activity, mucus

1
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secreuon, mucosal bamer, blood flow to mucosa, nitne oxide, cell rclgcncmtidn and the
release of endogenous protecuve agents such as prostaglandins and epidennal growth factors
(EGFs) (Beglindb, 1977; Repeno und Llesuy, 2002; Amr and Maysa, 2010; Silva and de
Sousa, 2011; Sakot o @i, 2012). Factors such s alcohol abuse, psychological suess
(Mowdslcy and Rampton, 2006), tcasicn and smojang (Ma ¢r al., 2000; Olaleye and Ajeigbe,
2009), lced expasure (Olaleye e af., 2007), dictary uutake of potcstial ulcerogens (lb:ronke e7

al., 1997, Olaleye and Ajcigbe, 2009) or diugs whicb siimulate gastnc acid cad pepsin

secretion bave also been implicated in the acuology of peplic ulcer

Chromiuni s a transition clement aud the firss element 1 group 6 ¢of the penodic table and
is reganied as the 24 most abundant element in the carth crust (Emsley, 2001). It oscurs
naturnily and can be foued tn rocks, plaats, animals, soii, aad 1n volcanie dust and gases
(Marowans esal., 2012). Intake of bard water supplies Chromium to ithe body ond cooking
with stainless steel cook wares also increases Lhe Chromium conlent tin foods (\WWHO, 2003)
Chromium is present in the environment in several forms and the most sommon bemg
chromium [11 also known as tnvalent chromium and chiomsum V] also known as hexavaleot
chtomium (Stoccker, 2004, Marouani et a/,, 2012). Chromium [} can be goticn fiom fresb
vegelables and Luity, meat, gmns, yeast, sweet potato, com, whole grains, beel, liver,
poullry, turkey, oyaters, shellfish et ¢ (Anderson 2 . 1992) oll of winch helps in kecping
the body healthy, Chronitum 111 ts impottant tn the meabolism of glucose, protein aod lipid

in mammats thus cahancing the function of 1asulin withia thc body (Menz, 1969, 1993;

1994)

Chronuum V] on the other hand s found in ibe eevironment. Ut 1s denved ahnos! tolnlly from
human acuvities. In the gastne environment, ingested hexavalent chiomium s efficiently

redixced to the tnivalent form by the gastric juices secreied and ascarbate (Samiiz, 1970, Do

2
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Flora c1al., 1987, U.S. EPA, 1998; ATSDR. 2000). It can also be tcduccdj‘lo chromium [T in

the lower respuatory tract by the epithebial lining fluid and by pulmonary alveolar
maciophages (Dayao and Pame 2001; ATSDR. 2008). Chromium VI ts used in the
produchion of stainless sleet, lexlile dyes and wood preservatives, anti - cortosives, anmng of
leatlicr, ond conversion coatings (Mubhammad aad Shahyda, 2004), The enuy routes of
cliromium into thc humon body erc through inhalation, ingestion and denmal absatption
(IPCS, 1998, ATSDR, 2008). Somc of thie adverse eflccts of chromium toxicity include
initaion tn the nosc, biceding of the nose, and difliculty in breathing, coughenig, cancer of the

lungs and tmwant and alletgie contoct dermatiis (Polak, 1983; Bruymzeel et al., 1988,

ATSDR, 2008) dcpending on the roulc of exposure.

The exposurc of the gastrowntestinal tract to metals such as lead acetate kas been implicated tn
the aetiology of pepuc uleer (Olaleye ¢t af, 2007). Exposure o chromium V1 has been
reported lo cause reproducnve toxicity in human and laboratory animals (L1 ef af,, 2001;
Danadevi ot af, 2003; Subramanian ¢! a/, 2006; Marouoni et af.. 2012). Howcver, reporsts on

the mechanism unierlying etuomium on peptic uleccration arc yet to be elucidnted

1.1 AIM OF STUDY

The aim of 1his study i5 10 mvesligote the effects of Chrommum (Ifl and Vi) on expcrimental

ulceration uswng two dilferent models (Pylon¢ ligalson and Indomethacin).

3
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1.2  OBJECTIVES OF THE STUDY’

The objectsves ofthe study mejude the foliowing:

* To invesugate the cffect of Chramium il and V1 on the blood Chromium level

To ibvestigaic the effect of Chromium Ifl and Chromium Vi1 oa uleer formation
induced by mdomeihacin and pylotic ligation

+ To mvestigate the eflcct of Chromium b1 and Chromium V1 on gastric acid secrclion

« To invesugate the ellect of Chromium il and Chiomium V1 cn the microscopic

stomech arclulcetuze

« To nvestigate the eficet of Chromium 1l and Chromium V1 on biochemucal reactions

of stomach homogegale from vanous experimental groups
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CHAPTER TWO

LITERATURE REVIEW

2.1 STOMACIH

The stomach is a hollow, muscular pas of the gastrointesunal tract which 15 involved 1n the
secoud phnsc of digestion. [t is distensible and con stoie up to onc litre of food (Shicrwood,
1997, Scalon and Sanders, 2006). It lies between the oesaphagus and duodenum on the upper
lef: of abdom:nal cavity, The stomach has two sphinciers that kecp iis contcats; the
ocsopbagcal sphincter found in tlie caidiac region and pylonc sphincicr locaied 91 the pylonc

region. The stomach & divided 1nto four seclions, each of which has different cells and

funcuoas. The sccionsare;

Cardso: This 1s lhc region where the conients of the oesophagus cmpty into the

stomach

» Fundus: This 1s the upper curvaturc of the stomach. § 15 o storagc atca.

« Body or Coipus: 1t & thc central segion of tic stomach and o storage nrea. In an empty
stomach, cormus has many longitudinal folds called rugae gasiricac (Rhoades and
Tanner, 2004)

o DPylorus: This is the lower secuon of the organ which factlitnics emptying of Lhe

stomach contcnus tnto the small entesline. Most digestion ek es place in this partofihe

stomach (Scalon aad Sandess, 2006)

5
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Figure t: Sections of the stomach
2.1.1 GLANDS OF TIHE STOMACII
The stomach has three glands which includes

o Cardiac glands loceted ot tho Cardia repgion of the stomach

» Pylone glands located at the Pylorus par: oflie stomach

» Fundic glands loceted ot the Fundus of 1he stomach

R e, B )

The ditTerent leycrs of the siomach glands are lined by dilFecent cells such as mucous cells,
pancial cells, chief celle and Entcroendocnne cells. The mucous ce!ll scoretes mucas and

bicasbonate ions (HCOj5). |t helps an protecting ihe stomach from stomach acid secreted, The

pancial cell principally secretes Hydrochloric acid (HCL) and mtninsic |actot, it 1s the most

distpciive cell in the stomach. The chiefl cell secicies pepsinogen and contnins zymogen

granujes
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212 LAYERS OF TTHIE STOMACIHI WALL

‘The siomach wall 1s made up of four [Payers from inside to ousside and these are:

o Mucosa
e Submucosa

o Muscularis cxlemna

e Sciosa

Mucosa: 1t s the first main layer. 1t consisis of the epithebum and the larina propria. It also

has a tlun layer of smooth muscle called the musculans mucosac scpasoung 1t from the
submuzoso beneath.

Submucosa: 11 lies over the mucosa and consists of fibrous comsective lissuc. 11 separatesthe
mucosa {rom the next layer. [t s composed of nitilions of nerve (ibces. ‘Thas laver bas a

neiwoek of nerves called Meissner’s plexus or submucosal plexus. This plexus innervate the

mucosa and rcgulsic secrctions (Senlon and Sanders, 2006)

Muscularls cvicrna: It has three layers of smooth muscles

) -
a
< 2
Qe
x
P}
P S
e
s !
Ty
=
—
>
=~

Inner obliguc loyer: 1his Iayer 15 responsible for creating the motson that chums

IR/0

ond physically brenks down the (00d. (t 15 the only layer of the three which is not

seen in ollier pacts of the digestive system.

Middle circular layer: A\ this tayer, the pylorus is survounded by a thick curcular
muscutar wall which 13 nonnally tonically constincled forming a functonal pyloric

sphincter, which controls the movement of chyme into the duodenium_ ‘This layer

ts concentric to the longitudins] axis of the stomach
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. Outer longitudinal layer: Aucrbach’s plexus (or myenteric plexus) s found

between this Jayer and the middle circular layer.
2.1.3 DBLOOD SUPPLY TO THE STOMACH

The lesser curvature of the siomach i supplied infenorly by ihe nght gastnc asery ond
superiorly by ihe leR gastnc artery, which oiso supplics the cardioc region. The greatcer
curvaturc 1s supplied :nfenorly by the nght gastroepiploic arlciy asd sspecnorly by the 1eR
gasuccpiplolc ane1y. The fund: of the stomach, and alse 1he upper portion of the greater

curvature, are supplied by the shwort gasinc nilery.

Left gantne arfary Splean

Aarte

To Iver K Shart gastric arteries

Nght Jasbric artery —mSpiatve arxery

Celigc truynh
Gestradusdanral entsry
Right gsstreemental arvery

T LeN gantro-omental artery

Figure 2! Schemalic image of the blood supply to the stomach (Anne and Moore, 2007)
2.1.4 FUNCIIONS OF TIHE STOMACIH

2.1.1.1 Dipcstlon

Food is churucd by the stomach once the bolus enters ibe stomach by muscular. conunclions
of the wall of the stomach (Richard and Marc, 2007). The boluscs nre converied into
chyme (pariplly digesicd food) and this slowly passes through the pylaric sjduncter into the
duodcnum, where the extraction of nutnenls begus. The digestion of food inte chyme wkes

place berween forty minutes and 8 few hours depending on the guantity and contents of the

meal.
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2.1.4.2 Control of Secrction aod Motility

The movement and the flow of chcmicals into the stomach are conirolled by both the
auonomic nervous system and by the various digestive system honnones. Thesc hormones

mcludc.cbolecystokimn, secretin, Gastric inhibitoiy” pcpude, enteroglucagon and gastnn.

¢ Cholecystokinin: It helps in gall bladdcr contracuons. It decreases gastric emplying

and increases relcaseof pancreatic juice which 1s alkaline and ncutralizes the chyme.

o Secretin: It diminishes acid secretion tn the stomach
| » Gaostric inhlbitory pcplide: Gastnc inhibitory pepude {GIP) decreascs both gastne
acid release and gastocmotility.
* Enicroglucagon: Enteroglucagon decreases bath gasiric acid secreuon and gastnc
mohlity,
e Gastrint 1t causcs an incseasc 1n the scereusn of hydrochloricacid and pepsinogen in
the stomach. It also increases moulity sn ihe stomach. Gastrip i1s reteased by G -

cells tn the slomsch i response to distension of the antrum, and digestive products

2.1.4.3 Epidcrmal Growth Factar in gasirle defencc

1 Eptdermal Growth Factor {EGF) resulls ip ccllular proliferauon, dilferentiztion, and survival
(Herbst, 2004). It s a tow-molccular-wesght polypepude found in many human lissues
tncluding both submandibular and parotld glands. Salivary EGI ploys an umportonl
physiofogical role tn the matntendncc of or0-o¢csopbageal and gasinc tissue inicgrity, Salivary
EGF heips in the healing of oral and gasttocsophageal ulcers, inhubiion of gastnc acid
secretion, slimulatton of DNA synthesis and mucosal protection from intmluminal injunous

{nciors such as gaswic acid, bile acids, pcpsin, anil (typsin ond to physical, chemical and

bactenal agents (Venwun and Ventun, 2009).
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2.1.4.4 Siomach as nulrition sensor

The stomach can “lasie” sodium glutamate using glutamate receptors (Uematsu ef al,
2009) and 1his information is passed to the laicral hypathalamus and limbic sysiem n the
brain as a palatability signal through the vagus nerve (Uemstsu ¢t al, 2010). The stomach can

also scnse independently 10 longue and oral tastc tcceplors glucose (de Araugo er al,

2008), carbobydrates, proteins (Perez o al. 1996), and fas (Ackroff er al. 2005)- This

altows the beawn 1o link nutritional value ol foads 10 theis Listes (de Ataujo e al.. 2008).

2.1..0.5 Absorption

The abscrption of water. simpic sugars, nmino aceds nnd drugs such ns aspirin occwss In the

stomnch through its lining
22 PEPTIC ULCER DISEASE

Peptic Ulcer is the tem used 1o describe cither or both gastiic ulcer and duodenal ulcer
(Mahajan and Songhai, 2009; Shuishs and Subash. 2012). Peptic ulcer 1% the most common
gasuoinicstinal trucl discrder m cluucal practica. 11 affects approximarely 5.10% of the
people durng their lile (Sobihn ¢ al, 2011; Sakat ¢ af, 2012). Peplic ulcer disease 1s a
worldwide problem. The tric prevalence mie of Tiephie ulcer diseasc in the Nigerian populace
1s nol cestam. Peplic wicer discase 1s among the lcading causes of morbidsly and mortalily in
Nigeria and maiy other developmg countries (Agbakwuen ¢ al,, 2006). The occurrence of
pephic ulcer 18 kagher among 1hie lower income gioups in Nigenn than their counlespasts in
Europe (Amure, 1967) and hagher in the Southem pait than ip the Northem pat (Amurc,
1967). t 15 common in the cldcrly poople of 40years of age and nbove in Nigcrin

(Agbakwunu et al , 2006).
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Gasirie ulcer occurs as a result of an imbalance betweep the aggressive and defensive facors-
The apgressive factors include AHelicobacrer pylorr (Yamagueht and Kakizoe, 2001 Olaleye
and Ajeigbe, 2009), Hydrochlosie acid, pepsin, sefluxed bile, Icukotnencs, Reacuv'e Oxygen
Species (ROS), cthanol, non.steroidal anti-inflammatory drugs (NSAIDs) (Walloee, 1992
Peskar and Marici, 1998; Rostom ¢t @/., 2000; Lima ef a, 2006; Olalcye and Ajcagbe, 2009:
Tulassay and llerszényr, 2010; Silva and de Sousd, 2011; Sakat er al. 2012) ond the
defensive faclors includes acid-pepsin secrction, bicarboanate producuon, panetal ce!! activaty,
nucus sccrction, mueossl bamcer, blood flow to mucosa, mimic oxide, cell regencration and
the releasc of cadogenous protective agents such as piostaglandins and ¢pidennal growth
factors (Beiglindh, 1977; Reperto and Llesuy, 2002; Lima er af, 2008 Amr and Maysa,
2010; Silva and de Sousa, 20]11; Sakat ¢f nf, 2012). An Iner™ase i oggressive {actors or a
dccrecase an defeasive faciors will lead to loss of mueass! inicgrity resulting 1n ulccration
(Alan er af... 1985). Factors such as dict (Lewis ond Aderoju, 1978), sircss (Pleffer. 1982),
smoking (Doll er af , 1958), alcohol consumpiion (Hagncll and \Wrctmark, 1957), nuwtional
deficiency and inpcstion of Non-Sicroidal Anti Intlammatoty Drugs (NSAID's) (Kevin and
Jamcs, 1985) can al} increasc the sncidence of gasiric ulcers. Prolonged anxicly, emolional

stregs, hacmorrhagic suegicad shock. bums and trsuma have Been reponed b cause scverc

gosine imiations (Neetesh e/ al.. 2010; Shirisha and Subash, 2012)

The symptoms ol peptic ulcer tnelude; Gaawing, buming pain m the uppes abdomen (Sieven,
2011), heart bum. blooing ond abdoounal fullncss, nausea and copious vousiting, loss of

appcule, indigesuon and weight oss

1l
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2.2.1 CAUSES OF PEPTIC ULCER DISEASE

2.2.1.1 Helicobactcr pylori

Helicobacter pylori is o gram ncgative, spiral shaped, flagelinied, bacillus which colonizes
the mucus layer of the gastiic cpithclium (Marsball eraf., 1985; Tajjani and Uimar, 2009): 1 1s
the primaly causc of ulcers ond a common infection worldwide The prevalence rates in the
gencml populatron ranges from 30-40% in United States, 80-90% tn South Amenca aiid 70-
90% in Afnica (Martin ef al., 1989; Kuipers of al., 1995, Pounder and Ng, 1995; Ogrutu ¢/ al,,
1998. Ndububa e af, 2001; Tijjam and Umor, 2009). [t 1s moze common sa developing

couniries, nnil its prevalence increases with age from 20% among tecnsgers to 50.60%6 of

subjccts W the 61b and 71h decades of life (Tijjani ond Umar, 2009).

tL pyleri was [irst chatactenzed 1n 1582 by Robin Warren and Bany Marshall. They
descnbed its associnuon with histologic gastritis and subsequently, peplic uleer disease
(Tygot «7 wl., 1985; Tijsant ond Umar, 2009). in the stoniach H. M/or produces on cnzyme
called utease which neutealizes the siomach acid ond thus ollow ¥ pylor: 10 thnve m the
5tomach. M pylori weakens the stomoch’s delences by thinning the mucous coating of the
slomacly, making it morc suscepitible 1o the damnging elfects of acid and pepsin: inllaming

the arcw; poisoning ncarby eclls and producing more stomach acid (Tijjani and Uinar. 2009).
2.2.1.2 Non - Steroidal anti-inflamiatory drugs (NSAIDS)

Non- sicroidnd anti- inlamumalory drugs arc the most common cause of peptic-ulcer Jiscase in

paticats withoyt H. pryfort infection (Bytzer and Teglbjncrg, 2001). They are among the most
| commonly uted drugs in the world and they include aspinn, ibuprofen. noproxen.

mdomcthacin oxoprozin, asbumcione ez, They have analgesic, anti -inftommatory and

nntipyreiic actions (Susant of af., 2004)
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NSAIDs block prosiapglandin producton by inhibiting cyclooxygenase {COX). The enzyme
has wwo forms, known as COX-1 and COX-2. COX-l 1s involved 1n pioducing the
prosiaglandins that protect the stomach lining, while COX.2 5 wnvolved i inflammatoo
{Silva and Sousa, 201)). They intesfere with the stomach's abilily to pioduce mucus and
bicatbonate, thereby resulting in problems ranging rom minor discomfort, such as stomach

upsct, to life-thrcatemng uicess and bleeding {iom the stomacb or intestine.
2.2.1.3 Sircss

Stress causes the production of excess stomach acid, thus causing ulcer, A study of pepuc
ulcer patients in 2 Tha kospita) showed that chronic stress was strongly associnted with an

incteased nsk of peptic ulcer (Wochicawat es a/,, 2003)

A e
Protsctive Fsclors Aggressive Facfors FrotecUva Paclore Aggressive Faclors

o H. Pyton
- Coare)
* MAAD e
r Qel3nsive sirpan

QGastric
utcer

Sourcr: (Wallace, 1992. Peskar and Monei, 1998; Tulussay and Herszényi, 2010, Sitva and

de Sousa, 2011)

Figure J: Gasiric mucoss in both healthy and discased siare
{A) [1ealthy gustric mucosa’ balance between mucosal oggressive and protective facrors

(D) Gastric wicer farmanion. imbalance betiveen mucosal aggreasive and prorecave factory.
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2.2.1.4 Other laclors

Smoking has bcen found to be a ask [actor m ulcer formanon (Kato ef al.. 1992, Kurata &/
al. 1997; Sakih ¢¢ al., 2007 Martio er al-, 1989). Other risk faciors i the development of

ulcers include diet, alcoho! consumption; spice consuappiion and blood type (Sonnenberg ¢

al., 1981; Salsh er al., 2007)
23 EXPERIMENTAL ULCER MODELS

Diflerent expenmental ulcer models helps in inderstanding the actiology' of ulcer and

screening of antiulcer agenis The ulcer models inciude.

| * Non-sicroidal anu-:nlammatory drug induced ulcers
o Ethasol induced ulcers
» Pylon:s ligation induced ulcers
o \Wakrimmersion soess induced ulcers
e Histamine 1nduced ulcers
* Resctpine irkduced ulcers
e Scrotonn induced ulcers
» Accte acid inducert ulcers

e Hydrochlonc acid induced ulcers

23.1 NONSTEROIDAL ANTI-INFLAMMATORY DRUG (NSAID) INDUCED

ULCERS

Non-Stcroidal Antisnflammatoty Drugs (INSAIDs) atea group of drigs that causes 1eduction
of pain and inllammation in jonts and muscles. NSAIDs can cause damage 10 the
gastroduodenal mucosa vie severnl mecharusms. These mechanisms include the topical

imiant elfect of the drugs on the epithelium, iImpairment of the bamicr properties; ol 1hie
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mucosa, scduction of the synthesis of gasinc prostaglandin and gastnic mucosal biond flow”
The presencc of acid 1 the luinen of the stomach also contnbutes to 1the pathogenesis of
NSAID-induced ulcers and bleeding, by tmpaining the reshitution process, incrfenng with

hacmostasis ond inaclivating seveml giowth factors that are important 1n mucosn! defence

and repair (\Vallace, 2000},

indoincthacin and aspinin are the commoniy used Non-Steroidal Anu-infllammatory Drugs
(NSAIDs) lor inducing uvlcer. They cause ulcer by inih:biting the synihesis of prostaglandins,
Prostagiandins nre proteclive ogents for gastnc mucosa. Proslaglandins proicct the gasine
mucosa by preducing leukotricnes and bicorbonnte ions (Shinsha and Subash, 2012). Higb

doses of NSAIDs causc ulcerntion (Goodman and Gilman, 1996, \Valiace, 2000)

Indomcthacm at doscs of 20mg/kg (Shinsha and Subash. 2012), 25mgrkg (Ozbakis and

Girsan, 2005), 40mg/kg (Ajeigbe e al., 2008) have been reported to cause ulceration in rats,

Aspitin 1inlwbits gastnic pcroxidasc and may increasc mucosal hydrogpen peroxide and
hydroxyl ions level 0 cause oxidative mucosal damage (Goodman and Gilman, 1996;
Shinsha aad Subash, 2012). Aspirin, at a dosc of 200 mg/kg has been reported 10 cause
ulccrauon four hours efics adiministrauon (Goel et al.. 1985;: Hussain ¢ «/., 2009, Sivamm3n

end Muralidhiaran, 2010, Shirisha anxd Subash, 2012)
2.3.2 PYLORUS LIGATION INDUCED UVL.CER

The ligatson of the pylorus pasnt of the stomach stops the passnge of gastic contents from the

stomach and thas creating acidic medium willun tlie stomach for longer time and thereby

producmg uvicer (Nagr ¢f al., 2010, Shinshs end Subash. 2012)

in pylorus ligation inducct] ulcers, the amimal 11 lirst anacsthetized, the sbdomen i opened

and the pylorus pazt of the siomach is ligated affer which 1tie sbdomen s suturcd back After
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four hours the animal will be sacrificed and the stomach witl be cul opened along the greater

curvature 10 scote the ulcer formed (Hussain ¢f al., 2009; Shinsho and Subash, 2012).
2.33 LETIHANOL INDUCED ULCLER

Alcohol is 6 noxious agent and couses gastric mucositl damage by stimulating acid secretion
and increasing serum gastrin levels (TurkdoBan ot of., 1999). The adminssirotion of alcohol
orally causes 1ncreascd sectclion of gastric juice and a decrease 1n mucosal resistaince due to
which protcus conlenl of gostne juice is significantly incrcased by ethanol. This could be
leakage becnuse of plasma piolein in the gastiic juice with weakening of mucoszl resistance
barrier of gasinc mucose, thia leading to pepue ulcer {Thamotharan of af, 2010), Ethanol

given orfally at doses of $0%% v/v {Toker ¢f . 2013), 99.80% v/v (Shinshn nnd Subash,

2012) and 100%v/v (Hussnin «f af., 2009) has been reporicd o cause ulecration
23.4 \WATER IMMERSION STRESS INCUCED ULLCER

Stress. can anse {rom prolonged anxicty, tension. and emotion, severc physical discomfon,
hacmonhoge and surgical shock, buiis and imuma, thereby resulting 1n severe gastnc
ulceration. Swess icduced ulcers can be induced by forcing rats to swim for Jhours 1n glass
cylinder (height 45am and diameter 35cm) contzining water up 0 35cm and mainwained at
35°C. Anumals would have been fasted for 24 hours pnior to the expenment. After 3hours of
the exparuvent, ammals will be sacniliced aod the stomach will be emoved and opened along
the @roaier curvaltuic to scere the ulcer formed (Malairayan ¢ af., 2008; Shisisiia pnd Subash.

2012)
235 ACETIC ACID INDUCED ULCER

Aceuc acid induced model 33 used to induce chronic gastnc lestons, Accnc acid cCaincs

gasinic odstniction wihin the gsiomach thus lsading 1o ulceration
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A solution of 0.06ml 50% acelic ocid insulled nto a cylindnenl glass tibe of 6mm ¢n
diamcter 15 placcd on the anlenor scrosa surface of the glandular portion of Uic stomach [em
away ftom the pylone end under anacsthesta and allowed to remain for 60 scconds- After
semoval of the acid solution, the abdomen will be sutured back in two Inyers and animals wiil

be ollowed 10 recover from anaestliesio. then coged and will be fed normally (Adw ¢ «f,

2009; Hussoin ¢f al., 2009, Skirisha and Subash, 2012},
2.1 CHROMIUM

Chromwum (Cr) s a tronsition clement with stomic number 24 ond i & ihe [irst clernent in
group 6. Chromwum 1s a hard metal that 10kes a ligh polish ond hat a high melting point
(ATSDR, 2008). [t 1s highly resistant 10 oxidotion. even m high temperaiures. [t »s also
odourless, tasteless, and molleable, [t js o salt 1n which an 10n contains both Chromium and
Oxygen. 1t is a biolagically fnert metal (Vyayoan, 1997). The name of the element is denved
ftom the Greek word "chroma” (yp®pa), meaning colour, becouse muny of ils compounds ase

intensely colowed. Chromium 1s now recognized a$ one of 15 trace clements cntical for

propes physiologicol funciioning of lipid and earbohydrate metabolism

Chromium lias magnelic propertics: 1t 18 thc only clemeain]l solid which slows anii-
ferromagnetic onlering ot room tempermture (and below) ond above 38 °C, i trunsfovmns into

a parcsmagnetce siate (Fawcett, 1988)

23.1 OCCURRENCE

Chyomium occwrs natursily and it is found 1n rocks, voleansc dust and goses. soils as well as

planis and snimals (Marouar cf al. 2012). Chrommm 15 the 24* most abundsnt clement tn
Earth’s crust with an overage soncentration of 100ppm (Emsley, 2001). The ooncentretons of

Chromium in surfacc water have been Increasing since 1999, with 275)g/1. belag recorded
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ncar salmon spawning areas in the USA (Farog et al, 2006; Marouam ¢! af. 2012}). The
concentrtions rngc in sotl 3 between 1 and 3000 mg/kg, in sca water 5 to 800 pg/hire, and
10 nvers aad lakes 26 pg/litze to 5.2 mg/litse (Kotas and Stasicka, 2000). Chromium is mined
as chromite (FeCnQ.) ore (Nntional Rescarch Council, 1974). Electronie devices with [Tat
pancl dispiays and cathode-ray TV wbes contnin significant amounis of chromium, as well as
many other heavy metals, which, when disposed of by land-(ifl or incincrntion, can lead to

potential human health 10xicity and cco toxicity (L.im and Schocnung, 2010; Marouzn ef af.,

2012)

‘lhe most common forms of Chromium orc Chromium (0), Chromium (ill) also known as

ivaient Chromium, and Chromium (V1) also known as hexavalcnt Chsonnum).

The bchaviour and tosicity of Chromium is strongly dcpendent on the valency, physical
chcmical propettscs of the substonce, the porticle chamclenisucs and the route of

cxposwe/adminsstrauon ([PCS, 2006a; 2006b)
2.4.2 APPLICATIONS OF CHROMIUM
Chromium 18 used in three basic indusines

o Metallurgical,
¢« Chemicul, sud

o Refmotory (heat-resisiant applications)

These indusiries are 1hc most imponant indusinal sources of chcomium in the stmaspdarc

(EPA 1998, ATSDR 2000)
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2.4.2.1 Metnllurgy

in the metwllurgical industry, Chromium is an important nlfoying metcnal for steel (ATSDR,
2008. The high- speed ool steels contain between 3 and 3% chionium. Chromium is an
tmportant component of stainless siccls {tlic moin corrosion-proof metal alloy) and various

meial alfoys. Meta! joint prostheses made of cluomium alloys are widely used 1n climeal

ortlhiopacdics.

Nickel-bnscd alloys increasc in surngth due to the fomtation of discecte, steble mewl coibide
particles al the gmin boundancs. For example. Inconcl 718 contnins 18.6% cluomium. These
iucke¢! supemiloys, they are used in jct engmes and gos turbines in [icu of common sttuctueml

! maicnals becausc of their excetlent high-tempemture propcrtics (Bhadeshia, 2009)

l The soong oxidouve propertics of chromaley arc used 10 deposit a piotective oxide layer on

metals like alumtruum. zine and cadmum in the chromate conversion coaling procdis

(Edwands. §997).

2.4.2.2 Chemical Industry

In the chamical industiy, chromium 18 used pamanly sn

« Dye and pipmcat

IAAN UNIVERSITY LIBRAR ¥

T he minem! crocoiic (Lead Chromaie, PYCr04) was used asa yellow pigment shortly after iis
discovery, The pigment does not phato degrade. but it tends to darken due to the formstion of
Chromium (1) oxide. 1t has a strong colour, and was used for school buses in the US and for
Postal Sorvice (for example Deutsche Post) tn Europe. The use of clzome yellow declhined
due to cavironmental and safcly cooceriis and was seplaced by organic pigments or

altermayves frec from lead and chromnuon. Other figments lased on chremium are, ke
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cxample, the bright red pigment chionie red, which is a basiec lead chromale

(PbC1Q4¢ Pb{O11);).

A very imponant chromate pigment, which was used widely in mcela! prisner formulatons,
was znc chromate, now replaced by mnc phosphate. A wash pnmer was formulaied o
replace the dangerous proclice of pic - seoung nfuminiun niremh bodies with a phosphonc
acid solutiot. This uscd zine tetroxychromate disperaed in a solution of polyvinyl butyrsl. An
§9 solution of phospharic scid 11 solvent was added just before application. [1 was (ound that
an casily oxidized alcolio] was an casentsal ingredient. A thin layer of abaut 19-15 pm was
applicd, which tumed from yetlow: to duck green when it was cured. Thero 15 still 8 Question
83 10 thc conect mechaaism. Chrome green 1s a nuxtuie of Frussian hlue and chrome yellow,

whiie the chrome oxide green ts chromium (111} oxide (Getiens, 1966).

Chiomium oxides are also used as a green colour in glassrnaking and as 8 glaze \n ccmmics
(Gend cf of, 2008). Green chromium oxide ts extremely light-fast and as such i3 used m
ctadding eocaungs. (It 15 also the man ingredient in IR reflecung painta, used by the armed
forces, o paint vchicles. 10 give them the same R rellectance ns green leaves (Mamon,

2004)
= Wood preservative

Chromium V1 salis are usal becmse of theu wxicity, lor the presoveuon of wood For

exampic. Chiomated Copper Arsenaic (CCA) i3 used 10 tmbo Cealman 1o grotoct wond
fomn decsy fingl, wood attackmE (nsecta, ox heding tamites. and manne borers (Hmgson er
al_. 2001). The (ormulatrons conawn chrormum based on 1be oxide Ci10) betwern ¥ 3% and

65 9% In the Unitied Stakes, 65,300 meone (ons of CCA srhutwoms have been waed in |99

(Mograrm ¢raf, 2001)
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« LeantherTanning

Chioniium (I11) salts, especially Chrome alum and Chromium (111) sulfnte, nte used tn the
tanning of lcather. The Chromium (I11) siahllizes the Icather by cross linking the
coliagen fibers (Brown, (997). Chromum tanneil leather con contain beiween 4 and 5% of

chromium, which s nghtly bound o the proteins (Natonal Research Council (U.S/), 1974).
o Catnlysty

Scvermnl chromium campounda are uscd as catalysts (it processing hydrocmbons, For
exampie the Ihullips caialysts for tho produciion of polycthylene are mirtures of chromium
amwd silicon dioxideor muxlures of chromium aod titaniom awd  eluminium  oxide
(Weckhuysen ot al., 1999). Fe-Cr mixed oxides arc employed us higlrtempemture catalysts
for the wmer gas shift rescuon (Twigg, 1989, Rhodes ¢/ of , 1995) Cogiper Chromite 15 o

uscful hydrogenation catnlysi.

e Chbromc Plating

It 13 a lcchnique of clectoplating a thin Jayer of chiomsium onso » mete] Or plastic object The
chiomed layer can be decorauve, provide comosion tesistance, ease cleaning proecdures, or

ncrease swiace heidness

* Syniheiic rudy sad (he first lascr

Nstaal rubios are coruadum (Alumtiman 0x1do) o1 ystals that arc colourcd rod {the rarext type)
due to chuomuam (115) sors (otber colours of conoxtom gers me lermed sappdorss). A Ted-
coboured azflicual ruby may slso be schicved by dagpring chrowncum (I1T) amie artaficsal
eonmdhan crystals, thus making chromium a requiremaent for makmg synthetss robies (Mess

and Newnham, |964) Such a synthetic ruby crystal was the bases for the first laser, prodoced
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in 1960, which relicd on stimulated emisston of light fom the chromium atoms n such a

crystal,

2.4.2.3 Refracioty material

Chromite and chromium (I} oxidc are charactenized by high heat resisuvity and hagh
mcliing point and tbus they sre good matcnal for high temperature refraciory applications

| such as ccment kihns, molds for the finng of bricks, blast fumoces and as foundry 58nds for

the casting of melnls

2.4.2.4 Othcr use

Chromiwn (JV) oxide {(CiO;) is b mognclic compound. [t 15 used to manufocture
magnctic topc used 1n high-performaoce aude iape and standard audio
casscltes (Mallinson, £993). Chromates car prevent corrosion ol steel under wet
conditions. and th¢refore chromates are added 0 drilling muds (Garvenck, 1994)

e Chromwum (M) oxide ($ a mewal polish known as green reuge.

Chromic acid s wsed for cleaning laboratory glassware of any WUacc of orgamic
compounds. Sodiuni dickiromatc 1s sometimes used because ol 1ts lugher solub ity (50
g/1. versus 200 g/l. respectively). Potassium dichromate is a chemical reagent, used 1n

cleaning lsbomtory glassware and as n titrating agent. It s olso used as a moidant {i.e-

a lixing cgent) for dyes in fabne,
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243 VALENCE STATES OF CHROMIUM

Chromium exists in a senes of oxidaton states from -2 10 +6 valence, The most imporiant

s1able states ore 0 (elemcntal melal), +3 (thvalent), and +6 (hexavalent).

The health effects of chromium are primarnily related 10 the valence state of the metal at the

time of exposurc. Trivalent (Cr III) and hexavaulent (Cr VI) compounds are thought to be the

most biologically sigmficonl.
2.4.3.1 CHROMIUNM 111

Chromium 11l is an essential nutiient requited hy the human bady to promole the action of
insulin 1n body ussucs. it plays an important 1ole in Lthe ma:niciance of normal casbohydiate,
lipid and proicin metabolism (EVM. 2003). h occurs asswnliy i the environment. About 0.5-
% of Chromium HI peesent in the normal dict 1s absoibed (IPCS, 20062; DEFRA and EA,
2002). Trivalent chromsum is poorly traasporied ncross membranes. Daily exposure from
(ocd souces, excluding supplements, is estimated at about 0.) mg (EVM, 2003). Absorption

from the intestines is low (0.$2%) and 15 thought 10 1nvolve n mechanism other than passive

diffusion (EVM, 2003)

Chromium L[| 18 csseniiz] for ammals and human beings. Chromium enfluences: glucose,
protein, and lipid mewmbolism . Chromium ileficiency may cause changes in the metabolism of

glucose and lipads. Cluonuuni deficiency 15 associated with canliovascular disease. impaired

glucose tolamnce ond glucose utilisouon. {asting hypoglycoomin, impaucd (ertlity, deercasel

spersa count, wcight loss, ncuropathy, alicred plasms (wty acid piofile and mitrogen

mciabolism, ond depressed respiratory quotient (EVM, 2003)

Chromium HI is found in most fresh foods and diinking water. Dictary sources nch in
Chromium 1I{ include breads, ccreals, fish, fitsh vegetables, mecats. and spices. Other
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significant sources of Chromium Il are mineral supplements, brewer's yecast and beer
(ATSR, 2008). Thc Nouonnl Rescarch Council has identiflied an estimated safe and adequate
daily dletary inake (ESADDI) for Cheemiuin of 50-200 p/d (NRC, 1989}, corresponding to

0.71-2.9 ng/kg/day for a 70-kg ndult. FDA has selected 3 Refercnce Duily Intake for
Chromium of 120lypg/d (DIHIHS, 1995).

The btologically nctive form of an organic Chromsum 1Ll complex, of'en refemred % oz
glucose tolcrance factor (GTF), 13 belicved to function by facilitaung (he interaction of
insulin withtts cellular seceptor siles. Studics have shown that the Chromium (1!

supplementation in dclicicnt nnd marginally delicient subjects can result s ihe mmd reversal

of many of the symploms of chromium-deficiency (Cohen, ¢/ @l 1993 Menz, 1993; ATSR,
2008)

2.4.3.2 CIHHIROMIUM V1

Chromium VI is s)so known as hexavnlent chromitwn. It 355 100 - 1000 timnes more toxic than
the most common trivalent compounds (EPA, 1998; ATSDR. 2000; Dayan and Paine, 200)
Stoccker. 2004; Masiouams ¢f @, 2012). It is p sirong oxidizing agent ond wrdely known to
cause allagic dermanitis as well as toxic and carcinogenic ctfects in humans and nmimals

(Von and L.1u, 1993; Aiarouant f af., 20)2). Hexsvalent Chromium VI 1n the environment s

almost totally denved ftom human activities (WHO, 1990).

Chromium V1 has two main forms (CeO>"and CrO, ). ‘These hwo forms are domunant in the
1 envirtument and can resdily cross cellular membranes with the help of nonspecific anion
carviers (Marouani ¢f af, 2012). Hexavalent Chromium s ultimately reduced to wivnlent

Chromium inside the #¢i| through the {armation of renctive intermediates like pontavalent an!

tetravalent forms (De Flora ¢f af , 1990. Afarouant e af., 2012)
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The LDSO for chromium (Vi) ranges between 50 and £SO mgkg (Kotz and Salem, 1992).
The aculic toxicity of Chrontium (V1) is duc 1o its strong oxidational properties. Chromium VI
induced ocute and chronic toxicily, ncurotoxicily, dermblotoxicily, genntoxicaty.

cascinogenicity, immunoloxicily nnd gencral cnvironmental toxiciy (Von and Liu, 1993, Lt

ctal., 201 |; Murouan; e/ af., 2012),

Soluble ond insolublec Chromium V] salts have been demonstrated o induce morptictogical

and ncoplastic inmsfornistton and tmutsgenicity s humon and munne cells (Panemo ¢z af-,

1988, Maroudni et al., 2012)

The carcinogentcity of chromatc dust 1s known for a long tme, and 1n 1890 the furst
publication descnbed the clevated cancer nsk of workers 1 & chromate dye company
(Newman, 1890; [angard, 1990). Thice mecbanisms have been proposed o descnbe the
genotoxicity of Chromium VI. The first mechanism includes highly reactive hydroxyl
radicals and other reaclive mdicals which ore by products of the reducuon of Chromium VIto
Chromsum M. The second process includcs the direct bending of Chromium (V), praduced by
rsduction 1n the cell, and Chromium (IV) compounds to the DNA. The last mechonism

anrsbuted the genoloxicity (o the binding w the DNA of the end product of the Chromsum

(I10) reducuon (Cohen, 1993).

Chromtum aalts (chromates) arc also the cause of allcrgic reactions in some people
Chiomuates arc oficn dsed 1o manulacture, amongst other things. leather products, paints,
cement, mortnr and anti-<corrasives. Contacl with products containing chromaies can lead to
allgic contecl dermalis apd urilant dematins. resulting 1n ulceretion of the skin,
somelimes referved to s “chrome ulcers”. This eondition 1s oficn found tn workers that have
been cxposed o suong chromale solutions in cleciroplnting. nning and cluome-produc ing

manufacturers (Basketter et «1f., 2000)

%
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Exposurc 10 Qluoinium VI has been reported to couse reproductive tokicidy 1n humon and
laborstory amimuls (Li e af, 200i; Danodevi ¢ «f. 2003; Subramanum ¢ af. 2006;
Marouana ¢f af., 2012). A decreased sperm-cell count and motility as well as incrensed follicle
sumulattng hormone (FSE) scrum conccnimtion were found in men cmplinyed 1n
clectrophating (Multinger ef al., 1996; Marouasu ¢ af, 2012). Morcover. a decreased
conccntrstion of sperm cells and inereasc in abnormal spennatozoa were obsefved 1n mice
(Acharyo cs ai, 2006, Masouanf cf al, 20012), rals (Li ¢f al, 200(;, Masouam ¢: a/-. 2012),
rabbits (Youscfl ot al., 2006, Marouani « erd,, 2012) and bonnct monkeys (Subramanian ct af.,

2006, Marouani ¢t af , 2012) treatedrexpased to Chromium
2,44 CHROMIUM EXPOSURE AND ABSORI’TION

Chromium is one ol the most widely used industnal meials and 1 1 one of the major
conmminnnts 1n various hazardous waste sites worldwide (EPA. 2002 ; Mcderros ¢f al.. 2003).
Humans can be exposed to chrormium via inhsalation, ingestion snd dennal absospron (IPCS,
1998: ATSDR, 2008). Absoiptionof Chugrmuum is dependent on the valence, solubility of the

pastcular Chromium specics, gaszomntcstinal transit ume and the chemicol form of chromium

compounds (ATSR, 2008).

2.40.4.1 Inhaiatlon

The pnmay taigel for inhaled Chiomium 1 the respirstory tract (ECB, 2008). Chromium

parucics inhaled are deposited 1o tho lungs and can be coughed up and swallowed. Chromsuin

deposited decp in the luags can dissolve and pass thiough the lining of the lungs and enter the
bloodstream . The absotption of chmmium afier inhaloetion can be influenced by the size.
oxidation stote, and eolubility of the chromium panicles; the acuvity of alveolar

macmphages: and the intetdetion of chmmsum with btomolecules afier depirsition in the lung

tATSDR. 1993).
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The amount of chromium absorbed of 'er inhlotion can be detecied in the serum, unne and
hair o f exposed individuals (Tossavainen ¢t of,. 1980; Randall and Gibson. 1987. Minota and
Cavallcn, 1988). Inhaled Chromium 1s excrcted both in the unine and the faeces: Ales human
exposure to Chromiuni (11) by tnhalation, uninaay concentmtions of Chromsunt were found to
be increased indicaling respimiory absotpuon (Aitio ¢f af, 1984; Foa et af., 1988, Dayan nnd
Paine, 2001). Chiomium (V) compounds are absorbed more readily thnn Chromium (I11)
compounds, prebably because Chromium (V1) rcadily penelmtes cell membrones (Menz
1969, Wiegand ¢t al! 1984). Chromwin (V1) 15 reduced to Chromium (I[Y) in he lower
isspiratory tiect by the cpithelisl lining (luid and by pulmanary olveolar macrophages (Dayan
and Pnine, 2001). Chromium V! can be reduced into Chromium ()t in the epithelial linng

fluid of the lungs by ascorbnle snd glutathione (Petnlli «f o/, t986, Suzuki and Fukuda,

1990).

2.4.4.2 Ingestlon

The major source of chiomium cxposure for most people especially in the United States 8
throuvgh food intake. Chromium content of food can be nlicted by venmous meihods of
processing, storage and preparation. Foods prepared with siminless steel cooking utcnsiis
might contnin higher fevel of chromium becausc of feaching (rom stainless stcel Humaas can
8350 be expascd to Chromium through the usage of consumer products such as houschold

ulcnsils, wocd prescrvatives, ccment, cleaning products, textiles, and tanned [eather (ATSOR,

2000, ATSOR, 2008)

In gencval. Chvomium (V1) compounds are better absorbed Yrough the intestinal mucosa tluan
the Chromium (11f) compounds. Ingested chiomium V'l i3 converted to chromium 111 duc 10
the ecuons of stomach acid and olher com)ronents within the gastrointestinal tract (Cobeua ¢f

al. 1993; Dc Flora cf ol, 1987). In humens ond animals, less than 1% of owwponie
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Chiomium (11f) and about 0% of morgatuc Chromaum (V1) arc nbsotbed from the gut; the
latier amount s slighily higher in 9 fosting sinte {Donaldson and Barresas, 1966; Dayan and
Paine, 2001). Once u is absorbed, Chromiun is distributed to oll parts of the body and then
passes through the kidneys nnd 15 climinated in the unne in & few days. The invalent focrn 1n
food can atinch o other compounds that make 11 casicr for Chromium ©© be absorbed and

cnter the bloodstream from the stomach aiid mlestines.

2.-1.4.3 Dermal Contact

Dot (rom volunicers and indirect evidence from occupational jitudies indicnic that absosption
of Chromium (VI) compounds can occur through intact skun {Barnowskn-Dutkiewicz,
1981). Swudies in expennmental ommals showed poor abseipiion of Cluomwum (1)

compounds following dermal toute (Dayan awd Paine, 2001).

24.5 EFFECTS OF CHROMIUM ENFOSURE ON HUMAN HEALTIT AND

ANIMAL HEALTH

2.4.5.1 Mechantsm of Chromivum toxicily

The solubility and the oxidouion sisic of chronuum compounds are the major foclors
governing their toxicity and this tox icity 15 aunbutabte to chromium V1 form, this is because

chromium 1] 1 noorly absorbed via any route of caposure (ATSDR, 2008)

Chiomsum V] compounds are powerful oxidizing agents. commosive and more toxic than

' chiomium 11l cempoueds, this can be Uaced (0 the case by which chromivm V1 can readity

pass th:ough the cell membranes.

When ¢chiomium V1 reshices (0 chromium 11 al o distance from the larget sile for tosic o

genotonic effecy, it offers a detoxilicnuon procesa and when the reduction lakes place within
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or ncar the nuclcus of target organs. it may serve 1o nctivale chromium toxiciy (Dayan and

Patne, 2001; ATSDR. 2008).

The reduction of Chromium V1 is considered to sceve as a detoxificution process when it

occurs ot a distence from the tatget site for toxic or genotoxic elfect while reduction of
Chtonium VI may sctve 10 activate chzomium taxicity if it takes place in or near the ceil
nucleus of target organs (Dayan and [atne. 2001), If Chromium V1 is reduced to Chrmmium
11 extrucellularly, tus form of the metal is not readily transporied 1nto cells and so toxicity ts
not obscrved. Chromium VI can be reduced under physiologicel condiilons by hydiogen
peroxido (H:0j), glutatluone {(GSH) reductase, nscorbic ncid, and GSH o produce reaclive
inmenmediates, including Chromium (V), Chromium (IV), thiyl radicals, hydroxyl rsdicals,
and ulumatcly, Chromium (N1} (ATSDR, 2008) and any of these species sould aitsack DNA,

proteins, and membrane lipids, theseby disruptiog ccllular intcgnity and funcuons (De Mzt

ctal, 2004; ATSDR, 2008).

The various cffects of Chromium on humean bealth and amumalsarce as lollows:

2.1.5.2 Respiratory cffects

Chiommum compounds causes imntation of the mirway, obstruclion of the 3irway, lung, aass),
or sinus canccr when inhaled. The adverse healtls eflect scen s dependent on the dose,

duration of cxposure and the speeific compound involved (ATSDR, 2008).

Pulmouory imiam eflects following inhalation of chromium dust can include asthma, chrome

broochitis, chionle irvitation. chronic pharyngius. chronie rhinitts, congestuon and byperernia,
polyps of the upper respirntory: troct, trachecobronchitis, and uicerstion of the nasa) mucosa

(Lindbesg and tledensticma, 1983, Dayan and Painc, 2000; ATSDR, 2008)
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Occupaliona! exposure to Chromium [l has also been associated with sespiratory cflects-
Onc man developed coughing, wheezing, and decreased forced volume afler an nhalanon

cxposuse 1o a sample of Cliromium (Ill) sullate (Novey «f af. t983; ATSDR, 2008). The

respimtory system in ammals is also o pnmary Wargel for inhalation exposure to chronysum.

2.4.5.3 SKkin Elfects

Dermol exposusre to Chiomium psoduces tmilant and allesgic contact desmatius {PolaY- 1983,
Bruynzeel ¢1 af, 1988; ATSDR. 2008). Pnmary imiant dermating is related o the derect
cytotoxte properiies of Chromium, while ollergic coniact deimautis i nra mflammatory
response medinled by the immune system. Allergic contact dermatins 'is a eclkmedtated
immune responsc thal occurs in & two-Step process (induction and scnsitization): Tn the

I induction stagechromium is absorbed into the skin, this will nrow Ingger tlic second stage.

| Senstized individuals will exhibil an allergic. demuiiis 1esponse when exposed to
Curomium above a threshold Jevel (Polak, 1983, Lewis. 2004: ATSDR. 2008). Cbromium
allcigic dermaiitis 15 characterized by sympioms of dryness, erythema, fissusing, papules,

scaling, small vesicles, and swelling (MacKie, (981, Adoms, 1990; ATSDR, 2008),

The pnmary determinanis of the capacily of individual chromium compounds ©© clicit an
allergic responsc are sofubilily and pH (Polok ¢f af. 1973; Fregeit and Fregest. 1981 ATSDR.
2008). Thc Jow solubility Chromium (1) compounds are much less efMesent contacy

allergens than Chiomium VI (Spruit and van Neer, 1966, ATSDR, 2008).

When chromium penctrates the skin, it can sesult into painless oosive ulcastion callod
chsome holes with deloyed healing (ATSDR. 2008). Thesc commonly ocowr on the fingers.

krckles, aud forearms, The chometenstie chrome sore begins as a pajule. forming an ulcer

with raised liard cdges Ulcers can penetrate deeh tnto sof) ussue or becomes the site of
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secondary’ infecnion, but arc not known o leod to malignency (Deng ¢ af, 1990, Geller,

2001, Lewas, 2004; ATSDR. 2008).

Chiomium 1s one of the most common skin sensilizers and often causcs skiu sensilizang effect
in the general public, A possible source of chromium exposurc is wasle dumps for chromate-

producmg plonts causing local nir or water pollution
2.4.54 Gastrointestinul Cffcets

Mancuso cvmed out a siudy on 97 workers from a chrome plont cxposied (o s mixture of

insoluble chromilc orc containing Chronuum 111 and soluble Chrommium VI ss sodium
cheomate on¢! dichromsic. Gastroinicstinal mdiogrophy revealed that 10 of the workers had
ulcer forrantion, and of these, six had hypersophic gastnts. Neasly all of the workers
breathed thiough the mouth while at work and swallowed the chromasite dusi, thereby directly

cxposing the gastioinlestino]l mucosa (Mancuso, i951; ATSDR, 2008). Most of the previous

studies repoming gastointestinal effects. however, did not compare the workers with

appropnate controls

2.4.5.5 Renal Effcets

Renal effects after iaholation or oral exposwre 0 Chromium VI compounds have been
reported. Glomenuine injury bas been noted in chromium workers and the predominant renal
irgyury 1s tubulas. A feature of chromate nephtopathy ts injuty o the biush border membrane

(Kirschbaum e/ al, 1981 ATSDR. 2008)

Severe chromium poisoning can cause acute tubular necrosis and acule renal failure (Shanna
eral, 1978; ATSDR. 2008). In chrome plasers, elevated unnary 02-microglobulin l¢vels have

been fouad {Lindberg and | {cdensticma, 1983, ATSDR. 2008)
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QOccupational expasurc 1o Chrorum Il does not appear ln be nuocinlccf with rennl effects
{ATSDR, 2000, ATSDR, 2008). No renal tmpairment based on urinary atburnin, retimol
bhinding protein, nnd tennl tubular anligens was found in 236 workers employed n the

ferrochromium produchion nidustry (Fon ¢ al, 1988 ATSDR, 2008).
2.4.5.0 lfcpntic Effccls

Chronmum VI has been tepotied 10 enuse severe liver ollects in lour of five worker= exposed
10 chroitnum innxude m the chirono piattng industry, The reporied liver cfleets include
demngemcnt of the liver cells, neciosis, Iynpphocyuc and histocytic infilimtion. and increascs

in Xuplfercella (Pascale ctard, 1952; ATSDR, 2008)

Cases of hepaue elfects pfler oral exposune 10 Chromium Vi compounds have also been
reporied. Elevated liver evzyme levels were repoitcd following ingestion of 150 mL solution
contaiung 22.5 g potassium dichiome (Rolectuski er of, 1999. ATSDR. 2008).
Hepatomegaly (Michie ¢t of . 1991 Meert et of, 1994; ATSDR, 2008) and hepauc failurc

(Loubicyes ¢f al. 1999: Sult et al. 2000. ATSDR., 2008) bave also been noted in the Cases Of pamey.,

acutc POISonIng-

Exposwre o Chromium I has o been found 10 cause asy liver effects in workers employed

m rwo (ctones thai producerd Chromeum M) oxide or Chromium 11T sulfate (Korallus er al.

1974, ATSDR, 2008)

HANAN UNIYERSITY LIBRAR Y

2.4.5.7 Cardlovascnlar Effects

Stdy sbows that s 22.monthold boy who ingested an unknown emcm of wdsam
dinomme died of candiopulmonsry arvest Aasopsy revesled eatly hypotk chonees i the
myocerdmm {Elhs er al. )982, ATSDR, 2008) A 1Syvareskd ecmes developed
eardicrvescular collapse and thock within a few boun following mgestion of €0l e
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acid (Loubicres er al., 1999; ATSDR. 2008). A woman ingested J00 ml ol [cather anning
solution containing 48 gtams of basic chromium sulphate (CtOHSOs) ard died of cardiogenic
shock, complicated by pancreatitis and gut mucosal necrosis and hacmorrhage (van Heeirden
et al, 1994, ATSDR, 2008). Reports also revealed that a 33ycar old male devcloped
hypoteasion, ventricular arrhythmias, severe respiratory distress and metobolic acedosts after
ingesting an unknown amount ol a liquid wood presenvative that contoihs chromium tnoxide,

erscnic pentoxide, and copper oxide (Hay ¢/ al.. 2000, ATSDR, 2008).
2.4.5.8 Reproductive ond Developmental Effects

One siudy sbowed wives ol stainless sieel welders were al higher nsk of spontancous
abortions (Bonde ¢? al., 1992, ATSDR, 2008). The more recenl siudy (Hjollund ¢ al 1995;

ATSDR, 2008), however, did nol coitoborale those fiodings. No data were locoted regardmp

chromium 1n adverse human developmentad effccts. Scveral anima! studics provide evidence
that Chromiwin V|, afier oral exposure, 1s o developmental toxicant in mts sand mice (ATSDR,

2000: ATSDR, 2008).

Adverse devclopmental effects in zmmals include geeater incidence of posi-implaniation loss,
dccreased feial body weight, reduced ossitication, and dcercased number of live foctuses

(ATSDR, 2008)

2.-1.5.9 Genotoxic and Mutagenic Effects

The mechanism of chromium-induced genotoxiculy 1s not fully understood. In one
expenment, Chromium VI plus glutaibvone tnduced DNA damage sn vitro, whercas
Chromium 11 with or wmithout glutathione did not. Chromium scems to excrt its genclic
c{fects by binding dtrecily to DNA. I can produce stable DNA-chiomium complexes, DNA

stank} breaks, DNA-DNA cross links, and DNA-piotein cross links. The active specics for

1)
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DNA binding seems lo be the (nvalent fona (De Flora ¢f al. 1990, Cohen e al.. 1993.

Meditext, 2005; ATSDR. 2008).

A recent clinical study reported suong DNA oxidative domage (rom the uninary samples of
ihe paticot who ingested 2 to 3 grams of potassium dichromate in 8 suicide auempt (Hantson
ct al,, 2005), Another study showed an :avolvement of 1he oxidative damage pathway in the

mcchanism of toxicity of chromium m occupationally exposcd individuals (Goulart ¢/ of..

2005, ATSDR, 2008)

Chromium VI compounds ase clely mutageruc m 1he majornity of experunental situstions
(De Flom cf al. 1990; Cohen cf al, 1993; ATSDR, 2008). It has caused chromosome¢
aberrstions 11 mamumoliap cells and has been assocsated ‘vith increased frequecncies of
chromosome aberrations in lymphocyles fiom chromale production workers. Increascs tn
sister chiometid exchanges were seen in lymphocyies frum workers cxposcd 1o chromium,

cobalt, and nickel dusts (WHO, 1990; Meduext. 2005, ATSDR. 2008).

2.4.5.10 Carcinageslc Effccts

Occupotional exposwre o Chyomwum V1 compounds in a number of industnes has Leen

associaied with increased risk ol respirntory system cancers {ATSDR, 2000, ATSDR. 2008)

Raetjer was onc of the fisst 1o seview the lilcrmuwe prescaled pror 1o 1950 oo the occusrence
of canccr n chromale-exposed workers (Bactjer, 1959b; ATSDR, 2008). The {irst
epidemiologicnl study of chromate production workers in the United States that demonsumiel '
an association with lung cancer was conducled wath 1,445 workers in seven plzots cogaged 1n
the extracuon of chiomoltes iom oce from {930 to 1947. The percemage dcath due lo canccer

of the respiralory sysictn was 21.8%; the peicentage eapecied was 1 4% (Aachie and

Gregonus, 1948, ATSDR, 2008).
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Sadies of workers in the chromium pigmeal, chrame-plating. and farrochromium mdusraes
showed a smansucslly significant associanon between worker cxpoame o Chromium VI and
lung caices (Langard and Norscth, 1975, Sheffor e af, 1982. Fremtzel-8cyme, 1983.

Langaid and Vigamier, 1983; Davies. 1984, ATSDR. 2000; ATSDR. 2008)

In oddition to lung cancer, a number of cpidemuological studtes of workos 11 chroroale

industrics also showed significantly increased nsk for oxtal and smus cancas (ATSDR.

2000; ATSDR, 2008)

On thc basis of these and other studies, the U.S. Emtronmental Protecton Azency (EPA) and
the Intermational Agency for Research on Cancer (IARC) bave classitied iabrlod Chromatm
(Vi) as a koown human carcmogen (LARC. 1990, EPA. i998). The Woild Heslh
Osganization (WHO) has dotorminad that Chiomem Vi s a humzn carcaogen The
Oepastment of Heallh and Human Scrvices (DHHS) has determined that Chuommm (V1)

compounds are known to cause carxer 10 humany (ATSDR, 2000. ATSDR, 2008)

Carcinogenicily appears to be associpied with the nhalation of the less solubleinsoluble
Chromium (Vi) compounds. A numabcer of chyotiic whalstion studics provide cvndence that
Chromium V1 13 carcinogenic in avmals (ATSDR. 2000; ATSDR. 2008) and no cvidemce
cuists 10 indicate that Chromswn [1] can causc cancer in animals or humans (LIARC 1990,

EPA 1998, ATSDR, 2008)

2.4.85.11 Other Effects

Symploms such as dizziness, headache, and weakness can be observed (n woirken wodang
with a chrome plsting plaont with poor exhaust dug to excessive high conconnmton of

chromium tnoxide fumes (l.icberman, 1941, ATSDR, 2008)
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Chromium VI compounds exposure can cause ¢fosion and discolouration of the teeih.
Papillomas of the ornl cavity and larynx have been reponed in workers exposed 10 high air

conc¢ntrauson of Chromsum VI (Hathaway o al, 1996; ATSDR, 2008).

Severe comeal 1njuiy may result from ocular contact weth solid or concentrmted solutions of

chromic acid and other Chromium VI compounds (Gran1, 1993; ATSDR, 2008).
|

2.5 ANTIOXIDANTS

Anvoxidonis nre molecules that inhibit the oxidauon of other molecules. They are reducing
pgents, and limn oxidative dsmage to biological suvuciuses {Sics, 1997). They are
l phytachemucals, vitamins and other nutricrus that protect our cells from danage caused by
Gec radicals. They act as radical scavengers, inhibit lipid peroxidation and other free madical-
mediated processes, and therclore they proicct the human body fiom several discascs
oltnbuted to the rcactions of mdicals (Repeno and Llesuy, 2002). Low levels of antioxidants,

or inhibition of 1ke anuioxidant enzymes, cause oxidolive stiress and may daenage or kall cells

Antioxidants wre classsf.ed into two which are hyilrophilic and hydrophobic. The walter-
soluble anlsox:dants react wib oxidants in the ccll cvosol and the blood plasma, while lipid-
solubte antioxidants protect eell membrones from lipid peroxidation (Stes, 1997). The human
body bas on elaborate aniioxidant defense system and antioxuiants ean be wmanulactucd
wiithin the body and niso be exuracted from food such ns fruits, vegetables, seeds, nuts, meats,
and 03l (Vertuany ef af., 2004). The diflerent types of antioxidants wclude vitnmin C, vitamin
E, bets-carotene, lutein, lycopene. selenium, glutathione as well as some enzymes such as

superoxide dismulasc (SOD), catslase and various peroxidases (Dekkers ¢1 ol., 1996)
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25.1 ASCORBIC ACID (VITAMIN C)

Ascoibic acid also kitown as vilamin C 1s a monosaccbaride oxidation-teduction (redox)
caialyst found in both animals and plants. 1{umans can’t produce ascorbic acid because one
of the enzymes necded 10 make ascotbic acid has been lost by mutation duning pnmate
evolunon; therefore 1t must be obtain {rom the diel (Sintmo!T, 2001}. Mosi other anumals ate
ablc to pruduce asco1bic acid io 1heir bodies and do not require st 10 their diets {Lwaster and
Van Schafiingen, 2007). Ascorbic acid is a redox calalyst whicb can reduce. and thereby
| ncutrnlize, reactive oxygen species (ROS) such as hydrogen peroxide (Padayatly ¢f al., 2003).
In addition 10 its direct antioxidanli effects, ascorbie acid 1s also a subsuvie for the redox
enzyme aseotbaie peroxidase, o function that s particulasly umportant 1n stress resistance tn
plants (Shigeoka ¢t uf.. 2002). Ascoibic aeid is present at kigh tevels in all parts of plants nnd

can rcach concentratioas of 20 mulfimolar in chloroplasis (Symtmoll and Whecler, 2000).

2,52 VITAMINE

Vitamun E is the collective name for a set of eaght rclated tocopherols aad locotnicaols. They
are {81.scluble vitaming with anuioxidant propenies (1icrrern and Basbas, 2001; Packer ¢r af.,
2001). a-tocopherol is considered 1o have the highest bioavailability amidst them with the
body prelereninlly abtorbing and metabolising this foim (Brigchus-Flohé and Traber, 1999).
It is oo eloumed 1o b the most importnnt lipid-sotuble sntioxidant. and that it prowects
membeanes from oxidation by reacung with lipid mdscals produced in the lipsd peroxidation
chuan rcactian (Herrera and Barbas, 2001; Tmber and Atkinson, 2007). This iemoves the (ree
rodical intermedjmes and prcvenls the propagation reaction llom eontinuing. This reaction
produces oxidised a-tocopheroxyl radicals that can be 1ecycled back 1o the active reduced
form through reduction by other antioxidants, such as aseorbale, retinol or ubiquinol] {Wang

and Quinn, 1999), This is in line wilh findings showing thai a-tocopherol, but not waier-
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soluble setiox«danis. cfliciently protecis glutathione perosidase 4 (GPXJ)-deficiemt cctls

from cell death (Sciler et ai., 2008). GPx4 is the only known enzyme that elficiently reduces

lipid-hydroperoxides within biological membizncs.
2.5.3 GLUTATHIONE

Glutathionc is a eysteine-contaiaing peptide found in mos! forars of acrobic life {Meister and

Anderson, 1983). 11 1s synthesized 1n cells from its consulucnt amino ac:ds (Mcister, i988),

Gluwtluone has anuioxidant propertics this s becouse the thiol group in iis cystcine moicty ts

a ceducanp agent and can be reversibly ox:dized ond reduccd. Gluwmbuone is muma»maed in the

reduced form by the cnzymne glutathione reductase in cells and m tum reduces other
meiaboliles and enzyme syslems. such as ascorbate in the gluiaihione-pscocbate cycle,
gluimhione peroxidases and glutaredoxuns, as well as reacting directly with oxidonts (Meister,
1994). Glutothiooc is one of the most smportont celiviar sntioxidanis arsl this 1$ due to its

high conccntration and central role 10 mominining the cell's redox stole (Mceisier and

Andcrson, 1983).

2.6 CATALASE

Cutnlase tsan enzyme found tn-acarly oll l:ving orgamisms exposed 1o oxygen. 1 is one of the
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mo:l poient caialysts known aod the reactions 1t ealalysies are very crucial to life. i1 catalyzes
the decomposition of hydrogen peroxufe to woater and oxypen. using ecither ao oo or

mangenesc eofnelor (Zsmocky and Kolter. 1999; Chelikami ot al,, 2004)

2H,0; — 2H.0 + (),

Catolase protects cell from oxidalive dnnage by reactive onygen specics (ROS). 11 also has

one of the highest turnover numbers of all enzymes; one ecalalase molecule can convent

millions of molecules of hydrogen peroxide to waler arxi oxygen each seeond (Goodsell,
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2007). In Eukaryouc cells, Camalase is usually localed tn a cellular organclle called the
peroxisome (del Rlo & af., 1992: Albetts ez al., 2002). The optimum pH for human catalase ts
approximalely 7 (Machly apd Chance, 1954). The optimum temperuiure also vanes by
species (Toner e¢ of, 2007). Human catalase works al an opumumm temperature of 37°C

(Acby, 1984), which is approximately the tempevature of the human body.

In delenniting the catalase activity of ussuc homogenales, dichromalc tn acetic acid s

I reduced o chromic acetate when hesied 1n the presence of HxO:, wath the loomsuon of

perchiomic acid as an unstable intenncediate

2.7 SUPERONIDE DISMUTASE (SOD)

Superoxide dismutases (SODs) are enzymes hal catalyze the bicaidown of supcroxitic anion
tnto oxygen and hydrogen peroxide (Bonnssier ¢f af, 1987, Zelko «f vl 2002). Superoxide
dismulase (SOD) erzymes ai1¢ presenl tn almost all aerobie cells and in extracellular fluids
(Johnson and Giulivi, 2005). They are an ymportant anticxidant defence in nearly all cclls
exposed lo oxygen. They contain metal ion coliaclors and (hus depends on 1he 1sozyme which
cao bc copper, zinc, manganese or iron. In humans, the copper/zinc SOD 15 present in the
cylosol, while manganesc SOD is prescat in the mitochondnon (Bannisler ¢¢ af, 1987). A
tlurd fosm of SOD alzo exists in extracellular fluids and it contains copper and zine in 115
acuive sites (Noznk.Gmyek ¢¢ afl., 2005). The mitochoadiin] sozyme seems o be the most
biologically smponant of these thirce. since mice Tacking 1his eazyme die soon after binb

(Mclov er al., 1998).
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CHAFTER TIHREE
MATERIALS AND METHODS
I 3.t MATERIALS

e Waiglung balancc

e Dissccling sct

e [Dissecting boant

* Conical flasks

o Beakers

« Homogenizer

» Cold centnluge

e Sample boitles

» Hand gloves

e Cotton wool

e Oralcannu!a

e Syminges and necdles
* Specuophotomeler

e Atonuc Absotpuon Spectrophotometer {AAS)
e Micropipciic

e  Theead

« Cluomic caigut

a0
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32 CHEMICALS

e Chromium triexide (CrO,) (Acros Chemicals, Wew' Jerscy)

Chromium (11f) oxide (Cr201) (Kermel Chemicals, China)

o Indomethacin

e Sodium bu:atbonaic

e Formalin

e Xylazinc

o Ketamine

Sodium Phosphaic monobasic anhydrous {No:HPO,) (BD1i Chemicals, England)
Sodium Phosphate dibasic anhydrous (NaH:POy) (BDH Chiem:cols, England)
Stock Bovine Serum Albumm (Suandard) (Sigme Chenucal Co.. USA)

o Copper Sulfate (CuSO+.5H:0) (BDH Cheriicals, England)

o Sodium Tanaroic (BDH Chenucals, England)

e Potassium lodide (K1) (BDH Chemicols, England)

o Trichloroacclic acid (FCA) (Oxfonl Labowtoty reagent, India)

e ‘Ttuobatbitunc oeid {TBA) (BDH Chemicals: England)

« Tris base (BDH Chemicals, Coglund)

« Potnssium Chloride (KCL) (BOH (bemicals, England)

3.3 EXPERIMENTAL ANIMALS

Sixty (60) male albino mia o the wistar simtn weiglung between 100 and 120 were used for
tys study The onimasls weee housed in the smmal house of 1th® College of Mcdicine,

University of [badan and they wcre acclimanhzed for iwo weeks and fed with mt feed and

givert water ad libitum.

) |
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AR | ANIMAL GROUPS

The animals werc divided into six groups 8s follows.

Tahle 1: Anlmal Grouping

Description

Graup waase
| Non-ulcerted control (nCont) Received up water
i) Ulcerated control (uCont) Received up water

1 Chromium 1ll ot 10ppm {Chrlll.10) | Received WOtEr conwining 10ppns

concenuation o f Chiomsum (111)

3 Chiomium 111 at 100ppm (Chril1-100) | Received water containing 100ppm

concestrason o [ Chromyum (T10)

5 Chramium Vlat [Oppm ((".ar"l-l{T) Received water containing 10ppm

concenuationof Chromium (V)

6 Chiomium V1 a! iUu:‘_pm (Chf\"-im) Received water cootmning lOOppm

concentraion o f Chromium (VI)

35 PROCEDURES

Animals weie exposal to Chronuum (V1) in the form of Chromsuin tstoxide (C1Q)) ond

Chromium (IN) 1n the form of Chromium (111) oxtde (Cr;0)) n drnking water for 12 weeks

and fed with commercisl rat netlets.

LT
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16 BLOOD CHROMIUM CONCENTRATION DETERMINATION

Blood was collected from the animats via casdiac punchue at the end of the 12 weeks
exposure to Cluonuum tml of the blood collecwed was mansfcrred ito a test tube and the
blood was digesied with 2ml of aftric acid (HNOy) and left overmght. The digatod blood was
placed 10 water bath and heated for 30 minutes at 100°C. However, alter coohng down. 12m!
of distilled waler was adkded to the digested blood and was flilired The Cinomium
concentration ol the filumaic was read ustng Alomic Absoiption Spectrophotomeicr (AAS)

(Mafrouani ¢ af.. 2012).
3.7 INDUCTION OF GASTRIC ULCER

Two diffcremi gastne ulcer models were used for this study amd these are;

e Indomethaein-induced tlcer

s Pylonis ligation mduced ulcer
3.7.1 INDOMETHACIN- INDUCED ULCER

The animols were fasted [or 24haurs before mdminustration of Indomethaem (Stunsha and
Suba«h, 2012) Ulcer was nduced in the animals with uidomethacin at a dose of 40 mg'kg
body weight, The crumals were sacrificed 4hours later after whsch 1the stomach was removed

and opencd along the greater cunvoture and ulcers fonmed wWete s¢oled acconding to the

mcthod of Shinsha and Subash. (2012).

3.7.2 I'Y1L.ORUS LIGATION INDUCED ULCER

Under Kctamine and Xylazinc anacsibesia. the abdomen was opencd nnd the pylotu? cnd of
e :
omach was ligated and teplaced back carefully. The abdomen wassutured and ammols were
st
iced 4 hours nlter ligouon of Pylorus. Tho stomachs were removed and the Kasinc
sacnlic
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conients were drained into wbes and were centnfuged a1 1000 tpin for 10 minutes and the
volume of the supematant was noted. The stomachs were nnsed and seventy of ulcer fonned

were asscssed and scored according 0 the method descnbed by Shirisha and Subash. 2012,

Tuble 2; Scoring system for ulecration (Raslka e of.. 2010; Shirishia and Subash, 2012).

‘Score Crlicria
0 Nornal stomach 7
0.5 "Red colourtion X
! Spot ulcers N )
1.5 l{acmarrhagic streoles
2 Ulcers >3mm bui < Smm
3 Uleers > Smm

3.8 DETERMINATION OF GASTRIC ATIDITY

0.5m] of the pastnc juece was pipeticd into 100ml conical Qask and 2 drops of

phonolphthalein selution was added and was tirated wath 0.04N sodium hydreide (NaOH),

The volume of atkali ndded was aoted. The volume corresponds (o total acadety.

The acidity was calculated by using the formula

Volume of NaOH x Normality of NaOll x 100

x mEQM/100gm

Acidity = —

0.1

a4
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39 ORGAN COLLECTION AND PREPARATION OF TISSUE FOR
BIOCHEMICAL ASSAY AND MISTOLOGICAL OBSERVATION

The nnimals were sacrliced by eervical disloention four hows aficr tnduction of ulcer in both
modcls nnul the abdouunat cavily was opened to temove the stoinach. 'll”hc stomnhs were
oPencd nlong the greater curvature, nnscd 1n ice-cold phosphate bulfcr safinc afler which
they wcre blotted and weighcd, The stomachs were then minced with seissors o o
secuons, # scction storcd m 6 volumcs of icecold 0.1M phosphate bufler, pi 7.4, and
homogenized using homogenizer; The resulting homogenaies were centrifugcd 31 n speed of
l0.00thm_ 4+C for 10minutes. The supeenatont — post nutochondnal froction (PMF) were
collectcd pnd processed for biochemicnl esiimotions (Hussoin ¢ a/, 2009): The second

secuon was [ixed in 10% buffered formalin for lustological assessment,

3.10  ASSESSMENT OF LIPID PERONIDATION

Lsmd peroxidation wos determined by mensunng the foimauan of thiobarbinince acid reaciive

subsiances (TBARS) according o the method of Varshney and Kole (1970)

Principle
Undcr acidie conditian, majondaldchyde {MDA) produced from the peroxidastion of fatty

ncid membranes xnd food products seact with the chromogenic reagent, 2.Unobaibitunc ncid
(TBA) to jneld a pink coloused complex with maximum nbsarbance ot 532nm ond

fluorescence at 553nm  The pink chromephore 1s readily extractable inlo o1ganic solvents

such o9 butanol

4%
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Produced (mnk colowur)

Figure 4: Reacuon of TBA with MDA

Procedure

1 6m1 of Tris-KCl buffer was mixed wilh an sliguot of 0.4ml of the test sample (i.c Post

mitochondria) supcmatani) o which 0.5m! of 30% TCA was ndded Then 0.5ml of 0.75%

TBA was added ond placed in & witer bath for IS minutes at 80°C. This was 1hen covoled in

icc and cemnluged nt 3000ipm. The clcar supematant was collected ond absorbance

measused ogainst 8 reference blank of distilled water at 532nm. The MDA level was

cnlculated according to the method of Adam-Vizi and Scregi (1982). Lipud peroxidation in

pilg/mg Protein of g1am lssue was computed with a molar extinction coeflicient of 1.56 x
uni \

10° pe'Can’

MDA (units/mg protein) = Absorbance ¥ Volume of mixewe

Egyzem © VOlume of sample = mg proiein

a6
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.11 DETERMINATION OF CATALASE ACTIVITY

Catalasc activity was detemiincd according 10 1hie mcthod of Sinha (£972). Tins mcthod is
based on the fact that dichromote tn acctic acid is reduced to chromic acctate when heated in
the presence of H:O;,, wilh the formation of perchromic acid as an unstable inicrmediate. The

chsomte acctate then produced 1s measured specirophotometricaliy at $70nm.

Thie prescnce of dichrumale In the arsay mixture does not imesfcee with the colorimetnc:
detertnination of chromic ncetale because it docs not have any absorbency in tiic region The
catalasc preparstion s allowed to split HaO. for different penods of 1ime. The reaction s
stopped o1 a poruculor tinic by the addition of dichiomatefascctic acid mixturc ond the

remuwnming H.Os 1s delennined by measunng chronsic acetaic colonmetnically alicr heating

thecreaction mixlure
Deicrmination of Catalase octivity of samples

0.Imlof samplc was mix ed with 6.4m! of distilled woter to give 1 1n S dilution of the samplc
The assay mixture contained 2m4r! of hydrogen peroxtide (14:03) solution (480umolcs) and
2 5ml of phosphate buffer in a 10ml flat bottom Ras<k. The reaction was run at room
temperature. A Im} portion of the reaction mexturc was withdrown and blown into Iml
dichromotc/acetic ncid reagent at 60 seconds intervals, The hydrogen peruxide contents of the

withdrown esmplc were determined by the method destnibext above
3.12 DETERMINATION OF SUPERONIDE DISMUTASE (SOD) ACTIVITY

The acuvity profile of SOD in the homogenates was determined by the method of Misra and

Fridovich (1972)
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Principle

The ability of supcroxide dismutase to winhibil the auloxidation of epincphrine m pH 102

makes iis reaction o basis for o simple assay for this dismutase.

Supcroxide (O3) rmdicat gencrmied by the xonthinc oXidasc reaction caused the oxidation of
cpincpbrine to adrenochrome and the yicld of ndrenoctsome pioduced per O's introduced
increascd with increamng pi (Valenno and Me Comuck, [971) and also incienscd witls
increasing concentratton of cpincphnnc. These results led 10 the proposal ths! avioxidation of
cpincphrine procecds by o1 least iwo distinct pathways, only one of which is a frec radicol

chain renction involving supcroxide (O ;) mailical and hence inhibil able by SOD,

Proeccdure

Im] of sample was diluted 1n 9m] of distilled watcr 1o ruake o [ in 10 dilution. An ahquot of
the diluted sample was added to 2.5ml of 0.05M carbanaie bufler (pH 10.2) 10 equilibrate in
the specuophotoracter and Ibe reacnon staited by the addition of 0.3mt of {reshly prepared
0.3mM odicnaline to the mixure which veas quickly muxed by invoesion. The reference
cuvcite contawned 2.5ml bulter. 0.3ml of substrote (adrcnalinc) and 0.2m] of water, The

increase 10 absorbance ot 4800 was monlosed every 30 seconds for 150 sesonds

CALCUIATION:  locrease 1n absorbance perminute = Ay — Ac

745
Where, Ap =nhbsorbance aflcr scconds
As = absosbance 150 seconds

s inhibition = incrcaso in abserbance for subsiratex 100

Inccease 1n absorbance of bimnk
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I unit of SOD acuvity was given as the amount of SOD necessary (o cause 50% inhibition of

the oxidaton of adrenalme (o adrenechrome duning 1 miaute.

3.13 HISTOLOGICAL ANALYSIS

Step 1 (Collection af Tissues): The stomach was removcd aod it was opencd along the

greater curvoture and tinsed 10 normal saline (o remove the (ood debris

Step 2 (Fixauon of Tissues): The stomach then was placed in sample boitlc containing 0%

fonnalin

Step 3 (Dchydration): Water was removed from the tissue by pusting it 10 ascesding gredes
of alcohol (70%0, 80%, 90%, 2 changes of 00%) onc hourcach Asccending eoncentrations of

alcoho! was uscd 10 prevent sudden cush out of waler ftoin the tissues. so thot the cell will not

be distoricd or damaged.

Step 4 (Clearing): Alcohol was then remoscd &om the Ussues because it 1s not miscible with
paraffin. Xylene also made the opaquc Ussue transparent, therefore the name clcanng stge.

The tissuc was passed tw1ce thiagh xylcne, amd spent 2 hours cach time.

Stage $ (Embedding): The tissue was iafiltraicd and imprcgnated in 2 changes molien

pasaflin wax one hour coch. it was allowed to cool on a {tozen surface then removel.

Step 6 (Mlcrotomy): The fissue wos trimmed 0 expose ussue surface wilb microteme, and

wasg cooled on ice. 3| of Lissue was sectioned.

Step 7 (Mounting of Paraflin Scctions): Floal using 2% alcohol into a warm water-of about
2°C below melung point of wax. Use Clean, grease (ree dlide o pick the floating section The
other side of the slide was ¢cleaned and placed on hot plate afler proper labelling for about 3
hours fisr the soction to he completely fixed and the slide to diy
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Step 8 (Staining): The secuon was deparaflinised in 2 changes of xylcne for ) minutes.each
so thal the stains can permeate. The stide was theo unmersed 19 a descendiop concentration of
alcoho) {1.c 100%, 90%. 80%. and 70%) for | minute tn each alcohol solution so as (o
dehydrote 11- The slides were sinsed m watcr end placed ta Eshlich heamatoxylin for about 15
minutes The slides weie dipped 10 1% ecid-aleohol (2 dips) and rosed in renning water for
about 3 minutes il the colour of the scction to become blue. The slides were 1mmersed 10
ascending grades of alcoho] {70%. B0%% 90% and 100%) for about 30 seconds =0 as (o
dehydrate the prepamtion. The preparauon was clearced of alcohol by dipping it in xylene for
Iminule Afier these, the slide was blowtcd and mounted under 2 cover slip usmg
dibutylphthalene xylene (DI’X), and #ir bubbles were prevented from geiting 1n. the slide was
then 1cad under the microscope using x100 magnitication and lcsions were noted. A
photomiscrograph of the slide was then taken The exicnt of tissitc tnjusy was scored ou a

scaleof tissucs contraction, regeneration of the ulccvoied mucosa, and inflammaltory cxudetes

wos observed under stereomicioscoe

3.4 STATISTICAL ANALYSIS

Values were expressed a8 NeantSEM aml were analysed using one way ANOVA and

student (- test. Values were considercd significant at p=0.0S.
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CHAFPTER FOUR
RESULTS
4.1  CONCENTRATION OF CHROMIUM IN TIHE BLOOD OF EXPERIMENTAL
RATS
Twelve week cxposure of expenmental rats to Chromium couscd a sigmfiicant increase in the
blood chiomwum level of chromium weated groups (Chrlll-10: 0,§240.01; Chrili-100!
0.1220.01; ChrVI-10: 0.134£0.0] and ChkrV]-100: 0,22+0.03) when compared with Lhe non-

ulcerled control gioup (nCont) (0.08+0.01), This is illustreied in Figuie S.
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Figure 5: Blood Chromium concentranon at 12 weels

* Sigrulicant at p=0.05 when compared with the non-uvlcemted controi group (nCont)

nCont: Non-ulceraicd control
uCont: Ulcerated control
Chrlll- 10 Chiomium [If 8¢ [Oppm
Chelll-100: Chromuwn 1) af 10Gppm
ChrVI-16:  Chromivm Vet 10ppm

ChrVi1-100: Chiomwm V1at 100ppm
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4.2 EFFECT OF CHROMIUM ON DPYLORIC LICGATION INDUCED
ULCLERATION

Ligation of the stomach pyloric end caused ukeration in the rats® stomach, The mean vlcer

scorc of chromium exposcd groups (Chrelll-10:§.6320.24; Chelll-100: 2.7520-14; ChrV!-10.
1.75£0.25 and ChrVI1-100: 2.75£0.25) were significamiy lowcr comparced with the ulcerated

control (uConl) group (4.00£0 45) (Figure 6).
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Figure 6. Effect of Chromium on mean ulcer socore 1 pylon¢ ligotion vlcer modcl

* Sigaificnnt at p-0 05 when compored wath the Ulccrated coniro! (wCont)
nCont Non-ulcerated control
uCont. Ulcerated control
Chrilf.10:  Chromium Il ot i0ppm
Chrli1-100: Chromium [1] at 100ppm
ChrVI-10: Chromtum V! at 10ppm

ChrV1-100: Chronuum VI at 160ppm
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4.3  MACROSCOPIC APPEARANCE OF STOMACH TISSUE IN PYLORIC

LICGATION INDUCED ULCER MODEL

The non-ulccrmted control (nCont) stomach appears normal, there is no visible lesion. Thus,
the uicemicd control stomach 1s chamctenzed by ulcer which is greater than 3mm bui Jess

Gan Smm i diasmcter. The chiomium cxposed gioups are distinguished by red coloumton.

hacmorrhagic sieeaks and vlcers greater than 3Imm bui less than Smm in ciometer. This convbe

seen ik Table 3 Lelow.
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Table 3: Mean Ulcer srore and macroscopic appearance of stomach tissue in pyloric

ligation ulcer modecl

Treatment groups Macroscopic sppearmace | Meap Uleer Score
nCont =3 0.00:0.00"
uCont 4.0020.45 —IF
|
Chrlll-10 1.6320.24"
Chrslli-100 2.7540.14
!
e Y =
CheVI-10 1.7520.2:
- = — — 2752035 |
ChrVI. 100
' e —
e = . — R—“—’Iﬁl_ﬂ;c Uzccmtcd contm| (UCOHE}

* Signilicant af p=0.05 when comp

H: Haemonlingic strenk
R Red coloymmtion

U Ulcers grenter than Jmm < Smm

-
o=
-~
O
2
=
T
[
o
u
3
]
-
=
Lt
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3.4 EFFECT OF CHROMIUM ON GASTRIC ACID OUTPUT VOLUME IN
PYLORIC LIGATION INDUCED ULCER MODEL

The volumc of the gastnc acid output was significantly lower in Chromium exposed gloups
(Ctrfll-00. 0.55£0.04; Chrll1-100: 0.80£004. ChrVI-10: 0.4540.07) compared with the
ulcersied conuol (uConi) (1.3320.22) group, The ChrVI-100 treated group (1.0548.03)

showed no significant ditfeience when compated with ulcerated sentrol {(uCont) (Figure 7)
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Figure 7: Effectof Chromeum on Gasiric acid volume in pyloric ligation ulcer model

* Signilicant at p=0.05 when compared with the Ulcerated conirol (vCont)
nCont: Nog-ulcersizd contl
uCont; Ulcerated coatiol
Chrelll-10 Chiomium i1l at 10ppm
Chrlli-100: Chromium [l at [00ppm
ChrV1-10; Chiomium Viai i0ppm

ChrV1-100: Chromiuro Viai 100ppm
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‘ 45 EFFECT OF CHROMIUM ON GASTRIC @UTPUT ACIDITY IN PYLORIC

LIGATION INDUCED ULCERATION

The scidity of pastnc Jutce secrcicd was significantly lower in cluomium cxposed gioups
(Cheli1-30: 12.00£1.00; Chrlll-100. 26.9242 47. CiwVI-10. 16.0021.53; ChrVI-100.

26.75<1 .46) comparcd with the vlcerated conirot (wCoant) {34.00 £1.00) {Figurc 8)
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Figore 8: EfTect of Chiommuen on Gasune output acidity ¢n pyloric ligation cleer model
* Significant at p=0.05 when comparcd with the Ulccrated control (vCont)

nCont: Noao-ulcerated control

uCont Ulcerated contzol

Chelll-10;  Chromium il a1 10ppm
Chelt1-100: Chromwum f] at 100ppm

CheVI-10:  Chromium Vi at |0ppm
Chrvi-100: Chiomivm Viat 100ppm
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$.6 EFFECT OF CIROMIUM ON LIPID PEROXIDATION IN PYLORIC

LIGATION INDUCED ULCERATION

The induction of ulcer caused o significani increasc in lipid peroxidation level of al? ireotnent
groups (uConi: 10.8720,07; Chrlll-10; 8.19:0.08; Chrill-100; 8.954028; ChrV1-10
I 8.90+0.29. CheVI-100: 9.7240.17) when compared with the nan-ulcerated contsol (nCont)
(3.2420.13). However, the lipid peroxidation levels of ell chromium cxposed groups were
significantly dccreased compared with the ulcemied control (uCont) ([£.87x0.07). This result

is iflustrated in Figure 9 below

T R ST e
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Flgure 9: EfTect of Chsomium on hpid jeroxidation sn pylonic igation ulcer moded

* Significant at p=0.05 swhen compared with the Ulccrated contro! (uConi)
# Significant ot p=0.05 when compared with the nen-ulceritad control {nCont)
nCont: Non-ulcerated cootol
uCont: Ulcerated contsol
CheliI-10: Cheomium |1 a1 10ppm
ChrllI-100; Chiomium i st 100ppm
Chrvi-10;, Chiomium Yiat [0ppm
CheVI-100: Chromium VInt 100ppm ‘.
l
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3,7 EFFECT OF ClLIROMIUM ON SUPERONIDE DISMUTASE (SOD) IN

PYLORIC LIGATION INDUCED ULCERATION

The Superoxide Dismutase (SOD) octivity was signilicanily higher in all chromium cxposed
groups (Chrill-10: 115.34£1.35; Chrill-100: 99.7142.10; ChrvI-10: 106.7240.88, CheVI-
100: 95.0240.16) comparcd with the ulcemteil cantrol (uCont) {92.220.8) sndl significanily
fower in ol the groups compan:d wiih tlie non-ulceeited contrel (nCont) group (124.5846.01)

(Figurct0)
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Figurc 10: Ellect of Chromium on Supcroxide Dismutasc {SOD) sclivity in pyloric lignton
ulcer model

® Significant at p=0.05 when compared with the Ulcerated conliof (sCont)

# Sigmficant 01 p=0.05 when compared with the non-ulcernted control {nCont)

nCont: Non-ulccrated cootrol
uCont: Ulccrated control
Cheil?-10:  Chromium !If ot 10ppm
Chelll-100¢ Cheomium Jil at 100ppm
ChrVI-i{0: Chiomium Vo1 10ppm

CheVi-100: Chromiuen VIt 100ppm
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+8 EFFECT OF CHROMIUM ON CATALASE ACHVITY IN PYLORIC

LIGATION INDUCED ULCER MODMEL,

The Catnlase nchivily wes signilicantly higher in all chfomium exposed groups (ChrIT410.

11739521092,  Chelif-100: 1021.25£13.68; Chevi-10; 1089.10£720; ChrVi.100
974.4246.82) comparcd with the ulcemicd confiol (uCont) (930.744928) They were
however sipnificantly lower compaed 4o the non-ulceraled control (aCont) group

(1508.0££20.22) (Figure | 1).
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Figurc 11: Elfect of chtomium on calalese nctavity in pyloric ligation ulces madel
* Significant at p»0.05 when compared with the Ulceroted control group

# Significant ot p=0.05 when companrcd with the con-ulceried control group

nCont; Non-ulccroicd congol
uCont: Ulcerated control
Chriil-10c  Chromium II1 o1 10ppm
ChelTi-100: Chroouum L at 100ppm
ChrVi-10: Chomiusn Vlst 10ppm

Chrv1-100; Chiomium VI a1 100ppm
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49 PUHOTOMICROGRAPII OF STOMACH ISTOLOGY IN PYLORIC

LIGATION MODEL

Histology showed efosion ol the surfice epithelium and marked congesiion of blaad vessels
in the uCont group. The chronium exposed groups showed mild crosion of the surface

epitheliom as shown in Figure 12
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410 EFFECT OF CHIROMIUM ON INDOMETHACIN INDUCED ULCERATION

Inducnion of uicer using indomethacin causcd sigasficam ubceralion in the ulcerated conirol
{uCont) (12.6020.18) comparcd 10 non-ulceraled stomach (nCont) (0.00£0.00). Chromium
exposurc decreases the degree of ufceration as scen 1n the chsomium tieated groups (Chrlfi-
10; 10.2520.48; Chrlil-100: 10.7840.18; ChrV1-10; 11.3820.48; ChrVI-100: 12.1040.56)

This decrease was however significant only in the Chelli-10 and Corll1-100 groups {Figure

69

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

e

=




| 12
=
g =
ITLME
g
s 6 —
ﬂ p—
g |
‘ =
4 1
I ..I
0 - —- e — -
| aCont uCont  Chwetll-10 Clalll-100 Chevi-10 ChrVI-$00
| Treaiment

Figurc 13: Lffect of Chsomium on Meanulcer score 1n Indomeibactn induced ulcer model

¢ Significant ot p=0.85 when compared with the Ulccrated conirol (uCont)

nCont: Non.ulccrated control
uCont: Ulcerated control
Chrill-10:  Chtomium 111 ot t0npim
Chslll-100: Chiomium 11l ot t00ppm
Chrv1.10:  Chronsium V1at [Oppm

ChsVi-100; Chiamaum Viat 100ppm
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411 MACROSCOPIC  APPEARANCE OF STOMACH  PMISSUE  IN
INDOMETHACIN INDUCED ULCER MODFEL

* - i
There 1s no visible lesion in the non-uleemted control (nCont) stomach. The vlcemted contro!

(uCont) stomach has ulccrs greater than 3mm in dinmcter and the chronuum exposed groups

are characterized by pin points or punciunte ulcers ns shown in Tublc 4,

T e pee——
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g Mean Uleer score aud macroscople Sppcarance of stomach tissuc in

indomcthacio induced nleer model
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nCont 3, 0.00£0.00"
uCont 12.000.48 |
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F |
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W FURCT OF CHROMIUN ON LIFID PEHONTDATION IN INOOME TUACIN
INIUCED ULCERATTON

There was & significant mcrvase v malondaliebnde valoe i Wl om 14 1400 D6) when
pompared with mon-uleerated contred nCom (3 2040000, Hewever, ) (hovenian saprnd
growps (ChliL10 ARKIOON, CNIHE S 200 41, CluV)0 33800 e, CheVT-100
L a0 01) segnificaly decroases MDA vahum in & doss depondent mansns when compe o

with the vicerated comtrol (ul o) growp (Fipsrs 14)
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Figure V4: Effect of Chromium on Lipid yrcroxidatzon in indomethacin vicer model

', * Significant at p=0.05 when ¢compared wath the Ulecrated conteo! group

# Ssgnificant as p=0.05 when comparced with the non-uleeraicd control group

nConi: Non-ulccrated conuol
uCont: Ulcerated control
Chsitf-10:  Chiomeum i1l at [0ppm
Chysifl-100: Chsomyum 11 at 100ppm

Chr\i-10;  Chromium V1at 10ppm

Chev1.100: Chiommm V1ot 100ppm

W e

74

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

B i S




+id EFFECT OF CHROMIUM ON SUPEROXIVE DISMUFASE (SOD)

ACTIVITY IN INDOMETIIACIN INDUCED ULCER MODEL

The Supcroxide Dismutase (SOD) octivity of the aCont: 124,4620.59; Chrill-10:
115.69x0 .10: Chrlll-100: 111.46£0.77; ChrVI-10: 123.15£0.09 and ChrV1-100: 121.4620.27

were significontly higher than the uteemied coptrol (uCont) (108 5840.49) group (Figure 15)
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Figure 15. Eifect of Chromium on Supcroxide dismulase (SOD) activity in indomethacin

vaduccd ulcer model

* Sigmficant at p<0.05 when comparcd with the Ulcerated coniro| group

H Significant at p<0.05 when compared with the non-uleraied contio] group

nCont: Non-ulccrated conirol
wConl: Ulcerated contsol |
Chrill-10:  Chromum 10 at JGppm

Chrll1-100: Chromum 111 st 100ppm

ChrVi-10: Chiomium Viot 10ppm

Chevi-160: Chromuum vi ar 100ppm
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.14 FEFECT OF CHROMIUM ON CATALASE ACTIVITY IN INDOMETIACIN

INDUCED ULCLER NODEL

The Catalase aclivily was siguificantly higher in alt chromidte cxposcd gmupy (Chrlil-F0,
1160.56421 87, Chrlll-J00: 112031+506; Chevi.10: 1254.0405.22; CheVI-100.
1246.92411.71) comparcd with the ukemlead control (WCont) (1094.)14R.28) They were
however significantly fower comparxl to the non-ulécmted control (nCont) group

(1497.52£14 02) tFtgure 16).

s

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

e k. ..




1600 o
2 -
% 1400 - :4I ae ”. #‘
3 1200 | # we —
E e .
5 1000 I ‘ |
- = <
||°"§ L — s
B =
- (m . ..
B = =
2 = ae
- 400 ot
C = -
II g 200 = :::
CI 0 - = - - __.E. ;i s -
nConl  uCont  Chrltl.10 €hrlll.100 ChwVI-10 CheVI100

Treatenent

Figure 16: Effect of Chromtum on cnialose aclivity un indomethacin induced ulcer model

nCont. Non-ulcervted control
uCont Ulccrtcd contol
Clelil-i0:  Chromium il at 10ppm
Chrll1-100: Chromium Il ot 100ppm
ChrV1-10:  Chiomium V/at 10ppm

ChrVi-100; Chromium VI nt 100ppm 1
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415 PHOTONUCROGRAPH OF STOMACIH INSTOLOCY IN INDOMETHACIN

INDUCED ULCER MODEL

Histology showed eroston of the surface epithelivum and marked coogestion of blood vesscls
m the uCont group. The chiomium cxpesed groups showed mild crosion of the surface

cptthelivm as shown 1n Figure 17.
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CUHAPTER FIVE |
DISCUSSION AND CONCLUSION

5.1 DISCUSSION

This study invesugated the effects of Chroniium on expenynenial ulcerniion using pylonc

ligation tnodel nnd Indotncthacin induced model.

The administration of Chromium for the duration of twelve weeks coused o signilicont
increase in the blood Chromiuin concentralion in the Chromium cxpos=d groups when
comparcd with the conuol group. The increased blood Chromium Jevel indicates exposure to
Chromium and this ineremem obscived s consisienl with previous siudies that obseived

' f i O
clevated levels of Chiomium in the blood, scum. urne, acd other tissues and orgm

paticnts with cobalt-chrominm knce and lup eruoplasts (Coleman ¢7 al., 1973, Michel, ctal,,

1987; Sunderman ¢/ al., 1989; ATSDR. 2000).

However. the increased blood Chromium -oncentration in the 100ppm Chromium Vi1 group

\ ed gtoups. Tlus 18 in agiccment with
was gipmficantly higher than the oiher Chromium exposed £

showed Lh31 cxposusc Lo hexavalent

previcas studies 10 bot!) omnals and bumans that

level s5UC3,
Chiomium (Chromium Vi) via dtinking waler leads to clevaled Chitomiurn levels in
1) (4}
| (Kerper et al., 1996,
particularly the fastroinlesiinol tract, blood, Jiver. kidneys asd splcon Nerp
NTP, 2008 EPA 1010a), Genenally. Chromwm VI

inley, 1997, And tinal mucosa thao the Chromjum Il

the Intes
compourxis are better absos bext thsough the

legs than ] % of Inoiganc Chiomium U] snd about 10%
css

compounds. In humans and ammals.
psasbed from e gu.
966; Daysn and Paine, 2004, ATSDR_ 2008)

the latter amount is shghily higherin a
of ingrganic Chromium Vioco

0 fang state (Donsldson and Barnerak |
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Peptic uléct 1s one of the major Basto-intcsnnal disordess, which occur due 1n an imhalance

between the offcasive (gastric ncid scerelion) and delensive (gasinc mucosal inicgniy)

factors (Hoogerwerf nnd Pasnicha, 2006. Sakit et al., 2012). ‘\
Pylorus ligature is on unpostont procedure that shows the possible changes 1n pammelcrs |L

celative 10 the gasinic conlent (Muniel ¢f af.. 2008; Saknt ¢f af.. 2012), The causes of gasinc
ulcer tn pylonic ligation are believell 10 be due to increase in gasine hydrochlone acid
secrction and’or stasis of acid this leading to suta digesuon of the gastac muso=2 and

Breakdown of the gastnc mucosal bamer. Thesc faclors 8rc aseocintcd with the development

of upper gastrointcstnal dunage including lesions. ulcers and dife threatentag perforauon and

haemorrhage (Kumar ¢f al.. 2011; Sakat ¢ral., 2012)

H In this study, the ligation of the pylorus end of the siomach causes obvious gasine

' : [ the rats to0
macroscopic nnd microscopic mucosal injury liowever. the cxposure O

| ‘eck
Chromium 111 and Chromium VI et both 10ppm and 100ppm for the penod of iwelve weeks

sigmflicantly decreased gastitc acid ouipul and ocidity of the pasinc juice compared 10
;

y reduced the numbce of ulcers formed compared ©

ulearated control. This also signilicanti

ppaarance of 1he siomach (n
ulcerated contro!. This stigniiicant decrease 10 the MAcsoscopic 4

csts (hat Chromum inhibits e formation of ulcer

8ll Chtomium cxposed TUPS SUBE8

be protecons the siomach from mucosal tnjury €aused hy the
s 0

Hexavolent Chtomsom seem

 This 1s congrary 10 the 1esull of Maoncuso ( 195§) |
(o

he teporied Wt gastonicstnal

accumulation of gasmc juice 10 thc stoma

plens,
m the smidy conducted on 97 workers w & chrome
er (ormenon

|
radiogiaphy revealed 10 Of the workers hagl e

Chromium U1 13 pootly’ absorbed
unds 8rc morc readily absorbed, .
i o Chromium vl form (ATSDR. 2008). The

13 anptuicd

by any route and the touicily 1o the feduction of Chromium

due
scote Might Be
Mignificam decresse 10 macso $CoP i€ ulcer
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V] to Chromium I within the gasuic envitonment where gasine Auid ( De Flor ¢f af. 1987)
and ascorbate (Samitz. 1970) play importaniroles (ATSDR. 2000), The first defense agamss
Chiomium V1 after oral exposure is the reduetion of Chromsuum VI to Chroinium [ within

the gasttic envuronment (ATSDR, 2000; ATSDR. 2008).

Gasinc acid secretion is well known to play a role in gastiic ulcer fonnzuon and this explasns
the mechanism of action of many anti-ulcer drugs (Schmassmann, 1998. Ajeigbe & of,
3008) . This conlirms the significani increase in the gastne acicl output 0 the ulcerated conirol
group llowevcer, the gastric acid output 1n all the gioups were significantly decicased when
compaied wilh the ulcerntcd contro} group with the exceptian of the 1C00ppm Chromium VI
which was tower 10 the ulcer alone gfoup bul was notssgmilicant: The decrease in the gastne

acid output in the chromiwn exposed groups also confims (be mduction 18 the macioscopie
ulcer score gotten from thysstudy.

These pesults imply that expasurc of rits to Cluomiuun salts at doses of 10hpin and 100ppm

°s 5l ch
prevents the fonnauon of ulcer in the rat’s stoms

i-inflammatory div8® (NSAIDs) such as indomcthecin cause BAsINC

prostaglandin {Goodman and Gilman. 1996,

Non:steroidal  ant

uleeraUon by inhibiting the synthesis of gostnic

2008 Shirisha 8nd Subash, 2012). These NSAIDs csusc gastnc r‘

Wallace, 2001; Kleinman.
that promote synthesss of
ulcerdupnn by inhibiung the cpzymes c)tloo’ﬁ)?m’“
y012), Prostaglandins arc & group of

2009; Sakat ¢/ ul,

R (R have diverse pormonc-like cffects in ammals and
c

that
physiologically acuve lipid como unds

yve role in the stomach, by stimulaung the
tal Pprote<

n
luanans, Prostaglanding Play & * 8 cogal blocd flow: and regulatiig mucosal

un
1995, Sokat ¢/ al., 3012

n the swioce of the stcmac

) Prostaglandin stimulates the

cell purnover and repoif (1ayliar,

0
developmen; of a Prolective gel-like 1Y

h Thas gel layer
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.2 CONCLUSION

From tys study, it can he concluded that chromium diienuates the cifecl of pylonc ligouon
and indomethacin nducéd ulcemuon in rals, by decieasing e mean ulcer score. BastnC
oulput acidity nod lipid peroxidation snd olso by increasing octvitics of collase ond
superoxide dismutase. Chromium oftess certain degree of proteciion agaist gasuic tnjuty

induced by pylorus ligation and indomcthacin via reduction of gastric oxidolive stress.

53 CONTRIBUTION TO KNOVWLEDCE

The oml exposure 10 Chromium 11T andd Chyomuun VI a1 10ppm and 100ppm protecis the

siomach by inhibiling the formation of reaciive oxygen species.
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APPENDIX

Table S: Blood Chrominm concentration at 12 wecks

GROUTD nCont uCont Chell1-10 | Chrltl-100 [ ChrVI-10 | ChrNVI- 10D
Meant SEMNY | 0,08:+0.01 | 0.08£0.01 0.12:00F | 0.12:0.00" 0134001 | 022:003

* Sigmificant at p~0.05 when compared with the Ulccrated contsol (uCont)

Tahle 6;: Effcct of Chromium on mcan ulcer score In pyloric ligatlon ulcer morlc!

GROUP

nCont | uCont Chrlll-10 | Chsl12-160 T ChrVi-10
‘MeantSEM | 0.0020.00 | 4.00£0.35

Chr\'-100

= N =
1632024 | 2.7520.13 | 1.7520.25

2.7530.25

—

* Significam at p=0.05 when compared with the Uiceratex] centol (uCont)

Table 7: E(fect of Chromium on Castric acid volume in pyloric ligation utcer Motle!

TYLIBRARY

t .
— —- T -ton | Chrvi-10 | ChrVi-100
CROUP nCont ; uCont !Ch"“'m AL L
e 1502003 | 0452007 | 1.0520.03
Meant SEM | 0.00:0.00 | 1.3320.22 J 0.5540.04 ‘
|

(uCont
d S'mlmam "ID"\;.OS when compared with the Ukr:n)tcd conuo) ont)
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Table 8: Effect of Chromium op Costric oulpu( acidity

in pyloric ligatlon uleer modcl

ligation ulcer modc¢l

GROUP nCont uCont
. L Chelll-t0 | Chriti-100 ChrV!-10 | ChrVi-100 !
MeantSEM | 0.00420.00 | 34 : = —
L : | 400£1.00 | 12.00£1.00" | 26924247 | 16.0021.53" | 26 7551 36
* Significant oy p~0.0S when compared with the Ulcerated eontrol (uCont)
Tahle 9: Eficct of Chromium on lipid peroxidotion in pyloric Jigation ulcer model
GROUP nCount uCout Clrll1-10 | Chrlll-100 [ CheVI-10 ChrV'1-100
McardSEM | 3.2420.13° | 11.872007 | 8,19:008 " | 8.954028" |890:0297 |[9.7240.17"

* Significant at p=0.05 when compared wath the Ulcerated conirol (uCont)

Table 10: Effect of Chromium on Supcroxide Dismutase (SOD) activity in pyloric

nConi

121.5821.01" | 92.1520.80°

uConi

Chrll1-10

Chrll1-100

Chr\'1-10 IChr\’l-lﬂo

* Signikicant ot p=0.05 when compared with the SR

—

* Signiticant at p0.05 when compared wth the

[153431.35"

99 7122.10"

106.722088" | 95.0240.16™
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ahic 1 1: Effectof chromiwm on catalase acuvily 1n pyloric Jigation ulcer model

OUP | nCont uCont Chrlll-10 | Chel11-100 [ CHrVI-10 | ChrVI1-100
Meant 1508.01 | 930.74% 1173.95¢ |102] 25+ 1089.10+ 974 .42+
SEM 20.22° 9.28" II 10.92" 1368 720" 6.2

- *Significant a1 p=0.05 when compared with the Ulcemled control (uCont)

# Significant a1 p=0 05 when comparced with the non-ulcemted control (nCont)

Table 13: Efect of Chromium on Mean uleer score in Indomethacin indusced vlcer model

_ 1 ' Chevi-10 | ChrVI-100
!GROL"!’ nConlt uCont Chrllt-10 | Chrlll-160 | tg
|

11.3840.47 | 12.10+£0.56

17078018
IEI@M&SEM 0.00+0.00 | 12.60£0 48 10.25:048 | 10.78:0.18

——

* Significant a1 p<0.05 when compared with the 1Jjecraled contsol (wCont)

I ulecr model
Table 14; Effeet of Chromium oa LiFid peroxidation (n indomethacin
wa e TH Y / Chrv1.100
G -~ Curill-10 Clirsl1-100Q ChrV1.10 r
Croue nCont | 1Cant i el A
1535011 | 558400 59620.03 "
L’;‘_"'MSEM 1312009 | 6.3420.06 1.88:00)
— .l e 1 (uConl}
e b contro] \U
"S fican; 51 05 when compnfed with the Ulccralcd
iguficant 50 p=0.05 w JOp— conuo] (Cont)
e

th1b
#Signicant ot p=0.05 when compared ™
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ipduced vlcer modecl

abie 15: Effcct of Chromium on Superoide dismutase {SOD) aciivity In indomethacin

model

ROUT nCont uCont Chri¥1-10 [ Clirl11-100 | CheVI-10 | Chr\V1-100
Means 124,46 | 108.58% | 115.69% | 111462 123.15¢ | 121.46%
SEM 0.59 0.49" 1.10" 077" 009"

Table 16: Effcet of Chromivm on catatase actihvily

* Significant at p<0.05 wlicn compared with the Ulcerited control group

¥ Signilicant at p<0.05 when comparcd with 1the non.ulccrsted control gro

2Sgoilicant at p<0,05 when comji

* Signilicaot at p<0.05 whcn cOMpY ed wiib
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in indomcthacin indueed utbeer

the Ulcetated conuol (uCont)

' 9 | Cnrvi-t0 | Chrvi-100
CROUP |nCout |uCont Chirtli-10 |Chf|11~100 Chrvi-10 r
6 3. 1246 92=
Means 1497.52% | 1094.31 | 1160.56+ *L!:ltt ;295-»‘-04* i
SEM 13.02° |8.28° 21.87" __l 597 n :

red with the non-ulccled control Broup {nCont)
3






